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Tém tit: Co ba phuong phép co ban dé so sanh sy tuong hop gitra hai anh 1a SAD, SSD va NCC.
Phuong phap NCC sir dung su tuong quan chéo giita cac diém anh nén cac phép toan rat phuc tap.
Chung bao gdm phép toan binh phuong, tong, tich cac tong, khai cin nén viéc thuc hién chic chian
rat t6n thoi gian. Con hai phuong phap SAD va SSD c¢6 do phirc tap cta thuat toan khong khac
biét qua 16n nén chung ta can lam mot thue nghiém dé kiém chung chét luong ban dd do sau va
tdc d6 thuc hién. Tir d6 chon ra mot phuong phap thich hop hon

So sanh thoi gian chay giira hai giai thuat SAD va SSD cho thdy viéc lua chon cac thuat toan
SAD la hop ly hon boi vi cac thudt toan SSD can gan gap doi thoi gian chay. Phuong phap SAD
co the giai quyét van dé déi voi viée tim d6 sau trong anh 3D. Mot diém & khong gian 1dy anh &
hai dng kmh may tai hai vi tri khac nhau. Chinh vi thé nén trugc khi tim dugc do sau cia diém
anh, ta can tim dwoc cac diém anh twong tng da. Phuong phap SAD la phuong phap don gian nhét
dé tim duoc diém anh do.

Phuong phap SAD lai c6 nhiéu cach tinh toan, tinh theo phuong phap SAD truyén thong,
phuong phép SAD diéu chinh (dwa vao bién anh), phuong phap SAD phén doan ( phan ving anh).
O day ta lai lva chon giita 2 phuong phap SAD diéu chinh va SAD phan doan giam 20% so véi
SAD truyén thong.

Tiép theo chung ta xem xét cac thuat toan SAD phan vung lai duoc tao ra boi sy két hop cua
hai ky thuat: Belief Propagation va cac thuat toan phan doan Mean Shift. Cach tiép can nay két
hop nhirng wu diém cua ca hai phuong phap phan doan. Céc thudt toan Mean Shift cho két qua
nhanh chéng va Belief Propagation thuc hién phan doan rat chinh xac.

Tuwr khéa: Phan vung anh, Belief Propagation, Mean Shift, SAD , hinh anh 3D.

1. Gi6i thi¢u gidc 14 kho khan hon 1a ding cam bién nhung

) ) bu lai thi cach thirc nay cung cép cho ro bét va

Mot xu hudng phat t{ién moi la ro bot S}ﬁf con nguoi nhitng dit liéu tryc quan sinh dong va
dung camera thi gidc dé quan sat nhu mat day du.

ngudi. Mic du viée chiét xudt dit liéu tir anh thi Khi xit Iy tin hiéu anh stereo thi gide
—_— thuong c6 hai khau (Hinh 1).
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* Khau dau tién 1a khau tién xir 1y c¢6 nhiém
vu lay ra cac dit liéu co chira thong tin hitu ich
cho viéc phat trién cac tmg dung thi gidc stereo
thoi gian thyc.
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* Khau tht hai cac ung dung thi gidc nhu
ung dung tai tao moéi truong 3D, tim duong,
phat hién ddi tuong. ..
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Hinh 1. Qua trinh xtr 1y dit liéu anh stereo thj giac.

Trong khau tién xir 1y, c6 mot dic diém
chinh 1a khdi luong dir liéu thu thap bang
camera rét 16n (16n hon nhiéu lan so véi dir liéu
thu thap bang cam bién) can dugc xir 1y.

Moi cich giai quyét méi déu phai dugc
phat trién trén mot nén tang sin c6. O phén tiép,
cac ky thudt co ban ciua xtr ly 4nh 3D s€& duogc
dua ra dé lam co s& phat trién cho cac thuat
toan vé sau. Budc dau tién, chung ta s& tim hiéu
vé anh 3D va may quay 3D, nén tang co so dau

tién cua hé thong. Sau do, cac k¥ thuat xir 1y dé
trich ra ndi dung cua anh s& dugc ban dén. Cac
thuét toan co ban dé& dua vao d6 ma co céac
nghién ctru hoan thién hon.

1.1. Anh 3D: La anh ma ban than n6 c chua
noi dung vé chiéu sau. Cac diém anh ngoai cac
gia tri vé mau sic, toa do theo hai truc co ban
con cé gia tri vé chiéu sau. Dé tao nén duoc tim
anh 3D, nguoi ta thuc hién dong thoi hai tim
anh vé cting mot ndi dung nhung khac hudng.

Hinh 2. M{t canh trong phim 3D.
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(Hinh 2) thé hién mét tim anh 3D dugc
theo ddi bing mét kinh chuyén dung. Anh trén
duoc ciu tao tr hai tim anh khac nhau duoc
tron boi 2 dai mau khac nhau. Khi nhin anh trén
bang kinh mét chuyén dung, méi mét cua ngudoi
xem s& thdy mot anh. Su chénh léch vi tri trong
2 tdm anh nhin théy s€ tao nén cam giac vé do
sau cho nguoi xem. Thuc té, khi tach hai tim
anh cua mot anh 3D, chung ta s€ co thé nhan
dugc nhitng birc anh tuong ty nhu trong ( Hinh 3).

Anh 3D ¢6 nhidu tmg dung hon l1a dé giai
tri. N6 ¢ kha ning luu trit d6 sau diém anh nén
cling dugc sit dung cho cac ung dung yéu cau
d6 sau diém anh. Noi cach khac, tir mot tim anh
3D, chiing ta c6 thé mo ta lai khong gian hodc
lay nhitng thong tin hitu ich tir d6 sau diém anh
[1]. Cac dbi tuong 3D ciing c6 thé dugc trich ra
tir mot tAm anh 3D.

Hinh 3. Anh 3D sau khi tach ra. a: Anh nhin thiy ¢ mit trai; b: Anh nhin thdy & mét phai

1.2. Stereo camera: La thiét bi thu anh 3D hodc
thu phim 3D. Vé co ban, stereo camera ciing
gidng nhimg may anh hoic may quay chuyén
dung khéc, nhung n6 cé hai dng kinh méc song
song (

Hinh 4)[2]. Hai 76n’g kinh ctia mét stereo-camera
duoc st dung d¢€ lay hai hinh anh trong mot anh
3D.

Bumblebee2

640x480 at 48FPS or 1024x768 at 20FPS

Hinh 4. Hé thong Stereo camera Bumblebee [3].
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(Hinh 5). thé hién hoat dong ciia mot stereo
camera [3]. Cac chi tiét s& duoc thu vao 2 tdm
anh thong qua 2 6ng kinh cua camera cung mot
lac. Luc nay, toa do cua diém anh thu dugc trén
hai tim s& c6 mot do léch nhat dinh, ta goi do
léch @6 1a Ax.

e

Hinh 5. Hoat dong cua stereo camera.

