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Version changes

V2023

V2023 _

V2022

V2022

V2022

V2022

V2022

V2022

V2022

V2022

03 28

Sections 6.3, 6.4, 6.5, 6.6 updated. Turning on “Hedgehog mode” on beacon step added.

01_16

Section 2.3 updated. New links added

Chapter 9.10 Floorplan feature updated

Minor improvements

12 25

Chapter 2.2 Indoor Navigation System architectures updated
08_24

Chapter 5.2.3 SW update via DFU updated
Chapter 9.17 Paired beacons updated

08_24

Chapter 6 updated

Chapter 8 updated

Section 11.3 updated

Minor improvements

08_17

Minor fixes and improvements

08 12

Chapter 4 updated

08_10

Section 9.11 Filters added

Section 11.16 Sending path to robot updated
Minor fixes and improvements

08_05

Section 7.2 updated

Section 9.12 added

Section 9.2 Islands feature added

Section 9.10 All hedgehogs update every cycle added
Section 9.14.2 updated

Chapter 10 updated

Section 11.2.2 Static IP added

06_16

Section 9.4 Restart if modem disconnected added
Section 9.5 Geofencing alarm added

Section 9.6 PPS (Pulse per second) signal added
Section 11.1 Radio Profiles compatibility updated
SW settings chapter moved to chapter 5

Chapter 5.1.2 added
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- Minor fixes and improvements
V2022_06_01

- Section 10.2 Wi-Fi settings for Super-Modem added
V2022_05_20
Section 2.4 The Maps — moved to chapter 7

Section 3.6.3.1 How to flash Beacon mini-RX added

Section 8.22 updated

Chapter 12 updated

Section 4.4 updated

Section 8.6 updated

Section 10.1 Radio Profiles compatibility added
V2022 05 13

- Section 5.2 DIP switch position added

- Information about Industrial Beacons 3 added
V2022_05_06

- Section 7.11 updated

- Section 2.3 updated

- Section 9.1 updated
V2022 _04 26

- Section 4 - Software pack added
V2022_04 07

Section 4 screenshots updated

Section 6.7.3 added

Section 6.7.4 added

Section 6.12 updated

Section 6.13 updated

Section 6.9.1 updated

Section 5.9.2 updated
V2022_04 05

- 3.1 section updated

- 3.2 section updated

- 3.4 section updated

- 3.5.3 section updated

Information about Starter Set NIA-01-3D removed

Section 4.3 pictures of top view and side view changed to relevant

Section 4 examples of 2D configuration added

Information about Starter Set NIA-02-2D removed

Information about Starter Set IA-01-2D removed

Information about Starter Set |IA-02-3D removed

- 5.1 section screenshot updated

- 5.4 section all screenshots updated
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V2022

V2021

V2021 _

V2021 _

V2021 _

V2021 _

V2021 _

V2021 _

V2021

V2021 _

V2020 _

5.7 section screenshots updated

6.7.1 section updated

6.7.2 section screenshots updated

Information about new frequencies added

Section 11 updated

Sections 3.6.4; 3.6.5; 3.6.6; 3.6.7 pinout picture from April 2022 added
02_23

Screenshot and clarifications to section 7.2.2 added
Unrelated information from section 9.11 removed
Hyperlinks fixed

Starter set product information updated

1.1 distance between beacons updated

3.2 section updated

3.4 section updated

9.11 section updated

11.1 section updated

Minor fixes and improvements

08_12

Omni-microphone soldering scheme added
Omni-microphone setting description added

07_04

Added Microphone settings chapter

06_20

Added connection pictures for Paired beacons chapter
Links fixed for interface manual

06_10

“Paired microphones” chapter added.

Turning on microphones setting describing added
06_04

Super-Beacon 2 pinout picture updated

06_03

Pairing beacon chapter and beacons pinout pictures updated
04_25

Paired beacons chapter updated

02_09

Minor fixes and improvements

01_28

Architectures’ elements chapter described
Architectures chapter improved
Minor fixes and improvements

12 21
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- FCC notice for Super-Beacon description added
- Minor fixes and improvements

V2020 12 14

- FCC notice for Modem HW v5.1 description added
- Minor fixes and improvements

V2020 _12_04

- Starting up chapters improved
- Minor fixes and improvements

V2020 _12_01

- Starting up chapters improved

- Submap’s settings chapter improved

- SW update chapter improved with DFU Programming descriptions
Minor fixes and improvements

V2020 11 24

- Licenses chapter updated
- Different beacons’ colors chapter improved
- Minor fixes and improvements

V2020 11 11

- Player chapter improved

- Diagnostics messages chapter described
- SW update chapter added

- Paired beacons chapter improved

Minor fixes and improvements

V2020_08_07

- Modem HW v5.1 described
- Minor fixes and improvements

V2020 07_23

- System elements chapter improved
- Industrial beacons’ transmitting/reception diagram described
- Minor fixes and improvements

V2020_07_15

- Mini-RX internal solderable pinouts
- Minor fixes and improvements
V2020_05_21
- Starting up Starter Set Super-MP-3D (lA) described
- Minor fixes and improvements
V2020_05_13
- Reducing update rate latency chapter improved
- Minor fixes and improvements
V2020_05_08
- Building big maps in Inverse Architecture (IA) chapter described
- Minor fixes and improvements
V2020_04_24
-  Dashboard Monitoring Mode described

- Super-Modem described
- Super-Modem SW update described
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V2020 _

V2020_

V2020 _

V2020_

V2020 _

V2020 _

V2019

V2019

V2019

V2019

Minor fixes and improvements
04_09
Minor fixes and improvements
04_07

Background color described
Height input in Starting up chapters described
Minor fixes and improvements

02_27

Geofencing zones described
IMU axis positioning for Super-Beacon described

External microphones soldering scheme for Super-Beacon improved

02_21
Minor fixes and improvements
02_14

Architectures comparison table added
Legend chapter improved

Minor fixes and improvements
Floorplan Help video added

01_17

External microphones connection for Mini-RX and Super-Beacon described

Minor fixes and improvements
12 10

Appendixes chapter improved
Minor fixes and improvements

12 03

Appendixes chapter added (protocols)
Minor fixes and improvements

11 18

Mini-RX solderable pinouts described
Industrial connectors pinouts improved
Minor fixes and improvements

10 31

Industrial Super-Beacon Metal-25kHz described
Starting up chapters for every starter set described
Super-Beacon and Super-Beacon outdoor described
Improved photos

Reception diagrams for HW v4.9 improved
Oscilloscope chapter improved

Minor fixes and improvements

V2019 07_02

Troubleshooting improved
Architectures comparison improved
Minor fixes and improvements

V2019 06_25

10

TDMA modes described
Stationary beacons’ colors described
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- Minor fixes and improvements
V2019 _06_13

- Delay tuning described
- Update rate tuning described
- Minor fixes and improvements

V2019_06_07

- F.A.Q. and Troubleshooting improved

- Architectures comparison improved

- Receiving and transmitting angles illustrations added (v4.9 chapter and Mini-RX chapter)
- Ceiling and mirroring buttons described

V2019 06 03
- TDMA described
V2019 05 28

- IMU axis positioning fixed

- |A details added

- Troubleshooting improvements
- Minor fixes and improvements

V2019 05 16

- Introduction of the Legend
- Added missing video on page 34
- Minor fixes and improvements

V2019 04_30

- DFU programming described
- Magnetic reset for Industrial beacons and DFU programming described
- Minor fixes

V2019 04_04

- Starting up the system description for different Starter Sets (NIA, Industrial NIA and IA)
- Sending path to robot described

V2019 03_18

- New names for beacons: DSP => Mini-RX, Mini-beacon => Mini-TX, Beacon-TX-25-IMU-
IP67-RS485 => Industrial-TX, Beacon-RX-IMU-IP67-RS485 => Industrial-RX
- Starting up the system description for different Starter Sets

V2019_02_05

- Licenses described
- Minor fixes and improvements

V2019 01 _29

- Mini-RX Inverse SW flashing described
- Added new types of beacons
- Minor fixes and improvements

V2019 01 _12

- Mini-RX beacon and Mini-TX described
- IMU axis described
- Minor fixes and improvements

V2018_12 02

- Major new feature — support for 250 beacons (mobile + stationary combined) and 250
submaps per modem
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- New feature: user must setup handover zones between submaps to guarantee handover
quality for complex maps with multi-floor and similar

- New feature: default wireless connection is setting is now 153kbps (used to be 38kbps).
Radio profile 153kbps provides radio coverage range nearly as much as 38kbps and
update rate nearly as high 500kbps, i.e. it is a middle of 38kbps and 500kbps, combining
the best of both

- Correction: USB streaming in power save mode improved

- Correction: Zero IMU button in the Dashboard is improved, while button Reset IMU is
removed completely

- Correction: ultrasound TX is not reset to 31kHz when Default button is pressed. Now,
several types of ultrasonic frequencies supported, so 31kHz is not anymore default
ultrasonic frequency for all beacons

- Improved: both energy saving and tracking quality with Power Saving mode enabled

- Improved: only beacons with selected tick in the Dashboard lower menu will be accepted
to the network — not any addresses. This improves predictability of the network, when there
many beacons that may not belong to the network. Their attempts to join the network will
be blocked

- Improved: now, submaps support up to 4 beacons only. More than that — build another
submap. Up to 250 beacons (mobile + stationary combined) and up to 250 submaps are
supported per beacon

- Bug fix: improved map building with active hedgehog

- Bug fix: duplicated address might work incorrectly in some cases

V2018_11 08

- Real-time player feature described

V2018 _08_30

- New SW features described
- New Dashboard view described

V2018 08 03

- Calibration of accelerometer described
- F.A.Q. updated

- Troubleshooting guide described

- Refreshed links

- Player feature described

- IMU feature described

- Minor fixes

cm)Marvelmlnd
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1. Executive summary

Marvelmind Indoor Navigation System is an off-the-shelf indoor navigation system, designed
to provide precise (£2cm) location data to autonomous robots, vehicles (AGV), and copters.
It can also be used to track moving objects via mobile beacons attached to them. Other
applications include, for example, forklifts, virtual reality (VR) systems, helmets for
construction workers or miners, etc.

The navigation system consists of a network of stationary ultrasonic beacons interconnected
via radio interface in a license-free band, one or more mobile beacons installed on objects to
be tracked and modem providing gateway to the system from PC or other computers.

Mobile beacon’s location is calculated based on a propagation delay of an ultrasonic pulses
(Time-Of-Flight or TOF) between stationary and mobile beacons using trilateration algorithm.

The system can build the map of stationary beacons automatically . In simple cases, no
additional manual data input or any manual distance measurements are required. This map
formed once can be frozen and stored in modem’s memory and the system becomes fully
active within 7 to 10 seconds after the modem is powered.

Fig. 1: Example of Starter Set based on Super-Beacons

Minimum configuration requirements to ensure optimal performance of the Marvelmind
Indoor Navigation System:

For 3D (X, Y, Z) tracking: an unobstructed line of sight (hearing) between a mobile beacon
and 3 or more stationary beacons within 30 meters
For 2D (X, Y) tracking - an unobstructed line of sight (hearing) between a mobile beacon
and 2 or more stationary beacons within 30 meters

mMarvelmlnd
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1.1. Key capabilities:

Parameter Technical Specifications

Distance between
beacons

Coverage area

Location precision

Location update
rate

Power supply

Weight

Beacon size

- Reaches up to 50 meters and up to 100 meters with horn under laboratory conditions (Mini-
RX or Super-Beacon to Super-Beacon with RX4 only)

- Recommended distance is 30 meters (Transducer4 on the first beacon is looking straight at
the Transducer4 on the second beacon, other transducers are switched off)

- Reaches up to 1000m? with the Starter Set configurations
-  Coverage for larger territories is provided using submap — like cells in cellular networks

- Absolute: 1-3% of the distance to the beacons
- Differential precision: £2cm

- 1/20Hz to 25Hz (Ultrasonic based only)
- 100Hz with ultrasonic + IMU fusion enabled (Only for Beacons HW v4.9-IMU-Discontinued)
-  Can be set manually via Dashboard software

- Depends on the distance between mobile and stationary beacons (shorter distance—
higher update rate)

-  Depends on the number of mobile beacons (Non-Inverse Architecture; for Inverse
Architecture no such dependency)

- Depends on the radio profile (500kbps, 153kbps, 38kbps)

-  Slightly depends on the number of stationary beacons—dependence is not the same as for
mobile beacons

Internal: 2000mAh LiPo battery (Super-Beacon)
-  Battery lifetime: from 2 days to several months depending on the mode of operations

*For other types of beacons look to the comparison table

External: micro USB — recommended for permanent use

Mobile beacon (Super-Beacon) from the starter set:

- 59 grams (including 1000mAh battery, Super-Beacon housing and 50mm antenna)
- 27 grams (Super-Beacon, bare board w/o battery)

*For other types of beacons look to the comparison table

Size: 55x55x33mm (with 50mm antenna: 55x55x65mm) (Super-Beacon)

*For other types of beacons look to the comparison table

mMarvelmlnd
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https://marvelmind.com/product/horn/
https://marvelmind.com/pics/marvelmind_beacons_comparison.pdf
https://marvelmind.com/pics/marvelmind_beacons_comparison.pdf
https://marvelmind.com/pics/marvelmind_beacons_comparison.pdf
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1.2. Legend

Legend chapter contains small icons and signs to highlight some key points of the text.

o - Important

@ - For experienced users
];;[ - Demo or Help video
- Useful link

°m)Marvelmlncl
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2. Basics of the system

Here are examples of the Starter Sets.

2.1. What's in the box

2.1.1. Starter Set Super-MP-3D:

- 4 x Stationary Super-Beacons with different frequences (19kHz, 22kHz, 25kHz,
28kHz, 31kHz, 34kHz, 37kHz, 45kHz). Can be used as Al and NIA.

- 1 x Mobile Super-Beacon
- 1 xModem v5.1 supporting up to 250 beacons

mMarvelmlnd
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https://marvelmind.com/product/starter-set-super-nia-3d/
https://marvelmind.com/product/super-beacon/
https://marvelmind.com/product/super-beacon/
https://marvelmind.com/product/modem-hw-v5-1/

17

2.1.2. Starter Set IA-04-2D-Badge:

- 2 x Super-Beacons — 915/868 MHz with different ultrasonic frequencies (f1 and 2 —
usually, 25kHz and 31kHz).

- 1 x Marvelmind Badge — 915/868 MHz as mobile beacon

- 1xModem HW v5.1 — 915/868 MHz as central controller of the system

0
Ql]MarW'"'.'gé
»

Q) marvelmind
robotics

*This is just an example of two starter sets.
You can see more options on our website: Products

cm)Marvelmlnd
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https://marvelmind.com/product/starter-set-ia-04-2d-badge/
https://marvelmind.com/product/super-beacon/
https://marvelmind.com/product/badge/
https://marvelmind.com/product/modem-hw-v5-1/
https://marvelmind.com/products/
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2.2. Indoor Navigation System architectures

Marvelmind Indoor Navigation System provides high-precision (+2cm) indoor
coordinates for autonomous robots and systems (“indoor GPS”). A brief description of
the key elements of the system is given on the scheme below.

IA and NIA SW differs
For 1A you should use stationary beacons with different frequencies

Below you can see 3 types of architectures: Non-Inverse (NIA), Inverse (1A) and Multi-
frequency NIA (MF NIA):

°m)Marvelmlncl
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2.2.1. Inverse Architecture

For 1A you should use stationary beacons with different frequencies

Inverse Architecture (1A)

Stationary
Super-Beacon 1
19kHz

Stationary beacons:
— Mounted on walls orceilings
= InlA ry b lon

— Measures distances to neighboring
beaconsand builds submaps sutomatically

— Communicate withthe router wirelessly in
an ISM band

Stationary
Super-Beacon 2
25kHz

Key requirement for the system toworkwell:
unobstructed line of sight by 3 mobile beacon of 2
(2D) and 3 (3D) or more stationary beacons within
30 meters—very similarto visibility of GPSsatellites

Mobile
Super-Beacon

Any frequency

¢ g% »
A 4

Mobile beacon:

Installed on robot/person/forklift and interacts
with them via UART or SPl or12Cor USB (virtual
UART)

Calculsteslocation updatesonboard upto 25 Hz
Location updaterate perbescon dos

depend on the number of mobileb

't directly

ContainsIMU (3D accelerometer+30 gyroscope)

Router/modem:
— Centralcontrollerof the system
— Synchronizes thebeaconsupto 25 Hz

— Communicatesvia USB/virtual UART with Dashboard or robot
— Supports upto 250 beacons and upto 250submaps

Submaps:

Super-Beacor
37kHz

Stationary
n N
Advanced feature thatsllows building independent
submaps/clusters/cells of beacons in separate
rooms or zones and thus building maps consisting of
multiple submaps and covering large buildings (with T
area of thousands of m2) like thecellularnetwork
coverage Distance between
beacons-neighborsis
up to 30 meters.

Indoor Positioning System in IA consists of:

2 or more Stationary Beacons (transmitting
ultrasoundon different ultrasonic freguencies

1 or more Mobile Beacons (receiving ultrasound on
different ultrasonic frequencies atthe sametime)

1 x Router
Stationary
Super-Beacon 3
31kHz

’m) Marvelmind

robotics
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2.2.2. Non-Inverse Architecture (NIA)

on-Inverse Architecture (NIA)

Mobile

mus
Stationary
Super-Beacon 1
Any frequency

Stationary beacons:
= Mounted high onwallsorceilings

e any ultrasonicfrequency, if

freqt Cy ! ons " Ve S
— Maeasures distances to neighboring =

beaconsand buildssubmaps

sutomatically -
— Communicate withthe router =

wirelessly in anISM band

( | Stationary
Super-Beacon 2
Any frequency

Key requirement for the system toworkwell:
unobstructed line of sight by 3 mobile beacon of 2
(2D) and 3 [3D) or more stationary beacons within
30 meters—very similarto visibility of GPS satellites

Super-Beacon

Mobile beacon:

Installed on robot/drone/forklift and interactswith itvia
UART or SPl or 12C or USB [virtual UART)
Receiveslocationupdatesfromtherouter up to f=25 Hz
Koicat T

number of mob z(n

o

ContainsIMU (3D accelerometer+3D gyroscope)

Router/modem:
— Centrzlcontrollerof the system

— Calculates position of mobile beaconsup to 25 Hz

Submaps

Advanced feature thatsllows building independent
submaps/clusters/cells of beacons in separate
rooms or zones and thus building maps consisting of
multiple submaps and covering large buildings (with
area of thousands of m2) likethe cellular network
coverage

Indoor Positioning System in NIA consists of:

2 or more Stationary Beacons (receiving ultrasound)
1 or more Mobile Beacons (transmitting ultrasound)
1 central Router

Stationary
Super-Beacon 3
Any frequency

D

— Communicatesvia USB/virtual UART with Dashboard or robot

— Supports upto 250 beacons and upto 250 submaps

Stationary
Super-Beacon N
Any frequency

[

Distance between
beacons-neighborsis
up to 30 meters.

|
-

'Q]) Marvelmind

robotics
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2.2.3. Multi-Frequency NIA (MF NIA)

license ¢ MMSWO0004: MF NIA support is needed to use MF NIA

Multi-Frequency NIA (MF NIA)

tationary
Super-Beacon 1
Any frequency

Stationary beacons:
- Mounted on walls orceilings

— Measures distances to neighboring
beaconsand builds submaps sutomatically
— Communicate withthe router wirelessly in

an ISM band

Stationary
Super-Beacon 2
Any frequency

Key requirement for the system toworkwell:
unobstructed line of sight by 3 mobile beacon of 2
(2D) and 3 [3D) or more stationary beacons within
30 meters—very similarto visibility of GPS satellites

Mobile
Super-Beacon
19/22/25/28/31/34/37 /45kHz

*

¢« g% )
¥

Mobile beacon:

Installed on robot/person/forklift and interacts
with them via UART or SPl orl2Cor USB (virtual
UART)
Receiveslocationupdatesfromtherouter up to
25Hz

s hizher up

;m;IMU (BDac:elé'ometer-PBD gyroscope)

Router/modem:
— Centrzlcontrollerof the system

Submaps
— Advanced festurethatsllows building independent
submaps/clusters/cells of beacons in separate
rooms or zones and thus building maps consisting of
multiple submaps and covering large buildings (with
area of thousands of m2) likethe cellular network

coverage

Indoor Navigation System in MF NIA :
— 2 or more Stationary Beacons (receiving ultrasound)
— 1 or more Mobile Beacons (transmitting ultrasound

on the different ultrasonicfrequencies)
— 1central Router

Stationary
Super-Beacon

Stationary
Super-Beacon N
Any frequency

[

Distance between
beacons-neighborsis
up to 30 meters.

3
Any frequency *

— Calculates position of mobile beaconsup to 25 Hz

Communicatesvia USB/virtual UART with Dashboard or robot
Supports upto 250 beacons and upto 250 submaps

'Q]) Marvelmind

robotics
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https://marvelmind.com/product/mmsw0004/

2.2.4. Architectures comparison table

Architectures comparison
S S8 S e (A S 1 ey A (A

robots/q L
1-4 autonomous robos/drms sq:patsup = Mool o Foboss, VRj andwhen 5-16 /drones- supportsup to 250

to 250 beacons|. X st A 0250 beacons(smnnzytmbnecmbned)
Typical usage - When mobile beacon shallba inciled ona a2 ratepe IS Hnpor e SIppO S Dl Effectively, MF NIA combines the bestfrom both 14 and
noisy dronefvehicle, but stationary beacons ) acons|stationary NIA. But it is still “more NIA than |1A”, becausethe

When mobxle besconsare in quieter places

are in relatively quieter places mobile beacons are emitting the ultrasound

- Fordrones—because mobile beaconsarereceiving

Not - icati h it - licati h itti f i
L In ag?hzzziiv‘v el;ee.moglng ultrasound of ultrasound The range maybe limited to just 2-5m May :::azz,::,:::;a:: emitting ultrasound of mobile
HECCTMIS be improved with future SW releases
Accuracy - *2cm or better with more averaging - *2cm or better withmore averaging - *2cm or better withmore averaging
< Does not depend on the number of mobile beacons, - Dependson the number of mobile beacons (n) for n>8
B ::rlirfr;‘mt: nsl.;ndba'ofmobllebeacnns(n) because theyarereceiving ultrasound atthe same time —TDMA is used, i.e. canprovide up to 8 times higher
S by - Slightly dependson the radio profile update rate than NIA with the same number of
Update rate - Slightly dependson the radio profile - [the sameasNIA) inohils Uins mdhiles te opdais rais par moble =
- ::::Sind.sor! tt:'ewsa zsdo;;ubmap;d - Dependson the sizes of submaps (the same as NIA) equaltolA
= b I S - IMUfusion is HW supported. SW supportiscoming - Therest—likeNIA

- Cancover aslargetemitory asyouwish using submaps

WEUER - Upto30min real life and upto 50min |ab conditions within a single submap, i.e. stationary beacons shall be placed every30m or closer (in 1D with horns—up to 120m)

Map building - Canbuild submapsautomatically andmanually - Can build submapsautomatically and manually - Can build submaps automatically and manually

)7 08 21

o A marvelmind

robotics

Here is tutorial video about architectures:

Help: Inverse Architectures (IA) vs. Non-Inverse Architectures (NIA)

NIA vs. IA vs. MF NIA - how to choose?

°Q]JMarvelmlncl
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https://www.youtube.com/watch?v=dwEj1koHAdM
https://www.youtube.com/watch?v=Ui_8GPggn64

2.3. Architectures’ elements

A map is a system unit that includes submaps, stationary beacons and service zones
within which positioning of mobile beacons is ensured by ultrasonic signals from the
stationary beacons of this submap.

Handover zone (marked blue)

A

Map [\

Floors

»

Service zone Submap0

/‘ Mobile beacon

| ——] Service zone Submapl

. /53/\ Stationary beacon
X ~ )
Il I S e Loeeze o |

SubmapO tab 0 oeest Do |1 Deves e s e

Submapl tab

<«

AL

None

X: 1323, ¥: 2410

Submap0 (beacon 10 + 11) Submapl (beacon 11 + 12)

The main parameters of a submap are its size, frequencies and TDMA position of
stationary beacons, by which mobile beacons can not only be positioned, but also
determine in which submap the mobile beacon is located.

Here is the main tutorial video about maps:

- Help: submaps, service zones, handover zones

Detailed explanation of complex map building:

- Building submaps: Part 1

- Building submaps: Part 2

23 Q) Marvelmind
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https://www.youtube.com/watch?v=kT2EotFT2I4
https://youtu.be/B5pPsCsZjB8
https://youtu.be/nCyp3wYZxak
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2.4. Indoor “GPS” System close-up and internal view

Here, you can see how system elements look like

- Super-Beacon:

- Modem HW v5.1:

mMarvelmlnd
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https://marvelmind.com/product/super-beacon/
https://marvelmind.com/product/modem-hw-v5-1/
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Beacon Mini-RX:

Beacon Mini-TX:

Q) Mmarvelmind
robotics
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https://marvelmind.com/product/mini-rx/
https://marvelmind.com/product/mini-tx/
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Beacon Industrial-RX:

Beacon Industrial-TX-Metal:

mMarvelmlnd
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https://marvelmind.com/product/industrial-rx/
https://marvelmind.com/product/industrial-tx-metal/
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Industrial Super-Beacon-Plastic:

mMarvelmlnd
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3. System elements

Here are represented core elements required for stable working of the system:

3.1. Control system (Dashboard)

Dashboard is a Windows/Linux app for setting up and tuning the system. It also allows
to get the tracking data.

D Dashboard - robots management V.00 ultimate - a8 x
Fie Longusge View Firmware Licenses Help
Q) Marvelmind -Mee veoad Enished Rontal || wite s o chang
iy CPUID Copy te cipboand 152437
e oy e A _— B
oll ; i i i i i i —_—
= | . ) ) ) ) : ) ) ) : Sy vloge. VA5 55 w
T om oot e CRETE F )
- ) ) RS o 106,48 )
RSSit0 105, dm At
Cowmp || Tt C b Gerersd
Do |t M
N O Coser ey, M 9150
Dors sze mo . Fado charvel 0
= @l ccccccccsccclosocoeocccos0osa0caco00000005a005 3000000 e !
e — e F T T . = —
=D indow df averaon 0,16
) Distance fter 16) v
Dot || B P i
Sackwrareowes o —_— o
] fon | : T couied
Temperature of ar. C (20.60) 2
—— ‘ ,,,,, ‘ o o N Lioerne SW0 71 rpied
= == T L dvanced wtinga
Bl 55 ¢ 55 5000 c 0 [ spat fering b
3 Paraneter f
............................... e
Em L S —
avon | . . . . . . . Smorary beacons vk ensbied
L e Sevee zomes visble enatied
L T o Eo—co crabled
Map grid weible enabled
[ri=: S L e o
. Beacons e nomai
ez 4 © e Jrely
=] b, TR BB e bt - - [z
= =1 i, .
Unfreeze submap]

E-_E L L 'ﬁﬁﬁﬁfrﬁﬁ' X =

[ O =] u] =] e T | | e i O o o | swumss || tosarwp | | meset || sew | wosew
indoor P3| |1 =] O | oevoerss| cwrs|[]  oeveato] []  Desent| (] sevceniz| (] eveerss| (] Dewsernd| (] Bls] o v [Emormp | [pew v [T][cTL| oemsien | Odmt
Cannected: COMT X 10,280, ¥: 3135 Rate 5.9 Mz 2 107 total, 0 failed [0%)

- General app for SW update and initial setting up the system
- Contains a lot of tracking display features
- Very deep tuning and setting abilities

- All new features available in the Dashboard app

o You can get data without the Dashboard, the whole system after setting up can work

without it

Tmamme | | Zer il
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3.2.

Stationary beacon

- Usually mounted on walls or ceilings above the robot
with ultrasonic sensors facing down—to provide the
most robust unobstructed ultrasonic signal coverage
to the robot. However, for automatic landing and
indoor navigation of copters, for example, it is
recommended to install mobile beacon horizontally
on the belly of the copter so that the beacon would
be looking downwards

- The position and orientation of the beacons should
be chosen in a way that provides maximum
ultrasonic signal coverage. System efficacy strongly
depe;nds on the_ quality of ultrasonic signal Fig.1: Super-Beacon as an example

received by stationary beacons

- Stationary beacons emit and receive ultrasound during the map configuration
period. In non-inverse architecture once the map is formed and frozen, they only
work as receivers. In inverse architecture they only work as transmitters.

- Stationary beacons have no exterior differences with regard to mobile beacons

- The mobile and stationary beacons can be easily interchanged during configuration
in the Dashboard

- There are 433MHz(out of production, get bug-fixing SW update only) and
868/915MHz versions available. A proprietary radio protocol is used for
communication and synchronization. Other ISM bands are available upon request
as well

- Stationary beacon can be equipped with full-size 165mm antenna , which provides
more robust radio connection between modem and beacons.

cm)Marvelmlnd
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3.3.

Mobile beacon a.k.a. “hedgehog”

The mobile and stationary beacons can be
easily interchanged by selecting in the
Dashboard

The mobile beacons designed to be placed on
arobotic vehicle, copter/drone, AGV, or helmet
to trace its location. Formally speaking,
location of the mobile beacon is traced—not
the robot itself. Since the sizes and the location
of the central point of the mobile beacon and
the robot are different, the difference taken into
account in the robot’s software (SW)

It is recommended to place the mobile beacon
horizontally to provide optimal ultrasonic
coverage in the upper hemisphere Fig.1: Super-Beacon as an example
Its sensors must not be covered with anything that can reduce the strength of
ultrasonic signal. For example, the system won’t normally work, if one puts the
mobile beacon in a plastic box

The beacon’s coordinates are updated according to the rate set on the Dashboard

The system may contain one or several mobile beacons. Current implementation
relies on a time-division multiple access approach. Thus, if two mobile beacons are
activated, they share the same system bandwidth. It means that, if the 16 Hz update
rate is selected in the Dashboard and there are 2 mobile beacons in the system,
each beacon’s location will be updated with the rate of 16Hz/2 ~ 8Hz. If there are 3
mobile beacons => 16Hz/3 ~ 5Hz, etc. For 4 and more mobile beacons we
recommend using Inverse Architecture. See more in Architectures comparison

Location data is obtained either from the “hedgehog” via USB (virtual UART), UART,
SPI, or from the modem/router via USB (virtual UART). More information on
interfaces can be found here (Mini-TX Beacons do not have pinouts, only over mirco
USB)

Data from the beacon sent in a streaming format identical to that of GPS (NMEA
0183)

There are 433MHz(out of production, get bug-fixing SW update only) and
868/915MHz versions available. Proprietary radio protocol is used for
communication and synchronization

The “hedgehog” has been successfully integrated with Windows PC, Linux
machines, Raspberry Pi, Arduino boards, Intel boards, etc.

cm)Marvelmlnd
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3.4.

Modem

Modem is the central controller of the system. It must always
be powered when the Navigation System is working. It is
recommended to use an active USB hub for that purpose or
even a regular cellular phone USB power supply. A USB
power bank can also be used

The modem is also used to set up the system, monitor it, and
interact with the Dashboard

It can be placed anywhere within radio coverage for
permanent radio connection with all beacons—usually in the
radius of up to 100 meters with antennas from the Starter Set

Radio coverage further extended to a few hundred meters by
using a lower bitrate of 38kbps and full-size (165mm for a 433
and 915MHz band) antennas, which have been tested to
provide up to 400m in ideal conditions

Fig.1: HW v5.1 Modem as
an example

There are 433MHz (only for HW v4.9, out of production, get bug-fixing SW update

only) and 915MHz versions available

A proprietary radio protocol used for communication and synchronization between

modem and beacons

cm)Marvelmlnd
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3.5.

Different types of modems

There are 3 types of Marvelmind modems:

Modem HW v5.1 — newest and mostly use version of modem.

Modem HW v 4.9 — old version of Modem HW v5.1. out of production, get bug-

fixing SW update only

Super-Modem - is a superior version of the Modem HW v4.9 and Modem HW
v5.1 with advanced capabilities

3.5.1. Super-Modem

Super-Modem is a superior version of the Modem HW v4.9 and Modem HW v5.1 with
advanced capabilities.

Fig.2: Super-Modem’s contents of delivery

Super-modem supports all the basic features of HW v4.9 Modem and can be
connected over USB to the Dashboard for system tuning and control (Do not forget
to power Super-Modem via Power connector)

UDP streaming over Wi-Fi is supported. In the future remote control of the modem
and the whole system via TCP-IP will be supported too

Bluetooth (HW enabled, but not yet supported in SW)

>1000x more RAM and >1000x Flash memory than Modem HW v4.9
Full-size bendable antenna by default

Higher ingress protection - up to IP67 (optional)

Super-Modem’s HW supports Super-Modem and Super-Super-Modem functionality
for Multi-Modem architecture:
https://marvelmind.com/pics/marvelmind presentation.pdf

Designed for outdoor and industrial applications

External bendable antennas with SMA connector for extended radio range included

mMarvelmlnd
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Currently, supports license-free 915MHz ISM band (for example, US, Japan, Korea)
and license-free SRD band 868MHz (EU, Russia). Future 433MHz HW variants
may come in some months, but no firm schedule yet. You can place orders for
433MHz. When sufficient amount is collected, we will produce the 433MHz version
as well

Supports all types of beacons working in the 915MHz band (among them: Super-
Beacons, all Industrial beacons, Mini-RX, Beacons HW v4.9, Helmets, Badges,
Jackets, Watches, etc.)

Two IP67 external connectors included (similar to Industrial beacons):

Power connector Interface connector
USB D- (4) USB D+ (3)
GND (1) |, J+12v in (3)
1 RS485A (2)
UART RX 3.3V (5)
/ (@) GND {7]
DFU(2) 1' \| 4) Reset
UART TX 3.3V (6) RS485B (1)

Exactly the same mounting holes as for Industrial beacons

No battery inside — external power supply (+6..17V) required (for example,
https://marvelmind.com/product/converter-220v-12v-ip67/). External battery is not
practical for long-term due to relatively high and constant power consumption of 1.5-
2W

For optional IP67 version — extended working temperature range: -40C...+50C
(provided by design — not tested, not certified)

Embedded reset switch and DFU switch — magnetic control or external pins on IP67

Supports both IA and NIA. Can be easily switched between the modes in the
Dashboard

Radio range to beacons — up to a few hundred meters in the open space area. Wi-
Fi — a few tens of meters in the open space
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3.5.2. Modem HW v5.1

Modem HW v5.1 is a superior version of the Modem HW v4.9.

Modem HW v5.1 looks almost the same as Modem HW v4.9. To
distinguish it, check white sticker on the bottom

Modem HW v5.1 and Modem HW v4.9 brief comparison:
- Modem HW v5.1 has more memory
- Modem HW v5.1 has higher radio range
- Modem HW v5.1 more sensitive

- Modem HW v5.1 has TELEC T-108 Japan certification

- All new features come to the new Modem HW v5.1

Fig.1: Modem HW v5.1

ME Modem HW V5.1
=

415

,é‘? S/N:

Fig.2: Bottom sticker

- FCC NOTICE:

This equipment has been tested and found to comply with the limits for a Class B digital
device, pursuant to Part 15 of the FCC Rules. These limits are designed to provide
reasonable protection against harmful interference in a residential installation. This
equipment generates, uses and can radiate radio frequency energy and, if not installed
and used in accordance with the instructions, may cause harmful interference to radio
communications. However, there is no guarantee that interference will not occur in a
particular installation. If this equipment does cause harmful interference to radio or
television reception, which can be determined by turning the equipment off and on, the
user is encouraged to try to correct the interference by one or more of the following
measures:

Reorient or relocate the receiving antenna
Increase the separation between the equipment and receiver

Connect the equipment into an outlet on a circuit different from that to which the receiver
is connected

Consult the dealer or an experienced radio/TV technician for help

Changes or modifications not expressly approved by the party responsible for compliance
could void the user's authority to operate the equipment.

This device complies with part 15 of the FCC Rules. Operation is subject to the following
two conditions:

Q) This device may not cause harmful interference, and

(2) This device must accept any interference received, including interference that
may cause undesired operation.

