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Tom tdt: Bai bao dé xuat hé théng diéu ché ma co
hoén vi bit sir dung ma khdi két hop ki thuat giai ma lap
(BIBCM-ID). Véi dé xuit nay, ngoai viéc cai tién so do
BICM — ID bang viéc sir dung ma khéi (ma Hamming mo
rong) thay thé cho ma chap & so dd truyén thdng, bai bao
con dé xuit bo hoan vi msi (bo hoén vi khéi téng quét
ngau nhién) cho phép cai thién thong tin ngoai lai sau maoi
vong giai m lap, tir d6 dan dén cai thién tang ich ma hoa
tir 0,4 dB dén 1,2 dB cua hé thong BIBCM — ID so voi
truong hop sir dung bo hoén vi khdi va giam do tré xir ly
do giam sb vong lap. Bén canh dé, nho viéc sir dung bo
hoan vi khéi tong quat ngau nhién gitp khic phuc hién
tugng san 15i cua hé théng BIBCM-ID (¢ gia tri BER
=10 chuwa xay ra hién tugng nay).

Tar khoa: BICM- 1D, BIBCM_ID, hoan vi khéi, hoan
vi khoi tong quat, ma khoi, giai ma lap

I. MO DAU

Cac so do két hop ma hda voi diéu ché truyén thng
bao gém Diéu ché ma khdi (Block Coded Modulation,
BCM) [1], Piéu ché ma ludi (Trellis Coded Modulation,
TCM) [2], Piéu ché ma c6 hoéan vi bit (Bit-Interleaved
Coded Modulation, BICM) [3, 4] va Diéu ché ma c6 hoéan
vi bit va giai ma lap (Bit-Interleaved Coded Modulation
with Iterative Decoding, BICM-ID) [5, 6]. Trir BCM, cac
so dd khac déu d& xuit sir dung ma chap nhi phan (Binary
Convolutional Codes) [7, 8, 9] lam co sé cho phan ma
hoa. Dé phan biét véi hé thong BICM-ID dugce dé xuat
trong bai bao nay, ching tdi sir dung thuat ngit Biéu ché
méa chap cé hoan vi bit va giai ma lap (Bit-Interleaved
Convolutionally Coded Modulation with Iterative
Decoding, BICCM-ID).

Giai ma d6i véi ma chap duoc thyc hién nho céc thuat
todn giai md nhu Thuat toan Viterbi diu ra mém (Soft-
output VA) [10, 11], Xé&c suit hau nghiém cuc dai
(Maximum A posteriori Probability - MAP) [12 - 14]. B¢
tré giai ma va do phuc tap phu thudc vao Chiéu dai rang
bugc (Constraint Length) cua may ma chap. Dé dat ty l¢
mé& hoa cao, c6 thé loai bo mot sb bit trén dau ra cuia may
ma chap theo mdu xac dinh bang ky thuat dot 16
(Puncturing) [15] BU lai, dé dam bao pham chat BER can
tang Chiéu dai rang buoc ciia may mé, nghia la ting tré
giai ma va d¢ phuc tap.
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Véi cac so d6 ¢6 hoan vi bit [16 - 19], tré giai ma va
d6 phtc tap phu thugc vao chung loai va chiéu dai cua
ban than bo hoan vi bit. Hoan vi bit c6 thé Ia tong thé
(Overall Interleaving) ca theo truc thoi gian (twong duong
vé6i hodn vi dau tin hiéu) va theo vi tri cua bit trong nhan
nhi phan cua diu tin hiéu, va ting dong (In-line
Interleaving) chi theo tryc thoi gian trong khi ¢é dinh vi
tri cua bit trong nhan nhi phan cua dau tin hiéu. Céc bo
hoan vi ngau nhién (random interleavers) dwgc dung chu
yéu trong qua trinh nghién ctu, con trong thuc té can co
cac bo hoén vi duoc tao boi quy luat toan xac dinh, nham
ddng bo trong toan hé thong thong tin va don gian hoa
trong ché tao thiét bi. Hoan vi khdi (Block Interleaving)
dugc dung sém nhat va thugc loai don gian nhat [21-25].

Theo két qua khao sat, dén nay, ma khdi (Block
Codes) rat it khi dugc st dung két hop véi didu ché, c6
thé n6i so 6 BCM la duy nhét. Trong so 6 BCM co ban,
mot s6 tir mé (thuong 1a bang sé bit trong nhan nhi phan
cua dau tin hiéu diéu ché) cia ma khéi dugchoan vi ting
dong bang mot bo hoan vi khéi don gian (ghi vao theo
hang — doc ra theo cot) rdi anh xa vao tap tin hiéu da mirc
M-PSK, M-PAM hay M-QAM véi M = 4, 8, 16, ...Vai
céu trac don gian d6, BCM c6 hiéu qua trong truyén tin
qua kénh pha-dinh, nhung kém hiéu qua trén kénh Gao-
XO0.

Bén canh d6, pham chat BER cua BCM va BICM trén
ca kénh Gao-xo va kénh pha-dinh dat t6t nhat khi sir dung
&nh xa Gray cho c4c tap tin hiéu. Cac nghién ctru gan day
con cho thay dbi véi BICM két hop diéu ché theo anh xa
Gray thi viéc khdong dung hodn vi bit (Trivial
Interleaving) trén kénh Gao-xo cho ting ich ma hoa
khoang 1~2dB so vai khi ¢6 dung hoén vi bit [20]. Trong
khi d6 4nh xa theo phan hoach tap tin hiéu (Mapping by
Set- Partltlonlng) gan lién véi thiét ké hiéu qua so do
TCM, va anh xa phan Gray (Anti-Gray Mapping) dam
bio cho so 6 BICM-ID c6 san 16i BER thap nhat trong
s6 cac kiéu anh xa [6].

Nghién ctru nay cung cap mot giai phap dung hoa gitia
pham chit truyen tin véi do phirc tap ma hoa/dleu ché va
giai ma/giai diéu ché cho cac hé thdng truyén tin vo tuyén
co dong nhu MobileAccess Networks (MANET),
Wireless Sensors Networks (WSN), ... Bé dat dwoc cac
yéu cau vé pham chét Bit Error Rates (BER), hiéu qua sir
dung béang thong trén ca kénh Gao-xo va kénh pha-dinh,
chon giai phap str dung md hinh hé thong Diéu ché ma cé
hoén vi bit két hop giai ma/giai diéu ché lap. Tuy nhién,
dé dat dugc yéu cau vé do tré xir Iy va d¢ phirc tap cua ma
hoa/diéu ché va giai ma/giai didu ché, chon giai phép sur
dung ma khéi véi chiéu dai tir ma khong qué 16n, cu thé 1a
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ma Hamming m¢ rong (Extended Hamming Codes), két
hop véi diéu ché cau phuong (Quadrature Amplitude
Modulation, QAM), cu thé 12 16QAM. Két qua chinh cua
nghién ciru nay 1a dé xuat mé hinh hé thong Diéu ché ma
khéi c6 hoén vi bit két hop giai diéu ché/giai ma lap (Bit-
Interleaved Block Coded Modulation with Iterative
Decoding — BIBCM-ID) str dung thuat toan giai ma mém
dbi voi ma khéi dwa trén ma ddi ngau (Dual Codes), va
thiét ké bo hoan vi bit phii hop cho so do giai phap. Phan
con lai cua bai bao duoc ciu trac nhu sau: Muc 2 trinh
bay vé so dd hé thng BIBCM-ID, Muc 3 cia bai bao di
sau phan tich co s& ly luan phuc vu cho thiét ké bo hoéan
vi khéi sir dung cho hé théng BIBCM-ID, Muc 4 trinh
bay cac két qua md phong danh gia pham chit hé théng
BIBCM-ID st dung md Hamming mé rong va bo hoan vi
khdi méi duoc xay dung, cudi cuing la phan Két luan.

