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TOM TAT: Cic mang no-ron chdp siu (Deep Convolutional Neural
Networks — DCNNs) ngay cang duwoc sir dung réng rdi @é phan logi cdc
hoat déng ciia con nguedi duea trén anh phé cé dau hiéu micro-Doppler
(m-D) thu dwoc tir radar. Tuy nhién, hiéu sudt phdn logi ciia cdc mé
hinh thwong bi giam dang ké khi tin hiéu m-D bi anh hieéng béi nhiéu.
Nghién ciru ndy dé xudt mét phiong phdp méi nhdam cdi thién dé chinh
xdc phan logi ciia DCNNs trong méi truong co s tac dong béi nhiéu
Gauss trang. Phwong phdp dé xudt giéi thiéu mét kyj thudt lwa chon 6
cw ly (range bin) t6i wu dwa trén tiéu chi gid tri entropy cuc tiéu
(minimum entropy) cia tin hiéu, nham tang cuong chdt leong tin hiéu
dau vao cho DCNN ma khéng can thay doi kién triic mang. Ky thudt dé
xudt dioc kiém chitng thuc nghiém boi 4 mé hinh DCNNs hién co trén
tdp dit liéu mé phong (voi 6 mire nhiéu khdc nhau), cho thay st cdi thién
ddng ké vé dj chinh xdc phan logi,

ABSTRACT: Deep Convolutional Neural Networks (DCNNs)
are increasingly being utilized for the classification of human
activities based on micro-Doppler (m-D) signatures obtained
from radar. However, the classification performance of these
models typically degrades significantly when the m-D signal is
affected by noise. This study proposes a novel method to
improve the classification accuracy of DCNNs in environments
impacted by white Gaussian noise. The proposed method
introduces an optimal range-bin selection technique based on
the minimum entropy criterion of the signal. This approach
aims to enhance the input signal quality for the DCNN without
requiring modifications to the network architecture. The
proposed technique is experimentally validated by four existing
DCNN models on a simulated dataset (with six different noise
demonstrating a  significant

levels), improvement in

classification accuracy.

1. Giéi thiéu van dén nghién ciru

dic biét [1]. Cac cong nghé truyén théng nhu

Trong nhiing niam gan day, viéc phat hién
va phan loai chinh xac hoat dong ctua con
nguoi dang nhan duoc nhiéu sy quan tam, dac
biét trong cac ung dung cham soc suc khoe
nham giam sat va canh bao kip thoi cac hoat
dong bat thuong, tiém an nguy hiém nhu té
ngd do dot quy, nhdi mau co tim, dic biét ddi
vGi nguoi cao tudi va nhimg nguoi 6 nhu cau

thiét bi deo (wearables) hoic hé thong camera
gap phai nhitng han ché nhat dinh: thiét bj deo
giy bét tién khi st dung lién tuc, trong khi
camera xAm pham quyén riéng tu va hoat dong
kém trong diéu kién thiéu sang hodc swong mu
[2]. Do d6, cac hé théng dua trén cam bién
radar, v6i kha niang hoat dong khong tiép xuc,
bao vé quyén riéng tu va xuyén qua chuéng



ngai vat, dang 1a mot giai phap thay thé hiéu
qua.

Khi con nguoi di chuyén va thyc hién cac
hoat dong hang ngay, cac chuyén dong dong
thoi cua cac bo phan khac nhau, nhu: vung
tay, xoay, cui, gap nguoi dugc dinh nghia la
chuyén dong vi mé so véi chuyén dong tinh
tién ctia co thé. Cac chuyén dong vi mo nay
tao ra cac bién diéu tan sb dic trung, dugc thé
hién du6i dang cic anh pho thoi gian-tan sd
[3]. Nhitng anh pho nay, chtra cac ddu hiéu
dic trung duy nhat cho timg hoat dong va
duoc st dung lam dau vao cho cac hé théng
phan loai [4].

