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TOM TAT

Nghién ciru nay dwoc thiwe hién nham tdp trung danh gia dnh
huong cia cdc tham sé ddc trung cua bién doi Fourier thoi gian
ngdn (STFT) dén d chinh xdc nhdn dang tin hiéu ra da sir dung
mang hoc sau. Cac tham $6 dugc xem xét bao gém s6 diém FFT,
logi va do dai ham cira s6. Cdc két qua phdn tich thoi gian — tan
$6 cua tin hiéu ra da thu dwoc tur cac cdu hinh STFT khéc nhau
duoc su dung lam dau vao cho mang no-ron tich chdp hoc sau dua
trén kién triic AlexNet. Két qua thue nghiém cho thdy viéc tang kich
thuoe FFT gip cai thién d chinh xdc nhan dang o cac mirc SNR
thap nhung dong thoi lam tang thoi gian tinh toan. Nguoc lai, cira
0 ngan giup tang toc dé xir 1y nhung lam giam hiéu qua phan logi.

Loagi ham cva s6 ciing anh huong dang ké dén dg phan gidi phé va
tinh én dinh ddc trung ciia tin hiéu ra da. Két qua nghién ciu nay
g6p phan lam ré méi quan hé twong quan gitta d¢ phén gidi thoi
gian — tan s6 va chi phi tinh todn; dong thoi, khuyén nghi cho viéc
lwa chon cdu hinh STFT 6i uu trong cdc hé thé'ng nhdn dang tin
hiéu ra da theo thoi gian thuc ciing da dwoc dua ra.

Tir khoa: Do chinh xac nhdn dang, mang hoc sdu, tin hiéu ra da
ABSTRACT

This study focuses on evaluating the influence of key parameters of
the Short-Time Fourier Transform (STFT) on the radar signal
recognition accuracy using deep learning. The parameters
considered include the number of FFT points, the type and the
length of the window function. The time—frequency representations
of radar signals obtained from different STF'T configurations were
used as inputs to an AlexNet architecture. Experimental results
show that increasing the FFT size improves classification accuracy
at low SNR levels but also increases computation time. Conversely,
shorter windows enhance processing speed but reduce
classification performance. The choice of window function also
significantly affects the spectral resolution and stability of radar
signal features. This study helps clarify the correlation between
time—frequency resolution and computational cost and provides
recommendations for selecting optimal STFT configurations in
real-time radar signal recognition systems.

Keywords: Deep learning, recognition accuracy, radar signals
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1. GIOI THIEU

Nhan dang tin hiéu ra da dong vai tro then chdt
trong cac hé thong giam sat tan so va dic biét trong
céc hé thong tac chién dién tir hién dai (Reddy &
Sinha, 2025). Kha néng phat hién va phan loai chinh
xdc cdc tin hiu ra da trong cac didu kién phuce tap
nhu nhidu nén cao hay tin hiéu cong sudt thap 1a mot
trong nhimng yéu cau tat yéu trong ca linh vuc quéan
su cling nhu dan sy (Satapathy et al., 2024). Cung
v6i sy phat trién manh mg cua ky nguyén so, cac ky
thuat tri tué nhan tao gan day di mo ra hudng tiép
can mai gitp nang cao hi¢u qua va kha nang thich
g cuia cac hé thong tac chién dién tir (Kuschel &
O’Hagan, 2010).
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Céc phuong phap truyén théng dugc sir dung dé
phan tich va nhan dang tin hiéu ra da bao gdm c6
STFT (Elfaki, 2021), phan bé Wigner Ville (Ahmad
etal., 2019), bién d6i Wavelet (Li, 2010) va phan bd
Choi Williams (Shi et al., 2023). Pic diém chung
cta cac phuong phap néu trén 1a biéu dién tin hiéu
ddng thoi trén ca hai mién thoi gian — tan sb. Tuy
nhién, hi¢u qua cua cac phuong phap trén phu thudc
manh vao cac céu hinh dic trung cia nd nhu: )
diém FFT, loai va kich thu6c ham ctra s6. Viée lya
chon céc bd tham s nay anh huong truc tiép dén do
phan giai thoi gian — tan sd, thoi gian xur 1y va dic
biét 1a d6 chinh xac nhéan dang tin hi¢u.

