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TOM TAT
Trong bai bdo nay, ching téi dé xudt gidi phap thuc thi gidi ma héa ma TPC — Turbo Product

Code — trén FPGA (Field Programmable Gate Array) cho cac hé thong thong tin lién lac. Thiet
ké dwa trén phwong phap giai ma lap sw dung thudt toan Chase-Pydiah nham ndng cao hiéu
nang giai ma. NnOm tdc gia don gian héa thudt toan giai ma, khong sir dung bo nhan khi tinh
todn thong tin ngoai lai tai moi vong lap nhung khong lam giam hiéu nang giai md. Thyec thi trén
Xilinx Artix7 xc7a200tfbg484-1 tai clock 200 MHz, toc dé giai ma dat téi 800 Mbps.
Tur khoa: TPC; SISO; Thuat todn Chase-Pyndiah; QAM; FPGA.

1. MO PAU

M3& TPC la ma sira sai dang Turbo duoc ciu tao tir ma thanh phan nhu ma Hamming [1], m&
BCH (Bose-Chaudhuri-Hocquenghem) [2], ma SPC (Single Parity Check) [3]. So vdi céc loai
ma Turbo khac, ma TPC c6 ciu tric don gian hon, téc d6 hoi tu khi giai ma nhanh hon nhung lai
c6 hiéu ning sira sai twong duong. Ma TPC dugc ting dung rong rii trong cac hé thong thong tin
chuin [4-6], thong tin vé tinh, truyén hinh anh va cac linh vuc khac. Vao nam 1994, Pyndiah dé
xudt thuat toan giai ma lp v6i quyét dinh mém SISO — Soft Input Soft Output [7]. Phuong phap
SISO bao gdm hai budc: giai ma quyét dinh cimg HDD (Hard-Decision Decoding), tinh toan
thong tin ngoai lai cho vong lap tiép theo dua trén thuat toan Chase; qua do nang cao hiéu nang
sira sai ciia ma TPC gan dat t6i gi6i han Shannon [8]. Tiép do, tac gia cai tién thudt toan giai ma
lap, str dung kién trac gan t6i vu dé giam d6 phuc tap tinh toan ma khong anh hudng t61 hiéu
nang giai ma nham dé dang thyc thi trén phan cimg cho cac bai toan tng dung thuc té [9]. Hién
nay, thuat toan Chase-Pydiah dugc sir dung pho bién nhat cho gidi ma TPC.

Dé dat dugc thong lwong 16n khi tmg dung ma TPC trén phan cimg thuong sir dung FPGA
hoac ASIC — Application Specific Integrated Circuit. Trong do, FPGA la phuong an linh hoat
hon, tuy nhién, thong lugng lai thip hon so v6i ASIC. Khi thiét ké bo giai ma TPC trén FPGA,
tang thong lugng c6 thé thuc hién bang cach ting xung nhip ciia hé thong. Tuy nhién, diéu nay
yéu cau kién tric bd giai ma phai don gian.

Trong bai bao ndy, nhém tac gia thuc thi thiét ké b giai ma TPC chuan IEEE 802.16 — 2017
[4]. Viéc tbi vu thuat toan Chase-Pyndiah dugc thuc thi bang cach sir dung cac bién d6i xap xi
nham loai bd cic phép nhan trong tinh toan, qua d6 giup don gian hoa kién trac bo giai ma.

2. MA TPC VA THUAT TOAN GIAI MA TPC

2.1. Tong quan vé ma TPC
Gia st ring, ma TPC 2D duoc cau thanh tir hai ma khdi thanh phan Cy = (ny, ky, d) va

Cy = (ny, ky, dy). Trong do, ky, ky la so luong bit thong tin; ny, ny 1a d6 dai mé&; dy, dy la khoang

cach Hamming nho nhat. Ma& TPC Cx ® Cy thu dugc c6 do dai ma Ia ny x ny, so bit thdng tin 1a

kx x ky, khoang cach Hamming nho nhat 1a dy % dy. Ti I¢ m& cia ma TPC la:

kK,

nn,

R= @)