Trong vai nam tr¢ lai day, DCNNs da cho
thiy hiéu qua vuot trdi trong viéc tu dong
trich xudt dic trung va phan loai cac anh phd
m-D. Nhiéu nghién ctru di chuyén tir cac
phuong phap trich xut dic trung tha cong [5,
6] sang cac mo hinh hoc sau. Cac kién trac
phuc tap va cac k¥ thuat hoc chuyén giao
(transfer learning) st dung cac mang ndi
tiéng nhu ResNet, Alex-Net, va VGG-Net da
dat dugc do chinh xac phan loai cao, trén
90% dbi v6i cac bo dir liéu tiéu chuén [8, 9].
Tuy nhién, mot han ché cua cac cong trinh
hién tai 13 hiéu suat ctia chung thuong duoc
danh gia trong diéu kién 1y tudng, voi dir liéu
dau vao co ty 1¢ tin trén tap (SNR) cao. Trong
cac ung dung thuc té, tin hiéu radar thu vé
khong thé tranh khoi viéc bi anh hudng bai
nhiéu, chang han nhu nhiéu Gauss trang. Khi
nhiéu nén tang, cac dau hiéu m-D dic trung
dugc trich xuét trén anh pho tré' nén mo nhat
va bi chim du6i nén nhiéu, diéu nay lam giam
dd chinh xac phan loai cua cac mo hinh. Mac
du viéc sir dung cac mang DCNN sau hon c6
thé duy tri d0 chinh xac phan loai on dinh cho
cac hanh dong bi anh huong bdi cac muc
nhidu khac nhau, nhung chung s& can mot
lwong 16n dit liéu va chi phi xur 1y dang ké.

Xuét phat tir cac két qua nghién ctru trén,
c6 thé thay, viéc qué tap trung vao téi uru hoa
kién traic moé hinh ma bé qua cht luong dit
liéu dau vao s& khong dat dugc do chinh xac
cao. Do d6, mot hudng tiép cén hiéu qua hon

1a tién xr 1y tin hiéu dé nang cao chat lugng
anh pho trudc khi dua vao bo phan loai.

Dé gidi quyét van dé nay, nghién ctru tap
trung dé xuat mot thuat toan tién x ly dir li¢u
nham lya chon chi s 6 cu ly (range-bin) tdi
vu dya trén tiéu chi gia tri entropy cuc tiéu
[10] dé nang cao chat lugng phan loai cac
hoat dong cia con ngudi dudi sy tac dong clia
nhidu Gauss tring. Hiéu qua cta phuong
phap dé xuét duoc danh gia bang bén mo hinh
DCNNs hién c6, qua d6 chung minh kha
ning cai thién chat luong phan loai mot cach
nhat quan duéi sau muc nhidu Gauss tring
khéc nhau.

CéAu trac cta bai bao nhu sau: Muc 2 mo
ta phuong phép thu thap va quy trinh xu ly dir
liéu. Muc 3 gidi thi¢u thuat toan dé xuit. Cac
két qua thyc nghi¢m va thao luan dugc trinh
bay trong Muc 4. Két luan duoc tom tat tai
Muc 5.

2. Co's6' Iy thuyét va phuong phap nghién ciru
2.1. Thu thap dit lieu cua radar FMCW
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Hinh 1. So' dd khdi ciia radar FMCW

Tong quan so do khéi cua radar diéu tan
lién tuc (Frequency modulated continuous
wave - FMCW) dugc mo ta ¢ Hinh 1. Bo tao
dang song (waveform-generator-WGQG) tao tin
hiéu diéu khién cho bd dao dong diéu khién
dién ap (voltage-controlled oscillator-VCO)
dé phat ra tin hiéu radar FMCW radar c6 tan
s6 thay ddi theo thoi gian. Sau do, tin hiéu
duoc chia thanh hai nhanh, nhanh tha nhét di
dén anten phat (TX) dé phat dén muc tiéu,
nhanh con lai duoc dua dén bo tron ¢ may thu.

