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LOI MO DAU

Phat hién bién cua anh la mét trong nhitng nhiém vu quan trong trong
xur Iy anh. Nhan dang anh dung may tinh lién quan t61 viéc nhan dang va phan
loai cac dbi twong trong birc anh do d6 phat hién bién 13 mét cong cu quan
trong. Phat hién bién s& 1am giam mot cach dang ké khéi lwong dir lidu can xir
Iy va loai bo cac thong tin khong can thiét trong khi vaAn dam bao cac thudc
tinh quan trong vé cdu tric ciia anh. C6 rat nhiéu k¥ thuat phat hién bién hién
dang dugc sir dung, mdi k¥ thuat nay thuong lam viéc mot cach coé hiéu qua

cao doi véi mot loai duong bién cu thé.

Con nghién ctru hinh dang dugc thuc ddy cha yéu boi sy nhan dang ddi
tugng, cac k¥ thuat mo ta va biéu dién hinh dang nay chi yéu dua vao cac
ung dung cu thé. Trong d6, su hi¢u qua va chinh xac 1a mbi quan tam chinh
cua nhiing k¥ thuat nay. Hinh dang (Shape) 1a mot dac trung quan trong cua
viéc phan doan ving cta anh, va tinh hiéu qua va thiét thuc cua né dong vai
trd quan trong trong viéc tra ctru anh. Phép biéu dién hinh dang st dung
duong cong rdi rac dé lam don gian héa duong vién giup cho thuan lgi viéc
loc nhiéu di dugc hai tac gia Latecki va Lakamper nghién ctru, ngoai ra viéc
st dung duong cong rdi rac con loai bo dugce cac dac trung hinh dang khong
thich hop. M6t phuong phap mé ta hinh dang dé do do tuong tu d6 chinh 13
stt dung Shape Context dé d6i sanh hinh dang, phuong phap nay di duoc dé
xuat boi tic gia Belongie, uu diém cua phuong phap nay 1a nd kha tdi wu,
don gian nhung hiéu qua mang lai chwa cao cho viéc lién quan dén bién doi
hinh hoc va tra ctru dua trén hinh dang.

Trong pham vi dé tai ndy, em s& tap trung tim hiéu vé cac k¥ thuét phat
hién bién, md ta cac diém dic trung st dung nglt canh hinh dang va ddi sanh

tap dic trung dé uéc lugng khoang cach giira hai anh hinh dang d6i tugng.

Lé Minh Quy - CT1802



DANH MUC HINH VE

Hinh 1-1: M6t s kiéu dudng bién thong dung...........occcveeeeveeevesseeenenn, 8
Hinh 1-2: ToAn tlr SODEl ...ccooiiiiiiiiiiii e 11
Hinh 1-3: TOAN tl PreWitt......ccvveiiiiiiicce e 11
Hinh 1-4: ToAn tlr RODEITS .......vviiiiiiiiiiiee e 12
Hinh 1-5: K¥ thuat Laplace .......ccccooovviiiiiiiiiiiiee e 13
Hinh 1-6: Todn tir Laplacian ...........occceiiiiiiiiiiieieeee e 15
Hinh 1-7: Minh hoa d¢ 1éch tam cta hinh dang............ccccoooieiiiiiiiiinnee, 16
Hinh 1-8: Céac hudng cta doan thang don vi: (a): 4 huéng, (b): 8 hudng..... 20
Hinh 1-9: Biéu dién ciia mot chudi ma ( theo 4 hudng va 8 hudng).............. 20
Hinh 1-10: Biéu dién hinh dang st dung shape number. ...............cccoevevenee.. 21
Hinh 1-11: Céc budc tinh toan shape number. ............cccococveeiiiiiiiieiee 22
Hinh 1-12: Phan tich duong cong min..........cccccevviiiiiiiiiiiiiee e 23
Hinh 1-13: AN @OC ....cuviieiiieceee ettt 29
Hinh 1-14: Phat hi€n canh ... 29
Hinh 2-1: Vi du khodng cAch trong ...........cccoiviiiiiii e, 32
Hinh 2-2: Vi du vé khoang cach trong ctia x va y trong hinh O .................... 33
Hinh 2-3: Qua trinh biéu dién khoang cach trong cta d6i tuong.................. 34
Hinh 2-4: Tinh toan ngt canh hinh dang...............cccoociiii 36
Hinh 3-1: Hinh dugc hién thi SRape .......cccovoveieieeeeeieeeeee e, 46
Hinh 3-2: Két qua tim bién bang phuwong phap Canny tir anh dau vao.......... 47
Hinh 3-3: Két qua tim duong bao va ldy MAU. .......cc.ceeeeereeeeeee e, 49

Lé Minh Quy - CT1802



R X
CHUONG 1: TONG QUAN VE PHAT HIEN BIEN VA DOI SANH ANH
1.1 Bién va phat hién bién
1.1.1 Khai niém vé bién

Bién 1a mot phan chi yéu trong phén tich anh vi cac k¥ thuat phan doan
anh chu yéu dua vao bién. Mot diém anh c6 thé coi 1a diém bién néu & d6 co
su thay doi dot ngot vé muc xam. Tap hop cac diém bién tao thanh bién hay
duong bao anh cua anh. Vi duy, trong mot &nh nhi phan, mét diém co thé goi la
bién néu do 1a diém den va c6 it nhat mot diém tréng la lan can.

Pé hinh dung tim quan trong cia bién ta xét vi du sau: Khi ngudi hoa
s v& mot cai ban gd, chi can vai nét phac thao vé hinh dang nhu cai mat ban,
chan ban ma khong can thém cac chi tiét khac, nguodi xem da cd thé nhan ra
n6 1a mot cai ban, néu ung dung cua ta 1a phan 16p nhan dién ddi twong, thi
coi nhu nhiém vu da hoan thanh. Tuy nhién néu doi hoi thém vé cac chi tiét
khac nhu van gd hay mau sic,V.v. thi v6i ching 4y thong tin 1a chua du.

Nhin chung vé mit toan hoc nguoi ta coi diém bién cta anh 13 diém c6
su bién doi dot ngdt vé do6 xam. Puong bién 14 tap cac diém bién. Mot sb kiéu
duong bién hay gip trén thuc té dugc minh hoa trén hinh 1-1.

