Elektronikas un datorzinatnu
instd'tQts ;t,

~

\ 0
.1. .."l

pulmatemalos un ne ti

S~

Dr.sc.comp. Modris Greitans

Direktors, vadosais pétnieks
modris greitans@edi.lv
+371 67554500

ELEKTRONIKAS UN INSTITUTE OF
DATORZINATNU ELECTRONICS AND

INSTITUTS COMPUTER SCIENCE



Kas ir EDI?

Elektronikas un datorzinatnu insituts ir valsts zinatniskais instituts, kas specializ€jas uz viedu,
iegultu un kooperativu sistému attistibu, koncentréjoties uz 1) datu, attélu apstradi, maksligo

intelektu, 2) iekartu sadarbibu, 3) implementaciju ierobeZotos resursos un ar potencialiem
pielietojumiem:

Nakotnes Vieda
veseliba mobilitate
Industrija 4.0 Kosmoss

+ droSiba, ikdienas dzive u.c.
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60+ gadu vésture

* Dibinats 1960. gada Latvijas

(PSR)

Zinatnu

akadémijas sastava ka Elektronikas un
skaitlosanas tehnikas instituts

(ZA Augstceltné)

* 1964.gada parcélies uz Akadémijas

(tagad — Dzéerbenes) ielu 14

» Kops 1992.gada parsaukts par
Elektronikas un datorzinatnu

institutu
ELEKTRONIKAS UN INSTITUTE OF
DATORZINATNU ELECTRONICS
INSTITUTS COMPUTER SCIENCE
- Dr.sc.comp. Modris Greitans
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EDI vésturiskie sasniegumi

1960s 1970s

Pirma mikroprocesoru
sistema Latvija

Pirmais dators Latvija

2020s 2010s

2 s ol
Pirmais pasbraucosais Pasaulé pirmais notikumu taimeris
auto Latvija KHz satelitu lazerlokacijai

=
| Dr.sc.comp. Modris Greitans 16.12.2021

Pirmais plasas teritorijas (PSRS)
akademiskais datortikls

1980s

1990s

Pasaulé pirma sistéma
GHz signalu ciparapstradei



Dazi citi fakti par EDI

Atrasanas vieta: Latvija, Riga, «Teika», Dzérbenes iela 14

Personals: 120+ (no kuriem 90+ pétnieki/inZenieri)
Studentu skaits: 39 (19 - PhD, 9 - master, 11 - bachelor)
Eku platiba: 16 000 m?2

Laboratoriju skaits: 4 (Diskréta signalu apstrades, Robotikas un masinuztveres, Kosmosa
tehnologiju un Kiber-fizikalo sistemu laboratorijas)

Sadarbiba: 300+ zinatnes un industrialie partneri no visas pasaules

Aparatura: Pieejama jaunaka zinatniska aparatura vairaku miljonu vertiba
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EDI starptautiskais izvértéjums

2013

Labakie Inzenierzinatnu un datorzinatnu paneli

potential

environment and
infrastructure

Quality of the
research

5
. : )
Development A mpact on the
: scientific

“VEconomic and

social impact

IZM Informativais zinojums ,,Par zinatnes
starptautisko izvértejumu” 20.01.2014

Saskana ar ekspertu vertéjumu
kopéjais Latvijas pétniecibas
kvalitates, vadibas un infrastrukturas
lTmenis nav apmierinoss. Taja pasa
laika savu darbibu veic atseviskas
augsta limena zinatniskas
institucijas, piemeram, OSI, BMC,
Elektronikas un datorzinatnu

instituts, BIOR. Tas var kalpot par

Dr.sc.comp. Modris Greitans

16.12.2021 6

centriem sistémas konsolidacijai un
nakotnes investicijam.




onsolidacijas aktivitates...

Valsts pétijumu programma SOPHIS
“Kiberfizikalas sistémas, ontologijas un biofotonika drosai&viedai pilsétai un sabiedribai”
Koordinators: Dr.sc.comp. Modris Greitans (EDI), 2014-2017, ~2,5 Meur

Apvienotas starptautiski atzitas pétniecibas grupas no

SOPHIS mérkis ir nakamas
paaudzes IKT sistému attistiba,
dodot iequldijumu EE DATORZINATNU
tautsaimniecibas transformacija INSTITUTS
uz produktiem ar augstu
pievienoto vértibu, ka art

Signalu apstrades laboratorija
INSTITUTE OF Kiberfizikalo sistému laboratorija

ELECTRONICS AND [ aika mérijumu laboratorija
COMPUTER SCIENCE

Faculty of
Computing

P INSTITUTE OF ATOMIC /ASI
,"7'; LATVIJAS PHYSICS AND SPECTROSCOPY /—\® DF
‘%@ o UNIVERSITATE

- .
y

sabiedribai nozimigu problému, W it 1 Latvijas Universitates
kas saistitas ar digitdlds plaisas Matematikas un informatikas institats
. =V - 1862
mazinasanu, veselibu, % 75( %
transportu, sabiedribas drosumu W copplACULYoE o RTUETE WY G
« o =v - unications e 2 -
risinasand. RIGAS TEHNISKA  INFORMATION TECHOLOGY institiite Faculty of Civil Engineering

