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dauf 1: MsUTeUNBUNUIUIIEDU (Related Work Comparison)
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1.1 asumsieuiieuIsminausiulsdu q (amsiunnun)

un / 94

AsauLnigu

NAANS
(UUNLEUD)

% '3 a'
Naaws (4uaw)

agudalaieu

[

Ch7 (UWB Breast)

Ch7 (UWB vs CT)

Ch10 (Lung

Tumor)

Multi-DNN Deep

Learning

Multi-DNN Deep
Learning (UWB
Signal)

RNN (Classification)
+ RNN (Prediction)

UWB Signal
Processing (TSAR,
DMAS, DAS)

CT Scan (Gold
Standard)

Commercial RPM
System (Varian
Medical)

F1 = 96.98%
Accuracy = 95%

100% (daulwngy)
87% (n3gden)

Error < 0.007%

(A1V); F1=100%
(phase)
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(qualitative only)

CT Scan (Ground
Truth)

1A
USuusalale

genmn

(laififaudSauLiiau)

Wiguwin CT Scan

An31 RPM
(AN AN

AN 7.5

AN 7.4

Table 10.4, 10.5
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ad o = Naans v ¢ = Y Yy
/UMY . NAANS (91Ud) agudaldieu
(MuULEUD)
>97% accuracy o . GRU wgumn/anin
Ch12 (UAV GRU (Gated LSTM (Long Short- FUYDUNIN GRU
. ) MAE anainn - o LSTM (parameters Ch12 Summary
Altitude) Recurrent Unit) Term Memory) ) ’ NNYINIT v
timestep ULYNIN)
. Multi-point DNN ) . Loss Convergence
Chd (Multi-var Multiple Regression . o e “ e 4
o (Deep Neural _ ANASENNEND 9N 917131 YU non-  DNN AN10819TALW  5UN 4.17
Prediction) (Linear Method) ) . N
Network) epoch linear Lila

1.2 UNil 7 - N15ASIAINLLSUA1UNA28 UWB + Deep Learning (a151991 7.5)

Wiguileuisnisene q lusddealan A&y Ultra-Wideband (UWB) dmsunasiamugidasnun Tnsauniiauslunisde (This work) 1du
NAFLNGUIN 9 NlY Multi Deep-Learning Localization $3ufiuang@1n1akuy Movable Multistate:

v v mo WWAYATN / , S -~ v gd - v
AUDIY UJsznnanganad . YINAINUA 25 DL / Al NAANININEIU 4 14984
Algorithm
Tissue Sensing Balanced ladszy (Signal - (Wisheeu
. . TSAR 1.0-13 GHz , 2004 [3]
(TSAR) Antipodal Vivaldi Processing) accuracy)
Tapered + , .
. - lyiszy (DMAS - (liswau
Breast Detection Transmission DMAS 2.0-8.0 GHz ) 2008 (4]
onded Algorithm) accuracy)
oade
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dszangiegannad

258190 N /
Algorithm

Y39A21UD

A5 DL/ Al

NAANS 189U

Breast Cancer

Detection

Breast Cancer

Detection
Breast Tumor
Detection

UWB Breast Imaging

Breast Cancer

Detection
Breast Detection
Breast Cancer

Localization

Breast Tumor
Localization

(uNULEUD)

Slotted Patch

Corrugated
Antipodal Vivaldi

UWB Transceiver
CPW feed EBG
Antenna

CPW Feed
Monopole
Horn-like 3D UWB
Slide Slotted
Vivaldi

Side Slot Vivaldi
9Rx + 1Tx
(Movable)

Fixed Switching
Matrix

Fixed Switching
Matrix

DAS (Delay and

Sum)

Fixed Switching
Matrix

DMAS

Fixed Rotated

Platform
IC-DAS
Multi Deep-

Learning

Localization

3.5-15.0 GHz

1.0-4.0 GHz

3.0-10.0 GHz

3.1-7.6 GHz

4-8 GHz

2.0-4.0 GHz

2.8-7.0 GHz

2.8-7.0 GHz

ladszy (Signal

Processing)

laiszy (Confocal

Imaging)

lyiszy (DAS
Algorithm)