Tin hiéu phat ctia radar FMCW c6 thé
duoc biéu dién nhu sau [11]:

St)=4, cos(27r(f0t+%tz)) (1)

trong do, AB la bang thong, - la thoi
lwong mdi chirp, 4, va f, lan luot 1a bién d§



va tin s6 song mang cua tin hiéu phat. Khi tin
hiéu S(r) dugc phat vao khong gian, gip
muc tiéu s€ co tin hi¢u phan xa vé lai anten
thu cta radar. Luc nay, tin hi¢u nhan duoc ¢
may thu duoc biéu dién nhu sau:

R(t)=A cos(2r(f,(t—t,) +%(f—td)2)

)

2(D, +vt o x
_2ADyHv) la thoi gian tré

trong do, ¢, = .
cua tin hiéu thu. D, 1a khodng céch tor muc
tiéu dén anten thu tai thoi diém =0, v 1a
véan van tdc di chuyén cua muc ti€u va ¢ van
téc anh sang.

Tai may thu, tin hi¢u R(¢) dugc tron voi tin
hiéuphat S(7) tai bo tron tan sé FM (frequency
mixed-FM) va thong qua mét bd loc thong thap
(low pass filter-LPF) dé thu duoc tin hiéu IQ
cho cac bude xtr 1y tiép theo
f D 0

0
C

Ry(t) = A, exp 27> b))
3)

AA o a e
trong do, 4, = # la bién d0 cua tin hiéu

2oy 208D,
C

T

1Q thu duoc sau bo loc thong thap. Bang cach
phan tich phé m-D cua IF signal, ta c6 thé
phan loai dugc cac hoat dong cua con nguoi
dua vao cac dau hiéu m-D.

2.2. Quy trinh xu by dir liéu
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Hinh 2 Quy trinh xir ly dir liéu

Hinh 2 trinh bay chi tiét quy trinh xir Iy tir
tin hiéu IF dén két qua thu duoc 1a cAc range-
Doppler hodac m-D frames [12] ctia muc ti€u.
Tin hiéu IF (raw data), theo dang song rang
cua dién hinh, bao gom cac chirps, trong do
mot frame dugc xac dinh 1a tap hop cia M
chirps. D6i véi mdi chirp, dir liéu duoc 1y
mau véi s6 luong cac 6 tan s (frequency bin)
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1a N (Hinh 2a). FFT lan thtr nhat duoc ap
dung tryc tiép cho mdi chirp theo chiéu fast-
time, cac 0 cy ly tuong Ung tung chirp s€
dugc luu trir trong ma trdn range-time
(Hinh 2b). Qua trinh xir 1y bién ddi Fourier
ndy sé& biéu thi cho sy hién dién cua cic muc
tiéu tai cac khoang cach khac nhau. Qua trinh
xir 1y nay dwgc goi 1a range-FFT va két qua
1a ta s& thu dugc biéu dd cy ly ctia muc tiéu
tuong ung (Hinh 2d).

Tiép theo, cac ddu hiéu m-D ctia myc tiéu
thu duoc béng cach st dung bién ddi Fourier
thoi gian ngan (STFT) céac 6 cy ly theo chiéu
slow-time (Hinh 2¢). Két qua s& thu duoc anh
pho c6 chira cac dau hiéu m-D tuong ung véi
cac hoat dong khic nhau cia muc tiéu
(Hinh 2e).

Trong ndi dung nghién cuu, thay vi ap
dung STFT trén tét ca cac 6 cu ly hay voi bat
ki mot gia tri chi s6 6 cu ly cu thé nao; chiung
to1 s€ lya chon ra mot vung lan can céac chi s6
6 cu ly c6 gié tri cao nhat tap trung tdi wu vao
dbi twong dé tao ra anh phd m-D theo thoi
gian 1am dau vao phan loai cuia cac DCNN.
2.3. Lya chon ving 6 cu ly 16i wu duea vao gia tri
entropy cuc tiéu

Nhu d3 trinh bay trong phan 2, cac déu
hiéu m-D cua muc tiéu duogc thu thap béng
cach str dung STFT trén tat ca cac 6 cu ly
theo chiéu slow-time. Tuy nhién, dbi véi
truong hop tin hiéu c6 nhiéu thi viéc lya chon
cac ving 6 cu ly t6i vu dé trich xuét cac du
hiéu m-D la mdt trong nhitng phuong phap
giam nhiéu hiéu qua.