Hinh 1. Tin hi¢u xung ra da

Ghi chii: a) tin hiéu echo, b) tin hiéu phan xa veé.

Trong nhitng nim gin ddy, mang hoc siu da
chiing minh kha nang uu viét trong cac bai toan nhan
dang va dugc ap dung hiéu qua trén anh thoi gian —
tan sb cua tin hleu Nhiéu cdu triic mang khac nhau
da dugc dé xuat nhu: mang no-ron tich chap (CNN)
(Yuetal., 2021), mang SqueezeNet (Benyahia et al.,
2022), GoogleNet (Conn & Josyala, 2019), VGG16
(Xu et al., 2023), AlexNet (Zhang et al., 2021). Pac
diém chung cta cac mé hinh mang nhan tao néi trén
déu sir dung anh thoi gian — tan s6 1a dau vao, do dé
chét luong nhan dang phu thugc manh vao anh dau
vao hay n6i cach khéc 1a phu thudc vao cac tham sd
clia cac ki thuat xir 1y thoi gian — tan sd. Tuy nhién,
& phan 16n cac nghién ctru di trude, viée lwa chon
cAu hinh duoc thuc hién theo kinh nghiém ca nhan
va chua cé nghién ctru nao danh gia mot cach hé
thdng mirc do anh huong cua timg tham sb dén do
chinh x4c nhén dang tin hi¢u. Vi vay, viéc thuc hién
nghién ctru nay da tap trung danh gia anh hudéng cua
céc tham s& STFT dén do chinh xac nhan dang tin
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hi€u st dung mang hoc sau AlexNet. Tac gia tap
trung vao cac tham s chinh nhu: s6 diém FFT, ham
clra s6 va do dai ham cira s6. BO dir liéu danh gia
gém cac tin hi¢u ra da nhu: xung ra da, tin hi¢u diéu
tan tuyén tinh (LFM), ma Barker, ma Costas va mi
Frank dugc tao ra trong MATLAB véi ti sb tin/tap
(SNR) tir -10 dén 10 dB nham d4nh gia mdi quan hé
tuong quan gitta d§ chinh xac nhan dang va thoi gian
xu ly.
2. PHUONG PHAP NGHIEN CUU

So 6 tong quan ciia qua trinh thu, xtr 1y va nhan
dang céc tin hi¢u ra da dugc trinh bay trén Hinh 2.
Qua trinh nay gém céac budc chinh sau:

— Thu céc tin hiéu phan xa vé qua ing ten.
— Tién xtt Iy tin hiéu bang k¥ thuat STFT.

-  Xay dung cu tric mang hoc sau (AlexNet)
va huan luyén mang.
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— Nhén dang va danh gia anh huong cua cac
tham s6 STFT.

Tin higu Mang Két qua
phan xa vé > STET 1 hoc séu nhan dang
Thiét 1ap
cau triic
STFT

Hinh 2. So d6 tong quan nhin dang tin hié¢u ra
da sir dung mang nhan tao

2.1. Céc dang tin hiéu ra da thong dung

Trong bai bdo nay, cac dang tin hi¢u ra da
thuong xuyén dwoc st dung dé duoc tip trung
nghién ctru, bao gém: xung, diéu tin tuyen tinh
(LFM), mé Baker, Costas va Frank. Uu diém cua
céc dang tin hiéu néi trén 1a kha nang chdng nhiéu
t6t va dam bao tot cac yéu cau ki chién thuat cua dai
ra da nhu: cu ly trinh sat va kha nang phan biét muc
tiéu (Nadav & Eli, 2004).