Ta c6:
Ax = X1— X2 (1_1)

Va khoang cach tir diém A dén camera s&
duoc tinh:
fxb
C Ax

z (1'2)

Nhu vy, to cac toa d§ anh thu dugc cia
diém A trén hai tm anh trai phai, ta s& thu
dugc khoang cach tir camera toi diém A.
Khoang cach nay con duoc goi 1a do sau diém
anh ky hiéu bang z.

1.3.Tinh 'toa'n‘bdn do chénh léch: La mot trong
nhitng van d¢ quan trong trong thi giac may
tinh 3D. M6t s6 luong 16n cac thuét toan da
dugc dé xuat dé giai quyet van dé nay [4],[5].
Mot trong nhimg phuong phap twong d6i moi la
Cai thién tinh toan Ban d6 d6 sau tir hinh anh
stereo theo phuong phap lai.

Pdi véi cac cdp hinh anh stereo da duoc
chinh stra epipolar, mdi diém trong hinh anh
bén trai nam trén dwong nam ngang ( duong
epipolar ) c6 thé c6 diém anh twong mg trong
hinh anh bén phai. Cach tiép can nay duoc sir
dung dé lam giam khong gian tim kiém chiéu
sdu ban do thuét toan tinh toan. Chiéu siu cua
mot diém anh 1a khoang cach diém khong gian
tuong (mg toi trung tim may anh. D& udc tinh
ban d6 d6 sau va phat hién cac dbi tugng 3D,
c4c diém anh tuong ing trong nhitng anh trai va
anh phai can dugc phat hién. Thuat toan nay
bao gom céc giai doan sau day (Hinh 6) :

1. Thu thap hinh anh,

2. Hinh hoc Epipolar va cai thién hinh anh,

3. Phan doan,

4. Thuat toan phu hop stereo,

5. Udc luong ban d6 do sau.

Pau tién, bién dang xuyén tam va tiép tuyén
cua 6ng kinh duoc loai bo bk‘ing cach hiéu chinh
méy anh boi cac thong sd bén trong va bén
ngoai may anh. Dé lam duoc didu nay cin co su
hiéu biét vé cac thong sé may anh véi muc dich
khic phyc ca hai hinh anh. Sau khi hiéu chinh,
hinh 4nh dugc tach ra thanh cac khu vuc bang
cach st dung cac thudt toan phan chia lai dugc
dé xuat. Cudi cung, thuat todn phu hop stereo
dugc ap dung trén cac hinh anh phan doan trai
va phai véi muc dich dé tim tit ca cac twong
quan (diém phu hop) va gan chiéu sau cho timg
phan doan. Piu ra cua thuat toan phu hop
stereo la cac ban do do sau.
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Hinh 6. Thuat toan SAD phéan vung [6].

Trong phan tiép theo, muc 2.1 trinh bay vé
tong quan vé hiéu chuin may anh co ban. Hinh
anh cai tién dua trén phan doan dugc mo ta
trong muyc 2.3. Phuong phap phan doan Mean
Shift va Belief Propagation dugc trinh bay
trong muc 6 va mue 7. Tai muc 8 trinh bay vé
thuat toan SAD phan vung lai. Cudi cung la két
qua thuc nghiém va két luan dugc trinh bay ¢
muc 9 va muc 10.

2. Cai thién hinh dnh

2.1. Hiéu chuan mdy anh: Dé ap dung cac ky
thuat khac nhau cho anh stereo voi mot mic do
hop 1y chinh xac, diéu quan trong 1a dé hiéu
chinh h¢ thdng camera. N6 1a mot qué trinh tim
kiém cac thong sd bén trong va bén ngoai cua
méy anh. Cac phuong phap hi¢u chuan cb dién
dua trén cac mau hiéu chuin dic biét chuén bi,
cac dbi tuong véi kich thudce va vi tri duoc biét
dén trong mot hé toa do nhét dinh. Sau d6, cac
tinh niang, chidng han nhu goc va duong, duoc
chiét xuét tir mot hinh anh cia mo hinh chuén.
Déi twong v6i cac tinh ning c¢6 y nghia thuong

duoc chon dé hiéu chinh duge mot cach rd rang
cac vi tri cua chung. Ngudi ta thuong dung mot
ban co don gian c6 thé dat dugc muc dich nay.

2.2. Chinh swa hinh anh: Chinh sua hinh anh
(Hinh 7) 13 can thiét dé giam d6 phirc tap tinh
toan diém anh twong tmg trong hinh anh trai va
bén phai. Muc dich cua viéc cdi thi€n hinh anh
1a dé tim duong epipolar cua hai hinh anh theo
lién két chiéu ngang. Piéu nay c6 thé dugc thuc
hién bang cach st dung cac bién doi tuyén tinh
xoay, dich va nghiéng hinh anh. Céc thong s6
ndi bd camera va thong tin vé dinh huéng va vi
tri may anh dugc s dung trong cac phep bién
doi.

Céc diém 3D dugc phan chiéu thanh cac
diém trong hinh anh stereo trai va phai. Sau khi
cai thién theo (Hinh 8), cdc dudng epipolar cua
hai diém phan chiéu 1 song song theo chiéu
ngang va lién két doc theo mit phang hinh anh
méi. Cac diém dugc nim trén cing mot dudng
day epipolar [7]. Do d6 van dé phu hop stereo
dugc giam xubng tim kiém mot chiéu doc theo
cac duong ngang, thay vi tim kiém hai chiéu
nhu né dugc hién thi trong (Hinh 8) [8],[9].
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Hinh 8. Anh stereo sau khi chinh sira.
2.3. Phdn doan hinh anh mau: Trong phan nay, 4. Voi moi L #], ton tai

hai phuong phép phén chia mau sic dugc mo
ta: Belief Propagation, Mean Shift. Muc tiéu
cua viéc phan vung anh la chia toan bo hinh anh
thanh mot tap hop cac phan doan bao gdm céc
hinh anh. Cic phan doan cudi cing phai dap
g day du bon diéu kién sau [10]:

i=1R; =R
2. Vdimoiivéj,;’;&j,t@)ntaigfngj:g

3. Voi i=1,2..,n th bit  budc

P(R,) = TRUE

P(R; UR;) = FALSE

trong d6 R dai dién cho toan bo hinh anh, Ri (i
=1, 2,.., n) la cac phan doan khong rdng,
khong chung nhau cua R, P(Ri) 1a thudc tinh
gidng nhau cua tat ca cac yéu t6 trong Ri va 0
dai dién cho mét tap rdng. Tong két cong tac
phan doan phai bao gom tat ca cac diém anh
trong hinh anh. Pay la diéu kién tién quyét.
Diéu kién thtr hai thé hién cac phan doan khac
nhau khéng chong chéo nhau. Piéu kién thi ba
thé hién rang cac diém anh trong cling phan
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doan phai c6 chung thudc tinh. Cac thudc tinh
phai khac nhau 1a diéu kién cudi cling.