26 N.V.Phé, ..., L. V. Hong, “Thiét ké va toi wu bj gidi mi TPC trén FPGA.”



Nghién ciru khoa hoc cong nghé

i P T T T T T T T T T T T e I
A 4 - 41,
i A
A . N I B ]
Bit thdng tin g ky : Q 21 |k
y = Y| Bit thdng tin =17
& | &
|
\j : \j
v Kiém tra v | Kiém tra
__
- [ I - [
kx g kX
(@) (b)

Hinh 1. Cdu triic ma TPC (a) va TPC rit gon (D).

Qua trinh ma hoéa ma TPC 2D dugc thuc hién qua ba budc nhu sau:

Buéc 1: Cac bit thong tin duge dién vao ma tran My c6 kich thudc kyxky.

Buéc 2: Mbi hang caa ma tran My duoc ma hoa bai ma Hamming Cy = (ny, kx, dx), két qua thu
duoc la ma tran M.

Buée 3: Mdi ¢ot cia ma tran M2 dugc héa boi ma Hamming Cy = (ny, ky, dy), két qua thu duoc
l1a ma tran M3 c6 kich thudc ny X ny nhu biéu dien trén hinh 1.a.

Thay dbi ti 18 ma duoc thuc hién b?mg cach chen bit “0” vao ly hang, Ix cot va B +Q bit tai
hang thir 1y + 1 (trong d6, Q la s6 bit dé s6 lugng byte trong moi géi thdng tin la s6 nguyén
duong) khi thyc hi¢n ma hoa nhu hinh 1.b. Sau khi mé hoa xong céc bit “0” chen thém nay (trur
Q bit) sé khong dugc truyén di. D6 dai cua khoi ma thu duoc 1a (ng— 1) x (ny — ly) — B, s6 lugng
bit thong tin 1a (kx — 1) (ky — ly) — B — Q. Khi d6 ti I¢ ma la:

(k, _Ix)(ky _Iy)_B_Q
(n.=1)(n,—1,)-B

R= (2)

2.2. Kién tric giai ma Lip
Mai TPC vé ban chat 1a mot dang ma két ndi ndi tiép nén c6 hiéu ning sira sai tot néu st dung
thuat toan giai ma lap [9]. Véi ma TPC 2D qué trinh gidi ma duge thyc hién tuan ty nhu qua
trinh ma hoa: giai ma hang, giai ma cot. Tuy nhién, thir ty gidi ma ciing c6 thé thuc hién ngugc
lai: giai ma cot, giai ma hang. Luu d0 thuat toan giai ma lip duge mo ta trén hinh 2, trong d6, m
1a chi s6 vong lip, Mier 12 s6 vong lap tbi da.
Tin hiéu thu
¥
[ Gidi m hing
v
[ Giai ma cot ]

m=m+1

Sai

Ping f1) Dimg lap
'[2) Két qua giai ma

> m = Miger

Hinh 2. Luru do thudt todn gidi md ldp.
Trén hinh 3 mé ta kién triic giai ma lp theo thir tu giai ma hang — giai ma cot. Kién trac giai
ma 1dp cho ma TPC dugc chia thanh hai phan: phan giai ma dau vao mém, dau ra mém SISO va
phan tinh toan thong tin ngoai lai.
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a (m) B (lm) B (m+1)
w(m) R(m) N W(m+2)
Gidi ma hang Giai ma cot —
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Hinh 3. Kién tric gidi ma ldp.

