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Pielietojumi:

Cilvéka pozas mériSana
Biologiska atgriezeniska
saite par cilvéka staju
« 3D formas datu ieguve
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Pielietojumu vizija
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Virsmas noteikSana ar akselerometru tiklu
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Orientacijas noteiksana ar zemes
gravitacijas un magnetiska lauka
merijumiem
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Sensora mezgla uzbive

viso | Sensor node / Sensors:LSM303DLHC
] Microcontroller / Mikrokontrolieris: MSP430G2553
SCLK N SP! module Plates izméri: 13x13x2 mm

Comparator medule

Timer module

12C module
SCL SDA
Sensor;

Accelerometer

Mikrokontrolieris nodroSina interfeisu starp akselerometriem, ka art sensoru
tikla topologiju, takta signala atkartojumu ar integralo analogo komporatoru,
samazinot aréjo komponensu daudzumu un plates kopé&jo izméru.
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Efektiva datu savaksanas metode

Rw  nl Rw  (n-1)lec Rw e
vee——{ = - —
Y e — Yl
SOMI e | Dam | | D
Master Sensor | Sensor . Sensor
ok L %€, | node 1 Kol node2 | _°¥_ | noden
GND ' I — |

» Metodes pamata ir SPI virknes slégums ar modifikacijam;
 Takts signals tiek atkartots katra sensora mezgla;
 Tikla savienojums ir istenots ar 4 vadiem;

 Teorétiski, metode atlauj savienot vairakus simtus sensoru mezglu,
izmantojot relativi nedargu aparatdru.
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Sensoru tikls

aks_elerometri

datu

mezgls
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Stajas monitoringa iekartas

struktdra
Body mounted sensor system {H}
Y el th\Z\
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Prototipa aprobacija SIA UniHaus

* Universals majas lietojams
vingrojumu komplekts;

* Alternativa kermena
skeneriem:;

« Erti lietojama un viegli
parnésajama iekarta;

* leteikums palielinat
izSKirtspéju;

* leteikums iestradat sistemu
labak pieguloSas drébés, kur
bltu noslépta visa elektronika;

* leteikums uzlabot lietotnes
interfeisu.
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Aprobacija rehabillitacijas centra
"‘Més esam lidzas”

» Sistéma iestradata ortozé,
kuru izstradaja SIA Tonus
Elast;

» Rehabilitacijas paligierice
bérniem ar Cerebralo Trieku;
» Kustibu monitorings bérniem
ar pavajinatu rumpja un
augséjo muskulu grupas
tonusu;

» Pacienta progresa
novérosana:

» Kopigi aprobacijas rezultati
publicéti 25taja European
Academy of Childhood
Disability konferencé.
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Publicéetie rezultati

Publikacijas:
A. Hermanis, R. Cacurs, M. Greitans, “Human pose recovery by smart sensor layer in clothing”. Planots iesniegt

zurnala “Signal Processing Special Issue on Machine Learning and Signal Processing for Human Pose Recovery
and Behavior Analysis”.

A. Hermanis, K. Nesenbergs, “Grid shaped accelerometer network for surface shape recognition”, Electronics
Conference (BEC), 2012 13th Biennial Baltic, pp.203-206, 2012;

Hermanis, K. Nesenbergs, R. Cacurs, and M. Greitans, “Wearable Posture Monitoring System with Biofeedback via
Smartphone”, Journal of Medical and Bioengineering vol. 2, no. 1, pp.40-44, 2013

K. Nesenbergs, A. Hermanis, M. Greitans, “A Method for Segment Based Surface Reconstruction from Discrete
Inclination Values”, 17th International Conference ELECTRONICS 2013, Palanga, Lithuania, June 17-19, 2013. 4

Ipp.
K. Nesenbergs, A. Hermanis, A. Greitane, M. Greitans, “Virtual Reality Rehabilitation System for Children with Cerebral
Palsy”, 25th European Academy of Childhood Disability, Newcastle, England, 10-12 oct, 2013.

Hermanis, R. Cacurs, K. Nesenbergsun M. Greitans. "Efficient Real-Time Data Acquisition of Wired Sensor Network
with Line Topology", 2013 IEEE Conference on Open Systems, Kuching, Malaysia, 2-4 dec., 6lpp.

R. Cacurs, “Body Area Sensor Network for Data Processing on Mobile Device”, master’s thesis, RTU, 2013.

Daliba izstades:
Baltijas Modes Federacijas rikota izstade “Inovacijas modes un tekstila industrija” , Latvijas Makslas akademija.