NN (Neural Network)
laisgy (DMAS
Algorithm)

lyiszy (Detection

Only)

lyiszy (IC-DAS)

Multi-DNN (Deep

Learning)

- (lalsneau

accuracy)

- (lalsneau

accuracy)

- (lalsneau

accuracy)

- (lalsneau

accuracy)

- (lalsneau

accuracy)

- (lalsneau

accuracy)

- (ladsneau

accuracy)

F1 = 96.98%
Accuracy = 95%

(Tumor Loc.)

2010

2012

2015

2018

2019

2020

2021

2024

This work

* 91veluassainssuaaulug/ld Signal Processing (TSAR, DMAS, DAS) lnglsisaeiuny Accuracy/F1; viuininausidunsalusn 9 9119 Multi-Deep-Learning
UAETISNIUNALTIUTII0S
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1.3 unii 7 - MswSsuiisunaans DL Au CT Scan (A15147 7.4)

Tainw CT Scan 1w Ground Truth LﬁaﬂizLﬁummgﬂéfawmszwmawmzL%QLG’T’mmé’w UWB + Deep Learning (17 Class, 136 test samples):

Training — AaLNUNN
: 100% 100% / 100%
Class (CT vs DL)

Test — Class #iau (CT vs

8 0 0 100% 100% / 100%
DL, Avg.)
Test - n38len (deep
. 7 1 2 87% T7% / 81.7%
position, TP=7)
Test — nyiade (TP=7) 7 1 1 87% 87% / 87%

* jaans Precision/F1 = 100% lunsalaaulug) uansliiiuiissuy DL aunsonsavaeusiundsuziSalaiiigum CT Scan

1.4 undi 10 - Mm3U3eufisuduszuu RPM iawdlvd (Varian Medical Systems)

NuATeluuny 10 WSsuisunass Kinect v2 IMmW1sIAU RNN/GRU AuseuU Real-time Position Management (RPM) v94 Varian Medical Systems
Fadugunsalunasgrunemsunmddmsuiamunisiedeulmuesimsseniunisinuuzsweniiesa:

518N Kinect v2 (syuufiwmun) RPM (Varian Medical) ANAUAANAA (%) NUYLAG

Aun1sngla (Areegna
Index 0)

3.320 sec 3.320 sec 0.000% mqﬁ’uamymﬁ
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378N1530 Kinect v2 (szuuiwmiun) RPM (Varian Medical) ANAUAANAIN (%) UGG

AuN1sngla (Alegng

4.074 sec 4.040 sec 0.034% L < +2 mm
Index 2)
Aunsela (Feena . .
4.280 sec 4.280 sec 0.000% AIINUANUT
Index 12) v
AunNsela (Fleena . L
3.860 sec 3.800 sec 0.060% ANEEA LUAIDE
Index 14) v
AladsALRANAIRATY . .
— — < 0.007% URHNINAN RPM 1A
(Mean)
12995795V (Kinect) 750-950 mm N/A — syeylunza: 930 mm
Axis Motion Accuracy RPM Spec ©1484 (Varian
— 2.0 cm (£0.2 cm) —
(CT/PET) 2019)

* 53UU RPM 984 Varian Medical d51m1gusazitumaluladuuutn; szuuiianduidsinignnay Usuuesls uasdnasusiveniiev
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daufl 2: Troubleshooting Guide — ﬁ@wﬂﬁwuﬂaaiunﬁiﬁwuﬁ Deep Learning

ayulymimudeslunsiaulaseeUssanifiendadn niouams 0113 wagdswily anilemluniisde:

FTAUAMUTULSE  HIGH = danasiauszdnSnnegraunn |

MEDIUM = d@swatiunany |

LOW = dinailae

H Usyniinu AUNANAN 81115 / Symptom Bunlay UNDN9D 9l unLeHD

Gradient
1 Vanishing
(Augunngll)

Exploding
2  Gradients
(AMULTUTZLTN)

Overfitting
(Tarrasinma)

Underfitting
(DULADIHARY)

Tasernedvianetuuiniuly
ANNSAYURANALTOY 9 UItnaAUY

Y

ANNTAS UM NLTUDEITILSRUTANANE

Tuwadudouiuly and1deya training
wnfulUawhuedeyalualalaid

Tuwadeiuly viselntsgseu
ldanunsaduguuuuludeyala

Lnaseuitiuan /
neaseuiAANgadslianadutunsn

i

A1 loss nanendu NaN /
Uminszidaeenly la Converge

Train accuracy g3 w6 Validation/Test
accuracy A1 Y9INNTNTENINNEBIAT

Train accuracy #1

AAugaydelianasnnme
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AMUAINUIU Hidden
Layers Tvilnunzaw (3-5
1) 1Hlari9u ReLU/PReLU
U Sigmoid/Tanh

14 Gradient Clipping
APUUIALNILABUA an
Learning Rate 1% Batch

Normalization

19 Dropout (Un node &),
L1/L2 Regularization,
Lﬁ'msﬁaiﬂa Training (Data
Augmentation), Early

Stopping

Wil Hidden Layers/Nodes
1% Activation Function
Pivinzay Wnsuu
Epoch
Wasuandnenssulasadne

Ch4 Neural
Network
(L40329-40342)

Ch4 Neural
Network (L8436—
8445)

Ch10 RNN
(L70549), Ch11
Custom NN
(L71253), Cha
(L40399)

Ch4 Neural
Network
(L40338-40356)
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dayalaild
Normalize
(Feature

Scaling Issues)

Learning Rate
Taiwsnzau
(Suboptimal

Learning Rate)

97U9U Hidden
Layers/Nodes
Tdwmunzau

La9n
Activation
Function
NaUsZAN

Batch Size
Liwungay

Feature NAYAIAIAULIN
ylsluwaimnudndueluny Feature

Aa

niAga

Learning rate gj\‘iLﬁulﬂ — Diverge;

auAuly — Converge Fun

deetiuly: Underfitting; snnuiul:
Gradient Vanishing + %#18A11137310

Sigmoid/Tanh Tu Hidden Layers —
Vanishing Gradient; Linear Tu Output
Classification — WaAWan

Batch LaniAuly: noisy gradient; Batch
Tuaiiiuly: overfitting, RAM Ly

Luaalseusi vve Converge HAUNG
gradient lalasiaue

Loss nsglanduaduuudyl (rate g9) w39
Loss anaet1unn (rate #17)

[

Usgansnnlaifviag 19 RAM ge w3

Y

training 30

Vanishing gradient, output
Lyieglugaevignaes

Loss l3i smooth (batch 1&n) w39
Generalization #1 (batch v
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11 Normalization ¥n
Feature A8 Min-Max
Scaling [0,1] 938 Z-score
Standardization nau

training

14 Learning Rate Tusng
0.001-0.1 (MA@BIAIAY )
14 Learning Rate
Scheduler Usuansnlusin

Sugfuil 3-5 Hidden
Layers 14 Grid Search %38
Bayesian Optimization
@enauiu Node

Hidden Layers: 14 ReLU
%39 PRelLU; Output
(Classification): 4
Softmax; Output

(Regression): 1% Linear

19 Mini-batch SGD (32~
256 samples) NAABIAIAA
5 NITAIATUYUA

dataset

Usyvniinu dmavan 81113 / Symptom WBudly undnedelumiledo

Ché Microwave
Ablation
(L12120-12131)
Ch12 GRU
(L86669)

Ché (a=0.01),
Ch10 (0t=0.1)
Ch7 (L51175,
L57841)

Ch4 Neural
Network
(L40338-40369)