Gia st rang, cac bit ma hoa trong ma tran Ms dugc truyén di trén kénh truyén Gauss st dung
ky tu {-1, +1} boi anh xa 0 —> 1 va 1 — —1. Ma tran R ¢6 kich thudc ne x ny la tin hiéu ¢ dau thu
dudi tac dong cua nhicu. Gia st W(m) 1a thong tin ngoai lai tai vong 1dp thir m. Thong tin mém
dau vao R'(m) cua bd gidi ma hang (hodc cot) dugce tinh nhu sau:

R'(m)=R+a(m)W(m) (3)
véi a(m) 1a hé s ti 1é do do léch chuan cua cac phan tir trong ma tran R va W 1a khac nhau [9].

bé gidima mém, Pydiah sir dung thuat toan Chase dugc gidi thiéu lan dau tién vao nam 1972
[8]. Pong thoi tac gia dé xuat st dung cac cong thirc tinh x4p xi dé tinh toan thong tin ngoai lai
nham giam do phtrc tap tinh toan. Hién nay, thudt todn Chase-Pyndiah trg thanh thuat toan phd
bien dé giai ma TPC.

2.3. Thuét toan Chase-Pyndiah

Nhu di trinh bay & trén, mdi hang hoac cot caa ma TPC 1a mot ma khéi Hamming. Dé giam
do phrc tap, viéc giai ma dau vao mém, dau ra mém va tinh toan thdng tin ngoai lai riéng ré cho
tirng khoi. Do kich thudc ma khoi hang va cot ¢o thé khac nhau, dé don gian, ching téi gia s ma
Hamming dung dé ma héa la C(k, n). Khi d0, sir véc to u = (U1, Uy, ..., Ux) bit thong tin s& dugc
ma hoa thanh véc to X = (X1, X2, ..., Xn) boi ma C(n, k) sau d6 truyén di qua kénh Gauss st dung
ky tu {-1, +1} cho dicu ch¢ QAM-4. Véc to r = (I, Iz, ..., In) la tin hi¢u & dau thu dudi tac dong
cua nhiéu, y = (y1, Y2, ..., Yn) 1a quyét dinh ctiing dya trén r. Thuat toan Chase-Pyndiah gom cac
budc sau [9]:

1. Xac dinh vi tri caa p phan tir c6 kha ning 15i cao nhit cua y twong tng véi p gia tri nho
nhat cua |r|.

2. Tao tap hop 2° véc to kiém tra T, voi T'=(t},t;, ...,t}),i=1, ..., 2" T latap hop céc véc

to kich thudc n véi bit “0” hodc “17 tai p vi tri c6 kha nang 15i cao nhat tim duoc tai budc 2 va
bit “0” tai c&c vi tri con lai.

3. Tao tap hop 2° chudi kiémtra Z, v6i Z =y @ T'.

4. Thyc hién giai mé quyét dinh cing cho Z' nhu khi giai ma Hamming thong thuong. Két
qua giai ma 1a cac tng vién C' =(c|,c},...,.C}).

5. Tinh khoang cach Euclidean giita tir ma C' va tin hiéu thu duoc r:

n 2
[r-c =>[r-c] i=1..2" @)
6. Tim tir ma d ¢ khoanh céch Euclidean tir r 1a nho nhat gitra 2° tir ma ¢ng vién C':
||r—d||2:min||r—Ci||, i=1..,2" (5)

7. Thong tin ngoai lai w = (w1, Wo, ..., Wy) dugc tinh nhu sau:

28 N.V.Phé, ..., L. V. Hong, “Thiét ké va toi wu bj gidi mi TPC trén FPGA.”
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V6i j=1, ..., n; flahé sd tin cay dugc gisi thieu trong [9]; v Ia tir ma canh tranh vei tr ma d (tac
Ia tir ma cd kha nang tin cay thi nhi, sau tir ma d) va duoc tim theo nguyén tac sau:

v=C'if r—cifs\r—cjf, VGl 2d. )

8. Gia tri hop ly vao cho vong lap tiép theo duoc tinh boi cong thic:
r'(m+1)=r+a(m)w(m), (8)
Céc hé s6 tin cay a, S thu duoc théng qua thuc nghiém. Gia tri cia cac hé sé nay tai mdi vong
lap dugc ligt ké trong bang 1 [9].
Bdng 1. Gia tri a, f theo sé vong lap m.

m 1 2 3 4 5 6 7 8
a 0,0 0,2 0,3 0,5 0,7 0,9 1,0 1,0
B 0,2 0,4 0,6 0,8 1,0 1,0 1,0 1,0