Trong do:

~ a) Bién dang nhay bac
_ b) Bién déc
- ¢) Bién dang xung vuong

- d) Bién dang hinh nén
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(2))

(t)

© @

Hinh 1-1: Mét s6 kiéu dwong bién thong dung

Phat hién bién 1a mot cong cu quan trong trong xir 1y anh sb. Phuong
phép phat hién bién 1am giam mot cach dang ké khéi luong dit lidu can tinh
toan, chi giir lai mot sé it nhitng thong tin can thiét dong thdi vAn bao toan
duoc nhitng cdu tric quan trong trong birc anh. Nhu vay phat hién bién mot
cach 1y tudng 1a xdc dinh duoc tit ca cac duong bao trong cac dbi tuong.
Dinh nghia todn hoc ctua bién ¢ trén la co s& cho cac k¥ thuat phat hién bién.
Piéu quan trong 13 sy bién thién mitc x4m giira cac anh trong mot ving thudng
1a nho, trong khi d6 bién thién mic xam cuia diém ving giap ranh (khi qua bién)
lai kha 16n.
1.1.2 Phéan loai cac ky thuat phat hién bién

Xuét phat tir dinh nghia toan hoc cua bién nguoi ta thuong sir dung hai
phuong phap phat hién bién 1a phuong phap phat hién bién truc tiép va
phuong phap phat hién bién gian tiép. Cac phuong phap nay s& dugc trinh bay

trong cac phan dudi day.
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1.1.2.1 Phwong phap phat hién bién true tiép

Phuong phap nay nhim 1am ndi bién dya vao su bién thién vé gid tri d6
sang cua diém anh. Ky thuat chii yéu dung phat hién bién ¢ day 1a k§ thuat
dao ham. Néu lay dao ham béac nhat ciia anh ta c6 phuwong phap Gradient; néu
lay dao ham bac hai ta c6 k¥ thuat Laplace. Hai phuong phép trén duoc goi la
phuong phap do bién cuc bo. Ngoai ra nguoi ta con st dung phuong phap “di
theo dudng bao” goi 1a phuong phap do bién tong thé dwa vao nguyén 1y quy
hoach hoat dong.
1.1.2.2 Phwong phap gian tiép

Néu bang cach nao day, ta phan duoc anh thanh cic ving thi duong
phan ranh gifta cdc vung do chinh la bién. Viéc phan ving anh thuong dua
vao két cdu (texture) bé mat cua anh.

Ciing can luu ¥ rang, k¥ thuat do bién va phan ving anh 13 hai bai toan
d6i ngdu ctia nhau. Thuc vy, do bién dé thuc hién phan 16p ddi tuong va mot
khi da phan 16p xong c6 nghia la da phan vung dugc anh. Va nguoc lai, khi
phan vung, anh di phan lap dugc thanh cac ddi tuong, ta c6 thé phat hién
duoc bién. Phuong phap do bién truc tiép t6 ra kha hiéu qua vi it chju anh
huong ctia nhidu song néu su bién thién do sang khong dot ngdt, phuong phap
nay lai kém hiéu qua. Phuong phap do bién gian tiép tuy co khé cai dit xong
lai 4p dung kha t6t khi sy bién thién d6 sang nho.

1.1.3 Quy trinh phat hién bién truec tiép
Buéc 1: Khir nhiéu dnh
- Vi anh thu nhan thuong cé nhiéu, nén budc dau tién 1a phai khtr nhiéu,

viéc khir nhiéu dugc thuc hién bang cac ky thuat khir nhiéu khéc nhau.
Budc 2: Lam néi bién
- Tiép theo la Iam ndi bién boi cac toan tir dao ham.

Buéc 3: Pinh vi diém bién
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_ Vi cac k¥ thuat 1am ndi bién c6 hiéu tmg phu 1a ting nhiéu, do vy s& co
mot sd diém bién gia can loai bo.

Budc 4: Lién két va trich chon bién

~ Nhu d4 n6i, phat hién bién va phan ving anh 1a mot bai toan ddi ngau,
vi thé ciing c6 thé phat hién bién thong qua viéc phan ving anh.
1.1.4 Mot s6 phuwong phap phat hién bién

Cac phuong phap phat hién bién truyén théng thuong dua trén két qua
ctia phép tich chap (convolution) gifta birc 4nh cin nghién ciru va mot bo loc
2D (filter) thuong dugc goi 1a mat na (mask).

Céu triic va gid tri ctia cac toan tir phat hién bién s& xac dinh hudng dic
trung ma toan tir nhay cam vdi bién. Co mét sb toan tir thich hop cho cac
duong bién c6 hudng nam ngang, mot sb toan tir lai thich hop cho viéc tim
kiém bién dang thang dtng hay theo huéng dudng chéo.

Hién nay thi c¢6 nhiéu phuong phép phat hién bién dang duoc st dung,
tuy nhién c6 hai phuong phap phat hién bién co ban d6 la: Phuong phap
Gradient va phuong phap Laplace.
1.1.4.1 Phwong phap Gradient

Pao ham béc nhit theo hudng ngang va doc duge tinh theo cong thirc

Sau:

oy (1.1)
Bién d¢ cua gradient vector hay d6 16n tong cong ciia gia tri dao ham

nam tai bién 1a két hop cua ca hai gia tri nay theo cong thirc:

Af =|Af| = [G? +G? (1.2)

Hudng cua gradient vector dugc xac dinh theo:
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Vf =tan™ [%J
G, (1.3)

Hudng cta bién s€ vuong goc voi hudng cia gradient vector nay.
1.1.4.1.1Toan tir sobel

Trén thuc té Sobel sir dung hai mat na c6 kich thuéc [3 x 3] trong do
mot mat na chi don gian la sy quay cua mat na kia di mot goc 900 nhu &
hinh1l- 2. Cac mat na nay duoc thiét ké dé tim ra cac duong bién theo chiéu
dtng va chiéu ngang mot cach tt nhat. Khi thuc hién phép convolution giita
anh va cdc mat na nay ta nhan dugc cac gradient theo chiéu dung va chiéu

ngang Gx, Gy. Toan tir Sobel c6 dang nhu hinh 1-2.

,_.
[ ]
(=

[ ]
[=
[

01010

Hinh 1-2: Toan tir Sobel
1.1.4.1.2Toan tir Prewitt

Phuong phap Prewitt gan giéng v&i Sobel. Pay 1a phuong phap 1au doi

nhét, c6 dién nhat. Toan tr Prewitt duogc mo ta trén hinh 1-3.

