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RealTrac™ project started in 2008.

Hardware

Antenna design

Embedded software

Communication protocol INCP

System and network architecture

Server-side software
IT-park of PetrSU,

RTL-Service JSC, Nanonets LTD

Client-side software

Voice communication _
25 developers (+ part-time researchers

and students), including 8 PhDs.
Average age: 30 years

Localization engine

http://lab127.ru/
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Intercom RIiO

Ethernet access points

http://lab127.ru/
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In partnership with "Ingortech” (Ekaterinburg, Russia)
http://lab127.ru/
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J = - = U C U = =
AR
- Embedded sensors
Mobile nodes Access points
= Pressure = Pressure
= Temperature = Temperature
» Received signal strength » Received signal strength

3D accelerometer

3D gyroscope

3D magnetometer

RFID proximity tag

http://lab127.ru/
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Client software (web browser)
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- Movement history

Report - Location History

Time Interval: 12:59 - 13:03 (4 min)
Path Length: 0.03 km.
Average Speed: 0.40 km/h

Date @ Start time  End time @
12:59 1303

.

»

f’“‘x\‘."
¢ |
o

»

Kaprorpagwyeckne gadHesie S 2014 Google

¥ConoBEWs HCNonsS0SaHHA

CoofumTs 06 cwnike Ha KapTe
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- RealTrac™ voice communications

e Asterisk software PBX

e 16 bit, 8 kHz, G.729A, ~8kbit/s,
adaptive (up to 5 times) redundancy

e Duplex sessions
(peer-to-peer, phone calls)

e Half-duplex radio
(one-to-all, voice broadcasting)

http://lab127.ru/
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- NanoLOC wireless standard

RealTrac™ is based on nanoLOC™ RF standard (IEEE 802.15.4a).

NanoLOC™ features:

» developed by Nanotron
Technologies GmbH (Germany)

e license free ISM band 2.4 GHz
e chirp modulation

e low power consumption

e receive signal strength
measurements (RSS)

h - position of a mobile unit

e time-of-flight ranging (ToF)

http://lab127.ru/
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T reply

d =c At Node 1

d = distance
c = speed of light
At = time-of-flight

Node 2

Time

At = (Treply o Tproc)/2

T processing
Time-of-flight

http://lab127.ru/
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- Inertial Measurement Unit (trajectory)

accelerometer
+

gyroscope
+

magnetometer

posx, m

trajectory I

-15 -10 -5 0
posv. m

step length, step direction, step number

http://lab127.ru/



Euler angles, degrees
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http://lab127.ru/



2 B : DCationN-~ > = DIOQIE
e aoriics | B nano
0 = > S 0 =1fle = =
- A
- RealTrac™ localization engine
Trajectory
Building structure l
! 3
|
Path loss (RSS) | Trajectory
| correction
Time-of-Flight e e Location
estimation
Pressure Bayesian filtering (X, Y, 2)
Motion status (Ax, Ay, Az)
e (lat, lon, alt)
_ . |
Motion model restrictions i SLAM
I

Anchors locations

http://lab127.ru/
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- RealTrac™ ranging scheme

The main principle of RealTrac™ system —
to provide voice communication and localization services with

effective radio bandwidth utilization.

1. Intercoms perform ranging to neighboring anchors/repeaters.
2. Ranging results (if any) are sent by Intercom in IAA packet.

3. IAA packets are received by gateways and then redirected to a
server.

4. The server may issue commands to several gateways to
perform additional ranging to intercoms if needed.

http://lab127.ru/
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- Data and events (RTLS CP)

Obtained data Generated events
» Position XYZ in geo-coordinates % Distance to object
* Trajectory (IMU) in local coords. % Location based events
e Step counter (IMU) % Voice calls
- Battery voltage % Temperature monitor
= Alive cycle duration < Battery level

* Pressure % RFID proximity event

/

= Temperature <

*

Activity trigger

R/

» Received signal strength % Man-down event
% Gesture recognition (?)

Data and events are available through RTLS Communication Protocol.

http://lab127.ru/
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- Applications

Case: Safety, security and control

Where is I need RealTrac Where are
a lost passenger? Technology! my kids?

Case: Hotel

No need to explain
where you are,

the service finds you!

Juice, please! Juice, please!

http://lab127.ru/
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- Gas and oil industry, Vankor (2014)

BankoH sepxosoro paboyero

‘ PoTopHana nnowaaka

MoApoTopHasA Noulaaka .* ) |
'|| | BNOK DUMCTKM U MPUIOTOBAEHWA
|
. \\J Byposoro pacteopa
,1 EmrocTHO#M Brok KomnpeccopHbiit
g Ml Hacocubiin Brok Bnok
[ S
Bl : T i,, | _ \ KTy | | KPY
| — - -
i = AN =g E | O A E T T T I J
— | A1 {17 C1Aaf L LA |
= i =3 [ 5
= ; | il Lol /mey
—— - I : : 1 -y H == e
B Ut = - : 1
A AT AT AN AT AT A F AT A TaTaTaTava AT : AT AT AT AT AT L ‘ T AT A A YAV A VAV A VA YAV AT AVAYL .A A ‘A ATAYL A AVATAVAYAVATLYL - AT AV AT AT LV ATAVLAYL A Am

http://lab127.ru/



v
)
L]
)
>
(]
)
)
L
@
@,
)

R | B Nano

http://lab127.ru/



el mlrales N Nano

- Awards

= Winner of the localization competition
EVAAL-2013 (http://evaal.aaloa.org)

= More than 20 diplomas and awards

= International experience of technology using

MUARNOAM

http://lab127.ru/
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- Awards

In 2013 "Nanonets LTD" won the regional contest in the
nomination "The best start-up" and was one of the winners
in the nomination "The best SME in Republic of Karelia".

)3_..

—@f{ M AOM

http://lab127.ru/
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- Awards

The RealTrac™ local positioning technology won the 1st
place in International competition "Evaluating AAL Systems
through Competitive Benchmarking, EVAAL-2013"
(http://evaal.aaloa.org/).

http://lab127.ru/
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- Localization accuracy (EVAAL-2013)
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- Ongoing and future research

e Ultra Wide Band

= Inertial navigation

e Pressure sensor networks

= Magnetic field maps

e Data fusion: IMU, radio and
video localization subsystems

Research works are partly financed
by the Ministry of Education and Science of Russian Federation
(contract 14.574.21.0059, ID RFMFIBBB14X0164)

Industrial partners:
2014-2015: RTL-Service JSC
2016: GS-Nanotech

@4 GS NANOTECH
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