UNIVERSITATE
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EDI starptautiskais izvértéjums

e Spéja izcinit konkursu finanséjumu
(starptautisko un vietéjo);

20 19 e Spéja piesaistit studentus,

doktorantus un arvalstu pétniekus;
Labakie Inzenierzinatnu un tehnologiju paneli

* Spéjainiciét aktualus pétijumu

Tikai5no63 | quamyorme | Tikai EDI virzienus + infrastrukturas atbalsts;
vértétam vienibam research «E Paneli» ir * Tehnologiju komercializacijas
: T il atzime «loti labi» . . v _ . - - .
ir atzime «izcili» S projekti, + vauceri, + ligumpétijumi,
Developms AN, the sciniii + licences, patenta pardosSana,

discipline

+aktivi stradajosi «spin-off» u.c.;
e Zinatniskais zurnals «c AUTOMATIC

— S CONTROL AND COMPUTER
S anal Pl g SCIENCES» (SNIP 2019 0.725)
infrastructure - . = - « = -

o | * Peétniecibas personala vidéjais
Socl impact vecums ~ 40 gadi;
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Daliba «Apvarsnis2020» projektos (oati: maijs 2021)

C @ webgate.ec.europa.eu/dashboard/sense/ap

|E| @ H2020 Projects

- r-a --»  Country Legal Entity Type Thematic Priorit...
L hal v - Latvia 9 2o0f5 9 Information gnd Co... 9

. N
H2020 Participations

Top Participants

H2828 H2626 EU Contributi H2020

Legal Name Q Participations (EVR)  Total costs
A/

Totals 24 €4.842.838 824 MEUR
ELEKTRONIKAS UN 13 £1.928.295_ 3 86 MEUR
DATORZINATNU INSTITUTS v !

LATVIJAS UNIVERSITATE 4 €1.109.500

LATVIJAS UNIVERSITATES 3 €801.956

MATEMATIKAS UN INFORMATIKAS

INSTITUTS

RIGAS TEHNISKA UNIVERSITATE 2 €619.009

LATVIJAS LAUKSAIMNIECIBAS 1 €201.261

UNIVERSITATE

DARZKOPIBAS INSTITUTS 1 €112.813

Dr.sc.comp. Modris Greitans 16.12.2021
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Daliba «Apvarsnis2020» projektos (oati: maijs 2021)

.= ---  Country Thematic Priorit...
S T ' 9 | Latvia ® et miormatio.. @
H20720 Participations
Top Participants
Q H2826
Legal Name Participations
w
Totals 61
ELEKTRONIKAS UN 13
DATORZINATNU INSTITUTS
TILDE 5IA 18
LATVIJAS UNIVERSITATE 4
LATVIJAS UNIVERSITATES 3
MATEMATIKAS UN
INFORMATIKAS INSTITUTS
LATVIJAS MORBILAIS 3
TELEFONS S5IA

Dr.sc.comp. Modris Greitans 16.12.2021
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Apvarsnis2020 projektu (Dati: oktobris 2020) kopé€jais finanséjums uz
vienu zinatniska personala PLE (Dati: 2019) (TOP 10)

Dr.sc.comp. Modris Greitans 16.12.2021
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EDI darbibas «impulsi»

* Palauties uz savam spéjam, nevis uz «citu» labvélibu

* lekseji but paskritiskiem, bet aréji - sevis cienosSiem

e Uzticeties un dot iespéju sevi paradit jaunajiem

 Saskatit nevis sodienas vértibu, bet ilgtermina

e Svarigs ir rezultats, nevis process

* Labak ir nepilnigs, bet stradajoss rezultats, neka iespéjams labaks,
pet tikai it ka stradajoss

* Ko nevar nopirkt par naudu, to var panakt ar lielu darbu

Elr
| Dr.sc.comp. Modris Greitans 16.12.2021 14




EDI Laboratorijas un pétniecibas virzieni

1.{ Diskréetas signalu apstrades laboratorija (DSP)}

Kosmosa tehnologiju laboratorija (Space)
Robotikas un masinuztveres laboratorija (Robot)
Kiberfizikalo sistemu laboratorija (CPS)

e |pasi preciza notikumu laika mérisana (Space)

{Télizpéte]un kosmosa datu apstrade (Space, DSP)

* Robotika un masinuztvere (Robot, CPS)
 Signalu apstrade un iegultais intelekts (DSP, Robot)

 Viedie sensori un lietu internets (CPS, DSP)

ér Dr.sc.comp. Modris Greitans 16.12.2021 15



This research is funded by the LCS project .
Al-based analysis of multi-static UWB-IR radar signals o 'ﬁ|1|. . FLPP
ELEKTRONIKAS UN INSTITUTE OF for non-destructive estimation of materials and = FLNBANERTALI DN

- ° !L‘?l * LIETISKO PETIUMU
DATORZINATNU ELECTRONICS AND  structure (MIRSA), No. lzp-2020/2-0270 =, OO
INSTITUTS COMPUTER SCIENCE

Maksliga intelekta lietojums multi-statiska ultraplatjoslas impulsa radara
signalu analize materialu un strukturas nesagraujosai noteiksanai

Al-based analysis of multi-static UWB-IR radar signals for non-destructive estimation of materials and structure

MIRSA

Projekta zinatniskais vaditajs: Dr.sc.comp. Modris Greitans

Project goal:

Development of a knowledge basis for the processing of multi-static ultra-wideband
impulse radio radar signals using a deep learning approach in combination with
conventional signal pre/post-processing methods.