Il. SO PO HE THONG BIBCM-ID

M6 hinh ki thuat caa hé théng BIBCM-ID dugc thé
hién trén Hinh 1.

RERES Rt iy

Hinh 1: So d6 khéi hé théng BIBCM-ID

Xét ma khéi (n, k, d) véi n 1a chiéu dai tir ma, k 1a s6
bit dit liéu, d 1a cu ly Hamming téi thiéu. Ky hiéu = la
hoadn vi N, = N,n bit (the number of coded bits) cho
tirng khung N, tir ma (the number of codewords). Diéu
kién 1a N, chia hét cho s6 bit trong nhan nhi phan cua
ting tin hiéum = log,M, m > 2, va chia hét cho chiéu
dai tr mdn.Tung khung N; = N,,/mtin hiéu M-QAM
dugc truyén di qua kénh Gao-xo. Viéc truyén tin qua
kénh pha-dinh s& dugc nghién curu tiép theo. Tai dau phat,
N,,, tir mi trén dau ra may ma khdi (Block Coding) dugc
sap xép thanh khung bit danh s6 thir tu tir 1 &én N,,,. Tha
tu cta cac bit nay duoc hoan vi bai 7. Chudi bit sau hoéan
vi chia ra thanh N, khdi, mdi khéi gdbmm bit duoc su
dung nhu 1 nhin nhi phan cia tin hiéu trong diéu ché M-
QAM.

Tai phia may thu, cac tin hiéu r = s + v, trong do
sva v lan luot Ia tin hiéu QAM truyén qua kénh va tap
am Gao-xo, duoc giai didu ché mém thanh véc-to gia tri
ty 1€ hop 1€ theo ham 16-ga-rit (LLR-Log Likelihood
Ratio). Tai mdi vong lip, dau vao giai ma mém cho ma
Hamming 14 dau ra cua giai diéu ché mém da dwoc giai
hoén vi bang T, B giai ma sir dung thuat toan giai ma
mém Vi gid tri dau ra dugc biéu dién dudi dang gia tri ty
1& hop I& theo ham 16-ga-rit, va cung cap théng tin phan
hoi téi bo giai diéu ché mém thong qua hoén vi n. Bé y
rang N, tin hiéu ciing nhu N, tr ma c6 thé dugc giai
didu ché/giai ma song song dé tiét kiém thoi gian xir ly.
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Sau s6 lan Iap nhat dinh, gia tri LLR sau giai ma duoc
quyét dinh cang va tro thanh dau ra ctaa hé thong.

Nghién ciru so bo vé giai phép, chay md phong trong
mdi truong MatLab cho cau hinh sau: ma Hamming mo
rong voi n = 8; bo hoan vi chiéu dai L, 1a 512, 768, va
1024 duoc tao ngau nhién sir dung cho ting khung dir
liéu phat di; diéu ché 16QAM theo anh xa phan Gray; s6
lan giai lap Ion nhat 1a 10. Dé so sanh, md phong dugc
thuc hién véi tap tin hiéu 16QAM sir dung anh xa Gray
khi khéng cé hoan vi (trivial interleaver), khong giai lap,
cho truong hop ¢6 mé hoa va khéng ma héa. Két qua mo
phong dugc thé hién trén Hinh 2.

Hinh 2. So sanh BER cda BIBCM-ID v6i m& Hamming mé&
réng va hoan vi ngau nhién

Tir két qua md phong, c6 thé thiy rang, dung theo quy
luat caa céc hé thdng BICM-ID, ting ich ma hoa cua hé
thng 16n theo cuing chiéu dai cua bo hoan vi bit va sé lan
lap. Khi ty Ié tin /tap E, /N, dat 5dB, duong cong BER
bat dau di vao vung san 16i (Error Floor). Tai ngudng
BER xip xi 1075, hé thng dang d& xuat c6 ting ich tGi
9,5 dB s0 Vi so dd khong ma hoéa va 6,5 dB so vdi so dd
c6 ma hoa nhung khong giai ma lap.

Viéc phan tich 13i bat dau tir viéc nghién ctu vé xac
suat 15i dau tin hieu MQAM trén kénh tap &m tring cong
tinh Gao-xo. Tai mot ty 1& tin /tap E,/N, nhat dinh nao
d6, ky hiéu P, 1a x4c suét 15i d4u tin hiéu. Trir truong hop
M = 2,4 va anh xa Gray la khi cac bit trong nhén nhi
phan cua dau tin hiéu hoan toan doc lap, véi cac truong
hop anh xa khac va M > 4 thi céc bit trong nhan nhj phéan
khong hoan toan doc lap. Tinh chat nay cua so db diéu
ché théng qua phép anh xa tir nhan nhi phan vao chom
sao tin hiéu duoc sir dung dé dung d6 tin cay coam — 1
bit hd tro cai thién do tin cay cua bit con lai. Hon nira,
viéc mdi bit trong nhan nhi phan cua tin hiéu c6 thé thudc
mot tr ma khac voi cac tir ma chira cac bit con lai cho
phép str dung thong tin sau giai m hd tro cai thién do tin
cdy cua tit ca cac bit trong nhan nhi phan cua tin hiéu.
Néu c6 hon mét bit trong nhan nhi phan cua mét tin higu
thugc vé cling mot tir ma thi hiéu qua cua giai ma lap sé
suy giam nghiém trong. Thir nhét, théng tin cua cac bit
nay 1a khong doc lap (do ciu tric ma héa) nén it kha niang
hd tro cai thién do tin cay cho cac bit con lai trong nhan
nhi phan. Thir hai, s6 lugng tir ma ¢6 lién quan téi dau tin
hiéu dang xem xét bi giam, twong ng vaéi viéc ¢o it hon
s6 luong céc bit cung véi gia tri ty 1¢ hop I theo ham 16-
ga-rit ciia chdng c6 thé dwoc dung dé cai thién chét luong
giai diéu ché dau tin hiéu. Thu ba, khi s6 lugng bit trong
nhan nhi phan cua mot tin hiéu thuéc cung mét tor ma
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vuot quéa kha nang stra I15i cua bo ma ma giai diéu ché
ngay tai vong lap dau tién gap 16i thi véi xac
suit P, khong thé sira lai dugc dé giai diéu ché dang dau
tin hiéu nay. Bo hoén vi tét 1a bo hoén vi sao cho nhén nhi
phan caa mdi dau tin hiéu chira khéng qua 1 bit caa cing
mot tir ma. Pay la yéu cau dau tién doi véi bo hoan vi
trong céc so do sir dung ma khoi.