Starptautiska izgudrojumu izstade MINOX 2013, Riga

Inovativas elektronikas izstade “Productronica 2013”, Minhene, Vacija.
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Bezkontakta impulsveida tuvdarbibas
radarsistéma

Radolfs Cirulis
rudolfs.cirulis@edi.lv
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Meérkis

* |zveidot impulsveida radara sistému, kas butu
piemeérota zemes virskartas neinvazivai apsekosanai

Prasibas:

 Lokalu objektu noteiksana lidz 2m dzilumam
« Zemes Virséjo slanu biezuma noteikSana

* |zskalojumu/dobumu noteikSana
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Bezkontakta antenu izstrade

|zmantotas antenas

v

Ipasibas:

» Plass frekvencCu diapazons

« Plata virziendiagramma

* Izmantojamas tikai tieSa kontakta ar
zemi

« Nav piemérotas bezkontakta
pielietojumam

Bowtie antenna
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Bezkontakta antenu izstrade

|zmantotas antenas

Bowtie antenna

Vivaldi antenna
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Bezkontakta antenu izstrade

—— p0=10e8, freq=10e8
—— po=2e9, freq=2e9
—— p0=3e9, freq=3e9

—— p0=10e8, freq=10e8
—— po=2e9, freq=2e9

—— p0=3e8, freq=3e9

Virziendarbibas diagrammas
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Uztvereja izstrade

Distance Transmit Unit

Salidzinatie parametri

encoder v
Boost Impulse

- DC/DC generator o .
Control Unit_| T * Frekvencu josla
USB 4l Uss/uanT W8Ty Equivalent « Dinamiskais diapazons
time Receive Unit . =
PC sampling ||| * Linearitate
DAC
clock |—. Clocked ||
UsB USB/2UART generator CPLD .@arator I
, [
RS485 -

HYS*
NONINVETJ,',TJ?O— + Q OUTPUT
lNVEfmTJ?O—O - Q OUTPUT
LATCH ENABLE LATCH ENABLE
INPUT INPUT
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Uztvereja izstrade

Testa rezultati ar komparatoru
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Grafiskas vides interfeiss

Matlab GUI Android GUI
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Grafiskas vides interfeiss
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Signalapstrades algoritmi

Migracijas algoritms
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Paldies pa uzmanibu! .
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M& Projekts Nr.2. “Inovativas signalapstrades tehnologijas viedu un efektivu elektronisko sistému radisanai”

Projekta apaksvirziens:
Ekstremi precizu (pikosekunzu) laika merijjumu sistému
izveidoSana un tas darbibas aprobacija tautsaimnieciba

2014.gads:
4 N
A033-ET/usb laika mérijumu sistému izstrade
un to aprobacija realiem apstakliem
pietuvinatos scenarijos

\_ /
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Laika notikumu registracijas tehnologijas pamati un realizacijas (2010 — 2014)

Event

|/ _ _ Block diagram
Time diagram
Processed Derived
Derived samples analog
a;g:,?agl Events signal AD Data FIFO PC-aided Time-tags
>| Shaper converter memory signal —>
0o processing
S
pulses | Master Clock Control Control
I Y N I N 0 N N A [N I A A circuit
T T ] T T T T T T ] ] T T T T
- D)+ Time scale —>
Constant value
Event Estimated
true time event time
General parameters
Event Timer A033-ET i -
Resolution: 3 ps RMS Event Timer A033-ET/usb

Maximum burst rate: 20 MSPS

Average rate: 30 KEPS o o Average rate: 1100 KEPS
PC interface: Parallel Port Distinguishing PC interface: USB2
Size; power  367x90x265; 21 W parameters Size; power  367x70x265; 24W

The Eventech Ltd (Latvia) having the Licensee Agreement with IECS for manufacturing
and distributing of AO33-ET is the main interested party for new A033-ET/usb
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Petijumu galvenie virzieni izpildei 2014. gada

The main object of this year
activity was to develop the new
Event Timing Systems based on

USB2 interface and providing the A ,
picosecond resolution V é a|

GPS receiver

Event Timing System based on the A033-ET/usb

1 » ;
Signal 1 I A EE§
u .-
signal2__ || JI B ﬁ" Y n
I :
|
\ Event Timer A033-ET/usb Y,

Network architecture of the A033-ET/usb. Event
Timing System consists of ET-device connected
via USB2 to PC with running ET-Server and

INSTITUTE OF

- network connected PC with running ET-Clients.
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Event Timing System based on the A033-ET/usb

Ethernet Ethernet Ethernet
r
Ethernet | Ethernet
Patch Patch
cable

cable
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Event Timing System based on the A033-ET/usb