Hinh 1-3: Toan tur Prewitt
1.1.4.1.3Toan tir Roberts
Tuong tu nhu Sobel, ta tinh dudng bién ngang va doc mdt cach riéng ré
dung hai mat na nhu hinh 1-4, sau d6 téng hop lai dé cho duong bién thuc cua
anh. Tuy nhién do mit na cta Robert kha nho nén két qua 13 bi anh hudng kha

nhiéu cua nhiéu.
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Hinh 1-4: Toan tir Roberts
1.1.4.1.4APhwong phap Canny

Phuong phép nay sir dung hai muc ngudng cao va thap. Ban dau ta
dung mirc ngudng cao dé tim diém bit dau cua bién, sau d6 chung ta xac dinh
hudng phat trién cia bién dua vao cac diém anh lién tiép c6 gia tri 16n hon
mirc ngudng thap. Ta chi loai bo cac diém c6 gia tri nhd hon mic ngudng
th:?ip. Cac duong bién yéu s& duoc chon néu ching duogc lién két v6i cac
duodng bién khde.

Phuong phap Canny bao gdm cac budc sau:

_ Budc 1. Trude hét dung bd loc Gaussian dé lam min anh.

G (x) = [—%)e[”‘z] (1.4)
(e
- Budc 2. Sau d6 tinh toan gradient (1.5) va (1.6) ctia duong bién cua anh

da duoc lam min.

C,Ix 1= ‘(alzje[ng | (1.5)

. x2+y?
1 | 202
C,[x, y]=—(—2je [ 2 J (1.6)
O
_ Budc 3. Tiép theo 14 loai bo nhitng diém khong phai 1a cuc dai.
- Budc 4. Budc cudi cing 1a loai bo nhimg gia tri nhé hon mirc ngudng.

Phuong phap nay hon han cac phuong phap khac do it bi tic dong cua
nhidu va cho kha ning phat hién céc bién yéu. Nhuoc diém cia phuong phap

nay 1a néu chon ngudng qua thap s& tao ra bién khong ding, ngugc lai néu
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chon ngudng qué cao thi nhiéu thong tin quan trong cua bién s& bi loai bo.
Can ctr vao muc ngudng di xac dinh trude, ta s& quyét dinh nhing diém
thudc bién thuc hoic khong thudc bién. Néu mirc ngudng cang thap, sé duong
bién duoc phat hién cang nhiéu (nhung kém theo 13 nhidu va sé cac duong
bién gia cling xuat hién cang nhiéu). Nguoc lai néu ta dat mic ngudng cang
cao, ta c6 thé bi mat nhimg duong bién md hodc cac duong bién s& bi dut

doan.
Céc vu diém cia phuwong phap Canny la:

- Cuc dai hoéa ty so tin hi€u trén nhi¢u lam cho vi€c phat hién cac bién

thuc cang chinh xéac.
- Pat dugc do chinh xac cao cua duong bién thuc.

~ Lam giam dén muc t6i thiéu s cac diém nam trén dudng bién nham tao
ra cac duong bién mong, 10.
1.1.4.2 Phwong phap Laplace
Céc phuong phap danh gia Gradient ¢ trén l1am viéc khé t6t khi ma do
sang thay doi & nét. Khi mirc sang thay d6i chdm, mién chuyén tiép trai rong,
phuong phéap cho hiéu qua hon d6 la sir dung phuong phap dao ham bac hai
goi 1a phuong phap Laplace. Két qua nghién ctru cho thiy phuong phéap
Gradient rat nhay cam voi nhiéu va thudng tao nén bién kép. Toan tir Laplace
dung nhiéu kiéu mit na khac nhau dé xap xi dao ham bac hai. Dué6i day 1a 3

kiéu mit na hay dung.

0 -1 0 A1 1 2 1
Hi= |1 4 -1 H2 |4 8 H2=|2 8 -2
0o -1 0 A1 12 1

Hinh 1-5: Ky thuat Laplace
K¥ thuat Laplace cho duong bién manh, tirc 1a duong bién cé do rong
bang moét diém anh. Tuy nhién, k¥ thuat ndy rat nhay cam v&i nhiéu vi dao

ham bac hai thuong khong 6n dinh.
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1.1.4.3 Phwong phap Laplacian

Dung phuong phap Gradient s& cho két qua 1a anh nhan duogc co céu
trac khong 1d nét do tao nén nhitng duong bién day, khong sac nét. Pé nhan
dugc cac dudng bién mong va rd nét, ta phai tién hanh cac budc xu 1y tiép
theo nhu loai bo nhitng diém khong phai 1a cuc tri dong thdi ap dung k¥ thuat
lién két bién. Ngoai ra ta con gip phai van dé 1a lam thé nao dé xac dinh duoc
mirc ngudng mot cach chinh xac. Viée chon diing gia tri ngudng phu thudc rat
nhiéu vao noi dung cua timg birc anh. Néu ta ting gap doi kich thudc cia mot
birc anh ma khong thay doi gia tri cuong do cua cac diém anh, ta s& nhan
dugc gradients bi suy gidm di mét ntra. Mat khac kich thudce ctia mat na

(masks) ciing anh hudng nhiéu dén gid tri cua Gradient trong anh.

Phuong phap Gradient chi thich hop cho cac ving anh d¢ tuong phan
thay doi co tinh nhay bac, diéu nay giy kho khian cho phat hién cac duong
thang. Pé khic phuc nhuoc diém nay ta thuong dung dao ham bic hai.
Phuong phap Laplacian cho phép x&c dinh duong bién dua vao gid tri 0 cla
dao ham bac hai cuia anh. Laplacian ciia mdt anh tai diém I(x, y) dugc tinh
theo (1.7):

Lo =23+ 5% (17)

Laplacian duogc két hop v6i1 bo loc 1am min anh dé tim bién.Xét cong
thirc sau:

l’2

h(r) = —e 2°° (1.8)

O day r*=x*+y’va o la do léch chuan. Néu thyc hién phép tich chap
ctia ham ndy vé&i anh can tim bién, két qua 1 anh s& bi mo di, mirc d6 mod phu

thudc vao gia tri cua o . Laplacian cia h tirc dao ham bac hai cua h theo r la:

Vv2h(r) —_[rzadz]e;z (1.9)

a
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Ham nay thuong dugc goi la Laplacian of a Gaussian (LoG) do (1.8) ¢o
dang Gaussian. Trong phuong phap nay, bd loc Gaussian duoc két hop véi
Laplacian cho phép hién thi nhitng ving anh c6 cuong do thay d6i nhanh do
do6 lam tang hi¢u qua phat hién bién. N6 cho phép lam viéc véi mot dién tich
rong hon xung quanh diém anh dang duoc nghién ciru nham phat hién chinh
xac hon vi tri caa duong bién. Nhuoce diém cua phuong phap nay 13 khong
xac dinh dugc hudng ctua bién do st dung hai bg loc Laplacian qua khac nhau

c6 dang nhu trén hinh 1-6.

ol-1/0] [-1/-1]-1
14 |-1] [-1]8]-1
ol-1lo] [=1/-1]-1

Hinh 1-6: Toan tw Laplacian
1.2 Mo ta hinh dang dua trén duwong bao
Mo ta hinh dang dua trén bién s€ chi khai thac thong tin bién cua dudong
bao d6i twong dugc mod ta. Co hai kiéu phuong phép tiép can dé mo ta duong
bao hinh dang d6 13 phuong phap tiép can toan cuc va phuong phap tiép can

cau truc.

Phuong phap tiép can toan cuc khong phan chia hinh dang thanh cac
phan ma dung mot vector xac dinh dudng bao dé mé ta hinh dang dic trung
tir dudng bién duoc sir dung dé mo ta hinh dang. P9 do khoang cach gitta cac

vector dac trung thuong dugc sur dung dé do do6 tuong ty hinh dang.

Phuong phap tiép can cau tric thi phan tach cic dudong bao cta hinh
dang thanh cac doan dua trén cac diéu kién phan tach. Biéu dién cudi cung
ciia n6 thuong sir dung cac xau, mot chudi hoic mot do thi, cac bién phap
tuong tu dugc thuc hién béng cach két hop chudi hoic dd thi mdt cach phu
hop. Theo huéng tiép can nay thi cac chudi, do thi hodc cay s& duoc biéu dién
dé dat duoc nhimg két qua cudi cung. Cac thuit toan ddi sanh chudi hoic déi

sanh dd thi s& duoc dung dé do d6 tuong tu hinh dang.
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1.2.1 M@ ta theo tiép cin toan cuc
K¥ thuat biéu dién dudng bao hinh dang toan cuc né thuong tinh toan
vector dic trung da chiéu tir cac thong tin dudng bao cia hinh dang. Viéc ddi
sanh gifra hai hinh dang v41 nhau 1a mot qua trinh don gidn thuong xay dung
bang cach sit dung mot do6 do khoang cach, ching han nhu khoang cach
Euclide, hodc khoang cach cityblock, va né ciing thuong duoc st dung trong

cac tmg dung thuc té.

Mo ta hinh dang toan cuc don gian nhé gon, tuy nhién mé ta hinh dang
khong duge chinh xac, nd chi cé thé duoc két hop vé1 mo ta hinh dang khac

dé tao ra cac mo ta hinh dang chinh xac.

1.2.1.1 Mo ta hinh dang don gian(Simple shape descriptors)

Mo ta hinh dang don gian nhit c6 thé duoc biéu dién bang cac yéu t6
nhu: dién tich, vung, hudng truc chinh, do tron (perimeterzlarea), do udn, do
léch tam. Nhitng mé ta toan cuc thudng chi c6 thé phan biét hinh dang co su
khéc biét 16n, do d6 chung thuong dugc sir dung dé loc, dé loai bo nhirng cai
sai hodc két hop v6i cic mo ta hinh dang khac dé phan biét hinh dang. Chung
khong phu hop véi cac mo ta hinh dang doc 1ap. Vi du, d0 1éch tdm cta hinh
dang trong hinh 1-7(a) 12 gin t&i 1 vi (a=b), do d6 nd khong mo ta dung vé
hinh dang béi vi theo quan sat thi ndé mot hinh thon dai. Trong trudng hop
nay, d6 tron s& mo ta tét hon. Hai hinh dang trong hinh 1-7(b) va 1-7(c) c6 d6
tron tuwong ty nhau vi (a=2b), tuy nhién, chung 13 nhitng hinh dang rat khac

nhau. Trong truong hop nay, 6 1éch tam 13 mo ta tt hon.

Iy L

(a) (b) (c)
Hinh 1-7: Minh hoa do léch tam cua hinh dang
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1.2.1.2 Déu hiéu dic trung hinh dang

Dau hiéu dic trung hinh dang mé ta hinh dang boi ham mot chiéu thu
dugc tir diém bién ciia hinh dang. Dau hiéu dic trung hinh dang bao gom:
khoang cach tam, toa do cuc, toa d§ phirc hgp, goc tiép tuyén, gbc tich Iy,

d6 cong, chiéu day dai, diy cung va dién tich.

Dau hiéu dic trung hinh dang khong bi tac dong bai dich chuyén va co
dan hinh dang. DAu hiéu hinh dang co thé dugc lugng tor hoa thanh mot biéu
db dau hiéu, biéu dd nay cé thé s dung cho d6i sanh va bat bién vdi phép
quay. D4u hiéu hinh dang thuong nhay cam v&i nhidu va nhitng thay doi trén
duong bao, do vay nd co thé giy ra nhing 16i trong viéc ddi sanh hinh dang.
Viy nén, ddu hiéu dic trung hinh dang thuong khong st dung truc tiép dé mo
ta hinh dang.
1.2.1.3 Momen dudong bao

Momen bién c6 thé dugc dung dé giam kich thudc cua céc biéu dién
trén dudng bao. Gia st bién hinh dang di duoc biéu dién béi mot dau hiéu
hinh dang Z(i), khi d6 momen thtr r 12 m, va momen tdm la p, cé cong thiic

udc tinh nhu sau:

m, =2 > [z@T (1.10)
Va
t =S [2G) —m T (1.11)

Trong do, N 1a sb cac diém bién
Chuan hoa cic momen: m, — m, / (M,)"?
Va M. =M,/(M,)"?

DPé mo ta bit bién v6i cac phép dich chuyén, phép quay va co dan cua

hinh dang.
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Uu diém cta md ta momen dudng bao chinh 1a né6 dé dang duoc thuc
hién tuy nhién rat khé dé gan nhitng momen bac cao hon vé6i cic giai thich
lién quan té1 vat ly.

