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MOT CHUNG MINH HINH THUC CHO PHEP BU TRU PHO CMN
CUA TIN HIEU SO VA UNG DUNG TRONG PHAN VUNG ANH VIEN THAM

Nguyén Tu Trung, Ngd Hoang Huy
Vién Cong nghé Thong tin, Vién Han ldm Khoa hoc va Coéng nghé Viét Nam

Tém tit. Phép chudn hoa CMN (Cepstral Mean Normalisation) tir 1au da dudc st dung
rong rii va hiéu qua trong xi 1i tin hiéu sd va nhan dang tiéng néi. Tuy nhién, khi 4p dung
trong xi 1f tin hiéu s6 thoi gian thuc, cdc tham s va tinh ding dén cia CMN dudc chon va
kiém chiing thong qua thuc nghiém trén tin hiéu thuc cu thé ma thiéu cac phép chiing minh
hinh thiic chit ché bing toan hoc. Bai bdo nay dua ra tinh chét todn hoc ciia phép chuin
hoa CMN va dua ra ching minh chit ché cia cac tinh chat trén bang toan hoc. Dua theo
cdc tinh chét trén, cho phép dua ra cach chon tham s6 CMN phu hgp thuc té. Pong thdi chi
ra mot ting dung ctia phép chuin héa CMN trong phin cum 4nh.

Tir khéa: Phan cum, phan viing 4nh, xi Ii tin hiéu s6, nhiéu, 4nh vién tham, CMN, Kmeans,
KMeansCMN, Quickbird, Landsat.

1. Mo dau

Mot vin dé chung véi cdc hé thdng xii 1i tiéng néi 1a cac dic trung ciia cac kénh c6 thé bién
ddi tt mot phién sang phién tiép theo. Mot phuong phap dudc sit dung dé cu ti€u héa anh hudng
clia nhiing khdc biét nay trén hiéu ning nhan dang la phép chuan héa trung binh phd (Cepstral
Mean Normalisation - CMN).

Phuong phép nay dudc 4p dung rong rii va hiéu qua trong xi 1 tin hiéu s6 va nhan dang
tiéng néi. Tuy nhién, khi 4p dung trong x{ Ii tin hiéu sd thdi gian thuc, cic tham sb va tinh diing
dan ctia CMN dugc chon va kiém chiing thong qua thuic nghiém trén tin hiéu thuc cu thé ma thiéu
cac phép chiing minh hinh thiic chit ché bang toan hoc. Bai bdo nay dua ra tinh chit todn hoc clia
phép chuin hod CMN va dua ra chiing minh chit ché clia cac tinh chat trén bang toan hoc. Ngoai
ra, bai bao con chi ra mot ing dung ctia phép chuan héa CMN trong phan cum anh vién tham.

2. No6i dung nghién ciru
2.1. Chitng minh phép chuin héa trung binh pho

Cho trude {z,, }>° ; 1a ddy vector s6 c6 sb chiéu hitu han, xdc dinh day vector {y,, }°o; nhu
sau: y1 = ayo + Bx1,Yn = aYp—1 + Brp,Vn =2,3...,a,8 € (0,1),a+ 8 =1,y = 0 hodc
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dudc xac dinh trudc.

Yn —
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Trong céc ting dung x 1i tin hiéu s6, tiéng néi hoic dit liéu anh thudng cic vectorz,, bién
d6i xung quanh mat gia tri trung binh (t6ng quat 14 kiéu cac bién ngiu nhién c6 cling phan bd) sau
khi phép tién x1 i tin hiéu da di qua mot phép phan cum, phén loai tin hiéu (chang han phép phan
loai tin hiéu nén/nhiéu/tiéng néi trong xi i tiéng néi).

Ménhdé1: YN > 1,n > N
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Chiing minh: Do o + 3 = 1 ta ¢,
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T d6 suy ra udc lugng trén.
Tt uéc lugng nay nén trong thuc hanh thudng chon 3 rat gan 0.
Ménh dé2: VN > 1,n > N.

