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TOM TAT

Bai b4do dé xuat bd can bfing phi tuyén dua trén ky thuat hoc may SVM, tng dung
cho hé théng thong tin quang cw ly ngan stt dung PAM-4 & t6c d6 100 Gb/s. M6 hinh
dé xudt két hop bd can bang tuyén tinh FFE v6i md hinh SVM stt dung ham kernel
RBF dé bu méo tin hiéu do ddc tinh kénh truyén va cac gioi han phan ciing. Tin hiéu
thu duoc duoc xt ly theo chudi thoi gian thong qua co ché ctra s6 truot, sau d6 duoc
chudn hda va phan loai theo cdu tric SVM da 16p véi co ché One-vs-Rest. Két qua
mo phong cho thay bo can bang duoc dé xuét cho hiéu nang BER t6t hon so véi FFE
truyén thong. Cac két qua nay khang dinh tiém ning ctia SVM nhu mdt giai phap

can bang phi tuyén hiéu qua va thuc tién cho hé thdng quang thé hé méi.

Tt khéa: Ky thuat can bing, IM/DD, Méo phi tuyén, PAM-4, Support Vector
Machine (SVM)

1. MO PAU

Nhing ndm gan day, thi treong da cé su dich chuyén manh tir cac tuyén duong
truc sang dau tu vao cac tuyén quang cu ly ngan, nham dap tng su bung n6 luu leong
d@ liéu phan 16n dén tir cac két noi gitra cac trung tam dit liéu (DCI) va cac duong truyén
trong mang fronthaul [1, 2]. Trong b6i canh d6, hé thong thong tin quang st dung ky
thuat diéu ché cuong do/giai diéu ché truc tiép (IM/DD) két hgp véi dinh dang diéu ché
PAM-4 da tré thanh giai phap hang dau cho hé thong truyén dan tdc do cao, véi cac wu
diém: chi phi thdp, cdu tric don gian va kha nang mé rong tot [2, 3]. Tuy nhién, khi téc
dd vuot qua 100 Gb/s, cac hé thong nay phai d6i méat véi nhiéu van dé suy hao tin hiéu
do su gidi han vé mat phan cting cta thiét bi thu phat hay cac suy giam trén kénh truyén
dan dén cac hién twong nhiéu, méo tuyén tinh 1an phi tuyén [2, 4]. Trong khi d6, bo can
bang tuyén tinh truyén théng nhu FFE chi khéc phuc dwoc méo tuyén tinh, nén khong
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that sw hiéu qua khi hé théng truyén dan c6 méo/bién dang phi tuyén phtic tap [5].

Dé€ cai thién chat luong tin hiéu, nhiéu nghién ctu gan day da khai thac va tng
dung ky thuat hoc may (ML) trong thiét k&€ bd can bang [6]. Cac nghién cttu gan day cho
thdy, nhitng mo hinh ML da phan nao hoc va xtt ly cac ddc trung phi tuyén tir dit liéu
nhan ma khong can biét trude vé kénh truyén [7-9]. Tuy nhién, cac md hinh nay thuong
6 s6 lwgng tham s6 16n, thoi gian huan luyén dai va doi hoi phan cting tinh todn chuyén
dung, khién viéc tich hgp vao cac b thu gid ré tro nén kho khan. Theo d9, cac thuat toan
hoc mdy ¢8 dién von co cau tric nhe va do phtc tap thdp, phu hop hon cho cac thiét bi
phan cting han ché. Trong s6 cac thuat toan ML cd dién, SVM la mot mo hinh tiéu biéu
nho kha néng phan loai dit liéu thong qua viéc xac dinh mat phang phan 16p va hoat
dodng hiéu qua voi cac tap dit liéu vira va nho [6]. Cung vdi sy phat trién cua cac thuat
toan, voi kernel Gaussian RBF thi m6 hinh SVM ¢6 thé anh xa di liéu sang khong gian
phi tuyén dé€ cai thién phan 16p tin hiéu PAM-4 trong moi treong méo nang. Mot s
nghién cttu ban dau cho thay sw hiéu qua ctia SVM trong can bang tin hiéu PAM-4 [10,
11]. Tuy nhién, phan Ién cdc phuwong phap nay van dya trén nhiéu mo hinh st dung mat
ph:fmg don hodc t6c d6 truyén con thdp, chua thwe sy phtt hgp v6i nhu cau hién tai. Trén
co s& d6, bai bao nay dé xuét cau hinh két hop md hinh can bang ghép lai FFE va SVM
véi chién luoc da 16p OvR cho hé thong thong tin quang PAM-4 ¢ tdc dd 100 Gb/s. Qua
trinh t6i wu siéu tham sd hudng tdi tang kha nang phan loai ky te PAM-4 va giam ty 1é
16i bit BER. Tir d6, gitip md hinh pht hop véi cac tuyén IM/DD duéi nhiéu diéu kién
méo tuyén tinh va phi tuyén khac nhau.