Ch2 Activation
Functions
(L11404-111453)
Ch10 (Softmax
output, L70571)

Ch2 (Batch Size:
L8371-18383)
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Usyvniinu dmavan 81113 / Symptom WBudly undnedelumiledo

Joualiduna y
v : 14 LSTM/GRU wu Vanilla
(Class . ] Ch12 LSTM/GRU
o - 0w . . o RNN; nvua Time Steps

Imbalance) RNN & time steps anawiuld vl Gradient  Tuea RNN viunetanie majority class; , 9 (L82743-82756)
10 o o . e - , Uszune 3 939; 14 Class

wae Vanishing  Vanishing; Class hJa:u@avniw bias Training “gANBULIAN _ - Ch10 RNN

. Weights 1139
Gradient Tu , (L67215-67232)
- Oversampling
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2.2 Quick Reference: Mstdanwandunszdu (Activation Function Selection Guide)

[

& o t:ll g ! ° A v . . . &
?\]qﬂLu@‘W'ﬂuwux‘]a@ (UMM 2 LagNTUANYIRNG 6]) LLU%uqﬂqiLa@fﬂfU Activation Function a3u:

Activation _ o = v o v o o v o
. LBRUCEINIU UaA YaLH/VBAITTSN f79819 1 UNLeED
Function
ReLU (Rectified . ° am computation laifin 919" 'Dead RelLU' (node dsa0n
. . Hidden Layers 913lU .. Y , 14lu Ché, Ch7, Ch8, Ch10
Linear Unit) saturation &@113u z>0 0 »89m) A1 Learning Rate 3
PReLU (Parametric ~ Hidden Layers wAteyn1 Dead RelLU maA . o e . i
e -, 4 oo U parameter LWULAUNADY train wugtlu Cha Neural Network
ReLU) IZONAREHLVED! slope MU5UlA
o Output Layer (Binary ds0anAn [0,1] wnzAY Vanishing gradient Tu Hidden . ,
Sigmoid o _ , 9 laiuugiilu Hidden Layers
Classification) Binary Output Layers laipasle
Tanh (Hyperbolic Hidden Layers (o3a @900 [-1,1] center 7i 0 Vanishing gradient dsasiloglu '
? o v 14lu Sequential data
Tangent) Centered) AN31 Sigmoid Deep networks
ot Output Layer (Multi-class  dsoanilu Probability laiwungAUu Regression 3o 14lu Ch10 (10 phase output)
oftmax
Classification) distribution 93 = 1.0 Hidden Layers Ch7 (17 class output)
T4lu Ché (temperature
Linear / None Output Layer (Regression)  d@wanasaiiies ludningas laiwngAu Classification prediction) Ch12 (altitude

prediction)

2.3 Quick Reference: A1 Hyperparameter ﬁi‘i’ﬂuﬂiﬂﬁﬂwﬂﬁﬂ

a3UA" Hyperparameter 7ilda3slunsiaznsdifine ieldilugaisudu (Starting Point):
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Ché

Ch7

Ch8

Ch10

Ch12

Ch14

Temperature
Prediction
(Microwave
Ablation)

Breast Cancer
Detection (UWB
+ DL)

Gesture
Recognition
(UWB Human
Activity)

Lung Tumor
Prediction (RNN

+ Kinect)

UAV Altitude
Prediction (GRU)

Underground
Detection
(Custom NN +
GPR)

aandnenssy

DNN Regression

Multi-point
DNN

Custom Multi-
DNN

RNN

(Class+Predict)

GRU (3

timesteps)

Custom NN +
GPR

Learning Rate Epoch Normalization

0.01 5,000 300 Min-Max MSE 99.98%
0.01 5,000 — Z-score F1 96.98%

0.01 5,000 — Min-Max F1 98% (Train)
0.1 1,000 — Min-Max F1 100% (phase)
— — 3 timesteps Min-Max >97% accuracy

92.80% overall
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