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Khi méi triwdng vo tuyén phirc tap (xAu) véi rat nhiéu thiét bi trién khai, giao tiép truyén dan
chu yéu 1a cac goi tin ngan (50 byte- 70 byte), dé dap tng thoi gian thuc, can st dung ma
kénh tét c6 chiéu dai tr ma ngén véi ti 1& ma héa cao. V&i mong mudn nang cao chat lwgng
dwéng truyén trong cac (rng dung truyén tin hién dai, bai bao da dé xuit moét ho ma kénh voi
ti &6 ma hoa cao cuing thuat toan gidi ma lap cé dd phirc tap chap nhan duoc. Két qua moé
phéng cho thay, tai ti [& 16i bit 10-5, str dung ma kénh cé chiéu dai 445 bit v&i ti 1& ma hoa
0,6427, yéu cau veé ti 1& cdng suat tin hiéu trén tap am chi can 3,84 dB. Thuat toan gidi ma
mé&i cho d6 loi gidi ma tir 0,64 dB dén 0,68 dB vé&i do phirc tap twong dwong so véi cong bd
trwéc d6, dem dén tinh kha dung trong cac hé théng truyén tin sé.

Ma kénh, gidi ma kénh, ma tich, ma Hamming, gidi ma lap,...

When the radio environment is complex (bad) with lots of implementation devices and short
packages (50 byte — 70 byte) of transformation, it's necessary to use a good channel code
with hig coding rate. With the desire to improve the quality of transmission lines in modern
communication applications, the article has presented a family of channel coding with high
encoding rate and iterative decoding algorithms of acceptable complexity. According to the
simulation results, at the bit error of 10-5 with a channel code of 445 bits long and 0,6427
coding ration, the requirement for signal to noise ratio is only 3.7dB. The new decoding
algorithm provides a decoding gain of 0,64 dB to 0,68 dB where the decoding complexity
keeps equivalent to to the previous announcement one, hence bring the feasibility to the
digital communication systems.

Channel codes, channel decoder, product codes, Hamming codes, iterative decoding.

1. DAT VAN BE

Ly thuyét ma hoa da co nhitng budc phat trién
vuot bac va da tim ra duoc cac loai ma kénh
manh cho phép dat t6i gigi han Shannon [1].
M4 tich 1a cac ma lién két ndi tiép, duoc xay
dung boi cac ma thanh phan la cac ma khéi
ngan, lan dau tién duoc trinh bay boi Elias
vao nam 1954 [2]. M tich c6 kha niang kiém
sodt 1i kénh rat t6t do khoang cach Hamming
t6i thiéu 16n tuy nhién céac thuat toan giai ma

da duoc dé xuat co do phuc tap rat 16n hoac
cho ti 1é ma hoa thap véi tir ma c6 chiéu dai
lon.

Giai ma Turbo c6 thé dugc &p dung cho ma
tich, s dung thuat todn cuc dai h6a xac suét
hau nghiém MAP cho céc ma thanh phan. Véi
giai ma Turbo cho ma tich, trong cac ma khéi,
s6 dinh toi da tai bat ky giai doan nao trén
ludi m& sé tuong duong (st dung gidi han
Wolf [5]) tong sé tir ma cua ma gbc hodc ma
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d6i ngau. Pay 1a mét tro ngai 16n d6i véi viec
sir dung cac ma khéi tt thay vi ma chap trong
cac hé thdng giai ma Turbo két hop trir cac
truong hop rat hiém, khi kich thuéc cua ma
rat nho hoac khi cac ma céu thanh rit don
gian. Viéc nghién ctu giam d¢ phtc tap cua
giai md MAP cua ma khéi thuc sy 1am giam
d6 phirc tap téng cong cua giai ma Turbo cho
mé tich. C6 thé tang s lan lap lai trong giai
mi Turbo dé bu dap cho viéc sir dung bo giai
ma MAP khong téi wu cho cac ma thanh phan,
tuy nhién diéu nay la khéng mong muén. Bé
giai quyét van dé phuc tap caa giai ma MAP
ma thanh phan, nhiéu d& xuit da duoc thuc
hién.