2.CO SO LY THUYET

SVM la thuat toan hoc may gidm sat (supervised learning) dung cho phan loai
va hdi quy [6]. Vi bai toan hai 16p, SVM tim siéu mit phang phan tach cé bién cach xa
nhét, dong thoi dam bao tinh chinh xac ctia phan loai trén tap huédn luyén véi nguyén ly
to1 da hoa do rong cua bién phan tach, qua dé cai thién kha nang tong quat hoa caia mo
hinh d6i v6i dit liéu méi [6, 12].

-
Support Vector + Support Vector ==
) Lé
Siéu mat phang
+
Support Vector —_—

Hinh 1. St dung thuat todn SVM d€ t6i da hda chiéu rong ctia 1€ gitra hai 16p (+ / —) va duoc

phan tach bang mot siéu mat phéang.
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Trong treong hop dir liéu c6 thé tach tuyén tinh hoan toan, SVM tim mdt siéu
mét phang (Hyperplane) trong khong gian dic trung sao cho khoang cach ti bién dén
cdc mau gan nhat ctia hai 16p 1a 16n nhat (Hinh 1). Hyperplane dugc md ta boi wx +
b = 0 (w la vector trong s6 va b la bias).

Hyperplane phan biét I6p -3 Hyperplane phan biét I6p -1

Class -3
Class -1
Class 1
Class 3

Hyperplane phan biét Iop 1 Hyperplane phan biét Iop 3

Hinh 2. Minh hoa c4c siéu mét phang quyét dinh va gia tri ham quyét dinh ctia bo phan loai

SVM st dung kernel RBF duwgc huan luyén theo chién lugc One-vs-Rest (OvR) trén d liéu diéu
ché PAM4.

Tuy nhién, trong hé thong thong tin quang toc do cao, dix liéu thu khong chi bi
anh hudng bdi cac yéu td tuyén tinh ma con ¢6 ca yéu td phi tuyén. Diéu nay khién viéc
st dung cac mat phéng tuyén tinh dé tach 16p dix liéu kha kho khan. Do vay, ngoai viéc
can t6i tiéu hoa ham % I w2, SVM con can st dung ky thuat “soft margin” thong qua
diéu chinh bién & d& mot s6 mau duoc phép vi pham diéu kién dat ra. Bai todn t3i wu
l4c nay duwoc biéu dién theo [11] nhuw trong cong thkc (1):
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v6i tham s8 C diéu chinh sy danh d6i gitta dd rong ctia bién phan téch va tdng 16i phan
loai trén tap hudn luyén. Gia trj C 1én gitp gidm 16i hudn luyén nhung c6 nguy co qua
khop trong khi C nho c6 thé gitp cai thién tinh tong quat héa cia m6 hinh.