FET cua 1 chirp

Bitu dd e ly

1§ lén

W w wm w @
Qculy
(b)

KET ciin 1 chirp___

D4 lon

Ving nhicu

Hinh 3. Biéu d6 cur ly va FFT ciia mot
chirp cu thé



Hinh 3a,c biéu dién biéu d6 cu ly cua hoat
dong di bo voi dir liéu sach va dir licu co
mirc nhiéu 1a 5dB. Trong c4 hai trudng hop,
muc ti€u dugc phat hién tai khoang 6 cu ly
thir 8 va dao dong trong khoang tir 6 cu ly
thir 6 dén 6 cu ly tha 10 trong subt qua trinh
chuyén dong.

Hinh 3b,d 1an luot biéu dién két qua FFT
ctia 1 chi sb 6 cy ly cu thé tuong Gng voi dit
liéu sach va dit liéu c6 mirc nhiéu 5dB. Quan
sat chi tiét, Hinh 3d cho thdy mirc ning lugng
tap trung lon nhét dai dién cho muc tiéu clig
xuat hién & 6 cu ly thir 8 (trong tu Hinh 3b),
cac dinh nang lugng ngoai vung nédat mau
d6 duge xem 1a nhiéu. Do d6, trong nodi dung
tiép theo, nhom tac gia s& s dung gia tri
entropy cuc tiéu dé xac dinh khoang chi sé 6
cu ly t6i wu nham loai bé cac thanh phan
nhiéu khéng mong mudn. Hinh 4 trinh bay so
d6 tom tit quy trinh thuat toan dé xuét.

[ Giai doan 1: FFT__ || Giai dogn 2: STFT
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Hinh 4. So do tém tit quy trinh thuit toin
2.3.1. Thong tin entropy
a. Dinh nghia
Cho diy phan bd xdc suit roi rac
p=(p,,ps»-p,) > theo dinh nghia entropy
thong tin, entropy thong tin ciia n6 co thé viét

la H(P)=‘ZP,-1HP,-’ trong d6 i=1,2---,n dai

dién cho tat ca cac gia tri co thé ¢ cua bién
ngiu nhién daura va p, biéu thi x4c suat cia
ting gia tri. Bang cach tuwong tu, trong phan
b tan sd thoi gian cua tin hiéu, néu phan bd
tan sd cua tin hiéu tai mot thoi diém nhét
dinh, p=(p,p,,--,p;) dugc coi la mot
chudi phan bd xac suat, khi d6 phan bd xac
suét tan sd cua tin hiéu tai thoi diém 7 c6 thé
thu duoc la

11

__lxenr @)
[xenrar
trong d6 X(¢, ) 1a mic nang luong cua
tin hiéu tai thoi diém (¢, 7). Khi d6 tai thoi

()

diém 1, entropy thong tin cia tan s chira
trong tin hiéu c6 thé duogc viét 1a

H,(p)=-Y p,Inp, ©)

trong do, H, (p,) duoc goi la ham entropy,

dung dé do va biéu thi entropy thong tin. F 1a
don vi clia d6 phan giai tan s6 va gia tri cia
no lién quan dén do dai thoi gian cua tin hiéu
va thuat toan phan tich tan s thoi gian.
b. Tiéu chi entropy cuc tiéu

Phén phdi tan s6 thoi gian tir STFT ctia tin
hiéu c¢6 thé dugc hiéu 1a chudi phan phdi xac
suat. Va phan bd xac sudt cua don vi phan
giai tan s tai thoi diém ¢ co thé duoc dinh
nghia la:

|XSTFT,r(teu)|2 (6)
J.:O|XSTFT,r (, u)|2 du

p,(u)=

trong d0, X, (t,u) 12 STFT cua tin hiéu
dau vao, x(t), voi khoang chi s6 6 cu ly duoc
chon 14 r. Do d6, entropy thong tin co thé
duoc biéu dién dudi dang:

H,(p,)=-] p@)-Inp@du (7)

Dé thuan tién cho viéc tinh toan, (6) va (7)
¢6 thé dugc chuyén doi thanh dang roi rac
dudi dang:

2
X m,k
(k)= A/‘[ STFT,r( )‘ 2
Z‘XSTFT,;- (m,k)‘
k=1

@®)

H, = —me(k)'lnpm(k) ©)

Trong truong hop nay, H, la entropy
thong tin ciia phan bd tan sd tai thoi diém ¢
sau STFT. Gia tri entropy thong tin trung
binh thu dugc tai tat ca cac thoi diém cua tin
hiéu duoc biéu dién



— ] (10)

Vi gia tri ctia Havg c6 thé phan anh sy tong
hop ning luwong clia phan b tan sé thoi gian
cta tin hiéu, bang cach tim kiém entropy
thong tin cuc tiéu, co thé xac dinh vung chi
s6 0 cu ly toi vu dé dat duoc muc tong hop
nang lugng cao nhét. Do d6, dé c6 duoc su
tong hop tan so thoi gian tét nhat, tiéu chi vé
entropy thong tin cyc tiéu duge sir dung cho
STFT bang cach tim gia tri H,, nho nhat
trong phuong trinh (10).

2.3.2. Lya chon khoang o cu by 16i 1w

Tai mdi chirp, sau khi thuc hién FFT lan
thir nhat, chiing t6i s& xac dinh chi s6 6 cu ly
c6 gid tri cao nhat (idx_m). Tiép theo,
r= {0,1,2,3} 1a mot chudi gid tri cic khoang
chi s6 6 cu ly duogc lwa chon dé xét (cac gia
tri nay dugc lya chon dya vao thuc nghiém).
Sau d6, r tré thanh thu vién ham chi sb 6 cu
ly cho phép bién d6i STFT va mdi phan tir
trong thu vién dugc lya chon lan luot dé thuc
hién STFT. Tuong ting véi cac gia tri cua r,
gié tri chi s6 6 cu ly duoc Iya chon 1a: [idx_m
— i, idx_m, idx_ m +1i] voii=1:1:7.

Thuét toan STFT cho tin hiéu dau vao tai

idx_m c6 thé duoc viét la:
STFT,, ,(t.f) = [ X((t-7)exp(-jer)dt

(11)

trong d6, x() 1a tin hiéu dau vao va

w(t - 7) 1aham cra 6. Gia tri STFT thu dugc

d6i v6i ving 6 cu ly duoc lya chon twong tng
vo1 ham r dugce xac dinh:

idx _m+i

STFT,(t,f)= Y, STFT, @ f) (12)

idx _m—i
Gia tri STFT (¢, f) thu dugc sé dugc tinh
toan mirc entropy theo phuong trinh (10) dé
lya chon ra vung chi s6 6 cu ly t6i wu nhat.
3. Két qua thue nghiém va thio luin
3.1. M6 ta tap dir liéu

Tap dir liéu nhiéu duoc md phong boi
phan mém Sihumalator [13], bao gdbm 11
hoat dong hang ngay cua con ngudi: di b,
xoay tai chd, dam, da, cui xuéng nhat 1 vat,
dumg 1én khi dang ngdi trén ghé, ngdi xudng
ghé khi dang dung, dang ngdi ghé dimg day,
di bo dén ghé va ngdi xudng, nga khi dang di
bd va tir vi tri ngd dimg day dé di bo; duoc
thu thap bang cach sir dung radar FMCW; véi
tan s6 song mang 1a 24GHz (K-Band), bing
thong va thoi lwong mdi chirp lan luot 1a
400MHz va 1ms. Tin hiéu thé dugc ldy mau
v6i tan s6 ldy mau trén 1 chirp 1a 128 mau.
Radar dugc b tri cach mat dat 1m, vi tri tir
radar dén dén tuong 1a 3m. 11 hanh dong
khac nhau duoc thyc hién va lap lai 60 1an voi
cac goc léch khac nhau lan luot [-90° -
45°,0°,45°,90°]. Thoi gian cho mdi 1an thuc
hién 1a tir 8s dén 15s d6i v6i ting loai hanh
dong cu thé. Ngoai ra, dé sat voi diéu kién
thyc té va tang tinh thir thach cho mé hinh,
nhiéu Gauss tring (white Gauss Noise) dugc
thém vao tap dir liéu thu dugc vdi cac muc
SNR (signal-to-noise-ratio) khac nhau trong
khoang tir -15dB dén 10dB. Két qua thu
duoc, tap dit liéu tin hiéu tho bao gdm 19800
mau (11 hoat dong x 5 goc 1éch x 60 1an lap
X 6 mirc nhiéu).

