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SONG CON GOI - MOT DANG SONG MANG NHIEU CHIEU SU’ DUNG
TRONG TRUYEN DAN SO BANG GOC CO HIEU QUA CAO
THE WAVELET PACKET — A HIGH-EFFECTIVE MULTIDIMENSIONAL
WAVEFORM USING IN BASE BAND DIGITAL TRANSMISSION

TS. LE QUOC VUONG
Khoa Dién - Dién ti tau bién, Trwong DHHH

Tém tat
Bai viét nay trinh bay viéc st dung séng con géi nhir mét dang séng mang dé truyén dén tin
hiéu sé bang gbc. Déng thoi véi cac phan tich ly thuyét, tac gid da tién hanh md phéng va ter
dé6 dwa ra nhiing két qué nhdm khang dinh réng, viéc trng dung séng con la c6 hiéu qué cao
va lam téng do tin cay cua qua trinh truyén tin.

Abstract
This article presents the using of wavelet packet as an waveform for base band digital
transmission. Concurrently with the theoretical analysis, the author has performed simulations
and from there have brought out results to confirm, that the using of wavelets have high-effect
and increase the reliability of informational transmission.

1. Pit van dé

Trong mot sb bai viét trwdc day da trinh bay viéc ing dung céac tin hiéu nhiéu chiéu trong
truyén dan s bang gbc va ciing da phan tich rang dé chinh 1a mét giai phap téi wu. Hinh 1.1 minh
hoa mét s6 dang séng mang 1 chiéu la cac dang séng nhiéu mdrc bién dé dong ngat va déi cuc.
Hinh 1.2 minh hoa mét s dang séng mang nhiéu chiéu, ciing mirc ndng lwong hién dang duoc
(rng dung réng réi trong truyén dan di liéu internet tbc do thap (1260, 1269, ...) hay trong mét sb
chuan truyén théng cong nghiép do la cac dang séng trwc giao déng nang lwong (Equal -
Energy Orthogonal Signals — EEOS). Hinh 1.3 minh hoa mét s dang séng mang nhiéu chiéu
trere giao khac hién dang dwoc nghién cleu va thir nghiém nham tim ra mét giai phap tbi wu, dat
hiéu qua cao, dd tin cay trong truyén tin I&n, nghia 1a véi cung mét gia tri SNR thi xac suét 16i bit la
nhd nhét co thé. V&i muc tiéu do va ciing theo xu huéng st dung cac séng mang nhiéu chiéu tryc
giao, tac gid da dé xuat phwong an s dung cac séng con géi (Wavelets Packet), hay con goi la
séng con Walsh-Haar két hop lam séng mang truyén dan tin hiéu sb bang gbc trong cac phan
sau.
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Hinh 1.1. Cac dang séng mang nhiéu mirc bién dé dang déng ngat (a) va déi cwc (b) véi M=4.
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Hinh 1.2. Cac dang séng tin hiéu EEOS trwc giao (a) va trwc giao déi (b) véi M=4.

2. 'ng dung séng con goéi lam tin hiéu séng mang
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2.1. Nhan xét chung

Khi st dung cac song con lam séng %) s . s(t) . s(t)
mang, chung ta cé thé hiéu diéu nay nhu la diéu -”_l -I
ché tan so6 xung (Pulse Frequency Modulation — T >0 10 ™
PFM) cho méi symbol thdng tin. Vi thé giéi phap R " A R |_||_ |_||_|
nay co wu diém ndi bat la: N6 khdng yéu cau phai a)
wéc lvong ch’mh xac sy dich pha cua kgnh nhw (1) s.(t) 0 o)
trwdng hop st dung cac dang song tin hiéu trwc A A A
giao nhiéu chi‘é’u khac truéc day. Theo ly thuyét, Lo Too Too [,
ngudi ta c6 thé dwa ra mét sd cac song con la s s
tree giao hodc trwe giao doéi cling thudc loai dang A A A
séng tin hiéu trwc giao nhiéu chiéu nhw trinh bay b)
trén hinh 1.3 1am cac séng mang. Nhung trén thyc 4 450 il s
té, méi loai trong sb d6 déu cé nhirng nhwoc diém T _l -
khién ching khong thé dwa vao ¢ng dung duoc. ° 0 0 T |_| >
Cac song con trong trwerng hop 1.3a cé sb chidu A A A
qué I&n (8 chiéu véi M=4). Cha y réng khi s chiéu 0