Dai v6i bai toan phan loai ky tw PAM-4, do tin hiéu thuc t& bi anh huong boi méo
phi tuyén kha manh, d@ liéu thuong khong thé dwgce phan tach tuyén tinh trong khong
gian goc [12]. Do d6, SVM st dung ham kernel d€ anh xa dit liéu sang khong gian dac
trung bac cao. Trong bai toan phan loai da 16p vdi cac hién twong méo phtrc tap nay,
Radial Basis Function (RBF) la mét lya chon t6i wu nho kha ndng mo ta linh hoat cac siéu
mét phang phi tuyén [12, 13], kernel RBF dugc dinh nghia nhu sau:

K(xi,x7) = exp (—V”xi - x,-||2) )

trong d6 y > 0 la tham s6 diéu chinh d6 cuc by cua ham quyét dinh. Khi y nho, bién
quyét dinh tré nén muot va mo hinh ¢6 kha nang khai quat hoa tot hon, nguoc lai, khiy
16n, ranh gidi phan loai tro nén bién ddi manh, mo hinh bam sat dit liéu huadn luyén
nhung dong thoi ciing lam tang nguy co qua khop.

Dai voi hé thong PAM-4, mo hinh SVM-RBF két hop chién lugc One-vs-Rest
(OVR) gitip x4c dinh bon siéu mat phang (hyperplane) quyét dinh sau khi thyec hién dnh
xa di liéu sang khong gian dac trung c6 chiéu cao hon, tir d6 cho phép md hinh phan
tach chinh xac cac mtec tin hiéu bi méo nang boi nhiéu va phi tuyén hon [10, 14]. Biéu
dién 3D ctia ham quyét dinh cho thay kha nang ctia SVM trong viéc hoc cac bién cong,
tir d6 nang cao hiéu qua can bang cho cac hé thdng toc do cao, qua trinh nay c6 thé duogc
minh hoa trong Hinh 2.

3. THIET KE BO CAN BANG SVM
3.1. So d6 khéi hé thong

Hé thong thong tin quang mo ta trong Hinh 3 1a cdu hinh IM/DD st dung PAM-
4 & t8c dd truyén 100 Gb/s, duoc thiét ké d& danh gia hiéu qua cac b can bang DSP phi
tuyén. Dit liéu nhi phan (gom N = 2!° bit ngau nhién) dau tién dwoc dnh xa thanh cac
ky tw PAM-4 (symbols) va tao xung béng b0 loc Raised Cosine vdi hé s6 cudn B = 0.1 tai
phia phat nham t&i wu héa phé tin hiéu. Sau d9, tin hiéu dwoc diéu ché quang qua Mach-
Zehnder Modulator (MZM) véi cong sudt phat 0 dBm va truyén qua soi don mode (SMF)
& bude séng 1550 nm, véi lwong tan sic tdng ~ 100 ps/nm. O phia thu, tin hiéu dugc
tach séng truec tiép bang PIN+TIA véi hé s§ chuyén ddi quang-dién R = 0.7 A/W, véi
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bang théng may phat/thu 25 GHz. Tin hiéu sau d6 dwoc s hda va dua vao chudi xt ly
DSP dé can bang tin hiéu.
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Hinh 3. M6 hinh hé thong st dung ky thuat IM/DD véi dinh dang diéu ché PAM-4.

C&u trtc can bang dé xuét gdm hai tang: dau tién, FFE c6 chiéu dai bd loc Ly, =
15 tap dwoc st dung dé€ loai bd méo tuyén tinh. Sau d6, dau ra FFE duoc dwa vao mo
hinh SVM (véi kernel RBF) thong qua céc bo tré. Sy két hop FFE-SVM cho phép xtt ly
dong thoi méo tuyén tinh va phi tuyén phat sinh tit cac thanh phan nhu: bo phat
(Laser/MZM/DAC), bo thu (PIN+TIA/ADC) hay kénh truyén SMF. Ngoai ra, nhiéu
AWGN ciling dugc chen vao md phong dé€ danh gia dd 6n dinh trén dai SNR rong (20-
30 dB).
3.2. C4u tric B can bang

Trong kién triic dé xuat, bo can bang SVM hoat dong nhir mot bd phan loai da
16p d€ khoi phuc ky te PAM-4. Thay vi nhén tin hiéu tho, SVM lay dau vao da duoc xu

ly boi FFE. Dau ra ctia FFE duwoc dua qua chudi bo tré, tao vector dic trung da chiéu
Xk = [Xp» X—1) o r Xi—n+1]7 VOi y; 12 tin hiéu FFE tai thoi diém i va n 1a kich thwdc ctra so.