Giai ma quyét dinh mém (Soft-Decision) hop
& cuc dai (Maximum-Likelihood, ML) cho
pham chat giai ma tét nhat, nhung khong phai
lac nao ciing dung duoc trén thuc té do co do
phuc tap tinh toan cao. Thay vao do, nguoi ta
s dung cac thuat toan giai ma can téi wu.
Thuat toan lan truyén niém tin (Belief
Propagation Algorithm, BPA) la thuat toan
giai ma dau vao mém dau ra mém (Soft-Input
Soft-Output, SISO) dua trén viéc trao doi
thong tin mém theo céac canh cua db hinh lién
két nit quyét dinh boi ma tran kiém tra chin
I¢ H ciia ma [3]. BPA duogc cho la tiém can rat
gan toi pham chat giai md téi wu MAP
(Maximum A Posteriori) voi d6 phirc tap chap
nhan duoc khi ma tran kiém tra chan 1é 1a ma
tran thua. Nguoc lai, khi ma tran kiém tra
chan 1é ciia ma c6 mat do cao (nhiéu sb 1) thi
BPA cho chat lugng toi do c6 nhiéu vong
ngén (shorrt cycles) trong d6 hinh lién két nat
[8].

Nam 1996, Hagenauer va cong su nghién
ctu str dung giai ma Turbo cho ma tich véi bo
giai md MAP cho cac ma thanh phan [6].
Hagenauer trinh bay mot thuat toan giai méa
t6i wu duoc goi 1a thuat toan Viterbi dau ra

mém (SOVA: Soft Output Viterbi Algorithm),
gan gidng véi giai md MAP. Phuong phap giai
ma nay mic du téi vu nhung chi thich hop
cho c&dc ma co6 ty I¢ md hda cao, ma cdc ma
khéi tuyén tinh c6 ty 16 ma hoa cao thi kho
(hoic khong thé) dat duoc khoang cach
Hamming t4i thiéu du 16n cho céc wng dung
truyén tin hién dai. Mat khéc, do st dung cac
ham phi tuyén dan dén do phuc tap rat cao caa
thuat toan va vi vay theo cac cong trinh da
cdng b, phuong phap nay chi ding lai & muc
nghién ciru ly thuyét va rat kho cé thé &p dung
vao thuc té [7], [9].

Nhitng nim gan day, mot sé nghién cau vé
viéc ting dung ma tich trong kiém soat 15i cho
céc két qua tich cyc va chang to rang ma tich
c6 kha nang kiém soét 13 rat tot [10-13]. Céc
nghién ctu trong [11], [12] va [13] st dung
LDPC, RS hay Turbo lam ma thanh phan cho
ma tich. Ma, cac ma LDPC co6 ti Ié ma hoa
thap va ma tét 12 cac ma co chiéu dai lén, con
cac ma Turbo, RS c6 d6 phirc tap vo cung lon.
Trong [10] chi ra, ma tich vé&i cac méa thanh
phan 1 cac md Hamming c6 d6 phuc tap thap,
ti 16 ma hoa cao va kha ning kiém soat 1i
kénh tuong dwong véi cac ciu tric mé tich
khéc.

Ngay nay, trong mdi truong truyén dan phuc
tap (co rat nhiéu thiét bi cung trién khai), cac
ng dung truyén tin hién dai yéu cau truyén
tin thoi gian thyc sir dung giao tiép chu yéu 1a
cac goi tin ngan (50 byte-70 byte). Nham tim
kiém giai phap ma kénh cho cac goi tin ngan
v6i chat lwong giai mi cao, bai bao sé lya
chon nghién cuiu, phat trién tiép ¥ tuong caa
[10]. Lya chon ma kénh la ma tich véi mé
thanh phan 1a cac md Hamming, dé xuat cai
tién [10] bang cach két hop vai ¥ tuong trong
[4] va [6]. Phan con lai cuia bai béo c6 b cuc
nhu sau: Myc 2 trinh bay Iy thuyét vé mé tich
va ¥ tuong st dung cau tric ma tich cai tién.
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Muc 3 dé xuét phuong phap cing thuét toan
giai md mai. Muc 4 trinh bay céac két qua mo
phong danh gia chat lwong ma kénh cing
thuat toan dé xuat trén kénh Gauss va cudi
cuing 1a phan Két luan.