1.2.2 M0 ta theo tiép cin ciu triic

Mot phuong phép khéc trong phan tich hinh dang la biéu dién hinh

dang cAu trac. Voi cach tiép can ciu trac, hinh dang dugc chia thanh cac doan

dudng bao va sau d6 duoc ma hoa thanh cac chudi téng quat: S=S,, S,, ....S,,

O day S;la cac phén tir cia ma xich, mot canh cia da giac, hinh vudng
hoac 1a mgt mat spline. S; c6 thé chira mot sd thude tinh vi du nhu chiéu dai,
d6 cong trung binh, do cong 16n nhat, kha nang udn,v.v. Cac chudi co thé su
dung truc tiép dé mo ta hodc co thé sir dung nhu 1a mot dau vao. Dudi day la
mot vai mo ta biéu dién dudi dang ciu truc.
1.2.2.1 Biéu dién ma xich

M3 xich mé ta duong bién d6i twong bang mot chudi cac doan thang
don vi v&1 cac hudng da dugc xac dinh. Nén tang nay da dugc gioi thi¢u vao
nam 1961 bdi Freeman, 6ng dd mo ta mdt phuong phap cho phép ma hoa céac
cau hinh hinh hoc theo y mudn. Trong phuong phap nay, mot dudng cong bat
ky dugc biéu dién béi mot chudi cac vector don vi chiéu dai va thiét 1ap mot
gid1 han cac hudng cho phép, do d6 goi 1a phuong phap vector don vi. Trong
thuc hién, mdét hinh anh dugc dat chéng 16n mot ludi, tir d6 cac diém bién léy
xap xi véi diém ludi gan nhat, sau d6 14y mau cia hinh anh thu dugc. Tir mot
diém khéi dau duogc lya chon trén bién, mot ma xich c6 thé duoc tao ra bﬁng
cach ma hoa cac doan théng biéu dién bién. Cac doan théng don vi co thé dinh
hudéng theo 4 hudng, 8 hudng hoac N hudng (voi N> 8 va N = 2k), ma xich
st dung doan théng don vi dinh huéng theo N hudng dugc goi 1a ma xich

tong quat.

Mi xich dung dé biéu dién hinh dang phai khong phu thudc vao sy lua

chon diém anh bién bat dau trong chuoi. Mot kha nang dé chuan héa chudi ma
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xich 14 tim cac diém anh trong trinh tu bién ma két qua mé ta 1a cac s6 nguyén
t6i thiéu, sau d6 chung dugc st dung nhu 13 cac diém anh bat dau. Ngoai ra,
bién c6 thé duoc bicu dién boi su khac biét vé cac chi thi tiép theo trong chudi
mi thay vi biéu dién cho bién theo chi sb twong d6i. Su chuin héa su khac
biét chudi ma duoc goi 1a Shape number, Shape number sé& dugc sir dung dé

biéu dién hinh dang ddi tugng.

Dung ma xich biéu dién hinh dang va do6i sanh c6 nhiéu han ché, ma
xich bi 4anh huong béi nhiéu duong bién va bién dang, thém vao do 1a kich
thudc cia chudi ma dai. Ma xich ma thuong dugc st dung 1a dau vao cua

nhitng phan tich & muc do cao, vi du nhu xap xi da giac va tim diém uon.

M3 xich biéu dién duong bién dbi twong bang mot chudi két ndi cua
cac phan doan duong thing c6 do dai quy dinh va dinh hudng. Thong thuong,
biéu dién nay dua trén 4 hoiac 8 hudéng két ndi cua cac phan doan dudng
thang. Hudng ctia mdi phan doan duoc méd héa bang cach sir dung mot luge
d6 s6 nhu duoc hién thi trong hinh 1-8. Nhiing hinh anh k¥ thuat sé thuong
dugc xur Iy voi dinh dang ludi v6i khoang cach binh dang véi cac hudng x va
y. Mot chudi ma co thé tao ra béng cach dinh hudéng cac phan doan duong

thang doc theo bién theo chiéu kim déng hd nhu minh hoa trong hinh 1-8.

Vén dé dit ra 1a mot chudi ma phu thudc vao diém bat dau va giai phap
dugc dua ra 13 coi chudi ma nhu mot chudi kin va xac dinh diém bat dau dé
chudi két qua khong phu thude vao su lya chon diém bat dau do. Chung ta c6
thé chuan hoa ma xich voi phép quay bang cach sir dung sy khac biét dau tién
(first difference) ciia ma xich thay vi ban than ma. Su khac biét nay thu dugc

bang cach dém s luong cac hudng thay d6i giita 2 yéu t6 lién ké.
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Hinh 1-8: Cdc huéng cia doan thang don vi: (a): 4 hudng, (b): 8 hidng
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Hinh 1-9: Biéu dién ciia mét chudi ma ( theo 4 huéng va 8 hudng)
1.2.2.2 Shape number
Shape number cua mot biéu dién duong bién dugc dinh nghia 1a sy

khac biét dau tién cia cudng do6 nho nhat. Trinh tu n cia mot Shape number
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1a sd lugng céc chir sé duge biéu dién. Hinh 1-10 minh hoa hinh dang cta

trinh tu 4, 6, 8.

rinh y 4

chaincode: 0 3 2 1
difference: 3 3 3 3
shapeno - 3 333

chaincode: 00332211
difference: 30303030
shapeno - 03030303

trinh iy 6
I
003221
303303
033033
it fy 8

03032211
33133030
03033133

0003222
30033003
00330033

Hinh 1-10: Biéu dién hinh dang sit dung Shape number
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(d)

chain code: 000030032232221211
deffirence : 300031033013003130
shape no :000310330130031303

Hinh 1-11: Cac budorc tinh toan shape number
Chiing ta xét mot vi du cu thé, gia s n=18 dugc quy dinh cu thé cho
bién nhu hinh 1-11(a). Dé c6 duoc mdt Shape number cua trat tu nay doi hoi
phai lam theo cac budc sau: Budc dau tién 13 tim cac hinh chit nhét co ban
nhu trong hinh 1-11(b). Hinh chit nhat gin nht cta trat ty 18 13 hinh chit nhat
3X6, yéu cau phai chia nho hinh chit nhat co ban nhu trong hinh 1-11(c). Cubi
cung c6 duoc chudi ma va sir dung diém khéc biét dau tién (first difference)

dé tinh toan shape number.