The equipment should be installed and operated with minimum distance 20cm between
the radiator & your body.
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3.5.3. Modem HW v4.9

Modem HW v4.9 has balanced features and performance.

o Since Modem HW v5.1 released, Modem HW v4.9 will get bug-fixing SW
updates only

The modem is also used to set up the system, monitor it, and
interact with the Dashboard

It can be placed anywhere within radio coverage for
permanent radio connection with all beacons—usually in the
radius of up to 100 meters with antennas from the Starter Set

Radio coverage further extended to a few hundred meters by
using a lower bitrate of 38kbps and full-size (165mm for a
433MHz band) antennas, which have been tested to provide up to 400m in ideal
conditions

Fig.1: Modem HW v4.9

There are 433MHz and 915MHz versions available

A proprietary radio protocol used for communication and synchronization between
modem and beacons
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3.6.

Different types of beacons

There are many types of beacons. Each of them is using in different ways, depends on
your case and preferences.

There is small Beacon Mini-RX that can receive ultrasound and mostly using as mobile
beacon.

Compact beacon Mini-TX — for ultrasound transmitting only. This is good for copter and
tracking for its small size.

Super-Beacon — can receive and transmit ultrasound, using in most cases. Could be
made in Outdoor modification.

Industrial Beacons — suitable for huge manufacturing and outdoor installations.

Here you can see more details about the different types of beacons:
https://marvelmind.com/pics/marvelmind beacons comparison.pdf
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3.6.1. Super-Beacon

The Super-Beacon is a dual-use beacon — it can both receive
and transmit ultrasonic pulses.

The Super-Beacon Beacon can be used in both the Non-
Inverse Architecture (NIA) and the Inverse Architecture (I1A):
Architecture comparison.

Supports license-free 915MHz ISM band (US) and license-
free SRD band 868MHz (EU). Support of the 433MHz ISM
band (EU) comes with a larger order.

Key features:

The Super-Beacon has a separate receiving part with
a single wide-beam microphone and sharp DSP
filters (like Mini-RX or Industrial-RX has). Thus, it is more sensitive, than Beacon
HW v4.9, more resistant to external noise, and easier to setup, because you don’t
have to care about turning on and off ultrasonic sensors in order to optimize
coverage Vvs. sensitivity

The Super-Beacon can receive any ultrasonic frequency from the bands: 19kHz,
22kHz, 25kHz, 28kHz, 31kHz, 34kHz, 37kHz, 45kHz. The filter can be simply
selected in the Dashboard. At the same time, the ultrasonic frequency of Beacon
HW v4.9 is HW-defined by ultrasonic sensors and can’t be changed

The Super-Beacon can receive several ultrasonic frequencies at once. That is used
in the Inverse Architecture. See the comparison

The Super-Beacon has several-times improved battery lifetime in TX mode as
compared with Beacon HW v4.9

The Super-Beacon can work with regular Beacons HW v4.9 and Mini-RX and
Industrial-RX in any combination as a part of a Starter Set or as a part of navigation
systems. In all cases, beacons shall use the same radio band

Super-Beacon also has outdoor (IP54) version, which is protected from dust and water

Demo video: Demo: IP56 testing of Super-Beacon-IPxx

Figure 1: Outdoor version (IP54)
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Figure 3: Transmitting diagram (with

Figure 2: Transmitting diagram (with
ultrasound transmitters)

ultrasound transmitters)

Figure 4: Receiving diagram (with digital Figure 5: Receiving diagram (with digital
microphone) microphone)
FCC NOTICE:

This equipment has been tested and found to comply with the limits for a Class B digital
device, pursuant to Part 15 of the FCC Rules. These limits are designed to provide
reasonable protection against harmful interference in a residential installation. This
equipment generates, uses and can radiate radio frequency energy and, if not installed
and used in accordance with the instructions, may cause harmful interference to radio
communications. However, there is no guarantee that interference will not occur in a
particular installation. If this equipment does cause harmful interference to radio or
television reception, which can be determined by turning the equipment off and on, the
user is encouraged to try to correct the interference by one or more of the following
measures:

- Reorient or relocate the receiving antenna
- Increase the separation between the equipment and receiver

- Connect the equipment into an outlet on a circuit different from that to which the
receiver is connected

- Consult the dealer or an experienced radio/TV technician for help

Changes or modifications not expressly approved by the party responsible for compliance
could void the user's authority to operate the equipment.

This device complies with part 15 of the FCC Rules. Operation is subject to the following
two conditions:

(1) This device may not cause harmful interference, and

(2) This device must accept any interference received, including interference that
may cause undesired operation.
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The equipment should be installed and operated with minimum distance 20cm between
the radiator & your body.
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3.6.1.1. Omni and External microphones extension

This modification of the Super-Beacon allows you to bring the receiving microphone
to any place on your robot or clothing. Due to this, the microphone body itself will not
interfere, and will not be visible. It allows you to create more accurate implantation.

It is possible to connect External Microphone-IP67 or Omni-Microphone-1P67

It is also possible to use 2 External Microphones to calculate the direction, or to
improve and increase the reception area.

Omni-Microphone-IP67 wire length is 1m, it connects to 4x4 pinout in default
configuration.

External microphone length is 25cm (default), may be expanded up to 1m (optional).
Check out the product page.

Be careful: You should have soldering skills to solder External Microphone on
board

Figure 1: Super-Beacon with one External Microphone connected
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Figure 2: Super-Beacon with two External Microphones connected

Figure 3: Super-Beacon with Omni
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3.6.1.2. Omni microphone schemes

0 If you don’t want to use 4x4 pinout to connect Omni, use this scheme to solder it.

Be careful: You should have soldering skills to solder Omni Microphone on board

S
-'Hﬂ
=

Figure 4: Omni-Microphone connection for Super-Beacon

T

Figure 5: Omni-Microphone connection for Super-Beacon-2 and Super-Beacon-3
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3.6.1.3. External microphones schemes:

o There can be some beacons (from one of the batches) with mixed default

microphone wires’ colors

MIC3

© CBY
(); 3

S~

Figure 6: Connection for beacon with switched blue and yellow wires
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Figure 7: One External Microphone connection
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Figure 8: Two External Microphone connection
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3.6.2. Beacon Mini-RX

The Beacon Mini-RX can be used in both the Non-Inverse
Architecture (NIA) and in the Inverse Architecture (IA): NIA and

IA comparison

The Mini-RX beacon HW differs from the regular Beacon HW
v4.9 in several ways:

- Itis an RX-only beacon, i.e. it can receive, but it cannot
transmit ultrasonic signal

- The fact that it is RX-only makes it far more sensitive, i.e. you will get a longer range
between Beacon HW 4.9 and Mini-RX than between Beacon HW 4.9 and Beacon
HW 4.9.

- Mini-RX beacon can receive any ultrasonic frequency from the bands: 19kHz,
22kHz, 25kHz, 28kHz, 31kHz, 34kHz, 37kHz, 45kHz. The filter can be simply
selected in the Dashboard. At the same time, the working ultrasonic frequency of
Beacon HW v4.9 is HW-defined by ultrasonic sensors and can’t be changed

- Mini-RX beacon can receive several ultrasonic frequencies at once. That is used in
Inverse Architecture. See the comparison: NIA and IA comparison

- The Mini-RX Beacon is significantly smaller than Super-Beacon

- Can play a role of stationary beacon when imputing coordinates manually (in NIA)
- Can play a role of mobile beacon (in IA system)

- Has digital microphone, which is more sensitive than regular sensors

- Supports 868/915MHz radio only

- Light weighted

- Can be water-protected

- The component of the Marvelmind Helmet and Marvelmind Watch

- It has 360° reception angle (horizontally) and 180° reception angle (vertically)

Reception diagram. Digital microphone has about 360° (horizontally) and 180°
(vertically) reception angle

—
(S
s =

Mini-RX beacon may be over discharged. In that case do the following:

Turn off the beacon with DIP switches and charge it for 1 hour. Then turn the
beacon on, flash the latest SW via DFU Programming and charge it for 1 hour
again
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3.6.2.1. How to flash Beacon Mini-RX

When you receive Beacon Mini-RX, it is turned off. Open it, to get access to DIP
switch.

Put DIP switch to needed position:

- When DIP switch in this position — only charge of device is possible.

Put DIP switch to this position:
- To turn on the beacon

- For HEX programming (via Dashboard)

Put DIP switch to this position:
- For DFU programing (via: DfuSe v3.0.5 or DfuSe v3.0.6)

46
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3.6.2.2. External microphone extension for Mini-RX

This modification of the Mini-RX beacon allows you to bring the receiving microphone
to any place on the robot or clothing. Due to this, the microphone body itself will not
interfere, and will not be visible. It allows you to create more accurate implantation.

It is also possible to use 2 external microphones to calculate the direction, or to
improve and increase the reception area.

Length is 25cm (default), may be expanded up to 1m (optional). Check out the
product page.

Be careful: You should have soldering skills to solder external microphone on board

Mini-RX beacon

External Microphone

Q].)Marvelmlnd
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3.6.2.3. Dual microphones modification:

External Microphone 1 Robot’'s head

Mini-RX beacon hidden
inside

—— o ——

Figure 2: Two external microphones with housing

External Microphone 2
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Figure 3:

Figure 4:

Two external microphones soldering
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3.6.2.4. External microphones schemes:
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Figure 5: One External Mlcrophone connection
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Figure 6: Two External Mlcrophones connection
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Figure 7: Two External Microphones final view

Figure 8: Two External Microphones final view
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3.6.3. Beacon Mini-TX

The Mini-TX is a TX only beacon, i.e. it can transmit, but cannot

receive ultrasound.

Comparison to Beacon HW v4.9:

Smaller size and lighter: 47x42x15mm & 25g vs.
55x55x33mm & 62g (or 55x55x64mm with antenna)

TX only, i.e. Mini-TX can only transmit ultrasonic and
cannot receive. Beacon HW v4.9 is dual use: can receive and transmit ultrasonic

Battery — 250mAh vs. 1000mAh in a regular beacon. But Mini-TX has a new more
efficient ultrasonic TX module, thus, battery lifetime in TX mode is even superior to
the Beacon HW v4.9

Tested battery lifetime with 8Hz — 96h. With lower update rate — nearly
proportionally longer. Very efficient ultrasonic TX module

Mini-TX has only USB (virtual UART) output — no additional pins

Mini-TXs always have embedded IMU — newer and better, but it has 3D
accelerometer and 3D gyroscope, but no magnetometer (which we do not
recommend using indoors anyway, due to magnetic field distortion indoor)

Embedded antenna — smaller size, but smaller radio coverage ~50m with regular
Modem HW v4.9 as compared with ~100m of Beacon HW v4.9 with Modem HW
v4.9

Range in ultrasonic is virtually on par with regular Beacon HW v4.9 — up to 30m with
Beacon HW v4.9 as RX beacon. At the same time, for example, a combination of
Mini-RX RX beacon + Mini-TX TX provide a better coverage and a stronger signal,
than Beacon HW v4.9 + Beacon HW v4.9

This HW is for the 868/915MHz band only, i.e. 433MHz is not supported and not
planned
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3.6.4.

Beacon Industrial-TX-Metal

Do not disassemble the Industrial beacons. Otherwise, warranty will be lost

TX-only beacon — can transmit
ultrasonic, but can’t receive it

Electronics is IP67 protected

Special IP67-protected 25kHz
transducers

External antenna with SMA connector for
extended radio range

Corresponding IP67 connectors (male
part) included

No battery inside

Extended working temperature range
from -40°C to +50°C (not tested,
provided by design)

Embedded reset switch and DFU switch — magnetic control
Two IP67 external connectors:

Modification (After June 2022) for versions 2 and 3

Power connector Interface connector
+5Vin (3 USB D- (4 USB D+ (3)
GND (1) L 1 in (3) j) )
! _ RS485A (2)
+5Vin (5)
7 3 GND {7}
DFU(2) r w (4)Reset  yppT X 3.3V (6) Rs4858 (1)

Version 2 and 3 of Industrial-TX-Metal (from June 2022) supports ONLY +5V
power supply. Don’t use +12V power supply converter for this version, it will burn
the beacon!

This version doesn’t have UART RX, but now is possible to use Interface connector
as a power supply.

RS485 modification pinouts (After Sep.2019)

Power connector USB D- (4)4e connector USB D+ (3)
. RS485A (2)
GND (1) L J +12Vin (3) UART RX 3.3V (5)
p ' GND (7)
DFU(2) I’ \l (4) Reset
- RS485 modification pinouts (Before Sep.2019)
Power connector Interface connector
GND (1) +12V in {3) . USB D- (4) USB D+ (3)
RS485A (2)
UART RX 3.3V (5)
R GND (7)
+3.3V out (2) +5Vin (4}

53

‘Q])Marvelmlnd

robotics


https://marvelmind.com/product/industrial-tx-metal/

- CAN modification pinouts

Power connector Interface connector
USB D- (4) USB D+ (3)
GND (1) +12Vin (3)

RS485A (2)

CAN L (5)
GND (7)

+3.3V out (2) +5Vin (4)
CANH (6) RS485B (1)

- Can work with any Mini-RX beacon or Beacon HW v4.9 with 25kHz ultrasonic
sensors (radio bands must match)

- Most of all designed to work together with Outdoor versions of Mini-RX beacons
and heavy outdoor Industrial-TX and Industrial-RX beacons (radio bands must
match)

- Up to 30m with Beacon Mini-RX

- Optional external Converter-220V-12V-IP67 (except version from April 2022, it
supports only +5V power supply)

- Wide transmitting diagram

Industrial Super-Beacon

Industrial-RX Transmitting diagram
Reception diagram . ccompseiese.
AR ST
K T 4 o $ 0 i f ,a‘i‘
» : ¥ ¥

30m

@%@ Beacon Ind-RX
Determine carefully the version of your Industrial beacons: it may S 91 5-N/A-IMU
be built before September 2019 and after September 2019. If it is /v 013405
beacon from the late batch, you must use Industrial Super-beacon

SW. if you have beacons from the early batch, use Industrial-RX or  [@]%[E] 1nd-rx-s }

Industrial-TX SW. Stickers’ differences: Later batch — Ind-RX-S or BT A 915-N/A-IMU
(=] S/N: 013433

Ind-TX-S. Early batch — Beacon Ind-RX or Beacon Ind-TX.

Version 2 and 3 of Industrial-TX-Metal (from June 2022) supports ONLY +5V
power supply. Don’t use +12V power supply converter for this version, it will burn
the beacon!

This version doesn’'t have UART RX, but now is possible to use Interface connector
as a power supply.
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3.6.5. Beacon Industrial-RX

Do not disassemble the Industrial beacons. Otherwise, warranty will be lost

RX-only beacon - can receive
ultrasonic, but can’t transmit it

Electronics is IP67 protected

Special IP67-membrane for ultrasonic
sensor

External antenna with SMA connector
for extended radio range

Corresponding IP67 connectors (male
part) included

No battery inside by default — external
power bank or external power supply (+12V or +5V). But, optional variant with
internal battery is possible (except version from April 2022, it supports only +5V

power supply)

Two IP67 external connectors:

Modification (After April 2022)

Power connector Interface connector
USB D- (4) USB D+ (3)
GND (1) +5Vin (3) RS485A (2)
+5V in (5)
GND (7)
DFU(2) r (4) Reset UART TX 3.3V (6) RS4858 (1)

Version 3 of Industrial RX (from April 2022) supports ONLY +5V power supply.
Don’'t use +12V power supply converter for this version, it will burn the beacon!

This version doesn’t have UART RX, but now is possible to use Interface connector
as a power supply.

RS485 modification pinouts (After Sep.2019)

Power connector Interface connector
USB D- (4 USB D+ (3
GND (1) +12Vin (3) (4 8)
RS485A (2)
UART RX 3.3V (5)
GND (7)
DFU(2) (4) Reset
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- RS485 modification pinouts (Before Sep.2019)

Power connector Interface connector

GND (1) #12vin{3) USB D- (4) USB D+ (3)
RS485A (2)
UART RX 3.3V (5)
GND (7)
+3.3V aut (2) +5Vin (4} UART TX 3.3V (6) RS485B (1]

- CAN maodification pinouts

Power connector Interface connector

USB D- (4) UsB b+ (3)
GND (1) +12Vin (3)
I~ RS485A (2)
GND (7)
+3.3V out (2) +5Vin (4) CAN H (6) (1)
RS485B (1

- Extended working temperature range from -40°C to +50°C (not tested, provided by
design) — only for the version without battery

- Embedded reset switch and DFU switch — magnetic control
- Supports wide range of ultrasonic frequencies: 19/22/25/28/31/34/37/45kHz

- Most of all designed to work together with Outdoor versions of Mini-RX beacons
and heavy outdoor Industrial-TX and Industrial-RX beacons (radio bands must
match)

- Optional external Converter-220V-12V-IP67 (except version from April 2022, it
supports only +5V power supply)

- Wide reception diagram
Industrial Super-Beacon

Industrial-RX Transmitting diagram
Reception diagram P
»h X iz 42
" x i <O ! w
b :

D
X
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30m
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Uploading Beacon’s Industrial-RX or Beacon’s Industrial-TX SW to Industrial
Super-beacon may permanently damage Industrial Super-beacon board.

Determine carefully the version of your Industrial beacons: it may
be built before September 2019 and after September 2019. If it
is beacon from the late batch, you must use Industrial Super-
beacon SW. if you have beacons from the early batch, use
Industrial-RX or Industrial-TX SW. Stickers’ differences: Later
batch — Ind-RX-S or Ind-TX-S. Early batch — Beacon Ind-RX or
Beacon Ind-TX.

Version 2 and 3 of Industrial-TX-Metal (from June 2022)
supports ONLY +5V power supply. Don’t use +12V power
supply converter for this version, it will burn the beacon!

This version doesn’t have UART RX, but now is possible to use
Interface connector as a power supply.

~N
Beacon Ind-RX
$15-N/A-IMU
S/N: 01343A

~
Ind-RX-5

915-N/A-IMU
S/N: 013432 )

ﬁ
b '

o

s

(=]
3

Ind-RX-5-2
915-N/A-IMU
S/N: 152B5C

Ind-RX-5-3
915-N/A-IMU
S/N: 173E49%
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3.6.6. Industrial Super-Beacon Metal-25kHz

Do not disassemble the Industrial beacons. Otherwise, warranty will be lost

- Supports dual-use — RX and TX beacon.
It can transmit on its native ultrasonic
frequency (25kHz) and it can receive on
any ultrasonic frequency via an
embedded RX sensor — like Industrial-
RX or Mini-RX does. Effectively, the
Industrial  Super-Beacons beacons
combines inside an Industrial-TX and
Industrial-RX. Additionally, the beacon
supports both Al and NIA architectures.
Thus, it is called Industrial Super-
Beacon

- Electronics is IP67 protected

- Special IP67-protected 25-kHz transducers
- External antenna with SMA connector for extended radio range
- Corresponding IP67 connectors (male part) included

- No battery inside

- Extended working temperature range from -40°C to +50°C (not tested, provided by
design)

- Embedded reset switch and DFU switch — magnetic control
- Two IP67 external connectors:

- Modification (After April 2022)

Power connector Interface connector
) USB D+ (3
GND(l)L J 5V in (3) USB D- (4) L\ (3)
1 ‘ RS485A (2)
+5Vin (5) r\
| GND (7)
DFU(2) r w (4) Reset
UART TX 3.3V (6) r/ RS4SSB (1)

Version 3 of Industrial RX (from April 2022) supports ONLY +5V power supply. Don'’t
use +12V power supply converter for this version, it will burn the beacon!

This version doesn’'t have UART RX, but now is possible to use Interface connector as a
power supply.

- RS485 modification pinouts

Interface connector
USB D- (4) l\ /l USB D+ (3)
GND (1) L J +12Vin (3) N —
e UART RX 3.3V (5) f 7l

Power connector

: 1 GND (7)

7 (@) Reset . uarTTX33v(6) [~ \] RS485B (1)

DFU(2) T
- Can work together with modems with corresponding radio (radio bands must match)

- Can work with any Mini-RX beacon or Beacon HW v4.9 with 25kHz ultrasonic
sensors (radio bands must match)
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Most of all designed to work together with Outdoor versions of Mini-RX beacons
and heavy outdoor Industrial-TX and Industrial-RX beacons (radio bands must
match)

Up to 30m with Beacon Mini-RX

Optional external Converter-220V-12V-IP67 (except version from April 2022, it
supports only +5V power supply)

Uploading Beacon Industrial’s (Not super) DFU software to Industrial Super-
Beacon hardware make permanently damage for Industrial Super-Beacon board.
Be double attentive with update

Version 2 and 3 of Industrial-TX-Metal (from June 2022) supports ONLY +5V
power supply. Don’t use +12V power supply converter for this version, it will burn
the beacon!

This version doesn’'t have UART RX, but now is possible to use Interface connector
as a power supply.
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3.6.7. Beacon HW v4.9

Beacon HW v4.9 can be used in both the Non-Inverse Architecture (NIA)
and in the Inverse Architecture (IA): NIA and IA comparison

Reception diagram. Each sensor has about 90° reception angle:

Figure 2: Transmitting diagram (with sensors)
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4. Software pack

In this chapter you can find out how to use our SW pack.
Always remember:

- All devices must be flashed from the same SW Pack

- Don’t look on the dates in the name of file, they can be different, pay attention
only to the name of the device.

- If the device was flashed with an older firmware version then Dashboard, this
will be displayed in the diagnostic message window:

dustind

Pk Ame leyer backward (1127
Reai4me player fooward (0.127)

G Jplpd
Freeze zofies
| — ¥
v =
Bescomid | [ (m} O ] O m} O O O m} (m} A Seemep | Lowdmap Resat Shep Weeup | Teesyse | Zew MU
Indoar GPS | [] (m} O o u] O m} O O 0O m} (m} v Eammep  new v m CTRL  Desp siess Defakt

Connected: COMB X 9.361, ¥: 9413 0 Stotal 0faled 0%)

Changes in files in the Marvelmind SW pack (from SW version 7.200):

The SW files for beacons/modems that don’t require an update with the new release
won’t be replaced with the new files in the new SW pack. However, the Dashboard will
assign the new version number to them based on the newly introduced a SW version
compatibility table. Thus, the files physically remain the same, but, if they are compatible
with the latest SW pack, the Dashboard will automatically substitute their older SW
version number with the latest SW version number

It is done in order to detect and avoid the most common mistake by the users — an
attempt to run incompatible SW versions of beacons, modem, Dashboard obtained from
different SW packs, i.e. not updating the beacons/modems to the latest SW version from
the same SW pack upon getting the equipment from Marvelmind Robotics

Changes in naming of SW versions and licenses (from SW version 7.200):

Optional SW feature brought by MMSWO0O005 are now marked with L at the end of the
release name. For example, v7.200 — only base SW features are enabled — by default.
Purchasing the MMSWO0O005 license activates optional features and the SW version
changes to v7.200L

Naming example 1A vs. NIA: v7.200 and v7.200L — SW for NIA and MF NIA, v7.200i
and v7.200Li — SW for |1A

If some beacons/modems don’t have the MMSWO0O0O05 license, their addresses are listed
in the upper part of the Dashboard — information window

cm)Marvelmlnd

robotics


https://marvelmind.com/pics/marvelmind_SW.zip

62

4.1. Download and open

4.1.1.Go to our web-site https://marvelmind.com/ =>
https://marvelmind.com/download/ and download the latest Marvelmind SW

pack

Download

SW/API pack

4.1.2.Unzip pack and open a folder

Mame

AP

Dashboard
Documentation
Examples
Software_ia
Software_nia
Super-Modemn

info

AN

Folder with Marvelmind API library and C
example

Folder with Dashboard software

Folder with documentation

Folder with misc sample code

Folder with software for modem and beacons
for inverse architecture (1A)

Folder with software for modem and beacons
for non-inverse architecture (NIA)

Folder with software for Super-Modem (same
software for both NIA and 1A).
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4.2. Dashboard folder

In this folder you can find all modifications of Dashboard.

Folder with Dashboard for Linux

Mame
. arm3iZ2
Mame arméd
linuz x86
windows dashboard_linuw_manual_w2019_05_14

Folder with Dashboard for Windows

Mame

dashboard_v7_040_32bit_exe

dashboard_v7_(40_tdbit_exe
jil install_dashboard_w7_040 32bit
ﬁl install_dashboard_w7_040 odbit

‘Q])Marvelmlnd
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4.3. Software IA folder

In this folder you can find all software to flash devices to build a map in Inverse
Architecture. Use this folder to flash sets:

1) Starter Set IA-04-2D-Badge

2) Starter Set Super-MP-3D in Inverse Architecture

For Badge:

For Beacon HW 4.9 in IA:

Mame

badge_ia
beacon_hwdd ia /‘
beacon_mini_n:_ia

belt_ia

cap_ia

headlight_ia \

For Cap

For Headlight (1A)
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helmet_ia
ind_super_beacon_ia
jacket_ia
madem_hwdd ia
modem_hw31_ia
super_beacon_ia

watch_ia

AN

For Helmet

For Industrial Super-Beacons* (watch the
next page to learn more about Industrial-
Beacons types)

For Jacket (IA)

For Modem HW v4.9:

°

For Modem HW v5.1:

°

For Super-Beacon (IA):

e

For Watch
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4.3.1. Types of Industrial-Super-Beacons:

1) Beacon Industrial-RX:

2) Industrial Super-Beacon Metal-25kHz:

3) Industrial Super-Beacon-Plastic:
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4.4. Software NIA folder

In this folder you can find all software to flash devices to build a map in Non-Inverse
Architecture. Use this folder to flash sets:

1) Starter Set HW v4.9-NIA:

2) Starter Set NIA-SmallDrone:

L
3

3) Starter Set Industrial-NIA-01:

4) Starter Set Super-MP-3D in NIA:
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For Beacon HW 4.5

For Beacon HW 4.9 433 and 915 NIA:

Mame

N\

beacon_hw43_nia
beacon_hwd9_nia

beacon_mini_n:_nia

For Beacon Mini-TX:

For Industrial Beacons:

\

beacon_mini_tx_nia
ind_super_beacon_nia
modemn_hw49_nia

moderm_hw31_nia

/

super_beacon_nia

For Modem HW v4.9:

°

For Modem HW v5.1:

<

For Super-Beacon (NIA):

*
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4.5.

Super-Modem folder

Folder with Super-Modem software (same software for both NIA and 1A).

Warning! If your current Super-Modem software version is less than 7.000, you
need to reflash micro-SD card inside the Super-Modem for update. Super-Modem
Micro-SD card image is supplied in separate archive, because it is pretty large.

After SW release v7.040 you can flash Super-Modem via Dashboard. Flash both levels —
high and low.

Please refer to downloads page and download SW for Super-Modem

Firmware for Super-M&dem high level

M8 2022_02_20_supermodem_v7_040

Mame

Super-Modem_high_level_sw
Super-Modem_low_level_sw

D readme

DFU and HEX files for Super-Modem flash. Low

level
MName

-

D 2022_02_20_supermodem_sw7_040_rd915MHz.dfu
D 2022_02_20_supermodem_sw7_040_rd915MHz.hex
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5. SW settings descriptions

5.1.

Super-Modem’s SW update and configuration description

5.1.1. Super-Modem’s SW update

Do not disassemble the Super-Modem before you check the SW version installed. First of all,
check if the SW version of your Super-Modem is up to date (Latest version on the Marvelmind
Downloads page). If not — update the software as described below

Marvelmind Super-Modem software consists of two parts:
- Low level firmware

- High level software for integrated Raspberry Pi single-board computer

Low level firmware is placed in general software package with all Marvelmind software in
‘Super-Modem’ folder. This firmware can be updated via dashboard (hex file) or via DFU
(dfu file) like other firmware in the package. Please refer to Operating Manual for details of
updating software via dashboard or dfu.

High level software is located on micro-SD card inserted in the Raspberry Pi single-board
computer inside Super-Modem. To update this software, you should write on this micro-SD
card the image of micro-SD card with updated software. You can download the image on
downloads page (https://marvelmind.com/download/). The image is placed in archive
separately from general software package because its size is pretty large (archive is about
1.5-2GB).

Micro-SD card location

o
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5.1.2. How to update Super-Modem (for SW version from v7.000)

In latest versions of SW it's possible to flash Super-Modem without dissembling.

5.1.2.1.  Connect power Supply to Super-Modem and connect Super-Modem to
PC via USB. Wait for 1 minute till it appears in Dashboard
Read all Write all Write changes Cancel changes
CPUID Copy to clipboard

Firmware version

w7.050i Super-Modem-2

High level software version w7 D50
Architecture 1A
Location update rate 8 Hz
Supply vaoltage, V (4.5.13.0) 10.25

Time from reset, h:m:s

5.1.2.2.

00:01:04 /15034270

There are two Firmware versions — Low level (Firmware version) and

High level (High level software version). Both of them should be flashed
from the same pack.

D Dashboard - abots management V1050 ultimate
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5.1.2.4.

Update high level SW (from folder Super-Modem_high_level SW)

File Language Niew Firmware Licenses Help

Ul Marvelmind
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Connected: COM3 AR, Y133

5.1.2.6.

RatedfHz 1 711atal Ofailed (0%)

Press Default button after flashing of both levels.

Sleep Wake up Time sync

CTRL

Deep sleep

Default

Zero IMU

51.2.7.

Firmware update successfully completed.
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5.1.3. How to update Super-Modem’s SW (for SW version older
than v7.000):

Do not disassemble the Super-Modem before you check the SW version installed. First of all,
check if the SW version of your Super-Modem is up to date (Latest version on the Marvelmind
Downloads page). If not — update the software as described below

Follow the steps below to update Super-Modem’s SW.

5.1.3.1.  Open Super-Modem enclosure

5.1.3.2.  Eject the micro-SD card (Super-Modem should not be powered at this
time)

5.1.3.3.  Insert micro-SD card into any MS Windows computer via card reader

5.1.3.4. Download and unpack the archive with image of updated software

Mame Date modified Type Size
Super-Modem_high_level_sw 03/08/2022 1816 File folder
Super-Modem_low_level_sw 31707/2022 18.25 File folder
Super-Modem_5D_image 03/08/2022 19.32 File folder

2022_02_08_supermodem_config_files Q80272022 23.00 Adobe Acrobat D... 193 KB

Ml
|
[}
-

2022 _02_08_supermodem_software_update  08,/02/2022 Adobe Acrobat D... 294 KB

5.1.3.5. Install and run Win32 disk imager program (supplied in the archive with
image)

5.1.3.6.  Open the image file and write to the micro-SD card (see screenshot
below)

% Win32 Disk Imager - 1.0 - ( X

Image File Device

I_image,."Super-I'ﬂndem_SD_imagEfzﬂll_DB_D 3_supermodem_image.img | [F:\ -

Hash

Mone * | | Generate Copy

[] Read only Allocated Partitions

Progress

Cancel Read Write Verify Only Exit

5.1.3.7.  Eject micro-SD card from computer and insert back into Super-Modem

5.1.3.8.  Close Super-Modem enclosure
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5.1.4. Super-Modem'’s configuration

Do not disassemble the Super-Modem before you check the SW version installed. First of all,
check if the SW version of your Super-Modem is up to date (Latest version on the Marvelmind
Downloads page). If not — update the software as described below

Marvelmind Super-Modem contains Raspberry Pi single-board computer with
corresponding software. Some settings can be modified via configuration files on the
micro-SD card inserted in the Super-Modem.

To modify these files, you need to:

- Open Super-Modem enclosure

- Eject the micro-SD card (Super-Modem should not be powered at this time),
- Insert micro-SD card into any computer with Linux

- Open and modify certain configuration files on the micro-SD card (see below)
- Eject micro-SD card from computer and insert back into Super-Modem

- Close Super-Modem enclosure

Micro-SD card location

. L

When you insert it into computer with Linux, required files are usually located by following
path:

/media/<user name>/rootfs/home/pi/supermodem:
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R i 2 ¢

map.bin network_  settings.bin  stream_ superdfu
options options

stream_optio

judp_destination_1p=192.168.1.
udp_destination_port= 49305

5.1.4.1. Super-Modem'’s settings descriptions

In file “network_options”:

- wifi_network — name (SSID) of WiFi network to connect
- wifi_password — password (PSK) for this network

In file “stream_options™:

- udp_destination_ip — IP address in local network where Super-Modem will
stream data

- udp_destination_port — UDP port where Super-Modem will stream data

If you need more information about UDP streaming here -
https://marvelmind.com/pics/UDP_C example.zip
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5.2. SW update (USB/Radio/DFU)

This chapter describes three general ways of SW update. Regular - using USB
connection, or Radio connection. And SW update for special cases (if SW version gap
is very big, or regular SW update do not work) — DFU Programming.

5.2.1. SW update via USB

Usually, SW update via USB is used for the very first time you starting up the system. It
allows you to make an update up to actual SW version very quickly before the system
deployment.

Pros: Quick SW update per beacon.

Cons: All the devices should be connected to the PC via USB cable. If you already
deployed the system, you will need to unmount it.

How to:

- Launch the Dashboard

- Make sure that the beacon is on

- Connect beacon to your PC via USB cable

- When beacon connected to the Dashboard, go to “Firmware” — “Upload firmware”
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- Choose .hex SW file for your device (Be careful with IA and NIA architectures,

not mix it)

- Click “Next”
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- Wait until beacon update finishes

Note: Press Default button for every beacon after SW update

- Repeat for all your beacons

Be careful: Default button will apply full default settings to this beacon, except it's
address. If you had some custom Radio settings before, it would be changed to
153kbps Radio profile, 0 Radio channel
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5.2.2. SW update via Radio

Usually, SW update via USB is used for the very first time you are starting up the system.
It allows you to make an update up to actual SW version very quickly before system
deployment.

Pros: Allows you to keep your system in its place and update SW remotely

Cons: Not as fast as USB SW update

How to:

- Launch the Dashboard

- Make sure that the modem is connected to the Dashboard (via USB)
- Ensure that you can see your beacons via radio in the Dashboard

- Click on the beacon you want to update (In the bottom devices’ list)

- goto “Firmware” — “Upload firmware” — Choose .hex SW file for your device
(Be careful with 1A and NIA architectures, do not mix them)

- Click “Next”
- Wait until beacon update finishes

- Repeat for all your beacons

- Note: with additional license you can enable simultaneous update of multiple
beacons (stationary and mobile)

cm)Marvelmlnd

robotics



79

5.2.3. SW update via DFU Programming

o Not applicable to “Outdoor” versions of originally non-outdoor versions

Usually, SW update happen using regular USB or Radio SW update. But in case when you
didn’t update your system for a long time (and get a big SW version gap), or you faced with
some unexpectable troubles — please do the DFU Programming SW update. This chapter
describes DFU update for different types of devices.

Pros: Ultimatum SW update — erases all glitches, settings and etc. Makes it possible to
revive beacon if “everything goes bad”

Cons: More complicated than a regular SW update, clears all settings — Save map file
not to lose your map

To make a DFU Programming, you need to know where hardware reset button and DIP
switches are placed.

mMarvelmlnd
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5.2.3.1. Reset button and DIP switch placement

- Super-Beacon:

Reset button

DIP switches

- HW v4.9 Beacon:

Reset button (on side)

DIP switches

- Mini-RX beacon:

Reset button

Disassemble

)

Carefully

‘ W Marvelmind |

( robotics |

DIP switches
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- Mini-TX beacon:

Disassemble Reset button (on the other side)

)

Carefully

DIP switches

Industrial beacons have no switches and reset buttons, but they have magnetic DFU
switch and magnetic Reset button:

- Industrial Super-Beacon-Plastic:

Magnetic Reset side Magnetic DFU switch side

- Industrial Super-Beacon Metal-25kHz:

Magnetic Reset side Magnetic DFU switch side

mMarvelmlnd
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- Beacon Industrial-RX:

Magnetic Reset side Magnetic DFU switch side

- How to enter into DFU mode and Reset different types of Modems:

- Modem HW v5.1:

Hardware Reset button (on side)

DFU mode pins

Hardware Reset button (on side)

DFU mode pins

- Super-Modem:

Magnetic Reset side Magnetic DFU switch side

mMarvelmlnd
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5.2.3.2. DFU Programming process:

1. Enter device into DFU Mode:

- For regular and non-Industrial versions of beacons — switch DIP
switches into positions shown on the picture (both up) and press the
Reset button — device will go into DFU mode

- For Industrial versions of beacon and Super-Modem - attach one
magnet to the DFU switch side, and attach for 1 second the second
magnet to the Reset side of the device — device will go into DFU mode
(Do not forget to power Industrial versions of beacon and Super-
Modem — they do not have internal battery)

- For Modem HW v5.1 and Modem HW v4.9 — short DFU mode pins and
press the Reset button — device will go into DFU mode

2. Connect the device via USB to your PC (Do not forget to power Industrial
versions of beacon and Super-Modem — they do not have internal battery).