_ < N _ _
lynsn —yan|l < o™ [y, yN||+N+1@la§>;+Nchn+m x|

Chiing minh: Y, — Yn = & (Ymn—1 — Yn—1) + B (Tm — xy)
Suy ra
Hym - ynH <a Hym—l - yn—lH + /3 me - an

Tuong ty

[Ym—1 = yn-1ll < @ llym—2 = yn-2l + B llzm-1 — zn-l

[Ym = ynll < & lym—2 = yn-2ll + B (@ [[2m—1 — zp1] + [|2m — znl])
Bing quy nap ta cé

N-1

9 = yall < & gy =yl + 8 S ¥ amer — zas
k=0

2.1)

(2.2)

(2.3)

(2.4)

(2.5)

(2.6)

2.7)



Mot chitng minh hinh thitc cho phép bit triv phé CMN ciia tin hiéu s6 va ving dung trong phdn ving...
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Ménh dé 3: {z, — Yn oo, 12 day c6 tdng trung binh cdc phan ti x4p xi 0 tai moi thdi

diém n.
Chiing minh:
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Nhdn xét: Véi tin hiéu tiéng néi, thuong 1, 3, xap xi vector 0, nén
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2.2. Thuat toan phan cum Kmeans

Thuat toan KMeans [3] bao gdm 4 budc, dudc trinh bay nhu sau:

Bang 1. Thuét toan KMeans co ban

Pau vao: n dbi tugng va sbé cum k
Pau ra: Cac cum C; (i = 1..k) sao cho ham muc tiéu E sau day dat cuc tiéu:

k
E = Z Z d? (2.17)

i=1 xz€C;

Budc 1: Khdi tao

Chon k dbi tugng C; (j = 1..k) la thm ban dau clia k cum dit liéu dau vao (lya chon nglu nhién
hodc theo kinh nghiém).

Budc 2: Gan tam cum theo khoang céch

V6i mbi dbi tuong z; (1 < i < n), tinh khodng cdch cta né t6i mdi thm C; véi j = 1..k. Dbi
tugng thuoc vé cum C's ma khoang cich tif tim Cg tuong dng dén dbi tugng d6 1a nhd nhat.

d(z,Cs) = mind(c,Cj),1 < (2.18)

Budc 3: Cap nhat tim cum
Déi v6i mbi j = 1..k, cap nhat lai tim cum C; bang cich xéc dinh trung binh cong ctia cdc vector
ddi tuong dit liéu da dugc gan vé cum.

Cj = acclust (clust (2.19)

count
Buc 4: Lip va kiém tra diéu kién diing
Lip lai cdc bude 2 va 3 cho dén khi cic tAm cum khong thay d6i gitia hai 1an Lip lién tiép.

2.3. Thuét toan phian cum Kmeans cAi tién

V6i cong thic tinh tAm nhu (2.13), tAm thu dudc dé bi anh hudng bdi nhiéu. Chiing ta ¢
thé ap dung phép chuén héa trung binh phd dé€ cho mdt cong thiic tinh tim cum c6 thé giam nhiéu.
Tuy nhién, phép chuin héa nay chi tot khi s& phan ti 12 rat 16n. Trong phan nay, chiing toi dé xuat
thuat todn phan cum KMeansCMN cii tién cho 4nh vién thdm kich thudc 16n véi cong thifc tinh
tAm cum 4p dung ki thuat chuin héa trung binh phé nhu sau:

Bang 2. Thuit toan KMeanCMN

Pau vao: n dbi tugng va sbé cum k
Pau ra: Cac cum C; (i = 1..k) sao cho ham muc tiéu E sau day dat cuc tiéu:

k
E = Z Z d? (2.20)

1=1 zeC;
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Mot chitng minh hinh thitc cho phép bit triv phé CMN ciia tin hiéu s6 va ving dung trong phdn ving...

Budc 1: Khdéi tao

Chon k dbi tugng C; (j = 1..k) la tm ban dau cta k cum dit liéu dau vao (lya chon ngu nhién
hodc theo kinh nghiém).