2.1.1. Xungrada

~ Xung ra da la dang tin hiéu co ban nhit va c6 tan
s0, bién do va pha khong thay doi theo thoi gian.
Xung ra da dugc biéu dién bang cong thic (1).
Trong d6 A 1a bién d¢ tin hiéu, fc 1a tan sb song
mang, Top 1a chu ky lap, tj1a do rong xung, Ty

1a khoang thoi gian ton tai gitra hai xung lién tiép va
¢ la pha cua tin hi¢u.

Axexp(j2z (fet+9)) te[ix Top,ix Top +4; |

0 te[ixT0p+ti,i><Top+ti+TM]

s(1)= (1)

2.1.2. Tin hiéu diéu tan tuyén tinh

Cac dang tin hi¢u nay thuong duogc su dung cho
cac ra da thé hé méi va ra da c6 do phéan giai cao
SAR. Ciu tric ctia cac tin higu dang nay 1a bién, pha
khong d6i va tan sb thay doi tuyén tinh theo thoi
gian. Tan s6 ¢ thé thay doi tuyén tinh ting hoic
giam theo thoi gian. Cong thirc tong quét cia céc tin
hiéu LFM duoc biéu dién theo cong thirc (2).

2
kt
Axexp| 2rfot+—| te|ix Tyy,ix Top + 1t
c 2} [ op op 1] )

s(t)=

0 te[ixTop+t,ixTop +tj+ Ty
Trong d6, k 14 hé sb di tan va duoc tinh theo (3).

3)

— fmax — fmin
4 4
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2.1.3. Tin hiéu ma Costas

Dic diém chung cta dang tin hi¢u nay la bién d9,
pha khong doi va tan s6 thay dbi theo thoi gian.
Bang ma Costas thong dung duogc trinh bay trong
Bang 1. Cong thirc tong quét cia tin hi¢u Costas
duogc biéu dién theo cong thirc (4).

Ax exp(jZ;r(fc.tJqu))

0 te[ixTop+ti,ix Top+t + Ty |

[1><Tp ix Ty +t1]

s(t)= “4)

Bang 1. Bing ma Costas

Ky hiéu Bing ma
Costas 3 132
Costas 4 1243
Costas 5 21534
Costas 6 132645
Costas 8 26387514

2.1.4. Tin hiéu ma Baker

Trén thuc té, dac biét 1a cac dai ra trén may bay
thuong st dung céac tin hi€u ma hoéa pha nhi phan
(BPSK). bac diém chung cta céc tin hi€u nay la c6
bién d¢, tin s song mang khong thay d6i va chi thay
do6i pha. Cong thuc tong quéat cua tin hiéu BPSK
dugc biéu dién theo (5).

Ax exp(JZﬂ'(f t+Al//J)) te [1>< Top»ixTop +t ]

te [1>< T0p+ti,1>< Top +ti +TM]

s(t)=

®)
Trong do, Ay i la cac pha cua ting xung con —

subimpulse, trong truong hop nay gia tri pha do la
0° twong (mg vai tin hiéu didu ché 1a +1 va co gia tri
1a 7 véi tin hidu ché 1a -1. Trong thyuc té, cac daira
da thuong su dung BPSK v6i bang ma Barker va
Walsh-hadamard. Bang ma Barker thong dung duoc
tong hop o Bang 2.

Bang 2. Bing ma Barker

Ky hiéu Bing ma

Barker 5 +1+1+1-1+1
Barker 7 +1+1+1-1-1+1-1
Barker 11 +1+1+1-1-1-1+1-1+1-1

Barker 13 +1 +1+1 +1 +1-1-1+1+1-1+1-1+1

2.1.5. Tin hiéu ma Frank

Céc dai ra da thé hé méi nhat thuong st dung cac
tin hiéu manip pha (polyphase phase shift keying).
Dic diém chung cua cac dang tin hiu ny 1a tan s6
song mang, bién do khong ddi va pha cua tin higu
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thay ddi theo timg xung con. Cong thirc tong quat
cua tin hiéu manip pha c6 dang (6).

Axexp(jZﬂ'(fct+(pk)) te[ix Top:ix Top + t ]
o

s(t) (0)

te [ix Top +ti,ix Top + 1 +TM]

Trong d6, @k la pha cua cac subimpulse va
duoc tinh theo cong thuc (7).