Run DfuSe (Choose whichever works the best for your Windows: DfuSe v3.0.4
or DfuSe v.3.0.5., DfuSe v3.0.6

3. In the upper left corner of the DfuSe program, you will see a device connected
in the DFU mode (If not — reenter device into DFU mode).

4, Choose the DFU driver (file) for the beacon.
i DfuSe Demo (v3.0.3) — *

Available DFU Devices
STH Device in OFL Mode | Application Mode; DFU Mode:;

S VendorD: | | VendoriD: 0483
Supports Upload I anifestation tolerant
Supports Download Accelerated Upload [ST) Procuct 1D: I:l Procuct ID; [DF11
Can Detach . .
Wersion: Wersion: | 2200
Enter DFU mode/HID detach Leave DFU mode |:| -
Actiong
Select Target(z]: . .
Target|d  MName Ayvallable Sectors [Double Click for more)
an Internal Flash Ed zectors...
m Option Bytes 1 sectorz...
Upload Action Upgrade or Verify Action
File: File:
Vendor D Targets i file:
Chooze... Upload Procuct 10

Transfered data size

0 KB[0 Bytes) of O KE[D Bytes)

Wersion:

[ *erify after download

[] Optimize Upgrade duration (Remaove some FFs)
Operation duration

00:00:00 Chooze... Uparade Werify

Abort Guit

5. Click the UPGRADE button.

6. After a couple of seconds, the DFU will be uploaded to the beacon. Make
sure it takes 1-3 seconds and does not happen instantly. Otherwise, the SW
has not been uploaded correctly. If the DFU appears to upload immediately,
check the "Choose" button you used or change the version of DfuSe SW you
selected.
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http://www.marvelmind.com/downloads/Software.zip
http://www.marvelmind.com/downloads/DFU/DfuSe_Demo_V3.0.5_Setup.exe
https://marvelmind.com/pics/en.stsw-stm32080_v3.0.6.zip
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7.

10.

Exit from the DFU mode:

- For regular and non-Industrial versions of beacons — switch DIP
switches into positions shown on the picture (Left — down, right — up)
and press the Reset button — device will exit from DFU mode

- For Industrial versions of beacon and Super-Modem — remove one
from the DFU switch side, and attach for 1 second the second magnet
to the Reset side of the device — device will exit from DFU mode

- For Modem HW v5.1 and Modem HW v4.9 — shot circuit DFU mode
pins and press the Reset button — device will go into DFU mode

Start the Dashboard, left device connected to the PC via USB (Do not forget
to power Industrial versions of beacon and Super-Modem — they do not have
internal battery), device should appear in the Dashboard.

Check SW on the beacon afterwards.

Everything should be OK with SW now. DFU programming is complete.
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5.2.3.3. DFU troubleshooting

If you experience difficulties in DFU programming, please try the following:

Change USB cable

Install a different DfuSe version (whichever works best with your Windows).
Here you will find different versions of DfuSe: DfuSe v3.0.4, DfuSe v3.0.5 or

DfuSe v3.0.6

Use a different computer with a different version of Windows or another
operating system

mMarvelmlnd
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http://www.marvelmind.com/downloads/Software.zip
https://marvelmind.com/pics/DfuSe_Demo_V3.0.5_Setup.zip
https://marvelmind.com/pics/en.stsw-stm32080_v3.0.6.zip
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6. Setting up the system

6.1. Introduction

Our system supports Non-Inverse Architecture and Inverse Architecture. But we
strongly recommend to start from NIA in 2D configuration (2 stationary beacons and 1
mobile beacon). As you achieved perfect results in NIA, you can set up the system in
IA.

Check:

8 basic steps from unpacking to autonomous drive/flight

];lﬂ Step-by-step quide on how to build complex maps

Detailed explanation of complex map building:

Building submaps: Part 1

Building submaps: Part 2

°Q])Marvelmlncl
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https://marvelmind.com/pics/architectures_comparison.pdf
https://marvelmind.com/how_to_use_and_integrate_indoor_positioning_system/
https://youtu.be/I-QdPkn6fxk
https://youtu.be/B5pPsCsZjB8
https://youtu.be/nCyp3wYZxak

6.2. DIP switch positions

This chapter shows different DIP switchers positions of devices on the example of a
Super-Beacon.

6.2.1. DIP switch position for OFF beacon

When DIP switch in this position — only charge of device is possible.

Reset button

DIP switches

6.2.2. DIP switch position for work and HEX programming

Put DIP switch to this position:
- To turn on the beacon

- For HEX programming (via Dashboard)

Reset button

DIP switches

6.2.3. DIP switch position for DFU programming

Put DIP switch to this position:
- For DFU programing (via: DfuSe v3.0.5 or DfuSe v3.0.6)

Reset button

DIP switches

Put DIP switch to position for work and restart beacon after DFU programming.

mMarvelmlnd

87 .
robotics


https://marvelmind.com/pics/DfuSe_Demo_V3.0.5_Setup.zip
https://marvelmind.com/pics/en.stsw-stm32080_v3.0.6.zip

6.3. Starter Set Super-MP-3D (NIA and 1A)

The steps below describe the very first time you set up the system in NIA.

Super-Beacons and Modem HW v5.1 required.

This Set can bused in IA and NIA. Use NIA Software for Non-Inverse Architecture and
|A Software for Inverse Architecture.

6.3.1.Unpack the system. Look at a similar unpacking video of HW v4.9. The
videos have certain differences but the basic are the same: Unpacking
];ﬂ Marvelmind Precise (+-2cm) Indoor "GPS"
6.3.2.Charge all the beacons using USB cable. Full charging takes about 1-2 hours

6.3.3.Turn the beacons on: Place DIP switches as shown on the picture below

Reset button

DIP switches

6.3.4.Download SW Pack
6.3.5.Update all the beacons (HEX programming):

6.3.6.Run the Dashboard and update the SW for all beacons and modem using
Dashboard => Firmware => Choose the file => Program

6.3.7.1f you see the message “Not found modem connection to computer through
USB” in the Dashboard or your PC does not recognize beacons/modem, it
usually means that the STM32 driver is not installed. To install the driver,
download it with link at top window in the Dashboard and run the installation
file, then click on the link under and install the driver

88 Q) Marvelmind
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https://marvelmind.com/product/starter-set-super-mp-3d/
https://marvelmind.com/product/starter-set-super-mp-3d/
https://marvelmind.com/product/super-beacon/
https://marvelmind.com/product/modem-hw-v5-1/
https://youtu.be/sOce7B2_6Sk
https://youtu.be/sOce7B2_6Sk
https://marvelmind.com/pics/marvelmind_SW.zip
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6.3.8.Ensure that:

6.3.9.You are programming the modem’s SW to the modem and the beacon’s SW
to the beacon

6.3.10. You are using SW for Super-beacon, if you have Super-beacon; and you
have the SW from the same SW pack, i.e., the Dashboard SW, modem SW,
and beacon SW must be from the same SW pack. Don’t mix SW releases

6.3.11. If SW flashed SUCCESSFULLY, MOVE DIRECTLY TO 6.3.13. If you
have some problems with HEX programming, use DFU programming:

6.3.11.1.

6.3.11.2.

6.3.11.3.

6.3.11.4.

6.3.11.5.

6.3.11.6.

6.3.11.7.

6.3.11.8.

6.3.11.9.

6.3.11.10.

6.3.11.11.

6.3.11.12.

DFU programming or SW uploading is used when HEX SW uploading
in the Dashboard cannot be used. For example, when you are updating
from a very old SW version or when the SW includes major changes to
the system and the only possible way to update the SW is via DFU
programming

After the DFU SW upgrade, future SW upgrades can be done in a
regular manner via the Dashboard

To start programming, move the beacon’s DIP switch to the DFU
programming mode, as described in the paragraph on DIP switch
modes

Download the latest SW package, unzip it, and select the proper
version of the SW for your HW and for your frequency variant.
Remember that for DFU programming, you should use DFU SW
(DfuSe), not Dashboard’s .hex file

Download DfuSe
Here you will find different versions of DfuSe. v3.0.5 or v3.0.6,

whichever works the best for your Windows: DfuSe v3.0.5 or DfuSe
v3.0.6

DFU Programming:

Put DIP switch into Power = ON, DFU = ON II
12

Connect the beacon via USB to your PC

Run DfuSe

Press the RESET button on your beacon

In the upper left corner of the DfuSe program, you will see a device
connected in the DFU mode
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https://marvelmind.com/pics/marvelmind_SW.zip
https://marvelmind.com/pics/DfuSe_Demo_V3.0.5_Setup.zip
https://marvelmind.com/pics/en.stsw-stm32080_v3.0.6.zip
https://marvelmind.com/pics/en.stsw-stm32080_v3.0.6.zip
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6.3.11.13.

6.3.11.14.

6.3.11.15.

6.3.11.16.

6.3.11.17.

6.3.11.18.

6.3.11.19.

6.3.11.20.

6.3.11.21.

6.3.11.22.

Choose the DFU driver (file) for the beacon

& DfuSe Demo (v3.0.5) — b4

Available DFU Devices
5TM Davice in DFU Mode | Application Mode: DFU Mode:

o VendorD: | | VendorID: 0483
Supports Upload Manifestation tolerant
Supports Download Accelerated Upload [ST)  Procuct 1D: I:I Procuct 1I0; | DFTT
Can Detach . .
Wersion: Yersion: | 2200
Enter DFU mode/HID detach Leave DFL mode I:I -
Actions
Select T arget(s): . .
Targetld  Mame Available Sectors [Double Click. for more)
o0 Internal Flash B4 sectors...
m Option Bytes 1 sectors. ..
Upload Action Uparade or Werify Action
File: File:
Vendor [0 Targets in file:
Chooge... Upload Procuct |D:
Transferred data size e
O KE(0 Bytes) of O KE[O Bytes
(0Bytes) (0Bytes) [ *erify after download

[ Optimize Uparade duration [Femave some FFs)
Operation duration

00:00:00 Choose. .. Upgrade Werify
| §

Abort Guit

Click the UPGRADE button

After a couple of seconds, the DFU will be uploaded to the beacon.
Make sure it takes 1-3 seconds and does not happen instantly.
Otherwise, the SW has not been uploaded correctly. If the DFU appears
to upload immediately, check the "Choose" button you used or change
the version of DfuSe SW you selected

Move the DIP switch into Power = ON, DFU = OFF

Start the Dashboard and press the RESET button on the beacon
Check SW on the beacon afterwards

Everything should be OK with SW now. DFU programming is complete
Follow the same scenario for the modem:

After uploading DFU driver by DfuSe short circuit pins as shown on the
picture (for v4.9) and press Reset button

FEEEN

led1 [l
led2

'Q])Marvelmmd
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Modem will go to DFU mode. Press UPGRADE button in the DfuSe
program
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6.3.11.23. After a couple of seconds, the DFU will be uploaded to the modem.
Make sure it takes 1-3 seconds and does not happen immediately.
Otherwise, the SW has not been uploaded correctly. If the DFU appears
to upload immediately, check the "Choose" button you used or change
the version of DfuSe SW to a different one

6.3.11.24. Disconnect the short circuit
6.3.11.25. Start the Dashboard and press RESET button

6.3.12. If you experience difficulties in DFU programming, please try the
following:

6.3.12.1. Use a different computer with a different version of Windows or another
operating system

6.3.12.2. Install a different DfuSe version (whichever works best with your
Windows)

6.3.13. If you have uploaded the latest firmware for all the boards, you can start
to activate the system:

6.3.14. While the beacon or modem is connected to the Dashboard, click the

DEFAULT button on the Dashboard to upload the default settings. Do it after
each SW upgrade for all devices!

Reset Sleep Wake up Time sync Zero MU
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6.3.15.

Write down the beacon’s address for future use or change the address at

your convenience. Enter device address and press ENTER, after - press
write changes button. Beacons’ addresses should not be repeated.

Read all | | Write all | ‘ | Write changes | |-Can cel changes
CPUID | Copy to clipboard 023254
Firmware version v/ 044 Super-Beacon
Power save functions enabled / active
Hedgehog mode disabled
Supply voltage, V (3.5.4.7) N
Time from reset, h:m:s 00:22:13 /145557 /0
RS55! from modem, dBm -53
R551to modem, dBm -56
Profile General
Radio frequency band "915 MHz"
Camier frequency, MHz 915.0
Radio channel
Device address (1..254) 11
Height, m (-320.000..320.000) in submap 0 )
Measured temperature, “C 23
Litrasonic frequency. Hz (100..65000) 31000
Desired speed. % (0..100) n/a
(ML
Parameters of radio
Ltragound
Interfaces
Misc. settings
Hedgehogs pairing
Realtime player disabled
Realtime player backward (0..127) 3
Realtime player forward (0..127) B

°Q]JMarvelmlncl
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6.3.16. Choose one of the beacons and enable “Hedgehog mode”

93

CERU I Copy to clipboard 08421E

Firmware version w7 400i Super-Beacon-2
Power save functions active
Hedgehog mode enabled . )

Supply voltage, V (3.50..4.35) :

Time from reset, h'm:s 00:02:55 /192054 /0
R551 from modem, dBm -31

R551to modem, dBm n/a

Profile

Camier frequency, MHz

Radio channel

Device address (1..254)

Height, m (-320.000..320.000)

Measured temperature, “C

Ltrasonic frequency. Hz (100..65000)

Advanced settings

MU

Parameters of radio

Utrasound

Interfaces

Georeferencing

Misc. settings

Hedgehogs pairing

Realtime player streaming

Realtime player for gaps

Realtime player backward (0..127)

Realtime player forward (0..127)

6.3.17.

6.3.18.

6.3.19.

beacons are ready for use

General (315 MHz band)
919.0

0

104

0.000

23

45000

[#) expand
[#) expand
{+) expand
[#) expand
{+) expand
[#) expand
{+) expand
[#) expand
disabled
disabled

3

5

Press the RESET button on your beacons and modem after programming

After programming devices with the latest software, the modem and

Place the stationary beacons high on the walls vertically in a way that will

provide optimal ultrasonic coverage. Write down the beacon’s height for future
change in the settings. The help video on installation can be found here - Help:

how to place beacons
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https://youtu.be/WY0HkLzmjys
https://youtu.be/WY0HkLzmjys
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Side view of 2D configuration:

Stationary beacon

Stationary beacon

Mobile beacon

Top view of 2D configuration:

T
< h —
¢ I Modem

=

See

# (A

=4-6m

__ Y

Y

=6-10m

A

More information about placement you can find in Placement Manual
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robotics


https://marvelmind.com/pics/Marvelmind_Robotics_ENG_placement_manual.pdf

95

6.3.20. Connect the modem/router via USB to a Windows PC with the Dashboard

installed

6.3.21. Runthe Dashboard. In the left corner of the Dashboard, the modem should

be shown as connected
6.3.22. Wake up all beacons by selecting them on the Dashboard panel
Only 4 stationary beacons may be in 1 submap. If you wake up more beacons,

create new submap for them or it won’t be displayed on the map and in the table
of distances.

6.3.23. It may take up to 7-10 seconds for the beacons to wake up

6.3.24. Notice, that if the modem is not active and is not powered, the beacons will
go into sleep mode automatically after 1 minute

6.3.25. The system may run the frequency search, if it is the very first time you are
waking up the beacons. If this step does not work, disconnect the modem and
connect that beacon again via USB. Press the DEFAULT button in the
Dashboard and the Read All button to make sure that the radio settings are the
default ones

6.3.26. Check that the radio settings on the modem and the radio settings on the
beacon are the same

6.3.27. Now you can check RSSI, voltage, ultrasonic filter settings, etc. on the
panel on the right corner of the Dashboard

Supply voltage. V 395
Desired speed, % (0..100) 30
Height, m (-320.000..320.000) 0.000
Time from reset, hm's 00:01:26 R
Measured temperature, 'C 23
RSSI, dBm 28
Radio frequency band 915 MHz
Camier frequency, MHz 919.000
Device address (0..254) 30
Radio channel 0
Uktrasonic frequency, Hz (100..65000) 25000
Fitter selection 3 kHz

mMarvelmlnd
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6.3.28. Enter the height of stationary beacons. Choose beacon in the list and enter

height value
Read all Write all

CPUID Copy to clipboard 013326
Firmware version V6.192 Super-Beacon
Power save functions enabled
Hedgehog mode enabled
Inverse system disabled
Distances only mode disabled
Supply voltage, V 395
Desired speed {0100,

eight, m (-320.000..320.000) 0.000
Time from resel, hms 000
Measured temperature, T 23
RSSI, dBm -28
Radio frequency band 915 MHz
Carier frequency, MHz 919.000
Device address (0..254) 30
Radio channel 0
Uktrasonic frequency, Hz (100..65000) 25000
Fiter selection I kHz

o Enter the height for mobile beacon if you are using 2D mode

6.3.29. In the current version one modem supports 250 beacons (mobile +
stationary combined). If you do not see some of your connected beacons on
the map, you may need to scroll to find their addresses

6.3.30. Double click on the device both to put it into sleep mode and to wake
itup

|:| Device14 |:| Device15 |:| Device 18 |:| DevicalT

6.3.31. The map will form and zoom in automatically

LFe !
i1
13!
28|

6.3.32. If the map does not form well, check the table of distances in the left
corner of the Dashboard. The cells must be colored in white; it means the
distances between stationary beacons are measured correctly

9% Q) Marvelmind
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6.3.33. If you see in the table some empty cells or marked yellow/red, it is an
indication that distances between Some beacons are measured inconsistently
or not measured at all. Try to re-position them because usually there is an
obstruction of some sort in the between the beacons. If you have any problems
— check Table of distances chapter

6.3.34. Make a service zone, clicking on the map with Shift + Left click. See
Submaps chapter for more details

A%

= ©
Loy
28

6.3.35. Freeze the Submap by clicking the button. Stationary beacons will stop
measuring relative distances and will be ready to measure distance from the
mobile beacon(s)\

|pdate
Auto @ 5}

Freeze submap!

| Freeze submap

s 1M
Save map Load map
Eraze map new e
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6.3.36. Turn on and wake up the mobile beacon following the same steps as with
];ﬂ the stationary beacon. More details in our video: https://youtu.be/AdaRsjH2- E

a
e
[ |
2 =
o
25
© 4 o
b_0
[ JFenl5p
4 E=— ¥
e DD I DR O o0 ol oee | owes O ci|[]  owes|[]  Deesns < [ savemsp | [ Losdmap

6.3.37. If you see on the devices’ panel in the Dashboard that the beacon is
colored orange, it means there are some differences in some of the settings
between beacons. For example, some sensors may be off or some ultrasonic
or radio settings may be different. You can change the settings for sensors
manually by clicking on the panel on the upper right corner of the Dashboard
to change the cells from gray to green to turn on sensor. It is recommended

that the default settings on all beacons and the modem are used if this is your
first time using the system.

6.3.38. If all looks good and table of distance still colored white, freeze the map.

e

|pdate |

Auto |.&.pp|§,-’ s%

. Freeze map

Unfreeze submap

v . : . 25 Cme

v —
Save map Load map
Eraze map | |NEW =
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6.3.39.

The system is now fully operational.
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6.3.40.

In the Dashboard, you can upload a picture / map of your room. You can
use a different picture for every floor. Go to Loading the floorplan (Help video:
https://www.youtube.com/watch?v=NHUNCtJIY Xc)
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6.4. Starter Set HW v4.9

The steps below describe the very first time you set up of the system in NIA. Beacons
HW v4.9 with the same frequencies and Modem HW v4.9 required.

This is Non-Inverse Architecture. Use NIA Software ONLY

obotics

];;[ 6.4.1.Unpack the system. Watch the help video: https://youtu.be/sOce7B2_ 6Sk
6.4.2.Charge all the beacons using USB cable. Full charging takes about 1-2 hours

6.4.3.Turn the beacons on: Place DIP switches as shown on the picture below

Reset button (on side)

DIP switches

6.4.4.Download SW Pack
6.4.5.Update all the beacons (HEX programming):
- Run the Dashboard and update the SW for all beacons and modem using Dashboard =>
Firmware => Choose the file => Program

- If you see the message “Not found modem connection to computer through USB” in the
Dashboard or your PC does not recognize beacons/modem, it usually means that the
STM32 driver is not installed. To install the driver, download it with link at top window in the
Dashboard and run the installation file, then click on the link under and install the driver

Ensure that:
- You are programming the modem’s SW to the modem and the beacon’s SW to the beacon

- You are using SW for HW v4.9, if you have HW v4.9; and you have the SW from the same
SW pack, i.e., the Dashboard SW, modem SW, and beacon SW must be from the same
SW pack. Don’t mix SW releases
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If SW flashed SUCCESSFULLY, MOVE DIRECTLY TO 4.2.6. If you have some
problems with HEX programming, use DFU programming:

DFU programming or SW uploading is used when HEX SW uploading in the Dashboard
cannot be used. For example, when you are updating from a very old SW version or when
the SW includes major changes to the system and the only possible way to update the SW
is via DFU programming

6.4.5.1.

6.4.5.2.

6.4.5.3.

6.4.5.4.

6.4.5.5.

6.4.5.6.

6.4.5.7.

6.4.5.8.

6.4.5.9.

6.4.5.10.

6.4.5.11.

After the DFU SW upgrade, future SW upgrades can be done in a regular
manner via the Dashboard

To start programming, move the beacon’s DIP switch to the DFU
programming mode, as described in the paragraph on DIP switch modes

Download the latest SW package, unzip it, and select the proper version
of the SW for your HW and for your frequency variant. Remember that
for DFU programming, you should use DFU SW (DfuSe), not
Dashboard’s .hex file

Download DfuSe

Here you will find different versions of DfuSe. v3.0.5 or v3.0.6, whichever
works the best for your Windows: DfuSe v3.0.5 or DfuSe v3.0.6

DFU Programming:

Put DIP switch into Power = ON, DFU = ON
Connect the beacon via USB to your PC
Run DfuSe

Press the RESET button on your beacon

In the upper left corner of the DfuSe program, you will see a device
connected in the DFU mode

cm)Marvelmlnd
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6.4.5.12.

6.4.5.13.

6.4.5.14.

6.4.5.15.

6.4.5.16.

6.4.5.17.

6.4.5.18.

6.4.5.19.

6.4.5.20.

6.4.5.21.

Choose the DFU driver (file) for the beacon

& DfuSe Demo (v3.0.5) - x

Awailable DFU Devices
5TH Davice in DFU Mode | Application Mode: DFL Maode:

- VendariD: | | VendorID: 0483
Supports Upload M arifestation talerant
Supports Download Accelerated Upload [ST]  Procuct 1D: I:I Procuct 1D; [DF11
Cem Dl Wersion: I:I Wersior: | 2200
Enter DFL mode/HID detach Leave DFU mode
Actiohs
Sl vem=lk) Targetld  Mame Available Sectors [Double Click for mare]
oo Internal Flazh B4 sectors...
m Option Bytes 1 sectors...
Upload Action Uparade or Yerify Action
File: File:
Vendor D Targets in file:
Choosge... Upload Procuct ID:

Tranzfered data size

0 KB[0 Bytes) of O KB[D Bytes)

Wersioh:

[ erifty after dovnload

[ Optimize Uparade duration [Femove same FFs)
Operation duration

00: 0000 Choose... Upgrade Werify

Abork it

Click the UPGRADE button

After a couple of seconds, the DFU will be uploaded to the beacon. Make
sure it takes 1-3 seconds and does not happen instantly. Otherwise, the
SW has not been uploaded correctly. If the DFU appears to upload
immediately, check the "Choose" button you used or change the version
of DfuSe SW you selected

Move the DIP switch into Power = ON, DFU = OFF

Start the Dashboard and press the RESET button on the beacon

Check SW on the beacon afterwards

Everything should be OK with SW now. DFU programming is complete

Follow the same scenario for the modem:

Here is the link for the modem DFU programming. The steps are similar
to those for beacon DFU programming

After uploading DFU driver by DfuSe short circuit pins as shown on the
picture (for v4.9) and press Reset button

FEEEN

led1 I
led2 I

'Q))Marvelmmd
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6.4.5.22.

6.4.5.23.

6.4.5.24.

6.4.5.25.

6.4.5.26.

6.4.5.27.

6.4.5.28.

Modem will go to DFU mode. Press UPGRADE button in the DfuSe
program

After a couple of seconds, the DFU will be uploaded to the modem. Make
sure it takes 1-3 seconds and does not happen immediately. Otherwise,
the SW has not been uploaded correctly. If the DFU appears to upload
immediately, check the "Choose" button you used or change the version
of DfuSe SW to a different one

Disconnect the short circuit
Start the Dashboard and press RESET button

If you experience difficulties in DFU programming, please try the
following:

Use a different computer with a different version of Windows or another
operating system

Install a different DfuSe version (whichever works best with your
Windows)

If you have uploaded the latest firmware for all the boards, you can start to activate the

system:

6.4.6.While the beacon or modem is connected to the Dashboard, click the
DEFAULT button on the Dashboard to upload the default settings

1 map

Distances only mode

Supply voltage, W

Supply voltage motors, V 0.00

Coordinates im), X ;Y 0.000 ; 0.000

Desired speed, % (0. 100) 30

Speed base, cm/s 200.0

Cument speed, cm/s 00

Height, m {-320.000..320.000) 0.000

Height, m (-320.000..320.000) 0.000 W
Reszet Sleep Wake up Time sync Zero IMU

0 0 total, 0 failed (0%5)

cm)Marvelmlnd
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repeated.

Heagenog moae

Inverse system

Digtances only mode

Supply voltage, V

Desired speed, % (0..100)

Time from reset, h:m:s

Measured temperature, C

R55l, dBm

Radio frequency band

Carmier frequency, MHz

Device address (0..254)

M\

Radio channel

Utragonic frequency, Hz (100..65000)

Filter selection

IMU

Parameters of radio

Utrasound

Interfaces

Georeferencing

Misc. settings

Hedgehogs pairing

Realtime player

Realtime player backward (0..127)

Realtime player forward (0..127)

915 MHz
154

n/a

n/a

disabled
3
L

6.4.7.Write down the beacon’s address for future use or change the address at
your convenience as shown here. Beacons’ addresses should not be
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6.4.8.Choose one of the beacons and enable “Hedgehog mode”. Use this beacon

as a mobile beacon in future

CEU I Copy to clipboard 08421E

Firmware version w7/ 400 Super-Beacon-2
Power save functions active
Hedgehog mode E enabled )

Supply voltage, V (3.50..4.35) y

Time from reset, h:m:s 00:02:55 /1952054 /0
R551 from modem, dBm -3

R551to modem, dBm n/a

Profile General (915 MHz band)
Carmier frequency, MHz 515.0

Radio channel 1]

Device address (1..254) 104

Height. m (-320.000..320.000) 0.000

Measured temperature, “C 23

Ltrasonic frequency. Hz (100..65000) 45000

Advanced settings {+) expand

ML {+) expand

Parameters of radio {+) expand

Ltrasound (+) expand

Interfaces {+) expand
Georeferencing (+) expand

Misc. settings {+) expand

Hedgehogs pairing (+) expand

Realdime player streaming disabled

Realtime player for gaps disabled

Realtime player backward (0..127) 3

Realtime player forward (0..127) B

6.4.9.Press the RESET button on your beacons and modem after programming

6.4.10. After programming devices with the latest software, the modem and

beacons are ready for use

6.4.11. Place the stationary beacons high on the walls vertically in a way that will
provide optimal ultrasonic coverage. \Write down the beacon’s height for future
change in the settings. The help video on installation can be found here -

https://youtu.be/WYOHKLzmjys
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Side view of 2D configuration:

Stationary beacon Stationary beacon

= i

Mobile beacon

?

“— —

¢ I Modem

Top view of 2D configuration:

Sem

4-bm

= |

Ny
>

- ~6-10m

6.4.12. Connect the modem/router via USB to a Windows PC with the Dashboard
installed

6.4.13. Runthe Dashboard. In the left corner of the Dashboard, the modem should
be shown as connected

6.4.14. Wake up all beacons by selecting them on the Dashboard panel

Only 4 stationary beacons may be in 1 submap. If you wake up more beacons,
create a new submap for them or it won’t be displayed on the map and in the

table of distances

6.4.15. It may take up to 7-10 seconds for the beacons to wake up

6.4.16. Notice, that if the modem is not active and is not powered, the beacons will
go into sleep mode automatically after 1 minute

6.4.17. The system may run the frequency search, if it is the very first time you are
waking up the beacons. If this step does not work, disconnect the modem and
connect that beacon again via USB. Press the DEFAULT button in the
Dashboard and the Read All button to make sure that the radio settings are the

default ones

6.4.18. Check that the radio settings on the modem and the radio settings on the
beacon are the same

cm)Marvelmlnd
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6.4.19. Now you can check RSSI, voltage, ultrasonic filter settings, etc. on the
panel on the right corner of the Dashboard

Supply voltage, V 395
Desired speed, % (0..100) 30
Height, m (-320.000..320.000) 0.000
Time: from reset, hm's 00:01:26 R
Measured temperature, 'C 23
RSS!, dBm 28
Radio frequency band 915 MHz
Camier frequency, MHz 919.000
Device address (0..254) 30
Radio channel 0
Uktrasonic frequency, Hz (100..65000) 25000
Filter selection 31 kHz

6.4.20. Enter the height of stationary beacons. Choose beacon in the list and
enter height value

Read all Write all
CPUID Copy to clipboard 013326
Fimware version V6.192 Super-Beacon
Power save functions enabled
Hedgehog mode enabled
Inverse system disabled
Distances only mode disabled
Supply voltage, V 395
Desired sp %0 _100) a0

ht, m (-320.000..320.000) 0.000

Time from reser. s -
Measured temperature. C 23
RSSI, dBm -28
Radio frequency band 915 MHz
Camier frequency. MHz $19.000
Device address (0. 254) 30
Radio channel 0
Uktrasonic frequency. Hz (100..65000) 25000
Fitter selection IkHz

o Enter the height for mobile beacon if you use 2D mode

6.4.21. Inthe current version one modem supports 250 beacons (mobile +
stationary combined). If you do not see some of your connected beacons on
the map, you may need to scroll to find their addresses

6.4.22. Double click on the device both to put it into sleep mode and to wake it up
6.4.23. The map will form and zoom in automatically
6.4.24. If the map does not form well, check the table of distances in the left

corner of the Dashboard. The cells must be colored in white; it means the
distances between stationary beacons are measured correctly

D Dashboard - robots management v7.048 ultimate

File Language View Firmware Licenses Help

Q]] Marvelmind

robotics

x_"’_
G

3D

Clear map

Findn 4Hrmemod e
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6.4.25. If you see in the table some empty cells or marked yellow/red, it is an
indication that distances between Some beacons are measured
inconsistently or not measured at all. Try to re-position them because usually
there is an obstruction of some sort in the between the beacons. If you have
any problems — check Table of distances chapter

6.4.26. Make a service zone, clicking on the map with Shift + Left Click. See
Submaps chapter for more details

6.4.27. Freeze the map by clicking the button. Stationary beacons will stop
measuring relative distances and will be ready to measure distance from the
mobile beacon(s)

6.4.28. Turn on and wake up the mobile beacon following the same steps as with
the stationary beacon. More details in our video: Demo: converting beacon to
mobile beacon ("hedgehog")

6.4.29. If you see on the devices’ panel in the Dashboard that the beacon is
colored orange, it means there are some differences in some of the settings
between beacons. For example, some sensors may be off or some ultrasonic
or radio settings may be different. You can change the settings for sensors
manually by clicking on the panel on the upper right corner of the Dashboard
to change the cells from gray to green to turn on sensor. It is recommended
that the default settings on all beacons and the modem are used if this is your
first time using the system.

6.4.30. After you freeze the map of stationary beacons, wake up the mobile
beacon. After it wakes up, it will be traceable within 5-7 seconds.

cm)Marvelmlnd
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6.4.31. The system is now fully operational.

i

10014 4878
10,001 11386
4880| 11385 6632
10.274 [ 10424 65627

clear map
Dots timeout
300

save screenshol

freeze screen

& . . L L .ZZ

2
55
H
i, EE .@ g Bl ]
beacon 22 beacon 23 beacon 24

[ o= [ devieed [ devicedl [ devie32 [ deies33 [ devieedt [ deviee 3
Connected: COM3 X 15.742, ¥:9.891

6.4.32.

i3
B

b2 4

savemep | | loadmap
erase map

1 712 total, 3 failed (0%)

In the Dashboard, you can upload a picture/map of your room. You can

use a different picture for every floor. Go to Loading the floorplan
(Help video: https://www.youtube.com/watch?v=NHUNCtJIYXc)
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6.5. Starter Set NIA-SmallDrone

The steps below describe the very first time you set up the system. Super-Beacon, Mini-
TX beacons and modem required. Note: steps below feature the Mini-RX, which is not
part of the set anymore. This will be updated later, but the process is still the same.

Super-Beacon and Mini-TX have different HW and SW from HW v4.9. Use Super-
Beacon SW for Super-Beacons, Mini-TX SW for Mini-TX beacons, HW v4.9's SW for
HW v4.9

6.5.1.Unpack the system. Take a look at a similar unpacking video of HW v4.9.
];;[ The videos have certain differences but the basic are the same:
https://lyoutu.be/sOce7B2 6Sk

6.5.2.Charge all the beacons using USB cable. Full charging takes about 1-2 hours
6.5.3.Turn the beacons on

6.5.4.Download SW Pack

6.5.5.Update all the beacons:

Reset button (on side)

DIP switches

Reset button
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https://marvelmind.com/product/starter-set-nia-03-smalldrone/
https://youtu.be/sOce7B2_6Sk
https://marvelmind.com/pics/marvelmind_SW.zip

- Run the Dashboard and update the SW for all beacons and modem using Dashboard =>
Firmware => Choose the file => Program
]

File Language View Firmware Substrate Help

m) Marvelmind| ™ %BCDHS available

robotics

) Firmware update: beacon 25 V5.7430 SLP - X

Select file with firmware
File of firmwsare

| Open file:

Cancel
clear map

Dots timeout
300

save scieenshot

freeze screen

- If you see the message “Not found modem connection to computer through USB” in the
Dashboard or your PC does not recognize beacons/modem, it usually means that the
STM32 driver is not installed. To install the driver, download it through the link in the top
window in the Dashboard and run the installation file, then click on the link under and install
the driver

Make sure that that:

- You are programming the modem’s SW to the modem and the beacon’s SW to the
beacon

- You are using SW for Mini-TX, if you have Mini-TX; and you have the SW from the same
SW pack, i.e., the Dashboard SW, modem SW, and beacon SW must be from the same
SW pack. Don’t mix SW releases

If SW flashed SUCCESSFULLY, MOVE DIRECTLY TO 4.4.6. If you have some
problems with HEX programming, use DFU programming:

DFU programming or SW uploading is used when HEX SW uploading in the Dashboard
cannot be used. For example, when you are updating from a very old SW version or when
the SW includes major changes to the system and the only possible way to update the SW
is via DFU programming

6.5.5.1.  After the DFU SW upgrade, future SW upgrades can be done in a
regular manner via the Dashboard

6.5.5.2. To start programming, move the beacon’s DIP switch to the DFU
programming mode, as described in the paragraph on DIP switch modes
(DIP switch in Mini-RX and Mini-TX situated inside the body. Carefully
disassemble the body to access it, as described in paragraph How to
Flash Beacon Mini-RX)

6.5.5.3. Download the latest SW package, unzip and select the proper version of
the SW for your HW and for your frequency variant. Remember that for
DFU programming, you should use DFU SW (DfuSe), not Dashboard’s
.hex file

6.5.5.4. Download DfuSe

6.5.5.5.  Here you will find different versions of DfuSe. v3.0.5 or v3.0.6, whichever
works the best for your Windows: DfuSe v3.0.5 or DfuSe v3.0.6

DFU Programming:

6.5.5.6.  Put DIP switch into Power = ON, DFU = ON (DIP switch in Mini-RX
and Mini-TX situated inside the body. To switch it, carefully
disassemble the body)
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6.5.5.7.

6.5.5.8.

6.5.5.9.