él- Dr.sc.comp. Modris Greitans 16.12.2021 16



Kas ir MS-UWB-IR radars

Multi-static

WIHATZ) MRsa

UWB-IR

=589, FlaIBluetooth GFSK UWBARE 5%

L o

A A Bi-static

\\\
< - R
._ N Object // E B

Mono-static

Ul ) (T T T

B > 500MHz fu

e S i e | e e 2.4GHz f
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Fundamentalais petijums MIRSA

Méf/(l (Objectives):

e (O1) Adjustment of MS-UWB-IR radar signal model that describe passing of the
UWB-IR signals through a layered media of various configurations and can be
used to generate correct synthetic ANN training data sets.

* (02) Development of signal pre-processing methods based on multidimensional
representations (time-frequency, time-scale etc.), signal decomposition,
combining of reflected from and propagated trough media signals to ensure
improved accuracy and/or reduced complexity of the ANN-based analysis.

e (03) Research for favorable ANN architecture (RNN/LSTM, PCNN, transformers,
CNN, etc.) and its enhancement for optimal (precision, complexity, etc.)
estimation of object material and structure.

e (04) Adjusting of existing mono-static MS-UWB-IR radar to bi-static and multi-
static systems and validation of developed concept by experimental results.

Dr.sc.comp. Modris Greitans 16.12.2021 18



Komanda:

* Modris Greitans — zinatniskais vaditajs,

e Vladimirs Aristovs — matematiskie modeli

e Gatis Gaigals — radara uzlabojumi un simulétas datukopas
* Romans Maliks — datu apstrade

* Eduards Lobanovs — elektronika

* Kristaps Maris Greitans — maksligie neironu tikli

e Dans Laksis — signalu prezentacijas un prieksapstrade

e Haralds Egliens — programmeésana, datu ieguve

* Rolands Savelis — signalu priekSapstrade

 Janis Simanovics — elektronika, datu ieguve

=

Dr.sc.comp. Modris Greitans 16.12.2021
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UWB impulsi materialos - teorija MIRSA

Objekts var sastavéet no vairakiem Lolan ;5
slaniem, kuriem katram ir savas radar % S o
Tpasibas/parametri. R

= % =

&, - Materiala relativa dielektriska konstante

tan o - Materiala zudumu tangenss

Dr.sc.comp. Modris Greitans 16.12.2021 20




Matematiskais modelis MIRSA

balstas uz EM vilnu izplatiSanas vienadojumu z-ass virziena
— —V=
E(z,w)=E,e

y(@)=a(@)+ jp(o)

1 1-v-ﬁ.J&‘(-J1+raﬂ52 —1)

a - is the attenuation constant o=

2 c
B - is the phase constant B= ; wy2 \/ &r (~/ 1 + tan§ + 1)
C

- Dr.sc.comp. Modris Greitans 16.12.2021 21




omogens objekts MIRSA

™~
7

el .

Kopuma aprékinos ir jaizmanto tris slani (jeb divas
parejas), kur pirmais un tresais slanis tiek pienemts ka
gaiss ar zinamiem parametriem. cl=£3=1

E1 and E2 are equivalent to pulse amplitudes from respective
layer boundaries. These amplitudes are measured in the signal
received by the receiver.

1. K=E1/E2

2. A=t2—-1l

Varam ieviest parametrus:

=

Dr.sc.comp. Modris Greitans 16.12.2021
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P&c nelieliem parveidojumiem (skat. V. Aristov, M. Greitans, Determination of the
Electrophysical Parameters of Dielectric Objects via the Processing of Ultra-Wideband Pulse Radar
Signals //Automatic Control and Computer Sciences, 2021, Vol. 55, No. 6, pp. 577-587)

) MIRSA
varam ieglt mérka funkciju FO = ZWf QI- ,KO nepieciesams minimizeét

i—1
11-'I1;’E\/E?‘(\/]+I{m32 —1)

| ( 1 _0.151J(1+2.J§+a)e ‘ [mf\/"‘;]

2 xo
01 =K~ :
( > vo - 0+ —0.151) (xo + x)
_ 1 1 ﬁ*{/ er (1 + 1ans +1) Ja varam mml[mzet Fo =0,
027 7475 c tad varam iegut precizas

Praktiski 1o | _. sinat tikai dielektriskas konstantes un
ra_ _|s |_o |espeja_ms risinat tikaiar 40 tangensa vértibas!
E”. skaitliskdm metodéem!
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Atrisinajumu stabilitates probléma MIRSA

A K

+30%

| +20%

]
A
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MIRSA ©,=0.0824V. U,=0.0335V

Piemers, gazbetona bloks A= L83ns. Uy=0392V
K.=246 K,=0.21
&, = 1.88
tgS,= 0.05,
['="7.5dB/m
0.2 0.5

Ky, = 0221 5%.

0.15

i y i F 02 : : : H
2&1435 8 tns O 2 4 p 6 g tons

Us; Hilberta parveidojums
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A MIRSA ,, _ )
Piemers, betona bloks Uy = 0.1125V, U,=0.049V
A, =19mns, Up=0315V,

Ky=12.3, Ky =0.357.