ETusbServer ETusbClient

B -server A033/ ;lglil
SR Sian $ Feference
et Calibration —
1PPS tirming 337 0
beasurement
AD33usb NO @

Indicates only
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o
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(=]
2048216200 -a—a—o

(=] OO O OIEDO OOIDdD | OO O O0d 000 a0

20482160.00 - omomm- o -

x|
Cloze | \'7)

Server Settings

Nt

Total events () 3100
28192

[ﬂET—Server A033 /usb Control

Cpen |

| Timer Calibration
Start | m ps

Timer's clock
09:39:21.00000000
B B B Time ID—

Ed E3 E3 correction
Checkl Stopl

| Session With Senver

Accessory panel

Triggering

ETS and setting |
parameters

Ewvents in Pack

Period (x10ns) 3 10000

Send Settings to Serverl

- 0] x|
Amount I 102464

1=}

=)

1=} L=} 1=}
(=]

(=R==R sl R R =

[s i n ]
(=R=R=le ]

[n) (=]

o L= 1= R L=Rns R
O Omo 0o OO O OO QOO o0 @O0 O0DO0 O IIDOdo o0 00 @0 O 0o
lllllll 2o T 4R ‘I T e TSN T < T TR A T I TT o3 T e I T - 0V T O = T e

(=] u} =

o DD a0 o

the ET-device

2048215800

&,
20482156.00-

fi-tag

Presentation panel £ 2043215400

'-g‘ 20482152.00-

shows the & 2042215000

measurement result

£ 20482148.00-

T 20422146.00-

as intervals between
adjacent time-tags

T RN ST R 10
042214400 -p @ oom o OEEE T O TOD @O S SOOI OO0 O 00 O OTEHE

H . 2042214200
and allows statistic
parameters 20482139.00-6
calculation and L
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Event Timing System applications (statistical analysis)

Pulse generator jitter analysis

Explicit jitter measurement Implicit jitter measurement

Time
Analyzer A PC
t, \I/ Splitter Input Trige
kT <—+n A 1 L 1L 7/ Linear fit o - .
T i Cable delay | —q Time
Q / fommmmmmmm e registration
E / Output Time and data
:,u": / \L Analyzer B processing
£ T-1T 71 Pulse
= g ./F. 0 Generator Input Trige
o |
0 Phase progression k N Tree
accumulated jitter function: Dz [T] = COV(A’ B)
A, =t, — (KT, +t;), k=0L.. N

periodic jitter function :

PJ, =AJ, —AJ,,; k=12..,N

cycle-to-cycle jitter function :

CJ, =PJ, -PJ, ;; k=23,..,N

Time interval RMS, [ps]

1022 5102 51002 5102 51092 51072 51082 51092 51010

Jitter functions characterize modulation functions S

= Jitter dependence on time interval for
generator T5300U (produced in Poland)
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Event Timing System applications (signal modulation analysis)

Comparison results for signal analysis by CNT-91 and A033-ET/usb

Analyzed signal from AFG3251: Freq = 1.17647058825 MHz or back-to-back period 850 ns

FH TuneView - Period Singhe B8 A S

Bl jrotment Cophre Took Grogh Vew Heb

&l & [Fierhieeig w| Ccotnens & & v b R (DSEHE @V
Pod Sirgle 818 w4 v 20| ] ofs (]2 0
100000 |1 0]s [ne| []Seasintics

Caghae Diala x| 15 SOUICE 0ta 100000 Samples

— —r l ‘ I |’ " i '. , | _| I 1 |I I

uuuuu

CNT-91 has dead time 8 us; so it takes time-tags
of only each 10t pulse of the input signal but
counts each pulse and than calculates an
averaged period. As result it shows STD = 6.4 ps
and estimate is underscored\/ﬂﬁ times.

— o] x|
Amount 1024064

m DEMOC Subsystem A033 /usb
Intervals: = 1024062; MEAN = 850000.000 ps, RMS = 21.8 ps

o
500390~

83003200~ I

850020.0-
B,
250010009

2 8300000~
& 8
g 2400000 f'.f
k|

400800

2499700~

2400500, ! ! .
0 100000 200000 300000 400000 500000 600000 700000 800000 G00000 1024062

‘Tiree-tag serial nuraber

FILE

+X
Rt
Graph W ——Zoom control
SERVERI RITH | STOP gpmts | >< v ZDDmO“‘l rCaleulate! l SaveBINI Save ASCIL ] QUIT ]\?-)