2.4, Thiét ké b giai ma TPC trén FPGA

Dé thiét ké bo giai ma TPC trén FPGA, nhom tac gia sir dung phan mém Xilinx Vivado
2019.1 véi ngdn ngir mo ta phan cing verilog. Trugc khi thuc thi trén FPGA, thuat toan duoc
dugc khao st bang cong cu Matlab, trong d6, cac bién ciia chuong trinh dugc viét duéi dang diu
phay tinh. Qua trinh nay gitip kiém tra dwoc hién twong tran bo nho, gitp ti wu dwoc tai nguyén
chiém dung khi thuc thi trén FPGA. Bong thoi chuong trinh trén Matlab hd tro kiém tra két qua
tinh toan ting khéi logic duoc thiét ké.

Theo truyén thdng, dé tinh toan thong tin ngoai lai va gia tri hop Iy vao cho bo giai SISO can
st dung hai bd nhan khi thyc thi trén FPGA, mot bo nhan véi hé sé a, mot bo nhan véi hé sb 8
(hinh 4.a). Bé don gian héa qué trinh tinh toan trén FPGA, giam do tré do phai tinh gia tri théng
tin ngoai lai va gid tri ti 18 hop ly cho vong lap tiép theo, chiing toi dé xuét két hop cong thirc (6)
va (8) v&i nhau. Khi d6, so khéi bo giai mi SISO dugc mé ta trén hinh 4.b.

a (m) B (m) a(m) 3(m)
v R’(m) v v
W(m) R’(M)| Giai ma hang |W(m+1) ——* Giaimahang |[R’(M+1)
hoac cot N hoac cot
R R »  Botrd |L> R—l>| B tré |L>
(@) (b)

Hinh 4. Cdu tric bé xir Iy SISO truyén thong (a) va cdi tién (b).
Gid tri hop Iy vao cho bo giai ma SISO dé xuit tai vong lap tiép theo a:

“a(m)rsa(m EI= ) gy
r'(m+1)= (1 ( )) ( )[ 4 ]d’ khi d ! (9)

r+a(m)p(m)d, khid=v.
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Bdng 2. Gia tri a, J theo sé vong lap m.

m 1 2 3 4 5 6 7 8
a 3/16 5/16 1/2 11/16 718 1 1 1
0 1/16 1/8 3/8 5/16 9/16 718 1 1

Dé tinh toan gia tri hop Iy vao cho bo giai ma SISO tai vong lap tiép theo theo cong thic (9),
chang t6i lya chon cac gla tri a(m) va 6(m) = a(m)B(m) nhu ligt ké trong bang 2. Viéc Iya chon
nay thuc chat 1a phép lay gan ding cac gia tri trong bang 1 sao cho cac gia tri a(m) va d(m) co
thé biéu dién dudi dang 2", véi n 1a s6 nguyén. Khi d6, cac phép nhan trong cong thic (9) co thé
thuc thi trén phan cung bang viéc dich bit don gian nhiam tang kha nang dap ung bo glal ma vaoi
xung nhip hé théng ¢ tan sé cao. Qua md phong danh gid rang, viéc lya chon céac hé sé gan ding
nay lam giam hiéu ning sira sai b giai ma khong dang ké.

Cin cir vao d& xuét trén, so d6 khdi bo giai ma TPC dugc mo ta trén hinh 5. Théng tin tir
kénh truyén duoc luu vao bo nhd vao. Bo diéu khién s& diéu khién viéc doc thong tin tir b nhé
vao dé truyen vao bo giai ma mém SISO, két qua giai ma 1a quyét dinh mém cho vong lap tiép
theo dugc luu vao bd nhé trung gian. Bo diéu khién s& kich hoat bo quyét dinh ciing hoat dong
khi s6 vong lap dat toi gia tri thiét lap.