6.5.5.10.

6.5.5.11.

6.5.5.12.

6.5.5.13.

6.5.5.14.

6.5.5.15.

6.5.5.16.

6.5.5.17.

Connect the beacon via USB to your PC
Run DfuSe
Press the RESET button on your beacon

In the upper left corner of the DfuSe program, you will see a device
connected in the DFU mode

Choose the DFU driver (file) for the beacon

i DfuSe Demo (v3.0.3) — *

Awvailable DFU Devices

STM Device it DFL Mods | Application Mode: DFU Made:

. . Wendor 1D: I:I Wendor ID: | 0483
Supports Upload I arifestation tolerant
Supparts Download Accelerated Upload [ST) Procuct D I:I Pracuct ID; | DF11
Can Detach . .
Wersion: Wersion: | 2200
Enter DFL mode/HID' detach Leave DFU mode I:I -
Achions
Select Target(s) Targetld  Mame Available Sectors [Double Click for mare]
oo Internal Flazh B4 sectors...
o Option Bytes 1 zectors...
Upload Action Upagrade or Verify Action
File: File:
Yendor ID: Targets i file:
Chonse... Upload Procuct ID-

Transferred data size “ersion:

0 KEBIO Bytes) of O KB[D Bytes) [ Veity after download

[ Optimize Upgrade duration [Femave some FFz)

Operation duration
00:00:00 Choose... Upgrade Werify
[ |

Abart Guit

Click the UPGRADE button

After a couple of seconds, the DFU will be uploaded to the beacon. Make
sure it takes 1-3 seconds and does not happen instantly. Otherwise, the
SW has not been uploaded correctly. If the DFU appears to upload
immediately, check the "Choose" button you used or change the version
of DfuSe SW you selected

Move the DIP switch into Power = ON, DFU = OFF

Start the Dashboard and press the RESET button on the beacon
Check SW on the beacon afterwards

Everything should be OK with SW now. DFU programming is complete

Follow the same scenario for the modem:

112

- Here is the link for the modem DFU programming. The
steps are similar to those for beacon DFU programming
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After uploading DFU driver by DfuSe short circuit pins as shown on the

Modem will go to DFU mode. Press UPGRADE button in the DfuSe

After a couple of seconds, the DFU will be uploaded to the modem. Make
sure it takes 1-3 seconds and does not happen instantly. Otherwise, the
SW has not been uploaded correctly. If the DFU appears to upload
immediately, check the "Choose" button you used or change the version

6.5.5.18.
picture and press Reset button
BELEN]
led1
Lled2 0
Q) marvelmind g
robotics
6.5.5.19.
program
6.5.5.20.
of DfuSe SW to a different one
6.5.5.21. Disconnect the short circuit

6.5.5.22. Start the Dashboard and press RESET button

If you have uploaded the latest firmware for all of the boards, you can start to activate the

system:

6.5.6.While the beacon or modem is connected to the Dashboard, click the
DEFAULT button on the Dashboard to upload the default settings

6.5.7.Write down the beacon’s address for future use or change the address at

your convenience as shown here

Heagenog moae enapiea
Inverse system enabled
Distances only mode disabled
Supply voltage, V 370
Desired speed, % (0..100) 30

Time from reset, h'm:s 00:0004 R
Measured temperature, T 23
RS5I, dBm 74
Radio frequency band 915 MHz
Camier frequency, MHz 915.000
Device address (0..254) @ )
Radio channel 0
Utrasonic frequency, Hz (100..65000) n/a

Fitter selection n/a

g

Parameters of radio

Uttrasound

Interfaces

Georeferencing

Misc. settings

Hedgehogs pairing

Realtime player disabled
Realtime player backward (0..127) 3
Realtime player forward (0..127) 5

°Q])Marvelmlncl

robotics
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6.5.8.Choose one of the beacons and enable “Hedgehog mode”. Use this beacon

as a mobile beacon in future

CFU 1D Copy to clipboard 08421E

Firmware version w7 400i Super-Beacon-2
Power save functions enable

Hedgehog mode < enal;;_i_;d

Supply voltage, W (3.50..4.35) 408

Time from reset, h'm:s 00:02:55 /192054 /0
RS55! from modem, dBm -31

R551to modem, dBm n/a

Profile General (315 MHz band)
Camier frequency, MHz 5150

Radio channel 0

Device address (1..254) 104

Height, m (-320.000..320.000) 0.000

Measured temperature, “C 23

Uttrasonic frequency, Hz (100..65000) 45000

Advanced settings (+) expand

MU {+) expand

Parameters of radio (+) expand

Ultrazound (+) expand

Intefaces (+) expand
Georeferencing (+) expand

Misc. settings (+) expand

Hedgehogs pairing [+) expand

Realtime player streaming disabled

Realtime player for gaps disabled

Real4ime player backward (0..127) 3

Realtime player forward (0..127) 5

6.5.9.Press the RESET button on your beacons and modem after programming

6.5.10. After programming devices with the latest software, the modem and

beacons are ready for use

6.5.11. Place the stationary beacons high on the walls vertically in a way that will
provide optimal ultrasonic coverage. Write down the beacon’s height for future
change in the settings. The help video on installation can be found here -

https://youtu.be/WYOHKLzmjys

Side view:

Stationary beacon

Stationary beacon

Stationary beacon

Mobile beacon

L

—
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Top view:

|- =

=6-10m

<
N

Y

6.5.12. Connect the modem/router via USB to a Windows PC with the
Dashboard installed

6.5.13. Run the Dashboard. In the left corner of the Dashboard, the modem
should be shown as connected

6.5.14. Wake up all beacons by selecting them in the Dashboard on the panel
6.5.15. It may take up to 7-10 seconds for the beacons to wake up

6.5.16. Notice, that if the modem is not active and is not powered, the beacons
will go into sleep mode automatically after 1 minute

6.5.17. The system may run the frequency search, if it is the very first time you are
waking up the beacons. If this step does not work, disconnect the modem and
connect that beacon again via USB. Press the DEFAULT button in the
Dashboard and the Read All button to make sure that the radio settings are the

default ones

6.5.18. Check that the radio settings on the modem and the radio settings on the
beacon are the same

6.5.19. Now you can check RSSI, voltage, ultrasonic filter settings, etc. on the
panel on the right corner of the Dashboard

Supply voltage, V 395
Desired speed, % (0..100) 30
Height, m (-320.000..320.000) 0.000
Time from reset, hm:s 00:01:26 R
Measured temperature, 'C 23
RSSI, dBm -28
Radio frequency band 915 MHz
Camier frequency, MHz 919.000
Device address (0..254) 30
Radio channel 0
Uktrasonic frequency, Hz (100..65000) 25000
Fiter selection IMkHz

6.5.20. Enter the height of stationary beacons. Choose beacon in the list and
enter height value

4-6m

cm)Marvelmlnd

robotics



116

Read all Write all

CPUID Copy to clipboard

Fimware version

013326
V6.192 Super-Beacon

Power save functions enabled
Hedgehog mode enabled
Inverse system disabled
Distances only mode disabled
Supply voltage, V 395
Desi =

ight. m (-320.000..320.000) 0.000
Time from reset. FITTS T
Measured temperature, T 23
RSSI, dBm 28
Radio frequency band 915 MHz
Camier frequency, MHz 919.000
Device address (0..254) 30
Radio channel 0
Ultrasonic frequency, Hz (100..65000) 25000
Filter selection 31kHz

Enter the height for mobile beacon if you used 2D mode

6.5.21. In the current version one modem supports 250 beacons (mobile +
stationary combined). If you do not see some of your connected beacons on

the map, you may need to scroll to find their addresses

6.5.22. Double click on the device to put it into sleep mode or wake it up

6.5.23. Build the map:

Mini-RX beacons cannot build the map automatically, manual inputting of the

coordinates is required

Only 4 stationary beacons may be in 1 submap. If you wake up more beacons,
create a new submap for them, otherwise it will not be displayed on the map and
in the table of distances.
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6.5.23.1. Open the Dashboard. You will see the table of distances

6.5.23.2. Right click on the cell where you want to enter the distance. Additional
menu will open. There you can control the table of distances. Choose
Enter distance for pair to enter the value

Freeze distance for pair

Freeze average for pair

12389 10122
101011 121511 &3 Don't use distance
- Freeze all
Unfreeze all

Enter distance for pair

Clear cell

6.5.23.3. Now, enter measured (measure it with laser distance meter or so) value.
That values would not change until you unfreeze or clear it. Even if
beacons had been moved, distance would stay. Be careful with frozen
cells because a small mistake can cause a significant impact on your
tracking

6.5.23.4. Repeat for all cells

6.5.24. Freeze the map by clicking the button. Stationary beacons will stop
measuring relative distances and will be ready to measure distance from the
mobile beacon(s)

Distances only modz

Supply vokage, V

Supply vakage motors, V 0

Coordinates fm). X; Y 0.000; 0.000

Desired speed, % (0..100) K|

Speed base, cm/s 2000

Cument speed, cm/s 0o

Height, m (-320.000..320.000) 0000

Height, m (-320.000..320.000) 0000 v

1map Reset Sleep Wakeup | Tmesync | Zem (MU

DCTRL Deeasesn  Defadk

0 Ototal, Dfailed (0%)
6.5.25. Turn on and wake up the mobile beacon following the same steps as with
];;[ the stationary beacon: https://youtu.be/AdaRsjH2- E
[ ]
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6.5.26. If you see on the devices’ panel in the Dashboard that the beacon is
colored orange, it means there are some differences in some of the settings
between beacons. For example, some sensors may be off or some ultrasonic
or radio settings may be different. You can change the settings for sensors
manually by clicking on the panel on the upper right corner of the Dashboard
to change the cells from gray to green to turn on sensor. It is recommended
that the default settings on all beacons and the modem be used if this is your
first time using the system.

6.5.27. After you freeze the map of stationary beacons, wake up the mobile
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beacon. After it wakes up, it will be traceable in 5-7 seconds.

6.5.28. The system is now fully operational.
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6.6. Starter Set Industrial-NIA-01

The steps below describe the first set up of the system.

This is a Non-Inverse Architecture. You can find the description and comparison of
architectures here.

Pay attention: Industrial beacons have different HW and SW from HW v4.9. It has
different connectors, reset and DFU activation. Read more on Industrial beacon page.
Industrial beacons have no battery, use power supply cable.

Use Industrial beacon’s SW for Industrial beacons, v4.9 for v4.9.

Do not disassemble the Industrial beacons. Otherwise, warranty will be lost

Version 3 of Industrial RX (from April 2022) supports ONLY +5V power supply. Don'’t
use +12V power supply converter for this version, it will burn the beacon!

Version 3 doesn’t have UART RX, but now is possible to use Interface connector as a
power supply. For this version.

6.6.1.Unpack the system. Take a look at the similar unpacking video of HW v4.9.
They are different, but have some similar basics:
https://youtu.be/sOce7B2 6Sk

6.6.2.You do not have to charge Industrial beacons; they have no battery
6.6.3.You do not have to turn it on - Industrial beacons are permanently ON
6.6.4.Download SW Pack

6.6.5.Update all the beacons:

Magnetic Reset side Magnetic DFU switch side
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Magnetic Reset side Magnetic DFU switch side

Run the Dashboard and update the SW for all beacons and modem using Dashboard =>
Firmware => Choose the file => Program
W

File Lsngusge View Firmware Substrate Help

m) Marvelmind| ™ lyeacons available

robotics

1) Firmware update: beacon 25 V5.7430 SLP - X

Select file with firmware
File of firmusare

| Open file:

Cancel
clear map

Dots timeout
300

save scieenshot

freeze scieen

If you see the message “Not found modem connection to computer through USB” in the
Dashboard or your PC does not recognize beacons/modem, it usually means that the
STM32 driver is not installed. To install the driver, download it with link at top window in the
Dashboard and run the installation file, then click on the link under and install the driver

Ensure that:

You are programming the modem’s SW to the modem and the beacon’s SW to the beacon

You are using SW for 4.9, if you have HW v4.9; and you have the SW from the same SW
pack, i.e., the Dashboard SW, modem SW, and beacon SW must be from the same SW
pack. Don’t mix SW releases

If SW flashed SUCCESSFULLY, MOVE DIRECTLY TO 4.6.6. If you have some
problems with HEX programming, use DFU programming:

DFU programming or SW uploading is used when HEX SW uploading in the Dashboard
cannot be used. For example, when you are updating from a very old SW version or when
the SW includes major changes to the system and the only possible way to update the SW
is via DFU programming

- After the DFU SW upgrade, futures SW upgrades can be done in a regular manner
via the Dashboard

- Industrial beacons have magnetic DFU mode and reset

- Download the latest SW package, unzip it, and select the proper version of the SW for
your HW and for your frequency variant. Remember that for DFU programming, you
should use DFU SW (DfuSe), not Dashboard’s .hex file

cm)Marvelmlnd
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- Download DfuSe

- Here you will find different versions of DfuSe. v3.0.5 or v3.0.6, whichever works the
best for your Windows: DfuSe v3.0.5 or DfuSe v3.0.6

DFU Programming:

Uploading Beacon Industrial’'s (Not super) DFU software to Industrial Super-
Beacon hardware make permanently damage for Industrial Super-Beacon board.
Be double attentive with update

6.6.5.1.

6.6.5.2.

6.6.5.3.

6.6.5.4.

6.6.5.5.

Activate DFU mode and reset the beacon (Industrial beacons have
magnetic DFU mode and reset). Place first magnet (any strong and
modern magnet) to the right side of the beacon (Step 1). After that, place
second magnet to the left side of the beacon and remove it in a second,
just to reset it (Step 2)

Step 1: DFU mode

¢

Step 2: Reset

C

Magnet examples

Connect the beacon via USB to your PC
Connect power supply cable to your beacon
Run DfuSe

In the upper left corner of the DfuSe program, you will see a device
connected in the DFU mode
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6.6.5.6.

6.6.5.7.

6.6.5.8.

6.6.5.9.

6.6.5.10.

6.6.5.11.

6.6.5.12.

Choose the DFU driver (file) for the beacon

& DfuSe Demo (v3.0.5) — x

Available DFU Devices
STH Diavice in DFU Mode | Application Mode: DFL Mode:

o Vendor!D: | | VendorID: 0483
Supports Upload I anifestation tolerant
Supports Download Accelerated Upload [ST]  Procuct ID: I:I Procuct ID; | DFT1
Cem Dty Wergiaoh: I:I Wersion: | 2200
Enter DFU mode/HID detach Leave DFU mode
Actions
Selzel Tem=iE) Targetld  Mame Available Sectors [Double Click for more]
an Internal Flash B4 sectors...
m Option Bytes 1 sectors...
Upload Action Uparade or Yerify Action
File: File:
Vendar D Targets in file:
Chooge. .. Upload Procuct D:

Transferned data size

0 kB[O Bytes) of 0 KB[O Bytes)

Version:

[ Werify after download

[ Optimize Uparade duratian [Femave some FFs)
Operation duration

00:00:00 Choosze... Uparade “erify
| §

Abort Cluit

Click the UPGRADE button

After a couple of seconds, the DFU will be uploaded to the beacon. Make
sure it takes 1-3 seconds and does not happen instantly. Otherwise, the
SW has not been uploaded correctly. If the DFU appears to upload
immediately, check the "Choose" button you used or change the version
of DfuSe SW you selected

Start the Dashboard

Reset the beacon again

Check SW on the beacon afterwards

Everything should be OK with SW now. DFU programming is complete.

DFU Programming for the modem:

6.6.5.13.

6.6.5.14.

6.6.5.15.

Here is the link for the modem DFU programming. The steps are similar
to those for beacon DFU programming.

After uploading DFU driver by DfuSe short circuit pins as shown on the
picture (for v4.9) and press Reset button

1958y

led1 [
led2 0

AW marvelmind 8

Modem will go to DFU mode. Press UPGRADE button in the DfuSe
program
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6.6.5.16. After a couple of seconds, the DFU will be uploaded to the modem. Make
sure it takes 1-3 seconds and does not happen instantly. Otherwise, the
SW has not been uploaded correctly. If the DFU appears to upload
immediately, check the "Choose" button you used or change the version
of DfuSe SW to a different one.

6.6.5.17. Disconnect the short circuit.
6.6.5.18. Start the Dashboard and press RESET button.

6.6.6.If you have uploaded the latest firmware for all the boards, you can start to
activate the system:

6.6.7.While the beacon or modem is connected to the Dashboard, click the
DEFAULT button on the Dashboard to upload the default settings

- 0 X

Q) Marvelmind veaddl yeio ol
roetics
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Heagenog moas enaoiea
Inverse system enabled
Distances only mode disabled
Supply voltage, V 370
Desired speed, % (0..100) an

Time from reset, him:s 00:00:04 R
Measured temperature, “C 23

RSSI, dBm -7d
Radio frequency band 515 MHz
Camier frequency, MHz > :
Device address (0..254) (@R
Radio channel

|trasonic frequency, Hz (100..65000) n/a

Fitter selection n/a

010]

Parameters of radio

Uttrasound

Irterfaces

Georeferencing

Misc. settings

Hedgehogs pairing

Fealtime player disabled
Realtime player backward (0..127) 3
Realtime player forward (0..127) b

as a mobile beacon in future

LHnwWalrs e s

WS U T TS 1T

Power save functions ctive
Hedgehog mode enabled )

Supply voltage, V (3.50..4.35) :

Time from reset, hm:s 00:02:55 £ 192054 /0
RS5I from modem, dBm -1

R55! to modem, dBm n/a

Profile

Camier frequency, MHz

Radio channel

Device address (1..254)

Height, m (-220.000..320.000)

Measured temperature, C

Uktrasonic frequency. Hz (100..65000)

Advanced settings

[

General (315 MHz band)
515.0

0

104

0.000

23

45000

=) expand

(=) expand

6.6.8.Write down the beacon’s address for future use or change the address at
your convenience as shown here

6.6.9.Choose one of the beacons and enable “Hedgehog mode”. Use this beacon
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6.6.10. Press the RESET (Industrial beacons have magnetic re button on your
beacons and modem after programming

6.6.11. After programming devices with the latest software, the modem and
beacons are ready for use

6.6.12. Place the stationary beacons high on the walls vertically in a way that will
provide optimal ultrasonic coverage. \Write down the beacon’s height for
future change in the settings. The help video on installation can be found

here - https://youtu.be/WYOHKLzmjys

Side view:
Stationary beacon

Stationary beacon Stationary beacon

| I ]

I L

Mobile beacon

¢ I Modem

Top view:

!
4

v
=4-6m

= |

Y

=6-10m

A

6.6.13. Connect the modem/router via USB to a Windows PC with the
Dashboard installed

6.6.14. Run the Dashboard. In the left corner of the Dashboard, the modem
should be shown as connected

6.6.15.
panel

1 eviced Beaconi0-d Beaconii-d BeaconiZ-d Beaconi3-d

CeviceZZ |:| DrewiceZd |:| Dewice2d |:| Dewice2s |:| Device2f

Wake up all beacons by clicking on the buttons in the Dashboard on the

mMarvelmlnd
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6.6.16. It may take up to 7-10 seconds for the beacons to wake up

6.6.17. If the modem is not active and is not powered, the beacons will go into
sleep mode automatically after 1 minute

6.6.18. The system may run the frequency search, if it is the very first time you are
waking up the beacons. If this step does not work, disconnect the modem and
connect that beacon again via USB. Press the DEFAULT button in the
Dashboard and the Read All button to make sure that the radio settings are the
default ones

6.6.19. Check that the radio settings on the modem and the radio settings on the
beacon are the same

6.6.20. Now you can check RSSI, voltage, ultrasonic filter settings, etc. on the
panel on the right corner of the Dashboard

Supply voltage, V 395
Desired speed, % (0..100) 30
Height, m (-320.000..320.000) 0.000
Time from reset, hm:s 00:01:26 R
Measured temperature, 'C 23
RSS!, dBm -28
Radio frequency band 915 MHz
Carier frequency. MHz 915.000
Device address (0..254) 30
Radio channel 0
Uttrasonic frequency. Hz (100..65000) 25000
Fiter selection 3 kHz

6.6.21. Enter the height of stationary beacons. Choose beacon in the list and

enter height value

Read all Write all

CPUID Copy to clipboard 013326

Firmware version V6.192 Super-Beacon
Power save functions enabled

Hedgehog mode enabled

Inverse system disabled

Distances only mode disabled

Supply voltage, V 355
Desiedspeed—10=T00T_ 30

SHaigit, m (-320.000..320.000) 0.000 >

Time from reset, hm:s 00:01:26 R
Measured temperature, T 23

RSSI, dBm 28

Radio frequency band 915 MHz

Carier frequency, MHz 919.000

Device address (0..254) 30

Radio channel 0

Ultrasonic frequency, Hz (100..65000) 25000

Filter selection 31 kHz

Enter the height for mobile beacon if you use 2D mode

6.6.22. In the current version one modem supports 250 beacons (mobile +
stationary combined). If you do not see some of your connected beacons on
the map, you may need to scroll to find their addresses

6.6.23. Double click on the device to put it into sleep mode or wake it up

Only 4 stationary beacons may be in 1 submap. If you wake up more beacons,
create new submap for them. Or it won’t be displayed on the map and in the table

of distances

6.6.24. Build the map:
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Industrial-RX beacons are not possible to build the map automatically, so you
have to build it manually

6.6.24.1. Open the Dashboard. You will see the table of distances
6.6.24.2. Right click on the cell where you want to enter the distance. Additional

menu will open. There you can control the table of distances. Choose
Enter distance for pair to enter the value

Freeze distance for pair

Freeze average for pair

Don't use distance

Freeze all

Unfreeze all
Enter distance for pair

Clear cell

6.6.24.3. Now, enter measured (measure it with laser distance meter or so) value.
That values would not change until you unfreeze or clear it. Even if
beacons had been moved, distance would stay. Be careful with frozen
cells because a small mistake can cause a huge impact on your tracking

6.6.24.4. Repeat for all cells
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6.6.25. Freeze the map by clicking the button. Stationary beacons will stop

measuring relative distances and will be ready to measure distance from the
mobile beacon(s)

6.6.26. Turn on and wake up the mobile beacon following the same steps as with

the stationary beacon: https://youtu.be/Ad4aRs[H2- E

6.6.27. If you see on the devices’ panel in the Dashboard that the beacon is

colored orange, it means there are some differences in some of the settings
between beacons. For example, some sensors may be off or some ultrasonic
or radio settings may be different. You can change the settings for sensors
manually by clicking on the panel on the upper right corner of the Dashboard
to change the cells from gray to green to turn on sensor. It is recommended
that the default settings on all beacons and the modem be used if this is your
first time using the system

6.6.28. After you freeze the map of stationary beacons, wake up the mobile

map

beacon. After it wakes up, it will be traceable within 5-7 seconds

Disances only mode

Suppy votage, V

Suppy votage mators, 000

Coordingtzs m), X ;Y 0.000:; 0.000

Desfed speed, % (0.100) K|

Speed base, em/s ml

Cument spesd omis 00

Height, m (-320.000.320.000) 0

Height, m (-320.00.320.000) 0 "

Reset Sleep Wakeup || Tmesync || Zem MU

D CTAL |Despsksp  Defaut

0 Ototdl,Ofaled %
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6.6.29.

The system is now fully operational

DD Dachboard - rabots management V7,048 ultimate - o x
Fle Lingusge View Fammave Liconses Help
A marvelmind| Feadal | Vietaol )| [T
otics cPUID Copy to clpboard [ravty
o A Frmuare vorson +71048 Supor Baacan
A enabled / active:
C Hedaenog mode dnsing
Sovhyvokage, V3542 s
- Tine o reset. homa 000644 /15183770
- - RSS! from modem. dBm -
RSSI1o modem, dBm 45
e Profle Garwral
= e
B T Camerfrequency. MHz 130
P . Fado crarret ]
detaut - Dewice addvwss (1.254) 0
e R . Heght.m (320000320000} s sbmap 0 0000
< n
Fradze screen Ukrasoric frequency. Ha (100 650001 31000
T 0 = Snm
Bctward Forwerd —
EEC et Porometers e
=5
STaAm CHptire - L
s [51] |
Mac_ stings
Hedgenogs parng
Festime oy dactied

Indoor GRS

Connected: COMT

Flaalme player backward (0 127)
Flesi4me playerforward (0.127)

=]
X795, ¥: 3245

Rate: 3.6 Hz

141 total, 0 failed (%)

(om0 lesendyd
Unfreeze map
Unfreeze submap]

¥ ©
¥y =

Swemss | Lesdmap feset Sken Viake 3

Ssemmn | nen [ [crRL [Geensin] vt

Time sync || Zers IMU
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7. Dashboard menu and Parameters

7.1. Dashboard general view

This picture shows the Dashboard’s general interface and items’ positions

Diagnostics messages

Table of window Visualization )
distances window Modem/beacon’s
settings bar
Ceiling and
Visualization mirroring buttons
settings
=
=
g
..
Modem |\ :4- -
GPS/Robots/Workers r/ Devices list K Modem/beacon’s
Map settings quick control panel
[ ]
130 Q])Marvelmmd
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1.2.

Diagnostics messages window

Diagnostic messages window is an area where important system’s messages appears.
It may contain a lot of useful information.

Diagnostics window is placed on the top of the Dashboard.

D Dashboard - rabots

Fie Langusge View
) mar TR —_—
robotics| I
'CPU ID Copy o clpboard 082646 ~
4 Y A B - Famware versen 7200 Modem HW v5.12
. A L s
] L .| Locaten updme rate B
Sy vohage. V (650 550) I3
C . Time frem reset, hms. 100:00-20 4 17.06.04 /0
SR | i om devce. i Mo data
BAlEN | 7551t device . dBm wa
Profie el
Q-
Carmior frequency. MHz 9190
T S Fiada channel 0
Device addrwm (1 2541 '
e | Long tme sees anstied
1-5 | . Vidam of averaging (0.16) 0
e | Distance fier 2,19 o
L CE—
Dots Smecut. sec — High resch.sion made fmm) enabled
s - 200 - - 50 ¢ - B [ v——"— eried
o 1+ | ¥ <« L —— - S S - _ | Temperstrs o . T (20,60, ]
et M - N L o o o o . [M1] | upestetocaton noce License W v7.1 reaqured
Submaps lands enstied
Sace sereenanct o . . .
o Ao gt ey e et
preczescreen | AU [EIE Advanced setings (o) emand
Doeasmerer | O - - - - - - - - - - oo .o D) soat e asthed
Sactuara Ferware [ Parametss f rac femand
= ] () emand
redaces {Jootapes
Cor—n [roo_] UART e bn 500000
B Protocel o UART/USE output Marvsieng
P detances éta Gastied
== [Update] Gushy and etercd location data disabled
Telemarysream caatied
aleg e o
Mane W e e e Userpayioad packets umber 0. 31) 0
| . - - . . . — i tunct MMSI0006 reuied
ol x ) , , [[urirecze map ] | ium pmmoce "
E ; G e | g
S . S I o . - SR ——— rarea 9037 1 memad |
Modem | [ oeee| D) | T | e | s s ) T s T o [snewp | lomamep | mese || sew | veew || Temame | 2o
Indour GBS | []  owvers| O] «it| 1] =) ] ] ] ] ] = |m] u] m] O =] v | |Emsemep | new | [T][cTRL | | Dospoieen DS
|Connected: COM3T Xe-6.784, ¥: -3.654 Rate: TA He 1 106 total, 0 faded (0%)

If the field is empty, that means that system didn’t find any issues for the launch. If you
have any messages, please check it carefully and fix the issue.

There are 4 categories of reports:

Orange — minor issue

Red — major issue

Green — Successfully completed settings
Blue — Successfully completed process
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Here is the list of the messages (relevant for Dashboard v7.200):

Left diagnostic window:

Same ultrasonic frequency in submapO0 beacons: n2, n3 - use beacons with
different frequencies in IA submaps

Paired beacons 25/26 ultrasonic and IMU fusion not completed. Angular
difference: 45 degrees appears if angle difference between beacons more than 5
degrees

IA architecture can't be selected. Upload IA firmware to modem
NIA architecture can't be selected. Upload NIA firmware to modem
MF NIA architecture can't be selected. Upload NIA firmware to modem

No MF NIA license (MMSWO0004) for beacons n5, n6, n7. Buy the license. MF
NIA doesn’'t work even if license not activated for one beacon in the system.

Device N10 (V7.000) not supported

N10 (V7.000) - too old. Update firmware

N10 (V7.000) - newer than dashboard. Update dashboard

N10 (V7.000) - older than modem. Update firmware

N10 (V7.000) - newer than modem. Update modem firmware

Mixed IA and NIA devices

UBX protocol for PX4 requires license MMSWO0003. Buy the license.

Beacons not assigned to submaps: n10, n11. All submaps frozen. Unfreeze or
add submap

Beacons not assigned to submaps: n10, n11. Maximum 4 beacons per submap.
Add submap

Beacons too close: n10, n1l. Place beacons at least 2 meters from modem
Devices with duplicated address: n10, n11

FEC mismatch to modem: n10, n11 - change FEC in radio parameters
Discharged devices: n10, n11

'‘Distances were changed in frozen submap0

Sleeping beacons in frozen submap0

Network setting read failed - Error reading Super-Modem network settings

Network setting write failed - Error writing super modem network settings

(only for Marvelmind UWB devices. In progress)

In 1A,
in the modem settings, the number of transmitted coordinates of hedgehogs per
cycle 1 is entered. This greatly slows down the update of coordinates of
hedgehogs in the dashboard (if there are many of them). By default, this
parameter is 10

Table of distance is not white (there are
discrepancies in distances)
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Floorplan scaling: click first point on floorplan. ESC to cancel.

Floorplan scaling: click second point on floorplan. ESC to cancel.

Floorplan is glued. Can't scale

Floorplan is glued. Can't move

Can't move submap - beacons n10, n11 are nailed to floorplan

Can't move submap - beacons n10, n11 are fixed

Can't rotate submap - beacons n10, n11 are nailed to floorplan

Can't rotate submap - beacons n10, n11 are fixed

Can't move: beacon n10 is nailed to floorplan

More than one fixed beacon in submap0. Submap doesn't automatically rebuild

Not found USB connection. Possibly driver not installed. Download and install
driver

Can't set manual location. Beacon 10 is in frozen submap0. Unfreeze for manual
location

Enable Interfaces/IMU via modem/Raw IMU data to see gyro

Enable Interfaces/IMU via modem/Raw IMU data to see accelerometer
Beacon n10 has no license MMSWO0007. Buy the license

Beacon n10 has no license MMSWO0008. Buy the license

Map upload finished

Switch to recorded state 719 - Revert to previous state by CTRL+Z (license 7.1
required)

Licenses updated

Paired beacons 25/26 ultrasonic and IMU fusion completed. Angular difference:
2 degrees. 4

Network setting read completed

Network setting write completed

Right diagnostic window:

133

Adding beacons on frozen map disabled

Stream capture mode was disabled

Map is not frozen

Submaps not frozen: 0, 1, 2

No optional SW pack license (MMSWO0O0O05) for beacons: n10, n11

Stream capture mode enabled
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7.3. Table of distances

Table of distances shows the measured distance between all beacons. The map and
its graphical visualization depend on distances, which is a very important part of the
system.

There are two ways of measuring:
- Measuring by ultrasound (automatic)
- Measuring by user (manual)
Measuring by ultrasound is impossible for Mini-RX and Industrial-RX beacons
In noisy cases and cases with long distances it is better to use manual input
7.3.1.Measuring by ultrasound:
- In most cases, the system builds the table of distances automatically. If everything is

good, there would be figures in cells, they would be changing a little; the color of each cell
would be white

- If color differs, check the colors’ definitions (next page) and solve the problem
- Freeze the map only if cells are white
7.3.2.Measuring by user (necessary for Mini-RX beacons and noisy cases):
- Use manual input if table of distances didn’t build. It may happen if environment is
very noisy, or distances are very huge
- Inthat case, cells’ color would be green

- Be careful with figures because a small mistake in the values will cause mistakes in
location

How to freeze/enter distance manually:

7.3.2.1. Open the Dashboard. You will see the table of distances

7.3.2.2.  Right click on the cell you want to freeze/enter. Additional menu will
open. There you can control the table of distances. Choose Freeze
distance for pair to freeze it
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Freeze distance for pair

Freeze average for pair

12389 10122
101011 121511 638 Don't use distance
- Freeze all
Unfreeze all

Enter distance for pair

Clear cell

7.3.2.3.  Now, cells are frozen. That values would not change until you unfreeze
it. Even if beacons had been moved, distance would stay. Be careful
with frozen cells because a small mistake can cause a huge impact on
your tracking

7.3.2.4. Repeat for all cells

White means that everything is good, you can freeze the map

- Yellow means that something seems to be wrong, check distances and sensors before freezing

- - Red means some critical misses, DO NOT freeze the map. Manually measure and enter distances

Green means frozen distance, you can freeze the map, but be careful with values
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7.4. Devices List

Devices list contains information about all the beacons in the system. It also allows to

search, add and delete it.

O eeest|O O ol wicst| (] Deviest| [ Dev
Indoor GPS. O Deviez14| [ 1] Beacon1s (i ] Devicat7| [] Devicat| [ ] Dev
Connected: COM7 2800, ¥: 2640 Rate: 26 Hz 3

e [
3 D D Device23 D

112 total, 0 failed (0%)

Devices in this section are divided into two types:

-  Stationary beacon (beacon)
- Mobile beacon (hedge)

Devices list allows user to manage devices
Use double click to put beacon into sleep mode

7.4.1.Stationary beacon (beacon)

- Right click to open additional menu
There you can:

- Remove beacon from current submap

- Remove beacon from the whole network

- Manually setup coordinates (x, Y, z)

Beaconié

View/activate licenses
Remove from current submap
Remove from network
Manual setup coordinates
Mail to floorplan

Fixed location

Beacon n16 belongs to submaps: 0

R

7.4.2.Mobile beacon (hedge)

- Right click to open additional menu
There you can:

- Remove beacon from the network

- Setup movement path

- Upload zones (allowed and denied)
- Manually setup coordinates (X, y, 2)

Hedgei0

=T =

View/activate licenses
Remove from network
Setup movement path
Upload zones

Manual setup coordinates
Setup color

Setup name

Setup icon

Mail to floorplan
Fixed location

Uplead map

Cancel upload map

Show this on map
Mot show this on map

Show only this on map

Mot show only this on map

mMarvelmlnd
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7.5. Visualization settings

Visualization settings window has some functions to control visualization process:

- Clear map — clear all movement path

];E[ - Dots timeout — time of path’s existence (Video: Help: Dots timeout)
- Dots size mode — size of dots
- Save screenshot — files save to Dashboard’s folder/screenshots
- Freeze screen — The map freeze, no updates of the path

Clear map

Dots timeout, 2ec
&0

Dotz zize mode
default o

Save screenshot
Freeze screen

Real-time Player
Backward Forward

P I ]

Stream capture
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https://www.youtube.com/watch?v=KIMO5vvnBEU

7.6. Map Settings

Map Settings offer some helpful tools:

- Save map — saves map as .ini file into Dashboard folder/maps
- Load map - loads map from .ini format file
- Erase map — erases map and clears it

- New/merge — build new map or upgrade current map

Save map Load map
crase map
new
merge
[ ]
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7.7. Modem/beacon’s quick control panel

Control panel allows user to interact with devices. It can work with one device, or with
all devices in the system.

List of functions:

- Reset — Resets device

- Sleep — Send device asleep (battery economy mode)

- Wake up — Wakes up device (from sleeping mode)

-  Default — Drops all device’s settings to factory default

- Time sync — Sends time from your PC to hedgehog (for stream it out via UART)

Reszet Sleep Wake up Time sync Fero ML

I:I CTRL | | Deep sleep Default

Additional Ctrl feature:

- To apply action to all beacons in the system, use Ctrl + Left Click on button. Applicable
only for buttons that turn bold while Ctrl is pressed.

lm Time sync

I:I CTRL | | Deep slesp Default

ro IMU

=]
o
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7.8. Celling and Mirroring buttons on the Dashboard

- The Mirroring button allows the map to be display as a mirror reflection - .