Pap = (a=1)(b-1)

Trong do, M
a,b=0,1,2,---,M—1.

2.2. K§ thuat STFT

STFT la k¥ thudt phan tich tin hi¢u trén ca hai
mién thoi gian — tin s6 nham giai quyét cac ton tai
ctia FET. STFT gitp quan sat sy thay doi tin s6 cua
tin hiéu theo thoi gian. Ngoai ra, STFT la k¥ thuat
c6 thoi gian xir 1y thap va c6 kha ning thyc thi trén
phan cimg nhu FPGA (Duong et al., 2025). Ngoai
ra, do cAu tric mang AlexNet nhan dau vao 1a anh
c6 kich thudc 224x224x3 nén tac gid chon khao sat
STFT. Nguyén ly cua STFT dugc thuc hi¢n dua theo
quy téc: tin hiéu ban diu dugc chia thanh cac doan
roi rac theo thoi gian nho va thuc hién tinh FFT trén
timg doan d6. Két qua tinh STFT cua tin higu s(t)
duoc biéu dién theo (8).

S(t,f)= jjooo s(z’)w* (r— t)e_jzmdz'

)

la d0 dai md hoa va

(®)

Short-Time Fourier Transform
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Trong do: S(t, f) 1a két qua tinh STFT cua s(t),

w(t) lactrasd, w”(t) la lién hiép phite ciia w(t)

va T la kich thuéc ham cira s6. Cac két qua dau ra
STFT phu thugc rat 16n vao so diém FFT, ham va
kich thudc cua s6 su dung.

X0

STFT
lime

frequancy

Hinh 3. Nguyén Iy STFT

Hinh 4 trinh bay két qua tinh STFT cua tin hiéu
phan xa véi ham cira s6 hamming va véi cac kich
thudc khac nhau (NW = 64 va 256). Hinh 4 cho
chung ta thiy chit lugng anh thoi gian-tan sé (ITF)
phu thudc vao kich thude ham cua s6. Ham cua s6
nho, chat luong anh dau ra tot hon (Hinh 4(a))
(dudng tin hiéu mau vang ddm) va ngugc chit luong
hay déc trung cuia tin hi¢u giam khi kich thudc ham
ctra s6 16n (Hinh 4(b)).

Short-Time Fourier Transform

Magnitude (dB)

15 2

Time (ps)

b)

Hinh 4. Két qua STFT ciia tin hiéu phan xa véi kich thuéce ham cira s6 khac nhau
Ghi chi: a) NW = 64, b) NW = 256.

2.3. Ciu triic mang AlexNet

AlexNet 1a mdt mang no-ron tich chap dugc gidi
thiéu boi Alex Krizhevsky. Mang nay da dat duoc
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chién thing vang déi trong cudc thi ImageNet Large
Scale Visual Recognition Challenge, danh dau budce
ngoat quan trong trong su phat trién cua hoc sau.
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AlexNet gdbm 8 16p hoc c6 trong s, trong d6 c¢6
5 16p tich chap va 3 16p két ndi day du. Mang st
dung ham kich hoat ReLu, Dropout dé giam
overfitting va GPU song song dé tang tdc huan luyén
— nhitng diém méi gitp cai thién hiu ning cta
mang so VGi cic cu tric trude no.

Nho kha ning ty dong trich xuat dic trung khong
gian-thoi gian phtrc tap va d chinh xac cao trong
nhan dang hinh anh, AlexNet trd thanh nén tang cho
nhiéu kién tric CNN hién nay nhu: VG16, VGG,
ResNet va GoogleNet. Ngoai ra, cdu tric mang
AlexNet tuong d6i nhé gon, thich hop cho tich hop
trén cac thiét bi phan ctmg. Do d6, trong nghién ctru
nay, cAu triic AlexNet dd dugc st dung lam tiéu
chuén dé danh gi4 cac cdu hinh cia STFT.