4 )

PUA DU LIEU VAO MO HINH SVM

Bo can bang st dung SVM —

. J

Hinh 4. Minh hoa cach dwa dit liéu vao bo can bf“ang SVM thong qua cac bd tré.

Chudi di liéu nay sau d6 duoc dua vao bo can b.%mg SVM (Hinh 4), nho kernel
RBF, d@ liéu duoc anh xa sang khong gian nhiéu chiéu, gitip moé hinh hoc cac quan hé
phi tuyén con sét lai, ndng cao dd chinh xac phéan loai va giam BER. Sy két hop FFE-
SVM tan dung wu diém cua ca hai: FFE loai bo méo tuyén tinh, trong khi SVM ¢6 nhiém
vu xt ly cac thanh phan méo phi tuyén con lai. D& giai quyét hién twong méo va nhiéu
gitta cac ky tw 1an can, dau vao SVM duoc xay dung bang k§ thuat ctra sd truot (sliding
window), tao thanh vector ddc trung gom ky tw hién tai va cac ky tu trede d6. Bén canh
d¢6, dau ra duwgc ma héa One-Hot, dam bao tinh doc lap gitra cac 16p va tuong thich véi
chién lugc OVR, tir d6 cai thién hiéu suat phan loai nhiéu 16p ciia mo hinh.
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3.3. Chuan bi dit liéu va ké hoach khao sat
a. Phan chia dit liéu:

Tap dit liéu gom 218 ky tu PAM-4 (duwoc tao thanh tir 212 bit véi mdi ky tu dai
dién cho 2 bit). Mdi mau di liéu gom vector dac trung tir FFE (g6m n ky tu ké can) va
dau ra la nhan one-hot coding. Dt liéu duoc chia thanh 2 phéan véi ti 1& 75% cho huan
luyén va 25% cho kiém tra. D€ tranh viéc ro ri thong tin, 2 tap di liéu nay dwoc thuc
hién tach biét c6 chu dich nhdm dam bao khong 6 su chong lan vé thong tin, ¢ dém
gitta phan hudn luyén va kiém tra. Kich ban 1 va 2, st dung 100.000 mau dit liéu, trong
khi Kich ban 3 thay d6i kich thudc tap huan luyén tir 10.000 — 200.000 d€ phan tich anh
huong 1én hiéu sudt mo hinh.

b. Tién x& ly dir liéu:
Pu vao duoc chuan héa bang Standard Scaler theo z-score:

X =
7Z =
o

(©)

v6i x 1a gid tri ddc trung, p la gia tri trung binh cta dac trung xét trén tap huan luyén va
o d¢ 1éch chuan ctia dac trung, phan dnh muitc 46 phan tan quanh . Chuan héa nay giup
tat ca dac trung cung thang do, giam sai 1éch do chénh 1éch quy mo, cai thién kha néng
hoc cia SVM.

c. Kich ban khao sat

— Khao sat 1: T6i wu siéu tham s6 C va y cua kernel RBF d€ lya chon tap tham s6
t6i wu. Cac siéu tham s& nay duwoc t&i vu bang phirong phép tim kiém theo luéi
trén tap hudn luyén vdi cac gia tri C={0.1, 1, 10, 100} va y = {0.01, 0.1, 1, 'scale'}.

— Khao sat 2: Véi bd tham s6 t6i wu, kiém tra cac chiéu dai ngd vao khac nhau
(khong st dung thong tin tir ky tw lan can — input length =1, va c6 st dung thong
tin ti ky lan can - input length = 2, 4, 6, 8) d€ xac dinh chiéu dai hiéu qua, can
bang gitta kha ning xtt Iy nhiéu/méo va d6 phtec tap tinh toan.

— Khao sat 3: Huan luyén véi cac kich thudc tap dir liéu khac nhau dé xac dinh
diém bao hoa, khi viéc tang di liéu khong con cai thién hiéu suat dang ké.

