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GIAI PHAP TRUYEN THONG TIN UNG DUNG BQ MA HOA
TU PONG NANG CAO PHAM CHAT CHO MANG KHONG DAY
TREN CO THE SONG

Bui Thi Thanh Tam®", Trdn Xuan Nam? Phan Huy Anh', Poan Pai Dinh®

Tom tit: Mang khong day trén co thé song WBAN (Wireless Body Area Netwok) duwoc
ing dung nhiéu cho nhiéu linh vire frong cugc song, mang yéu cau vé dg tin cdy truyén tin
cao trong diéu kién cdc nit cam bién cé dac tinh di dong, tin hiéu suy hao manh va truyen
da duong. Ky thudt Autoencoder (b6 ma hoa tw dong) co kha nang tw dong md hoa tin
hiéu phdt va giai ma véi dé chinh xdc cao do cdc tham s6 & mdy thu va mdy phat dwoc t6i
wu dong bg thong qua hudn luyén. Trong bdi bdo nay, ching t6i dé xudt hai mé hinh vmg
dung bé ma héa tir dong ndng cao pham chdt cho hé thong truyén tin trong mang WBAN.

Tu khoa: WBAN; Deep Learning; Autoencoder.
1. GIOI THIEU

Mang WBAN dugc tmg dung trong hé thong chiam soc stc khoe, thé thao, giai tri,... vdi cac
nat sen-so dugc dua vao bén trong, gan trén bé mit co thé hoic & gan co thé. Cac nut cam bién
clia mang WBAN dugc dit trén co thé ngudi, vi vy, qua trinh truyén tin tir cac niit cam bién dén
nut trung tdm chiu anh hudéng boi nhitng ctr dong cuia con ngudi trong sinh hoat, suy hao tin hiéu
v tuyén khi truyén qua cac mo, co trén co thé, truyén da duong. WBAN truyén tin theo chuén
IEEE 802.15.6 v6i 3 bang tin hep HBC, MICS, ISM, va bang tan rong UWB [1]. Kénh truyén
ciia WBAN dugc chia thanh 4 kiéu kénh CM1, CM2, CM3, CM4 [2]. Cac nghién ctru thuc
nghiém dé xac dinh mé hinh kénh truyén co thé ngudi duoc thuc hién trong nhing diéu kién
truyén cu thé (moi truong trong nha, ngoai troi; vi tri cac nit cam bién trén co thé, tbe do di
chuyén ciia co thé, bang tan st dung,...) [3, 4]. M6t sé mé hinh kénh phu hop dugce dé xuét sir
dung cho md phong truyén dan bang hep trong WBAN, d6 1a Lognormal, Rice, Rayleigh,
Nagakami-m [5]. Trong nghién ctru nay, ching t6i sir dung kénh pha-dinh ¢6 phan bd Rice cho
md phong cac hé thong thong tin mang WBAN.

Mat khac, WBAN dit ra yéu cau vé do tré truyén dan thép, giam ti€u thy nang luong dé kéo dai
thoi gian song clia mang, dong thoi mang con bi han ché vé cong suat theo tiéu chuan y té, cac
WBAN phai lam viéc trong diéu kién ty sO tin/tap thip [1]. Van d& nang cao pham chat do tin cay
cho WBAN dugc quan tdm va cong b trong nhiéu nghién ctru. Nghién ctru [6] dé xuit st dung so
dd truyén tin hop tac dé giam ty so 181, va cai thién hiéu qua ning luong cho mang WBAN. Giai
phép sir dung cac loai ma dé giam anh hudng nhiéu tir cic WBAN va tap 4m dugc trinh bay trong
céc nghién ctru [7, 8]. Nghién ctru [6, 9] d& xuit sir dung mi Alamouti STBC (Space-Time Block
Code) trén kénh pha-dinh Rayleigh cai thién thong luong va phdm chat hé thong.