FC (1000)

T

FC (4096)

T

FC (4096)

t

3 x 3 MaxPool, stride 2

!

3 x 3 Conv (256), pad 1

T

3= 3 Conv (384), pad 1

T

3 x 3 Conv (384), pad 1

!

3 x 3 MaxPool, stride 2

?

5x 5 Conv (256), pad 2

T

3 x 3 MaxPool, stride 2

t

11 x 11 Conv (96), stride 4

T

Image (3 x 224 x 224)

Hinh 5. Céu tric mang AlexNet
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CAu truc mang AlexNet dugc trinh bay tai Hinh
5 bao gom tam 16p hoc sau co trong sd, v6i nam 16p
tich chap va ba 16p két ndi day du. Anh dau vao cua
mang AlexNet c6 kich thudc 224x224x3 lan lugt di
qua cic 16p tich chap c6 kich thudc bd loc 16n dén
nho (11x11, 5x5 dén 3x3), xen k& cac 16p gop cuc
dé giam chiéu va tang tinh khai quat hoa. Sau khi
trich xuat dic trung, mang str dung hai 16p két n6i
day du 4096 nat va mot 16p softmax dau ra cho bai
toan phén loai. Cac 16p cia mang dung ham kich
hoat ReLU, két hop Dropout va LRN dé cai thién
kha niang hoi tu va giam overfitting. Nho ciu tric
nay, AlexNet dat hi€u suit vuot troi trong nhan dang
s0 v6i cac mo hinh ciing thoi diém.

3. KET QUA VA THAO LUAN

Trong nghién clru nay, viéc danh gia anh huong
cua cac ciu hinh STFT dé dugce tién hanh mot cach
hé thong — bao gom sb diém FFT, loai va do dai ham
ctra s d6i voi cac dang tin hiéu ra da dién hinh nhu:
xung, Costas, LFM, BPSK va Frank bang phan mém
MATLAB 2020a va st dung mday tinh ASUS
vivobook, RAM 16GB, téc do xir Iy ti da 2.4GHz.
Hai tiéu chi dugc st dung dé so sanh 1a:

— Thoi gian x Iy tap dir liéu.
— Do chinh x4c nhan dang cua thuét toan.
Pé dam bao tinh khach quan va kha ning so sanh

gilra cac cAu hinh, toan bd qua trinh danh gia dugc
trién khai theo ba budc chinh sau day:

Bang 3. Tham sb tap dir liéu

Tham s6 Gia tri
f, (MHz) 50 dén 100
7(us) 0,1 dén 1
Dang nhiéu Nhiéu tap
Ma Costas 3,4,5
Ma3 Barker 5,7,11,13
Ma Frank 3,4,5

—  Xay dung tap dir liéu tin hiéu ra da: B mau
duogc tao da dang bao gém cac dang tin hi¢u ra da
khac nhau va nhiéu mic SNR, ddng thoi dam bao
tinh dai dién cho cac kich ban hoat dong trong thuc
té.

— Huén luyén mé hinh AlexNet: Trich xuat dic
trung thoi gian — tan s6 thu dugc tir STET da duoc
sir dung 1am dau vao, cdu hinh mang cing duoc ap
dung cho moi thi nghi¢ém dé loai bo sai léch cho mé
hinh.

— Danh gia hiéu ning md hinh: Viéc kiém tra
mang da huén luyén vai cac tdp tin hi¢u doc lap
dugc tién hanh dé so sanh d6 chinh x4c nhan dang
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va thoi gian trich xuit dic trung tuong ng véi timg
cau hinh STFT.
3.1. Xay dung tap dir liéu tin hiéu ra da va
huin luyén mang AlexNet

Co s¢ dir liéu tin hiéu dugce xay dung c6 hé théng
nhim mé phong céac diéu kién hoat dong phd bién
cua cac hé théng ra da hién dai. Nam dang tin hiéu
dién hinh bao gdom xung, LFM, Costas, BPSK va
Frank dugc tong hop v6i do rong, tan sb song mang
va SNR thay d6i tir SNR = -10 dB dén 10 dB. Timg
dang tin hiéu dugc tao thanh 1.000 mau véi cAu hinh
tham s6 va muc nhiéu, tao nén b dit liéu téng cong
5.000 mau. Tap dir liéu nay dugc chia theo ti 1& 70%
- 15% - 15% tuong tmg cho bo huan luyén, kiém
dinh va kiém tra, nhim dam béo tinh khach quan
trong qua trinh t6i wu mé hinh va danh gia hiéu nang.