2. MA TiCH

M4 tich 1a cac ma khéi cé thé duoc xay dung
boi hai hodc nhiéu ma thanh phan ngén hon.
Cho C,(n,k,,d,)l1a ma khdi tuyén tinh (c6 n;
la chidu dai ma, k, & chiéu dai tin, d; la
khoang cach Hamming téi thiéu cua bo
ma va chiéu dai cacbit kiém tra ky hiéu ry)
véi ma tran sinh Gy kich thudce (kixng), ma
tran kiém tra H; kich thuéc (rixn;) va
C,(n,,k,,d,) 1a ma khéi tuyén tinh (co n, la
chiéu dai mé, k, 1a chiéu dai tin, d, 1 khoang
cach Hamming téi thiéu caa bo ma va chiéu
dai cacbit kiém tra ky hiéu ry) véi ma tran
sinh G, kich thudc (kyxkz), ma tran kiém tra
H, kich thudc (roxng).

Ma tich C duoc tao thanh nhu sau:

1. Dat cacbit thong tin (kyxk,) trong mgt mang
ko hang va k; cét.

2. M4 hoa k, hang sir dung ma C; (két qud sé
l& mgt mang cua k; hang va n; cat).

3. Mé hoa n; cot sir dung ma C,.

Mbi nhip ma héa ky hang, mdi hang k. bit
théng tin, dugc ma hda thanh k; tir ma thudc
C,, mdi tir ma gom n; bit ma. Sau dé n, cot,
moi cot ky bit, dwgc ma hda thanh n, tr ma
thudc Cy, mdi tir md gom ny bit ma. Tong thé
kixky bit thong tin dwgc ma hda thanh nyxn;
bit mé, ty 16 ma héa a2 (k /n)(k,/n,) va
khoang cach Hamming téi thiéu 12 dyds.

2.1. Md héa ma tich

Pau vao bo ma hda la tin u. Trong truong hop
mad tich nhi phan, tin u la mét mang nhi phan
¢6 kich thudc koxk, md hoa bai ma tich C co

ma tran sinh G, duoc tir ma ¢ twong Gng co
kich thudc nixn,. Cac ma thanh phan Cy, C,
trong ma tich 1a cac ma khdi vai cac kich
thugc khac nhau. Tir ma ¢ trong méa tich cé
thé duoc tao ra bang cach nhan maot vector nhj
phan chiéu dai kixks v&i ma tran sinh cua C
hoic bang céch sir dung phuong trinh:

c=G,®u®G, )
Véi G] 1a ma tran chuyén vi caa ma tran
G,.Kyhiéu ® latich Knonecker.

ny

ky Xk,
bit kiém
tra chin
k, le ma
hang

n,

T XT bit
kiém tra chin
¢ mahoa cac
bit kiém tra
chén 1&

7, X k;  bit kiém
tra chan lé ma cot

Hinh 1. Cau tric ma tich
2.2. Ma tich loai bo

Tir cau tric ma tich (Hinh 1) c6 thé thay, ton
tai mot phan ma tich chta cachit ma héa cua
cachit kiém tra khdng c6 gia tri mang tin hay
kiém soat 15i [9]. Piéu nay s& anh hudng dén
ty 1€ ma héa ma tich.

Trong pham vi nghién ciru cua bai bao, cac
ma thanh phdn cia ma tich dwec la chon
la cac ma co ti 1é ma héa cao nhw cac ma
Hamming (7,4), Hamming (15,11) va
Hamming (31,26). Do tdt ca cac ma
Hamming c6 khoang cach Hamming toi
thiéu cua bg méa 12 3 nén céc ky hiéu bg ma
sé dwoc viét duwdéi dang C(n,k) thay vi
C(n,k,d) . Cho r=3 4,56 la s bit
kiém tra chan lé, voi ma Hamming ta c6
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n=2"-1k=n-r. Bang 1 thé hién dg loi
vé ti 1é6 ma hoa cia ma tich khi siz dung cdu
tric ma tich théng rhwong va cdu tric ma
tich khdng chiza cacbit ma héa cua cacbit
kiém tra (M4 tich nay c6 thé duwoc goi tén la
ma tich loai bo).

Bang 1. So sanh ty Ié ma héa khi cé
va khéng ma héa cacbit kiém tra chan lé

Ma tich Ma tich loai bo
Congthictinh | R=k?/n?> |R=k?*/(n*—r?)
r=3 0,3265 0,4000
r=4 0,5378 0,5789
r=5 0,7034 0,7222
r=6 0,8185 0,8261

Nhu vay, bai bao s& dé cap dén viéc sur dung
md tich (hinh 2) khéng chua cacbit ma hoa
cia cacbit kiém tra dé truyén trén kénh
nham ting ty 1é ma hda, khi tinh vao ty lé
tin hiéu trén tap &m sé& cho d6 lgi ma hda
tot hon.