Trong nhitng ndm gan day, hoc may (Machine Learning - ML), hoc sau (Deep Learning -
DL) la cac ky thuét tri tu¢ nhan tao duoc ung dung trong nhiéu linh vuc, trong d6 c6 cac hé
thong thong tin [10, 11]. Céc ky thuat nay cho phép hé thong tu hoc thich nghi theo diéu kién
truyén dan thuc té, c6 thé tach ra nhiing dic trung va huin luyén dit liéu c6 sdn dé dua ra méi
quan hé gitra dac tinh va nhan. Tu do, hé thong xac dinh dugc nhan cho cac dir liéu mai véi do
chinh xéac cao ma gidm céc tinh toan phurc tap, gidm bét thoi gian xir 1y, gidm d6 tré cho cac hé
thong thong tin [12, 13]. M6 hinh hoa h¢ thong thong tin tir may thu dén may phat nhu mot bo
mé hoa tw dong (Autoencoder - AE) dugc d& xuét trong [14], cach biéu dién nay cho phép tdi uu
hé thdng ddng bo tir may phat dén may thu giup cai thién pham chét cua hé théng. Cac nghién
ctru ing dung AE trong hé théng don ang-ten phat don ang-ten thu SISO (Single Input Single
Output) st dung cho kénh AWGN, va kénh pha-dinh cham [14, 15], cac bd AE nay duoc thiét ké
v6i ty 16 md hoa R >1, giai phap nay lam ting do chinh xac truyén tin nhung giam hiéu qua sir
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dung pho ciia h¢ thong. Trong bai bao nay, ching t6i dé xuat 2 mé hinh AE véi ty 16 ma R<1
cho ‘truyén tin mot ching SISO trong WBAN trén kénh pha-dinh cham dé cai thién do tin cay
truyén tin.
Bai bao duoc cau trac thanh 4 phan: phan 2 trinh bay hé thdng truyén tin trong WBAN tng
dung AE; Phan 3 14 cac két qua md phong va phan 4 1a két luan.
2. HE THONG TRUYEN TIN TRONG WBAN UNG DUNG AUTOENCODER

2.1. Hé thong truyén tin img dung b ma héa tw dong

Hé thong thong tin Gmg dung bo ma hoa ty dong AE duoc biéu dién trén hinh 1. Tap ban tin
phat M={12,...,M}; ban tin meM dugc gin nhan bang ham one-hot thanh mot chudi bit c6
chiéu dai M =2, véi k 1a s6 bit can thiét dé biéu dién ban tin. Sau d6, véc-to one-hot dugc bién
doi thanh véc-to x e R" (v6i R 1a tap véc-to s6 thuc c6 kich thude N x1) nho céc 16p Dense.
So nut dau ra encoder N =2n, n nut bi€u dién phan thyc va n ndt biéu dién phan ao, khi do, ty
16 ma hoa ctia hé thong R = k/n. Lép chuin hoa cua encoder c6 nhiém vu chuin héa cong suit
Véc-to tin hiéu phat X.
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Hinh 1. M6 hinh hé thong thong tin AE.
Tin hiéu phat x dugc truyén qua kénh, tin hidu thu duoc & dau vao decoder y e RV tuan theo
phéan bd xéac suét co diu kién p(y| X), ban tin M dugc tai tao tir y nho decoder.

Trong qua trinh huan luyén, cac tham so clia cac mang no-ron dugc di€u chinh dé cyc ticu

ham sai 1éch L(X;,,Xoy )» VO X, VA X 1an luot 13 véc-to dau vao va dau ra clia AE. Mot s6
ham sai 1éch phd bién duoc sir dung 1a trung binh binh phwong 16i MSE (Mean Square Error),
BCE (Binary Cross Entropy), CCE (Categorical Cross Entropy). Trong md hinh nay, ching toi

Iwra chon ham sai léch CCE:
I‘\’:CE,i (Xin,i ! Xout,i ) = _Xin,i Iog(xout,i ) - (1_ Xin,i) |Og (1_ Xout,i ) (1)

Trong d0, X;,;,Xoui 12 VEC-to dau vio va du ra AE clia mau dit ligu tht 4, log « 14 lay 16-ga-rit

out,i
co sO tu nhién cta bién. Cac mang no-ron huan luyén trén mot tap dit li€u 16n, thi ham sai Iéch
cua mdt vong huan luyén la gia tri trung binh cta cac ham sai 1€ch trén tir mau dir li¢u:

Lece (XinsXou ) = E [ Lece, (Xin,i 1 Xout,i )} (2)

Dé ‘téi uu (2), ching t6i st dung thuat toan Adam [16] va cac tham s6 trong mang dugc cap

nhat bang qua trinh lan truyén nguoc BP (Backpropagation). Ket thuc qua trinh huan luyén, hé
thong truyén tin dugc toi uu dong b tu may phat dén may thu.
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2.2. M hinh h¢ thdng truyén tin trong WBAN tng dung AE

Trong mang WBAN, céc nit cam bién truyén thong tin dén nit trung tdm theo cau hinh sao
(truyén mét chang) hodc cdu hinh hop téc (truyén da chiang) dua trén da truy cap TDMA hoic
CSMA-CA. Tir hé thong théng tin tmg dung AE trinh bay trong muyc 2.1, ching toi d& xuét sir
dung 2 mo hinh AE véi ty 16 md R<1 cho truyén tin mot ching SISO trong WBAN trén kénh
pha-dinh cham: mo hinh AE vong hd (open-loop) va md hinh AE vong kin (close-loop) dugc
biéu dién don gian 1an luot nhu trén hinh 2, hinh 3.