Hinh 6 1a két qua phén tich ba dang tin hiéu
LFM, Costas va ma Frank su dung k¥ thuat STFT
v6i cAu hinh NFFT = 1024, ham cta s6 hinh chit
nhat va kich thudc ham cira s6 L = 256. C6 thé thay
trén anh thoi gian — tan s, tin hiéu LFM xut hién
duéi dang mot dai tan thay doi tuyén tinh theo thoi
gian; tin hiéu Costas duoc thé hién b%mg cac bac

Short-Time Fourier Transform
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nhay roi rac dédc trung; trong khi do, tin hi¢u ma
Frank cho phd gan nhu ¢4 dinh theo thoi gian nhung
xuét hién cac diém gian doan dic trung (vong tron
do - Hinh 6(c)). Cac khac biét rd rang nay tao nén
bd déc trung thoi gian — tan s diac thu cho ting loai
tin hi¢u, tir d6 cho phép mo hinh hoc séu khai thac
hi€u qua trong nhi€ém vu nhén dang.
3.2. P9 chinh xac nhian dang

Trong phan nay, viéc danh gia hi¢u ning ciia mo
hinh hoc sdu (mang AlexNet) di duoc tién hanh
dusi céc ciu hinh STFT khac nhau. Trudc hét, anh
hudng cua s6 diém FFT dugc xem xét thong qua
thoi gian xt 1y va do chinh xac nhan dang trung
binh. Tiép theo, cac tham s6 con lai cia STFT nhu
loai va d6 dai ham cira s6 cling dugc phan tich nham
xac dinh muc d6 tac dong cla chung dén hiéu qua
phan loai tong thé.

3.2.1. Anh huong sé diém FFT

Sb diém FFT quyét dinh truc tiép dén d6 phan
giai ciia anh thoi gian — tan s6 va muc do phirc tap
tinh toan cua STFT. Trong muc nay, tac dong cua
céc gia tri FFT khac nhau dén thoi gian xir Iy va do
chinh xac nhan dang ctia mo hinh da dugc danh gia.

Short-Time Fourier Transform

400
40
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200
0
-400
10
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Time ()

b)

Frequency (MHz)
Magnitude (dB)

Short-Time Fourier Transform
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Frequency (MHz)

-400

Time (us)

¢)

(=]
>
Magnitude (dB)

Hinh 6. Két qua phén tich STFT
Ghi chu: a) LFM, b) Costas, c) Frank 9.
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Bang 4. Thoi gian xir Iy va do chinh xac nhin
dang phu thudc vao so diem FFT

D§ chinh xac

S6 diém FFT  Thei gian (s) nhin dang (%)
s ry (Y

256 236 72
512 242 82
1.024 213 86
2.048 214 86

Bang 4 cho thdy s6 diém FFT c6 anh huong 1o
rét dén hiéu nang hé théng nhan dang. Khi s6 diém
FFT ting tir NFFT = 256 dén NFFT = 1.024, do
chinh xac nhan dang cai thi¢én dang ké tr P=72%
dén P =86% . Tuy nhién, sy ting d6 chinh xac c6 xu
huéng bdo hoa khi tiép tuc ting lén
NFFT = 2.048, d chinh xac khong cai thién thém.
Vé mit thoi gian xir 1y, véi NFFT = 1.024 hoic
2.048 cho thoi gian xur Iy nho hon, tir d6 cho thay sy
can bang t6t hon gitra d9 phan giai thoi gian — tan s6
va s0 luong phép tinh. Cac két qua nay cho thay
FFT = 1.024 1a lva chon tot trong thi nghiém va dat
d6 chinh xac cao va thoi gian xtr 1y thap.