Bay gio gia sir ¢6 hai tin hiéu. Cho du nhén nhi phan
cia mai tin hiéu chaa khdng qua 1 bit cua tir ma bat ky
nao do trong sd da phat di, nhung néu ton tai 2 tir ma giao
véi 2 nhan nhi phan nay, theo nghia 1a mdi tir ma c6 mot
bit & nhan nhi phan thir nhit va mot bit & nhan nhi phan
thr hai, thi s& tao ra hién twong duoc goi 1a “Vong 16i 4
budc” hay 1a “Mau 15i hinh chit nhat” (the 4-Cycle or
Rectangular Error pattern). Tuong tw, néu ¢6 3 tir ma giao
voi nhdn nhi phan cuaa 3 tin hiéu theo cach méi tir ma
dong gop hai bit vao nhan nhi phan caa hai tin hiéu thi sé
tao ra hién twong 15i “Vong 16i 6 budc”. Ly thuyét va
thuc tién giai didu ché-giai ma lap cho thay cac bay I5i
(Error Trap) nay tao ra san 13i cua duong cong xac suat
I6i bit BER. Y&u cau tht hai d6i véi bo hoéan vi la giam
thiéu sé luong cac mau 13i nay, dac biét 1a Mau 15i hinh
chir nhat. Néu c6 thé xay dung duoc bo hodn vi nhu néu &
trén thi tai mot vong lap Giai diéu ché-Giai ma, thong tin
tir m(n — 1) dau tin hiéu khac nhau hd trg cho viéc cai
thién giai diéu ché mot dau tin hiéu thdng qua m tir ma
lién quan truc tiép toi dau tin higu do. Ta goi m(n — 1)
c4c dau tin hiéu nay 1a “Lién quan” (relevant) tryc tiép vé
théng tin téi dau tin hiéu dang xét. Pay 1a quan hé hai
chiéu, néu mot dau tin hiéu Lién quan vé thdng tin tgi dau
hiéu khac thi nguoc lai, ddu hiéu kia ciing Lién quan
théng tin t6i ddu hiéu nay. Tuong tu, mdi diu
thuoc m(n — 1) dau tin hiéu Lién quan truc tiép voi dau
tin hiéu dang xét cling duoc m(n — 1) dau tin hiéu (co
thé bao gom ca mot s6 cac tin hiéu Lién quan tryc tiép) hd
trg théng tin giai didu ché thdng qua giai ma céc tir ma
Lién quan gian tiép toi dau hiéu dang xét. RS rang, doi
véi viéc giai diéu ché mot ddu tin hiéu bat ky nao d6
trong khung tin hiéu thu thi cac ddu Lién quan truc tiép co
anh huong manh nhét, con cac du tin higu Lién quan
gian tiép dong gop anh huong cua chiing tai vong lap sau,
thdng qua cac dau hiéu Lién quan truc tiép. Do chiéu dai
khung dix liéu I1a hitu han nén néu mé rong ra téi cac vong
lap tiép theo, xét ti cac tin hiéu Lién quan gian tiép cua
Lién quan gién tiép thi tat ca cac tin higu thu duoc déu co
kha nang Lién quan t6i mot ddu hiéu bat ky, néu bo hoan
vi khéng tao ra céc vong khép kin (closed cycles) cua cac
dau tin higu Lién quan vé théng tin. Trong nghién ctu
nay, mot quan diém mgi dbi véi xay dung bd hoan vi cho
so 0 BIBCM-ID 1a dam bao sao cho tat ca cac dau trong
khung tin hiéu thu 1a cac diu Lién quan gian tiép t6i cac
diu hiéu Lién quan tryc tiép toi dau hiéu bat ky trong
khung tin hiéu thu. Theo phén tich & trén, bé hoan vi nhu
thé cho phép giam s vong lap Giai mé- Giai diéu ché.
Tuy nhién, viéc tang “Lién quan” c6 thé phai tra gia bang
viéc chap nhan c6 mot sé lwong nhat dinh cac “Bay 15i.”

Phan tich trén cho thay pham chat cua ky thuat Giai
didu ché-Giai ma lap phu thudc rit nhidu vao viéc cac bit
trén dau ra may ma dugc nhém thanh nhan nhi phan cua
tin hiéu diéu ché nhu thé nao. D6 chinh 14 vai tro cua bd
hoan vi bit. Viéc nhdm m bit cua tr ma nao vao thanh
nhan nhi phan cua mét tin hiéu la quan trong chir khéng
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phai la vi tri caa tin hiéu do trong khung tin hiéu, cung
nhur vi tri cta cac bit d6 trong tir ma. Diéu ndy goi ¥ cho
viéc xdy dung bo hoan vi bit duoc phan thanh hai giai
doan nham giam mirc do phuc tap tim kiém bo hoén vi tot
nhat: a) Cac tir mi trén dau ra may ma khdi duoc Xep
thanh hang dé doc ra theo cot, goi 1a Hoén vi khéi, dé
thoa man yéu cau rang nhan nhi phan cuaa mdi dAu tin
hiéu chira khéng quéa 1 bit cua cung méot tir ma, vab) Tim
kiém cach doc ra cac cot sao cho tat ca cac ddu trong
khung tin hiéu l1a cac déu Lién d6i gian tiép t6i cac dau
hiéu Lién dai tryc tiép t6i dau hiéu bat ky trong khung tin
hiéu trong khi giam thiéu s6 lugng cac Mau 16i hinh chir
nhat.

lIl. THIET KE BQ HOAN VI KHOI

Ching ta sir dung Ly thuyét vé cac Quan h¢ trong ton
hoc (Theory of Relations in Mathematics) d¢ mé hinh héa
hé thong BIBCM-ID.

Xét tap céc sb ty nhién N = {1,2,---,N,}. Cho 7 la
hoan vi trén tap N. Cho N, = mN =nNgy,, Voi
N, N5, m,n 1 céc sb tu nhién.

Pinh nghia 1: Xac dinh Quan hé C trén tap N Ia
n,Cn, néutontaibobas6 1 <i <N, 1<k, <n, 1<
ky,<nsao chon,=({—-Dn+kvan,=>0—-1n+
kz-

Pinh nghia 2: Xac dinh Quan hé Z trén tap N Ia
2,7z, néu ton tai bo basb 1 <j < N,1<k;, <m,1<
ky<m sao cho z, =n"Y(G—1Dm+k)) va z,=
m~1((j — 1)m + k;). Céac dinh nghia trén dugc minh hoa
trén Hinh 3.

Ky hiéu C={g={-Dn+1,{-Dn+
-,in},1<i< Ny} va B={b={n"((—Dm+
D), (- Dm+2),,n7(m)}, 1 < j < Ny}

(1,2,+-,n) (n+1,n s ((Newy — Dn
+2,-+,2n) +1,(Ngy
—1n
+2,, Noy)
(), N (2), | (M (m | (@ ((Ns = Dm
n~1(m)) +1), 17 (m + 1), m (N
+2),-, 771 (2m)) —1m
+2),-, " (Nym)

~ Hinh 3. M6 ta cac méi quan hé xac dinh trén tap cac
sO ther twr cda cac bit sau ma hda va‘sé thgvtu’ cla cac bit
sau hoan vj, trirée diéu ché
B6 dé 1: Quan hé C phan hoach N thanhC =
{c1,¢5,+, ey, }. Quan hé Z phan hoach N thanh B =

{bli bz, b 'bNS}'

Pinh nghia 3: Trén co sé hoan vi m, Cho A = C U B,
véi C va B la cac phan hoach cia N boéi Quan hé C va Z
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twong ung, trén co s& hoan vi . Pinh nghia Quan hé R
tréntap Alax Ry: |x ny| = 1,x,y € A. Goi m la hoén vi
sinh ra Quan hé R.

Nhan xét:

1. Véi moi ¢; € A: ¢;Rc; va Acj, j # i: ¢;Re; hodc ¢;Rc;.
(Phan xa) (Phé&n hoach cta N)

2. Vo6i moi b; € A: b;Rb; va Ab;,j # i:b;Rb; hoic
b;jRb;. (Phan xa) (Phan hoach cua N)

3. Voi moi ¢; € A,3b; € A: ¢;Rb;; V&i moi b; € A,3c; €
A: b;Rc;. (Két ndi) (Phan hoach cua N)

4. Néu ¢;Rb; thi b;Rc; va, nguoc lai, néu b;Rc; thi ¢;Rb;
1a @i xing (Symmetric)

5. Néu ¢;Rb;, bRcy, va i # i’ thigRey, véi R 1a
khéng c6 Quan hé. (Non-Transitive) (Phan hoach cua
N)
Cac nhan xét nay cho phép chirng minh B6 dé 2.