A033-ET/usb takes time-tags of all pulses and
shows that resultant period 850000.000 ps is
derived from two one-by-one generated periods:
850021.427 ps and 849978.573 ps each of them
having STD less than 4 ps, but resultant period
STD = 21.8 ps and this is the true value.
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Event Timing System applications (signal modulation analysis)

The existence of two periods is defined by using DDS technology (Direct Digital Synthesis) in
AFG3251 and physical restriction of its digital capacity. Depending on ratio between clock and
synthesized frequency real component periods can be mixed in different ways

EﬂDEMD Subsystem A033/usb = |EI |i|
Amaunt I 7EZ341

Intervals: = 762933; MEAN = 850.001 ns, RMS5 =141 ps

L\O 1= ; .
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E' 8500100 -

&50000.0-
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b

i
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=

=1
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2400700 -
Intervals: = 102564; MEAM = 850000425 ps, RMS = 21.9ps

@
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1 1 1
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- 1 1 1 1
0 100000 200000 300000 400000
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FILE
Graph M :Zoom control
SERVERI \TJ STOP gpoints il ll ZoomOut| A
gossnmuu- |
Components periods are changing like sine functions %85““”””- '
2499000

3499200 - il

2495700 -
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(=1

Freq = 1.17647000000 MHz ——> 13
24poe0 - %W T
8499550, ° i TB i i T i i i i 1
] 10000 20000 30000 40000 50000 &0000 0000 &0000 90000 102564
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[ ] Graph v —Zuum cantral _ o
CEEEE I AR | ST pomts Ll ZoomOut | :
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Event Timing System applications (signal modulation analysis)

The study of impact of mobile telephone activity

_ .. A033-ET/usb takes time-tags of the signal from the
DE“"" e N po— ,——ﬁ!ﬁ' generator with very stable period 20.482 ...us
= —— (peak-to-peak deviation 26 ps as shown in slide 5).

. Here we can see an impact of electromagnetic
o 2000 emission from the mobile telephone that is called in
£ 03300 GSM 1800 cellular network
£ 20433000
T 20482500
% 20482000 - ] _
£ 4g1500 - BIRE = )
20481000 - Z00m In
204280500 -
20420000 - o .
204‘]9659—[,' |00 200000 300000 400000 500000 e00DCO 700000 SEIEIIEI 500000 L7L 2 | L4 | PEMO Subsystem A033 /usb =10lx|
Time-tag serial miraber e, o Amount 1024064
" Graph ® ——Zoom control .| iy
SERVERI TJ STOP gp;ﬁl‘fm = _wCaleulate | Save BIN | Savescn | quiT ]\:") 20435000: , ! i ! ]
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Event Timing System applications (technical systems)

LIDAR and 3-D laser scan systems find distances to surface
of the object by timing the round-trip time of a pulse of light.

The main requirements are:
* measurement resolution: +/- 2 mm
e measurement rate: more than 100 KSPS

New Event Timers A033-ET/usb provides:

* measurement resolution: better than 1 mm RMS and
e measurement rate: more than 1 MSPS

and can be successfully used for these tasks.
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Izstradata pilot-iekarta:
A033-ET/usb

Izstradatas programmatiras:
Programma A033usbServer
Programma A033usbClient

Sagatavots dokuments:
Event Timer A0O33-ET/usb Manual, Institute of Electronics and Computer
Science, Riga, Latvia, 2014, 26 p.

Sagatavots raksts starptautiskajai konferencei BEC 2014:
V. Bes’palko, E. Boole, V. Vedin. Precise event timing realisation and its
application for signal analysing
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Komunikacijas sistemas prototipa
aprobacija realiem apstakliem bezvadu
datu apmainai starp kustigiem objektiem
un attalinatiem serveriem

Nikolajs Bogdanovs
Riga Technical University,

Lomonosova iela 1, LV-1019, Riga, Latvia, phone:
+37129727288, e-mail: meistars86@inbox.lv
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We was calculated a goodput of standards IEEE802.11n
and 3G, LTE for open network systems. The physical
sphere for the transmission is the wireless network. At the
first stage the data is transmitted from the mobile object to
the nearest Access Point along the protocol 802.11n.
However, the distance from the AP object should not
exceed 200 meters. Further from the AP the data is

transmitted to the remote base station on the protocol 3G
and LTE.




On the picture are depicted the set up of three APs
locations in a distance of 100 meters to each other. Only
600 meters long test-bed was used to make the

experiment. £

Goodput (Mbps)

10 4

0 10 20 30 40 50 60 70 80 3
Elapsed time(s)
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e Closed Cyclic estimation model for
vehicular number

Following the obtained practical results we will calculate the base
station performance at variable client count. In our case the 200 meters
long base station operational zone of is divided to 5 zones, 40 meters each,
the third zone being the most adjacent to the base station.