R 5 nhé r’(m) rPM+1)| RA aha g e
Bo nh(? RAM > SISO > B0 nhé RAM > Bo qu?/et dinh 9
vao trung gian cung

4 A I 4

B¢ diéu khién

Hinh 5. So do khoi bé gidi ma TPC.

Trung tdm cua bo giai ma TPC 12 bo giai mad mém SISO. So d6 khdi bo SISO duoc m ta trén
hinh 6. Tin hiéu thu r mot mat di qua bo tré dé tinh toan thdng tin mém cho vong lap tiép theo,
mit khac di qua cac khdi tinh xir ly cia thuat toan Chase-Pyndiah nhu mo ta & trén. Thong qua
mo phong nhan thay rang, véi s6 phan tir c6 kha ning 18i cao nhat cua thuat toan Chase-Pyndiah
p =4 dam bao hiéu ning stra sai 12 toi wu, déng thoi mirc d6 phuc tap cua thuat toan 1a chap
nhan dugc. Twong tng vai p = 4, s6 chudi kiém tra can tao ra la 16.
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Hinh 6. So d6 khéi bé SISO.
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Hiéu khoang céch Euclidean trong cong thic (6) dugc don gian hoa nhu sau:
Ir=vI? ~Ir—dff =23 v, -2 rd,. (10)
i=1 i=1

Khi d6, viéc tinh todn khoang cach Euclidean ¢6 thé don gian hoa bang viéc tinh ham tuong
quan. Phan tir tinh ham twong quan gitra r va d thiét ké trén FPGA dugc mo ta trén hinh 7.

D—m_, 1
M_out
Reg >
= O——>0

Hinh 7. Phan ti tinh khoang cach Euclid.
3. MO PHONG LOGIC VA THU'C THI TREN FPGA

3.1. Phwong phiap mo6 phéng

Trong qua trinh thiét ké bo giai ma TPC, dé danh gia kha nang stra I3i cling nhu kiém tra chac
ning cua thiét ké, nhom téc gia da thyc hién md phong déanh gia chat lugng ma nay trén kénh
truyén AWGN véi thut toan da trinh bay trén day. Trong qué trinh mé phong, cac dit liéu nhi phan
dugc chia thanh khdi kexky bit, m& hoa thanh ny x ny bit, qua khéi diéu ché 4-QAM rdi truyén trén
kénh truyén AWGN. Qua trinh thu dugc thuc hién tudn ty nguoc lai. So dd khdi hé théng mo
phong duoc biéu dién trén hinh 6. Tham sb ma TPC theo chuan IEEE 802.16 — 2017 [3]. Tét ca cac
bién mo phong trén Matlab déu dwoc biéu dién dudi dang diu phay tinh gidng nhu trén ngdn ngit
mo ta phan cang verilog. So dd md phong hé théng duoc trinh bay trong hinh 8.

Ma héa TPC - Diéuché > Kénhtruyén » Giai diéuché -+ Giai ma TPC

! !

Dit liéu nhi phan Dt liéu nhi phan
Hinh 8. So do hé thong danh gid chat lrong ma TPC.
3.2. Két qua mé phéng va binh luin

10° T T T T T T
o TPC(64, 57)(64,57)
102 ’ J
107 E 3
g | T P2 .
: —E—p=3 E
10-5 5_ —G—p =4 E
F —H*—p=5
10-6 T | 1 1 o) N
0 0.5 1 1.5 2 2.5 3 3576770 4

Hinh 9. X&c sudt 16i ma TPC phy thugc vao p.
Hinh 9 m6 ta két qua mo phong ma TPC (64, 57)(64, 57). V6i mdi diém tinh xac suét 13i,
nham dam bao gia tri BER thu duoc 1a dang tin ciy, s6 bit truyén di khong nho hon 107, s6 bit 16i

Tap chi Nghién ciru KH&CN qudn su, 85 (2023), 26-34 31
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tich lily tai dau thu khong nho hon 300. Két qua mo phong cho thay, khi tang gié tri cua p s€ dam
bao do lgi Vé ti 1& En/No. Dicu nay duoc giai thich 13, néu tang p thi s6 lugng cic ma tng vién s&
tang, qua d6 s& tang xac suat tim thidy ma canh tranh. Bén canh d6, do phuc tap cua thuat toan
cling tang lily thura theo p.