B6 dé 2: Quan hé R duogc xac dinh trén tap A 1a phan
Xa va doi xung.

Chiing minh: Tir nhan xét tir (1+4) cua B6 dé 1, tat ca
cac truong hop ¢; € A: ¢;R¢; va b; € A: b;R b; déu co
tinh chat phan xa va ddi xung, day Chll’lh la diéu phai
chung minh B6 dé 2.

Xay dung d@o hinh hai canh thé hién quan hé giira ci
va bj
Chung ta c6 thé mé ta Quan hé ¢; va bj bang P6 hinh

hai bén (hay D6 hinh hai canh — Bipartite Graph) nhu
Hinh 4.

S AN T 7
5 -

Hinh 4. Quan hé R xé&c dinh trén tap A thé hién bang dé
hinh 2 bén

Déi chiéu véi so d6 hé thdng BIBCM-ID (Hinh 1), goi
cac nlt bén trén la nat m&, ky hiéu la ¢;,1 <i < N, la
tap con cac sd thir tu cua cac bit cing mot tir ma trong
khung dix liéu dai N, bit. Goi cic nat bén dudi la ndt tin
hiéu, ky hiéu 1a b, 1 < j < N, Ia tap con céc sb thi tu
cua cac bit trong khung di liéu dai N, bit, sau hoan vi
tré thanh nhan nhi phan caa cung mét tin hiéu. Do Quan
hé R 1a phan xa nén mdi nit déu c6 duong tu ndi kin, thé
hién qua trinh giai diéu ché (ddi véi tin hiu) va giai ma
(d6i véi tir ma). Do Quan hé 1a d6i xang nén khong sir
dung miii tén huéng két ndi. S6 duong ndi giita hai nat
bang vai s6 s6 tu nhién c6 chung trong hai tap sé ty nhién
do hai nit d6 dai dién. Mai vong lap bt dau tir cac nit tin
hiéu, tai d6 nha@n nhij phén cua tung tin hiéu sau khi tu cap
nhat LLR caa minh théng qua giai didu ché thi cung cép
cac LLR da cap nhat cho Bo giai ma théng qua giai hoan
vi. Tai cac nat md, ting tr ma sau khi tu cap nhat LLR
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ctiia minh bang giai ma véi trg gidp cua thdng tin tir cac
tin hiéu duoc giai diéu ché séthdng qua hoan vi dé cung
cap cac LLR duoc cap nhat téi cac nut tin hiéu nham trg
gidp cho giai diéu ché trong vong lap tiép theo.

Nhu d3 néu trén, muc dich cua nghién ciru nay 1a dé
XUit cau truc cua bd hoadn vi bit dung trong so dd
BIBCM-ID, nén gia dinh thuét toan giai diéu ché va thuat
toan gidi ma da dugc chon. Do chi con xét cac qua trinh
trao doi thdng tin ngoai lai (Extrinsic Information) gitra
giai diéu ché va giai ma trong vong lip, ching ta quan
tam dén thiét ké caa Bo hoan vi. Theo tiéu chuan cua giai
ma — giai diéu ché lap, Bo hoan vi tét 1a bo hoén vi sao
cho: BER dat t6i san 15i sau it s6 lan lap nhat, tai gia tri ty
I¢ Tin —trén — Tap (Signal — to — Noise Ratio — SNR) nho
nhét, va ban than gia tri BER tai san 15i 12 nho nhat. Tro
lai voi DS hinh hai bén va xac dinh céc tiéu chi ky thuat
cua Bo hoan vi phuc vu cho viéc tim vét can cac kha nang
cia Bo hoan vi. Trudc hét, D6 hinh hai bén duoc diéu
chinh bang cach dinh nghia lai mbi Quan hé nhu sau.

Pinh nghia 4: Trén co sé boi hodn viw,cho A =C U
B va dinh nghia Quan hé R* trén tap A la x R*y: |x N
y|=1,xy€A.

Trudc hét, mdi DB hinh hai bén déu co thé dugc biéu dién
béi mot ma tran. Va vi cdc Quan hé R* va R nhu trong
cac Pinh nghia trén déu duoc biéu dién béi DS hinh hai
bén, chlng ta c6 thé dinh nghia ma tran lién quan t6i cac
Quan hé nay nhu sau.

Pinh nghia 5: GoimatranD = {d;;,1 <j <N, 1<

i < N, } 1a ma tran thé hién Quan hé R, véi d;; = |b; N
Cil'
Cén chd y rang ma tran D khong phai la ma tran Bu-lan
(Boolan Matrix) thuong dugc su dung trong biéu dién cac
Quan h¢ trong toan hoc vi d;; khong nhat thiét chi nhan
giatrioval.

B dé 3: Cho D la ma tran thé hi¢n méi Quan h¢ R
trén tap A nhu trong Pinh nghia 5. Hoan vi céc so trong
cung nit ma hay hoan vi cac so trong cung ndt tin hi¢u
khong 1am thay doi ma tran D.

Chimg minh: T Pinh nghia 3 ta thdy b;Rc; khi
|b; N ¢;| = 1. D& dang thay rang hoan vi cac sé trong b;
khong lam thay ddi |b; N ¢;|. Ciing thé, hoan vi cac sb
trong ¢; khong lam thay ddi |b; N ¢;].

D& dang thdy rang néu d;; > 0 thi b;Rc;, vanéud,;

thi bjRc;. Con néu d;; < 1,1<j<N,1<i< NCW th|
D thé hién Quan hé ]R* Néu b;R*c; thi b;Rc;. Tuy nhién,
b;jRc; khong phai khi nao ciling ¢6 b;R*c;. Nhu vay, Quan
hé R* “hep” hon Quan hé R. Trong bai bao nay, khi néi
vé Quan hé trén tap A ndi chung ta sir dung Quan hé R,
tuong ng Véi viéc xem xét bo hoan vi bét ky. Con khi
xem xét Bo hoan vi khi chung ta str dung Quan hé R*.

B6 dé 4: Cho D 1a ma tranthé hién mdi Quan he R*
trén tap A nhu trong Dinh nghla 5. Ta c6: Trong s6 cac
hang cua D 1a bang nhau va bang m; Trong s6 cac cot
cua D la bang nhau va bing n.
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Cheing minh: Tu Pinh nghia 1 tacod |¢;| =n,1 <i <
N,,. Tt Dinh nghia 2 ta ¢6 |bj| =m,1<j <N, Tu
Dinh nghia 5 ta ¢6 néu b;R*; thi |b; N ¢;| = 1. Tir Binh
nghia 4 ta c6 d;; = 1 néu b;R"c;, va do mdi s trong
b; € B s& c6 mat trong mét va chi mot ¢; € € (Lemma 1)
nén trong sé cac hang cua D la bang nhau va bang m.
Tuong ty, do tinh ddi xtng ciia Quan hé R* nén ¢;R*b; va
trong s cac cot caa D 1a bang nhau va bang n.

Pinh nghia 6: Cho tap cac sd ty nhién N =
{1,2,-++,N_,} va sb tu nhién n > 0. Xac dinh Quan hé Q
trén tip N la ¢, Qq,: q; = q2(mod n), goi la Quan hé
dong du.