&y = 2.399

02y
: tg 0, = 0.032.
o ['=3.8 dB/m.
‘ Kpe=0.35 6%.

o2 4 5 8 tm’p 2 4 & 8 Gus

02|Ug| : o4

Uy : :
0.1 f-rmenees e ; : : 0.2
Dﬂ 2 4& E ) B £, ns I:IIZI 2 4 E E t, ns
TR a b

26

26
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Divslanains objekts MIRSA

Ef E2
tang2

€4

x2

Eback
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Atstarosanas no parejam MIRSA

El = Eo|/ el — &2
-JEf +.J£2

gy - 2o el + @ —|[a — [a]) ()| - [o]
('\/EJF\/E)Z (Je2 +/e3)

s~ Bo (e e —\[er — [@))" (=) ([ + a5
('\/EJF\/E)E (&2 +,J§)2

& - [ (=) e - o]
(Je3 +/et)
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Eback = Eo ("/E+'\/§_ ‘\/ el _'\/ €2 ‘) e ( €2 —I—-\/Eu s e MIRSA
(JVer +Je2) (Je2

e —Je)) e (Je3 + et — &3 —Jer])
+Ve) (Ve +/es)

where

1
2
o2 :%(—f (V1 + tans?? —1))

1
2
o3 :%[§(\/ | + tans3* — 1)}

Dr.sc.comp. Modris Greitans 16.12.2021 30




Meérka funkcija MIRSA

where W - weighting factors

Q}_Kg[emxz(ﬁﬁ+ﬁﬁ+ez+ﬁﬁ)‘gg (3%

—0.151) {m+ J%]]/((ef+2j§ﬁzjef Jer —Je2|+ e

e e —Je| e —Jel) ( 2r941r2r2 —0.151) (xo+x2])

Dr.sc.comp. Modris Greitans 16.12.2021 31



Q2=K3—[(.\/§833f2+£23f2.\/g+EZSQ. ed +2e2e3+ [e2 €3 MIRSA
+o2fer Je2 Je3 Jed + el 2 ez +Jel e2[et +2 [el €2 €3

+Jel e3 et +2e2[e3 [Jed + [e2 e3)et)

V& — & | 200x242a3x3 ( 1 ) x3 (( 2
e — 0.151 xo + x2 + g2
_#83__#84 2.1'{?"_2.1'2 [ .#83 ]

—afer Je2 a3 [Je2 —Je3|—afer e —Je2|[e2/e3

v2fe Je e —Jal +2lfa el Jao [8 —22/s 2 -/
—2Je e —Jels—aela —Je2|/es +2e1e2 Je3 —4 el 2]/ e2
~Ja|+2je Je2 -2/ e —Je2ls—2e|/e2 —/e3|/e

SPYONY el N e S ey BUPAY el g gy PESTIYY g eSS S
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MIRSA
tera+2fer e v2e [ 26 o2 3] -2e2 et —Je2|-
rela —Jal e —Jeal a+|e -Jal arelfa-[af
tafer Ve (Ve —Je2) (Ve —Ja)|+4)er Ve [(Jer —Je2) (Je2
V& )+afe Ja ([ -Ja) (Ja -Ja) -2/ |/
~J&) (Ve -Ja)|-2/e | -J2) (Je -(a)
~2fa |(Jer -Je) (Ja -/a) -2/ |(Jea -Ja) (Ja - /)
raa|([er —Je) (Vo —Ja)+|(Jea -Va) (Ve -Ja)])

1
—0.151 | (> x2 + x3
(2xo—|—2x2—|—2x3 J(m—kr +r))

L ]
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xz.fez (J1+mans?® +1) J2

C

03=A2—

04= A3 — X3-s/83(-\/1+mn632 1) V2

C

+ kritosa un caurejosa impulsu amplitudu attieciba

kback - (el — @] (& + /&) (J& + o))/ (el +J@
e —J@2l) == (@ 4w - W —JaE) == (@
et — & - Je)

MIRSA

Dr.sc.comp. Modris Greitans 16.12.2021
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Atrisinajumu stabilitates probléma MIRSA

/\ Kz, Ks N

+20%

+2%

A2 A3
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Secinajumi no matematiska modela MIRSA

« Homogénam vienam slanim ir iesp&jams skaitliski (bet ne analitiski)
izrékinat dielektrisko konstanti un zudumus/izkliedi, piedevam nav
nepiecieSams zinat radara impulsa formu.

» Daudzslanu objektam «dabiskam intelektam» faktiski ir neiespé&jami
izrékinat parametrus, tacu teorétiski informacija atstarota un caurejosa
signala ir.

* [r pamats risindjumus izmantojot «maksligo intelektu», ka ir iespé&jams
leglt pietiekama daudzuma un kvalitates apmacibas datus.

