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c|O|Ct =X 2| - 7R (1/5)

. YurEOl Yo|ct 28 WAl

— go|C}7t EM (EIectro—Magnetic) wavess HAlg

= o + T xS o
- FAE M=o EY5 2400l YO AL, £k YEHE F=Y =+ US

pr = L=

Tl B Transmitted pulse
Transmitter — Duplexer — Receiver — O Reflected pulse

Source: Christos llioudis, “Introduction to Radar Signal Processing”
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| O|Ct =X 2| - 7R (2/5)

. EEO| 2|8 SHI| YME $MUSO| XIHUAZHS BE

Y

Emmision of a pulse at t = 0;

Pulse reaches the target att = t/2;

Time
h 4

Y

A part of the pulse is reflected to the radar;

T The echo from the target is received at t = T.
Range

Y

Source: Christos llioudis, “Introduction to Radar Signal Processing”
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ol O|Ct =X 2| - 7| (3/5)

H 2CE XXS Ola SE =
- BYO| 555 FF517| folM= o2 712 g|o|ct =S E&
— Fast time2 Tt EM waveE MEZ 2ot Z110| 1, slow time2 0{2] EM wavesOf CioH A| 7t
— Of2f a2 HEXNO| 27} EXfst= 22| OfAl
QAR MO AL EHO| HR|SH UKD, M0 A mA T} go|chzrol Ha|7} #ete
Sampling Interval= 1/B
-~ r_lﬁ
0]
-E Example of two targets, one staying in the
g same resolution bin (orange) and one
%) PR moving in different resolution bins (green);
} Top: Data matrix for 10 time resolution
_ > bins and 4 PRI;
Fast Time Bottom: Radar returns in time:
! Time
PRI

Source: Christos llioudis, “Introduction to Radar Signal Processing”
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cl|lO|Ct M= X 2| - 7| (4/5)

» C}2| Pulses2 F/dEl HIO|E| MESS 0|8
— | A2l/EE BEE of w0 =olg = %
g‘ A Tx/Rx Chirp0  Tx/Rx Chirp 1
O
&
&
&
1
(1
2
110
O >
> <+ 2(d + vdt)
nE=T o nE—— Time
Mixer and ADC Sampling
Range-Doppler heatmap s
o
bD 100 a5
% 4
3 Range FFT ’
QJ 25
£ Doppler FFT :
Jg 15
[ 25
Slow time (Doppler)' Range(meters) Doppler Velocity (m/s)

Source: Don Koks, ‘How to Create and Manipulate Radar Range-Doppler Plots”, DSTO-TN-1386
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ol O|Ct =X 2| - 7| (5/5)

« MEXOQI Y O|C} detection € 1EIS

— Threshold #f2 o™ EHoZ 25

otLt

of¥

dX fo™ HHO| Ot ez 27

LS —

— 1Y%l False alarm rate 2k 27| 2/l adaptive St threshold ¢tS B3t AL

Reference Cells

Figure 2-2: CFAR window where the cell under test (CUT) is the cell in question,
the reference cells are the cells used to estimate the expected noise at the CUT, and
guard cells are ignored.

e e [ o= ]~
Leading Window Lagging Window

®  Comparator

Output: Target
or not a target

Figure 2-4: CFAR diagram

Source: Alexandria Velez, “Utilizing 1/Q Data to Enhance Radar Detection and Accuracy Metrics”
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2ol'd 78S HE¢ go|ct H= X

- Semantic segmentation task &=

i
>
ot

— Computer vision =0 Q10 A= F=0{ Tl O[0[X|E & H& &= Class§ &/ot= A+

— 0|2 range-Doppler map0ll M83}0] O|Ct HE|EX EHX| I AH HAE 4

Design a network as a bunch of convolutional layers
to make predictions for pixels all at once!