C6 mot sd thuat toan di dugc dé xuat dé
giai quyét van dé nay. Tuy nhién, tit ca céac
thuét toan nay déu sir dung ham chi phi két hop
dé thiét 1ap su twong tmg giita hai diém anh. C6

ba phuong phap phd bién nhat 1a phuong phap
dua trén su khac biét cuong do tuyét ddi (AD),
phuong phap dua trén su khac biét cuong do
binh phuong (SD) va phuong phap dua trén sy
tuong quan chéo chuan (NCC).

2.4. Cdc phwong phap thi gidac stereo chinh duoc thé hién vé mdt todn hoc nhw sau:

1- Phuong phap tong su khac biét tuyét d6i (SAD - Sum of Absolute Differences):

SAD(x.y.d) = > |L(x,p)

xve W
Theo cong thirc (2-3), viéc tinh gia tri chénh
léch cua diém (x,y) duoc thuc hién bang phép
tinh hi¢u trong cua s6 W. Do d6 thuat toan don
gian. Ctra s6 W va pham vi chénh l1éch d cang
16n thi s6 phép tinh ting. Thong thudng co thé

I(x,y —d)] (2-3)

thyc tinh SAD véi cira s6 3x3, hodc 5x5 hodc
7x7 hodc 11x11. Pham vi chénh 1&ch d thuong
chon dudi 120 voi cac gia tri tham khao nhu 16,
50, 128. [11-13].

2- Phuong phap tong binh phuong khéc biét (SSD — Sum of Squared Differences):

SSD(x,y,d) = > (Ii(x,y)

xye W
Phuong phap niy tinh tong cta cac binh
phuong cta cac hiéu nén xuit hién thém phép

I(x,yp

d))? (2-4)

nhan trudc khi tinh tong. Do d6 d6 phuc tap
tang 1én dang ké [19].

3- Phuong phap dua trén su trong quan chéo chuan (NCC)

Lax yeW

Li(x,y) - L(x,p

d) (2-5)

NCC(x,y,d) = f
\,.f’: Z‘.\‘,_l'E W !fu {\ y) -

Trong d6 I, I, 1a nhitng gia tri cuong do
trong hinh anh tréai va phai, (x, y) 1a toa do cia
diém anh, d 1a gia tri sai léch dugc xem xét va
W 14 ctra s6 phtrc hop. Viée lwa chon cac gia tri
sai léch thich hgp cho mdi diém anh dugc thuc
hién sau do.

Phuong phap nay c6 do phtic tap cao nhat
vi xut hién cac phép toan tiéu ton nhibu tai
nguyén cia may tinh nhu phép binh phuong,
khai can. Do d6 viéc ing dung cua thuat toan
nay trong cac hé thong thoi gian thyc 1a khong
kha thi.

Di(x,y) =argmin SAD(x,y,d) (2-6)

S

Lax yeW

I2(x,y —d)

tc 13, cho mdi diém anh (x, y) va cho gia tri
khong d6i ¢6 su khac nhau d, chi phi ti thiéu
dugc lya chon. Phuong trinh (2-6) dugc dung
cho phuong phap SAD. Tuy nhién, trong nhiéu
truong hop lua chon khéc biét 1a mot qua trinh
lap di lap lai, vi do chénh léch cua mdi diém
anh 1a tay thudc vao sy chénh léch cua cac diém
anh 1an can [14].

Céc thuat toan phan vung lai 12 mot su két
hop véi phuong phap SAD dugc ap dung phu
hop voi hinh anh stereo dé tinh chinh cac ban
dd d6 sau cudi cung . Ca hai, cac thuat toan pha
hop vai &m thanh stereo dua trén phuong phap
ma khong SAD phan doan va céach tiép can lai
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dé xuat dya trén phuong phap phan khic hybrid
l1a hiéu qua. tin.Tap hinh anh da duoc tinh toan
trén 2,8 GHz bg xtr 1y Intel Core i5 véi 4 GB bo
nhé DDR3 va kit phat trién FPGA DE2 dé mo
phéng.

Két qua thyc nghiém SAD
Do phén giai Cira s6 Thoi gian(s)
400x266 3x3 46
400x266 5x5 58.5
400x266 9x9 105

Két qua thyc nghiém SSD

Do phan giai Cura s0 Thoi gian(s)
400x266 3x3 106.5
400x266 5x5 335
400x266 9x9 891

Thoi gian tinh todn cho céac thuat toan SAD
la khoang 105 gidy va cho phuong phap phan
vung lai 29 giay, twong ung. Cac thuat toan
phu hop véi hinh anh stereo dua trén SAD lai

c6 vé la thudt toan hi¢u qua hon dé san xuét
ban dd chénh léch sach hon véi cac khu vuc
dong nhat. Mt khac, cac thut toan phu hop
v&i hinh anh stereo dya trén phuong phap SAD
san xudt mot ban do chiéu siu rd rang vé hién
truong. Hon nita, nd tao ra mot chét lugng cao
hon Vva it 151 gy ra boi tic phan doan hinh anh.
N6 dugc ap dung cho cac hinh anh stereo chup
boi may anh 1ap thé cua ching t6i. Bo dir liu
thir nghiém ciia chung t6i bao gdom 25 cip hinh
anh stereo thuc sy trong mau xam quy mé vaéi
kich thudc 800x600 pixels. (Hinh 28)

Két qua 13, can thiét c6 nhidu lan lap lai dé
tim ra cac thiét lap tot nhét cua sy chénh 1éch.
Giai doan nay tao nén sy khac biét gitra thuat
toan dia phuong vo6i thuat toan toan cuc. Qua
trinh tinh toan thuong thém mot budc nira dé
két qua tot hon goi 1a khau loc (Hinh 9).

&

A

‘ Y
Hinh anh Tinh toan chi Tap hop.
N hi ohi | chi phi phu
dau vao phi phu hep ] hop

—»

Lua chon W A
chénh léch Ban do

hénh 1éch

Sang loc
ket qua

Hinh 9. So dd khéi tong quat ctia mot thudt toan tuong tng stereo.