4. KET QUA VA THAO LUAN
Dé danh gid hiéu suat b can bang SVM-RBF, chiing t6i sit dung ti 1& 16i bit BER
(Bit Error Rate), dwgc mo ta nhu sau:

Nerror

BER = 4)

Ntotal
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VOi Nepror 12 80 bit sai va Nioea) 1a tong sO bit truyén. Sau hudn luyén, mo hinh thuc hién
du doan ky tw trén tap kiém tra dong thoi tinh toan gia tri BER dwdi nhiéu diéu kién
chat lwgng tin hiéu khac nhau délam tham chiéu danh gia.

4.1. Khdo st vai tro ctia by cin bang dwa trén SVM

Kich ban khao sat 1 bo can bf?mg SVM véi kernel RBF trén toan dai SNR (20-30
dB). Muc tiéu la xac dinh bd siéu tham s6 (C,y) phu hop. Véi cac gid tri khao sat cu thé
nhu sau: C € {0.1,1,10,50,100} vay € {1,0.1,0.01, 'scale'}.

K&t qua md phong da chi ra, so v6i bd can bang tuyén tinh FFE, néu thiét 1ap cac
tham s6 phu hop, mo6 hinh SVM-RBF cho thay hiéu suét vuot trdi trong toan bd dai SNR
duoc xét (Hinh 5). Tai SNR =22 dB, nhan thay rang md hinh FFE khong thé dat ngudng
stra 13i FEC (3.8 x 1073). Tuy nhién mé hinh SVM-RBF véi bd tham s8 t6i uu C = 10,y =
scale c6 thé ho tro cai thién chat legng tin hidu va dat dudi ngudng stra 16i (2.32 x 1073).
Qua do cho thdy viéc ting dung ky thuat RBF-SVM c6 kha nang xtt 1y va cai thién chat
lwong tin hiéu khi so sanh véi viéc chi stt dung bd can bang tuyén tinh FFE truyén thong.
Ciing thay rang, viéc tng dung SVM-RBF con gitp ting dd nhay phia thu, cu thé ¢
ngudong HD-FEC nhan thady d6 loi SNR mang lai khoang 1 dB khi so sanh véi b can
bang FFE va tang 1én dén x4p xi 2.5 dB khi xét tai nguong BER = 1073.

10°
- - § = fFE
—8— RBF, C= 10, y =scale (Optimal)
10-1t —& RBF,C=10,y=1

- RBF, C=0.1, y=scale

-4 RBF,C=0.1,y=0.01 (Worst)
102} - RBF, C=50, y=scale

FEC threshold

x
wl
m
1073 L
1074}
-5 H L ' H . .
107 =55 27 24 26 28 30
SNR (dB)

Hinh 5. Vai tro ctia bd can b.:;mg dua trén ky thuat SVM duoc thiét 1ap véi cac tap thong s6 C, v
khac nhau.

Bén canh d6, qua trinh khao sat anh hwéong cua céc siéu tham s6 € va y cho duoc
mot s6 xu hudng sau: Khi € tang tir 0.1 1én 10, BER giam ro rét, phan anh loi ich cua viéc
tdng mutc phat d8i véi 16i phan loai. Tuy nhién, khi ¢ = 50 thi hiéu suat khong cai thién
thém mdc du s6 lwgng support vector tang. Vé y, gid tri y = scale mang lai hiéu suét cao
nhat trén toan dai SNR. Diéu nay cho thdy viéc d€ y tu dong diéu chinh (dua trén do
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léch chuan cua dit liéu) gitp mo hinh tong quat héa va twong thich véi cac diéu kién
kénh truyén khac nhau tt hon.

Ttr cac két qua trén, bd tham s6 € = 10,y = scale sé dwgc sit dung trong cac khao
sat tiép theo nham hudng t6i t&i vu héa BER.

4.2. Phén tich anh huéng ctia chiéu dai ngd vao

Kich ban khao sat 2 nham xac dinh chiéu dai ngd vao t&i uu cho bd can bang
SVM-RBF, bao dadm can bang gitta hiéu suat phan loai, do tré va d6 phtic tap tinh toan.
Chiéu dai ngd vao (input length) thé hién s6 mau tin hiéu 1an can dugc st dung khi du
doan ky hiéu hién tai. Chiéu dai ngd vao L dwgc khao sat voi ca 2 truong hop cd/khong
c6 stt dung thong tin tir ky tw lan céan, L € 1,2,4,6,8.