Budc 2: Gan tam cum theo khoang céch

V6i mbi dbi tuong z; (1 < i < n), tinh khodng cdch cta né t6i mdi tim C; véi j = 1..k. Dbi
tuong thudc vé cum C'g ma khodng cich tif tim Cg tuong tng dén ddi tugng d6 1a nho nhit.

d(z,Cs) = mind(z,Cj),1 < (2.21)

Budc 3: Cap nhat tim cum

Déi v6i mbi j = 1..k, cap nhat lai tim cum C; bang cich xéc dinh trung binh cdng ctia cic vector
ddi tuong dit liéu da dugc gan vé cum.

- Néu s6 lugng diém 4nh trong cum nhd hon hing s6 rat 16n Max thi tim vén tinh theo cong thiic
(2.13) nhu sau:

C; = M (2.22)

count(clus
- Néu sb luong diém anh trong cum 16n hon hiang s rit 16n Max thi tam tinh theo cong thic
(2.17) nhu sau:
C; =CMN(Clu (2.23)

Budc 4: Lip va kiém tra diéu kién ding
Lip lai cdc bude 2 va 3 cho dén khi cic tAm cum khong thay d6i gitia hai 1an Lip lién tiép.

Thu tyc tinh tdm cum CMN(Cluster;) tai vong ldp thd n nhu sau:
Budc 1: Khdéi tao tdm theo cong thic

cr=2 (2.24)
Budc2: V6imbdix € ............... tinh theo cong thiic
Cp=aCr! (2.25)

Trong nghién citu nay, chung tdi chon max = 50000 va = 0.95.
2.4. Thuc nghiém

Chiing toi tién hanh thit nghiém thuit toan dé xuit KMeansCMN va so sanh két qua véi
thuat toan Kmeans di dudc sit dung phd bién cho phan ving anh vién tham. Gi st anh dau vao
c6 kich thuéc M x N diém 4nh.Ching t6i thuc hién phan ra wavelet 3 mic. Nhu viy, anh x4p xi
cuc ti€u chiing tdi chon c6 kich thuéec M/8 x N/8 diém é&nh.

Tap dit liéu phuc vu cho thit nghiém gdm hai loai. Mot 13, loai anh LANDSAT ETM+ chup
khu vuc Hoa Binh ngay 15/02/2001, bao gom 11 anh ranh gi6i tiing huyén va mot anh theo ranh
gidi tinh cua tinh Hoa Binh. Hai 13, loai anh Quickbird, g6m 4 kénh: Lam, Luc, D9, va cin h6ng
ngoai, dudc tai tir dif liéu mau trén trang http://opticks.org.

141



Nguyén Tu Trung, Ngd Hoang Huy

Trong thit nghiém 1, anh gbc 12 dnh vé tinh Quickbird. Trong tht nghiém 2, 4nh gbc 14 anh
vé tinh LANSAT vé huyén Da Bic thudc tinh Hoa Binh. Bang 3 minh hoa anh dau vao trong cic
thi nghiém 1 va 2.

Bdng 3. Cdc dnh ddu vao trong ti nghiém 1 va 2
Tht nghiém 1 Tht nghiém 2

2.4.1. Thu nghiém 1

Dudi day 1a dnh két qua phan cum ctia KMeans va KMeansCMN trong trudng hop 5 cum
véi anh Quickbird. Cac anh tit 1 dén 5 1a anh tiing cum. Anh thi 6 12 anh da thay cac diém anh gbc
bing tAm cac cum.

Hinh 1. Két quad phdn cum béi KMeans

i 3
W P
£
.... .

Hinh 2. Két qud phéin cum béi KMeansCMN

Bang 4 théng ké tim cum thu dudc tit KMeans va KMeansCMN trong trudng hop 5 cum.
Bang 5 thdng ké s budc lip ciing nhu thdi gian thuc thi cia KMeans va KMeansCMN véi 5 cum
va 8 cum.