- The Ceiling button shows where the mobile beacon is located with respect to the stationary - -
beacons

- When the arrow points up, it means that the mobile beacon is below the stationary beacons -

- When the arrow points down, it means that the mobile beacon is above the stationary -
beacons

- The Center Map button -
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@ 7.9. Detailed settings

This bar allows user to adjust devices very precisely. It contains a lot of parameters for
advanced usage

7.9.1. Modem Settings

7.9.1.1. Basic Settings

Unique processor ID for each device (beacon or modem)
Firmware version of device (beacon or modem)
Architecture type (IA or NIA)

CPUID Copy to clipboard 152437

e e e e Location update rate settings: 1/20Hz — 16Hz+.

Architecturs MIA / Notice that real update rate may be limited by distances

Location update rate 8 Hz between beacons or radio profile

Supply voltage, V {4.5..5.5) 487 \

I 005513/ 15.41.48 / D Power supply voltage of the device 5V+-0.2V is OK

R55! from 010, dBm -50

R551to 010, dBm -45

Prafile General Time from the latest reset

Radio frequency band "515 MHz"

Carrier frequency, MHz 519.0

Radio ch | 0 Strength of the radio signal to modem from beacons and

SR | vice versa. Maintain in the range of -25dBm to -80..-

Device address (1..254) 1 e P e | 90dBm. Higher value - may overload. Lower — lost packets

Long time sleep disabled [

Window of averaging (0..16) 4

: - Strength of the radio signal from modem to beacons and

Distance fitter (0..16) 0 vice versa. Maintain in the range of -25dBm to -80..-

Max. hedges readout per eycle (1..255) n'a 90dBm. Higher value - may overload. Lower — lost packets

High resolution mode (mm) enabled

Detect new beacons on frozen map enabled Chosen working band

Temperature of air, “C (-20..60) 23

|ipdate location mode License SW v7.1 required

Exact working frequency

°Q])Marvelmlncl
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Radio channel 0 p
Device address (1..254) 1 d
Long time sleep disabled

Window of averaging (0..16) 4

Distance fitter (0..16) 0 ~
Mazx. hedges readout per cycle (1..255) nfa U
High resolution mode {mm) enabled AN
Detect new beacaons on frozen map enabled \
Temperature of air, C (20.60) 2 W\

lpdate location mode

License SW v7.1 required \

Pre-selected channel — one of the radio channels for
communication between modem and beacons

Logical address of the device. Keep 2..255 for beacons.
Address

TBD

Averaging between location update measurements. More
value — less location jitter, but higher latency

Filter of distances (as opposed to filter of locations). More —
better filtering, but may be too conservative and “kill” good
measurements

TBD

Keep Enabled normally. Switch to cm for backward
compatibility

If map is frozen, new beacons will be accepted in the map,
if enabled

Measured temperature of the processor’s crystal

TBD

Q])Marvelmlnd

robotics



143

7.9.1.2. Advanced settings

Advanced settings

Movemert fittering Advanced settings "sabled

Maximum speed, m/s (0.1..60.

Use pairs of beacons

Filter by acceleration

Minimum signal quality (0..100)

Track with low signal

Auto upload map to hedaehogs

] Reset timeout w/o dashboard, min {1..127)

Hedges timing comection, ms (-127..127)

Fast submaps search

] Spet fittering

n/a
disabled
n/a

10

blue
enabled
disabled
n/a
disabled
disabled

1\

TBD

TBD

TBD

TBD

TBD

TBD

TBD

If modem lost connection it restarts by itself

TBD

TBD

TBD
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7.9.1.3. Parameters of radio

Parameters of radio

Base frequency, MHz 515.000
Radio profile 33 Kbps
Device address (0..59) i
Channel 1
Modulation GFSK
Power of TX 5dBm
Channel spacing. KHz (25351405 .457) 45190
Intemmediate frequency (1D}, KHz (0..787) 152
(Offset frequency, KHz (-203.13..201.54) 76.16
Deeviation frequency, KHz (1.587..380.859) 20628
Channel bandwidth, KHz (58.036..812.500) 101.553
CCAmode always
DC blocking fitter enabled
Manchester disabled
Whitening enabled
FEC enabled

Real carrier frequency

Selected radio profile with a set of profile settings.

Choose between 38kbps (better range and interference
immunity, but slower); 153kbps — balanced; and 500kbps —
the fastest, but the lowest radio range and least immune to
interference

Logical address of the device. Distinguish of beacon from
another

One of a predefined radio frequency channels

Modulation — a part of the radio profile. Only for advanced

users

Only for advanced users

Only for advanced users

Only for advanced users
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Parameters of radio

Base frequency, MHz 919.000

Radio profile 38 Kbps

Device address (0..99) FL

Charnel 1

Modulation GFSK

Power of TX 9dBm

Channel spacing, KHz (25.391..405.457) 45.150

Intermediate frequency (ID). KHz {0..787) 152 /
Offset frequency, KHz (-203.13..201 54) 76.16 //
Deviation frequency. KHz (1.587..380.859) 20628

Channel bandwidth, KHz (58.036..812 500) 101.553

CCA mode always

DC blocking fitter enabled

Manchester disabled

Whitening enabled

FEC enabled

Radio profile settings.

for advanced users

Radio profile settings.

for advanced users

Radio profile settings.

for advanced users

Radio profile settings.

for advanced users

Radio profile settings.

for advanced users

Radio profile settings.

for advanced users

Radio profile settings.

for advanced users

Radio profile settings.

for advanced users

No need to change manually.

No need to change manually.

No need to change manually.

No need to change manually.

No need to change manually.

No need to change manually.

No need to change manually.

No need to change manually.

Only

Only

Only

Only

Only

Only

Only

Only
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7.9.1.4. Interfaces
Interfaces
UART speed. bps 500000
Protocol on UART/USE output Marvelmind
Raw distances data disabled
CQuality and extended location data disabled
Telemetry stream disabled
Telemetry interval, sec (1..255) n/a

PB4 pin function License SW v7.1 required
PB5 pin function License SW v7.1 required
Streaming mode License SW v7.1 required
Debugging data disabled

5P| data output n/a

AN

Speed of UART

Type of protocol

Enable or disable receiving raw IMU data with IMU update

rate (100Hz)

TBD

TBD

TBD

TBD

TBD

TBD

TBD

TBD
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7.9.2. Beacon’s settings

7.9.2.1. Basic settings

CPUID | Copyto clipboard 143333 /
Firmware versian v7 044 Super-Beacon-2
Power save functions enabled / active 1
Hedgehog mode disabled 1
Supply voltage, V (3.5.4.2) 383

Time from reset, hm:s 00:00:30 / 18.12.10 /0 ~
RS55I from modem, dBm -41 N
RS55l to modem, dBm -41 \
Profile: General

Radio freguency band "5§15 MHz" \

Carmier frequency, MHz

919.0

ZIDNN

Unique CPU ID

Firmware version of device (beacon or modem)

TBD

Enable for mobile beacon and disable for stationary beacon

Measured voltage of internal battery

Time from the latest reset

Strength of the radio signal from modem to this beacon, i.e.
how the beacon “hears” the modem over radio. Keep below -
25dBm and above -80dBm to avoid losses of packets. Lower
end depends on radio profile and interference

Strength of the radio signal from this beacon to the modem, i.e.
how the modem “hears” the beacon over radio. Keep below -
25dBm and above -80dBm to avoid losses of packets. Lower
end depends on radio profile and interference

TBD

Select radio frequency band according to your HW:

433MHz or 915MHz

Real carrier frequency
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Radio channel i
Device address (1..254) 12
Height, m (-320.000..320.000) in submap 0 0.000
Measured temperature, °C p]
Ubtrasonic frequency, Hz (100..65000) 37000
Desired speed. % (0..100) n/a

MU

Parameters of radio

Ultragound

Interfaces

Misc. settings

Hedgehogs pairing

RealHime player

disabled

Realtime player backward (0..127)

NN

Realtime player forward (0..127)

Selected radio channel

Selected device’s address

Height — must be set for stationary beacons.

Must also be set for mobile beacons in 1D or 2D modes

Processor’s crystal’s temperature

Frequency of ultrasonic pulses — set according to your HW
TBD

TBD
TBD

TBD
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7.9.2.2. IMU

(L
A zeno -10
Ay zem 8
Az zero -122
A K 0.932
Ay K 0573
Az K 0.932

Calibration settings of embedded IMU: X shift

/ Calibration settings of embedded IMU: Y shift

Calibration settings of embedded IMU: Z shift

] calibration settings of embedded IMU: X scale

FATNAN

Calibration settings of embedded IMU: Y scale

Calibration settings of embedded IMU: Z scale
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7.9.2.3. Parameters of radio

Real carrier frequency
Radio profile that is linked with many radio settings below.
Helps to set them at once by choosing the profile. See
similar in modem for more info
Device address — shall be set for each beacon different
under one modem
Parameters of radio
Base frequency, MHz 515.000
Radio profile 38 Kbps One of the pre-selected frequency channels
Device address (0..55) 7
Channel 1 . ) )
Radio profile settings. No need to change manually. Only
Modulation GFSK for advanced users
Power of TX 5dBm
Channel spacing, KHz (25.351..405.457) 43150 Radio profile settings. No need to change manually. Only
Intermediate frequency {ID), KHz {0..787) 152 \ for advanced users
Offset frequency, KHz (-203.13..201.54) 76.16
Deviation frequency. KHz (1.587..380.859) 20628 Radio profile settings. No need to change manually. Only
Channel bandwidth, KHz (58.036..812.500) 101.553 for advanced users
CCA mode always
DC blocking fitter enabled Radio profile settings. No need to change manually. Only
1 for advanced users
Whitening enabled
FEC enabled
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Parameters of radio

Base frequency, MHz 915.000

Radio profile 38 Kbps

Device address (0..95) FL

Channel 1

Modulation GFSK

Power of TX SdBm

Channel spacing, KHz (25.391..405.457) 49.150

Intermediate frequency (ID), KHz (0..787) 152 /
Offset frequency. KHz (-203.13..201.54) 76.16 //
Deviation frequency. KHz (1.587..380.859) 20628

Channel bandwidth, KHz (58.036..812 500) 101.553

CCA mode always

DC blocking fiter enabled

Manchester dizabled

Whitening enabled

FEC enabled &

Radio profile settings.

for advanced users

Radio profile settings.

for advanced users

Radio profile settings.

for advanced users

Radio profile settings.

for advanced users

Radio profile settings.

for advanced users

Radio profile settings.

for advanced users

Radio profile settings.

for advanced users

Radio profile settings.

for advanced users

No need to change manually. Only
No need to change manually. Only
No need to change manually. Only
No need to change manually. Only
No need to change manually. Only

No need to change manually. Only

No need to change manually. Only

No need to change manually. Only
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7.9.2.4. Ultrasound

TX-RX — regular mode. Use it. The rest - internal

TBD

Power saving features. If not sure, keep default

trasound Power saving features. If not sure, keep default
Mode f ot
High voltage TX settings
Analog power in sleep disabled TBD
Power after transmission ot tum off
Transmitter mode FWM
[ Hz (100.65000) 21000 Frequency of ultrasonic pulses — set according to your HW
Duty, % (1..99) 50
Bl ok s (10 2 AN 50% - default. 1% ... 99% lower strength of ultrasonic.
Amplifier limitation {calibrated) 4000 Keep default
Amplification

Number of ultrasonic pulses the TX beacon emits. More —
stronger, but longer echo. For small distances — 1-10
periods. 20-30 — for 10-20 meters. For 20+ m — 50 periods

Internal settings

Automatic or manual gain control.
Manual can be useful in special conditions: too high
external audio noise, for example
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TBD

AGC settings. For advanced users only

AGC settings. For advanced users only

AGC settings. For advanced users only

AGC settings. For advanced users only

Time gain control

AGC desired level -1800..0) -500

AGC hysteresis (10..2000) 130 Deep ultrasonic trigger settings. For special cases only
AGC step, dB (1..20) 3

Mode of threshold automatic

Mirimum threshald (-10..-2000) 50 Deep ultrasonic trigger settings. For special cases only
Threshold to noise, dB (3..100) &

Signal detection by ADC —_—

Periods for detector (3.50) 5 ~_ eep ADC

Min. speed of raise, LSB/cm (0.5..127.0)

Deep ultrasonic trigger settings. For special cases only

Deep ultrasonic trigger settings. For special cases only
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Min. over raise for new front (0..200) 10
Coef. of estimated front quality (0..200) 2
Maximum line gradient down, % (0..200) 0
Maximum triple deviation, % {0..250) 150
Maximum points to skip (0..5) 2

Deep ultrasonic trigger settings

Deep ultrasonic trigger settings

Deep ultrasonic trigger settings

Deep ultrasonic trigger settings

Deep ultrasonic trigger settings

. For special cases only
. For special cases only
. For special cases only

. For special cases only

. For special cases only
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NN

L/

AGC low threshold, raise speed (1.10) 15 //
Speed of amplification increase (1..200) 10 /
AGC high threshold, raise speed (1..100) 100 / /
Speed of amplfication decrease (1..200) 5 7
Receive window low, m {0..255) 0 7
Receive window high, m (0..255) 255 —
Minimum distance limitation enabled —
Auto measurements when radio gaps enabled

Fiter selection 19kHz N
RX1 nomal disabled \]
RX2 nomnal disabled N

NN

/|

Deep AGC settings. For special cases only

Deep AGC settings. For special cases only

Deep AGC settings. For special cases only

Deep AGC settings. For special cases only

TBD

TBD

TBD

TBD

TBD

Enable/disable sensor RX1 in map building mode

Enable/disable sensor RX2 in map building mode
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dizabled

R¥4 nomal disabled
RX5 nomal dizabled
R¥1 frozen dizabled
R¥Z frozen dizabled
R¥3 frozen dizabled
R4 frozen disabled
R¥5 frozen dizabled
Additional parameters

Obstacles probe

File of dump for DAC

Enable/disable sensor RX3 in map building mode
Enable/disable sensor RX4 in map building mode
Enable/disable sensor RX5 in map building mode

Enable/disable sensor RX1 in map frozen/regular work
mode

Enable/disable sensor RX2 in map frozen/regular work
mode

Enable/disable sensor RX3 in map frozen/regular work
mode

Enable/disable sensor RX4 in map frozen/regular work
mode

Enable/disable sensor RX5 in map frozen/regular work
mode
TBD

TBD

TBD
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7.9.2.5. Interfaces

Speed of UART in hedgehog mode

Interfaces / Type of protocol
UART speed, bps 500000 /
Protocol on UART/USE output Marvelmind
___— TBD
PA15 pin function 5Pl slave C5 —
Raw inertial sensors data dizabled —
\
Processed IMU data dizabled N Enable or disable receiving raw IMU data with IMU update

\ rate (L00OHz)

Enable or disable receiving IMU+ultrasonic sensor fusion
data with IMU update rate (100Hz)

7.9.2.6. Georeferencing

/ The same as with modem

Georeferencing
Latitude NO. 0000000
Longitude EQ.0000000 The same as with modem

7.9.2.7. Misc. settings

Misc. settings _/M Timeout sleep settings

Sleep with extemal power | &0 sec no connection
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7.9.2.8. Hedgehogs pairing

Hedgehogs pairing

Pairng made

Address of paired hedge (1..255)

Location againist center

Base of the pair, cm (1..255)

IMU fusion for angle

Send location of center

Communication in pair

pair

10
enabled
enabled

n/a

ZAANN

Enable for Paired Beacons feature:
https://youtu.be/aBWUALT3WTQ
Also look at chapter 6.13

Activate this parameter to pair beacons

Address of the beacon, current selected hedgehog paired
with

Location against center of selected beacon in a pair
Actual distance between paired hedgehogs

TBD

TBD

TBD
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7.10. Radio frequency band and Carrier frequency

- For devices with HW 433 MHz allowable Radio bands 315 and 433,

- For devices with HW 915 MHz allowable Radio bands 868 and 915, but when using antennas
at 433 MHz it is possible to use both 315 and 433 MHz
*Mini-RX beacons and Super-Beacons are 868/915MHz only

It is possible to change the frequency of radio, but radio performance can be severely
degraded. It may be enough for smaller distances, up to 10-20 meters, but not more.

Radio frequency band 433 MHz
Camier frequency. MHz 433 400
Radio frequency band 315 MHz
Camier frequency, MHz 315.000
Radio frequency band 515 MHz
Camier frequency, MHz 919.000
Radio frequency band 868 MHz
Camier frequency, MHz 869504
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7.11. Different hedgehog colors in the Dashboard

You can choose any color for your hedge, but it still has some permanent colors, which
inform you about some tracking issues:

- Blue - normal mode and confident tracking

- Orange - system provides the best location data possible, but confidence is lower than
blue

- - lost radio packets

- — weak ultrasonic coverage
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7.12. Different beacons’ colors in the Dashboard

Beacons can have different ultrasonic frequency. Because of that, they have different

colors to make them easier to distinguish:

-  Stationary beacons — Green center —
- Mobile beacons — Dark blue center —

Examples:
Stationary beacons:

19KHz beacon
22kHz
25KHz beacon
28kHz
31KHz beacon
34kHz
37KHz beacon
45KHz beacon

Mobile beacons:

19KHz beacon
22kHz
25KHz beacon
28kHz
31KHz beacon
34 kHz
37KHz beacon

45KHz beacon
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8. The Map

8.1.

Introduction

Map — the biggest unit in Marvelmind Indoor GPS. It consists of submaps and forms a full
map of all stationary devices you have. After you build and tune all the submaps and wake
up the mobile beacon, you have to click on Modem icon and Freeze the map. It is the final

stage of building the system. After you freeze the map, tracking will appear.

<<

x

QD
N

You can Save, Load, Erase map:

»

Map Settings offer some helpful tools, it is situated in the right bottom corner of the
Dashboard:

Save map — saves map as .ini file into Dashboard folder/maps

Load map — loads map from .ini format file

Erase map — erases map and clears it

Save map Load map

Eraze map

Here is the main tutorial video about maps:

Help: submaps, service zones, handover zones

Check:

8 basic steps from unpacking to autonomous drive/flight

Step-by-step guide on how to build complex maps

Detailed explanation of complex map building:

Building submaps: Part 1

Building submaps: Part 2

mMarvelmlnd
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https://www.youtube.com/watch?v=kT2EotFT2I4
https://marvelmind.com/how_to_use_and_integrate_indoor_positioning_system/
https://youtu.be/I-QdPkn6fxk
https://youtu.be/B5pPsCsZjB8
https://youtu.be/nCyp3wYZxak

8.2. Map layers

The map consists of several layers. Each layer can be attached to other.

4) Service zones

3) Beacons and Submaps

2) Floorplan —
plan/scheme/picture of
a floor where you
placed beacons

1) Ether — map grid
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8.3.

The Submap

Submap is a logical unit. A part of the map. It unites beacons to work together in the system.
Submap can contain from 1 to 4 beacons. It can be 1D, 2D, and 3D.

Different types of submaps can be used together. Mix 1D, 2D, 3D as you wish. Map of the
office floor, for example, may contain 1D submap for corridor, 2D/3D submaps for office
rooms. All that submaps will form a big map with coverage you need.

Submaps can contain the same beacons. It makes possible to use 3 beacons instead of 4.
It is very helpful in the IA because we are limited with 8 ultrasonic frequencies.

) hE(
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Example 1. Used 3 beacons for 2 2D submaps. Beacon 11 — neighboring. It belongs to
Submap 0 and Submap 1 at the same time. 2 vacant frequencies left:

T A
A

« 10} A o A
. »

Example 2. Used 4 beacons for 2 2D submaps. Submap 0 and Submap 1 are independent.
1 vacant frequency left:

Different configurations suit different cases. You can also have submaps with neighboring
beacons and submaps without it on the one map.
Here is a tutorial video about submaps:

Help: using submaps to build large maps

cm)Marvelmlnd
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8.4.

Submaps’ service zones

Service zone (or service area) is an area which serve submap. Service zone must be drawn
for any submap you build. It helps to divide tracking between different submaps and outline
the area of responsibility of every submap.
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8.5. Handover zones

Handover zone is an area which creates when service zones cross. It serves to make a
smooth transfer of mobile beacon from service zone of one submap to another

Handover zone (marked blue)

How to create Handover zone correctly:

Size of a Handover zone may be different and depends on the mobile beacon’s speed
and system’s update rate. We recommend testing it with the speed of your mobile beacon
mounted on a person/robot/copter. General recommendation is — to make handover
smooth and correct, make sure that your mobile beacon makes at least 4 refreshes in a
handover zone.

Look at the following examples:

- Example 1: Normal handover zone:

Hedge made 4-5 updates -

166 Q) Marvelmind
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- Example 2: Small handover zone:

Hedge made 2-3 updates — MAY BE NOT ENOUGH

- Example 3: Very small handover zone:

Hedge made 1-2 updates — NOT ENOUGH

167 m)MarVEImlnd
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- Example 4: No handover zone:

Service zones not cross — NO HANDOVER ZONE
CREATED, NO HANDOVER BETWEEN SUBMAPS

168 Q) marvelmind
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8.6. Beacons’ ultrasonic frequencies

Beacons may have different ultrasonic frequencies in the System. It can be used for
different aims and different cases. In IA it's necessary to have stationary

o Please notice that is hardware defined and cannot be just changed via settings
in the Dashboard

Different frequencies can be used:

In IA as a basic rule of Inverse Architecture’s functionality

In Multi-frequency NIA to increase update rate for multiple mobile beacons

To make it easy to distinguish, stationary beacons with different frequencies in the
Dashboard colored in different colors:

Learn more about submaps, service zones and handover zones here: How to create

19KHz beacon

22KHz beacon

25KHz beacon

28KHz beacon

31KHz beacon

34KHz beacon

37KHz beacon

45KHz beacon

indoor navigation maps

Learn more about maps lager than 30x30m here: How to build maps lager than 30x30m

Learn more about building of large indoor positioning systems here: How to build large
indoor positioning systems

Here is the main tutorial video about maps:

Help: submaps, service zones, handover zones

Check:

8 basic steps from unpacking to autonomous drive/flight

Step-by-step guide on how to build complex maps

Detailed explanation of complex map building:

Building submaps: Part 1

Building submaps: Part 2

°m)Marvelmlncl
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https://youtu.be/B5pPsCsZjB8
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9. Features

9.1. Licenses

9.1.1. How to activate licenses

Please pay attention that we have different types of licenses: For modem and for
beacon. If you need to activate beacon’s license — connect the specific beacon to the
Dashboard to choose license for that beacon. Connect modem for modem’s licenses.

We added the licenses system. Now, you can order some additional features. It is not
available in the basic Dashboard version, but you can easily purchase it if necessary.
You can see the list on Marvelmind.com -> Products

To order:

- Go to Marvelmind.com -> Products

- Choose features which you want to get (e.g. MMSWO0001: 100Hz NMEA0183)

QnMarvelmmd Watch demo Products Downloads Customers Help Contacts
robotics
Q

Distributors Manual Presentation  FAQ Search..

Home > Product > MMSWO0001: 100Hz NMEAO183

MMSWO0001: 100Hz NMEAO183
SW License 0001: $19

Streaming out coordinates

in NMEA0183 format with
100Hz update rate based G+ Nogemursca
Ultrasonic+IMU fusion —
emulation of super-fast GPS
for drones. Description
Price per modem Technical Details

Questions and Answers

Recommended

View History

Description

- Make an order.

- Pay for the feature (via PayPal or other methods).

- Order the feature via the Dashboard by providing device’s CPU ID or send us email with the

device's CPU ID:

- Open Dashboard SW

- Connect the device you need to order a license to the Dashboard via USB

°Q])Marvelmlncl

robotics


https://marvelmind.com/product/
https://marvelmind.com/product/
https://marvelmind.com/product/mmsw0001/

171

Go to Licenses — View/activate licenses
m -

CPUID License list

I:l [¥ 0001: Up to 100 Hz NMEAD183 output by IMU fusion ia-stion Press order -

Order licenses

Open license key

Close

(o o o o o

Choose the licenses which you have purchased.
Press Order licenses.

Dashboard will generate a text
@ -

Please send following text to info@marvelmind.com to order licenses
Dear Marvelmind team!

| want to order licenses for following features:
0001: Up to 100 Hz NMEAD183 output by IMU fusion location

CPU ID of device for licensing: XXOGGK

Order code (used internally in Marvelmind's order handling):
CPUID:HIKHKIKK_0001:1

Thank you

Copy to clipboard Close

Send generated text to info@marvelmind.com

We will generate the license key and send to you via email
Place the license key into Dashboard/Licenses folder:
Connect device to the Dashboard via USB

Go to Licenses — View/activate licenses

Choose "Open license key"

Choose the license file (be careful if you have licenses for multiple devices,
check CPU ID carefully)

The features become activated in the Dashboard.

cm)Marvelmlnd
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9.1.2. License MMSWO0O0O05 designati

MMSWO0O005 — one of the most significate license

Learn more: SW Pack 7.0/7.1 Release Notes

on in Dashboard

for Marvelmind SW.

In the previous version of SW (older than 7.200), when license been activated version of

SW changed from 7.0xx to 7.1xx.

From version 7.200 activated license shows in Dashboard as “L”

- If license MMSWO0O005 activated for all devices, it shows L in the window
capture of Dashboard, next to version of Dashboard:

1) Dashboard - rebots management [v7.200L fultimate

File Language View Firmware Licenses Help

Q) Marvelmind

robotics,

*E::::::::

- If license not activated for one or more beacons in a system, it will be reported

in the right information window:

- o

m—
I»Nn optional SW pack license (MMSW0005) for beacons: n112

Read al Wirite all

Wrigchanges  Cancel changes

x

PUID Copy to clipboard 062646

~

Fimware version v7.200 Modem HW v5.12
NIA

Localian update rate 3H:
Supply voage, V (4.50.5.50) 478
) Time from reset, hunis 00:03.09/18.2524 /0
RSSlirom 112, dBm 3
AN | Rssito 112 dBm 3
- General

- And “L” will be shown next to version of firmware of each beacon with activated

license:
Fead all Write all Write changes Cancel changes

J|CPUID Copy to clipboard 093434

Firmware version v7 2000 Super-Beacon I

Power save functions enabled # nat frozen

Hedgehog mode disabled

Supply voltage, W (3.50..4.30) 4.05

Time from reset, hm:s 000742 £ 183001 /0

R55I from madem, dBm -30

°Q])Marvelmlnd
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9.2. Islands feature

To use Islands Feature license MMSWO0007 needed and Marvelmind SW from version

7.200 and latest.

This feature allows to make different submaps for each hedge.

How to do this (it’'s example with 2 submaps. 4 stationary beacons and 2 mobile

beacons):

- Awake all 4 stationary beacons (just Click on it with Left mouse button):
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- Leave 2 of them on SubmapO and move another 2 on Submapl. You will get 2 separate

submaps..
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- Move submaps as you wish. Use CTRL and mouse roll to rotate Submap.

2D Dashbosrd - robots management w7200 uftimate - D x
Fie Langusge View Farmeare Licenses Help
5 ~Map s not Fozen | Resdsl || wite st Webe changes  Cancel nanoss
cPu Copy o cgboars | 062646
We[ © - - = © = 0 5 0 c o & - = oo 5 @ 8 2 8] e © oo 5o 3o m o8 c c o0 Mo oo o0 - o0 oo o | V7,200 Modem HW v5 12
A echescue NiA
Locafon ol rate e
Supply votage V450,550 [
Time fom st b 005543/19.11.39/0
RSS! from 045, dBm
RS5]to 045, dBm 45
Frofie Gereral
15 M
Camer bwauercy, W 5190
Fodo charme o
Doves ko 1250 :
Long e s daied
W o averagra 0,161 o
Detance fiker 0. 16) 0
Ciear map. Max_hedges readout per cycle (1255 nia
Doty tmaout 34 ) ensbied
Detectrew beacons n zen o satind
Dots size mode. Temperature of ar, 'C (20 60) pz}
o T [\ e 7 e
Submags tslands. dmaved.
Saue sereenanct -
[ Reskie Pusyee Llpet oty —
ackword Forwans X Parametrs o rado
mEs L L . . .
B [T
e = earacer
Stream capure ooy
Stationary beasons visble enabled
Servce sores vabe enstied
Vo g vabie enabled
(2t b3 e v s
Freeze zones. | Pared beacors ange vistle daatied
Eescer vew nomsl
Freeze map
} - S
[Coeam | O o0 eesl0 s A5 oweo|[] owem][] owen|[] O[]  owo|[] owwd|[] Owed|[]  owo[] owes T T | (i | e T e e B
ndoar@85_| |1 Ovieet| (] Dwieet| (] Goventl] (1 Deveet| (1 oevent| I [ () Ooventl (1 Dooeet| (1 fovint| (1 woest| (] Goventt] (] Oovsatl (] Sevens | Cemams | new | [ [craL | owmmesn | B
Connected: COM3T X 8262 % 4271 Rete65H: 1 61 total Ofailed (0%)
2D Dashbosrd - robots management vT.200 ultimate - D x
Fie Lan View Femmare Licenses Help
A marvelmind -Mapis nat Fozen || restat || wrems Vbt changes Cancel chanaee
robotics, Submaps n n 0.1
Mo optior  license (MMSWOO0S) for beacons: nd, n21, n122 ~ [cPu Copy 10 cipboars | 062545
Mo © = o : = © 0 2 0 c o & - = ooc 5 @ 8 2 8] e © oo o6 8o om o o8c < oo o0 Mo = o8 o0 - o0 oo - | V7,200 Modem HW v5 12
‘a = [
Locasion update rate 8He
Supply votage. V 450.550) am
| Tmefron et hme 005853/19.1450/0
SR | RSS| from 045, dBm
RN | F5Sito 045, dim 42
. Frofie Gereral
Caner fmavercy. W 5190
Fodo charme o
@ . :
Long e s daied
Wi o avecagrn 0,161 o
Detance fiker 0. 16) 0
Comrrap | Foorn M hedgesraadoutper cyde 1.255) wa
Doty tmaout 34 ) ensbied
Detectrew beacons n oten mas satind
Dots size mode. Temperature of ar, C (20, 60) pz}
s [\ e S Tt
Submags tslands. dmaved.
Saue sereenanct -
Freszzscmeen varced seingy
[Resktime Payer L] Sout fesng dustied
ackuord Farwans Parametors o rado
B =
Feefaces
Stesm cagture =
Sttiomary beaczon vt anabied
g Seruce zones vabe enabled
Vo g vabie onatied
) e B ==~ ==
= S e R S e EE Freeze zones: || Pared beacons ange visble sawed
EI Beacors view noma
[ Freeaemes - |
¥
v =
[ Wedem |0 o= o] orieeit] O a| swemap || Lontmas || Resst Sewn || Vmkewn | Tmesync || Zer i)
indoorGPS. | |[]  oeveers| (] oeweerd| ] evsa)| ] | | Ermama | new v[‘cm Deepsiep | Defouk
(Comnected: COM3T 2408, v: 572

174 0]) Marvelmind

robotics



175

If license activated correctly, with selected modem you can select the “islands” mode and

assign mobile beacons to submaps.

Enable Submaps islands

Max. hedges readout per cycle (1..255) n/a
High resolution mode {mm) enabled
Detect new beacons on frozen map enabled
Temperature of air, °C (-20..60) 23

Update location made

License SW w71 required

I Submaps islands

disahled

All hedgehogs update every cycle

Advanced settings

[] 5pet filtering

Parameters of radio

Utrasound

Interfaces

Georeferencing

MMSW 0002 required
+) expand

disabled

{+) expand

{+) expand

{+) expand

{+) expand

When Submaps Islans mode enabled, you can choose submap for each beacon
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Now mobile beacon 12 will be work with Subl and beacon 9 will be work with SubO.
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9.3.

Dashboard Monitoring Mode

Dashboard Monitoring Mode is a mode which allows you to observe tracking without
any ability to control and modify the system.

Now, you can divide permissions between users for avoidance of accidental change of

any settings and corrupting the system. That is something like safety button.

This is_the first version of Dashboard Monitoring Mode. New functionality and

appearance may come with future SW updates

How to enable Dashboard Monitoring Mode:

- Click on the “Stream capture” button (It will be renamed in future updates into “Dashboard Monitoring

Mode”)
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[ Spet fiteiing disabled
Parameters of rado
AV on [ .| Utrasound
TRRoT Iiefiaces
- Georeferencing
Stationary beacons visble No deta
LR Senvice zones visble enabled
Senvice zones active enabled
Map gid visible No deta
Uptlate Map axes visble No data
Paired beacons angle visble No data
| o |90
(A |EoPP e oes
Sub 0 Freeze zones
=0/000 .00
e R
¥ - 2¢m
4 =5
O Savemap || Load map Reset Steep Wakeup || Timesync | | Zerw MU
Indoor GPS Device17| [ o [] oevieens|[]  evieed| Erasemap | new v D CTRL | | Decp sieep Default

Connected: COM7 :-3312,Y: 8.787

Rate: 4.7 Hz

1

112 total, 0 failed (0%2)

- If you try to change settings while Dashboard Monitoring Mode is on, the notification window will

appear:

177

Confirmation

. | Operation is not possible in “Stream capture” mode.
Disable this mode?

No
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9.4. Microphone settings

9.4.1. Specific Marvelmind devices

For different devices should be turned on different mics.
——> :Turn on mic by clicking on RX1...RX4

:Change mode of mics by clicking on bottom panel

Below is the picture of microphone settings:

Below are presented settings for different Marvelmind devices:

Badge:

Jacket:

Helmet:

178 Q) Marvelmind
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9.4.2. Separate Omni-microphone

You can additionally purchase an Omni-microphone for improved performance.
o Before buying inform on which device you want to use the Omni-microphone.

On Super-Beacon Omni-mic works in Omni mode on RX3 and RX4. On Super-Beacon-2 Omni-mic
works in Omni mode on RX2 and RX3.

Below is location of different mics on the Omni-mic:

"o,

g of

Aolg A&

Example of correct settings for Omni-mic on Super-Beacon-2 in Omni mode:

Also, if you want to use specific microphone on Omni-mic you can switch mode to Stereo
and turn on one of the pairs and even one of the mics in one pair.

To turn on of the pairs on Omni-mic click on the box RX2...RX4, depends on which Super-Beacon
you have and which pair you want to have turned on:

179 Q) Marvelmind
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To turn on one of the mic in a specific pair press on a specific box below RX2...RX4 with CTRL:

180 Q) Marvelmind
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9.5.

Restart if modem is disconnected

This feature using to reset beacon when it lost connection with modem.

Follow this steps to switch on this feature.

9.5.1.Connect beacon via USB or radio and expand Misc. settings in settings bar:

Misc. settings |-} collapse

Sleep by timeout &0 sec no connection
Sleep with extemal power &0 sec no connection
Status LED enabled

Restart if modem iz disconnected dizabled

Timeout of restart without modem, sec (5..250) n/a

9.5.2.Enable restart modem is disconnected option:

Misc. settings {-) collapse
Sleep by timeout &0 sec no connection
Sleep with extemnal power &0 sec no connection
Status LED enabled

| Restart if modem is disconnected enabled
Timeout of restart without modem, sec (5. 250) 10

9.5.3.Put in a timeout of restart withoout mode in sec:

Misc. settings {-) collapse

Sleep by timeout &0 sec no connection
Sleep with extemnal power &0 sec no connection
Status LED enabled

Restart f modem is disconnected enabled

Timeout of restart without modem, sec (5. 250) 10

9.5.4.Restart if modem is disconected feature settings completed.
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9.6. Geofencing zones

Geofencing zones is a subset of zones which can be created to prevent people crossing
dangerous zones. Zones violations leads to alarm and will be written into CSV-file.

How to create geofencing zone:

Unfreeze map, submap may be frozen

D Dashboard - robots manag

File Lengusge Niew Firmw

Q) marvelmind
ropatics|

@

. o S
a TEm
Y] HE D ORE
EELD -0 0 O el ] () ovwest
WdoorGPs | [ owes|[]  Owea|[]  owess| (] Owis| ] Dwint| ] et I O] o=
|connected: comat %8331, %1.735

Right click on the map -> Zones setup

»

Resam || wem Wirte changes  Cancel chasges

Susting beacon rssation (0.255)

.| Srmting e of bescons

Helper beacon (0.255)

* | Max. helper dtance devason.m (000 250)

Z ANOOHN

[Update] -

(o ] romnl

Freeze map

Unfreeze submap)

0 nawgatin

Ordy for Z coomdnase

Hedges hegH in 20 mode. m (320,00 32001) | ¢

Uintation dstances
120

m (32000 320 00)

Submap X s, m 1320.00.320.00)

Submap Y shét_m [320.00.32000)
Submap Z ot m (32000320 00)

‘Submap roation, degrees (36000360 0)
Plane roltion X, degrses (360,00, 360.00)

Flane rotation Y, degrees (360,00, 360.00)

degrees (360,00 360.00)

Stionary beacana visble
Service zone vale

I eshisoand - rabots management 11050 wltimate

File Lenguage View Fi

Licenses Help

T

Ul marvelmind Viap B nat ¥
o+ ¥ -
i : 2 o
c = > o : . . .
= : : o
|Dots bmecet, sec c . S, .. L
o o - - L
S
- ®
— Em
I Resktme Piayer | P20 .