1y

s S
T -~
N N
[~ kl S
o~ - X ky
k, bit l:;iém
tra chan lé
n, ma hang

T, X ky bit kiém tra
chén 1é m3 cot

Hinh 2. CAu tric ma tich loai bé

3. BPE XUAT THUAT TOAN GIAI MA CHO
MA TICH LOAI BO

M4 tich c6 ty 16 ma hoa bang tich cac ma thanh
phan nén viéc lya chon cac ma thanh phan 1a
cac ma khdi co ty 1é ma hoa cao s& khdng anh
hudng nhiéu dén ty 16 ma hoa cua ma tich. Ma
Hamming duoc lra chon 1am ma thanh phan
trong nghién ctru nay vi ly do: Pay la ho ma

khéi 6 cau truc don gian véi ti 16 ma hda cao,
tr ma cang dai cho ti ¢ ma hoa cang cao. Vi
c4c ma c6 ty 1é ma hda cao, van dé giai ma
bang mi ddi ngau s& giam dwoc su phuc tap
ma van dam bao théng tin giai ma nhu ma
gdc [4].

Theo Iy thuyét vé ma khdi tuyén tinh, mdi
mot bo ma tuyén tinh C(n,k) déu ton tai
mot bo ma ddi ngdu C'(n,r) (r 1a sb luong
bit kiém tra) cua n6, bo ma déi ngau nay dugc
tao ra tur ma tran kiém tra H caa C(n,k). Noi
cach khac, cac ma tran kiém tra H déu duoc
xay dung tir c4c tir ma trong bo ma doi ng?i’u
C'(n,r). Nhu vay, cacbit ma trong bd ma doi
ngau déu chira thdng tin giai ma nhu trong bo
ma gbc. Tir phan tich nay, thay vi str dung ma
tran kiém tra H, théng tin giai ma s& nhan tur
bo ma ddi ngau (gom 2" tir mé) va lay thong
tin mém cua tat ca cacbit trong toan bo khong
gian bo ma d6i ngiu dé quyét dinh tr ma
dau ra.

Cho C’ 1a md d6i ngdu cua C, Véi
C; =(Cj1,Cjp-C;y) 1A tir ma ddi ngu thu j.
Ky hieu P(y,|i),ie{0,1} la xac suat co
diéu kién rang thu duoc yn, khi bit ma c,=i
duoc giri di. Ky hidu ¢_ = P(y, |1)/P(y,, |0)
la ty 1€ hop 1€ (Likelihood Ratio) cua bit tha
m. Bo gidi ma véi tin du vao mém L(y,) su
dung thong tin nhan duoc tur tét ca cachit
trong khong gian ma doi ngau C'(n,r)
giai ma dé quyét dinh tr ma dau ra T Véi
d6 tin cdy cao nhat. D& dang tinh dugc
P =€Xp(=2y,, 1 o*) [4].

Theo [4] di chang minh  rang
A,(0)=AP0ly) va A,@Q)=4PQdly), voi
mot hé s xac dinh 4. Khi d6, may giai
ma s& quyét dinh rang bit ¢ =0 duoc gui
qua kénh khi va chi khi A (0)>A (1) hay
A.(0)-A D>0. Va, c, =1 trong truong
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hop nguoc lai.

Nhidm dé xuat mot phuong phap giai méa tich
cho chat luong tét hon, bai bao s& ké thira y
tudng cua Hagenauer [6]. Mot 14, chi ma hang
va ma cot cho khéi bit tin, khong ma hoéa
cacbit kiém tra chin 1¢ nén ty 1¢ ma hoa cao
hon (xem bang 1), khi tinh vao ty I¢ tin trén
tap thi cho ting ich ma hoa tot hon. Hai 1a,
loai bo gia thiét dong xéac suat cua bit tir ma,
ding gi4 tri xac suat tién nghiém (a priori
probability) cho dau vao giai ma. St dung
phuong phap tinh toan cua Hartmann va
Rudolph [4], chung t6i dua vao hai cai tién
nhu sau.

P(yly;=1)
L(yu) In .
Bit déu P(yly; = D)
i=12..n;j=12,.