3. Phwong phip SAD truyén thong:

: SAD

Anbh trai
Chuyén déi
anh xam
Tir h¢ thong camera stereo
Chuyén ddi
anh xam

Anh phai

=

Tinh Bén do chénh 1éch

—

Hinh 10. So d6 khéi téng quat ctia phwong phap SAD truyén thong.
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Nhu d3 phén tich ¢ phan 2.4, phuong phap
SAD la phuong phap dé nhan dién rat thuan
tién. Song, bén canh wu diém cua phuong phap
nay, no con c6 mot s khuyét diém vé thoi gian
dap g va xac sudt 15i.

Cong thirc (3-7) thé hién téc do cua thuét
toan nay ap dung vao viéc tinh Ban d6 chénh 1éch.

t=SxWxL (3-7)

Trong cong thitc nay, t 1a thoi gian chay
chuong trinh, S 1a s6 diém céan tinh, W 1a kich

thudc cira so tinh toan va L 1a khoang cach yéu
cdu tinh toan. Véi cong thirc trén, gia st c mdi
1.5 triéu phép tinh ham chay trong 1 gidy, tim
anh xt 1y vdi kich thudc 640x480 pixel, kich
thudc ctra s6 14 5x5 pixel va khoang cach thuc
hién 1a 50 pixel.

Khi do6, thoi gian phép toan la 25.6 giay.
Pay 1a mdt khoang thoi gian 16n, hay noi cach
khac 1a toc do tinh toan cuia phép toan 1a kha
cham.

Hinh 11. Céc két‘qué tinh SAD thong thuong. a) Anh trai gbc, b) Anh phai gbc, c) Bén dd chénh léch mong
muon, d) Ban d6 chénh l1éch tinh bang phuong phap SAD vi cura s0 5x5, e) Ban d6 chénh 1éch tinh bang
phuong phap SAD véi cira s6 7x7, f) Ban d6 chénh 1éch tinh bang phuong phap SAD véi cira s6 11x11.

Mic du tde do tinh toan rat cham, két qua
tinh toan lai khong chinh xac hoan toan. Lbi
ctia phuong phap SAD rat thuong xuyén xay ra
do nham l4n trong qua trinh tinh toan. (Hinh
11) thé hién mot sb két qua tinh ban d6 sai 1éch
bang phuong phap SAD vdi cic clra sd 5x5,
7x7 va 11x11 thyc hién trén anh Teddy [14].

Nhan xét, img v6i cac hinh trén, 16i cuc bo
xay ra nhidu & nhitng thuat toan st dung ctra s6
so sanh nhd. Tuy nhién, hinh dang cua cac vt
thé trong thuat toan lai duoc giir gan nhét véi
hinh dang thyc cta né. Sir dung ctra s6 16n hon
s& cho 15i cuc b it hon, nhung hinh dang cta
cac vat thé lai bi sai sot dang ké so véi thuc té.
Hon thé nira, cac 16i 16n van khong thé giam
thiéu trong thudt toan nay.



B.N. Minh / Tap chi Khoa hoc PHOGHN: Khoa hoc Tuw nhién va Céng nghé, Tdp 30, S6 3 (2014) 26-48 35

Simple SAD timming

Simple SAD 11x11
Simple SAD 7x7

Simple SAD 5x5

o] 10 20 30 40
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Hinh12. Toc do phép todn SAD véi céc kich thude
cura sO khac nhau.

12) thé hién thoi gian cua thuét toan do dua
trén ddu vao 1a mot tAm anh c6 kich thudce
450x375. Nhu vay, tbc do cua thuat toan kha
bé, khong thich hgp cho mét hé théng xir 1y trén
robot, ké ca khi da loai bo tat ca céc 15i.

Loi ctia phuong phap SAD la do dau?
Phuong phap SAD dya trén sy so sanh do khac
biét giita cac cira s anh. Theo nhu ¥ tudng
thuat toan thi anh cta cac diém & hai tim anh 1a
gidng nhau nhat. Nhu vay, két qué tinh toan cia
thuat toan nay thyc sy khong hi€u qua cho hé
théng din duong chay trén robot. Néu thyc su
trién khai mot hé thong nhu vay trén robot ctru

Anh trai

Noi suy

ho thi s& phai ton chi phi rat 16n vé kha ning
tinh todn ma chua chic da hiéu qua. Vi vay,
phuong phap nay can phai duoc cai thién dé c6
duoc két qua tot hon va phu hop hon cho hé
thong thyec.

4. Phwong phip SAD diéu chinh:

Sau khi phan tich nhiing nhugc diém cia
phuong phap xac dinh ban d chénh léch dya
trén phuong phap SAD truyén théng, t6i mudn
dé xuat mot phuong phéap tot hon vé chat luong
ciing nhu toc do.

(Hinh 13) thé hién cac budc cua phuwong
phap méi nham lay dugc ban do chénh léch.
Nhimg muc tiép theo ctia chuong 3 sé& thé hién
r0 ting budc cua phuong phap nay va y nghia
cua chung.

4.1. Phirong phdp SAD doi véi deong bién

La phuong phap dua trén phuong phap
SAD nhung chi 4p dung véi nhitng diém thudc
duong bién. Véi cach nay, tdi ky vong s€ co
duogc két qua chinh xac hon véi tbe do tinh toan
cao hon.

Loc logic

Loc kich thudc
\ Ban db sai léch

dudng bién

Ban do sai
léch day du

Hinh 13. Phuong phap SAD diéu chinh.
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Anh trai ~
Chuyén dbi
anh xam

Tir hé thong camera stereo

™

Chuyén déi
anh xam

Anh phai

Ban do

X
Phat hién bién : crlenh
anh Tinh 1éch
g SAD
N
Phat hién bién
anh
J
w

Hinh 14. So d6 khdi tong quat ctia phuwong phap SAD diéu chinh.

Gia st c6 mdt cach nao do, i ¢ thé giam
sd diém trong tap hop dit liéu can tinh xudng
con 20% so v&i ban dau. Nhu vay, tbc do cua
thudt toan c6 thé s& tang 1én dén 5 lan hay thoi
gian tinh todn s& giam xudng 5 lan. That vay,
theo phuong trinh (3 -7) néu S giam di 5 1an va
cac gia tri khac van giir nguyén, ta s& co t giam
5 lan. Nhu vay, t6i s& tim nhitng diém déng tin
ciy nhat dé tinh todn ban d6 chénh léch nham
giam 16i va tang toc do.

Hinh.15. Pudng bién ciing 1a duong bao dbi tugng.