Readal || wiket Wrte changes  Cancel changes

Srting beacon sieraion (1. 255)

‘Sring oet o beacars
Hsoarbsacon (0.255)

Max. helper dimance devion. m (000 250)
30 nenigation

Ordyfor Z coordnate

Lmaation dsances
Masimum dstance, = (1.120)

‘Service zone tickness. m (120,00 320 00)
Edrectonsl service zone
Submap X shét. m 320.00.320.00)
Submap Y shit,m (32000320 00)

Submap Z shét.m {320.00.320.00)

Submap rotaion, degrees (6000 %000) | ¢

Flans roation X, degrees (360,00, 360,000
Flane mtsfion Y, degrees (-360.00. 360.00)

Flane rlation Z. dogroes (:360.00.360.00)
‘Stsanary beacans visble.

A ]
Sub_U \Update|
- . . -4
e ) i [ Jrhpy
Freeze map
' ¥ EES
8] == O T u] a0 v B T O Swvemp || Losd eap
m] o O m] =40 O = i I O O Eusamap | new
|Connected: COMAT X: 2557, V: 2,686 Rate: 5.2 Hz 3 145 total, 0 faded (%)
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Left Click on Zone type and choose Geofencing

LD Dashbosrd - robots management v70%0 ultimate

|Connected: COMAT %2021, ¥: 2450

Rate: 5.2 Hr 2

I
126 total, O fadded (0%)

Freeze zones.

" [Unfresze subman

¥ e

File Langusge View Fimware Licenses Help
Q) marvelmind Map s not frozen ‘ R || vmem Wrte changes.  Cancel chasges
rabotics
| crui Copy b | 062646
b Y A Fanmeore verson 7050 Modem HW v5. 13
D Zones setup - o x A Irchinchrs "
= o [E=y—r— B
tHame . e e |Zons acive | Zone visbie S i
Time from reset, hms DO-13:44 /18482370
£ 851 beom 025, dBm
RSSlta 025, dm -
e ot el
Sota bt sec Faco bmauercy band 915 e
300 Carmier frequency, MHz 5180
Bots size mose L Radia channel (]
serun - Zmin, meters Zmax, meters Device s 12541 1
— [cers ) Msnaptogrid Long tme seep daabled
. Vindow of averagng (0.16) nia
L] [ swe | [ sweanddoe | [ Close Disance fher .16 na
7 Reattime Player |29 Mex. hedges madoud per cycle (1,255 ]
Bactwms Forwin Figh machsion mode ) snstied
: s Detect new beacers on fozen map. ensbled
N Temperature of ar 'C (20 600 2
o oy [ | L S¥ 7 et
Advanced seitings
(] Spot fitemng sabhed
Parameten d raco
Urmsour
Irmedaces
P
Sasonany beacons vistie eratied
Servce tmes vable enstled
Map god vabie enstied
g Sub_0 e {B8tE ¢ s vt enatied
0 . i Pared bescons angie vible dsabled
(o by

Create a zone Using Shift + Left Click and clicking on map, click on point removes it

W
File Languege View Fimware Licenses Help
Q) Marvelmind Map is not frazen ‘ Feadal || wirtead Wike changes.  Cancelchanges
bati
el cPUID Copy bo cpbeard | 052646
A Fammare verscn 7050 Modem I v5.13
Zones setu - o0 x : .
o g ° A Aechnscurs "
Hame. Zome type Inveried zone Zone active. Zone vkl : Loowtion updale rate L13
Supply voltage. V (45 5.5 4B
Tovefom et s 001607/ 185146/0
551 fom 026, dBm )
RS51t 025, dBm 58
1 Profile General
e E PRadia fequency band "5 MHz™
E| X Camer ey, e 9190
o | J | Fada charnel [
¥ Zmin, meters Zmax, meters ;
d 3 3 Device address (1 254) 1
4 Hsnap togrid
ros | RS S =
o Vi o 8 wa
[ sae | [ soveanddlose | [ Close Dwarce fiter 0.16) na
Max hedges readout per cycle (1.255) o
o ok on mode ) enatiod

Temparaturs of ar. C (20,601

E Upcte lncaton made

Indoor S| []

Connected: COM41

e ]
Rate: 5.2 Hr 2

]
136 total, O fadded (0%)

=

-

:
Unfreeze submap)

Advanced seitings

) Soct ey Gratied

Parametens o g

Uhrmsour

Intedaces

P

Suasonary beacons vistle enabied

Servce tmes uable enstles

hap g vatie enstied
{OB88tE ¢ g v vt et
A ) dsabled

Beacons view romal

¥ =
T e [
Temo | oen - [][CTRL| owosee | Dwme

Tme sy Zecw MU

You can tune zone with entering distance and entering time. If zone created, press Save and

close to save zone

I Zones setup — [m] X
Name Zone type Inverted zone | Zone active Zone visible
Zrin, meters Zmax, meters
snap to grid J
\ Save C || sweandelose \ Close
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After you Save and Close Zones setup window, zone turn to grey. Freeze map

LD Dashbosrd - robots management v70%0 ultimate

File Lenguage View Fimware Licenses Help

Q) marvelmind

rgbotics|
' o o T
@

=
ot St sec
= 1
e
T

Saue sereenshol

Freeze screen

7 Reatime Player |20

Backwarg Forwang

| Wiap s oot Fozen

e
o

Roont | [ vem Wrtechanges.  Cancelchanges
cPUID Copy m cptears | 062646

E— 7050 Modem Hl 813
Aectectre "

Locatin g e ™

Suosly votage.V (45551 am

Tome fom reset s 02224/ 185803/0
RSSI bom 015, dBm i

RSSita 013, dBm £

st Geoeal

Facn bmauency band 915 ri-

Carmier frequency. MHz 5190

Rada channel L

Cevice aidess (1254 i

Long tme e drabied
Vindow of averagng (0.16) na

Custance e 10.16) wa

Max hedges s per cyce [1.255) n

Fah aoksion made ) aratied

Cetect e besors omfmzmmar enstied
Temperature of ar C (20 600 a

[ Lomnae S 17, raured

Indoor GIS.

[Connected: COMA! X 7087, ¥: 0667 Rate: 5.2 He 2

125 total, O fadded (0%)

I —
(oo

Advanced wtngs
(] Soot flemg Gnatied
Paameten o 3o

]

Irnedaces

e

Stanonary beacons wieble sraties
Sevce somes wakle enstied
Service zones active enabled
Map grd vabie enstied
Mag aves visble snties
Pared bescons angle vabie dsabled
Beacons view romal

. Freeze map

% - oz

a | [swemp | Losamap

v | [Esemap | pew -

fn [ e e
mECT

Tme sy Zeew MU

Zone created and ready to work. If mobile beacon crosses zone for tuned distance and tuned time,
that violation will be recorded to CSV-file, and hedgehog will be colored red in the Dashboard

1D Dashboard - robots management V7030 ultimate

L 4

Indoor GPS. | [ oeeertt| | et

|Connacted: COMA X 8322, ;0821

RateS2Hz 1

125 total, 0 faded (1%

. Unfreeze map

=

Fle Lngusge View Firmuare Licsnses Help
Q) marvelmind Resgar || wree st Wrte changes  Cancel changes
robtics cPuD Copy i cipsoerd | 062645

T k X L L X .Y A Fermeare verson 7050 odem W ¥5 13
Y Aechtectae w
@ o Lo ot e e
Succky votaos. VU5 85 a8
. Tme fommact s 002557/ 1013670
= RSSifom 019,48 £
. RSS! %o 013, dBm 2l
Coarmap R e Gene
Do out woc ey ) Pado beauencyband ST
5 1 e e 150
Radka channel 0
Devos adirees 1.250 i
Long e soes ansbins
Window of sveraging 016 na
Ditance fhor 0,18 wa
M hcges ek e cycs (1.255) 10
Vi machnon e Pl srstled
Detect e heacorns on fraen map eratled
N Temperature of air. 'C -20. 60) 23
o e 57 g
Kivarced wanas
Dl Sretttems asied
Parameters of radio.
[r=]
Fredaces
Georormong
Stionary beacons visble enabled
Senice s vabie erstled
i Servcs mows acive eratiad
o N ap g vasie enstled
Sub 0 Update| Map axes vable erstled
b4 b Pard boacern angs vale asabed
= fE ] [t Jromhyp et e

&«

a | Swemp | Lossemp

v | Eamsemap new

fon || oo || e
[ [crme | oompones | ooae

Tmesme  Zeo MU
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9.7. Geofencing alarm (MMSWO00O06 license)

SW License MMSWO0O06 activates support for a dedicated pin for geofencing
zone violation. Instead of reading the stream of location data in the protocol, it
is now possible to have just a pin from the 4X4 of Super-Beacon or pins on
the modem or internal pins in the Mini-RX to be automatically switched to “0”
or “1”, on every time reset, when the geofencing zone rules are violated.

Supported hardware:
- Super-Beacon
- Modemv5.1
- Mini-RX
Follow instruction bellow to use this feature:

9.7.1.Connect alarm to your devise according to scheme:

SW License 0006:

Dedicated pin for
geofencing alarm

Price per beacon or
modem.

9.7.1.1.  Geofencing pin scheme for Super-Beacon (when license activated SPI

will not be available):

. - External pins

@ - internal solderable contacts

Q
=
Q
=
fa)
-
Q
=

Geofencing Pin Super-Beacon

Geofensing Pin

GND

GND

m)Marvelmmd
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9.7.1.2.  Geofencing pin scheme for Modem HW v5.1:

3ad EIJ

l Not ¢

C9
=t S

12C1_SDA

t I I Not connect I n% .

*I Gefencing pin |

—{ PB3/SPI3_SCK |

\| PBS/SPI3_MOSI |

[Reset | || UsaART3 TX |\| SYNC |

| 12c1

_SCL | | Ground

| | PA15 || USART3_RX |

9.7.1.3.

Geofencing pin scheme for Mini-RX:

DFU

1m3 O
20 Ni=

Bl DUUD

I

- — -
= S E 00
(=0 - -

a0 a

=

=]
LLLLLLLLLLLELLEL = El:l
=
o

= gu&

UART

uﬁluﬂuﬂ o Dun ol e

o

| r—
vcc | Geofencing pinll RX D- ” D+ | GND
| |
UART USB

9.7.2.Connect beacon via dashboard or radio and expand Interfaces in a settings

bar:

Interfaces (-} collapse
UART speed. bps 500000
Streaming output USB=UART
Protocol on UART/ISB output Marvelmind
PB4 pin function SPIMISO
Quality and extended location data disabled
Alarm pin function Mone

Alarm pin mode

n/a

Streaming mode License SW v7.1 required
Debugging data disabled
SP| data output disabled

°Q]JMarvelmlncl
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9.7.3.Switch on Alarm pin function parameter:

Interfaces (-} collapse

UART speed. bps 500000

Streaming output USB+UART

Protocol on UART/LSB output Marvelmind

PB4 pin function SPIMISO

Quality and extended location data disabled

Alamm pin function Gecfencing alﬂﬂ I

Alarm pin mode

Streaming mode

Debugging data

SPI data output

Low level on alam
License SW v7.1 required
disabled

disabled

9.7.4.Choose needed alarm pin mode according to a bellow table:

+3.3V

Z state

0.0V Z state
Interfaces (-) collapse
UART speed. bps 500000
Streaming output USB+UART
Protocol on UART/USB output Marvelmind
PB4 pin function SPI MISO
Quality and extended location data disabled
Alarm pin function Geofencing alam
Alarm pin mode Low level on alarm |
Streaming mode License SW v7.1 required
Debugging data dizabled
SP| data output dizabled

9.7.5.Geofencing alarm settings completed.

°Q]JMarvelmlncl
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9.8. PPS (Pulse per second) signal

This feature using to get a pulse signal from Super-Beacon every second. Works with
Super-Beacon in NIA only.

To switch on PPS, follow instruction bellow:

9.8.1.Connect a speaker to Super-Beacon 4x4 pinout according to scheme:

PPS (pulse per second) signal pin for Super-Beacon

. - External pins
@ - Internal solderable contacts

[ |
PPS Pin

9.8.2.Connect beacon via dashboard or radio and expand Interfaces in a settings

bar:
Interfaces
UART speed. bps 500000
Streaming output USB+UART
Protocol on UART/LISB output Marvelmind
PB4 pin function SPIMISO
Quality and extended location data disabled
Alarm pin function Mone
Alarm pin mode n'a
Streaming mode License SW v7.1 required
Debugaing data disabled
5P| data output disabled

9.8.3.Choose PPS output in PB$ pin function option:

Interfaces

UART speed, bps 500000

Streaming output USB+UART

Protocol on UART/USE output Marvelmind

PB4 pin function PPS output |
Quality and extended location data disabled

Alarm pin function Mone

Alam pin mode n/a

Streaming mode License SW 7.1 required
Debugging data disabled

5P| data output disabled

9.8.4.PPS pin settings completed.

m)Marvelmmd
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9.9. Floors feature (FN0O011)

9.9.1. The general view

Floor feature allows to build complicated multi-level maps. Every submap correspond
some height, height corresponds to floors.

Flaors

List of layers (floors)

Show all layers (floors)

Show no layers (floors)

Show all objects (even if they are out of floors’ coordinates)

Active beacons

°m)Marvelmlncl
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9.9.2. Floor Settings

- Every floor has its own adjustable height and its own floor plan

Floor height: 3.500 meters (14.000..17.500)

- Right click on the floor area to see an additional menu. There you can change floor’s height. You can
also insert your floorplan for that floor (.png, .jpeg, .bmp, .tiff)

Floor settings

Load floorplan
Save floorplan as ...

- Remove floorplan

- Floor 4 and 5 are enabled:

190 Q) Marvelmind
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- Floor 5 is enabled:

191 m)MarVQImlnd
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9.9.3. Map layers

The map consists of several layers. Each layer can be attached to other.

4) Service zones

3) Beacons and Submaps

2) Floorplan —
plan/scheme/picture of
a floor where you
placed beacons

1) Ether —map grid

°Q]JMarvelmlncl
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9.10. Floorplan feature

This chapter describes how to load and use a floorplan in Dashboard
9.10.1. Loading the Floorplan (Substrate)
To load a floorplan:
Right click on the floor

S nes

B

Clear map Floors

Dots timeout, sec
5

Dots size made

default ~
Save scresnshot
Freeze screen
Reaktime Player

Backward Fonward
;

Sfream caplure

Floor settings
Load floorplan
Save floorplan as ...

Remove floorplan

I Dashboard - robots manageme

File Language Tools Settings Firmware Licenses Help
) Open floorplan file

e ThisPC > Desktop > marvelmind SW.2022 12 17RL » dashboard v7309_exe > floorplans vy
Organize > New folder

"
# Quick access

B8 Desktop

|4 Documents

»
& Downloads  #
»
= Pictures A

g-Plans-0.
ffice-plan

architectures_co
Incriasing Z
marvelmind_Bac
marveimind_nay
@ OneDrive - Persor
0 his pC
8 30 Objects
2 Desktop
[ Documents
& Downlosds
b Music
] Pictures
B Videos
‘& SSD_256Gb (C)
= HDD_TTB (D)

P v

File name: Building-Plans-Office-plan

<] Aiformas

»
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- Floorplan is loaded:

D Dashboard - robats management v7.308 ullimate
File Lingusge Tools Sefings Firmware Licenser Help

W marvelmind
rabatics

Map is not kozen

.

[Seund ot

i
—?
I =

E

<
- Il!ﬁiijtiij]]ff:
Do -0

T e N e e e D e W]

Bl

o] ) owel[] owm[) G| E] owiet] 1

] e 1

Cwt|[] twm|[]  Dwe|[] O[] Dwest]

e e R R

Trackng qualty tveshald, % (0,100

Track shaw sade

Spply vobage, ¥ (4 50.5.50)

Tove from revet hms.
RS from 102, dim

RSSi0 102, dBm
Profle

Fado fmauency band

Camer frequsncy, Mz
Pt

« | -Freezs zoges
- | - Freeze mep

0912/131213/0
Mo data

Connected: COM26

: 576.000, ¥: -390.000 FateBIHe 0

8 total, D faded (0%)
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9.10.2. Floorplan scaling

The are two ways how to resize a floorplan in Dashboard.

Cloat man
Dot tmecur, 352

Dol size mode

Freeze screen
[ Resktme Payer
Backnerd Fomand
B_JE |

Strsam cagture

1) Drag afloorplan from any side of a picture:

o

[Sound i}

1 [2) 1 RN
g

»

m
i
®
= =
= =
— 1)
.E x
——
=
=
. T
B =

EHIHOOH

i
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2) Set floorplan scale by two points:
Right Click on the floorplan => Set floorplan scale by two points:

~Map is not frozen

v Selectfloorplan

Glue floorplan to ether

le by two points

Zones setup

Background color

Update|

R [acts | pom]p9
. / .................
I
.................... v

Click first point on floorplan (press ESC to cancle):

~Mapis not frozen

Floorplan scaling: click first paint on floorplan. ESC to cancel

Angle off - | P

Update

:
o Jhmldp

.. / .................. Fraeze roges.

& =

=

196
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Click second point on floorplan:

~Floorplan scaling: click second point on flaorplan. ESC to cancel

~Mapis not frozen

et

| | ‘!

»

. | .Freeze zooes.
:

Enter distance between points:

~Mapis not frozen

»

Distance between points, meters

Update

- [ Freeze mep -

AN

°Q])Marvelmmd
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- The scale of the plan will adjust to the specified parameters:

~Map is not frozen

a
X >
Freeze zonds |

T Freeze maj
¥ =
- Change a scale of the Map using mouse roll:
~Mapis not frozen
a
......................... [}//

€ B e By
Freeze zones
¥ =

- Scale settings complited.

°Q])Marvelmlncl
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9.10.3. Move the floorplan on the Map

- To move the floorplan, click on it with the left mouse button and hold the button
down:

~Mapis not frozen

»

EHEOHOSH

EmEy

“Mapis not frozen

EHOHOOCH

I
[resseoes |

i
Y
v

199 Q) Marvelmind
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9.10.4. Other floorplan settings

- Right click to a floorplan area, to see an additional menu. Press “Glue floorplan to
ether” to fix a position of floor plan according to map grid.

+  Select floorplan

Glue floorplan to ether

Set floorplan scale by two points

Zones setup

Background color

- Right click to a beacon, to see an additional menu. Here you can nail beacon to a

floorplan or an ether.

X=8.
=13
Z=1.

View/activate licenses
Upload firmware
Remove from network
Manual setup coordinates

Mail to floorplan

Mail to ether

Beacon n134 belongs to submaps: 0

Beacon differences from others

°Q]JMarvelmlncl
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9.11. All hedgehogs

update every cycle

To use All hedgehogs update every cycle feature license MMSW 0004 (MF NIA) and
MMSWO0008 needed and Marvelmind SW from version 7.200 and latest.

This feature gives simultaneous emission of all mobile beacons in MF NIA (to increase
the update rate in cases where it is known that they won'’t interfere with each other).

How to use it:

- Make sure that licenses MMSW 0004 and MMSW 0008 activated for all beacons in the

system:

W Marvelmind licenses — m} *

CPUID License list

082610 0001: Up to 100 Hz NMEAD123 cutput by IMU fusion location n/a -
[] 0002: Heading packet GPHDT for NMEAD183 Buy license

[] 0003: UBK (u-blox) protecol for PX4

Buy license

Order licenses

0004: Multi-Frequency NIA (MF MIA)

Activate license

0003: SW Pack v7.1xx - Additional Features
[] 0006: Dedicated pin for geo-fencing alarm
0007: Submaps islands

Buy license

I! 0008: All hedgehogs update in every cycle (MF NIA)
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Device address (1..254)

1

Long time sleep disabled
Window of averaging (0..16) 0
Distance fitter (0..16) 0

Max. hedges readout per cycle (1..255) nsa

High resclution mode {mm) enabled
Detect new beacons on frozen map enabled
Temperature of air, “C (-20..60) 23
Update location mode Automatic
Submaps islands enabled
All hedgehogs update every cycle disabled
Advanced settings (+) expand
[] Spat fittering disabled
Parameters of radio (+) expand
Uktrasound (+) expand
Interfaces (+) expand
Georeferencing (+) expand

Now all mobile beacons update every cycle.

Enable All hedgehogs update every cycle in the settings bar. Left mouse click on disabled
(if feature switched off)
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9.12. Filters

Those features help to get more stable tracking and avoid “jumps” of the mobile

beacons.

9.12.1. Spot filtering (for 1A only)

This feature using to filter mobile beacons “jumps” in Dashbord.

This feature works from the Modem.

How to use:
Spot filtering {-) collapse
Samples number (1..70) 3
Max. distance between updates, m (0.1..2.5) 1.0
Fittering during tracking disabled

- When Modem connected to PC, choose it in Dashboard and put a tick next to

Spot fittering

(-} collapse
Samples number (1..70) 3 I
Max. distance between updates, m (0.1..2.5) 1.0
Filtering during tracking disabled

Spot filtering parameter. This is number of dots, when filter:

Spot filtering

{-) collapse
Samples number (1..10) 3
Max . distance between updates, m (0.1..2.5) 1.0 I
Fittering during tracking disabled

- Insert Samples number (minimum number of dots when filtering starts):

Spot filtering (-} collapse

Samples number (1..710) 3

Max. distance between updates, m (0.1..2.5) 1.0

Filtering during tracking disabled |

Insert Max. distance between updates (maximum distance between points):

- Enable Filtering during tracking, for filtering when device moves.

°m)Marvelmlncl
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9.12.2. Window of averaging (NIA only)

Sliding window size averaging the position of mobile beacons.

How to use:

- Choose Modem when it connected to PC and insert Sliding window size in

Window of averaging bar:

Radio channel 0

Device address (1..254) 1

Long time sleep disabled

Window of averaging (0..16) 0 |
Digtance filter (0..16) 0

Notice, when this feature is on, latency increases.
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9.13. Submap Settings

Every submap has its own settings.

/I Which beacon will have oriain (0; 0; 0) coordinates

Starting beacon trilateration (0..255) 0

Starting set of beacons 60; 61:0:0
30 navigation enabled
Only far £ coordinate disabled
Hedges height in 200 mode, m (-320.00..320.00) | 0.00

Limitation distances

service zone based

Maximum distance, m (1..120)

30

Service zone thickness, m (-320.00..320.00)

10.00

Submap X shift, m (-320.00..320.00)

0.00

Submap Y shift, m (-320.00..320.00)

0.00

Submap Z shift, m (-320.00..320.00)

0.00

Submap rotation, degrees (-360.00..360.00)

0.00

Plane rotation X, degrees (-360.00..360.00)

0.00

Plane rotation ', degrees (-360.00..360.0:0)

0.00

Plane rotation £, degrees (-360.00..360.0:0)

0.00

Stationany beacaons visible

enabled

Service zone visible

enabled

/i Addresses of beacons which are buildina this submap
/i 3D (X; Y: Z) Trackina mode for this submap

/| To enable “Vertical submap for stable Z” confiquration
/i Height of hedaes for “Vertical submap for stable Z”

/| Maximum measuring distance limitation mode

/I Maximum measuring distance between stationary and mobile

/| Service zone thickness value in meters

__—1 submap X shift value in meters

/i Submap Y shift value in meters

__—1 submap z shift value in meters

/i Submap rotation value in dearees

/| Plane rotation, X value (“Vertical submaps for stable Z”)
/i Plane rotation, Y value (“Vertical submaps for stable Z”)
/| Plane rotation, Z value (“Vertical submaps for stable Z”)
__—1 Visibilitv of stationarv beacons (Only displavina settina)

/| Visibility of service zones (Only displavina settina)

For example, to correspond your submap to a certain floor you need to adjust the height:

- Left click on the submap icon to open the settings-

- Change Submap Z shift value

Read all Write all

Starting beacon trilateration (0..255)

Starting set of beacons

3D navigation

Only for Z coordinate

Limitation distances

Maximum distance, m (1..100)

Submap X shift, m (-320.00..320.00)

Submap Y shift, m (-320.00..320.00)

Submap Z shift, m (-320.00..320.00)

Submap rotation, degrees (-360.00..360.00)

Plane rotation ¥, degrees (-360.00..360.00)

Plane rotation Y, degrees (-360.00..360.00)

Plane rotation £, degrees (-360.00..360.00)

Service zone thickness, m (-320.00. 320.00)

Hedges height in 20 mode, m (-320.00..320.00)

1]

0; 0:0:0
enabled
dizabled
manual
30

0.00
0.00
16.00
0.00
0.00
0.00
0.00
0.00
1.85
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9.14. Axis rotation feature (FN0O002)

9.14.1. General view

Axis extension enables rotation of the map. There are 90° gaps between views. It helps in
case of multifloor tracking when it is important to have a side view.

There are 3 directions of view:

- To change view, click on the icon

9.14.2. Examples of view:
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9.15. Vertical submaps feature (FNO003)

Vertical submap is a new feature for drone flights or some other specific cases. It gives
the user an opportunity to get solid Z data for vertical movement

- Example: The drone flight
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9.15.1. How to build vertical submap for stable Z:

9.15.1.1.

9.15.1.2.

9.15.1.3.

9.15.1.4.

9.15.1.5.

9.15.1.6.

9.15.1.7.

9.15.1.8.

9.15.1.9.

9.15.1.10.

9.15.1.11.

9.15.1.12.

209

For this configuration you need 6 stationary beacons

Place 4 beacons on the ground, facing each other. (make a square,
where the edge points are beacons, looking in the center)

Place two beacons high on a wall

Turn on RX4 only for beacons on the ground and RX4 and RX2 for

beacons on the wall

Build the first submap (horizontal) consisting of all ground beacons

Change Limitation distance to manual and input the value in the

submap’s settings

Read all Write all

Starting beacon tril ion (0..255)

Starting set of beacons

3D navigation

0

6 7.0:0
enabled

Only for Z coordinate

Limitation-distancs

‘Mesimum distance, m (1.100)

manual
12

Submap X shift, m (-320.00..320.00)

Submap  shift, m (-320.00..320.00)

Submap Z shift, m (-320.00..320.00)

Submap rotation, degrees (-360.00..360.00)

Plane rotation X, degrees {-360.00..360.00)

Plane rotation Y, degrees {-360.00..360.00)

Plane rotation Z, degrees (-360.00..360.00)

Service zone thickness, m (-320.00..320.00)

Hedges height in 2D mode. m (-320.00..320.00)

Freeze and lock it

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

|' | freeze submap

unfreeze submap

Build the second submap (vertical) horizontally consisting of two wall
beacons and two ground beacons (neighboring with wall beacons)

Now, freeze it

Press axis rotation button

Pl
N

Click on the axis you want to rotate your submap along (when you point
the cursor on the axis, it became visible and pink-colored)

Hile

Enter the corner value (90° usually)

Enter rotation angle

|

oK

Cancel

#ki
L
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9.15.1.13. Choose submap 2 and enable “Only for Z coordinates” mode

Read all Write all
Starting beacon trilateration {0..255) 0
Starting set of beacons 0; 0:0.0
3D navigation enabled
Only for Z coordinate enabled
Limitation distances manual
Maximum distance, m (1..100) 25
Submap X shift, m {-320.00..320.00) 0.00
Submap Y shift, m {-320.00..320.00) 0.00
Submap Z shift, m {-320.00..320.00) 0.00
Submap rotation, degrees (-360.00..360.00) 0.00
Plane rotation X, degrees (-360.00..360.00) -88.24
Plane rotation ', degrees (-360.00..360.00) 115
Plane rotation Z, degrees (-360.00..260.00) 057
Service zone thickness, m (-320.00..320.00) 0.00
Hedges height in 20 mode, m (-320.00..320.00) | 0.00

9.15.1.14. Change Limitation distance value

Read all Write all
Starting beacon trilateration {0..255) 0
Starting set of beacons & 7.0:0
3D navigation enabled
Only for £ coordinate enabled
Limitation distances manual
Maxdimum distance, m (1..100)
Submap X shift, m (-320.00..320.00) 0.00
Submap Y shift, m (-320.00..320.00) 0.00
Submap Z shift, m (-320.00..320.00) 0.00
Submap rotation, degrees (-360.00..360.00) 0.00
Plane rotation X, degrees (-360.00..360.00) 0.00
Plane rotation Y, degrees {-360.00..360.00) 0.00
Plane rotation Z, degrees (-360.00..360.00) 0.00
Service zone thickness, m (-320.00..320.00) 0.00
Hedges height in 2D mode, m {-320.00..320.00) | 0.00

9.15.1.16. Wake up mobile beacon

9.15.1.17. Track

9.15.1.15. Change views and check the map
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9.16. Submaps feature (FN0O004)

. Nose shows direction of the
_tracking zone

st s I
=0 000 ¥=0.000
WU

2D submap example

Submaps is a very powerful feature that allows building large maps (full business center,
factory, warehouse with total area of 10,000..300,000 or more) based on smaller
submaps (30..1000m?2).

A submap is a part of the map. It includes a subset of used beacons covering part of
the navigation area. Current version of Marvelmind system can include up to 10
submaps. Please also check our help video.

mMarvelmlnd
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https://www.youtube.com/watch?v=FXvlDZkxkUU

9.16.1. Starting submaps

Hedgehogs do not belong to any submap and can move between sub-map areas.
Hedgehogs can be served by multiple submaps at the same time. By default, the map
consists of a single submap (Submap0)

9.16.1.1. After adding new beacons to the system (waking them up), they appear
in the first not frozen submap or in SubmapoO if all beacons are frozen
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9.16.1.2. Pressing the “+” button will add a new empty submap to the system

9.16.1.3. Press the button with the submap number (Submap0, Submapl etc.) -
select the corresponding submap
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9.16.1.4. In this state, if the modem button is pushed, the list of parameters on the
right side represents some of the parameters of the selected submap, for
example, “Starting beacon trilateration,” “Starting set of beacons,” etc.

9.16.1.5. The system after adding beacons to the Submap0, adding new submap
and the selection of Submap0

mMarvelmlnd
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9.16.1.6.

9.16.1.7.

Now we have 4 beacons, all in Submap0 (it can be seen near the table
of distances)

With the submap selected, the context menu of beacons buttons
(available by right clicking) have the functions of adding and removing

D Dashboard - robots management V7.

File . View
) marvelimind
robotics

Swream osprure

9.16.1.8.

9.16.1.9.

9.16.1.10.

9.16.1.11.

Firware Licenses  Help

e
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Freeze maj
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40 m] m] (m] e (W] 0 m] o 0o o (] i | 1] w| | Ensamap new -

tﬁe beacons from the suibmab. In the picture above, we are removing
beacon 3 from Submap0.” Then we switch to Submapl and add this
beacon to the submap

When the submap is selected, the beacons that do not belong to the
submap are colored gray. In the same way, continue with removing
beacon 10 from Submap0 and adding it to Submapl

Now there are two beacons in Submap1, so this submap is built.
“Submap 0” is built as well. Now we can freeze both submaps

Pressing the “freeze map” button when the submap is selected will only
freeze the selected submap. Pressing the “freeze map” button when the
modem button is selected will freeze all submaps.

Now we have two good submaps, but they are not correctly located
relative to each other. On the right side exist the parameters of shift and
rotation for the selected submap; they can be filled in by hands. But a
more user friendly way is to drag and drop the selected submap using
the mouse and holding down the CTRL button.
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9.16.1.12. Rotation of submap can be executed by using the mouse wheel. The

mirroring button can also be used; it affects only submaps that are
selected

D Dashbosrd - rebots management ¥743 uhirmate
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. After some movement, rotation, and mirroring of submaps, we can

locate the submaps close to their real relative location

Now the system is ready to use; we can wake up and track the mobile
hedgehog

In some cases, the hedgehog can be lost between the submaps if this
area is not covered by any of the submaps.

Submaps can be removed from the system by using the context menu of
the submap selection button (available with a right click)

M1/M2 parameter used for precise superposing submaps which do not
have common beacons. This means that submaps cannot be aligned
automatically

To align submaps:

- Build the system like in previous instruction
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Put M2 in mode on by clicking the icon. Place the hedgehog near the boundary
between two submaps. You will see 2 red hedgehogs blinking, this is how the
hedge is seen in two submaps
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To align submaps correctly (CTRL + scroll/drag) against each other, until the red
mobile beacons are fully overlapped

Replace hedgehog to 1 or 2 points and repeat replacing submap for better
superposing
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The next step is to set Service zones, which are zones where tracking is
possible. If a mobile beacon is out of a service zone it cannot be tracked. If you
built a complicated map, you have to make service zones correctly. Service
zones must be crossing in order to provide correct and glide tracking.
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9.16.2. How to create a service zone:

9.16.2.1. Choose submap (click on the submap icon).

one | €%
=-III
| o S N I ]

WdoorGPS | [ wes|[]  Owesstt|[]  Ceveere|[]  Gessa|[]  Gever
Connected: COM3T X 10936, ¥; -5.337

9.16.2.2. Use SHIFT + Left click on the map to create point.

—/\

—

9.16.2.3. Use SHIFT + Left click on the point to delete it.

9.16.2.4. Use Right click on the point and choose “Clear all points” to delete
service zone

Select floorplan
Glue floorplan to ether

Set floorplan scale by two points
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9.16.2.5. Put points around submap, move them to provide service area for
current submap. Service areas will cross each other. If hedgehogs get
lost between two submaps expand the service area.
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- How to define and edit service zones - How to define and edit service zones,
full instruction

- Help: submaps, service zones, handover zones - This is a long and detailed
video giving explanations on:

- Whatis a submap
- What is a service zone
- What is a handover zone

- How to build larger maps easily and successfully — many practical
advises
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https://youtu.be/oeJjPH-y70c
https://youtu.be/kT2EotFT2I4

9.17. Handover Zones Setting

User must setup handover zones between submaps to guarantee handover quality for
complex maps with multi-floor and similar.

How to setup handover zones:

- Choose any submap

File Language View Firmware Help

<

FRR e

g L 2

Connecte d: COM3 21,853, ¥: 12648 0 55total, Ofailed (0%)

- Use Alt + Left Click on the other submap’s service zone border (neighboring)

- Now, neighboring service zones are colored with green (dark green for chosen submap
and light green for neighboring submaps)

File Langusge View Fimware Help

«

h T

}leglllllllllllllIIIIIIIIIZIIIIIIIIIIIIZ 506506 00500|h00006000606560a06000065065650050006500060650600660080005060065600000:¢

Connected: COM3 X: 23750, Y: 12,859

--E-33333333335 ::::::::;::lf,,wwwm;\mm~m;~w~~~~33333-’533353.2.3
/ﬁmﬂ, 0 failed (0%)

Alt + Left click
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9.18. Paired beacons (FN0OOO5)

Two hedgehogs can be paired and work together as a single beacon without update
rate reduction. In this case you get mot only location, but direction too.

Sub_0
X000 xes102
Y000 ¥=0.000
2200 2200
Rotost| ] Robosa|[]  mocosss|[]  meworss| ] Robes7|[] movorss| [ Rocows|[] meonoo| [ moverot| [ Roworee| [ Recowoa| [ Roverrod] E [
e e ] | e | e | e o | o e e E e

39, ¥: 1M Rate: 3.4 Hz 1

175 total, 0 failed (0%)

Moreover, each beacon streams out in this mode not only its own location, but direction
where the pair is facing. This feature hugely simplifies autonomous driving and flight.
Here is an updated protocol with the changes.

Please, also check our help video.

How to pair beacons:

9.18.1.