10° T T T T
5 TPC(64, 57)(64,57)
™)
107 ]
3] _ ]
10 ; Miter E
107 é— S Miter = ]
5 :_ —0— Miter =4 ]
0 e e M, =
F iter

0 0.5 1 15 2 25 3 3.5 Ey/Ny 4

Hinh 10. Xac sudt 16i ma TPC phuy thugc vao sé vong lap, p = 4.
Hinh 10 biéu thi so sanh xac suat I5i ciia ma TPC (64, 57)(64, 57) vdi s6 vong 13p Mier khac
nhau va so phan tu c6 kha nang 16i cao nhat cua thuat toan Chase-Pyndiah p = 4. Nhén thay rang
V&i s0 vong 1ap Mier > 3, chat lugng giai ma gan nhu khong thay doi.

- |—©&— TPC (16,11)(16,11)
- |—8— TPC (32,26)(32,26)
1075 £|—2—TPC (64,57)(64,57)
F | —e— TPC (128,120)(128,120)

0 0.5 1 1.5 2 25 3 3.5
Hinh 11. X&c sudt 16i m& TPC, Nier = 8, p = 4.

Hinh 11 mé ta xéac suat 15i ma TPC (16, 11)(16, 11), (32, 26)(32, 26), (64, 57)(64, 57) va
(128, 120)(128, 120) vai gié tri p = 4, Nier = 8. Két qua md phong cho thy rang véi gia tri ti 1€
Eb/NO<25dB mi (16,11)(16, 11) dam bao hi¢u ning sira sai tot nhat, con ma
(128, 120)(128, 120) ¢6 hiéu ning sira sai thip nhat. Tuy nhién, vai gid tri ti Ié tin/tap ting 1én thi
kha ning stra sai cia cAc ma trén c6 su thay d6i. Ma (16, 11)(16, 11) c6 hiéu ning sta sai kém
hon so véi ma (32, 26)(32, 26) véi Eb/NO >2,5dB; con so voi ma (64, 57)(64, 57) Voi
Eb/NO > 3,2 dB. Xu huéng chung la voi ma TPC ciu tao tir md Hamming thanh phan ngan hon
¢6 hiéu nang stra sai tot hon so voi ma TPC c4u tao tir ma Hamming thanh phan dai hon tai khi ti
& tin/tap nho. Khi ti 1é tin/tap du 16n thi xu huéng nay 1a nguoc lai, ma TPC ciu tao tir ma
Hamming thanh phan ngan hon c6 hiéu ning sira sai kém hon so véi md TPC cau tao tir ma
Hamming thanh phan dai hon. Piéu nay duoc giai thich 12 do mdi ma Hamming thanh phan chi
c6 thé stra sai tdi da mot 16i. Khi gia tri ti I8 tin/tap nho thi x&c suat c6 mot bit 13i trong mdi khoi
Hamming thanh phan 12 nho hon véi ma ngan, khi d6 qué trinh giai ma 1ap c6 kha ning sira cac
13i sai t6t hon. Khi ti 16 tin/tap du I6n thi xac suat xay ra mot 16i trong mdi khdi Hamming thanh
phan 16n, khi d6 két hop voi chidu dai ma Ién hon nén qua trinh giai ma lap s& lam tang hiéu
nang sua sai.

32 N.V.Phé, ..., L. V. Hong, “Thiét ké va toi wu bj gidi mi TPC trén FPGA.”
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Hinh 12. Két qua tinh toan thong tin ngoai trén FPGA.
Hinh 12 thé hi¢n két qua tinh toan thong tin ngoai trén FPGA dugc trich tir FPGA thong qua
cdng cu phat trién Vivado caa hang Xilinx.