H
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Hinh 2. M6 hinh hé thong thong tin AE vong ho.
May thu ctia hé théng AE vong ho biét thong tin trang thai kénh (Channel State Information —
CSI). Encoder ma hoa ban tin m thanh tin hi¢u phat x:
X= fenc (m; Henc) (3)

trong do, f,. (), Gue lan lugt 14 cac ham bién d6i va cac tham s6 ctia mang encoder. Tin higu
thu duocy nhédn véi thong tin kénh truyén trudc khi dua vao decoder dé giai ma va tai tao lai ban
tin m:

m = fdec (X7 gdec) (4)

ec 1an luot 1a cac ham bién doi va cac tham s6 ciia mang

Trong d6, X=h=*y va f,(+), 6
decoder. Céu tric cic 16p mang no-ron, cic ham kich hoat sir dung trong hé thong nay duogc liét
ké trong bang 1.

Bing 1. Cdu tric cdc 16p mang ciia AE vong ho.

Mang NN Tén lop Ham kich hoat Kich thwée dau ra
input - M
Dense relu 64
Encoder Dense relu 64
Dense linear 2
Normalization - 2
Kénh Rice - 2
Dense relu 64
Decoder Dense relu 64
Dense softmax M

Trong hé thong AE vong kin, thong tin trang thai kénh CSI dugc biét & ca may thu va may
phat nhu trén hinh 3. Cau tric cdc 16p mang cua AE vong kin tuong tu AE vong hd, voi 2 16p
dau vao encoder va decoder dugc thay thé bang 16p Concat dé dua CSI vao hé thong.

Encoder thyc hién mi hoa dong thoi ca ban tin mva h (véi h 1a thong tin trang thai kénh tai
mot thoi diém, he H):
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X = foe (M, 06, (5)

O phia decoder, kénh truyén H ciing duoc dua truc tiép vao may thu thong qua 16p Concat,
ban tin tai tao M :

m=f,, ()”( h;@dec) (6)
H
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Hinh 3. M6 hinh hé thong truyén tin AE vong kin.

Nhu véy, so voi AE vong ho, véi cing céu trac cac 10p mang thi hé thng AE vong kin giam
dugc d6 phuce tap tinh toan do khong can thuc hién phép toan nhan X=h=y & dau vao decoder.
Céc budc huan luyén, cuc tiéu ham tnét mét, tinh ty s 16i SER cua AE vong hé va vong kin
duoc thyc hién tuong ty nhu véi so do AE trong muc 2.1.

3. KET QUA MO PHONG

Performance of MPSK systems over fading channel Performance of MQAM system over fading channel
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Hinh 4. Pham chat hé thong MPSK trén kénh ~ Hinh 5. Pham chat hé thong MOAM trén kénh
pha-dinh. pha-dinh.

Trong phan nay, chiing t6i thuc hién mé phong, danh gia phdm chét hai hé théng AE vong kin
va vong hd, so sanh véi hé thong truyén tin SISO truyén thong trén kénh pha-dinh Rice voi cac
tin higu diéu ché da mirc MPSK, MQAM. Pudng xac suit 16i ciia cac hé thong SISO truyén
théng duogc ky hiéu 1a cac dudng base. Cac md hinh AE dugc huin luyén 20.000 vong véi toe do
hoc 0.001, s6 symbol phat 1a 1.000.000, N =2, M =2*.

Hinh 4, hinh 5 1an lugt so sanh pham phat h¢ thong thong tin truyén thong (base) va hé thong
AE vong hé trén kénh pha-dinh véi cac mirc didu ché M=2, 4, 8, 16. Khi mirc didu ché thip
M=2, 4, pham chét hai hé thong dat dugc twong duong. Trong khi d6, vdi cac hé thong st dung
mirc diéu ché 8 va 16, duong ty s6 16i SER cuia hé théng AE thip hon dudng pham chét base trén
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toan dai SNR khao sat. Cu thé, tai SER = 10% 8PSK_AE cho d6 loi 1dB so v&i 8PSK_base,
16PSK_AE va 16QAM_AE cho d¢ lgi 3+4 dB so voi 16PSK_base va 16QAM_base. Qua trinh
huén luyén AE dugc thyc hién dong thoi ca may phat va may thu giup cho hé thong dugc tdi uu
ddng b, trong khi cac hé thong truyén thong duoc thiét ké toi wu timg phan. Thém vao do, viéc
Iira chon ham sai 1éch va céu tric cac 16p mang phu hop lam giam ty 18 SER. Két qua cua qua
trinh huan luyén 1a cac symbol phat duoc ty dong ma hoa vdi pha va bién do t6i uu thé hién ¢
viée sap xép vi tri cac diém trén chom sao tin hiéu ¢ dau ra encoder X ciia AE vong ho va chom
sao tin hiéu phat ciia hé thong truyén thong nhu trén hinh 6.
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Hinh 6. So sdnh cdc chom sao tin hiéu ciia hé thong truyén thong va AE.