Tte=1

‘ Gial mé céc cot, cap nhat @ ;new) ‘

‘Glal ma cdc hang cip nhit @;jinew) ‘

Hinh 3. Lwu @6 thuat toan giai ma

1) Bé ting ty l¢ ma hoa, sir dung so d6 ma
tich khdng ma hoa cacbit kiém tra chin I¢ ¢
phia phat, nhung & phia thu trong ma tran dau
vao giaimd ¢ chenthém cac giatri ¢, =1,
k+1<u<n, k+1<v<n cho cachit kiém
tra chan I¢ ma hoa cacbit kiém tra chan lé
hang — cot da khong duogc truyén qua kénh.

2) bé tinh dén anh huong cua xac suat khong
déu cua cacbit tir ma, ldy trung binh nhan
cuia dau ra giai ma hang (cot) ¢, vai
exp(-2r,, / o®) lam dau vao cho giai ma cot
(hang) trong budc giai m tiép theo, nghia 1a

gpuv(new) = (¢uv X exp(_zruv /02 ))1/2 *

Ky hiéu thuat toan nay la thuat todn giai ma
lap cho méa tich loai bo (IDPPC: Iterative
Decoding Punctured Product Codes) va giai
thuat dugc trinh bay trong hinh 3. Thuat toan
nay duoc tom tit nhu sau:

Bo giai ma nhan duoc tin
y=[y,,1su<n,1<v<n,] la gia tri ti 1€
hop I€ theo ham log L(y,) cua ting bit tin tur
bo giai diéu ché va thyc hién cac budc:

Khgi tgo: Tinh ma tran gia tri ty Ié
hop 1€ ¢@ cho tang bit tin nhan
dugc, dong thoi chén thém gia tri ¢, =1,
k,+1<u<n, k +1<v<n cho cachit kiém
tra chidn lé ma hoa cachit kiém tra chan lé
khong duoc truyén qua kénh.

Tai vong lap tha nhat

Buwoc 1: Thyc hién nhu thuat toan DCAPC.
Giaima n, cot mé tich loai bo

= Sau khi tinh ¢, tuong (tng cho cacbit cta
tirng cot, nhan dugc ma tran ¢', cap nhat gia
tri trung binh nhan cta ma tran ¢' véi @
duoC @, 1am dau vao cho budc 2.

Do) =NP @ (2)

Buéc 2:

Giai mad n, hang ma tich loai bo

= Vi gia tri thong tin ¢, ., cua cachit nhan
duoc tir budce 1, nhu DCAPC, tinh lai ¢, cho
tung bit cua tung hang dugc ¢-. Sau do, cap
nhat lai ¢, .., la trung binh nhan cua ma
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tran ¢@- VGi @ lam dau vao budc giai ma
tiép theo.

Buwoc 3. Quay trd lai budc 1 thuc hién vong
lap thar 2 giai ma cho n, cot.

Buwéc 4: Quyét dinh tir ma déu ra.

Sau cé&c vong lap, bo giai ma quyét dinh tir ma
dau ra dya vao gia tri ¢, nhan dugc cua
ting bit trong tr ma tich Ctheo quy tac:
C,=1 khi ¢, >1; T, =0 trong truong hop

con lai.

Nhu vay, bai bao da dua ra dé xuét cai tién so
véi thuat toan DCAPC [10] ngay tai budc
khai tao va cac budc 1, budce 2.

4. DANH GIA CHAT LUONG GIAI PHAP BE
XUAT.

Str dung k¥ thuat mé phong MonteCarlo, tién
hanh md phong trén kénh Gauss cho ma tich
véi md thanh phan 1a cac ma thuoc ho ma
Hamming (c6 r= 3; 4; 5; 6), dugc két qua
khi ap dung thuat toan DCAPC nhu hinh 4.

Chét lugng thuat toan dé xuat IDPPC khi
khao sat véi cac ma tich loai bo cé cac ma
thanh phan 1a cac md Hamming cho két qua
trén hinh 5.

Tir két qua md phong cho thay, giai phap ma
kénh dé& xuat cho hiéu qua kiém soét 15i tai ti
1 15i bit 107> dat d6 loi khoang 0,64 dB dén
0,68 dB so véi thuat toan DCAPC da duoc
cdng bd. Bang 2 biéu thi su danh gia chi tiét
vé d6 loi giai ma caa IDPPC so véi thuat toan
DCAPC cua cac ma tich c6 ma thanh phan
véi do dai khdc nhau. Bang 1, 2 chi ra,
phuong phap giai ma kénh mai cho ti 1€ ma
hoéa tang, chiéu dai tir ma kénh giam nén gitp
tang toc do truyén tin.