100m ) % 100m
\~ 27

iy T wile iy iy wwilp willp oily wilp wwilp

a'uﬁ | au;l | auS | ,.ug | Ay
200m

200 meter segment consisting of 5 zones, 40 meters each,




Speed (km/h)

vehlcular number

;i »
g
R
e

In fact, to determine how to grow the speed of vehicle was made an
experiment, as show Figure that velocity grows exponentially:

(o]
o

75 - s

70

65 -

60 - 2 Table Vehicle data
55 Car brand VW PASSAT
ig \ Capacity 1.8 itxe
40 ; Max power 00 PS (66KW)
gg | - Gearbox 5 speed marmal
25 - 4 Weight 1600 kg
201 m

15 1 ‘

10 -

5 |

0 &

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200

Distance (m)

@ Experiment 1 W Experement 2 A Experement 3

The Table shows the technical data of the car which was used in the
experiment. The speed grow can be depending on the vehicle data.
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- Closed Cyclic estimation model
for vehicular number

Closed network consisting of M independent nodes with N
Incoming queries. Distribution is exponential with the
parameter @; .

If the interval length equals Si . and vehicle movement
speed equals 4 | then the intensity of vehicle service

by road interval equals:

- 9
. S
i
" Zone number | 1 2 3 4 3
Distance (m) 30 20 120 160 200
Tnensity 1, 0264 034 041 0463 0514
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= Closed Cyclic estimation model for
vehicular number

Such a system can be described in a form of a closed cyclic mass service
system network with M service devices, N queries and exponentially
distributed service time. Query service intensity in the i-th interval equals

@;  as show in Figure.:

=101 16 16 16

-
.

Closed cyclic system
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vehicular number
Due to the periodic nature of this model X =1
0, 0 !
and the next step is calculated as follows: X =~ X3 = ..., Xy =——
W, Wy WDy

Buzen'’s algorithm the most effective methods for closed network analysis,
as show in Table. Buzen’s matrix, at the row i and column j can be calculated

using the formula: 9, ) =9, j-D+9g@i-1 j)x

Table Buzen s matrix

NT. 1 0.62 0.5 0.45 0.43

0 1 1 1 1 1

9 1 | 2.6357 | 5,298 | 9.6113 | 16,5219

10 1 | 2.6447 | 53414 | 9,753 | 16,9069

19 2,65944 | 54159 | 10,0096 | 17,6447 | G(N -1)
20 2.65949 | 5.4162 | 10.0106 | 17.6508 | G(N)
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= Vehicular number

Average number of moving vehicles, competing for
resources of base station is calculated in this manner:

E(n)= i|:x_k : G(N —k) e G(N -k —1):|

i Gy G(N)

TABLE AVERAGE NUMBER OF QUERIES

Vehicle Density

Vehicle (N) Lonel | Zonel | Zonel Loned | Zonel
100 - 10 5.81 1.03 0,92 0.76 0.69
©1 3 20 15.69 1.63 1.04 0.83 0.76
) <*
¥ o ¥
8 60- ¢
% 50 -
2 40 - —
< 30
20 -
10 -
2 4 6 8 10 12 14 16

10
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The terminal count Iin each

vehicular wireless network is
usually high.

Bandwidth equation for a two
layer network:

H
Xq= 0 : X2 :aX]_ a:_Plz
#1Po H2
11



g L -
-m—-——-_-___ = = -

Two Layer Model

There A, for i-th region is obtained from measurement results,

illustrated in Figure.

Hy = B i
Mbps Throughput — 50kmh  ——100km/h
40.000
30000 1 w |
20000 1 _ “ ‘ N .” ‘M
10000_ ” L 4 ‘h le ’\‘ .I ”ﬂ ‘ “A'J l.‘
' f h ‘, l A : h W 'l
0 [ L
0:00:00 0:00:10 O:OO:ZU 0:00:30 0:00:40 0:00:50

Elapsed time (h:mm:ss)
12
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Two Layer Model

The average time for the transmission will be varying: more time
is spending on the transmission of the data packets, which we
denote as E(t;) .

The ACK transmission takes less time denotesitas  E(t,)
Then the average time of the data processing in the first node will be:

E(t,) = E(t)+E(t,)

If on the top of each transmitted packet we receive the ACK
confirmations. In this case the intensity of the processing in the first
node will be:

= 1
==

13
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Two Layer Model
The intensity for the f, :

Hy =

Where Vf - effective data transfer rate for the IEEE802.16e protocol.