- - | argmax -
—— —

Conv

Y / Scores: Predictions:
CxHxW HxW
Convolutions:
D XHxW
@ = bo|E (2 Ground Truth o121 [j|o|Ef

X Colormap
-Red: AY CEE
- Green: RC7}

- Blue: AbE

X A8 EXN: http://cs231n.stanford.edu/slides/2017/cs231n_2017_lecture11.pdf
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dlO[Ct CIOJE| 2= S =4 - 2fjojct B 3 B#H FF

-1

- glojct 8 &4 =

— Ancortekiit 980AD2 (X-band, FMCW)
v' Bandwidth: 40 MHz

v' Sweep time: 0.5 ms

v' Samples/chirp: 256

EEM CE#2 EE#3
(SYMA X8HW) (SYMA X5) (SYMA X20) (NOMAD)

w

2YEE HIFAZ <58, STAZ >601)

AL
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djo|Ct Ojo|E 25 % EM - 0| 5Z (augmentation)
Held B st Al overfitting 2|
— RCS,SNR & 0|5 B2 &1

=

generalization & ZQ

22 28 1/ Edut Faol 28 ot52 2ot od X
—- Hold BE0| HY 5/ (¥ EE RCIL AR 1R §d2 d5otd EES AlE & = UES
CtASH FF 9| augmentation 7|2 &
v

Random horizontal flip, random translation (jittering), label smoothing

o
n

®

1 Gl o] £

I
J

Input/Target Pair Input/Target Pair
without Horizontal Flip with Horizontal Flip

@ Ground Truth

Input/Target Pair Input/Target Pair
without Random Translation with Random Translation
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oot ClojE] =5 3 &4 - HI0|E| SZ (augmentation)

-1

« Augmentation & H range-Doppler map 2% 59

— Train (3.82t%h), valid (7.3H&)2| RD-map= H$t F| normalize 21t (BIMY =5 2 2
Z™E HO|HE= EX0| E7d range ¥490| =2 /0, BN {7t NoHY

— AMZF HXO| SNRO| #O{XM 2 CIE BXE (2™ EE, RCFh CHH| 01 3
- Augmentation M8 £
— (Train set) 2= H2l/5 = S0 #H 12/ 2% (R WEALL =2 #8 B & 08 7tHs)

- EHO|SNR 52 AlZ A7|S e DHO0| YEOHK| %1, BN 1] S42 YEIHES RE

Train Set Valid Set Train Set Valid Set

(A" CIasseS) (A" CIasseS) (A" CIasses) (A" Classes)

13/49



2old 7|8 Hlojct BX| 3 AE - 2E

|oF

s FE

- ChSat 22 "Held 2 o5 7= HO| ME (@ H HI0IE, @ground truth)E /35t

[ — |
o, 7|E MSH dojct M= X2] F1e2|SQ CFAR 1125 ChH| EXo| SRMX| =714
o

{ Backpropagation }

. Deep
I;{:S?IZ -r (Preprofessmg Neural Predicted ( Softmax Loss
Map tugmentation Network | | Heatmap [[ | __Layer ] [ Function ]
U= CO[E] oA
Ground
Truth
X Colormap
-Red: 2 EE
- Green: RC7}
Blue: A1 Ci2fd 2Ho| Aol BHE0| £
= . [=] .
o=t 2t JEX|
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cig{ul 7|ut 3j|o|C} EFX|

9 A -

- 5 71X| 20| CHSt ablation study Z i}

— CCAE: Customized Convolutional Auto Encoder .+ 2!

— MU-Net: Modified U-Net 7+ 2 &l

I TP. + TN,
matt=¢ \ TR, + TN, + FP, + FN,
c=

CCAE128
CCAE256
CCAE512
MU-Net512
MU-Net1024

CAE (SegNet): https://arxiv.org/abs/1511.00561
U-Net: https://arxiv.org/abs/1505.04597

c
1
mloU = Ez IoU,
c=1

0.7983
0.8144
0.8133
0.8604
0.8636
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target N prediction

target U prediction

0.5209
0.5322
0.5097
0.6237
0.6278
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FHiZ X HaX

. 2= oo|5 HES| BAIE Hof 52 EX ©X| 45

o
I
HI
et

= A2

Real Real Backpropagation
Generative Il;angle- —>{ Discriminator gangle'
. oppler oppler
Adversarial Networks Map Map
Classifier Los§
Function
Generated Generated Gr_?m:g
Random Noise Generator Range- || | Range- ru

Doppler Doppler

Map Map [AMEE/8H Hlo|E| 3| 28]