3.2.2. Anh hong ciia ham cira sé

Ngoai s6 diém FFT, loai ham cira s6 anh hudng
tryc tiép dén chat luong anh thoi gian — tan sO cua
tin hiéu. Trong muyc nay, cac ham cira s6 pho bién
da dugc danh gia nhu Hann, Hamming, hinh ch
nhat va Kaiser véi kich thude ¢b dinh L =256 vé do
chinh x4c nhan dang va do on dinh cua dic trung
STFT.

Bang 5 cho thay loai ham cira s6 anh hudng truc
tiép dén két qua nhan dang tin hidu. Trong bon ham
ctra s6 dwoc so sanh, cira s6 Hann cho két qua tot
nhét voi P =86% va thoi glan xtr 1y ngén (t = 213
(s)). Tiép theo 1a ham cua s6 Hamming (P =84% ).
Nguoc lai, loai ctra s6 hinh chit nhat va Kaiser cho
hiéu sut thap hon (P =77%), cho thiy ching kém
(3n dinh trong viéc trich xuét dic trung thoi gian —
tan s6. Cac két qua nay cho thy loai cura s6 Hann
dap ung dugc cic yéu cau trich xuét dic trung va
nhén dang tin higu.

Bang 5. Thoi gian xtr Iy va d§ chinh xac nhén
dang phu thugc vao ham cira so

Do chinh xac

Ham civa s60  Thoi gian (s) nhan dang (%)
Hann 213 86
Hamming 221 84
Chit nhéat 219 77
Kaiser 221 76
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3.2.3. Anh huong cia kich thuéc ham cira s6

Sau khi xem xét sé diém FFT va loai ham cira
s0, muc nay tiép tuc danh gia vai tro ciia kich thude
ctra sO trong STFT. Kich thudc cira s6 quyét dinh sy
cén bang giita do phan giai thoi gian — tan s0, tir d6
anh huong tryc tiép dén kha ning biéu dién dic
trung cuda tin hi¢u. Vi vay, viéc danh gia cac kich
thude cira s6 L = 64, 128, 256 va 512 v6i ham cira
s6 Hann va sd diém FFT = 1024 d3 duoc thuc hién.

Béang 6. Thoi gian xir ly va d§ chinh xic nhin
dang phu thudc vao kich thwéc ham cira

s0
Kich thwéc Thoi gian (s) D6 chinh xac
ham cira so nhin dang (%)
64 168 74
128 191 81
256 213 86
512 218 77

Béng 6 cho thiy kich thudc ham cira s6 anh
hudng dén d6 chinh x4c nhan dang ctia mang
AlexNet. Khi ting kich thudc cira s6 tir 64 1én 256,
d6 chinh x4c nhan dang dugc cai thién lién tuc tir
P=74% dén P=86%. Diéu nay cho thiy cira s6
quéa ngan khong dii dé thu thap thong tin vé sy thay
d6i tan sb cua tin hiéu. Tuy nhién, khi ting kich
thudc ham cira sb 1én L = 512, d6 chinh xéc giam
xudng con 77%. Két qua nay cho thiy cira s6 qua
dai 1am suy giam d phan giai thoi gian — tan s6 va
gdy mo cac dic trung. Vé mat thoi gian xir 1y, kich
thudc ham cira s6 khong anh huong qué 16n. Nhin
chung, kich thuéc ham cira s6 L = 256 6n dinh hon
s0 voi cac kich thudc khac. Cac két qua trén cho thiy
céu hinh STFT phu hop cho bai toan nhan dang tin
hiéu ra da 1a str dung ham cira s6 Hann, kich thudc
L =256 va s6 diém FFT (NFFT = 1.204).