For the data transmission between the Access Point and the
base station is used IEEE802.16e protocol, this protocol will
have the peak transfer rate \/ = 50Mpps

- .

The packet length will be |, =1500bytes , but the actual speed
is determined in the following way:

14
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Two Layer Model
G(N)= X TI(X, )

Where N - number of vehicles. Function for the studied two layer
vehicular network looks like this:

G(N) = —Z e

Goodput 77 of the two layered network is defined as the count of
processed inquiries in a unit of time. The finished task is put out trough the
subsystem of input/output, and instantly trough it a new task is loaded.
Probability of a lack of inquiries in i-th node:

.....
.......
111111111 ¥
e
e b

G(N)- X, G(N -1)
0

The output flow is equal to input flow and from this rule of flow
balance it is possible to write:

n=Pou - p{ni = 0}) e



e Two Layer Model

Goodput with the probability P10=0.999 P12=0.001 for N=10 and
N=20 will be:

TABLE AVERAGE NUMBEE. OF QUERIES

Vehicle (N) Lonel | Zonel | Zoneld Loned | Zonel
10 5.81 1.03 092 0,76 0.69
20 15,69 1,65 1.04 0,85 0,76

16
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EXPERIMENTAL ESTIMATION OF VEHICULAR NETWORK

The estimation was made by the means of IxChariot software. The main feature
is the fact of speed measurement of the data transmission depending on the
remoteness of the mobile object from the base station and its moving speed.

Scheme “test-bed” is presented below :

r:ﬁ ChllsersiNikolaf\Desktop\literaturairumb_26,03 2014 umb_26.03 20014 \rumb30km_lauto.tst = B
FEile Edit View Run Tools Window Help
| & &2
by T O - R - - & }|@195&tw|:ﬂzsﬂmn| ¥ D XDIA
i | |
Test Setu | Theowghpit | Tianssclion Rate | Respenie Time | Alaw Dsta Tetal | Endpeint Conligurstion | |
P Group ‘ l Tmﬂmdrl i |Namk Seavice | Scipt/Suean IP&' |
Giroup Name Fur Status Complsted| Endpemt 1 | Endport 2 | Profocel | Quslly | Flename Comme
&l All Pais 62
1] L— Par) MoGroup Fmishad 267 19218871 192188.7.2 TCP Theoughput ser bct103
Legend
| Throughput p—r gy E]
13547 Ethernet
12055 4 |
T il | "
N T ) e e
3088 14 Fal —f Y /
0,055 = Y N i e Lok e
0:0000 B0 z0 n0f40 oot00 _ oiminy o — _ aniSiy
Elapsed tma {(himm:s) = - o e ___,J ey
Pairs: 1 Start: 2004.03 .26, 14:56:19 bia Configuratin: | End: 2014.03.26, 145719 | 802.11n 802.11n 802.11n

One channel provides data transfer in GPRS mode. The second channel, being
characterized by a high data transfer rate, uses LTE mode — the mode of the next

generation of mobile communications
18
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Cisco 4G LTE Router

802.11n

Throughput
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Throughput

13635
12,300

10,300
8.300 4
"]
o
=
= E.300
4,300 4

2,300 4

0.300

0:00:00

00010

00020

00030

Elapsedtime (himrm:ss)

00040

0:0052

Goodput graph for the client travel speed of 20 km/h along the access points
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In this research experimental data is presented, about data
transfer rate in wireless networks of IEEE 802.11n standard
connecting moving objects. Based on the experimental data
mathematical patterns were developed binding characteristics of
vehicular flow with characteristics of data transfer system.
Experimental data is presented in this research, concerning data
transfer rate in IEEE 802.11n standard wireless network of moving
objects. Based on experimental data two mathematical models
were developed, binding the characteristics of vehicular flow and
characteristics of data transfer system.

In the presented research, a model for real data transfer rate
estimation depending from number N of moving objects located in
the wireless network base stations operational zone was
developed. Based on this research, the real data transfer rate
depends from the number and distances from base station of

objects interacting with base station.
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Metode vairaku marsrutu parraides efektivitates
novertésanai kognitivos ad-hoc tiklos pie dazadiem
radiovilnu izplatiSanas modeliem

Lauris Cikovskis, lImars Slaidins
RTU, Radioiekartu katedra
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Motivacija un merki

e Labakizprast tikla uzvedibu vairaku marsrutu
parraides apstaklos

e Merki
— pielagot esosas analitiskas metodes
— izstradat tikla imitacijas riku Matlab