I&n, tan sb nhip 16n, kéo theo sb bit biéu dién clia \yinn 1.3, Cac séng con tr. giao Haar (a), tr. giao
symbol nhiéu va toc do truyén tin gidm. TrU’G’ng déi (b) va tr. giao 3 mirc Ia sbng mang véi M=4.
hop 1.3b 14 dang séng tryc giao déi. Nhwoc diém

clia céc tin hiéu tryc giao ddi 1a: Do chiing khéng hoan toan truc giao véi nhau nén xac suét 16i bit
clia né 1&n hon so véi trwdng hop tin hiéu tryc giao ddng nang lwong véi cing médt mic SNR.
Trwéng hop 1.3c theo [2] ¢6 2 nhwoc diém co ban |a: 1) C6 nhiéu mdc bién dd (1, 0 va -1); Va 2)
Chtra nhiéu bit 0 lién tiép nén phia thu thwéng yéu ciu phai wéc lvong dwoc chinh xac dé dich
pha clia kénh nhw cac dang séng tin hiéu trwc giao nhiéu chiéu EEOS.

2.2. Nguyén tdc tao tin hiéu dang séng con

Xuét phat tir xung vudng clia séng mang gdbc dwoc cho nhw mot ham ty 1é va ap dung theo
phwong trinh dan, chdng ta c6:

S (1) =4 (t)= Ag(t) = A.{g(Zt)Jrg(Zt—%ﬂ 2.1)

Mat khac, néu &p dung theo phwong trinh séng con, ching ta sé thu dwoc séng con me
(séng con co ban) la:

T
sl(t)zw(t)zA.{g(Zt)—g(Zt—Eﬂ (2.2)

Tl d6, cac séng con hai bac cao cla Haar c6 dang:
Sn(t) =54 (2t)+s, (Zt —TEJ ,voi m=23,...M (2.3)

Twong tw, cac séng con hai bac cao clia Walsh c6 dang:

Sn(t) =54 (2t) =5, (Zt —TEJ voi m=2,3,...,M (2.4)

Cac song con cla Haar theo (2.3) c6 dang da dwoc dwa ra trén hinh 1.3a. Viéc str dung
c&c song con riéng biét hodc clia Haar ho&c ciia Walsh |a khdng kha thi vi tinh tang nhanh cta sb
chiéu khi M tang nhw da n6i trong phan trén.
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2.3. Giai phap trng dung: Séng con goéi

Trong phan nay ching ta sé dwa ra cac soéng con cé thé S (t) S (t)
(rng dung nhw cac dang séng mang thuc té. Gidi phap cla ching A“ 00 A“ 29
ta la ding cac song con cua Walsh va Haar két hop, hay con P
dwoc goi la cac séng con goi. I e e e ]
i £ Ts 2521 (t) T,
Ky hiéu song mang goc nhw (2.1) la s, (t) nghia la A
So.0 (t) = Ag (t) . Nhw vay ta cé céc song con co’ ban (me) xay dwng 0 >
theo cac phwong trinh dan va séng con la: A“SL0 (t) y s
T T
S10 (1) = 560 (20)+ 55, (m _EJ 2.5) ; iz (t)
0 : » 1 []
T t
T Asll(t) °
511 (1) =S50 (2) = Sp (Zt __j (2:6) 4 o !
2 s
z > A | L
bay cé thé cho nhw cac dang séng mang cho tin hiéu nhj v B 4 1S2s (t)
phan (M =2'=2). A A M
Khi d6, voi truong hop M =2% =4, ching ta can phai 0 T
xac dinh dwoc 4 dang séng lam cac séng mang. Bang cach dya s
theo cac phwong trinh dén cda Walsh va phwong trinh séng con A

clia Haar ching ta tim dwoc biéu thirc twong (rng clia cac séng Hinh 2.1. Cac song con goi.
con do la:

5,0 (1) =5, (2)+5,, (m_%j -
S, ()= Sl,O(Zt)_Sl,O(Zt_TEj 2.8)
5, ()= slvl(2t)+sly1(2t—%j 29)
Spa(t) =8, (2t) -5y, (Zt —TEJ (2.10)

D6 thi clia cac song con S, (t) theo (2.1), s, (t) 51,1(t): Sy0 (t) , Sz,l(t)' S5 (t) va
S,5(t) theo tir (2.5) dén (2.10) duoc trinh bay trén hinh 2.1.