3.2. Két qua hea chon ving 6 cir ly 161 wu

[fn 56 (Hz)

[ 2 ]
Thvi gian {5} Théi gian (8)
entropy = 3.77 enuropy = 2.46
(a) (L))

Tin sé (Hz)

4 & & 6 ® b
Thai gian (3) Thori gian (s)
entropy = 2.34 cntropy = 2.5

(c) )
Hinh 5. Anh phd véi cac khoang 6 cu ly
khac nhau tai mirc SNR 1a S dB



Thu vién khoang 6 cy ly c6 gia tri
r:{O,l,Z} duoc lya chon dua trén thuc

nghiém. Hinh 5 biéu dién anh phd twong ting
v6i cac khoang 6 cu ly dugc chon khéac nhau
& mutc SNR 5 dB. Hinh 5a biéu dién anh phd
cua hoat dong nga & mirc SNR 5 dB khi ap
dung STFT trén toan bd céc 6 cu ly cia range-
FFT. Hinh 5(b-d) thé hién anh phd cua cua
cung hoat dong ngd nhung véi céac lya chon
khoang 6 cu ly khac nhau, 1an luot 1a r =0,
r=1va r=2. Quan sat Hinh 5b, v6i r =0
(twong g voi chi chon 1 gid tri 6 cu ly cuc
dai), nhiéu da dugc loai bo va cac dAu hiéu m-
D ciing tré nén r6 rang hon so véi anh pho ban
dau & mirc SNR 14 5dB (Hinh 5a). Tuy nhién,
mot s6 dau hiéu m-D nhé va chi tiét hon van
chwra duogc thé hién 16 rang nhu trong Hinh 5S¢
(viing nét dut duoc khoanh tron mau do). Poi
v6i Hinh 5d, véi r=2, cic dau hiéu m-D
ciing dugc cai thién rd rang nhung van bi anh
hudng bdi nhiéu. Véi r=1 (Hinh 5c), muc
nang lugng va cac dAu hiéu m-D dugc thé hién
rd rang va day di nhat, dic biét 1a ¢ cac thanh
phan than va chi trén anh phé thu duoc.
Ngoai ra, cac két qua duogc thé hién trong
Bang 1 ciing cho ta thay gié tri entropy thong
tin dat cuc tiéu tai r =1, twong ing véi ving
0 cu ly dugc xac dinh 1a 3. Do do, khoang 6
cu ly toi wu duogc xac dinh 1a 3. Mot két qua
tuong ty véi mirc nhidu 0dB ciing dugc thé
hién trong Bang 1.
Béang 1. Thong tin entropy véi cac khoang
0 cu ly dwgc chon khac nhau

3.3. Két qua phdn logi cic hoat déng véi hai tdp
dir liéu

Trong phan nay, bén mang DCNNs, bao
gdm RepVGG [14], MobileNet [15], ResNet
[16] va DopDense [17] dugc sir dung dé phan
loai cac hanh vi cua con ngudi trén ca hai tap
dir liéu (tap dit liéu nhiéu va tap dir liéu khir
nhiéu). Qua trinh huan luyén dugc thyuc hién
b6i mot may tinh c6 cau hinh phan cimg Intel
(R) Core ™ i5-12400F 2.5Ghz, RAM 32 GB
va GPU RTX 3060Ti. Kich thudce batch size
str dung 1a 16 v6i toc d6 hudn luyén 13 0.0001
trong 20 1an lip (epoch). Phuong phap xéc
thyc chéo nam lan dugc st dung dé danh gia
su cai thién vé d6 chinh xéac phan loai.