Nhimng diém dugc chon 1a nhitng diém
mang tinh phan biét cao, hay noéi cach khac la
khé bi nham I4n v6i nhitng diém khac. Khi
chon duong bién 1am tap hop dit liéu dé tinh

toan, budc dau ta cling co thé tranh duoc su
nham 14n giy ra boi cac diém 1an can, 156i nhiéu
nhét trong nhitng phép toan trude.

Puong bién con gitp tao ra két qua ndi suy
chinh xac hon vé sau . Nhu vay, khi c6 duoc
toan by dudng bao cua ddi tuong va do sau cua
tAt ca cac diém trén no, ta co thé suy ra do sau
ctia nhimng diém con lai.

Dudi nhiing 1y do trén, t6i chon dudng bién
la nhiing diém s& duoc tinh toan do sdu truc
tiép. (Hinh 16) 12 mot sy so sanh két qua tinh
ban d6 chénh léch dua trén duong bién 1a 20%
btrc anh, duong bién 1a 30% birc anh va toan bo
btrc anh. Voi két qua da thé hién trong (Hinh
16), chiing ta riit ra mot s6 nhan xét:

* Két qua ctia thuat toan chinh xac hon ddi
v6i nhitng duong bién. SO dudng bién tinh toan
cang nho, do chinh xac cang cao.

* Khi s6 diém lam dudng bién dugc tinh
toan nho dén mot ngudng nao do thi kich thude
clra s6 tinh toan khong con anh huéng dén két
qua tinh toan nira.

Vé6i nhan xét thir 2, ta hién nhién c6 thé
giam kich thudc cira s6 1ay SAD di ma van ky
vong c6 dugc Kkét qua c6 do chinh xac cao.
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Window 11x11

Window 7x7

Edge 30%
m Edge 20%
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Hinh 16. Danh gia két qua ctia phwong phap SAD dua trén dudng bién.

4.2. Phuong phap trich chon duwong bién mau

Phuong phép trich chon duong bién mau la
mot phuong phap céi tién hon so voi phuong
phép trich chon dudng bién dua trén anh xam.
S¢ di phai trich chon duong bién mau vi dudng
bién anh xam khong thé hién dugc hét cac
dudng bao ciia dbi tugng. Cac anh xam khong
thé thé hién duoc hét céc tinh chat nhu ddi voi
anh mau. (Hinh 17) thé hién sy khac biét giita
duong bién duoc 1ay tir anh mau va duong bién
dugc 14y tir anh xam.

(Hinh 18) thé hién 1y do cua sy thiéu dudng
bién trong dudng bién dnh xam. Trong anh mau
hodc cic mang mau cta anh gbc ¢6 nhimng diém
c6 su nhay bac cia mau sdc hodc duong bién,
nhung trong anh xam khong c6. Nhu vay, thuc
hién bat cac dudong bién bang cdc mang mau co
ban, ta s€ c6 cac duong bién kin hon va dic
trung hon. Sau day s& 1a cac budc dé xay dung
giai thuat tim duong bién dua trén cic mang
mau co ban:

* Budc 1: Ta coi 3 mang mau giéng nhu
nhitng anh xam binh thuong khac, ta tim duong
bién bang toan tir sobel.

* Bude 2: Ung v6i mdi diém chi co thé co 1
gia tri nén ta s& lay gia tri duong bién cia nd
bang gi4 tri 16n nhét trong 3 gia tri tinh duoc
trén 3 mang mau.

Tinh toan SAD dya trén 3 mang mau s€
phai ton thoi gian gép 3 1dn so véi tinh toan
SAD dua trén anh xam. That vy, néu coi mdi
mau co ban tuwong duong véi mdt anh xam, ta
s€ phai tinh SAD dya trén 3 tAm anh so vi mot
tam. Nhu vy, dua theo cong thie (3-7), kich
thudc cira s6 W s& tang gip 3 khién thoi gian
thuc hién phép toan t ciing ting gip 3 lan, toc
d6 phép toan s& giam di 3 lan.

Tuy nhién, dwa vao phuong phap nay, tbc
d6 phép toan s& khong bi giam di 3 1an nhu so
vé&i phuong phap SAD anh xam thong thuong.
That vay, boi 18 mic di dudng bién dugc lay
dua trén 3 mang mau, mdi diém chi 1a duong
bién ciia mot mang mau co ban. Nhu vay, phép
tinh SAD dua vao diém d6 ciing chi phai tinh
trén mot mang mau. Va didu nay khién téc do
thuét toan lac nay khong bi ting gép 3 lan.
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5 1 ) q
Hinh 17. Buong bién 20% s6 diém bang phuong phap Sobel mau va xam.
a) Anhxdm  b) Anhmau  c¢) Puong bién anh xdm d) Puong bién anh mau
- - [X) " Raw iage —— &

Hinh 18. Cac mang mau cua hinh gc.
a)Anh mau , b) Anh xam , ¢) Anh mau d6, d. Anh mau xanh luc e. Anh mau xanh lam
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5. Phwong phap SAD phan vung

SAD phan ving 13 k§ thuat st dung dé noi
suy mot ban dd do sdu bao gom cac diém da
tinh dwoc chudn. Sir dung k¥ thuat nay trong
truong hop chiing ta c6 thé doan dugc pham vi
clia nhiig diém can tinh. Gia sot mot diém da
dugc xac dinh bén trong mot vat thé ma nhiing

AGray

duong bién cua n6 da duoc xac dinh do sau.
Khi d6, tdn tai mot xac suét cao r::ing nhitng
diém bén trong vat thé s& co do sdu trong mot
pham vi nhé xung quanh gia tri d siu cua céc
duong bién cua nd. Khi do, sy gidi han d¢ sau
tinh toan cuia cac diém noi suy co thé 1am mat
kha ning nham 1an gitta diém da cho va céc
diém bén ngoai.

Hinh 19. SAD phéan doan.

O (Hinh 19) , gia thiét do siu cia nhiing
diém thudc dudng bién bao gébm E1 va E2 da
tinh duoc va tinh chuan. Khi do, gia tri vé do
sdu cia A chi co thé dao dong xung quanh cac

Anh trai ~\
Chuyén dbi
anh xam

Tir hé thong camera stereo

Chuyén déi
, anh xam
Anh phai

gia tri d0 sdu cia E1 va E2 dan dén kha ning
tinh toan d¢ sau cia A dugc nang cao 1én, mat
khac lai khong bi nham 1an v&i mot diém cling
¢6 cAu tric mau twong tu 13 diém B.