If you want to pair beacons via UART then connect Super Beacons with

cable from USART_TX of the Following beacon by address to USART_RX of
the Leading beacon by address and from GND to GND of each beacon (Note:
Look at the pictures below and chapter 8). Only applicable to NIA

Leading Beacon (by address):

SPI1_SCK1

VCCA

USART2_TX1

MIC2_data

MIC3_data /
PPS

MIC_clock

MIC4_data
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Following Beacon (by address):
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https://marvelmind.com/pics/marvelmind_interfaces.pdf
https://www.youtube.com/watch?v=aBWUALT3WTQ

9.18.2. If you want to pair beacons via Radio do not connect beacons via anything
and change “Communication in pair” on “via radio” later after point 9.17.1

Switch OFF Real Time player before setting up of the beacons pair. Real time
player smooths a tracking what can strongly affect tracking of paired beacons.

9.18.3. Wake up one of the beacons from the pair and achieve a perfect tracking
for a path (do not forget to freeze submap before tracking). If tracking is
perfect, put this beacon to the sleeping mode and move to another beacon
from the pair.
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9.18.4. Wake up a beacon and repeat the same path, that been pass with the
first beacon. If everything is good, move to the next step.
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9.18.5. Wake up both beacons, do not pair them yet. Repeat the same path for
both beacons. If tracking is good, pair the beacons.
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Ilm
H

Beacons must be at least 20 cm apart. The farther the beacons are from each
other, the more accurate the angle. Also if beacons are so close to each other it's
better to connect it via UART, to avoid issues with tracking.

9.18.6. Choose one beacon and go to “Pairing mode” parameter and activate
Pairing mode:

Hedgehogs pairing [-) collapse
I Pairing mode no pairing

9.18.7. Choose “via radio” in Communication in pair.

Hedgehogs paiing () collapse
Pairing mode pair
Address of paired hedage (1..255) 1

Location againist center |eft

Base of the pair, cm (1..2558) 10

ML fusion for angle

Send location of center

ICommunicatinn in pair

°Q])Marvelmlncl
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9.18.8. Write the “Address of paired beacon” , means number of the beacon,

current selected hedgehog is paired with:

Hedgehogs pairing {-) collapse

Pairing mode pair

Address of paired hedge (1..255) 109 |
Location againist center |eft

Base of the pair, cm (1..255) 10

IMLI fusion for angle enabled

Send location of center enabled

Communication in pair via radio

9.18.9. Now choose location against center in parameters relatively the second

beacon:

Hedgehogs pairing i-) collapse

Pairing mode pair

Address of paired hedge (1..255) 109

Location againist center left I
Base of the pair, cm (1..255) 10

MU fusion for angle enabled

Send location of center enabled

Communication in pair via radio

9.18.10. Goto “Base of the pair” parameter and write actual distance between

paired hedgehogs:

9.18.11. Check that all settings are the same for paired beacon (except Location

against center):

Hedgehogs pairing

| I:Iedgehugé pairing

|-} collapse
(-} collapse

_ Pairing mode

pair

Address of paired hedge (1..255)

10

Location againist center

right

_ Base of the pair, cm (1..255)

30

_ IMU fugion for angle

enabled

Send location of center

enabled

Communication in pair

via radio

°Q])Marvelmlncl
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9.18.12.

9.18.13.

Freeze a Map:

T ¥EE

I x

Pairing completed successfully:

Tt
HO

3
B
é |
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B
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9.19. Paired microphones

You can also connect additional microphone and turn on “Paired microphones” mode
to get the direction without taking a second beacon (Only for IA).

How to pair microphones:

9.19.1.

Choose beacon in the beacon panel

9.19.2. Turn on the microphone which you connected additionally
9.19.3. Open “Hedgehogs pairing”
9.19.4. Enter to “Address of paired hedge” address of the beacon which you are
setting up
Hedgehogs pairing

Pairing mode pair

Address of paired hedge (1..255) 200

Location againist center left

Base of the pair, cm (1..255) 10

IMU fusion for angle enabled

Send location of center enabled

Communication in pair n/a

°Q])Marvelmlncl
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9.20. Map settings

Map Settings offer some helpful tools:

- Save map — saves map as .ini file into Dashboard folder/maps
- Load map - loads map from .ini format file
- Erase map — erases map and clears it

Save map Load map

Eraze map

cm)Marvelmlnd
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9.21. Background color

Starting from v6.200 Dashboard supports background color change.

This is a small feature that helps make tracking look better. If you uploaded a floorplan
and it is white, you can tune Dashboard’s background color to make it suit.

How to choose background color:

- Load floorplan

% ' 2
= ' -
2 | :
=
° .
» ] Wmarvelmind .
- i , robotics
_ S —— — E—— —
- Right click on the background
e 1 | | | G :
= ‘ "
| : %
3 %
» il A Marvelmind
i : robotics

4] N [ [ v S| Sl [t | e’ | it [ v | Sl + |

°Q])Marvelmlncl

226 .
robotics



- Choose color and press “OK”
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- Color applied. Now, background matches floorplan
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9.22. Hedge color change (FNOOO6)

If you have multiple mobile beacons, you can give each one its own color to make them
recognizable on the map

File Language View Firmware Help
) marveimind N5 (V519 _ton i Udate irmware. " | Rl ] | Wit it
roboties 114 (V5.79) - too old. Update firmware. v |[crup Copyto clipboard || 000000 ~
4 A Max. deviation for case, cm (0. 20000) 40
A Max_condtional deviation, om (0.20000) 100
@ Max triangle deviation, om (0.20000) )
Location update rate 16 H
Updete ete speedip none
Maamum speed. m/s (0.1.60.0) 50
Pawer save functons disabled
Vindow of avereging (0.16) ]
‘ Distancs fiter 0.16) s
Advanced settngs
Dots sizemode | poors| N . Hedgehog mode
defout ~ High resalion mods fmm) disabled
o . Aocept rewswoken deviees disabled
nverse system
CIEZDCEEED Distznces only mode
Reaktine Player Supply volage. V
Backward Forward High volage, V
Supply voltage malor, V 000
Desired speed, %{0.100) )
Speed base. /s 2000
2 Curent speed. cm/s 00
= Height, m (-320.000..320.000) 0000
e Height m (320.000..320.000) 0000
Peak curert, A 000
Peak curent of mators, A 0000
«4 Protection by motors current
7.4V battery > USB ensbed
Al P | tiaed svery. am 00
o Time to discharge. h 00
Time from reset, hams
Ful - 2018.09.12, 15:24:53 517 Temperature of air, °C (-20..60) 23
. . Messured temperature, T
— m = ¥ =
device 1 =z device 2 device 4 == device & device 7 device 8 device 9 device 10 Savemap| | Load map ISR A O e
Reset Sieep | [Wake up | [ Tmesyne | zew iU
woenti |y etz |y sevwers L] | [y Sy | ey [ I [E—— Ernse o T o] R [ e o
No plug X: 17,63, ¥: -5.62 0 Ototal 0failed (0%)
How to change hedgehog color:
- Right click on the hedge in the list of devices -> Setup color
File Longusge View Firmwsre Help
§ .
QU Marvelmind C e | e
114 (V5.79) - too old. Update firmware. v | cPun Copy to clipboard || 000000 ~
o4 A Max. deviaton for case. om (0.20000) )
A Max. condtional deviation, om (0..20000) 100
C Max_ riangle deviation, cm (0.20000) 3
Location update rate 16 Hz
Update rate speedup none
Maimum speed, mvs (0.1.60.0) 50
Power save funclions disabled
clarmap Window of averaging (0-16) []
e . Distanos fiter (0.16) 8
5 Advanced setings
Dotz szomode  piors| [ HIEE . Hedgehog mode
detaut % High resolution mode mm) dissbled
T - Accept newnoken devices disabled
Inverse system
ficezieciecn Distances only mode
Real.time Player Supply voltage, V
ackwardForward Py
Supply vokage motors. V. 00
Desied speed. % (0.100) 1
Speed base, amis 2000
Curert speed, cmis 0o
Bn Heght. m (320.000.320.000) [0
= Height, m (-320.000..320.000) 0000
Pesk ourent, A 0000
Pesk cunent of motors, A 0.000
e« Protection by motors curnt
74V battey ==> USB ensbled
Al PP | Mo snery. A 00
phooe Remove from network T o oo L0
Time from reset, hams
] Setup movement path 2018.09 12, 15:24:34 705 Temperature of air. C (-20_60) 21
. I Upload zones W Measured temperature, C
evice ! I
Manual setup coordinates EJ ¥ —= | RsSl.dBm
device 1 e S:,jp coler — hedues device & device 7 device & device 8 device 10 Savemap | Load map ol i o ~
Reset 1900 [WaKapA [T reas gl
devics 11 device 12 device 13 oot devics 15 device 16 device 17 device 18 device 19 device 20 Erase map LT TcrL] [Betpsieep] [ o Reset IMU
No plug X: 640, Y: 675 0 Ototal Ofailed (0%)
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File Langusge View Fisrware _Help

Choose any color which suits you and press OK

o x 42 (V.79 100 . Updte firmeare. = ]
(V.70 100 ok, Uidate firmneare.
Ocvomes oo 0 | (V5.79) - 100 ol Updiste fimmveare. == oo obond
ECrEET N A M derson forcase. o 1.20000)
ErfEE .. A * | Mac condionl devisbon cm 0.200000 |
EEFEEEER W trange devaton, zm [0 20000,
ENEEEEENR 4 Locaion updste rate
EEEEEEEN L e
EEEE i s 01,600 50
Powersaet irvctors ansbig
DononuTensse et ‘Window of aversgng (0 16) 0
EEEEEEEEN Datance fer (16 8
=i 1 Il | Joim = EESETI—— |
KerrpacT: L
B foerSame=s foracn{120] Ows0 | Foh esoknon mase ) anabied
[ ] ome Lotaners avaton Soeept nem rcken devioes asbled
Freeze screen e g
EAResime P Suop votage. v
SactwaraForwars B
o Suply vokage metors. ¥ 000
Deswed ooed. % 0100 E)
Specdbose, omis 200
‘ Cumert speed. cm/s 00
frr]
] Heght.m (220000, 320000 o000
b Heght m (320,000, 320.000) 0000
Pook ot 0000
Peak cumert of mators A 0.000
e« A Prtection by motoms cuert
7 by > USB enstied
- . PP Diseww [0)
= Trme 1o dachonge,h 00
. . L T from eeet hms
] - 2018.09.12, 15:24:34.705 Tenpeature o ar. C (20,60 E
o ) ¥ eant
e ¥
By b GGl | Seee)| G| G| S| 5o T
G e |G ez g s | I e g o [ ewenr | sk o sween | aweem | oo T [C) [ [ oiea et
No plug  -5.96, Vi -546 0 Ototal Ofailed ©%)
Now, the hedgehog and its tracking path will be colored
File Language View Firmware Help
U marvelmind B o ||
= 14 (V5.79) (00 0ld. Update firmare- o o T Comyto cipbond [ 300 -
- A Manx. deviation for case. cm (0.20000) @
A Ve condiional devision, om (0.20000) 100
G Max. triangle deviation, cm (0..20000) 30
Locaton pdte e ToHe
Updato e spoecp none
Mapimum speed. m/s (0.1..60.0) 50
=] Vidow of averaging 0.16) 0
500
I@ High resolution mode {nm) disabled
Accept new/woken devices disabled
. Inverse system
Do oy moie
eal-time Player Supply voltage. V'
wardForward o]
E Ik Supoy votage mlon.V )
- Desired speed. % (0.100) 30
Spesdbase,cms 200
2 Current speed. cm/s 00
5% Height m (320.000..320.000) 0000
= Foight.m (320000.320.000) [T
Peak curet. A [0
Peak curntof motors, A 0000
<< Protection by motors current
74Vbatey ==> USE enabled
>> Utized energy, AT 00
Timeto dscharge.h 00
Time fom reset,hims
- 2018.09.12, 15:24:53.517 Temperature of air, C (-20..60) 2
Wessurdtempertur, T
« .- =
evice e evice evice e evice evice evice evice evice - Ll i =
devie 1 device device 4 doveces devest devices devces devics 10 o ==
device 11 device 12 device 13 E ] device 15 device 16 device 17 device 18 device 19 device 20 ) Reset IMU
No plug X173, Y: 552 0 0total, Ofled 0%)
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9.23. Payload streaming (FNOO0Q7)

Mobile beacon streaming user payload to modem. See the table with speed vs. payload

All measurements were made with update rate setting 16 Hz. Real update rate

is limited by distance, radio profile and payload data size.

Additionally, with the MMSWO0O0O5 license the hedgehog payload is recorded in

CSV format.

Dashboard - robots management ¥5.47 ultimate
File Lanouane | Yiew Firmware Substrats Help

aan Marve Table of distances

Oscilloscope
n-channel oscilloscope

S-channel self-osciloscope
Scan channels pairs
Ultrasound self calibration
Bearons clocks calbration
Accelerometer data
Accelsrometser calibration
Gyroscope data
Compass data (%Y axzis)
w Ultrasound sand
clear map  » Symbolic dashboard
Dots trmeout Obstacles on map
ot e

Extrapolate hedgehog position
CEEREE it of beacons in network

User payload data

v Advanced mods

»

[

Close: |

Pause | Clear |

16m

=101 %]
=T |
Hedgehog mads enabled
A Supply voltage, v 3.98
A Height, m [-10.000..10.000) 0.000
T Time from reset, homis 00:01:58 R
Meazured temperature, 'C 7
5 5. 6. 5 o 5 o 5 " | ASSL dBm 41
Open window for view payload data Carier frequency, MHz 433,400
- Device addiess (093] B4
Channel 1}
o o 5 . Mirirum threshald (-10..-2000) -50
X . || Parameters of radia
=10 . Ultrasound
IE| ’ " | Interfaces
UART speed. bps 500000
Pratocol on UART /USE autput M arvelmind
. Extemal device control No control
' " {_PA15 pin function USART RX ]
: || Raw inertial sensors data dizabled \
. - User payload data size (0.32)

Misc. settings

—

Hedgehogs paiing

User payload data size {coming
with system update rate)

UART receiver function should
be enabled to receive payload

| deviceBll |- deviceBZ | devies (3 F" '{,%dgfg#

r device BS r device BE r device B7 r device B2 |

=
2l save map Inad map
=i

B Erase map

data from user device

wo | e | whown | e |

[ crAL| cespses | defaur |
I =

System configuration

Radio profile, kbps

User payload | Real
data per | update
cycle, bytes rate, Hz

User
payload
maximum
data rate
(bytes per
second)

2 stationary beacons,
3 meters maximum distance

500 (FEC)

0

32 16

512

153 (FEC)

0

32 16

512

38.4 (FEC)

0

32 8

256

38.4 (no FEC)

0

32 13

416

4 stationary beacons,
11 meters distance

500 (FEC)

0

32 14

448

153 (FEC)

0

32 12

384

38.4 (FEC)

0

32

192

38.4 (no FEC)

0

32

288
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9.24. IMU feature (FNOOO0S8)

9.24.1. Setup IMU feature

Accelerometer calibration

Required:

- Starter set

- Hedgehog with IMU
- SW and firmware version 5.85 or newer
- Ultrasound Update rate 4Hz or higher

Before you start use the feature check whether accelerometer has been calibrated

- Check if hedge was not calibrated before. Was damaged or fall down

This function allows to increase data update rate received from ultrasound beacon with IMU due to
sensor fusion up to 100 Hz, using inertial sensors (accelerometer, gyroscope).

- Put hedgehog on a flat surface (antenna directs up) and connect to your PC. Run the

Dashboard

- Go to view => Accelerometer calibration in open window click autofill and clear table.

D Dashboard - robots management V5,62 ultimate

File Language

'Q]J Marvel
[

| clear map

Dots timeout

Ann,

- After all values will refresh. Next, click Pause (shift + space)

-

View Firmware Substrate Help

Table of distances
Oscilloscope

n-channel oscilloscope
5-channel self-oscilloscope
Scan channels pairs
Ultrasound self-calibration
Devices multitest

Beacons clocks calibration
Accelerometer data
MAccelerometer calibration

Gyroscope data

1D Accelerometer calibration

® ¥ z
hax -24 73 313
Min -24 ] 313
Delta 0 0 0
Zem 24 2 913
K

1 -24 2 913

Close

- O X

Reset

Calibrate

Save

Load

Clear table
zave line

pauze_button

() manual fill
(® auta fill

Mumber of averages

cm)Marvelmlnd
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Then take the beacon (hedgehog) and tilt it to each side towards the ground (about 6
times). Rotate a little. You need to achieve x y z values:

- When antenna directs down z = - 1000 => antenna directs up z = 1000

- So, one of the axis values always will be - + 1000. Others < 10 (preferably less 10,
but 25 is also permissible)

- Every time before calibrating the hedgehog click Pause

- Accelerometer calibrator will choose the best value for each axe. At the end click
Calibrate and close the window

- Calibration is needed to determine g value for each accelerometer axe

10 Accelerometer calibration — O X
b he 4 A

Max 1013 1023 ETl Reset

bin -1008 935 1140 Calibrate

Delta 2021 28 2051

Zern 2 14 114

K 0330 0.991 0975

18 -44 34 1126 Save

180 -1 25 1126

179 4 1@ 125 Load

178 -28 29 1123

177 -21 33 1124 Cloar table

176 44 133 1114

175 9 40 1131 zave line

174 -63 49 1120

173 -45 146 4112

172 -133 -14 1121 O manual il

17 73 £5 113 @ auto il

170 -85 43 1110

169 &7 2. 4120 MHumber of averages

168 -48 15 1124 v

Cloze

Start the system:

Setup the system as usual. It is described in paragraph Setting up the system.

After the ultrasound tracking has started, select the hedgehog in the Dashboard, go to
menu Interfaces (on the right) and enable Processed IMU data. After that, it is
recommended to bring the hedgehog to real estate and press the ZERO IMU button (right-
bottom) for additional sub-calibration of the gyro. After 5 seconds the hedgehog will begin
streaming the processed IMU data.

cm)Marvelmlnd
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9.24.2. Using Data in the Python Library Example

Description of the protocol for streaming data: (link)

To work with data, you need to use some ready-made library, or develop your own
software tools that can work with the described protocol.

Our company provides ready-made libraries for working with IMU in the following
languages:

- python (link)
- ¢ ++ (link)
- java (link)

An example with 3D imaging of a path on IMU with a frequency of 100Hz in real time,
here: https://marvelmind.com/pics/marvelmind-imu-tracker.zip

mMarvelmlnd
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https://marvelmind.com/pics/marvelmind-imu-tracker.zip

9.25. IMU axis positioning

Super-Beacon IMU axis positions

HW v4.9 IMU axis positions

234 Q) Marvelmind
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Mini-TX IMU axis positions

Mini-RX beacon IMU axis positions
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9.26. Player feature (FN0O0O09)

This function is used to view the distance passed, the flight of the copter, etc. The player
displays statistics on the maximum and average speed, the path traveled.

Starting with Dashboard v6.240, log files writes in .csv format

Fie

w

LLLLLLLE

B
3|

. 20200924, 134241051

L O | S [
20 T R R

[
=
=1l
il
£
[

How to use Player:

- Goto File=>Player

File | Lenguage View Firmware Licenses Help
Parameters
Hedgehogs logging
Player
Robots statistics.
Hedgehog buttons actions

Logs folder

Floorplans folder

Screenshots folder Log fle{2020_09_24_1340_hedgehags osv. I

Oscilloscape folder

20200924,13:40:12  [2020092¢,1427:40  [202008.24, 142740 |

Movement programs folder

Exit
Dots size mode I
default ~ 2020.09.24,12:40:12 2020.09.24, 14:27:40

s not
ave sereenshot =

Fresze screen

Reaktime Player oK

BackwardForward
[ E e

-
-
168

This is how the starting player menu looks like

Select log — opens save log file
Play — launch the playback

- Click Select log button and choose the file

10

s || waww || Twas | Zeit

ac
afa
Lt
Jc

- Now log is loaded. Important: for recording log file click Save map for saving all the
beacons locations and attaching all the beacons to the log. Log file also created while

Freeze map pressing.

236
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At the top of the player you can see 7 outputs:

Currently playing time

Select log file

Start Of Log tlme Log ﬂle:|2020 09_24 1340_ hedgelbgs.csv | / .
————& / End of Log time

2020.09.24, 13:40:12 2020.09.24, 14:27:40 2020.09.24, 14274

Start of Playback \ L/ End of Playback

2020.09.24, 13:40:12 2020.09.24, 14:27:40

Play/pause button \ Close player button
Play

OK

Limited area - distance between black triangles under slider. You can move triangles and
zoom, place cursor on the slider + mouse wheel. Triangles limit the area in which player
works and the statistics is calculated

237 Q) Marvelmind
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9.27. Real-time player feature (FN0O010)

Real-time player is a feature, which makes the tracking path smoother. As far as it looks
backward and forward it certain latency based on the selected parameters.

| 20 Bsard - eobors m - o x
Fle Lingusge Vi
) Marvelmind! TR T Vetechanges  Cancechangen
et
D Gy e | (5545
- A s | 7053 M 1 513
= A per— "
g o mon s I
Samiy e VAS 55 @
B e [P P P07
] e A I D S Y . . Do fomeet o
[ R e R e N :
p— o . Pt Gorea
s !
oom e o i . Redshey el e
0t Cames ey o o
i = . o chama u
. g == Onve abves 1550 i
=0 _Z B B D e s
. T w
el Deenen it -
T . B . . N R Rl P R 55 )
5 B 1] 2 Goand
—-t [ 2R @
[Ea) B L Lol .
(e )
“ag (B ] e e
Ll I [Dnfreeze map].
[0 - Urireezs sutmag
JE
DR D)
s o | trwrm s | e || Sew | vems | Tewome |G

u}

v [t e v [] L Comeee D

- Real-time player turned on by default

Reaktime Player
Backward Forward

s 1B

- You can turn it off
[ ] Reaktime Player
Backward Forward

RN €

if you need less delay

You can tune it whether you need:
Backward — amount of dots which player ‘looks’ backward to provide smooth tracking
Forward — amount of dots which player ‘looks’ forward to provide smooth tracking

Tracking examples:

- Real-time player turned off

I Desoonrs - ooty mpmagermest V1050 plmate
[Ty —p—

W marvelmind
oot

+
»

==m [Siiiiiiiiiiii
E== i i
=

b

— o o
! 4

.f"_“'-_._i.-..--.
{ o

% JUERAGECEDEDY H

[
i
0 -

— e
I C -0 o0 cedO s=rO = FE 0 ~=0 =] =0
w0 =0 ==l0 ==0 =0 =0_==0 == D 8]
[— ST 1410 Ot
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Real-time player turned on

F R —— p—

»»

e —
q marvelmind
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9.28. CSV format

Current Dashboard version supports additional timestamp. See the attached
screenshot, the UNIX time in milliseconds is the first value.

In each line comma separated values, CSV:

- - UNIX time in milliseconds (time since 1970.01.01)

- - time from previous record in milliseconds

- -time from running dashboard in milliseconds

- - address of hedgehog

- - X coordinate of hedgehog, meters

- - Y coordinate of hedgehog, meters

- - Zcoordinate of hedgehog, meters

- - address of stationary beacon

- -raw distance from hedgehog to stationary beacon, meters

The last pair (beacon address, distance) is repeated n times equal stationary beacons
quantity in the system.

1494780417562,16 ,12287484,10,5.643,-0.553,0.453,12,6.343,13,3.169,14,9.814,15,5.841,
1494780417609 ,47 ,12287531,10,5.643,-06.553,0.453,12,6.343,13,3.169,14,9.814,15,5.841,
1494780417625,16 ,12287547,10,5.643,-0.552,0.466,12,6.343,13,3.169,14,9.814,15,5.841,
1494780417687 ,62,12287609,10,5.643,-0.552,0.466,12,6.343,13,3.169,14,9.814,15,5.841,
1494780417703,16,12287625,10,5.643,-0.552,0.466,12,6.343,13,3.169,14,9.814,15,5.841,
1494780417703,0,12287625,108,5.643,-8.552,0.466,12,6.343,13,3.169,14,9.814,15,5.841,

1494780417750,47 ,12287672,108,5.646,-8.550,0.466,12,6.343,13,3.169,14,9.814,15,5.841,
1494780417812,62,12287734,108,5.646,-08.550,0.466,12,6.343,13,3.171,14,9.811,15,5.848,
1494780417812,0,12287734,10,5.646,-8.550,0.466,12,6.343,13,3.171,14,9.811,15,5.8480,

1494780417843,31,12287765,108,5.646,-0.550,0.466,12,6.343,13,3.171,14,9.811,15,5.848,
1494780417875,32,12287797,10,5.642,-0.553,0.466,12,6.343,13,3.171,14,9.811,15,5.848,
1494780417875,0,12287797,10,5.642,-0.553,0.466,12,6.343,13,3.171,14,9.811,15,5.848,

1494780417937,62,12287859,10,5.642,-0.553,0.466,12,6.347,13,3.172,14,9.813,15,5.837,
1494780417968,31,12287890,10,5.642,-0.553,0.466,12,6.347,13,3.172,14,9.813,15,5.837,
1494780418031,63,12287953,108,5.649,-08.551,0.466,12,6.338,13,3.171,14,9.813,15,5.843,
1494780418078,47,12288000,10,5.649,-08.551,0.466,12,6.338,13,3.171,14,9.813,15,5.843,
1494780418140,62,122880862,108,5.642,-08.553,0.466,12,6.338,13,3.171,14,9.813,15,5.843,
1494780418140,0,12288062,10,5.642,-08.553,0.466,12,6.338,13,3.171,14,9.813,15,5.843,

1494780418171,31,12288093,10,5.642,-0.553,0.466,12,6.463,13,3.169,14,9.813,15,5.837,
1494780418203,32,12288125,10,5.642,-0.553,0.466,12,6.463,13,3.169,14,9.813,15,5.837,
1494780418265,62,12288187,10,5.648,-0.551,0.459,12,6.463,13,3.169,14,9.813,15,5.837,
1494780418312,47,12288234,10,5.648,-0.551,0.459,12,6.345,13,3.172,14,9.813,15,5.844,
1494780418375,63,12288297,10,5.651,-0.549,0.459,12,6.345,13,3.172,14,9.813,15,5.844,
1494780418375,0,12288297,10,5.651,-0.549,0.459,12,6.345,13,3.172,14,9.813,15,5.844,

1494780418390,15,12288312,18,5.651,-8.549,0.459,12,6.346,13,3.171,14,9.812,15,5.846,
1494780418421,31,12288343,108,5.651,-0.549,0.459,12,6.346,13,3.171,14,9.812,15,5.846,
1494780418468 ,47,12288390,108,5.651,-0.549,0.459,12,6.346,13,3.171,14,9.812,15,5.846,
1494780418468,0,12288390,10,5.651,-0.549,0.459,12,6.346,13,3.171,14,9.812,15,5.846,

1494780418546,78 ,12288468,10,5.651,-0.552,0.459,12,6.346,13,3.175,14,9.812,15,5.846,
1494780418546,0,12288468,10,5.651,-0.552,0.459,12,6.346,13,3.175,14,9.812,15,5.846,

1494780418593 ,47,12288515,10,5.651,-06.552,0.459,12,6.346,13,3.175,14,9.812,15,5.846,

Unix time {time

< : Heggehog N10 Raw distances to stationary beacons:

since 1970.01.01 f fTime from X=15.651 m N12: 6.346 m !
in milliseconds), running Y= 0552 m N13: 3.175 m

dashboard Z=0459m N14: 9812 m
Time from {milliseconds) N15: 5.846 m
previous record,
milliseconds

Q) Marvelmind
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10.

Interfaces

Indoor “GPS” system supports many external interfaces that can feed measured
location data to an external system (robot, copter, VR, etc.).

There are two different ways to obtain the mobile beacons’ location data from the

system:

- From the mobile beacons
Each mobile beacon knows its own position and does not know the positions of the

other mobile beacons

- From modem/router
Knows position of every mobile beacon in the system

Data from the mobile beacons and from the modem can be obtained at the same time, if
necessary

Starting from software version v7.200 real-time timestamps are enabled by
default. If you need an old streaming format with local timestamps for
compatibility with older software, you can disable this option in the device settings
in the dashboard:

UART speed. bps

Protocol on UART/USE output

Raw distances data

Quality and extended location data

Telemetry stream

Telemetry interval, sec (1..255)

User payload packets number {0..31)

Alam pin function

Alam pin mode

PBE pin function

Streaming mode

Debugging data

5P| data output

500000
Marvelmind
disabled
dizabled
disabled
n/a

0
MMSWOD0E required
n/a

MNane
Normal
dizabled

n/a

Stream realtime timestamps

enabled

A list of the supported interfaces is shown below.

More information on the interfaces can be found here:
https://marvelmind.com/pics/marvelmind interfaces.pdf

* Mobile beacon: .

Supported interfaces

Integrated with:

— UART — Windows (PC & tablets)
— SPI — Linux
— Virtual UART via USB — MacO0sS
— NMEA — Android (beacon)
« Modem: — ROS (beacon)

— Raspberry (beacon)

UART

— Arduino (beacon)

SPI

— PixHawk (beacon)

Virtual UART via USB

« Sample code:
- C
— Python

°Q])Marvelmlncl
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10.1. Super-beacon external interface pinout top view

4x4 pinout for Super-Beacon:

. - External pins

@ - Internal solderable contacts

MIC2_data MIC3 data MICL_clock

SPI1_MISO1
SPI1_MOSI1
Q, USART2_RX1

SPI1_SCK1

VCCA

USART2_TX1

e
o

MIC4D MIC1C

GND

MIC2 data

MIC3_data / 12C1_SCL1

PPS

GND
MIC clock
VBAT

DAC

(=]
8

4x4 pinout for Super-Beacon-2:
@ - external pins
@ - Internal solderable contacts

SPI1_SCK1 m SPI1_MISO1
VCCA SPI1_MOSI1
@
g USART2_RX
USART2 TX1 s —RX1
s ookl
- = - a
MIC3_data / N - GND
PPS ~
ORCRCOKAC 12C1_SCL1
MIC2 data Dyl el Syl Syl
O O®
GND
o ]
MIC_clock 8 @ ORE
VBAT
MIC4_data

242 Q) marvelmind
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10.2. Beacon HW v4.9 external interface 4x4 pinout top view

Beacon HW v4.9 external interface 4x4 pinout

"9-/{2”; SPI1_MISO

spi1_cLk [N
>< BIMYeN

BAT+

, 4 Y .

243 Q) marvelmind
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GPIO 1

/

12C1_SCL

10.3. Modem HW v4.9 external interface pinout top view

USART2_TX

GPIO 2

ADC

DFU MODE

To turninto DFU mode
circuit these two pins

Not connect

Not connect

Not connect

Ground

Reset
Ground the pin

USART2_RX

SYNC_OUT

°Q])Marvelmmd
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Q 10.4. Mini-RX internal solderable pinouts (for experienced users only)

Use it only if you sure that you can solder it correctly
Do not forget to turn off the beacon with DIP-switches

If you solder bad and kill the beacon, Marvelmind team won’t be responsible for it

To get UART data streaming from beacon Mini-RX, you must solder to the pins on the

Mini-RX internal solderable pinouts

@ - Internal solderable contacts

USART2_RX

°Q])Marvelmmd
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11.

Advanced system settings and optimization

Start using advanced settings only when you are confident with the system.

If you run into trouble, connect the beacon or modem to the PC via USB and use the
DEFAULT button. It will upload “factory settings” to the board while keeping the device

address untracked.

Camier frequency, MHz

Device address (0..59)

Channel

Parameters of radio

Interfaces

Georeferencing

Limitation distances

Service areas visible

Service areas active

Submap X shift, m (-100.00..100.00)

Submap Y shift, m (-100.00..100.00)

Submap rotation, degrees (-360.00..360.00)

reset sleep wake up

l:l CTRL deep sleep default

433.400

auto
enabled
enabled
0.00
0.00
0.00

time sync

°Q]JMarvelmlncl
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11.1. Radio Profiles compatibility

In this section we present different HW versions of different products

Modem HW v4.9

Modem HW v5.1

Modem HW v5.1-3

Super-Modem

Super-Modem-2

Super-Modem-3

Beacon Mini-RX

Beacon Mini-RX-2

Beacon Mini-RX-3

Super-Beacon

Super-Beacon-2

Super-Beacon-3

Industrial Super-Beacon

Industrial Super-Beacon-2

Industrial Super-Beacon-3

Beacon HW v4.9

Beacon Mini-TX

100 Kbps |400 Kbps *

‘ Doesn’t Support**

|
ocertsppr | bosmtppar
|

|
ouert s | oot
|

|
ouert o | oot
|

‘ Doesn’t Support**

Doesn’t Support**

Doesn’t Support**

*400 kbps is used in Japan instead 500 kbps

*Won'’t be available, because of specific radio chip configuration

Doesn’t Support**

°Q])M:arvelmmd
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Examples of different configurations

Starter Sets consist of different devices, so you check what types of devices you have
and it will depend on which radio profiles you can use

Example 1 — Modem HW v5.1 and Super-Beacon-2

38 Kbps 100 Kbps 400 Kbps * 500 Kbps

Modem HW v5.1

Super-Beacon-2

From this table we can see that in this configuration you can use all profiles, because
both devices support them.

Example 2 — Modem HW v.5.1 and Super-Beacon-3

500 Kbps

100 Kbps 400 Kbps *

Modem HW v5.1

Doesn’t Support

Super-Beacon-3 Doesn’t Support

From this table we can see that in this configuration you can use 38 kbps and 100kbps
radio profiles, because Super-Beacon-3 doesn’t support 400 kbps and 500 kbps (Won't
be available, because of specific processor configuration).

Example 3 — Modem HW v.5.1-3 and Beacon Mini-RX-3

38 Kbps 153 Kbps 400 Kbps * 500 Kbps

Modem HW v5.1-3 Doesn’t Support Doesn’t Support

Beacon Mini-RX-3 Doesn’t Support Doesn’t Support

From this table we can see that in this configuration you can use 38 kbps and 100 kbps
radio profiles, because Modem HW v5.1-3 and Beacon Mini-RX-3 don’t support 400
kbps and 500 kbps (Won’t be available, because of specific processor configuration).

Example 4 — Modem HW v.5.1, Super-Beacon-2 and Beacon Mini-RX-3

38 Kbps [153 Kbps 400 Kbps * 500 Kbps

Modem HW v5.1

Super-Beacon-2

Beacon Mini-RX-3 Doesn’t Support | Doesn’t Support

From this table we can see that in this configuration you can use 38 kbps and 100 kbps
radio profiles, because Beacon Mini-RX-3 doesn’t support 400 kbps and 500 kbps
(Won't be available, because of specific processor configuration).

°Q])Marvelmmd
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@ 11.2. Wi-Fi settings for Super-Modem

You can use Wi-Fi for coordinate streaming to other PC. In this chapter we explain how
to do that.

11.2.1. Wi-Fi settings menu in Dashboard

When Super-Modem connected to PC via USB, expand “Wi-Fi/UDP settings” in settings

bar.
Wi-Fi/UDP settings Write
Wi-Fi
Wi-Fi network name faberge_DIR
Wi-Fi network password nmemmamees
Show password disabled
Wi-Fi reconnect timeout, sec (10..65000) 120
Wi-Fi R55I1, dBm n/a
Own |P address n/a
UDP destination IP address 152.168.1.101
LIDP destination port (0..65535) 49100
Enable Wi-Fi
Wi-Fi/UDP settings Write
Wi-Fi gdisabled I

Insert Wi-Fi network name and Wi-Fi network password of your wireless connection and

press “Write” button

Wi-Fi/UDP settings Write

Wi-Fi enabled

Wi-Fi network name TP-Link_27EB

Wi-Fi network password semmmaes ‘
Show password endbed
Wi-Fi reconnect timeout, sec (10..65000) 120

Wi-Fi R551, dBm n/a

Own IP address n/a

UDP destination |P address 192.168.1.101

LIDP destination port {0..65535) 495100

°Q])Marvelmlncl
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Wi-Fi/UDP settings

Write

After this, “Wi-Fi/UPD settings” bar turns to green and shows your network name.

Wi-Fi

enabled

Wi-Fi network name

TP-Link_27VEB

Wi-Fi network password

52268205

Show password

enabled

Wi-Fi reconnect timeout, sec (10..65000)

120

Wi-F R551, dBm

-0

Own |P address

192.168.1.104

LIDP destination |P address

192.168.1.101

LIDP destination part (0..65535)

43100

Insert UDP destination IP address and UDP destination port of device to which you will
stream coordinates and press write button.