Barker

Costas

Frank 37.5%

True Class

LFM

Pulse 62,5%

Barker Costas Frank LFM Pulse

Predicted Class
Hinh 7. Ma tran nhian dang
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Hinh 7 thé hién ma trdn nhdm 1an cia mo hinh
ddi v6i nam dang tin hi¢u Barker, Costas, Frank,
LFM va xung. Két qua cho thdy bdn 16p Barker,
Costas, Frank va LFM déu dat do chinh x4c hoan
hao (100%), véi toan bd mau duoc phan loai ding
vao 16p tuong tng. Diéu nay chimg to cac tin hiéu
diéu ché pha hodc c6 dang phd thoi gian — tan sé dic
trung rd rang dugc mo hinh nhén dang rat hiéu qua.

Nguoc lai, tin hi¢u xung xuét hién sai léch dang
ké, khi 37,5% mau bi nham sang 16p Frank. Su
nham 13n nay c6 thé bit ngudn tir dic trung thoi gian
— tdn sb don gian cua tin hidu xung, khién mé hinh

Short-Time Fourier Transform
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khoé phan biét voi cac dang tin hi¢u cod bién thién
bién d6 hodc pha han ché. Do do, hiéu suit cia mod
hinh d6i véi tin hiéu xung van con han ché va can
tiép tuc cai thién thong qua viéc mé rong tap dir lidu
huén luyén.

Nhin chung, ma tran nham 13n cho théy mo hinh
dat hi€u nang cao ddi véi cac tin hiu ¢o ciu trac
phtc tap, trong khi van con thach thic déi vai tin
hiéu xung don gian. Hinh 6 cho thay, dic trung cua
tin hi¢u phure tap nhu LFM la duong chéo va Costas
la duong dang bac thang, chinh vi vay, nd c6 sy khac
biét 16n so voi dang duong thang nhu Frank.

Short-Time Fourier Transform
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Hinh 8. Két qua phén tich STFT
Ghi chu: a) xung, b) BPSK.

Hinh 8 cho thiy dic trung ctia xung ra da, BPSK
va Frank tuong d6i gidng nhau (dwdng thing do tan
s6 cb dinh). DPiém khac biét giira cac tin hiéu xung
ra da va BPSK la tin hi¢u BPSK c6 cac doan gian
doan do dao pha. Ngoai ra, BPSK dao pha 0° va
180° nén cac dic trung thé hién sic nét (Hinh 8b).
Con ddi vdi tin hidu Frank, do bién thién tuong dbi
2r 2z

9

Frank 9; do d6, dac trung nay khong thé hién~s§c nét
trén anh STFT. Dicu nay dan t6i vi¢c nham lan giira
Frank va xung ra da.

4. KET LUAN

it va dugc tinh bing ap =——="—=40° véi ma

Trong nghién ctru nay, viéc danh gia anh huong
cua cac tham s STFT dén hiéu qué nhéan dang tin
hiéu ra da sir dung m6 hinh hoc sau da dugc tién
hanh. Két qua cac thi nghiém cho thdy s6 diém FFT,
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loai ham ctra s& va kich thuge cira sd déu tac dong
truc tiép dén chét luong biéu dién thoi gian — tan sd
va d6 chinh xac phan loai. Trong do6, s6 diém FFT
tang tir 256 1én 1024 gitp cai thién dang ké d6 chinh
xéc, nhung xu hudng bio hoa xuét hién & cac gia tri
cao hon. Vé loai cira sd, cira s6 Hann cho hiéu nang
vuot troi so voéi Hamming, Rectwin va Kaiser.
Trong khi d6, kich thudc cira s6 256 dat sy can bang
t6t nhat gitra 4o phéan giai thoi gian — tan s6 va chi
phi tinh toan.

Téng hop cac két qua, ciu hinh STFT 6n dinh
cho mo6 hinh trong nghién ctru nay 1a viéc sir dung
clra s6 Hann, kich thudc 256 va sb diém FFT
(NFFT = 1.024). C4u hinh nay khong chi mang lai
d6 chinh xac cao nhit ma con dam béo thoi gian xir
1y hop 1y, g6p phan nang cao hidu qué cua hé thong
nhan dang tin hiéu ra da trong mdi trudng nhiéu
thuc té.
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