— paradit starp-marsrutu attaluma ietekmi uz
caurlaides spéju

— parbaudit pie dazadiem radio vilnu izplatiSanas
modeliem



Anaﬁt|5ka mEtOde [by S.Toumpis,A.Goldsmith, Jain K.]
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Pielagosana vairakiem marsrutiem

Piemeérs: 2-marsrutu parraide (no n;, uz ng)

S —— — — Visas iespéjamas parraides shémas
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e CSMA/CA implementacija
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Maksimala kopéja caurlaides spéja

* Atrast optimalu t kopu (laika planojumu)
— maksimals datu plismas atrums marsrutos kopa

max Z Csosi

— vienmeériga plisma marsruta ietvaros

m — m - — m
Ciink1 = Clink2=- = Clinkn

* rezultats = labakais gadijums, uz kuru tiekties



Matlab rika darbibas blokshema

= "o

Setup of network parameters

Noise

v

Creation of node object

Tra[smission distapce

Field

Creation of ad-hoc network

object

Ilumber of node

l

(%]

Routing and path selection

'umber of path

iource-destinati on

(%)

Characterization
of the path set

_— _— _— —_—
_— —_— —_— _— —_— _—
Phyisical carrier ————
sense threshold Convert
Forming transmission parameters
schemes under CSMA/C I
Calculation I I
of antenna I
array
i NS2 simulation
Finding schedule for ¥ weights I
maximal capacity I

l
l
l
l
l
_I-

Analyses of the results, plotting

Scenarija uzstadisana
Marsrutu raksturosana
Analitisko apréekinu dala
Modelu parbaude NS-2

Apréekinu uz
skaitloSanas klastera
(MATLAB DCS)



Rika pielietojums

Parbaudit starp marsrutu attaluma ietekmi uz caurlaides
speju




Modelésanas parametri

Analizeto scenariju skaits ~1000
RaidiSanas jauda 0.1 W (20 dBm)
Troksnis 8-101* W (-101 dBm)
Radio vilnu izplatiSanas modelis briva telpa
RaidiSanas attalums (d) 547 m
Neséja jusanas attalums 2 x raidiSanas attalums
Neséjfrekvence 2.45 Ghz
Kanala platums 20 MHz
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Caurlaides spéja pret attalumu

Brivas telpas modelis

— 1765 < attalums < 2829 metri
g g | ——2829 < attalums < 3892 metri |
L S S S— NN ——3892 < attalums < 4956 metri |
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Caurlaides spéjas atkariba no mezglu skaita
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Radio vilnu izplatisanas modelis

 Vienkarsots modelis
— ceja zudumi (rimsSana)

acijas (fe neparedzami objekti)
P Tx ' K (H; 0-)
Vide v
Briva telpa 2

Arpus telpam _ — _ —
Daudz-atstarojumu apdzivot vide | 2.7 -5

Tiesa redzamiba 1.6 -1.8

Telpas

Bez tiesas redzamibas 4-6




Cela zudumu parametra ietekme
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Secinajumi

* [zmantota analitiska metode vairaku marsrutu
analizei

e |zstradats Matlab riks bezvadu ad-hoc tikla
Imitacijal

e starp marsrutu attaluma palielinasana ne
vienmeér dod augstaku caurlaides spéju
— Svarigs faktors iesaistito mezglu skaits
— efektivitate atkariga no vides
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Elastiga (valkajama) antena

* Antena kas paredzeta darbibai tuva zona
ar cilvéka kermeni. Antenu var integrét
apgérba vai ekipéjuma un lietot kopa ar
sakaru iericem.



lespejami pielietojumi

Bezvadu sensoru tikli.
Distances vadiba

GSM

Telemedicina

Satelitu sakari
Glabsanas radiobakas
GPS

Radio identifikacija RFID



Valkajamo antenu piemeri



The Tactical Vest Antenna System

www.wearableantenna.com 5
Valkajamo antenu piemeri



The Tactical Vest Antenna System

Ciptirmal Fregquency Hange:
Total Frequency Range:
Gain:

Fower [nput;

wWeight:

Coverage:

Interconnect Wire Length:
Fadio Compatibility:
Fadio Connector:

WYest Type:

lmMpedance:;

Valkajamo antenu piemeri

a0ahm

30 - 100Mhz

30 - 5120Mhz

-10dBi at 30.00Mhz

7 watts

Hozf 25514 dgrams
ormni-directional

12"

FRC-148, PRC-152 PRC-117, etc.