3.3. Panh gia két qua tong hop trén FPGA
Bing 3. Toc dé giai ma TPC véi clock hé thong 200 MHz.

. N . Téc d6 giai ma, Mbps
Ma thanh phan Tilé ma Toc do ma S6 vong hoi quy
; héa, Mbps

Cx Cy 4 5 6 7 8
(64,57) | (64,57) | 0,793 64,0 28,7 24,4 21,2 18,7 | 16,8
(64,57) | (46,39) | 0,755 62,9 27,8 23,5 20,4 18,0 | 16,1
(64,57) | (32,26) | 0,724 61,9 27,0 22,9 19,8 175 | 15,6
(64,57) | (16,11) | 0,612 57,8 24,2 20,3 17,5 154 | 13,7
(32,26) | (32,26) | 0,660 61,9 25,4 21,4 18,5 16,3 | 14,6
(32,26) | (16,11) | 0,559 57,8 22,7 19,0 16,3 143 | 12,8
(32, 26) (8, 4) 0,406 50,0 18,1 15,0 12,8 11,2 9,9

Nhém téc gia thiét ké bo ma héa va giai md trén FPGA Xilinx Artix xc7a200tfbg484-1.
Bang 3 liét ké toc d6 ma hoa va giai ma. trén FPGA vai clock hé thong 200 MHz. Toc ¢ ma hoa
va giai ma héa dugc tinh cho mét IP-core ma hoa hodc gidi ma. Véi ma (64, 57)(64, 57) co ti I¢
ma la 0,793, toc d6 ma hoa dat t6i 64 Mbps, con toc do giai ma dat téi 28,7 Mbps.

Bing 4. Tai nguyén chiém dung bé gidi ma TPC (64, 57)(64, 57).

Tai nguyén Sir dung Cé sin Sir dung %
LUT 4630 133800 3,46
LUTRAM 137 46200 0,30
FF 5529 267600 1,95
BRAM 0,50 365 0,14

Bang 4 thé hién tai nguyén chiém dung khi thuc thi trén FPGA ciia mot IP-core giai ma TPC
(64, 57)(64, 57). Nhan thay rang, tai nguyén chiém dung cua kién triic d& xuit nho hon dang ké
0 Vi tai nguyen chiém dung trong cac cong bd [10, 11]. Hon nita, trong kién trac d& xut khong
sit dung bat ctr DSP vao dé thuc thi phép nhan. V6i tai nguyén cia FPGA Xilinx Artix
Xc7a200tfbg484-1 c6 thé thiét ké theo cdu truc song song 28 IP-core giai mid TPC
(64, 57)(64, 57). Nhu vy, toc do giai ma co thé dat tGi 800 Mbps.

Tap chi Nghién ciru KH&CN qudn su, 85 (2023), 26-34 33
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4. KET LUAN

Qué trinh phét trién ma TPC, nhém tac gia da tmg dung ma nay trén hé thong truyén dan vo

tuyén Vi ba bang rong ap dung chuan IEEE Standard 802.16-2017, qua do khang dinh tinh tng
dung thyc tién cia ma nay. Ngoai ra, ma nay con co trién vong Ung dung trong cac h¢ thdng khéc
nhu hé thong thong tin v€ tinh, hé thong thong tin UAV, hé thong truyén hinh mang véc,. . Tuy
nhién, kién trac giai ma van cAn nghién ciru, cai tién, ap dung cac k¥ thuat pipeline dé tang tbe

do
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ABSTRACT
TPC decoder design for FPGA implementation

In this paper, the FPGA implementation of Turbo Product Code is presented. The
design is based on the iterative decoding structure with using Chase-Pydiah algorithm for
better decoding performance. In pacticular, circuit design and implementation based on
the simplified algorithm without using multiplication. Simulation and implementation
result show that, the decoding perfomance of this presented algorithm is not reduced. The
800 Mbps TPC deccoder was achieved for FPGA implementation on the Xilinx Artix7
xc7a200tfbg484-1 platform at the 200 MHz system clock.

Keywords: TPC; SISO; Chase-Pyndiah algorithm; QAM; FPGA.
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