Tir ly thuyét vé Quan hé dong du, ta biét rang tap N dugc
Quan hé @ phan hoach thanh n tip con Q, =
{qie 1 <i <N, 1<k <n}, véi g 1a cac sé thuoc N
c6 cung sb du bang k khi chia cho n. Ta c6
(91,1921 > ANey 1 91,20 CIg,z N2 Qo Q2
qn,,n) 12 mot hoan vi khoi, thuong goi 1a “Ghi vao theo
hang, Boc ra theo cot.” Trong bai bao nay, ching t6i dinh
nghia bd Hoan vi khéi téng quat nhu sau.

Pinh nghia 7: V§i 1 < k < n, cho u, la hodn vi trén
tap s6 tu nhién {1,2,+,Ny,}. Vi g, 1 < i< N, 12
cac sé thuoc N co cung sé du bang k khi chia cho n, bo
hoan vi
1= Guy 0,0 Quy @17

Qs (New) 1 Dua (1,20 Qua ()2 7
qliz(Ncw)-z' " qlin(l) n qlin(z) n T q/-‘n(Ncw)-n) (1) duqc g0|

A& bo Hoan vi khoi téng quat (General Block
Interleavers).

B6 dé 5: V6i mdi Quan hé R* duoc xac dinh bai hoan
vi 7 trén tap N (Pinh nghia 4), lubn ton tai hoan vi khoi
wutong quét chiéu dai N, trén tap N cé cung ma tran D
nhu cua hoan vi 7.
Chitng minh: Ta ¢6 N, = nN,, = mN;, tr d6 N, =
b Cho 1< i< Ny, 1<k <n1<q< Ny DEdang
’ N ~1(0)—
thdy ring [("(n—q)l)J + 1 phan hoach tap N thanh N,
tap con, ky hiéu 12 {q; 1, i, ", qi.n} chtra n phan tur, sao
Chol(”_l(qi,k)_l)J +1 cing b T , _
n g ang L. a co pi,k =

7 (qi) € ¢;. Néu w7 (gyp) —n l&f)_nj =k Vi

moi 1<i<N,,1<k<n th ta cb& =n=
(91,1, 921> ANew, 10 91,2: 92,2 " 1 ANgy20 "
Qi Q2n " ANgym) 12 HOAN Vi khi tong quat theo Dinh

nghia 7. Trong trudng hop m bat ky, xac l1ap p nhu 1a mot
hoan vi chiéu dai N, sao 1 (qip) =
n|(m*(qix) — 1)/n| + k. Do [(u(g) = D/n]+1=
|(m™*(qix) —1)/n] +1=iva 1<k <n nén ta ciing
c6 u(qiy) € ¢;. Dong thoi ta ludn c6  p(qyy) —
n| (k™ *(qix) — 1)/n| = k. Vi vay u 1a Hoan vi khdi tong
quat.

Péy r,éng viéc diéu chinh tir hoan vi m thanh hoan vi u
chi la sap xep lai tap {p;1,pi2, -+, Pin} theo thu tu tang
dan cua sé du trong phép chia (r7(q;,) — 1)/n, twong
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tmg 1a diéu chinh vi tri cua sb m=1(q;, ) trong nat m c;.
Theo B6 dé 3, hoan vi cac sé trong cling ndt ma khong
lam thay doi ma tran D. Ky hi¢u E = DD", v6i D™ 1a ma
tran chuyén vi caa D.

Nhan xét: Ta c6 mot s6 nhan xét nhu sau:

1) Ej, j,» 1 < ju,ja < Ny 1286 dudng két ndi tir niit by, qua

cac nlt c; toi nat by, ;

2) Ej; = m, la s6 duong ndi di ra tir it b; t6i cac nit ¢;
roi trér vé nit by;

3)Ej j, = 0,jy # j, c6 nghia la niit b;, khéng c6 két ndi
t¢i nut by, trong mot vong lap. Tuong tu Ejj, =Ly #

Jo €6 nghla la nat b; trong mot vong lap co két ndi téi nat
bj,thdng qua chi mét nut c;.

4)E;, ;, =v >1,j; #j, c6 nghia 1a nut b; trong mot

vong lap c6 két ndi toi v nit by, ,, by, ,, -, by, , qua v nit
c;.

SE jriz = Ejzjy-

6)E = E".

Ky hiéu © Ia ma tran hoan vi (Permutation Matrix)
biéu di&n theo hang (Row Presentation) cua phép hoan vi
6. Cu thé, ® la ma tran vuéng kich ¢c& N x N véi chi cac
phan tir & diém giao cua hang thir i, 1 < i < N véi cot thi
6(i) 1a bang 1, cac phan tir con lai bang 0. N6i cach khéc,
hang thtr i cua © chi c6 mot s6 1 tai vi tri thir 6(i) v,
cting tuong tng, cot thur 6(i) cta © chi co mot s6 1 tai vi
tri thir i. Chuyén vi ©, ta c6 cot thir i caa ©7 chi c6 mot 50
1 tai vi trf thir (i) va hang tha 6(i) cua ©7 chi c6 mot s6
1 tai vi tri the i. Tur ly thuyét vé ma tran hoén vi, ta c6
00T = 070 = Iy, véi Iy la ma tran don vi kich ¢& N x
N.

B dé 6: Cho D 1a ma tran thé hién mdi Quan hé R*
trén tap A nhu trong Pinh nghia 4 va 6, 1& hoén vi trén
tap s6 ty nhién tir 1 dén N, Ky hiéu Dy, 1a ma tran nhan
duoc tir ma tran D vai c&c cot duoc hodn vi boi 6,. Ta cd
Dy, DY, = E.

Chizng minh:

Ky hiéu ©; & ma tran hoédn vi (Permutation Matrix)
biéu dién theo hang (Row Presentation) cua phép hoan vi
;. Cu thé, @, la ma tran vudng kich ¢& N, X Ng,. Ta
nhan ma tran hoén vi ©; vao sau (bén phai) D. Bé c6
dugc cot thir 6,(i) cua ma tran tich DO, ta nhan D véi
cot tha 6, (i) cta ©,. Do cot thu 6, (i) cta O, chi cd mot
s6 1 tai vi tri thir i nén két qua la cot thir 8, (i) cua DO,
bang cot thir i ciia D. Nhu vy, phép nhan ma tran hoén vi
©,vao sau ma tran D tuong (rng v6i hoan vi cot cia ma
tran do, va ta c6 D, = DO;. Nhan ma tran hoén vi 0]
vao truge (bén trai) DT. Bé co6 dwoc hang thu 6, (i) cua
ma tran tich @7 DT, ta nhan hang thwr 8, (i) cua 07 véi DT.
Do hang thtr 6, (i) caa ©F chi c6 mot sb 1 tai vi tri thu i
nén két qua 1a hang the 6, (i) cua ©7DT bing hang thir i
cua DT. Nhu vay, phép nhan ma tran hoan vi ®7 vao
trudc ma tran DT tuong ang voi hodn vi hang cta ma tran
D™, hay la hoan vi ct cua D rdi chuyén vi. Taco Dj, =
erpT.
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Cuéi cuing, Dg, Dy, = DO,07D" = DD" = E, do ©,0] =

Iy,,, la matran don vi Kich ¢& N, X Ng.

Bo dé 7: Cho D 1a ma tran thé hién mbi Quan hé R*
trén tdp A nhu trong Dinh nghia 4 va 6, 1a hoan vi trén
tap sb tu nhién tir 1 dén N. Ky hiéu Dg, 1a ma tran nhén
duoc tir ma tran D véi cac hang dugc hoan vi bai 6,. Ta
6 Dp,Dg, = Eg,,, VGi Eg,p, |2 ma trdn nhan duoc tir
ma tran E vai cac hang va cac cot duoc hoan vi bai 6,.