THEC

Ay weith SAPNESARPI Fouches

6
www.wearableantenna.com



PHARAD

Antennas, Photonics, & BF Communications

Antennas
Featuring Wearable Antennas

Valkdjamo antenu piemeri www.pharad.com




Valkajamo antenu parametri



Quad Band GSM Wearable

Antenna

Model Number

BW-800/900/1800/1900 BW-800/900/1800/1900-D

Frequency 800/900/1800/1900 MHz
Gain' -1 dBi 1 dBi
Pattern Near omni-directional
Polarization Vertical

VSWR' <2.5:1

Radiator Size (L x W x D) 25" x40"x 05"

Cable Length 16.5" 20"
Radiator Weight <20z 2.4 0z
Connector Type SMA

Valkajamo antenu parametri

www.pharad.com




Quad Band GSM Wearable
Antenna

Azimuth Patterns

VSWR
11
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— s o\ \ /
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1

of 08 09 10 11 12 13 14 15 16 17 18 19 20
Frequency (GHz)

270

10
Valkajamo antenu parametri www.pharad.com



EsoSo antenu trukumi:

* Mazs pastipringjuma koeficents (~0 — 1 dBi)
* Nav izteiktas virziena darbibas:

cilvéks tiek apstarots elektromagnétisko
lauku

cilvéka kermenis ienes papildus zudumus
antena.

11



Antenas i1zstradasana

12



Galvenie apsverumi

Prognozéejama darba frekvence 870 MHz
Stavvilna koeficents < 2.0

Elektrovadosa auduma pielietoSana
Laba aizmugures starojuma slapésana
Plakana un lokama konstrukcija

Antenas izstradasana

13



ija

Antenas konstrukc

Starotajs

SEEVRESER: (rmars 7o)} pafhis

14
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Antenas izstradasana



Antenu parametru pétisana



Anritsu kézu analizators
S11, SWR, S12

- 16
Antenu parametru pétisana



Stavvilna koeficents (SWR)

josla 500 — 1500 MHz

Ainriksu oz/13/2014 06:13:00 pm

[

Points: 1044 IFBW: 1 kHz ELUCHET Fower: High
Bias Tee Off Reference Flane F1: 0 mm
R1: 511 21
Log kag
smooth: 0 % T ]
CAL: ON (OK) [ e
5.00 dB/ : N
Ref -23.00 dE
_B.0 / =
-13.0
hAk1
-18.0 l[
=
‘—13[!
-2g.0
-33.0
-34.0
-43.0
a00.000 MHz TR1 1.500 GHz

FET TR1: 8259982 742 MHz,5WR:1 .22

Antenu parametru pétisana

SWR min=1.2
F =826 MHz
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SWR josla 750 — 900 MHz

ANriksu oz:19/2014 08:22:44 pm =, L .
_ PUmtS: 158 IFBW 1 KHZ ne'ul'l."lG S PDWEr: H|gh
Bias Tee Off Reference Plane P1: 0 mm
Ri: 511 110
SWHR
Smooth: 0 9%
Cal: OM (7T)
2 20
Fef 1
7.0
— |
5.0 /
k1 b2
£ \$\ ;l;’
1.0
-1.0
-3.0
-a.0
=70
749 280 920 MHz TR1 G499.605 245 MHz
kKT TR1: G02.013 422 bHz, 5WR:2.09 MEZ TR1: 846116 969 hHz, SWR:1.94

Darbibas josla (pie SWR < 2): 800 — 845 MHz

Antenu parametru pétisana



Starosanas efektivitates
noteikSana



Kanala kalibrésana
RUPORS 2> RUPORS

Antenu parametru pétisana
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Vieno ruporu aizvietojam ar péetamo
antenu

21
Antenu parametru pétisana



0 dB — nokalibréets kanals RUPORS - RUPORS
+2 dB josla 780 — 820 MHz RUPORS - Tekstila antena

2.0
i 2 di
2.0 e

/

0 dB

Zae)

-1.0 \

-2.0 “‘*\

By \ ez
\

—4.0

700.000 MHz TR 300000 MHz

RAKET TR1: F34.000 kHz, LK:1.85 dB

Antenu parametru pétisana

REZ THR1: 813.000 MHz,LM:1.36 dB
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Starojuma diagramma

- H plakne
- [ plakne

Antenu parametru pétisana
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Kopsavilkums

Minimalais SWR (826 MHz) 1.2

Antenas darbibas josla (SWR < 2.0) 800 — 820 MHz

Relativs pastiprinajums salidzinot ar R&S HF906 | > 2 dB
rupora antenu josla 800 — 820 MHz

Galvenas vales platums E plakné ~ 120 gradi
- 6 dB limeni
Galvenas vales platums H plakné ~ 110 gradi

- 6 dB [Imen1

24




Paldies par uzmanibu
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