=

Dr.sc.comp. Modris Greitans 16.12.2021 36




=

Simulaciju modelis

Merki:
* Matematisko modelu parbaudei

* Neironu tiklu apmacibai (atbilstiba realai
situacijai)

Dr.sc.comp. Modris Greitans 16.12.2021
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Signala modelis Antenas modelid"RoA

e OpenEMS ierobezojumi

I- Dr.sc.comp. Modris Greitans 16.12.2021 38



Atstaroto signalu salidzinajums

0,0004

nnnnnn

000000

UUUUUUU

UUUUUU

0000000

Signals from first 4 frames: mirsa_materiali-20210907 hdf5

O

U2

f fl

/\/\ VAN

T /UV-V L\ AN St T —
P 4 6 8 10

t, ns

Dr.sc.comp. Modris Greitans

MIRSA

* nomeéritais un simulacija pie

€,=2
 vizuali loti tuvs

* nesakrit kvantitativi:
* Simulacija ka avots tiek

izmantots realais nomeritais

signals antenas ieeja
* nav frekvencatkarigu
materialu mode|u

e sakrit kvalitativi

16.12.2021
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Vilna izplatisanas modela parbaude MIRSA

* veiktas divu scénu simulacijas dazadam
materiala relativas dielektriskas caurlaidibas
un dielektrisko zudumu vertibam

e scenasir lielas, aprékini ilgi
* modela [ne]atbilstiba (liela vidéja novirze):
* rezultatiir publicéti
G. Gaigals, V. Aristov and M. Greitans, "Conformance analysis
of model for material properties determination using

simulation of ultra-wideband pulse radar," MTTW 2021, pp.
35-39
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Modelu (ne)atbilstibas izskaidrojums MIRSA

Voltage vs Time

e neatbilstoss atstarojuma
... pozicijas laika noteiksanas
L NN ~ signals

Sl i * nestabila pakotnes
w1 scipy.optimize darbiba: lidz
S 7 pat 75% un 250% klada,

Q1, Q2 le-9 epsilonrz, tand2

0.0000000 l,. 08
2 2
nnnnnnnnnnn 2 4
o010
k1o
-0.0000010 06
Los L
— ™
0.0000015 0s
L6
Foos
0.0000020
0.4

~0.0000025 02 03 Lo.oa
~0.0000030 LI L 0oz
25 50 75 10 125 150 175 200 25 50 75 10 125 150 175 200
K2 K2
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AplUkotie datu sintézes modeli MIRSA

Reali nomerami ir tikai 60x60x10 cm betona
gabali (sakotnejas simulacijas)

* |otiilgi aprékini lielam scénam (4 simulaciju
dati bistatiska rezima)

Vienkarsotu scénu lietojums (2 simulaciju

dati multistatiska rezima)

e dati (ap 100 GB) ir ieklauti projekta
nodevuma
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Secinajumi par simulaciju MIRSA

e Simulacijas rezultati ir iegustami tuvi eksperimentali nomeéritiem
* Apguta pakotne OpenEMS:

— izveidoti izmantoto sighalu un antenu skriptu modeli
— skait|losana tikai ar bezgaligi planu metalu, kam ir sekas
— nav pieejami realu materialu frekvencatkarigi modeli

* Publicets raksts par modela atbilstibas testésanu:
- matematiski “izvilkt” materiala parametrus nav neiespéjami,

e Jaturpina koncepta parbaude ar sintetiskajiem datiem
- FDFD (Finite-difference frequency-domain method) pielietojums FDTD vieta

=
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Materialu parametru noteik3ana ar MIRSA

«maksligo intelektu» no sintetiskiem datiem

Nosakamie parametri
= Relativa dielektriska konstante &,

=  Zudumu tangenss (tan(5))

= Nakotné iespejams pétit vairak parametru (izméri, attalumi u.c.)
noteiksanu.

«Panaceja» — maksligais intelekts — maksligie neironu tikli — deep learning

=

Dr.sc.comp. Modris Greitans 16.12.2021 44




Neironu tikla modela arhitektira

Input

Input

shape

Convolution
Layer (1D/2D)

RelLU

MaxPooling
layer
(1D/2D)

—>

Batch
Normalization
layer

Dr.sc.comp. Modris Greitans

Dense
layer

16.12.2021

RelLU

Flatten
layer

Dense
layer

RelLU

softmax

Output
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Distribution of maternials’' relative permittivity data M|RSA

N

0 1 2 i 4 5 6 7
- Er

Dr.sc.comp. Modris Greitans

16.12.2021

46



Material’s relative permittivity linear MIRSA

regression with different loss functions

MAE(MAE loss)= 4.24*1e-3 MAE (MSE loss)=0,26*1e-3 MAE (RMSE loss)=4.8*1e-3
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Divu parametru noteiksana

Distribution of materials' parameter data

MIRSA
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Material’s relative permittivity and dielectric loss tangentM'RSA

linear regression results (MSE)

(tan(5 )) &y

MAE(MSE loss)=0.44*1e-3 MAE(MSE loss)=26.46*1e-3
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Relative permittivity prediction on unknown dat4RSA

True epsilon values
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Secindjumi par Ml pielietojumu sintétiskiem datidHRSA

" Precise parameter estimation on 1-parameter dataset
" Mean squared error is best loss function to train the model

= Possibilities to use obtained results in real materials’ structure
observation

" Pre-processing improves predictions and reduces errors

=
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Eksperimentalais makets un merijumi