Két qua khao sat ¢ Hinh 6 cho thdy duoc chiéu dai ngd vao anh huong truec tiép
dén kha nang xtt ly tin hiéu ctia bd can bang. Diu tién, véi input length =1 (st dung duy
nhat ky hiéu hién tai), mo6 hinh khong khai thac duoc thong tin tir cac di liéu trude do.
Nhan thdy duoc rang ti 1é 16i bit BER gan nhue khong c6 su cai thién dang ké, quan sat
duoc thong qua dwong nét dirt mau do (nhan FFE) va duong nét diet mau xanh da troi
(nhan SVM length=1) gan nhu trung v6i nhau. Khi tang chiéu dai ngd vao 1én 2, 4 va 6,
hiéu suat BER cai thién r0 rét, sy cai thién khi tang chiéu dai ngd vao cho thay vai tro
quan trong cua thong tin ky tw 1an can trong viéc xtr thong tin gitra cac ky tw. Diéu nay
cting cho thay rd kha nang bu méo tin hiéu ctia mo6 hinh RBF-SVM. Cu thé, tai SNR = 22
dB, cac cau hinh nay gitip hé thong ha ty 1€ BER xudéng duwéi ngudong FEC, diéu nay thé
hién viéc khai thac thong tin ttr cac ky tu tredc do da giap mo hinh xay dung siéu mat
phang phan loai chinh xac hon trong khong gian dic trung. Véi input length = 8, nhan
thdy rang hiéu suét cai thién BER gan nhw khong ting 1én trén moi khoang xét, don ctt
& SNR = 28 dB, length = 6 cho mitc BER = 1.8 x 10™* trong khi length = 8 1a 2.6 x 10™*.
Dbiéu nay cho thdy mo hinh da dat bao hoa, chiéu dai ngd vao véi 4 hodc 6 mau dwoc xac
dinh la t6i vu.
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Hinh 6. Anh huong ctia chiéu dai ngd vao dén hiéu qua ctia bo can béng SVM.
4.3. Danh gia hiéu qua v6i s6 lugng dir liéu huin luyén khéac nhau

Kich ban 3 duoc xay dung nham danh gid anh hudng caa kich thudc tap huan
luyén dén hiéu suat BER. Muc tiéu la xac dinh liéu viéc tang dit liéu huan luyén co tiép
tuc cai thién BER hay khong, dong thoi tim ra ngudng tdi thiéu cta tap dir liéu d€ dat
hiéu sudt gan mtc t5i wu, gitip can bang gifta chi phi thu thap di liéu va hiéu qua md
hinh. SVM duoc cau hinh véi € = 10,y = scale va chiéu dai ngd vao input length = 6.
Kich thudc dix liéu hudn luyén dugc thay d6i tir 10% dén 2 x 105 mau.

10°
—e— FFE
------ HD-FEC threshold
10-1k -m 10000 mi?\u huan luyén
50000 méau huén luyén
—&— 100000 mau huan luyén
10-2} -4 150000 mau huan luyén

200000 mAu huén luyén

o e
L
@

10—3 L

1074}

-5 i | | i | |
10755 27 24 26 28 30
SNR (dB)

Hinh 7. Anh huong ctia s8 luong mau vao dén hiéu qua cai thién BER.

Két qua khao sat s6 lwong mau huan luyén cho thdy méi quan hé ré rang gitta
hiéu suat BER, quy mo dit liéu va hién tuong bao hoa (Hinh 7). Khi ting s& mau, mo
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hinh hoc t6t hon, gitp BER giam dang ké. Vi duy, tai SNR = 28 dB, BER giam ti
2.6 X 107#(10.000 mau) xudng 1.56 x 10~#(50.000 mau), cho thdy l¢i ich rd rét cta viec
mo rdng dit liéu. Tuy nhién, khi s§ mau dat mikc 16n, loi ich bat dau giam dan. Viéc ting
ttr 100.000 1én 150.000 mau, BER chi dwoc cai thién mot luong nho (tir 1.26 x 10~* xudng
1.16 x 10~*) va v4i 200.000 mau gan nhu khong mang lai cai thién vé BER dang ké, trong
khi lai lam tang khoi luong tinh toan ctia m6 hinh.