Nhu vy, néu ching ta chon mé tich véi ma
thanh phan 1a cac ma Hamming (31,26) va
(15,11), st dung cau tric truyén tin 1a ma tich

loai bo, do dai cac g6i tin truyén chi con 445
bit. Str dung thuét toan IDPPC, ti 1¢ céng suat
tin hiéu trén tap &m chi can 3,84 dB dé dat ti
¢ 18i bit 10™ va 3.97 dB & dat ti I& 15i bit 10°°
véi ti 1€ ma hoa cao (0,6427).

Chat luong thuat toan DCAPC voi ma thanh phan la cac ma Hamming

BER

.| —+— DCAPC: r1=3, r2=
Zi| —— DCAPC: =4, r2=
-| —+—DCAPC: r1=5, 12=5 |-
107 |..| —©—DCAPC: r1=6, 126
ZE| e DCAPC: =3, 12=
ZZ| @ DCAPC: =4, 1225 |-
* i i i i
116 2 25 3 35 4 45 5 55 6
EbNo[dB]

Hinh 4. Panh gia hiéu qua kiém soat 16i
khi stv dung thuat toan DCAPC cho ma tich

h phan la cac ma Hamming
-0~ IDPPC(7 4)x(7,4), R=0,4000
——————— IDPPC(15,11)x(15,11)R=0,6789 []
=+~ IDPPC(31,26)x(31,26), R=0,7222 |
—— IDPPC(31,26)x(15,11), R=0,6427 ]

BER

Eb/No[dB]

Hinh 5. Panh gia hiéu qua kiém soat 16i
khi str dung thuat toan IDPPC cho matich loai bé

Bang 2. So sanh chat lweng thuat toan IDPCC

TAP CHi KHOA HOC & CONG NGHE . SO 41 - 2023

va DCAPC

Ma thanh| (7,4), | (15,11), | (31,26), | (31,26),

phan Cy| (7.4) | (15,11) | (15,11) | (31,26)

C,

Do dai ma | 49 bit | 225bit | 465bit | 961 bit

tich

Po dai ma

tich loaibo | 40 pit | 209 bit | 445bit | 936 bit
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Eb/No can
de L | 605 | 467
B7ER: 10 dB dB
cua

DCAPC

4,480dB | 4,08dB

Eb/No cén
de L | 537 | 402
B7ER= 10 dB dB
Cua

IDPPC

3,84dB | 34dB

Bang 3. So sanh d6 phtrc tap cua DCAPC va IDPPC

DCAPC

S6 phép nhan 2(n, ~2" +(n, -1)2"]

So phép cong 202" +2" +2)

IDPPC

S6 phép nhan 2(n, ~1)2" +(n, 12" +2]

S6 phép cong 22" +2" +2)

Nhiam danh gia tinh ¢ng dung thuc té cho ma
tich loai bo néu dung IDPPC dé giai ma,
chdng ta can u6e lugng sé phép tinh sir dung
trong thuat toan nay. Bang 3 chi rd sé luong

phép tinh can st dung dé giai mot bit ma qua
2 lan lap cua thuat toan dé xuat va thuat toan
DCAPC. IDPPC c6 d¢ phuc tap tang khong
dang ké so voi DCAPC. Vi vay cd thé coi,
IDPPC c6 d6 phic tap twong dwong DCAPC.
RS rang, IDPPC c6 do phuc tap chip nhan
duoc 1a ham tuyén tinhO(n.2").

5. KET LUAN

Tir nhu cau truyén tin dap ¢ng thoi gian thuc
st dung c4c goi tin ngan, bai bao d& xuit sir
dung ma kénh la ma tich loai bo véi thuat toan
giai ma méi IDPPC. Két qua cho thay, m tich
v6i ma thanh phan 1a md Hamming (15,11) va
Hamming (31,26) dat ti 1¢ m& hda 0,6427, su
dung thuat todn giai ma IDPPC c6 do phic
tap tuyén tinh cho kha ning kiém soét 13i cao,
E /N,cin 3,84 dB dé dat ti I& I3i bit 10,
Nghién ciu nay c6 thé ang dung vao cac hé
thong truyén tin thé hé mai, yéu cau khat khe
vé thoi gian trong méi trudng truyén dan
phuec tap.
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