* lepriekséjos projektos izstradats ultra-platjoslas radara izstrades
komplekts

Dr.sc.comp. Modris Greitans

Property Value
PRF 1.38MHz
Size 60.50 mm x 98.46 mm
Input voltage 12V-48V PoE or AUX
Time window 18-50ns
Sample count 400-4096
Equivalent sample rate 8-130Gsps
ADC sample size 8-12bits
Communication interface Ethernet
Pulse bandwidth DC—4.5 GHz
Pulse voltage 6V
Pulse rise time 55ps
Pulse half width time 98ps
Maximum pulse repetition frequency 10 MHz
Output impedance 50 Ohm
RF connector type SMA
Input Bandwidth 5.7 GHz
Receiver dynamic range 60db
Receiver Input noise level imV

16.12.2021
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Radara pielago%ana multi-statiskam pielietojum3fRsA

* RF signala komutatora Spiestas plates izstrade ¢ Radara aparat programmaturas pielagosana

* Balstita uz PE42540 slédza mikroshemu * GPIO signala kanala komutacijas kontrole

» Aktiva kanala informacijas pievienoSana datu
nosutiSanas laika
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Antenu izstrade

MIRSA

e antenu
attistibas
vesture

e prasibas:

* virzien-
darbiba
* platjosliba
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Antenu izstrades rezultats MIRSA

* prototips merogots un optimizets
e papildus — rezistivs slogojums

| : * izmeri: 60x99x5 mm

s, e e ultraplatjosla: 2..10+ GHz

A

* pastiprinajums: VVZ

* ir pieejams platjosligaks variants ar
mazakiem izmeériem

Pwr -10 dBm Bw 1 MHz
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Radara transformacija: antenu sledzis MIRSA

1
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MS-UWB-IR radara eksperimentalie merijjumi

MIRSA

lzveidots stends
* Nelielu objektu merijjumiem

* Antenu un objekta novietojums, lai mazinatu
meérijumos apkartéjo ietekmi
* 10 Antenu poziciju iespejas

* Merijumi
e 2020-12-10 (mono-static radar) : 30 PET, 31 stikla pudeles

e 2021-02-09 (mono-static radar) : 27 PET, 21 PET saplacinats, 34 stikla
pudeles, 10 metala bundzas

e 2021-04-27 (ms radar) : 10 PET, 10 PET saplacinatas, 10 stikla, 10 bundzas,
10 bundzas saplacinatas

e 2021-05-07 (ms radar ar ferttu) : 10 PET, 10 PET saplacinatas, 10 stikla, 10
bundzas, 10 bundzas saplacinatas

e 2021-06-11 (ms radar ar ielietu Gdeni) : 27 PET, 39 PET saplacinatas, 34
stikla, 10 bundzas

e 2021-07-29 (ms radar ar ielietu, izlietu Gdeni) : 24 PET, 34 stikla, 10 bundzas
- e 2021-10-28 (ms radar) : 128 PET, 149 stikla, 14 bundzas, 6 kartona pakas
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Programmatira datu attélodanai un saglabasandflRSA

o en * Programma: Python 3, PyQT5,
Pyqgtgraph, HDF5

* lespejas:
* Pievienot 1 vai vairakus single/multi
channel radarus
' * |Izmantot signalapstrades filtrus

* lerakstit sanemtos radara kadrus

* Nepartraukti ierakstit péc start un lidz
stop pogas nospiesanas

* lerakstit N kadrus péc start pogas
nospiesanas

* Nepartraukti, periodiski ierakstit N
kadrus péc start un lidz stop pogas
nospiesanas

» Saglabat ierakstitos kadrus HDF5 faila

CCCCC

66666666666666666
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Eksperimenti materiala mérijumos MIRSA

* Meérits biezais betons, metala
plaksne, gazbetons

\W /\/ \A/MWWWWNMMWWWMMWWMWW
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Signalu prezentacijas un prieksapstrade MIRSA

Ka dazadas datu prezentacijas un
priekSapstrade var uzlabot atskirigu objektu 2«

atpazisSanu ar maksligajiem neironu tikliem? 2400 f N

2800 1
2600

2400
2300

Object to be analyzed
Channel 00 2200

2100

Transmitter
- 1800 [
2000

1600

1400 . . . . . )
1800 : ; : ; 3 3 0 200 400 600 800 1000 1200
0 200 400 600 800 1000 1200

2500
2400

2300

I |
2200 Wk’h‘ ‘; L ;ﬁbﬁw‘v"\v{wﬁb&lww 2200 P L Mﬂ JKMW“'W

| wn}
Datu iegG$anas platforma ar Uznemtie laika signali Uznemtie laika signali
petamo objektu (PET un wPET) (Glass un Can)
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Signalu prezentacijas un prieksapstrade MIRSA

Laika prezentacija

Frekvencu prezentacija (Furjé transformacija)

Absoltuto amplitudu spektrs
Fazu spektrs

PCA WPET STFT attéls
STFT

200

181 1,
150 gh|1!
16 [

1@t | 100
12+ §

1071

o N R =] =]
T ——_— T T T

0 Lo =P A g i e 0 100 200 300 400 500 600

WPET absoltto amplitudu spektri WPET fazu spektri
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legUtie rezultati -

secinajumi

Representation Accuracy on evaluation data
P (CNN)
Time domain 78.75%
Magnitude 74.08%
Frequency domain (DFT) Phase 75.83%
Magnitude & Phase 77.11%
Time-frequency domain (STFT) 96.98%
Principal Component Analysis 80.23%
Principal Component Analysis + Support Vector Machine
. 82.42%
(polynomial kernel)