Ch#ng minh: Ky hiéu ©, la ma tran hoadn vi
(Permutation Matrix) biéu dién theo hang (Row
Presentation) cua phép hoéan vi @,. Cu thé, ©, la ma tran
vudng kich ¢ Ny X N;. Ta nhan ma tran chuyén vi 07
vao trudc (bén trai) D. DBé c6 dugc hang thir 8, (i) cua ma
tran tich ®2D, ta nhan hang tht 8, (i) cia ©F véiD. Do
hang tht 6, (i) cua ©F chi c6 mot sb 1 tai vi tri thir i nén
két qua la hang thtr 6, (i) cua®%D bang hang thir i cua D.
Nhu vay, phép nhan ma tran hoan vi % vao truéc ma tran
D twong (ng véi hoan vi hang cta ma tran do, va ta cé
Dy, = O1D.

Ta nhan ma tran hoan vi ©, vao sau (bén phai) DT. Bé
c6 duoc cot thtr 8,(i) cia ma tran tich DT®,, ta nhan
hang thir 8, (i) cua ©, véi DT. Do cot thir 6, (i) cua 0,
chi c6 mot s6 1 tai vi tri thir i nén két qua la cot thir 8, (i)
cua DTO, bang cot thir i cua DT. Nhu vay, phép nhan ma
tran hoan vi ®, vao sau ma tran DT tuong (ing véi hoan vi
cot cua ma tran DT, hay 1a hoén vi hang caa D roi chuyén
vi.Tacé Dj, =D"0,.

Cudi ciing, Dg,Dj, = ©1DD”0, = OTEO, = Ey, 4,.

Dinh nghia 8: Chok niat b;,b;, -, b; val
nl.’]tCil,Ciz,“',Cil. NeubllR Cll,ble*Ciz,
bj,R*c;,, bj,R*c;; ... va ci nhu thé cho toi

b;,R*c;, b; R*c;,, thi ta néi la cé mot Vong 16i 21 budc.
Vi | = 2 ta c6 cac Vong 16i 4 budc. Gia st ¢ap j; # j,
ma E; ;, = v > 1, nghia la c6 v nltc; ma véi mdi cap
Ciy) Ci, trong sb do ta cb
ble*Cil, ble*Ciz' bjzR*Cizﬁ bsz*Cil' Tém |a1 ta co Dlnh
ly sau.

Pinh ly 1: Cho D la ma tran thé hién méi Quan hé R*
trén tap A nhu trong Pinh nghia 4. Cho E = DDT. S
vong 16i 4 budc, ky higu la 4 va nhu xac dinh trong
Dinh nghia 6, bang:

Ns Ng (2)
Z Z ]1]2 ]1]2 1)/4
J1=1j2=

—Nm(m—1)/4
Chimng minh: V&i mdi cap j, # j, maE;, ;, > 1, co tat
ca ]2( j1.J2 -1/2 to hop cac cap ¢y, Ci, tao véi cap
b;,, b;, cac Vong 16i 4 budc. Dong thoi, do Ej, ;, = Ej ,
ta o E}2J1 >1, tao I'Ei ]2 ]1( J2.J1 1)/2 =
Ej j, (E, e, — 1)/2 cac Vong 16i 4 bu6ce nhu trén va duoc

cong vao téng. Vi cac vong 16 ndy duoc tinh hai 1an nén
tong d6 phai chia cho 2. Vi méi cap j, #j, ma 0 <

E}112S1 ta co E]1}2( Jud2 )ZO' Con khij1=j2=
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j thi E;(Ejj—1)=m(m—1). (Hé ching minh

Theorem 1.)

D& dang thay rang méi ndt b; cung cap théng tin sau
giai diéu ché toi m nit ¢;. Théng t|n nay tham gia vao giai
ma ctia m nat thé hién m tr ma. Do mdi tir ma c6 n bit,
m tir & nay sau giai ma cung cap thdng tin t6i mn nat
tin hi¢u b;/, trong d6 c6 ca chinh nlt b;.Goi duong noi tur
nat tin hi¢u b; qua nit ma c; vé chinh b; l1a vong tu lap.
Théng tin trong vong ty lap khong gidp cho giai diéu ché
cac tin hiéu khac thdng qua giai ma. Ta tinh xem sau hai
lan giai lap, tir nGt b; ban dau thong tin lan truyén toi toi
mn Nt tin higu by, rdi tr cac nGt nay thdng tin s& duoc
lan truyén t6i bao nhiéu nit b;r, trir cac ty Iap tir bjr vé
b;hay tir b;vé b;r. Bing phép toan, chiing ta ¢6 thé tinh
béng cach sir dung ma tran E. Truéc hét ta dat E; ; = 0 dé
tranh vong tu ndi tir b; vao b; sau mot vong lap. Ky hiéu
EM |a ma tran E da dat cac phan tir trén duong chéo
chinh bang 0. Cho E® = EM x EM),

Pinh ly 2: Cho E® = EMW « EW_ Tach E].(?, 4 tong
s6 duong két ndi tir nat b; t6i nt b;r sau hai budc di qua
lai D6 hinh hai bén, khong tinh cac tu I3p tir by = b; vé
bj hay tr b = bj1ve by

Chitng minh: Vé6i1 < j,j',j" < Nq, ta co:

Ns

E(ZBI = Z E(12 E(ll)n

j'=1
Tu Nhan xét 1 ta c6 Ej(?Ej(,lJ).,, 13 tdng sé duong két néi
tir ndt b; qua Mot niit trung gian b;s t6i ndt b, Ly tong
khi cho b;r qua tat ca céc nat tir 1 d&én N;, do E( =0 néu
j=j'va E( ),, = 0 khi j" =j" nén E( 7 chlnh 2 tong s6
duong ma nut két ndi tir b;téi nut b; usau hai buéc di qua
lai 6 hinh hai bén, trir cac duong tu Iap trén mdi chang
trung gian.

Thugt todn ddnh gid chdt lwgng bg hoan vj

Chlng ta quan tam téi viec mot nut tin hiéu sau hai
budce di qua Do hinh hai bén cé két néi téi bao nhiéu nat
tin higu, ké ca chinh né. Ky hieu CI =
Z,, -1 ”HVOIe =1 néu E( >0 va e, H—O néu
E].(j?, = 0. Nhu vay Cl;la tong sé nat bjuma nuat tin hiéu
b;c két néi toi, ké ca téi chinh nat b;. Goi gi tri trung
binh trén tat ca N, ndt tin hiéu 1a Chi s6 két ndi cia Do
hinh hai bén, ky hiéu la CI, ta cd

Ng Ny
cr={ 2, e |/ ®
j=1;7=1

Nhu vay, dé danh gia mot bo hoan vi m dai N, =
Nym = N,,n, sau khi thiét 1ap ma tran D thé hién mdoi
quan hé R* trén tdp A nhu trong Dinh nghia 5 chdng ta
lam céc budc sau:

Thuat toan 1: tinh tham s6 C4, CI cia b hoan vi

1) TinhE = DDT;
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2) Tinh sb Vong 13i 4 budc C4 theo cong thic (2);
3) DAEM = E, E) =0néuj, =j,, tilh E@ = FW «
4) Pate;jn =1 néu Ej( 7 >0 vae;;n=0néu E( ) =
0;
5) Tinh Chi so ket ndi CI(Connection Index) theo cong
thc (3).
Pinh 1y 3: Viéc hoan doi vi tri ciia céc nit cua cling
mot bén trong Do hinh hai bén (Hinh 4) khdng lam thay
d6i c&c chiso CI va C4.