Tt két qua trén, quy mo dit liéu huan luyén t6i wu chi can khoang 50.000 mau da
c6 thé ho tro cho mo hinh hoc va dwa ra quyét dinh t6t, bén canh d6 van duy tri chi phi
tinh toan hop ly. Do d¢, 50.000-100.000 mau dwoc xem 1 lwa chon phu hop cho trién
khai thuec té.

4. KET LUAN

Nghién cttu nay da trinh bay ting dung bd can bang phi tuyén dya trén mo hinh
SVM vdi kernel RBF (SVM-RBF) cho hé thdng thong tin quang, cu thé cho hé théng cu
ly ngén véi dinh dang PAM-4 6 tdc d6 100 Gb/s str dung ky thuat IM/DD. Ba kich ban
khao sat duoc trién khai gitup chung ta c6 thé hinh dung vai tro ctia cac tham sd/siéu
tham s& dén két qua phan loai. Két qua mo6 phong cho thay, cdu hinh vdi thiét lap € =
10 vay = scale mang lai BER t6i wu nho kha ndng thich Gng tot v6i phan bé dix liéu
hon FFE trong nhiéu diéu kién nhiéu khac nhau. Viéc mo rong chiéu dai ngd vao gitip
giam BER, nhung hiéu qua nhat nén lua chon chiéu dai ngd vao vdi 4 hodc 6 ky tu, vira
dam bao kha nang phan loai vira han ché viéc gay tré xtt ly. Ngoai ra, md hinh dat hiéu
qua cao nhat khi st dung 50.000-100.000 mau huan luyén, sau ngudng nay, BER chi giam
rat nho cho thdy gidéi han hoc caia SVM-RBF. Trén co so d6, cau hinh tdi wu dé xuat gom
C = 10,y = scale, chiéu dai ngd vao bang 6 va bo dit liéu huan luyén khoang 100.000
mau, cho phép dat BER thap hon FFE trén toan bd dai SNR khao sat va dam bao d¢ phtic
tap phu hop cho trién khai thuce t€. Trong tuong lai, hudng phat trién cé thé tap trung
vao md rong mo hinh cho cac dinh dang diéu ché bac cao hon, tich hgp ky thuat giam
chiéu hodc lya chon déc trung d€ t6i wu chi phi tinh toan, cing nhu két hop SVM véi
cac md hinh hoc sdu nham x4y dung bd can bang lai hiéu ning cao cho hé thdng truyén
dan toc dd 16n.

LOI CAM ON

Bai bao nay duoc hd tro tir dé tai Khoa hoc va Cong nghé cap Dai Hoc Hué, ma
sO dé tai DHH2025-01-229.
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NONLINEAR SVM-BASED EQUALIZER FOR HIGH-SPEED SHORT-REACH
IM/DD PAM-4 OPTICAL COMMUNICATION SYSTEMS

Vuong Quang Phuoc’, Nguyen Tan Hung?
1University of Sciences, Hue University
2 Advanced Institute of Science and Technology, The University of Danang
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ABSTRACT

In this paper, we present a nonlinear SVM-based equalizer for short-reach fiber-optic
communication systems (FOCS) operating at 100 Gb/s with PAM-4 modulation. The
proposed approach combines a linear Feed-Forward Equalizer (FFE) with a Support
Vector Machine (SVM) classifier using a Radial Basis Function (RBF) kernel to
reduce signal distortion caused by channel impairments and hardware limitations.
The received signal is processed on a sequential basis using a sliding-window
mechanism, normalized, and classified using a multi-class SVM structure with the
One-vs-Rest technique. According to simulation results, the proposed equalizer
outperforms the traditional FFE in terms of BER. The results demonstrate that the
SVM-based equalizer proves to be an effective nonlinear equalization solution for

next-generation optical systems.

Keywords: Equalization techniques, IM/DD, Nonlinear distortion, PAM-4, Support
Vector Machine (SVM)
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