Vi tri cac diém trén chom sao ctia hé thong truyén théng (hinh 6b va c) 1a ¢ dinh trong khi
cac diém trén chom sao cua hé théng AE c6 thé xoay, dich chuyén nhung van dam bao cach déu
nhau sau khi encoder va decoder duoc huin luyén va t6i uwu dong bo, nho d6 tang do chinh xac
udc lugng cac ban tin phat. Khi mire diéu ché tang, hé thong AE ty dong sip xép vi tri cac diém
trén chom sao, chom sao cang t&i uu thi pham chét hé thong cang ting 1én.

Performance of AE_MPSK systems over fading channel
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Hinh 7. Pham chat hé thong AE_MPSK.
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Performance of AE_MQAM systems over fading channel
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Hinh 8. Phdm chat hé thong AE._ MQAM.
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Hinh 9. Chom sao tin hiéu dau vao decoder ciia AE vong kin va vong ho.
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Pham chét hai hé théng AE vong hd va AE vong kin duoc so sanh trén hinh 7, hinh 8. Ty s6
16i BLER ctia h¢ thong AE vong kin dat dugc pham chat x4p xi hé thong AE vong hd, tuy nhién,
& mic SNR > 23 dB dudng BLER ctia hé thong AE vong kin kém hon. Hé thong AE vong ho
thuc hién ma hoa kénh truéc, trong khi hé théng AE vong kin thuc hién bu anh huong kénh
truyén bang phép nhan lién hop phiic théng tin kénh truyén véi tin hiéu thu X=hx*y, tuong
duong voi qua trinh tach tin hiéu két hop trong cac hé thong truyén thng. Dé thay rd hon vé tac
dong ciia qua trinh ma hoa trude va nhan lién hiép phirc cua hai hé thong AE, ta quan sat cac
chom sao tin hiéu déu vao decoder X ctia hai hé théng AE vong kin va AE vong ho trén hinh 9.
Tin hiéu du vao decoder cta hé théng AE vong kin (hinh 9 a va ¢) méi chi dugce bu vé pha,
trong khi céc tin hi¢u cia AE vong hé (hinh 9 b va d) dugc bu ca pha va bién d¢. Noi cach khac,
cac chom sao cua hé thong AE vong ho c6 phan ving rd rang hon so voi cac chom sao cua hé
thong AE vong kin vé6i ca 2 kiéu diéu ché MPSK va MQAM. SNR cang cao duong kinh cac
diém sao cang thu nho lai vao diém trung tdm, vi vay xac suat giai diéu ché sai 14 rat nho. Trong
khi d6 AE vong kin, cic symbol cung pha khac bién do van c6 thé bi giai diéu ché nhdm & cac
gi4 tri SNR 16n. Vi vay pham chét cia AE vong hd ¢6 d6 chinh xac cao hon phdm chéit AE vong
hd & SNR cao, két qua nay thé hién rd hon khi muc diéu ché cao M=8, 16.

4. KET LUAN

Nhu vay, k¥ thuat AE cho phép tw dong mé hoa cac symbol da muc ddu vao dbi voi AE vong
ho, mé hoa df)ng thoi symbol da mirc va kénh truyén v6i AE vong kin. Hé thng dugc huin
luyén va tbi uvu dong b tir may phat dén may thu giap cai thién d¢ tin cdy cua hé thong AE so
v6i hé thdng SISO truyén thdng & cac mirc didu ché cao. M6 hinh AE vong kin c6 dudng SER
kém hon AE vong hé ¢ dai SNR cao, tuy nhién, giam duoc d6 phirc tap tinh toan cho hé thong.
Véi nhimng vu diém cua ky thuat AE, chiing t6i sé tiép tuc nghién ctru dé xuét ap dung AE cho
mo hinh truyén hop tac dé tang do tin cdy truyén tin cho mang va truyén thong tin khi c6 nhiu
ddng kénh gitra cac WBAN.
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ABSTRACT

AUTOENCODER BASED COMMUNICATION SOLUTION
ENHANCED PERFORMANCE OF BODY AREA NETWORKS

In recent times, the application of WBANs (Wireless Body Area Networks) has been
growing significantly in many areas. However, such networks usually require high
reliability of communication in the condition of highly mobile sensor nodes with strong
signal attenuation under multipath transmission. Autoencoder technology has the ability
to automatically encode and decode signals with high accuracy because the parameters at
the receiver and transmitter are optimized synchronously through training. In this paper,
we propose to use autoencoders for the transceivers in order to improve the performance
of communication in WBANS.

Keywords: WBAN; Deep Learning; Autoencoder.
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