Ching minh: Két qua tinh toan cac chi sé C4 va CI
déu sir dung cong thac (2), (3) trén ma tran E = DDT, voi
D la ma tran két ndi thé hién D6 hinh hai bén cua Quan hé
R* trén tap A nhu trong Pinh nghia 4. Viéc hoan ddi vi tri
ciia CAc nut cia cing mot bén trong DS hinh hai bén
khong 1am thay ddi (Bo d& 6) hoac chi din téi hoan vi
ddng thoi cac cot va cac hang cia ma tran E (B6 dé 7) nén
khong lam thay d6i C4 va CI.

binh ly 4: Hoan vi cac s6 trong cung ndt ma hay hoan
Vi cac so trong cung ndt tin hi¢u khong lam thay doi cac
chiso CI va C4.

Chirng minh: Két qua tinh toan cac chi s C4 va CI
déu st dung cong thic (2), (3) trén ma tran E = DDT, véi
D 1a ma tran két ndi thé hién D6 hinh hai bén cua Quan hé
R* trén tap A nhu trong Dinh nghia 5. Lemma 5 n6i rang
hoan vi céc sb trong cting nGt ma hay hoan vi céc sé trong
clng nat tin hiéu khong lam thay doi ma tran D, tir d6
khong lam thay d6i ma tran E, ciing nhu khong lam thay
ddi két qua tinh céc chi s CI va C4.

Xay dung bg hoéan vj khéi tong quét

Bo6 hoan vi tot 1a bo hoén vi dat t6i CI = Ny va C4 =
0. Trong nghién ctu nay, ching t6i chu truong st dung
Bo hoan vi khéi tong quét (General Block Interleavers)
nhu trong Dinh nghia 7. Theo B d& 5, ta c6 véi mdi
Quan hé R* duoc xac dinh bgi hoan vi 7 trén tap N (Binh
nghia 4) ludn ton tai hoén vi khdi u chiéu dai N, trén tap
N ¢6 cing ma tran D nhu cia hoan vi . Do d6 ta c6 thé
chi xem xét cac Hoan vi khdi téng quét.

Pinh ly 5: Véi 1 < k < n, cho yy la cac hoan vi ciua
tap sé tu nhién {1,2,--,N,,}. Véi 1 <i<N,,, ta cb
hoén vi u trén tap s6 tu nhién {1,2,---,N.,} voi N, =
nN,,, xac dinh boi ,u(L + (k—1N,,) = (u, (D) — Dn +
k 12 bo Hoén vi khoi tong quét.

Ching minh: Véi 1<i<N,,, dé dang thay rang
(ue@—-Dn+k la hoan vi cuoa N, SO
{10 G2k > Angyyac} hUOC 1 {1,2, -+, Nep} 12 dong dur k
khi chia cho n. Véi mdik,1<k<mn, ta c6 u(i+
(k - 1)Ncw) = (quk(l),k' Qui(2).k : q!tk(NCW),k)- Theo
binh nghia 7 ta c6 u 1a Hoan vi khoi tong quét.

Thuat toan 2: Xay dwng bé hoan vi khdi téng quat
- ngiu nhién

1) Véi1 < k < n, tao cac hoan vi thanh phan ngiu nhién
Uy trén tap s6 {1,2, -+, N, }.
2) Voil<i<N,,, thiét lap hoan vi:
p(+ (k— 1)Ncw) = (@) — 1)71 +k
3) Sirdung Thuét toan 1 dé tinh céc chi so €4, CI.
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Thuat toan 2 gio day duogc sir dung trong tim kiém bo
hoén vi tét dang cho hé thong BIBCM-ID. Cho truéc cac
tham sé6 m,n, N, tinh Ny = N_,/m,N,,, = N_,/n. Sau
mdi lan tao hoén vi khéi tong quat tir cac hoan vi thanh
phan ngau nhién, thyc hién Thuat toan 1 dé tinh CI va C4.
Lap lai cac budc trén cho t6i khi c6 duge CI va C4 dat
tiéu chi dat ra. Trong nghién ciru nay, chiing t6i dat ra tiéu
chi CI = Ny * 0.9 trong khi tdi thiéu hoa C4. Néu ton tai
nhiéu b hoén vi c6 cung C4 tbi thiéu thi chon bo hoan vi
c6 CI 16n nhat trong sé hoén vi do.

Do duogc tao ra ngau nhién nén gan nhu khong thé tai
tao lai duoc chinh xac bd hoan vi tim dwoc khi dung
Thuat toan 2 két hop véi Thuat toan 1. Bé st dung trong
hé thdng truyén tin BIBCM-ID, bo hoan vi téi wu theo
tiéu chi tim kiém trén phai dugc luu trix trong bo nhé cua
cac thiét bi dau thu va dau phat. Trong nhiéu truong hop
can ¢6 bo hoan vi c6 thé dinh nghia va tinh theo biéu thirc
toan hoc, nham tang tinh linh hoat cho hé thong va tén it
bo nhé. Trong bai bao nay, ching t6i dé xuat s dung bo
tin hiéu dai s6 (Algebraic Permutations). Trong truong
hop nay céc sé thir tw hoan vi c6 thé duoc tinh thdng qua
céc biéu thuc toan hoc, khdng nhat thiét phai tra bang
hodc doc ra tir b nhé. C6 ba loai hoén vi kiéu nay phd
bién nhit va da dwoc sir dung rong rai cho ma Turbo Ia
DRP (Dithered Relative Prime) [23], QPP (Quadratic
Permutation Polynomial) [24] diung trong LTE, va ARP
(Almost Regular Permutation) [25] dung cho DVB-
RCS/RCS2 va WiMAX. Trong d6, bd hoan vi ARP dugc
Berrou [25] dé xuat, sir dung x40 tron déu chu ky P két
hop vai mot véc-to dich vong S nhu sau:

Tarp (D) = (P * i + S(imod g+1)) mod K + 1 (4)

véii,1 < i < K, la dia chi cua bit dit liéu sau khi hoan vi
va 14ep (i) 1a dia chi cua bit di liéu tuong Gng trudc khi
hoén vi. S tu nhiénP 1a nguyén té tuong di (relatively
prime) véi K, va K 1a chiéu dai hoan vi, phai chia hét cho
Q, duogc goi la do loan thir tu (Disoder Degree).

Trong bai b&o nay ta cho K = N,,,. Dé thiét lap hoéan
vi 1 dung trong H¢ thong BIBCM-ID, khong thé sir dung
mot chu ky P cho tat ca cac hoén vi thanh phan y,, vi néu
cac hoén vi thanh phan 1a nhu nhau thi viéc hoan vi bang
u chi dan t6i x4o tron cac tir ma, ma theo Dinh Iy 4 thi
viéc hoén doi vi tri cua cac niit ma (ciing nhu cac nut tin
hiéu) khong lam thay doi cac chi s6 CIva C4. Voik,1<
k <mn, ky hiéu Py la cac sb nguyén t6. Chung tdi chon cac
s6 nguyén té thay cho cac sé nguyén té tuong dbi voi
K = N, nhu ddi véi hoan vi ARP [25] nhim don gian
héa trong xéac dinh cac tham sé ban dau khi tim kiém véi
chiéu dai hoan vi khac nhau. Cho véc-to S =
(51,2, S,) chiéu dai n véi cac phantr 0 <s; <m —
1,1<j<n, Chon Q =m vi theo Pinh ly 4 thi viéc
hoan d6i vi tri cia cac ndt tin hiéu (ciing nhu cac nat m)
khong lam thay do6i cac chi sb CI va C4. Viéc cong vao
P i mot s ty nhién chia hét cho m trong cong thirc (4)
dan t&i chuyén dich vong céc tin hiéu s& dugc chon ra qua
thuat ton tim bo hoan vi téi wu twong ty nhu khi tim
hoan vi khi tong quat ngau nhién. Cu thé, véii,1 <i <
N, cong thirc twdng minh cho cac hoéan vi thanh phan
nhu sau:

U (@) = (P, xi+s,) mod N, +1 (5)
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Thuat toan 3: Xay dwng bd hoan vi khdi téng quat
— dai sb

1) Thiét 1ap tap hop P gdm n + 2 s6 nguyén td;

2) Thiét lap tap hop S € {(s1,5;, +*5,),0 < 5, <M —
1,1 <k <n}

3) Voi mdi tap con n sb nguyén té {P;,P,, -, P,} Vi
P, €P,1 <k <n va mdi véc-to S, tao cac hoan vi
thanh phan g, theo (5);

4) Véil <i< N,,, thiét lap hoan vi:

u(+ (k= 1Nyy) = (e (D) — Dn+k
5) St dyung Thuat toan 1 dé tinh cac chi sé €4, CI.

Lap lai cac budc trén véi tit ca (n +2)(n + 1)/2 t6
horp n sd nguyen t6 {P,, P,, -, P,} chonratrong sdn + 2
s6 nguyén té cho truge va tat Ca m™véc-to Scho tGi khi co
duoc CI va C4 dat tiéu chi dat ra. Trong nghién ciu nay,
chung toi dit ra tiéu chi CI > N, * 0.9 trong khi tdi thiéu
hoa C4. Néu ton tai nhiéu b hoén vi c6 cuing C4 téi thiéu
thi chon bd hoan vi ¢6 CI 16n nhat trong sé hoan vi dé.

IV. KET QUA MO PHONG

A. Két qua md phong h¢ thong BIBCM-ID véi bg hoan
vi khai téng quét ngdu nhién

Dé danh gia pham chét cua hé théng BIBCM-ID véi
b hoan vi tong quat ngau nhién vira duoc xay dung trong
Muc 3, chling tdi thuc hién mé phong trén Matlab hé
théng BIBCM-ID véi ma Hamming (8,4,4) c6 chiéu dai
tir m4 n = 8, chiéu dai hoan vi Ny, = 512,768,1024,
bac didu ché m = 4 (diéu ché 16 — QAM) qua kénh
Gauss Vi s6 vong lap khac nhau (tir 8-12). Két qua md
phong duoc trinh bay trén Hinh 5.

Hinh 5: Chét long hé théng BIBCM-ID st dung b hoan
vi khoi tong quéat ngau nhién

Két qua md phong cho thdy, trong tu nhu truong hop
str dung bd hoan vi khdi don gian (doc vao theo hang, doc
ra theo cot) pham chét caa hé théng BIBCM-ID st dung
bo hoan vi khdi tong quat ngau nhién ting theo s6 vong
giai ma lap, tuy nhién c6 didu khac biét xuat hién o day 1a
hién tuong san 15i hau nhu chua xuat hién & gié tri BER —
10, thay vi viéc xuat hién hién tuong ndy ¢ gia tri
BER=5x10" trong truong hop sir dung bd hoan vi khdi
thong thuong (Hinh 2). Dé danh gia rd hon pham chét cua
hé thong BIBCM-ID véi hai b hoén vi khéc nhau, chiing
ta quan sat két qua thé hién trén Hinh 6.
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Hinh 6: So sanh chét long hé théng BIBCM-ID s dung
bé hoan vj khoi tong guat ngau nhién va b hoan vj
khoi théng thurong

Két qua trén Hinh 6 cho thay, khi h¢ thong BIBCM-ID sir
dung bo hoan vi khdi téng quéat ngau nhién, cho d6 loi ma
hoa tir 0,4 dén 1,2 dB so véi viéc st dung bo hoan vi khoi
thong thuong (tly thude vao do dai bo hoan vi). Didu nay
duoc giai thich nhu sau: VGi cach xay dung bo hoan vi
khéi tong quét ngglu nhién nhu da trinh bay trong Muc 3,
ta da giam thleu sb vong kin ngin (vong 4), bén canh do
c6 nhiéu két ndi gitta mot bit ma dén cac diém tin hiéu va
nguoc lai, diéu nay gidp cho viéc trao déi thong tin gitra
cac tir ma dén cac diém tin hiéu nhiéu hon, 1a co so cai
thién dang ké théng tin ngoai lai giira cac vong giai ma
lap, dan dén cai thién chat luong giai mé ciing nhu giam
san 1.

B. D¢ phiic tap cuia bé hoan vi khéi tong quat ngau nhién

Trong phan chiang minh dinh 1y 2 d& néu, bd hoén vi
t6i vu theo tiéu chi tim kiém trén phai dugc luu trix trong
b6 nhd cua cac thiét bi dau thu va dau phét. Chinh vi vay
viéc str dung cac bd hoan vi kiéu ndy hau nhu khong lam
tang do phuc tap cua hé théng BIBCM-ID. Tuy nhién, ta
c6 thé hiéu chi tiét hon vé phuong phéap xay dung bo hoén
vi nay nhu sau: Theo thuét toan 3 da duoc trinh bay trong
Muc 3, 6 phiic tap ciia bo hoan vi t6i vu nhu di trinh bay
trong bai bao ty I¢ thuan vei do dai tr ma (n), do dai do
hoan vi (n.Ncw) ciing nhu sé muc sé muc diéu ché m =
llog,M|. Song song véi d6, hé théng BIBCM-ID sir dung
ma khéi (md Hamminng mé& rong) thay cho ma chap
trong so d6 BICM-ID truyén thong, do d6 lam giam dang
ké do phic tap cia hé thong, didu nay da dugc ching
minh chi tiét trong Iy thuyét mé héa [1, 15].

V. KET LUAN

Bai bao d& xuét so d6 hé théng BIBCM-ID dua trén
cai tién so dd hé théng BICM-ID véi viéc st dung ma
khbi c6 do dai tir ma ngan va by hoan vi khdi tong quét
ngau nhién, cho phép cai thién pham chét hé thong tir 0,4
dB dén 1,2 dB ¢ ty 18 15 bit 10° trén kénh Gauss, dong
thoi cai thién dang ké viéc xuat hién san 13i bén canh d6
hé théng mai dé xuat khong 1am ting do phuc tap cua hé
thdng, didu nay hira hen viéc ung dung dé xuit nay cho
cac dich vy yéu cau thoi gian thuc trong cac hé théng
truyén tin vo tuyén thé hg méi.
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BIT-INTERLEAVED BLOCK-CODED
MODULATION WITH ITERATIVE DECODING
BIBCM-ID

Abstract: In this paper, we propose a novel bit-
interleaved coded modulation system using block coding
with iterative decoding (BIBCM-ID). In our system, the
traditional BICM-ID is improved by adopting block
coding (extended Hamming code) instead of
convolutional coding. We also introduce a generalized
random block-interleaved scheme that constantly
improves the processing of external information during
every decoding iteration, The simulations showed that
proposed scheme achieves a coding gain of 1.2 dB,
compared to 0.4 dB of the conventional BICM-ID system
using the regular block-interleaved and reducing delay
time due to decrease the number of interations of
decoding. Also, we show that our proposed lock-
interleaved scheme is able too overcome the error floor
problems, which do not occur at the value BER = 107°.

Keywords: BICM-ID, BIBCM-ID, block-interleaved,
generalized random  block-interleaved, block-code,
iterative decoding.
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