Trong trwdng hop chung nhat M = 2" > 4, bang cach quy nap twong (rng, cac séng con
dwoc xac dinh theo cac phwong trinh cla Walsh va cia Haar dwéi 2 biéu thire téng quéat (voi

<0-(¥1)

T

Sea(t)= Sk-1)i (2t)+ Sk-1)i (Zt _Ej (2.11)
T

Sk (2i+1) (t)= S(k-1)i (2t)- Sk-1)i (Zt _Ej (2.12)

Tl (2.11) va (2.12) c6 thé di dén nhan xét 13, tht ca cac song con nay déu c6 cung mic
nang lwgng bang nhau, do la:
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E=|s,(t)dt=AT vwi h=01,..,(M-1) (2.13)

O Ly, —

Bang cach twong tw nhw [1] ta ¢ thé chirng minh xac suét 16i symbol dbi véi dang song
con goi la:

1% - (y-2EIN, )
Pp=— {1— 1- }e 2 214
27[_[@ [1-Q(y)] y (2.14)
Twong &ng v&i xac suat 16i bit &
2k—1
P = P 2.15
VI (219

Nhw vay, theo cach phan tich giai tich chung ta thdy rang véi cung mét gia tri SNR, thi xac
suat 16i bit d6i véi dang séng con géi la thap nhét.

3. Panh gia hiéu qua str dung séng con géi théng qua md phéng hé théng truyén dan tin
hiéu sé bang géc

Dé danh gia hiéu qua cua giai phap s dung cac séng con theo (2.11) va (2.12) trong mét
hé théng truyén dan s bang gbc ching ta 4p dung mé hinh mé phéng Monte-Carlo dé xac dinh
xac suét 16i bit. Trong mé hinh nay, trwéc hét chung ta phai tién hanh mé phéng dwoc cac vecto
dang song tin hiéu. Chung ta nghién ctu trwéng hop vi du véi M =4, trong do céc vecto séng
con (2.7) dén (2.10) dwoc méd phdng twong (ng véi cac symbol 1a:

S,0=[L 1 1, 1] > 00 (3.1)
s, =[L 1L -1 -1]>o01 (3.2)
$,,=[L -1 1, -1] >10 (3.3)
S,5=[1L -1 -1 1]~>11 (3.4)

Cac chwong trinh xsloisc.m, songcon4.m cung véi tha tuc fsc4.m viét trén MATLAB cho
két qua ly thuyét va mé phdng dwoc trinh bay trén hinh 3.1 va 3.2.

Xac suat loi symbol

-10

10 10 L I L L L L I L

0 5 10 15 20 % 30 3 o 1 2z 3 4 5 & 7 8 3
Hinh 3.1. Do thj xdc suat I6i theo ly thuyét  Hinh 3.2. D6 thj xdc suét 16i séng con goi
ap dung séng con goi véi M khac nhau. ly thuyét va md phéng véi M=4.

4. Két luan

Hién tai, trong hé théng truyén tin sb bang gbc, cac phwong an dang st dung cac dang
s6ng tin hiéu dwoc trinh bay trong phan 1 con c6 rat nhiéu cac han ché nhu: Van dé thay dbi cong
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Suat phat; Xac suét 16i ty 1& nghich v&i sw tang 1én cla sb bit trén 1 symbol k (twong &ng la M); S6
chiéu khdng gian I&n (hodc tdc dd truyén tin thap); Yéu cau phai wéc lwong dwoc dd dich pha cla
kénh;... Do d8, ching ta c6 thé khéng dinh 1a phwong an sir dung cac séng con tryc giao Walsh —
Haar két hop c6 tinh kha thi cao nhét vi né khéc phuc dwoc cac han ché co ban néi trén. N6i cach
khac, viéc dé xuét sir dung cac séng con truc giao la mét y twdng, mét gidi phap rét thich hop, toi
wu nhiéu mat va cé nhiéu trién vong rat dang quan tam.

Mét khac, ngoai cac nghién ciru ly thuyét, dé co diéu kién di sadu nghién clu va tiép tuc
phat trién hoan thién hon nira vé van dé nay, tac gia da dé xuat cac chwong trinh mé phéng. Day
l& mot cach tiép can voi thwe té mot cach hiru dung, mém déo, kinh t& va c6 hiéu qua cao.
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