' \ s
) Ban do
Phén doan _N chénh
_V Tinh léch
g SAD
N
Phan doan _N
J )
—

Hinh 20. So d6 khdi tong quat ctia phuong phap SAD phan vang.
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Gia thiét bién phap nay khong duoc sir
dung, khi d6 & anh dbi chiéu c6 thé xuat hién
mot diém gidng v6i diém cin tinh nim ¢ lan
can khoang cach voi diém B. Khi nay, thuat
toan SAD c6 thé dwa dén sy nham 1an & gia tri
d0 sau ctia A. Diém A c6 thé dugc tinh nham va
anh huong truc tiép dén céc diém nam bén canh no.

Tom lai, phuong phap SAD phan doan dung
t6t trong truong hop noi suy dua theo gia tri da tinh
dang. Sir dung bién phap nay gitip giam 18i va ting
tdc do. Tinh toan ban dd chénh léch 1a mét trong
nhiing van dé quan trong trong thi gidc may tinh
3D. Mot trong nhimg phuong phap tuong ddi maéi
la Cai thién tinh toan Ban dd do sau tir hinh dnh
stereo theo phuong phap lai.

C6 nhiéu phwong phap tinh Ban do chénh
léch, & day ta nghién curu hai phuong phap cai
thién toc do tinh toan ( SAD diéu chinh va SAD
phan vang).

6. Belief Propagation

Belief Propagation 1a cac thudt toan da
duge phat trién cha yéu 1a v6i muc dich dé tim
xac sudt can bién trong mang Bayes. Ngoai ra,
céc thudt toan ciing ¢ thé xir 1y cac mo hinh d6
hoa khac nhu mé hinh Markov Random Field
(MRF), day 1a méi quan tim nhat dinh trong
viéc tdi wu hoa cac ham niang luong toan cuc
dugc tim thdy trong may tinh thi giac. M6 hinh
MRF 1a mé hinh d6 thi vé hudng, trong dé cac
nat dai dién cho cac bién ngiu nhién. Xéc suat
chung P(x1,..., xn) ciia m6 hinh MRF pair-wise
c6 thé duge viét phan tich nhu sau:

1
P[xlr ey xn) = E 1_[ 0 (x5 ¥y 1_[ 1.'-":‘;‘ (x5 xj}
i ij

(6-6)
O day X, dai dién cho cac nat cua do thi, Z
1a hang s6 chuén hoa va cac san pham trén ij Ia

hon cac nudc lang giéng gan nhét trén mang
vuong. Tiém ning @i(xiy;), biéu dién cho xéc
suét cho mot trang thai nhét dinh x; € X; trong
nat i dwa trén quan sat v va tiém nang v (Xi,X;)

biéu thi su phu thudc diéu kién gilia cac nut lan
can. Bién quan sat y; hiém khi duoc viét ra mot
cach rd rang [15].

Thuat toan Belief Propagation (BP) thé hién
trong (Hinh 21) cac thong diép duoc chuyén di
trong mot mo hinh dd hoa thong qua mot loat
cac ban tin dugc gui di gilta cac nat lan cén
xung quanh trong mot ludi hinh anh lién ké 4.
Ban tin dugc cép nhat trong cac 1an lip. Trong
mdi bude 1p, mdi diém anh cua do thi lién ké
tinh toan thong diép ciia minh, dua trén két qua
clia budc lap trude, va gii tin nhin méi cia no
t6i tat ca cac diém anh lién ké 4 (hang xom)
theo hinh thitrc song song [15].

()
®

i

"Ibiu :®:
/ M,
@ M

Hinh 21. M& hinh co ban cho phan viing anh.

M® hinh co ban cho phan viing anh, nhu thé
hién trong (Hinh ), 1a moét d6 thi v6i hai loai
nat: nat an (vong trdn) va cac nat quan sat (hinh
vudng). ¥ 1a ham chuyén trang thai giita mot
cdp nit trang thai an khac nhau va § 1a ham do
luong gilta cac nit trang thai an va nat dit liéu
quan sat duoc. Trong BP, mdi nat s& giri mot
thong diép t6i cac nut lang giéng trong do biéu
dién phan b xac suat [15].
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7. Phuwong phap Mean Shift:

Thuat toan Mean Shift [16]dd duoc dé xuét
boi Fukunaga va Hostetler. Cac thuat todn dua
trén mat d0 udc luong hat nhan [17]. Thuat toan
nay la thuat toan lap phi tham s6. Cho mot tap
hop cac diém dit liéu d-chiéu duoc dai dién boi
cac gia tri xi, i = 1, 2,..., n trong d-chiéu khong
gian Rd. S lugng cua diém xi thudc khu vuc d-
chiéu xung quanh x voi canh dai h duoc cho
boi:

n

> (5

i=1

(7-7)
trong d6 h x&c dinh ban kinh ctia hat nhan
va K (x) 12 hat nhan hodc ham cira s6. Nhu vay,
udc tinh mat @6 hat nhan duoc cho boi:

n
fox = iZK(X;Xi)

i=1
(7-8)
Trong d6 K(x) = ckd.k(|[x||2) 1a hat

nhan dbi ximg xuyén tam, k(x) la hd so hat
nhan va ck, d duoc chuan hoa lién tuc.Sau do,

phuong trinh (7-10) c6 thé duogc viét lai dé:
n
c.[f_.d x _xz' 2
s = e Dk (5)
(7-9)

UGc tinh nay c6 thé dugc xem nhu la
gradient ctia xap xi mat do:

n
Zde .
Vi) = g (= )k
i=1

=

=
(7-10)

Mot hat nhan méi dugc dinh nghia la

G(x) = ckd g(||x]|2), trong do

g(x) = - k’(x) la ham hat nhén méi va ¢k q la

hing s6 dugc chuan hoa. Sau khi thay thé trong
phuong trinh (7-12):

th,K[X) = %Z@( — Xi}g (HX ;X; HB)
= (7-13)

2c - r.xg
kd E : i=1%8;
Vi = — |
hJK[X} nhd+2 " gl ( E;-Lzl gi X)

)

X — X
85=E(H h

St dung phuong trinh (7-13) thay ddi trung
binh duoc xac dinh:
X —x2
s (52

(e

th X)) =

g

(7-14)

Cac thuat toan Mean Shift dua trén viéc tinh
toan lap di 1ap lai vector dich trung binh va thay
d6i co y nghia va lién tuc hién thuc hoa vi tri
hat nhan bang phuong trinh [15],[16]. xk +1 =
xk + m (XK). (7-15)

8. Thuit toan SAD phan vung lai:

Trong phan ving anh, phuong phap lai két
hop hai hodc nhidu hon cac thuat toan phan
vung anh khac nhau [18]. O day ching ta xem
Xét cac thuét toan lai dugc tao ra boi su két hop
cua hai ky thuat: Belief Propagation va cac
thudt todn phan doan Mean Shift nhanh chong
va rat chinh xAc.