Bdng 4. Tam cum sinh tix KMeans va KMeansCMN

Cum KMeans KMeansCMN
1 178, 170, 132 160, 147, 108
2 143, 134, 99 137,123, 83
3 107, 103, 78 101, 91, 59
4 61, 62,48 59, 55, 37
5 26, 31, 22 24,27, 17
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Mot chitng minh hinh thitc cho phép bit triv phé CMN ciia tin hiéu s6 va ving dung trong phdn ving...

Bdng 5. Thoi gian phdn cum

KMeans KMeansCMN
5 cum Th(‘?i gian (ms) 607,818 498,719
: So vong lap 10 8
8 cum Thi/ji gian (ms) 2,114,812 2,004,578
i So vong lap 11 10

2.4.2. Thu nghiém 2

Dudi day 1a dnh két qua phan cum ctia KMeans va KMeansCMN trong trudng hop 5 cum
v6i anh LANSAT. Céc anh tir 1 dén 5 12 anh tiing cum. Anh tht 6 1a anh da thay cic diém anh gbc
bing tAm cac cum.

Hinh 3. Két quad phdn cum béi KMeans

Hinh 4. Két qud phéin cum béi KMeansCMN

Bdang 6. Tam cum sinh ti KMeans va KMeansCMN

Cum KMeans KMeansCMN
1 0,0,0 0,0,0
2 43,776, 62 50, 77, 59
3 100, 125, 118 101, 123, 113
4 79, 70, 50 85, 69, 47
5 225, 220, 192 225,217, 183

Bang 7. Thoi gian phdn cum

KMeans KMeansCMN
5 cum Th(‘?i gian (ms) 263,672 213,109
i So vong lap 10 8
8 cum Th(‘?i gian (ms) 1,658,609 1,568,062
: So vong lap 25 23

Bang 6 théng ké tim cum thu dudc tit KMeans va KMeansCMN trong trudng hop 5 cum.
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Bang 7 thdng ké s6 budc lip ciing nhu thdi gian thuc thi cia KMeans va KMeansCMN véi 5 cum
va 8 cum.

Nhdn xét: Viéc tinh tam theo cong thiic (2.17) chic chan 1au hon cong thic (2.13). Do do,
vé mit 1 thuyét, nhiéu kha niing thdi gian phan cum ctia KMeansCMN sé lau hon KMeans. Tuy
nhién, theo thng ké trong bang 5 va 7, s6 vong lip va thdi gian thuc thi cia KMeansCMN it hon.
Néi cach khéc, d€ thuat todn hoi tu, KMeansCMN can sb vong lip thuc thi it hon dan t6i thai gian
thuc thi dugc cai thién.

3. Kétluan

Trong nghién cifu niy, ching t6i da dé xuat thuat toan KMeansCMN véi muc tiéu 4p dung
phuong thiic chudn héa trung binh phd d€ tinh tim cum cho viéc phan viing 4nh vién thdm kich
thu6e 16n. Cac két qua thi nghiém cho thly KMeansCMN phan cum tét v6i anh vién tham kich
thudc 16n. Ngoai ra, toc do phan cum cia KMeansCMN 1a tt hon so v6i KMeans thong thudng.
Hién tai, thii tuc tinh tim theo CMN vin st dung nhiéu tinh todn vé6i s thuc nén toc do cham.
Trong nghién cifu tiép theo, nhém tc gia du kién sit dung phuong phép tinh toan chim tinh dé
ting cudng téc do thii tuc nay dé ting téc dd phan cum.
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ABSTRACT

A formal proof of a cepstal mean normalisation of a digital signal
and the application of the signal to segment remote sensing images

Cepstal Mean Normalisation has long been used extensively and effectively in digital signal
processing and speech recognition. However, when applied in digital signal processing in real time,
parameters and the rightness of CMN can be selected and verified through experiments on real
signals without a strict formal mathematical proof. This paper presents mathematical properties
of CMN and given strict proof on mathematically. Based on the above properties, give selecting
parameter of CMN. It also indicates that CMN can be applied in a clustering image.

Keywords: Cepstral Mean Normalisation, CMN, KMeans, KMeansCMN, Quickbird,
Landsat.
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