1.2.2.3 Phan tich da giac

Trong phuong phéap nay, duong bién dugc chia nho thanh céc doan badi
xap xi da giac. Cac dinh da gidc dugc st dung nhu mét dbi twong ban dau.
Dic trung ctia moi doi tuong ban dau dugc mo ta nhu mot chudi bao gém bén

yéu td: goc ndi tiép, khoang cach dén dinh tiép theo, cic toa d6 x va y.Cac dic
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trung nay duogc to chirc thanh mot cay nhi phan hodc m-arytree. P4i sanh hinh
dang c6 hai buéc: Bude dau tién ddi sanh dic trung véi dic trung, budc thi
hai, d6i sanh hinh dang v&i hinh dang. Trong budc dau tién, chung ta thu
dugc dir liéu dac trung cua cac hinh dang truy van. Cac dic trung nay dugc
tim kiém thong qua chi s6 cay, néu mot mau dic trung cu thé trong co so dir
liéu duoc tim théy tuong tu nhu dir liéu dac trung thi danh sach cac hinh dang
lién quan dén mo hinh dic trung duoc 14y ra. Trong budc thir hai, d6i sanh
gitra hinh dang truy van va mau thu duge, viée dbi sanh duogc thuc hién dua
vao khoang cach bién d6i giira hai chudi cac ddi tuong ban dau.
1.2.2.4 K¥ thuat lam min dwong cong

Phan tich duong cong min nhu mo t4 hinh dang. Phan doan gitra cac
diém udn d6 cong tur mot diém bién dugc lam phéng, duoc goi la cac ma
thong béo. Tinh ning cho mdi ma théng bao 1a d6 cong toi da va hudng cua
n6. Trong hinh 1-12, s6 dau tién trong ngodc don 13 d6 cong toi da ciia nd va

s0 thur hai 1a huéng cta nd.
(66, 300)

| | {

_ \
(106, 43) \

Hinh 1-12: Phdn tich duwong cong min
Trong d6: (a) 6 1a dinh hudng cua ma thong bao nay; (b) mot vi du vé

phan huy duong cong min.
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Sy tuong tu gitra hai hinh (a) va (b) dugc do bang khoang cach Euclide
c¢6 trong s6. PO tuong tu cia hinh dang dugc do theo khoang cach khong
trong sO. Viéc tim kiém hinh dang dua trén biéu dién mi thong bao da thé
hién rd rang khi cé cac doi tugng bi dich, mé rong va xoay mot phﬁn.
1.2.2.5 Phuwong phap khong gian ty 1€

Dudek va Tsotsos phan tich hinh dang trong khong gian ti 1€ va st
dung so d6 d6i sanh mod hinh v&i mé hinh. Trong phuong phéap nay, trude tién
hinh dang gdc (nguyén thuy) thu duoc tir k§ thuat lam min dudng cong. Sau
d6, thiét 1ap mot mo ta doan bao gdm chiéu dai phan doan, thir tw vi tri va gia
trj diéu chinh d6 cong duoc trich chon tir mdi hinh dang nguyén thay. Cubi
cung, mot chudi cac md ta doan dugc tao ra dé mo ta hinh dang. Vi du vdi hai
hinh dang A va B dugc md ta béi hai chudi: A=(S2,S),...S8) va
B=(S%,S5,..,58), d6i sanh mo hinh v&i mé hinh str dung 1ap trinh dong dé thu
dugc s6 diém twong dong cua hai hinh dang. Dé lam tang hiéu qua trong qua
trinh tinh toan déi sanh, chung ta dua cac dic trung hinh dang vao khéng gian
c6 d6 cong ti 1 dé hinh dang c6 thé duoc déi sanh & cac ti 16 khac nhau. Tuy
nhién, do trong mé ta doan c6 bao gdm chiéu dai phan doan nén mo ta ndy bat
bién v&i co gian.

1.3 Poi sanh anh
1.3.1 Giéi thiéu vé doi sanh anh

Pbi sanh anh 1a mot bai toan da va dang thu hat dugce sy quan tAm cia
cac nha nghién ctru va phat trién. Mdi khi bai toan nay duoc giai quyét, né6 mo
ra rit nhiéu cac ung dung hitu ich nhu: tim kiém anh, nhan dang, theo ddi va

phat hién d6i twong, ghép anh, v.v.

D061 sanh hai anh 1a tim ra nhiing ving giong nhau trén hai anh. Thong
thuong, dé doi sanh anh can so sanh cic phan tor co ban cau thanh nén no.
Giai phap dau tién cho van dé doi sanh anh dugc dé xuat boi1 Hobrough vao

cubi nhitng nam 1950. Hé théng tu dong tim kiém cac diém twong quan dugc
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gidi thidu lan dau boi cong ty Wild Heerbrugg nim 1964 nhung lai khong
duoc st dung pho bién. Tuy nhién, y tudng ap dung mdi twong quan chéo cua
Hobrough lai dugc nhiéu nguoi sir dung. Tir nhitng ndm 1970, viéc tap trung
phat trién d6i sanh anh va d6i sanh tuong quan git hai duoc nhiéu thanh cong
va dugc ap dyng trong hé théng do d6 twong ty cho anh (Helava, 1978). Ngay
nay, cong nghé déi sanh anh duogc tinh hop trong nhiéu phan mém xir Iy anh
dugc st dung nhu 1a mét cong cu tinh toan. Co rat nhiéu nghién ctru dugc
thuc hién voi mong muén tim cip diém twong ddng trén hai birc anh. Thuat

toan tim kiém diém tuong déng c6 thé thue hién duge trén anh 2D.

Van dé chinh cta viéc d6i sanh anh 1a viéc chon thuc thé déi sanh (Mot
thuc thé trong anh nay dugc so sanh véi mdt thuc thé trong anh khac) va lya
chon do do tuong tu (Mot do do dinh lugng danh gia ddi sanh cua toan b céac
thuc theé). P6i sanh timg pixel s& khong kha thi véi nhitng anh c6 kich thudc
16n vi n6 s& can tinh toan nhiéu hon, mit nhiéu thoi gian hon, hodc mudn rat
ngan thoi gian thi can c6 phan ctng xir Iy manh hon. Hon nita, n6 thudng dan
dén sy nhap nhﬁng do cac gia tri mirc xam cua anh xuét hién 1ap di lap lai va
do nhiéu cta anh. Do d6 bai toan dbi sanh anh thudc vé nhoém bai toan gia
dinh yéu (ill-posed problems). Dé chuyén d6i bai toan dbi sanh anh thanh bai
toan gia dinh chat (Well-posed problem) thi cac thuc thé dbi sanh, cac do do
tuong tu, cac rang budc hinh hoc va cac gia thiét phai dugc dinh nghia trong
mot giéi han pham vi nhét dinh, nghia 13 khong gian cia tat ca cac giai phap
s& bj han ché. Hai phuong phéap co ban ctia ddi sanh anh da dugc phat trién va
sir dung trong quan tric va thi gidc mdy la phuong phap dua trén ving va
phuong phap dya trén dic trung. Tong quan ciia cdc phuong phéap nay duoc

chi ra trong Bang 1.1.
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Bang 1.1: Phuwong phdp doi sanh hinh dnh

Phuong phap d6i sanh b0 tuong tu Pbi tuong dbi sanh

Tuong quan, do1 sanh o
Dua trén vung , Gi4 tri mrc xdm
hinh vuéng nho nhat.