Pau tién, chung t6i ap dung cach loc hinh
anh bang thuat toan Mean Shift. Budc nay rat
hitu ich cho viéc loai bo tiéng on, 1am min va
phan ving anh. Di véi mdi diém anh ciia mot
hinh anh, tap hop céc pixel lan can dugc xéc
dinh. Cho Xi 1a d4u vao va Yi hinh anh loc,
trong do 1 = 1, 2,..., n. Cac thudt toan loc bao
gdm cac budc sau day [19],[20],[24]:
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*Khoitaoj = 1, ¥i,1 = pi.

* Tinh toan thong qua Shift binh ché dg, noi
hoi tu di€m anh.

* Luu trit cac thanh phan ciia mirc xam ciia
(xi, i, €) tai ZL,

cac gia tri tinh toan Zi
noi xi 1a thanh phan khéng gian va Vi, € 13

thanh phan pham vi.

Thir hai, hinh anh duoc chia thanh cac doan
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su dung thuat toan phim Mean Shift. Trong
budc thir ba, thuc hién sép xi dudng bao cua
cac phan doan. Thur tu, cac phan doan nhé dugc
sap nhap v6i nhau thanh nhiing doan tiép giap
tuong ty nhu hau hét cac phuong phap Belief
Propagation. Cudi cling, chung ta tich hop thuat
toan phan doan lai d& xuat véi thuat toan phu
hop stereo SAD. Phuong phap nay SAD lai co
thé cung cap két qua ban do do sau chinh xéac
cao.

=S
/ = — — |
/ \ /lnnml \ //l stimati m\\
Ry \ 4 . <
Mean S \ { cgmenta \ {
( 1:.Jll hift segmentation by bk
filtering / \ Mean Shift J \ - /
i \ algorithm / \ e /
algc \ y
- ) A = // \\7;“ ‘"‘//
> TN e > =
/ Final \\ //( luster merging \ / Retrieving:
{ \ 5T \ { of segments by
segmentation -~ by Belief —t Ve
s / \ . / \ Mean Shift
(BP + Mcan Shift) / \ Propagation / /
) N\ - . N, clustering /
\ - o - = ~ =
\& S Dt et J
+SAD “)brid' SAD
—————— algorithm
(HSAD)

Hinh 22. Thuét toan SAD lai.

Tinh toan d6 1éch: Trong muyc nay, ching ta
dién ta qua trinh cta su so sanh chénh léch noi
anh dugc dwa vao 1a nhung manh (doan) lan
dau tién va sau d6 nhimg diém c6 cung diéu
kién & bén trai va bén phai anh dugc tim thay.

bay la mot y tuéng dugc gidi thich cho
ving 3D duy nhit diém P trén (hinh 23). Bé
dua ra khoang cach cua vat dugc quan sat bdi 2
may quay cung nhin theo mét huéng huong
nhung khoang cach khac nhau duogc biét (dinh
nghia) 1a duong co ban. Sau do, vat thé xuat
hién & vi tri tuong ty trong ca hai anh 3chiéu.
Khoang cach gitita vat & bén trai va bén phai
anh duoc biét (dinh nghia) 13 khoang chénh
l1éch d boi (8-16). X, va X la toa d6 x cua udc

lwong toa do 3D con trén anh phang bén trai va
bén phél lal, va Ig .

l —1
dle_—xng(xﬂ_'_ Xy )
p Zr /7 (8-16)
2fl fB
= = —— = —
Fod d (8-17)

Khi bén trai va bén phai cia anh phang
quay dugc co cung vi tri phing, toa do y cua 2
anh 1a bang nhau (y_ = yg) va c¢6 do chénh léch
toa do ngang (truc x) 1a (x, - Xg).[22]

Diéu nay c6 nghia 1a d6 chénh léch dugc
tinh toan, cuong do c6 thé thay d6i dwoc khi
thay dbi thong sd cia may quay: chiu dai tiéu
cu f va khoang cach cua duong co s6 B = 21.
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P=(Xp,Yp,Zp)

Z

A
v
A
A A

1 |

Hinh 23. Mot hé thong stereo don gian .

9. Nhén xét va danh gia:

9.1. Phurong phdp SAD truyén thong

Hinh 24. Mot s6 két qua Ban d6 chénh léch SAD truyén thong.
a .Ban d0 chénh Iéch véi cira s 5x5; ﬂ
b. Ban dd chénh 1éch véi cira s6 7x7; ¢. Ban db chénh léch voi cira s6 11x11;

m Thdi gian (s) P66 chinh xac (%)
m D6 phd (%)
1ee 83,1 82,9 2,4
8o 70, ‘ 73,8 75,800
60
40 31,4
20 14,4
7,6 .
o mm |
5x5 7x7 11x11
Windows

Hinh 25. D4 thi thoi gian, d0 phu va do chinh xac.
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9.2. Phirong phdp SAD c6 diéu chinh:
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Hinh 26. Mot s6 két qua thuc hién tim SAD trén duong bién.

m Thdi gian (s) Do chinh xac (%)
= D6 phu (%)
100
1 »

8o 78,6 79, 79,9
60

40

17,2 17,2 17,2
20
1,8 3,0 6,5
o 1
5x5 X7 11x11
Windows

Hinh 27. D6 thi thoi gian, d6 pha va d¢ chinh xac.

Thoi gian thyc hién tinh ban dd chénh léch
theo phuwong phap SAD diéu chinh di giam rat
nhiéu so v6i phuong phap SAD thong thuong.

¢.Phuong phap SAD phan vung:

Trong cudc thir nghiém tiép theo, cic
phuong phap lai dé xuit dugc thir nghiém trén
bdn hinh anh stereo thuc t& duge thuc hién béi
hé thong camera stereo. Thuat toan nay duoc ap
dung dé uée tinh sy chénh 1éch cta cac khdi
9x9 tir hinh anh bén trai tham chiéu bang cach

tim kiém cac khdi Gng ctr vién tuong tng cua
hinh anh bén phai. Ban d6 chénh léch cudi cing
ctia boén hinh anh lap thé thu nghiém, cu thé 1a
sach, vot, khbi 1ap phuong va toa duoc thé hién
trong (Hinh 28). Cu thé, cac (Hinh 28-b) cho
thiy cc ban d6 khac biét duoc tao ra boi thuat
toan SAD ma khong phan doan va hinh. (Hinh
28-¢) két qua theo thuit toan phan chia lai. Ban
d6 chénh léch san xudt boi may anh ndi
Bumblebee duoc hién thi trong (Hinh 28-d).
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Hinh 28. Két qua thuc nghiém trén bon anh thir nghiém mau xam.

a) Hinh anh tham khao, b) Ban d6 chénh léch sau khi sir dung thuét toan SAD ma khong phan doan
¢) Két qua cua thuat toan SAD lai, d) Hé thong camera Bumblebee.