- Hrp Ccreket XM 2hZ o)l cHoll 2lojcf I11|0|E1§ 53

O
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GANs 7|dt G|O|E] 542

« Generative Adversarial Networks (GANs) 7|2 0| &236}0] M5t E29| g H|0|EE

e~ e | o gro .
X =& o[t g &3t Eel'd 7| classification 2
Real : Fake ¢GAN Model
Ratio 7 None\, ¢cGAN (T12] + [20] + [21T) | ¢GAN + FIN® | ¢GAN + PIN + CCAM
10000 : 0 60.82 - - N
10000 - 10000 O — 606 70.12
) - CE Loss : Class 10000 : 20000 - 63.19 7t
Real RD Map (F,:]'E'pf.“f“g]g) 10000 - 300007 =N 63.88 7076 == 74.14 (43D))
[1, 128, 128 ormalize to [0,1] GAN Loss * Raal 30000 : 0 (| 8734 — - S
30000 : 10000 83.35 \ﬁ-%ﬁ.*
30000 : 30000 8376 K 1 (+3.5T)
As mentioned at the previous section, PIN 1s per-image normalization S
CE Loss : Class
Fake RD Map
- [1. 128, 12¢] GAN Loss : Real / Fake
npu
noise z ‘
SEA
AH| 8t Hlo|E{7} ATiRoE e HD
| Class Vector ¢ || 112 T comge Generative Adversarial Networks (GANs)Z 0|25}
,C — ~ ° =
W[ me || e g!-kl E E"OI E'I = "'" grgo}(q EE" <E> ‘%I'ﬁ I'E
G I F SkAEl Classification A5 (+4.32/ +3.57) & 7|5
L
v L
F

[cGAN 2! Conditioning Channel Attention Module (CCAM) 0| &%t 8& F+X]
Source: SeongUk Park, et al., “Range-Doppler Map Augmentation by Generative Adversarial Network for Deep UAV Classification”, IEEE Radar

Conference 2022
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Grad-CAM  GAIN (ours) GAINgys (ours)

Figure 5. Qualitative results of attention maps generated by Grad-CAM [24], our GAIN and GAIN,.; using 200 randomly selected (2%)
extra supervision.

Source: Kunpeng Li, et. al., “Tell Me Where to Look: Guided Attention Inference Network”, CVPR 2018
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GANs 7|4 GIO|E| S22 £ M5 7jM

- ¥ 23 (1/9)
o 2 HOHA (0~®) 22 0|85}0] Classification Model €& 31 (D~@) 0| &3HA &5 E7t

o

=

A_I_

=
v

Baseline Model #1

Backpropagation

O~@

GT(EdEE3)
Real
gang;e- Classifier Full-:;i?on
oppler
Map GT(EXZER)

muin
i

H(MARE ), x(EFT] HIAE) A4

®

r

o
——
L)
_d
S)

™t 19
e
0%t

X @~@2| 8% 0| B7} BlO|EIMS M2 £2|E|0]f g
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— A BH O0|HAl (D~@) 2HZ 0|83} Classification Model €& St (D~@), %) O| 28| Hs

= o

a1
A-I—
_I_OOIII

0k
N

v" Baseline Model #2

Backpropagation

O~@

GT(EdEE3)
Real
gang;e- Classifier Full-:;i?on
oppler
Map GT(EXZER)

= @
S 2tt @ w(EEEE o), *(@F7| HEE), A(d49)
NS PNEE ®
H @

X @~@2| 8% 0| B7} BlO|EIMS M2 £2|E|0]f g
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-

AI  ~ e
) E°=4 2._"76' (3/4) Real Real
= Range- fcpii Range- T
- CycIeGAN 7| EEI- |'0:| Doppler Dlscrl(nA1;nator Doppler Dlscrl(r;)mator
Map Map
> A B
- A =0 HOH(@, HAAd - EE AE w ®)
" YA
- B =02 HIO[H (A, 8127t - EE A= Fake Fake
Range- Range-
— Z BH3tgt £~ Q= Generator (ENC/DEC)E St& Doppler [~ Doppler i
ap ap
v AtoB ® &
Reconstruction Loss
€) A
Real Fake Reco;astkr:ded
Range- Range- Range-
D:/F:pler D:/F:P"*" I | Doppler
ap ap M
(A) (B) a
ENC DEC
ik Reconstructed
Real Fake Fake
Domain Il;angle- | Domain [ ] II;angIe- Domain Range-
(A to B) ‘;/'fp er (B to A) oppler (A to B) Doppler
ap Map Map
(B) (A) (B)

Reconstruction Loss

Source: Jun-Yan Zhuy, et. al., “Unparied Image-to-Image Translation using Cycle-Consistent Adversarial Networks”, ICCV 2017
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Map
(A)

S =l CycleGAN 222
A 82X H oA (D~@)nt ‘S

HHAEN (k) 22 8

Pretrained
Model

ENC

Domain
(A to B)