' Diém quan tdm, canh,
Dua theo dic trung Ham chi phi
vung

Céc gia tri mirc xam 13 nhitng thuc thé trong d6i sanh dya trén ving.
Péi sanh ting diém anh dé gap phai van dé nhap nhang, do vy, cac gia tri
muc xam cua mot vai diém anh 1an can s& duogc su dung. Mot ph::?m anh duoc
cit tir anh duoc goi 1a mau, duoc sir dung dé tim kiém trong anh thr hai. Mau
gém m*n diém anh (thong thudng 1a m=n). Vi tri ctia mau 13 diém anh trung
tam, do vy, m va n thuong 13 1é. Mau s& dugc so sanh véi phﬁn anh co kich
thudc tuong tu trong anh thr hai. Viéc so sanh dugc han ché voi vung dugc
got 1a tim kiém dya trén vung hodc 1a tim kiém ctra s6. Gia tri d6 do tuong tu
duoc tinh toan tai mdi vi tri ctia mau trong viing tim kiém. Duya trén dic tinh
cia d6 do tuong ty, ma cac diém tuong Gng véi tim ctua mau s& 1a nhiing
diém c6 d6 do twong tu 16n nhat hodc nho nhéat. Trong phép quan tric thi
tuong quan chéo va d6i sanh binh phuwong nho nhat 1a nhimg cong nghé duoc
str dung nhiéu cho ddi sanh dya trén ving. Bén canh d6 thong tin twong hd va

khoang cach anh ciing c6 thé dugc ap dung.

Nguoc lai v6i ddi sanh dua trén ving st dung cac toan tir truc tiép trén
cac gia tri muc xam, cac phuong phap dua trén dic trung s& dua trén viéc doi
sanh cac dac trung dugc trich chon nhu diém, canh hodc vung. Cac thu tuc
dbi sanh duya trén dic trung bao gdm ba bude (dwgce diéu chinh tir Forstner,

1986):

- Chon céc déc trung riéng biét (diém,canh, gdc) trong cac anh riéng biét.
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- Xay dung danh sach so by cdc cap ung vién cua cac dac trung tuong

ung dua trén d0 do tuong tu duogc lya chon.
- Lay danh sach cudi cing céc cip dic trung pht hop vi mo hinh di tuong,

1.3.2 Doi sanh anh dya trén dic trung
1.3.2.1 Piém dic trung

Nhiing diém c6 do chénh léch cao vé gia tri muc xam hodc ham tuong
quan tuy dong cao va c¢6 do doc gradient 16n thi goi 1a nhiing diém dic trung.
Céc diém dic trung nén co su khac biét, bat bién dbi vi cac bién d6i hinh hoc
va bién d6i phé, 6n dinh (mot diém nén xuét hién trong tat ca cic anh duoc
d6i sanh) (Forstner, 1986). Thu tuc dé tim tim kiém nhiing diém dic trung

trong anh doi sanh dugc thuc hién qua hai budc:
- Tinh todn cac tham s6 dac trung & moi ctra s6 cua anh dugc chon.
- So sanh gia tri cia cac tham s6 vo1 mot ngudng cho trude.

Céc tham sb dic trung 14 khic nhau cho mdi toan tr nhung vé co ban
dua trén cac gia tri mirc xam (cau trac va két cau) bén trong ctra s6 duoc danh
gia. Chi c6 nhitng ctra s6 ma c6 gia tri tham sb 16n hon hodc nhé hon ngudng
méi duoc chép nhan 1a diém dic trung. Mot danh sach céc diém dac trung cua
mdi anh duoc ddi sanh voi toa do cua nd (diém trung tdm ctia moi cua $0
truot) va mo ta cua né 1a két qua ctia qua trinh nay. Trong (Luhmann va
Altrogge, 1986) di d¢ xuat 3 toan tir diém dic trung tén 1a Moravec,
Forstner va Dreschler. Tuy nhién Moravec va Forstner hoat dong t6t hon véi
viéc tim kiém cac diém dic trung theo cac diéu kién hinh hoc khac nhau.
1.3.2.2 Canh va vung

Céc canh co6 thé dugc mod ta nhu cac diém gian doan trong ham muc
xam, vi du: cac gia tri mirc xam thay d6i nhanh chong trong mot khu vuc nho.
Cac canh thudng tuong ung v6i duong bao cua cac déi tuong dugc hién thi
trong hinh anh. Qua trinh trich chon canh kha phtrc tap va bao gom cac budc

sau (Schenk, 1999):
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_ Xac dinh cac diém anh nam trén canh, gia tri mc xam khong lién tuc
duogc phat hién bdi mot phép do duge goi 1a toan tor canh. Mot ngudng
cho céc gia tri mtirc xam khac nhau dugc thiét 1ap dé quyét dinh cac

diém la diém canh.
- Lién két cac di€ém canh thanh cac canh.

- Nhom céc canh: tic 1a x4ac dinh phan doan dudng théng, duong da giac,

duong gap khuc, dudng song song, V.V.

Toén tir canh s€ phat hién ra su thay doi cua gia tri mirc xam trong anh,
mot trong sb ching dua trén dao ham bac nhit ciia cdc ham muic xam dé tim
ra cuc tri va dinh vi diém canh. Mot sb toan tir canh co thé dung nhu toan tir
Robert (Robert Cross), toan tir Sobel (Sobel Operator). Ca 2 toan tir déu dya
trén hudng, phét hién theo chiéu ngang, phat hién theo chiéu doc. Toan tir
Sobel s& it bi anh hudng béi nhidu ciia anh vi bao gdm ca nhiing diém anh lan

can.