Dr.sc.comp. Modris Greitans
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Objektu no dazadiem materialiem atskirsana MIRSA

(eksperimentalie pétijumi)

vV ?|
+ Objects from different (“ ll‘ - J

materials have slightly different
impact on UWB-IR signals

oo

o 200 aco OO aoa 1ooo

* Impact can be made more
significant by combination of

Objects from different materials, the same antenna position

reflected and propagated trough — e
signals. ‘1 e
» The complexity of signal processing
can be solved with Al-based
processing.
él‘ The same object, different antenna positions
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MOW?|

Risingjuma struktdra Y ZY Y
| 1 | |

- Multi-static UWB radar
(hardware)

+ Hybrid ANN (software)

« Architecture consists of:

« UWB-IR receivers;

* CNN block for features
extraction in each
channel;

» Concatenate layer;

- Deep layers for output.

Dr.sc.comp. Modris Greitans

CNN BLOCK CNN BLOCK CNN BLOCK CNN BLOCK
[CNN layer {CNN layer [CNN laver [CNN laver
Maxpooling laver Maxpooling laver Maxpooling laver Maxpooling laver
Dropout laver] Dropout layer] Dropout laver] Dropout layer]
Concatenate layer
Deep lavers
Output
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(WHAT?|

Objektu datu kopa

= The object-set consists of 114 objects from different
materials:

= 27 PET bottles,
= 43 crushed PET bottles,

= 20 metal cans,

= 24 glass bottles.

= From this set 16 regular and 26 crushed PET bottles
were separated for evaluation.

= Each antenna channel produces its own data, thus
each object has 4 data-subsets.
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HOW?)

Hibrida maksliga neironu tikla trenésana

The data-subset for each channel consists of:

=

1) 244 sequences obtained by averaging 25 out
of 100 frames as training data (85%);

2) 44 sequences obtained from averaging 25 of
100 frames as validation data split (15%);

3) 4200 raw data sequences (recorded from 16
regular and 26 crushed PET bottles not «seen»
for ANN training) for evaluation.

Dr.sc.comp. Modris Greitans 16.12.2021
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Rezultati PET pudelu klasificésana MIRSA

Architecture Evaluation accuracy Evaluation accuracy Evaluation accuracy STD | Training time
Median (%) Mean (%)

Channel 00 92.5 91.90 5.27 78
Channel 01 95.1 94.39 4.96 85
Channel 02 (reflection) 91.0 90.63 5.99 76
Channel 03 92.36 93.00 4.25 100
Channel 01+02 97.24 96.60 2.57 69
Channel 00+01+03 97.8 97.45 3.02 64
Multi-Static (all 4 Ch.) 98.4 97.8 2.70 54

To eliminate effect of specific training cases, the presented results are
obtained by averaging 20 processing cycles processed
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MIRSA

Klasifikacijas kltdas

Architecture Glass Crushed Regular Total
bottle Mistakes PET Mistakes PET Mistakes mistakes (Nr.)
(Nr.) (Nr.) (Nr.)
Channel 00 304 8 0 312
Channel 01 190 9 0 199
Channel 02 (reflection) 64 302 1 367
Channel 03 264 59 1 324
Channel 01+02 3 112 0 115
Channel 00+01+03 95 10 0 105
Multi-Static (all 4 Ch.) 13 44 0 57

Pavisam tika klasificéti 4200 mérijumu rezultati
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Secinajumi par objektu no dazadiem materialiem

skiroSanai ar Multi-statisku UWB-IR radaru MIRSA

Multi-statiska radara arhitektura parsp&j mono un bi-statisku
arhitekturu, jo signalu kombinacija lauj klasificét plasu objektu
kopu un strukturas (normalas, «saspiestas»);

e Sasniegta precizitate 98% |auj planot praktisku pielietoSanu

* Turpmakie pétijumi:
» Sarezgitakas formas un strukturas (daudzslanu, tukSumi utt.) objektu
klasificéSana
* Maksligo neironu tiklu piemeérotakas arhitekturas noskaidrosana.
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Favorable ANN architecture for UWB MIRSA

From previous research it was concluded that the best architecture for UWB
signal classification was the Multi-static case.

There is a lack of research analyzing the direct influence of the variation of
different Neural Network architectures on UWB radar classification
performance
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Apskatitas neironu tiklu arhitekttras MIRSA

Multilayer Perceptron (MLP)

Convolution Neural Network (CNN)

Recurrent neural network with long-short-time-memory (LSTM)
Residual Neural Network (ResNet)

Convolution Neural Network with memory (CNN/LSTM)

Gated residual Network (GRU)

Transformer Neural Network
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Trenédanai lietotie hiper-parametri MIRSA

Max epochs 200

Number of layers 2

Optimizer Nadam

Learn rate 0.001

Batch size 20

Loss Categorical cross entropy
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PET klasifikacijas rezultati (Mediana) MIRSA

Channel 0 Channel 1 Channel 2 Channel 3 Channel 1,2 Channel 1,2,3 |All Channels [Training time