Chat lwong cia cac ban do khac biét dugc
biéu dién nhu 1a ty 1& phan trim cua cac diém
anh voi cac 16i sai léch nay (pixel co sy phu
hop xéu) [6]:

X Y

1 . . .
P =y 2. 2. = dr(i)D
i=1j=1

(9-18)
trong d6 X * Y dai dién cho kich thudc cua
hinh anh, dc 14 ban d6 chénh léch tinh cta hinh
anh thir nghiém va dr 1a ban db chénh léch sy
that. Sy that chénh léch ban dd mat dat 1a

nghich dao ciia khoang cach that mat dat.
Phuong trinh (9-19) cho thiy lam thé nao dé
tinh toan ban do chénh léch sy that mat dat tir
ban d6 do
. fBlges
T Dh
(9-19)

v6i Dy 14 sy that ban d6 do sau mit dét, h 1a
chiéu cao tir mat phang dat, Dr * h 1a khoang
cach that mat dat, B 1a co s& gilta cac may anh,
Ires €O d6 phan giai hinh anh va f'1a tiéu cu.
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Bang 1. So sanh két qua ctia céc giai thuat tinh ban

d6 chénh léch
Anh SAD SAD H¢ thong
kiémtra  thong phan camera
thuong vung lai Bumblelee

Quyén 9,64% 4,12% 3,59%
sach
Cai vot 8,48% 4,72% 3,83%

Rubic 9,26% 4,37% 3,51%
Toanha  9,91% 4,21% 3,65%

Cac ban d6 chénh léch thu dugc tir vie dé
xuét lai phan doan dua trén thudt toan SAD
phan vung lai dugc so sanh véi cac phuong
phiap khac (st dung hé théng camera
Bumblebee va phuong phap SAD ma khong
phan doan). Trong ( bang 1), su khac biét gitta
ty 1& phan tram diém anh 15i chénh léch duoc
trinh bay. Nhu c6 thé thiy trong (hinh 28), cac
thuat toan SAD phédn ving lai tao ra két qua
chinh xé&c hon so v6éi thudt toin SAD ma khong
phan doan. Ngoai ra, hiéu sudt cua phuong
phap 13 gin dat dén hiéu suit cua hé thdng
camera Bumblebee.

Cudi cung, cac thudt toan phan doan lai da
tan dung duoc loi thé nhanh chong cua thuat
toan Mean Shift va chinh xac tir thuat toan
Belief Propagation. Loi thé 16n ctia mot thuat
toan SAD lai 14 bat ky phan doan déu duoc phat
hién dugc nhéan dang ty dong. Thuat toan nay
da dat dugc mot hiéu suét phan doan g?m thoi
gian thuc va két qua chinh xac cao.

10. Két luan:

Bai viét nghién ctru so sanh cho viéc khoi
phuc ban dd do sau dua trén cac thuat toan phan
ving lai dugc dé xudt sir dung qué trinh loc.
Céc thuat toan da dugc thir nghiém trén thuc té
véi canh phuc tap va tinh trang anh sang kém
dua trén hé théng camera stereo cong nghiép tir

Bumblebee, tir két qua thi nghiém ta c6 thé tim
mot ban d6 chénh léch, ma dich chuyén chénh
léch giita hai hinh anh va cubi cung 1a dugc st
dung dé uée tinh gia tri chiéu siu. Dua trén cac
thuat toan tong binh phwong khéac biét (SSD)
va tong su khac biét tuyét déi (SAD) co thé tim
thdy ban d6 do sau truc tiép. Tuy thudc vao cac
ky thuat phu hop dua trén cac thudt toan SAD
va SSD mét nguyén tic giita thoi gian chay va
chét luwong can phai dugc lya chon. Cudi cung,
thut todn SAD phu hop hinh anh stereo dugc
lwa chon dé thuc hién cac thi nghiém tiép theo,
boi vi cac thuat toan SSD doi hoi gan nhu ting
gip d6i thoi gian. Két qua thi nghiém duoc
trinh bay trong (Hinh 28) cho thiy thuat toan
SAD phan ving lai cho két qua t&t hon hon
thudt toan SAD ma khong can sir dung pjaan
ving va SAD diéu chinh nhung hoi kém hon so
v6i may anh ndi ctia hé thong Bumblebee. Céc
thuat toan SAD phan vung lai duoc dé xuat
cling cho thay hiéu suét cao hon. Trong tuong
lai, t6i dy dinh thyc hién nghién ctru va cling
kiém tra cac thuét toan phuc tap hon.
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Comparative Study of Image Processing Algorithms Calculate
Depth Stereo Image Camera Applications in the Visual System

Bach Ngoc Minh

Centre Development Vietnam National University, Hanoi, /144 Xudn Thiy, Hanoi, Vietnam

Abstract: There are three basic methods to compare the similarity between two images, which is
SAD, SSD and NCC. NCC method is using cross- correlation between the pixels so the calculations
are complex . These include the arithmetic average, total, multiplication total, square root should this
method definitely perform very time consuming. Both SAD method and SSD method does’nt much
difference the complexity of the algorithm so we need to do an experiment to verify the quality of the
depth maps and the speed of execution. From the results that we choose a more appropriate method

Comparison of running time between SAD and SSD algorithms show that the choice of the SAD
algorithm is more reasonable, because the SSD algorithm needs nearly twice the time to run. SAD
method can solve the problem of finding depth in 3D images. A point in space to acquire images of
two lenses in two different locations. Therefore so before finding the depth of the pixel, we need to
find the corresponding pixels. SAD method is the easiest method to find the pixel .

SAD method has many calculate ways, calculate by traditional methods SAD, adjustment SAD
method (based on the image border) , segmentation SAD method (image segmentation). In Here we
choose between two methods of adjustment SAD method and segment SAD method decreased 20 %
compared with traditional SAD.

Then we consider the hybrid algorithm SAD partition is created by the combination to two
techniques: Belief Propagation and the Mean Shift segmentation algorithm. This approach combines
the advantages of both methods segment. Mean Shift algorithm is fast results and Belief Propagation
perform very accurate segmentation.

Keywords: Image segmentation, Belief Propagation, Mean Shift, SAD, 3D image.