Wi-Fi/UDP settings Write

Wi-Fi enabled

Wi-Fi network name TP-Link_#7EB
Wi-Fi network password 52268205
Show password enabled

Wi-Fi reconnect timeout, sec (10..65000) 120

Wi-Fi RS51, dBm -52

Own IP address 192.168.1.104
LIDP destination IP address 192.168.1.101
LIDP destination port (0..65535) 45100

Wi-Fi settings completed.

°Q]JMarvelmlncl
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11.2.2. Static IP

When Wi-Fi enabled, enable Static IP and wait around 10 sec:

Advanced settings (+) expand
[ Spot fitering disabled
Parameters of radio (#) expand
Uttrasound (+) expand
Imterfaces (+) expand
Georeferencing {#) expand
Wi-Fi/UDP settings Write

Wi-Fi enabled

Wi-Fi network name

faberge LTE_Z 4GHz

Wi-Fi network password

Show password disabled

Wi-Fi reconnect timeout, sec (10..65000) 120

Static IP Idisabled
Static |IP address n/a

Router IP address nfa

Wi-Fi RS5I, dBm -45

Own |P address 152.168.1.111
UDFP destination |P address 152.168.1.101

Enter IP address in IPv4 format (An IPv4 address has the following format: x .
X . X . X where x is called an octet and must be a decimal value between 0 and
255.) and IP address of router that using for Wi-Fi connection. Press Write

button:

Wi-Fi/UDP settings Write

Wi-Fi

Wi-Fi network name

Wi-Fi network pazsword

enabled
faberge LTE_Z 4GHz

Show password disabled

Wi-Fi reconnect timeout, sec (10..65000) 120

Static [P enabled
Static |P address

Router I address

Wi-Fi RS5I, dBm 43

Own IP address 192.168.1.111
UDP destination IP address 192.168.1.101
LIDP destination port (0..65535) 45100

°Q])Marvelmlncl
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Wi-FiUDP settings Write

Wi-Fi

Wi-Fi network name

Wi-Fi network password

If everything done correctly, Own IP address will change:

enabled
faberge_LTE_2 4GHz

Show password disabled

Wi-Fi reconnect timeout, sec (10..65000) 120

Static IP enabled

Static IP address 106.200.3.123
Router IP address 192.168.1.101
Wi-Fi RS51, dBm -47

Own P address 106.200.3.123
UDFP destination IP address 152.168.1.101
LIDP destination port (0..65535) 45100
Stationary beacons visible enabled
Service zones visible enabled
Service zones active enabled

Map grid visible enabled

Map axes visible enabled
Paired beacons angle visible dizabled
Beacons view nomal

Static IP settings completed.

°Q]JMarvelmlncl
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@ 11.3. Building big maps in Inverse Architecture (I1A)

o This chapter is applicable only for Inverse Architecture

Service zone Submap0

Submapl tab

SubmapO (beacon 10 + 11)

253

11.3.1. Introduction

In this chapter we described building big maps in IA. It has differences from classic NIA
map building because we have more than 1 ultrasonic frequency, and we need to make
sure that they do not interfere with each other. Please, read carefully.

A map is a system unit that includes submaps, stationary beacons and service zones
within which positioning of mobile beacons is ensured by ultrasonic signals from the
stationary beacons of this submap.

Handover zone (marked blue)

v Z;Cm
= oy [J Devices [ Devies? [J Devics & | Savemap || Losdmap
Beacon || Bescon | (IO ) veove | (] BN | ] et ‘ E

X: 1323, ¥: 2410 70 tftal, 2 failed (3%)

Submapl (beacon 11 + 12)

The main parameters of a submap are its size, frequencies and TDMA position of
stationary beacons, by which mobile beacons can not only be positioned, but also
determine in which submap the mobile beacon is located.

Check before start:

8 basic steps from unpacking to autonomous drive/flight

Step-by-step guide on how to build complex maps

Detailed explanation of complex map building:

Building submaps: Part 1

Building submaps: Part 2

/] Mobile beacon
_;.//‘1 Service zone Submapl

' /5)/\ Stationary beacon

°Q])Marvelmlncl
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https://marvelmind.com/how_to_use_and_integrate_indoor_positioning_system/
https://youtu.be/I-QdPkn6fxk
https://youtu.be/B5pPsCsZjB8
https://youtu.be/nCyp3wYZxak

11.3.2. TDMA sequence:

As far as we have only 5 ultrasonic frequencies, when we build big maps and when
ultrasonic signals may interrupt each other, we must use TDMA. In this case submaps that
cannot be used together will work alternately. Please notice that update rate falls by a
multiple of TDMA sequence. If you have 8Hz basic update rate without using TDMA, 3
TDMA sequences will make it 8/3Hz.

TDMA is the mode of sequential radiation, when for each stationary beacon the
number of the cycle in which it should emit and the number of cycles of radiation
after which these numbers are repeated is set

We have 3 TDMA types:
- Type 1- TDMA as NIA multiple beacons’ working algorithm

-  Type 2 - Full-overlapping TDMA (For better coverage in 2D). See more on
TDMA chapter

- Type 3 - TDMA for huge IA maps building (described below)

For building huge maps in IA, we need TDMA Type 3.

- Example 1:
2(j0, 2(j0, 2(j0, 2(j0, 2(j0, 2(j0, 2(j0,
19kHz(jo, T1, 31kHz(jo, T1, 45kHz(j0, T1 19kHz(j0, T2 31kHz(jo, T2, 45kHz(jo, T2 19kHz(jo, T2,
e | (Ommmmmmm ey I . | (= |
: Submap0 : : Submap2 : ! Submap3 : : Submap5 :
. . ! e e ! , e e !
31KHz(j0, T1) 45KHz(0, T1) 31kHz(j0, T2) 45kHZ(j0, T2)
4 I o y
The same frequency sets
The same jitter codes for beacons
Different TDMA seauence
W m Imind
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- Example 2:

For example, a 100x100 meter map in open-spaced area consists of 55 submaps,
the vertical rows of submaps are the same, but operate in different TDMA loops
using TDMA type 3. In this example we used different colors for every TDMA
position in sequence. TDMA 1(red) submaps emit first, TDMA 2(green) submaps
emit second, TDMA 3(blue) submaps emit third:

TDMA 1 TDMA 2 TDMA 3 TDMA 1 TDMA 2 TDMA 3 TDMA 1 TDMA 2 TDMA 3 TDMA 1 TDMA 2
y TokHz N @ 19kHz ~ N @ iokiz ~N @ TokHz N @ TokAz ~ N @ TokAz ~ N @ TokHz N @ IokAz Ny @ iokiz TN Q@) IokHz N @) IokHz

SMo SM5 SM30 SM35 SM45 SM50

1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
i i
GLITE=> (I 300RC>¢ (I3TE > (U 3T > (€ it N Wi
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
' :

1
1 1
1 1
1 1
1 1
sM1 SM6 smi1 | smi6 ! sMm21 SM26 SM31 SM36 SM41 SM46 SM51
1 1
1 1
1 1
: : | 1 J J
Qa5 % (Pl abiei % (Plaski 4 RLasiz_ s Qa4 LA % CLabde % Lk (L% (RLasdi_ % (Al ask )
1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1
sMm2 SM7 1 SM12 1 SM17 SM22 i SM27 1 SM32 SM37 1 sSM42 i SM47 SM52 |
1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1
: : : : : : :
@UITEZ X QU9 - QUiskaZ - QUISnz - QUivkiz X QUIgez X QLITEz X Qrisdz X QIR X @UITEZ N Qrisgiz >
1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1
SV} sms | sm13 |} sMm18 sm23 | sm28 | SM33 smss | sm43 | SM48 sMs3 |
1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1
i i i i i i i
X[ 30Ez "X V.'.Ez'ls'rE.'Jl L3k X (L 30z XY Cs'm"'_',l f.'s'ﬂsrtz"'_':{l [ 30z - V.':Tm"'.':‘l K.'s?EEi_ZI YC30KEz X r.';'z'@z'.',l
1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1
SM4 SM9 i SM14 SM19 SM24 i SM29 1 SM34 SM39 i SM44 i SM49 SM54 |
1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1
1) 25kHz 1) 2skHz J (1) 25kHz  J(1) 25kHz ) 25kHz (1) 25kHz  J (1) 25kHz 1) 25kHz (1) 25kHz  J(T) 25kHz @ 25kHz )
¥ - - " - S - ¥ - o - ¥ 4 " - ¥ - " 4 " - -

Moreover, the map consists of 6x11 = 66 stationary beacons, i.e. 11 beacons of each
of the frequencies combined into submaps: 19-31kHz, 31-45kHz, 45-19kHz, 19-
37kHz, 37-25kHz.
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11.3.3. TDMA Type 2 - Full-overlapping submaps

The steps below describe how to run IA with TDMA feature, which helps to improve the
tracking quality in complex situations.

Stationary Beacon v4.9 19KHz f\_ Submap 1’s service zone | Submap 1 (blue)
\ N\ /| (19KHz+31KHz)

Fully crossing service | o
zones \ f S = . """"""""""" A

.

Obstacles |— ||

Listening TDMA submap 1

Bad because of obstacles

d]

Mini-RX beacon (mobile} —__ ~~

Listening TDMA submap 2 |____ ‘*5 T~ ) 4
Good for tracking T — T 1
—— W% »

Stationary Beacon v4.9 19KHz |\ /| Stationary Beacon v4.9 31KHz

| =2

=
B{

/ AN
S ™
e | Submap 2 (red) (19KHz+31KHz)
Submap 2's service zone

Suitable for IA only. Use IA Software
Stationary beacons should have different frequencies
When you work with two TDMA submaps, update rate reduces twice.

11.3.4. Mount stationary beacons in according to the TDMA chapters in
Placement manual.

11.3.5. Wake up beacons included in Submap0. Enter the values in the table
“distance between beacons”, Freeze it. If necessary, set the shift, rotation,
height, etc. Draw a service zone (More info: Submaps feature description).

11.3.6. Wake up beacons included in Submapl. If the submap uses beacons
from other submaps, you must add them to the current one. Draw a service
zone, fully crossing with SubmapQ’s service zone.

256 Q) Marvelmind
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11.3.7. If submaps with the same set of frequencies intersect, it is necessary to

use TDMA. (This is the mode of sequential radiation, when for each
stationary beacon the number of the cycle in which it should emit and the
number of cycles of radiation after which these numbers are repeated is set)
For example, in the room there are beacons 19kHz, 45kHz and two 31kHz
and submaps respectively 19kHz+31kHz and 31kHz+45kHz both include
beacon 31kHz, therefore for all beacons the length of the TDMA sequence is
set to 2, while the position in the TDMA sequence for beacons in
19kHz+31kHz submap is set to 0, and for beacons in 31kHz+45kHz submap
is set to 1. As a result, the radiation of beacons in submaps occurs
sequentially, first 19kHz+31kHz submap, then 31kHz+45kHz submap. You
can also use absolutely the same set of frequencies in submaps (Submap0 =
19kHz+31kHz, Submapl = 19KHz+31KHz)
T Duty, % (1..59) 50

MNumber of perads-{1—H58}

TOMA sequence length (1..8) 1
" | TDMA position in zequence {0..7) i}

Amplifier limitation (calbrated) 4000
Amplification AGC

11.3.8. Activate mobile beacons.

11.3.9. Freeze the entire map. Now, you can work with it.

11.3.10. If you have any jumps, that can mean that you have wrong submaps’

positions. Unfreeze all and try to move it until you get their correct positions.

TDMA modes:

System supports two modes of TDMA:

Mode 1 (Adaptive): Hedge determines which submap sees it better at the
moment, and tracks in it. It can give better tracking, but in bad conditions, it
may cause mistracking

Mode 2 (Classic): Hedge tracks in two submaps one by one. It can give solid
50/50 tracking in conditions where one submap can’t see the hedge at all. After
measurements, Real-Time Player makes tracking smooth, filtering out
mistracking

Each mode has its pros and cons. Try them both and choose the best suiting for
your case.

cm)Marvelmlnd
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How to change modes:

Choose hedge
Go to Ultrasound -> TDMA mode

Left Click to change

Utrazound
Mode of work Marmal
Analog power in sleep enabled
Fower after transmission tum off
Transmitter mode YW
Frequency, Hz (100..65000) 31000
Duty, % (1..99) 55
Mumber of periods (1..100) 33
TOMA mode TOMA mode 1
Amplfication manual
Receiver amplifier (0. 40G5) 200
Time gain control disabled
Mode of threshold automatic
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Increasing update rate

The update frequency is affected by 2 main parameters:
1) Radio profiles
2) Room dimensions (tracking areas)
If you need to tune the update rate of tracking, do the following:

1) Radio profiles:

There are 3 radio profiles available: 38kbps, 153kbps, 500kbps:

- 38kbps is the slowest, but is able to cover a greater distance

- 153kbps - average speed, overcomes the average distance (default)

- 500kbps is the fastest, but works at a shorter distance

Accordingly, to raise the update rate, we recommend switching to 500kbps.
How to:

- Inthe settings bar of each device in the system (including modem), change the
Radio profile parameter to 500kbps (or any you need). It is situated in the
Dashboard, on the right side of the Dashboard screen.

Tip: Change the beacons’ profile before modem’s, in order not to lose your
beacons. It allows you to do it remotely

2) Room dimensions (tracking areas)

Update rate is also having linear dependence with tracking distance (distance
between stationary and mobile beacon):

- Longer distance — lower update rate
- Smaller distance — higher update rate

If you have room 10x10m, change maximum distance setting. This will limit the
system to the maximum measurement distance.

How to:
- Go to the submap settings (click on the submap icon)
- Change maximum distance value in meters (20 is a default)

Tip: Do not enter very small value, use 1-2 meter’s margin. Also, do not use 20
meters if you have small tracking area. Tune carefully.

Learn more here: How to increase location update rate?
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11.5. Reducing location update latency

Exact latency depends on many factors:

- IAorNIA

- From modem or from the beacon

- IMU sensor fusion or regular ultrasonic only

- Radio profile

- Realized update rate

- Any sort averaging or Real-time player enabled or not
The range is:

~ 12ms for data from a mobile beacon via USB with IMU fusion enabled and not
averaging at all

~ 150ms with 30m-submap and update rate in ultrasonic of 7Hz and not averaging

~ 2 seconds with the same settings as in (b), but Real-Time Player with settings 16, i.e. it
takes into account up to 16 previous readings before giving out the new one

What affects delay:

- Real Time Player in the Dashboard (For NIA)

Reaktime Player
Backward Forward

k|

- Real Time Player in hedge (For IA)

Realtime player disabled
Realtime player backwand (0..127) 3
Realtime player forward (0..127) 5
- Window of averaging and Distance filter settings in modem (For NIA)
Window of averaging (0..16) -
Distance fitter (0..16) 3

- Prefiltration coefficient and Ultrasonic filtering settings in hedge (For 1A)

Prefittration coefficient (0..127) |0

Ultrasonic fitering (0..255) | 40

How to decrease latency:

- Turn off the Real-Time Player (works for IA and NIA)

[ ] Real-time Player
Backward Forward

e

- Change the Window of averaging and Distance filter settings value to O (For
NIA):

- Choose Modem -> Window of averaging (in the right tab) -> Enter O value

- Choose Modem -> Distance filter (in the right tab) -> Enter 0 value
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- Change the Prefiltration coefficient and Ultrasonic filtering settings value to 0
(For 1A):

- Choose your mobile beacon. Go to Ultrasound -> Prefiltration coefficient ->
Enter 0 value

- Choose your mobile beacon. Go to Ultrasound -> Ultrasonic filtering ->
Enter 0 value

- Complete. Latency reduced

Learn more here: How to increase location update rate?
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11.6. How to Place Beacons

Avoid placing beacons on long sound-conducting objects

This is very rare but may happen under some special circumstances.

The best practice is to place beacons (stationary and mobile) in places that would not
result in the transfer of ultrasound energy from the beacon’s board/case directly to the

place it is
beacon to

attached via a medium other than air. For example, solid attachment of a
a long horizontal metal tube may result in the following:

Sound emitted from the beacon propagates directly to the metal tube.

Propagation losses inside metal are much smaller than in the air Moreover, the tube
may act as a low-loss waveguide.

If the tube is solid enough and long enough, there may be an unusual effect where
the receiving beacon receives the signal sooner than expected, i.e., sooner than the
distance divided by the speed of sound in air. That happens because the speed of
sound in metal is much higher than the speed of sound in the air. The ultrasound
signal may even look stronger than the real signal propagated through the air due to
the lower amount of losses of ultrasonic in metal than in the air.

It is good practice to place beacons on something relatively soft or something that
does not conduct sound.

Place beacons in a way that provides the proper ultrasonic coverage. It must be

one
ceili

beacon in the line of sight of minimum 2 beacons. Try to locate them under
ngs to avoid shadows, walls etc.

Optimal settings for stationary beacons in small and big rooms.

Use 30-50 ultrasonic pulses for larger places and the default 5 pulses for smaller
places.

Optimal settings for noisy environment.

There are several ways to reduce impact:

Mobile beacons can be placed very close to the source of noise without
harm, but stationary beacons should be placed further from the noise
because they are receiving the ultrasound, whereas the mobile beacon is
emitting the ultrasound.

Learn more about placing of the beacons here: How to increase accuracy of precise
indoor positioning system
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11.7. Using the Oscilloscope

- Monitor the ultrasonic signal from one beacon to another

to another

Dashboard.

Echo

External noises look
similarly. Thus,
choose the
ultrasonic
threshold below
this value, for
example, -500 to
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Use Dashboard => View => Oscilloscope to monitor ultrasonic signals from one beacon

It is a very powerful tool, because it also gives information on the background noise, level of
the signal, echo, etc. With this tool, it is easy to set up the proper ultrasonic threshold on the

Type the reference
beacon number
and press Enter
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11.8. Proper Ultrasonic Signal Detection

This chapter mostly related to HW v4.9 beacons. Super-Beacons, Industrial Super-
Beacons have high-power digital microphones for noise filtering and proper signal
detection. Anyway, if you have problems with signal detection, read this chapter no
matter which beacons do you use

These recommendations suitable only for NIA

Marvelmind Indoor Navigation System uses proprietary multi-frequency for ultrasonic
signal and employs additional filtering to combat external noise. This also makes the
system rather immune against the “usual suspects.” However, if the external noise is
too strong, its source is too close, or it’'s emitting a strong signal on frequencies close to
19, 25, 31, 37, 45kHz or white noise, the system functionality can be affected.

When external noise is high, identify the source. Usual sources include:
- Ultrasonic-based volume or movement detection alarm systems
- Other robots using ultrasonic
- Parktronics

- Sources of very strong white or impulse noise (air guns, air press, cutters,
vacuum cleaner, etc.)

- Rotors of drones/copters

The best things to do in this case:

- Identify the beacons that are affected. Usually, they are those that are the
closest to the source of noise. Try to reposition them

- Manually reduce the gain of the affected stationary beacons so that the signal
from the mobile beacon would have a 1000—-1800 amplitude. That would give
the best signal-to-noise ratio. Don’t make the gain too high. The noise will be
amplified, but the desired signal will be saturated and signal-to-noise ratio will
be poor

- Input distances between beacons manually. More information — Table of
distances

The gain settings may be very non-linear. There is almost no change at 4000 to
3000. But around 2500, the gain starts reducing very quickly (1200 — for some HW
versions). By setting the gain manually, it is possible to find the optimal gain to obtain
the highest signal to noise ratio so the system can work even in very challenging
external conditions.

When the map is formed, only the mobile beacon is emitting, whereas stationary
beacons are not. Thus, it does not matter how close the mobile beacon is to the
source of the noise. However, it matters how close the stationary beacons are to
those sources. Select the positions of the stationary beacons accordingly - place
them further away from the noise sources.
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11.9. Using hedgehog.log file

- The system automatically records all measured positions in the hedgehog.log file that is
stored in the same folder as the Dashboard.exe file

- The data is written in csv format; each line describes the position of one of the hedgehogs
at a certain moment

- The line format is described here.

265 Q) Marvelmind

robotics


https://marvelmind.com/forum/viewtopic.php?f=2&t=276&sid=ce615bd5bcda02554dc6aeae36f78816

11.10. System Accuracy Evaluation

Accuracy of distance measurement;

- Marvelmind navigation system can measure distances between beacons with
accuracy of +/- 2cm if correct ultrasound speed is used.

- The ultrasound speed depends on several factors: temperature, pressure, and
humidity. Other factors have an insignificant effect.

- The main factor is temperature. In temperature range of -20...+50 °C the speed of
ultrasound changes on about 0.6 m/ (s* °C). It gives distance error about (0.6 / 340)
*100% ~ 0.17%/ °C. So caused by incorrect temperature setting absolute error of
distance measurement is 0.17% of real distance between beacons. For example, with
distance 30 meters and 5 °C error, this gives 0.85%*30 ~ 0.25 meters’ error.
Marvelmind system allows to setup temperature of air in the system settings.

Accuracy of position measurement:

- Marvelmind system uses trilateration algorithm to calculate position by distances. The
inaccuracy of position calculation is related to inaccuracy of distances measurement
and to geometry of relative location of stationary and mobile beacons

- Basic trilateration formulas are given in this article:
https://en.wikipedia.org/wiki/Trilateration

- Asyou see, the position of mobile beacons X, Y, Z is calculated from positions of 3
stationary beacons which are set by values of d, i, j. One of the beacons was shifted
to (0,0) position to simplify formulas in the article. In formulas for X, Y we see d and j
in denominators. This means that with low values of d and j small error of this value
can cause significant position error

- Please see the picture of the beacons in the article - in more simple words, in means
that if one of three beacons is close to line connecting other two beacons, it gives
increased inaccuracy of locating mobile beacon

For example:

- assumed=10,i=5,j=0.1,r1=7,r2=7,1r3=4.8
- Wegetx=5,y=24375,z=4.25
- If we suppose that j=0.101 (0.1 cm error), we receive x= 5, y=-0.06, z= 4.89

- You see very large Y error

Another example for Z. Assume mobile beacon is relative close to plane of stationary
beacons:
- d=8,i=4,j=6,r1=5.02,r2=5.02, r3= 3.01

- This gives X=4, Y= 3.01169, Z= 0.36

- If we suppose r3= 3.0 (1 cm error), we receive X=4, Y= 3.016, Z= 0.44. Error
on Z is about 8 cm

Also, with r1=5, r2= 5, r3= 3, Z will be 0. As you see, low change of distances causes
large change of Z value near the plane.

Learn more about accuracy here: Absolute vs. relative accuracy
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11.11. Calibration of the accelerometer
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To calibrate an accelerometer on your beacon with IMU, you can do the following steps:

- Connect the mobile beacon via USB to the Dashboard

- Make sure that the beacon has IMU on board: open View / Accelerometer menu
and view / gyro data. In the presence of IMU graphics in these windows should
display the angular velocity and acceleration when moving the mobile beacon (turn it

in hands).

Close the window of the accelerometer and gyro data

- Open the calibration window: View / calibrate the accelerometer

Accelerometer calibration

=101 x|

% v z |
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When calibrating, it measures the data of the free fall (gravity of the Earth)
corresponding to each of the three axes X, Y, Z. The initial ones from these
calculations remember the correction shifts indicated in the table as "Zero" and the
correction factors indicated as "K"

The switch at the right bottom of the window should be in the AutoFill position

Before starting the calibration, click the Reset button at the top of the window -
zeroing the current calibration results

To calibrate: slowly, without jerking, manually turn the beacon in each of the 6 positions
and keep it still for 1-2 seconds:

- The starting position - the beacon lies on the table; the antenna is pointing
upwards (calibration Z +)

- The beacon is turned upside down, the antenna pointing down (calibration Z-)

- The beacon is on the end, the sensor RX1 is pointing towards the table
(calibration Y +)

- The beacon rests on the end, the RX3 sensor points toward the table
(calibration Y-)

- The beacon rests on the end, the RX2 sensor is directed towards the table
(calibration X +). In order not to interfere with the USB connector, the beacon
can be placed on the edge of the table, so that the cable hangs down

- The beacon rests on the end, the RX5 sensor points toward the table
(calibration X-)

In each measurement, the readings of the accelerometer are corrected by Zero and
K.

At the end of the measurement of 6 points 7.1 ... 7.6, in the serviceable
accelerometer Zero should be close to zero, and K close to 1, see the screenshot.
If not - check if you forgot any of the points 7.1 ... 7.6.

To save the results, click Calibrate.
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11.12. Settings to obtain correct north direction

In some cases, it is necessary to obtain a correct north orientation of the map for NMEA
output from Marvelmind system. For example, when using a Marvelmind mobile beacon
as the navigation data source for Pixhawk installed on a copter, correct north is required
for correct yaw control of the copter. The Marvelmind system cannot determine north
automatically, so the user should make corrections after building and freezing the map.

It can be done in one of two ways:

Option 1

- Rotate the Marvelmind map using the dashboard as shown on the screenshot below

- You can also view the video:
https://www.youtube.com/watch?v=AsYXrtg7aVU&feature=youtu.be
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Option 2

- Enter the angle correction (the angle shown on screenshot) on the Pixhawk side from

the Mission Planner of APM Planner
- Refer to the parameter "BCN_ORIENT_YAW":

http://ardupilot.org/copter/docs/parameters.html?highlight=bcn_orient_yaw
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11.13. Communication of Pixhawk with Marvelmind mobile beacon

The Marvelmind mobile beacon can be connected to Pixhawk (and to any other
hardware or software that inputs GPS according to the NMEAQ0183 protocaol).
The mobile beacon can send GPS data via UART and USB (virtual UART)
interfaces. For further explanation, please check out this document.

mMarvelmlnd
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11.14. Sending path to robot
You can send the path for your robot via Dashboard

- The dashboard sends request to modem via USB.
- Procedure of sending these requests in dashboard is shown on second screenshot.
- This format of request is described in section 8 of modem protocol:

- Modem transmits data to the hedgehog via radio, using our proprietary protocol
https://marvelmind.com/pics/modem_usb_protocol.pdf

Sequence of sending path to robot
PC

Dashhoard

modem_ush_protocol_2017_01_27.pif,
section 8

1.USB

2. Radio

Hedgehog

3. UART E marvelmind_beacon_interfaces v2017_09_13.pdf,
’ section 2.3.1

Robot
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the hedgehog communicates with robot via UART. Hedgehog sends data according to
section 2.3.1 of this protocol:

https://marvelmind.com/pics/marvelmind beacon interfaces.pdf

The robot should confirm receiving data by response packet shown in section 2.3

This communication on the robot side is implemented in the Arduino example on our site.
As you can see in the protocol, robot should not request the waypoints, the hedgehog will
send the waypoints when they will be transmitted from dashboard. But robot should
confirm receiving each waypoint by this packet:

[0x03,0x47,0x01,0x02,0x00, <2 bytes of checksum>]

Dtorveieed

omg|

TEE : .
3 £l
" AERGCAAR:edaoeRr

Learn more about Robot Boxie in Marvelmind Boxie Operating Manual
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How to send a path:

1)
2)

3)

4)

5)

Set up the Marvelmind Indoor “GPS” system.

Turn on Boxie and wait for 1 minute

ROy vep—

Configurate paths and points (Use Shift+Left mouse button click to create
point, click on point — to remove):
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If you put a tick on “Run forever”. Robot will move till you press stop button in
control panel or before obstacle detected:
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11.15. Proper ultrasonic coverage

The single most important requirement for the system to work well is to have proper
ultrasonic coverage

Each sensor has an ultrasonic beam of ~90 degrees. Outside of that range, the emitting
power and sensitivity drops quite rapidly. From the left, right, or back of the ultrasonic
sensor, the signal is highly attenuated. Thus, it is crucial to provide proper ultrasonic
coverage for the area where the robot will be moving.

- ltis also very important to provide proper ultrasonic coverage to the stationary
beacons when the map is being formed

- Mobile beacon (“hedgehog” or “hedge”) is designed to be placed horizontally

- The mobile beacon has four horizontal and one vertical sensor, each covering its own
sector. Together, they cover 360 degrees horizontally and 180 degrees in the upper
hemisphere. The lower hemisphere is highly attenuated, so don’t expect ultrasonic

coverage in that area

- Itis advised that the mobile beacon be placed as high as possible on the robot if the
stationary beacons are above the mobile beacon. This minimizes shadows from other

objects, people, etc.
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Example of proper positioning of the mobile beacon can be found here:
https://youtu.be/PEFgNPKLGCDk

The beacon is placed horizontally and above other objects that can cast a shadow on the
stationary beacons

Keep the radio signal’s strength under control

The RSSI (Dashboard => right menu) of any beacon/modem must not be higher than -
25dBm. Otherwise, the system may malfunction

It is recommended the distance between the modem and beacons be no less than 0.5—
1m. Beacons can be placed as close to each other as needed. If a beacon is extremely
close to the modem, disconnect the antenna from the beacon. Monitor the Received
Signal Strength Indicator (RSSI). It must be in the range of -25 to -70dBm. An RSSI of
less than -70dBm will work too, but packet losses may start occurring. The quality of the
radio connection very much depends on external interference as well because the used
band is ISM (either 915MHz or 433MHz) and there are numerous co-existing systems.

Use 30 - 50 periods (pulses) in settings instead of the default 5. Select:
Ultrasound settings => Number of periods

Ultrasound

Mode of work TX+RX normal
Analog power in sleep enabled
Power after transmission not tum off
Frequency. Hz (100..65000) 31000

Duty. % (1..99) 50
Number of periods (1..100) 5 :
Amplifier imitation (calibrated) 4000 __
Amplification AGC

AGC desired level (-1800..0) -500

AGC hysteresis (10..2000) 130

AGC step, dB (1..20) 3

Mode of threshold automatic
Minimum threshold (-10.-2000) -50

When you have large errors in position estimation (more than a 1m inaccuracy), use the
embedded Oscilloscope on Dashboard => View to determine which stationary beacon is

jammed

Reduce the gain of the ultrasonic manually depending on your system
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11.16. Sensors settings: example for 2D and mobile beacon

Beacon

Beacon

Hedgehog

Beacon 2

RX1 and RX4 emit ultrasound in normal mode
for better ultrasonic signal exchange with
Beacon 3. In frozen mode RX2 added as
working sensor. The rest sensors are turned off

Changing sensors’ settings could be found in
the panel in the upper right corner of the
Dashboard during your beacon is connected to
the computer

RX4

RX3

2D

Beacon 3

RX3 and RX4 emit ultrasound in normal mode
for better ultrasonic signal exchange with
Beacon 2. In frozen mode RX2 added as
working sensor. The rest sensors are turned off
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11.17. Powering beacons

Depending on the type of beacon, may be internal battery, or external USB power
supply, for more details check comparison table

Battery lifetime totally depends on the mode of operation and can be varied between
several days to several months (or more for special applications)

Learn more here: Power supply options for beacons
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11.18. Power supply and Leds

- Modem doesn’t have battery, so power supply led is always on, when
Modem connect to computer.

- Power supply led for battery (for Super-Beacons, Beacons HW v.4.9 and
Mini-RX Beacons) is on, when battery is charging and is off when battery
isn't charging. Battery stops charging when fully charged, when this
happens, led goes out. So, led turns off and on periodically, what means that
beacon fully charged and led turns on again when battery drops a few
millivolts.

- You can always find out the battery level by connecting it to Dashboard via

USB or radio.
‘Tiedgenog mode dsabled
Supply voltage, V (3.5.4.2) 382
Time from reset, hm:s 00:00:53 /18.31.09/0
= =
-l '@»

Status of charge:

- 4.1V - 4.2V — absolutely fully charged

- 3.2V —-3.6V —very low charge
- 3.2V —fully discharged

Learn more here: Power supply options for beacons
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12. Frequently Asked Questions

Please check this forum for more information. Here we will answer the most common
questions

1 What is the proper way to place the beacons?
- The actual distance between beacons must be < 30m. Provide the line
of sight from one beacon to minimum two others
2 How far can beacons be located from modem?
- Inthe open space the distance from the modem to the beacon can reach

several hundred meters

3 What if hedgehog shown as orange circle or inside
in the Dashboard?

- Blue - normal mode and confident tracking

- Orange - system provides the best location data possible, but
confidence is lower, than blue

- - lost radio packets or no ultrasound coverage

4 \What is the obstacle for ultrasound?

- The real obstacles for ultrasound are walls (concrete), glass, metal. If
you need to cover a multiple-floor territory you can use our Submap
feature in which case the tracking will not be interrupted

5 How the system works in very low and very high temperatures?
- System is designed for normal office-like conditions and temperatures 0
°C -40°C

- You can see some other types of beacon (outdoor, explosion safe, etc.)
in the comparison table

- We also possible to produce some special versions, which will suit your
case. Please write to info@marvelmind.com

6 Are beacons resistant to explosions, dust, dirt, water, noise?

- - Low-frequency noise (motor noise, industrial equipment) does not
interfere with the normal operation of the system

- You can see some other types of beacon (outdoor, explosion safe, etc.)
in the comparison table

7 What is the time of delay between positioning the object and
respond?

- The delay is directly proportional to the update rate. For example, if
update rate is 16 Hz delay is 1.2:1.5x60ms

- The limit is 1.5x times the maximum distance between the stationary
beacons. To expand the service area, please follow the instructions
shown in the attached screenshot. Notice that positioning the mobile
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beacon far from stationary beacons and close to their plane may result
in increased positioning error because of bad geometry of measurement

8 How to define IMU or not IMU beacon?

- Check white sticker on the box and on the beacon's bottom /IMU - with
IMU

- Connect beacon via USB: Dashboard => View => Accelerometer data

9 Can we use none-IMU beacon as mobile beacon or not?

- Yes, you can (https://www.youtube.com/watch?v=A4aRsjH2- E)

10 What is the reason to choose 915Mhz vs 433Mhz?

- The 915MHz version is designed for the US, Canada and Americas in
general. The ISM band (license-free band for industrial, science and
medical applications) in those countries is 915MHz

- In Europe, it is 433MHz

11 Device do not connect via USB?

- Use USB cable with long metal part. If you have any problems with USB
connection, change the cable first. One cable can work for one device
and do not work for other

12 Does the orientation of the beacon matter?

- Yes, it is. Place and orientate it in positions, where sensors can “hear”
each other. v4.9 beacon has =90° per sensor coverage(illustration),
Mini-RX and Industrial-RX have =180° coverage(illustration)

13 Why Dashboard do not see more than 4 beacons

- System has a limitation of 4 beacons per submap. If you have more than
4 beacons, just create another submap, and beacons will appear
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13. Troubleshooting checklist

If you have any problems with the system, follow these simple steps:
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- Update SW on modem and beacons

- Now, connect all beacons and modem one by one and press Default button in the
Dashboard (When updating the SW, please, press Default button to make sure that
beacons really have default settings. Otherwise, modem may be calling on a wrong channel
or something)

- Press Erase map, when modem connected to PC
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13.1. Checklist before starting the system:

IA and NIA SW differs

For 1A you should use stationary beacons with different frequencies

Make sure that you use correct SW. Inverse Architecture(IA) SW for Inverse system,
Non-Inverse Architecture(NIA) SW for Non-Inverse system (Architectures comparison)
Make sure that your beacons are 3.5V and higher before using. If not, charge it for 2-3
hours.

- Keep modem 1-2m away from beacons. if closer, the beacons radio may be overloaded

- Antenna’s recommendations:

- The antenna must be kept as straight as possible. Otherwise it will reduce the
effective range

- The antennas must be kept away from conductive materials, such as metal and
carbon by at least a half inch

- Keep the antennas away from the motors and other noise sources as much as
possible

- Use USB cable with long metal part. If you have any problems with USB connection,
change the cable first. One cable can work for one beacon and do not work for other

- Be sure that you use SW from the same pack

- When updating the SW, please, press Default button to make sure that beacons really have
default settings. Otherwise, modem may be calling on a wrong channel or something

- Start with simple configuration (10x10m square, 4 stationary beacons)
- Do not obstruct line of sight between beacons
- Build the map first, freeze it, then wake up the “hedge”

- Number of periods. By default — 5 for HW v4.9. 20 for Super-Beacon, 50 for Mini-TX. For
longer distances you can put 10-50

Mini-RX beacon may be over discharged. In that case do the following:

- Turn off the beacon with DIP switches

- Charge it for 1 hour

- Turn the beacon on, flash the latest SW via DFU Programming and charge it for 1 hour
again
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14. Contacts

For more information about company check: About us

For additional support, please send your questions to info@marvelmind.com
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