MLP 0.95729 0.92767 0.957619 0.94611 0.95694 0.9674999 0.96928 60s
CNN 0.9625 0.9651 0.9651 0.9526 0.9724 0.978 0.984 70s
LSTM 0.9877 0.9834 0.9926 0.9955 0.9988 0.9988 0.9989 1500s
GRU 0.99857 0.980952 0.978095 0.996547 0.99857 0.998333 0.9983 1200s
Transformer 0.98657 0.93453 0.964556 0.9654645 0.9991 0.998956 0.99928 2105s
CNN/LSTM 0.974536 0.96534 0.97456 0.9564 0.995645 0.9984754 0.9985 2000s
ResNet 0.98159 0.9974 0.9966 0.9568 0.9989 0.9976 0.99799 75s
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Results Applying Preprocessing methods (Channel 1) MIRSA

Magnitude 74.08% 94.08% 94.38% 96.22%
(F[';i‘_‘r‘)‘ency A . 75.83% 95.33% 97.56% 96.87%
Magnitude & Phase 77.11% 96.78% 98.63% 97.52%
Principal Component Analysis 82.42% 97.3% 98.67% 99.71%
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Komanda:

* Modris Greitans — zinatniskais vaditajs,

e Vladimirs Aristovs — matematiskie modeli

e Gatis Gaigals — radara uzlabojumi un simulétas datukopas
* Romans Maliks — datu apstrade

* Eduards Lobanovs — elektronika

* Kristaps Maris Greitans — maksligie neironu tikli

e Dans Laksis — signalu prezentacijas un prieksapstrade

e Haralds Egliens — programmeésana, datu ieguve

* Rolands Savelis — signalu priekSapstrade

 Janis Simanovics — elektronika, datu ieguve

=
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r

RGZUltétl (thlSkle) (matematika, simulacijas eksperimentalais M|RSA

makets, eksperimentalo datu ieguve, apstrade faktiski notika paraléli de| 1 gada ilguma)

« WP1 - MS-UWB-IR signal model, simulation and synthetic data generation.
e (D1)Initial (for homogeneous objects) model;

* (D2)Advanced model; -Iﬂ-'.':'.!i- FLPP
* (D3)Synthetic data. L P

 WP2 - Pre/post-processing and deep learning
e (D4)Pre-processed data sets;
e (D5)Favorable ANN architecture;
* (D6)Report on the obtained results.

 WP3 — Multi-static UWB-IR setup and experimental validation of the
concept.
e (D7)MS-UWB-IR radar setup,
» (D8)Evaluation & comparison results;
* (D9)Report of concept (estimation of materials and structures) validation.
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Sasniegtie rezultati (formalie) - publikacijas sy FLPP

*  FUNDAMENTALO UN

T LIETISKO PETTjUMU
PROJEKTI

MIRSA

res __eeins [ Loneni

Originali zinatniskie raksti,
kas iesniegti vai pienemti
publicésanai SCOPUS
datubazes ieklautajos
izdevumos

Dr.sc.comp. Modris Greitans

K. Greitans and M. Greitans, "Multi-static UWB radar for
classification of objects from different materials," 2021 IEEE
Microwave Theory and Techniques in Wireless Communications
(MTTW), 2021, pp. 7-11

G. Gaigals, V. Aristov and M. Greitans, "Conformance analysis of
model for material properties determination using simulation of
ultra-wideband pulse radar," MTTW 2021, pp. 35-39

V. Aristov, M. Greitans, Determination of the Electrophysical
Parameters of Dielectric Objects via the Processing of Ultra-
Wideband Pulse Radar Signals //Automatic Control and
Computer Sciences, Allerton Press, Inc., 2021, Vol. 55, No. 6, pp.
577-587.

Papildus tiek gatavoti

K. M. Greitans and M. Greitans, «Comparison of different neural
network architectures for UWB radar material classification»
G.Gaigals et al. «Concept validation of estimation of materials
and structures by multi-static UWB-IR radars»
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Sasniegtie rezultati (formalie) — akadémiskie darbi qiliss: FLPP

*  FUNDAMENTALO UN

lmT LIETISKO PETTJUMU

PROJEKTI

MIRSA

e T

Sekmigi aizstavets bakalaura
vai magistra darbs, vai
promocijas darbs projekta
tematika

Dr.sc.comp. Modris Greitans

Janis Simanovics «Pasiva sistéma radiovilnu starotaju

virziennoteik$anai» vad.R.Savelis, magistra darbs aizstavéts
RTU 2021.

Papildus tiek gatavoti

Haralds Egliens «Dzelzcela parbrauktuves automatizétas
uzraudzibas programmaturas izveides risinajums» vad.
M.Greitans, aizstaves RTU 2022

E.Lobanovs «???» vad. ???, aizstaves RTU 2027

+ devums R.Malika, G.Gaigala promocijas darbos
D.LakSa magistra darba
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Paldies par uzmanibul!

EDI:

Atsevisku jomu ekselences apvienojums ar jauniem
pratiem, kuri uzsak jaunus, aktualus pétijumu virzienus

Starptautiska [iTmena pétniecibas vide —
infrastruktlra, telpas, aprikojums, projekti utt.

Jautaiumi? 300+ starptautiskie partneri uz
‘ ' apméram 100 pétniekiem
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