Céac két qua phan loai dugc thuc hi¢n trén
hai bo dit liéu (tap dit liéu nhiéu va tap dir liéu
khir nhiu) bai bén mang DCNNs duoc thé
hién trong Bang 2. Ty 1€ phan loai chinh xac
ctia ca bon mang da duoc cai thién dang ké
ddi véi tap dir liéu da duoc khir nhiéu, chimg
minh rang thudt toan dé& xuat thuc su gop
phan nang cao do chinh x4c nhan dang cac
hoat dong cua con nguoi. Cu thé, do chinh
xac phan loai cua tat ca cac mod hinh duoc cai
thién khoang trén 4% d6i voi tap dir liéu da
duoc khir nhiéu, dic biét 1a RepVGG voéi do
chinh xac ting gan 10%.

Bang 2. Két qua d9 chinh xéc phén loai

Tap dit lié Tap dir liél,} da
o | Qe
nhicu
RepVGG 80.9 90.53
MobileNet 90.61 95.37
ResNet 91.94 96
DopDenseNet 88.83 96.65

A.n,h r=0|r=1|r=2|r=3
nhiéu
Nga
77 | 246 | 2. 25 | 2.
samy | 377 6234 25 | 263
Pibo
> | 40 | 3. 88 | 2.94 | 3.
g 3.03 | 2.88 | 2.94 | 3.06
Ned | o201 346 | 296 | 322 | 3.42
o) | > . . . .
Pi bo
> | 54 | 361 3. . .
odm) | 54 | 31| 33| 337 366

Két qua phan tich cho thay RepVGG dac biét
nhay cam véi nhiéu Gauss (80.9%), trai nguoc voi
ResNet, MobileNet va DopDenseNet (88% -
91%). Nguyén nhéan cdt 16i nam & kién tric mo
hinh: RepVGG, sau tai tham sb hoa, c6 cau tric
suy luan "tron" (plain) thiéu két ndi tit (skip
connection), khién nhiéu bi khuéch dai va lam suy
giam déc trung. Nguoc lai, ba mo hinh con lai s




hitu co ché két ndi tat/day dic, gitip bao toan théng
tin va ting cudng kha nang khang nhiéu noi tai. Do
do, khi thuat toan dé xuét loai bo nhiéu, RepVGG
cho théy su "phuc hdi" hidu suét 4n tuong nhét
(tang Ién 90.53%). Dit liu sach cho phép md hinh
phat huy t6i da loi thé ctia bd trong s hoc durgc (tir
huén luyén da nhanh) trén cu trac suy luan VGG-
like hiéu qua. Trong khi d6, cac mo hinh vén da
manh mé chi cho thdy su tinh chinh higu suat bién
(vi du: ResNet dat 96%), minh chimg cho kha
nang xir ly nhiéu ndi tai cua chiing.
4. Két luan

Bai b4do nay da trinh bay mot thuat toan
tién xtr 1y dir liéu, str dung phuong phap lua
chon 6 cu ly t6i wu dua trén tiéu chi entropy
cuc tiéu, dé khir nhiéu tin hiéu m-D thu dugc
tir radar FMCW. Phuong phép nay duoc thiét
ké nham nang cao hiéu suit phan loai céc
hoat d6ng hang ngay cta con nguoi. Két qua
thue nghiém da chirg minh tinh hiéu qua ctua
thuat toan dé xuat. Khi ap dung trén tap dir
litu mé phong, phuong phap tién xir ly dé
xuét gitp cai thién d6 chinh x4c phan loai 1én
t6i gan 10% so véi viée sir dung dir liéu gbc
(tap dit liéu chua khtr nhidu). Thuat toan dé
xuét s& duoc toi uu hoa va kiém chimg trong
cac nghién ctu tiép theo ddi véi cac loai
nhiéu thuc té trong qua trinh thu thap dir liéu
tur radar.
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