Ox@

Real
Range-
Doppler

Map

Generated
Range-
Doppler

Map
(B)
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Ms 71M

O~@
e AL 1§ . GT(EEEZ)
ee °7|- gg:g::'r Classifier
Ma| —
— GANs 7|Ht §|O|E 7|2 =9, : CTEHER)
- S8 #X HOIHE 2= 2800 tol =t=2sHA] Xot =, |
~ HetE Z3o Ho|EAT Jx|nE £ pq X
- B2 SF0 MY g5 28T 4 Jgg Y '
Baseline#1 93.70 = 9867 100.00 100.00 100.00  100.00 97.44 100.00
Baseline#2 O~@® O~®, x 99.00 I 5220 : 10000 10000 100.00  100.00 : 5315 = 99.20
Proposed O~®, A O~®, % 99.20 : 97.25 = 100.00 92.80 98.70 100.00 = 86.00 82.40
Sqt
S ok7} ® KR 8t x(BR7| HAE), A(M4)
Aoty ®
H @

X ®~@2| B4 HI0|E{Aln} T Hlo[E{A2 M2 22|50 S »
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282748 (1/3)

Source: Tesla Al Day, https://www.youtube.com/watch?v=j0z4FweCy4M, 2021.08.20.
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https://www.youtube.com/watch?v=j0z4FweCy4M

B 5lo|E| g0l T

And It Has Perfect Labels

_ 5 A
Normals AL . Jer N Segmentation

Source: Tesla Al Day, https://www.youtube.com/watch?v=j0z4FweCy4M, 2021.08.20.



https://www.youtube.com/watch?v=j0z4FweCy4M

2828 (3/3)
Simulation Helps When Data

Is Difficult to Source Is Difficult to Label Is Closed Loop

g

l' \']' LJ

Source: Tesla Al Day, https://www.youtube.com/watch?v=j0z4FweCy4M, 2021.08.20.
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https://www.youtube.com/watch?v=j0z4FweCy4M

Cret 2f|o|ct C|ojE] 2=EF 7|H

o M 2 s FXAm XM SHS M85t 2 0l= X0 Cfjst
448 7ts

5t #[0| T} 4 Al

— XL} 844 : Method of Moment (MOM), Multilevel Fast Multipole Method (MLFMM), Finite-
Difference Time Domain (FDTD)

— I} 8 A Geometrical Optics (GO), Physical Optics (PO)

H My 2 K| oA
(Ideal Point Scatterer Model) (PO, Physical Optics)

"OIE 279

E (Point Cloud)

22+ o4 (Triangle Mesh)
ALt Yot S £2 (52 FO4 39)
N CISHIAFSHAI O 7hs 3t B S 0| =X
S EEARSH A =7ts (Iterative PO, Shooting and Bouncing Ray PO &)
HAb &5 = S (EEH QL X[BH A 7IH*':§£1IA1E SN2 whE HO[H,
GPU 7[Etel HEXNEZ| 7|8 s HESIH &= /| 7Is)
O 22| AFEE = == (TA ol LS o= K2 H)
HF O
20t 57 affLs *

3 (GPU 7| EHe| Ray-Tracin
7HA'|o
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27 CjojE| &8 TH (1/4)

- 2 SE MR HEA = dEHl glolE 2] Ii/qQ HIolE{er 20| Mz ME| 7tSdtH, otEjet #2

HtAM O 2 range-Doppler map 4’d 7ts

Block diagram of Range Profile and Range-Doppler Map

# of Time Samples # of Time Samples
A Ad B
’ 8
- o
> E c
() © ©
- )
3 2
> - s
to t t, t; Time © o
- # S A 4
A 23 v v & ' -
Azt goz Ea|of Het
\ 4
L \ 4 | \ 4
Range Profile Hl_\l,g: rislg:zzﬁ: Range-Doppler Map
Ha|s| 4 =7} J
2279
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=o|&ets 78 22X Ho|E 48 TH (3/4)

. [HYE (bandwidth) 30| T2 WAIE M EX HIO|E| OfA)
- 2830t 10 GHz, PRF: 512 Hz

BW : 5 MHz, PRF : 512 Hz

' “ " ”‘hl' 0

“' W'l .

-25

-30

BW: 100 MHz, PRF : 512 Hz
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— Model: 3-layer CNN with max pooling layers
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Model: 3-layer CNN with max pooling layers
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