Toan tr Laplacian thudc vé nhom céc toan tir dao ham bac hai, né doc
1ap vé hudng dé giam anh hudng ctia nhiéu trong anh. N6 két hop voi toan tir
Gaussian lam min anh. Sau khi ap dung két qua Laplacian cua toan tir
Gaussian trén anh gbc thi cac diém canh twong (mg voi gia tri zero. Toan tir

LoG gidng toan tir dao ham bac nhat duge mo ta chi tiét & Hinh 1-13 va 1-14:
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CHUONG 2: DOl SANH HINH DANG SU DUNG NGU CANH HINH DANG

2.1 Giéi thiéu

Hinh dang 1a mét ddc trung thi gidc quan trong va no la mot trong
nhitng dic trung co ban duoc sit dung dé mé ta ndi dung anh. Tuy nhién viéc
biéu dién hinh dang va mo ta chung 13 mot viéc kho khan. Diéu nay 1a do khi
mot dbi tuong thé gidi thuc dang 3-D duoc chiéu 1én mot mat phéng 2-D,
mét chiéu cua thong tin doi tuong s€ bi méat di. Do vay 1a hinh dang duogc
trich chon tir hinh anh chi biéu dién mét phan d6i tuong duogc chiéu. Bén canh
d6 vin dé phuc tap hon khi hinh dang thuong bi hong, bién dang, cit bo

nhiéu, trung 1ap.

Biéu dién hinh dang thuong di tim kiém nhiing dic trung hinh dang
quan trong va hiéu qua dua trén thong tin duong bao hodac duong bao voi ndi
dung bén trong ctia nd. Nhiéu k¥ thuat mo ta hinh dang d3 duogc phat trién
trong thoi gian qua nhu: ddu hiéu hinh dang, ngit canh hinh dang, ma tran
hinh dang, phd, v.v. Trong phan nay chu yéu trinh bay phuong phap mé ta
hinh dang sir dung ngit canh hinh dang.

2.2 DO do khoang cach hinh dang
2.2.1 Khodng cach min-max
Pugc thuc hién dua trén y tudng ldy phan giao cuia hai luge dd can so
sanh, ta s& dugc mot luge do, tinh téng cac gia tri c6 dugc tu lugc do nay cho
ta dugc do do min — max. Béi véi do6 do min: ta tinh dua vao gia tri min tai
moi K bin.
K
Intersection: (h(I), h(M)=> min{h(1)[j],h(M) j1} (2.1)
j=1
Ddi v6i d6 do max: ta tinh dua vao gia tri max tai mdi K bin

Intersection (h(l), h(M)= ZK:max{h(l )L hM)LT (2.2)

=t
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Intersection(h(l),h(M))

Matching(h(1), h(M)) =
max (Z h(l )[i],zh(l\/I )[i]]

(2.3)

2.2.2 Khoang cach Euclid
Day la cach tinh khoang cach Euclid thong thudng gifta cac K bin:

Intersection (h(1), h(M):i‘h(l)—h(M)z‘ 2.4)

Hoic c6 thé la: J_
Intersection (h(l), h(M):il|h(l)—h(M)| 2.5)

2.2.3 Khoding cich toan phuong Ji
Intersection (h(l), h(M) =Zk“ZKl:[h(i)—h(j)a[j[h(i)—h(j)] (2.6)

2.2.4 Khoang cach Chi Squared distance
Khoang cach Chi Squared 13 s6 liéu khoang cach giira cac bin dugc sir
dung dé so sanh cac biéu dd. Biéu thuc tinh toan cua khoang cach Chi

Squared giita hai biéu d6 duogc tinh nhu sau:

2 1y (a-h)
b)== 2.7

2.2.5 Khoang cach Hausdorff
Khoang cach Hausdorff 1a mét trong nhitng phuong phap ddi sanh

hinh dang dua trén twong quan c6 dién. Khoang cach Hausdorff thuong dugc
st dung dé xac dinh vi tri trong mot anh va do do tuong tu trong hinh dang.
V6i hai hinh dang duge biéu dién bang tap nhitng diém A={a,, ay, ...a,} va
B={by, b, ...y} thi khoang cach giita A va B dugc biéu dién:

H(a, B) = max(h(A, B), h(B, A)}

Trong do:

h(A, B) = max rkr)1€|8n||a—b|| (2.8)
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Tuy nhién d6 do khoang cach nay nhay cam véi nhiéu va ngoai lai.
DPiém don & trong A, cac diém trong B s€ tao ra h(A,B) rat 16n.Do do, khoang

cach Hausdorff da dugc cai tién boi Rucklidge:

f _ fth i —
h' (A B) = f.2, minfa—b] (2.9)

f" g(x) 1a gia tri vi phan thir £ cua g(x) trén tap x vo1 mot vai gia tri
cia | 12 0 va 1.Vi dy, gi4 tri vi phan th(r nhat chinh 1a 16n nhét va gia trj vi
phan 1/2 1a trung binh. Trong thyuc té f thuong dat 1a 1/2. Uu diém cua d6i
sanh hinh dang st dung khoang cach Hausdroff chinh 1a hinh dang c6 thé
duoc d6i sanh cuc bo. Tuy nhién khoang cach nay 1a khong bat bién véi cac
phép tinh tién, phép co din va phép quay.

2.2.6 D¢ do khoang cach trong
2.2.6.1 Gidi thiéu

CAu trac thanh phan déng vai trd quan trong trong viéc phan loai nhimg
hinh dang phutc tap. Tuy nhién, vi¢c thu lai dugc nhiing ciu trac thanh ph'?m
chua bao gior 14 mot cong viée don gian, nhat 1a khi xét dén cdu trac hinh dang
c¢6 khép ndi. Nhitng kiéu hinh dang nay 1 sy bién doi phi tuyén giira cac hinh
dang, hon nita, mdt vai hinh dang c6 thé co cdu trac nhap nhing. Dé giai
quyét cho nhitng van dé nay, mot ki thuat biéu dién hinh dang dugc goi 13

khoang cach trong da duoc dé xuét.

Khoang cach trong dugc dinh nghia 13 khoang cach ngin nhét cua
dudng dan bén trong duong bién hinh dang nham xay dung su nhan dién hinh
dang anh. C6 thé d& dang thdy duoc, khoang cach trong khéng nhay cam voi
cac hinh dang khép ndi. Vi du trong hinh 2-1.

Hinh 2-1: Vi du khoang cach trong
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Ta c6 thé thdy, midc du trong hinh (a) va hinh (c) déu c6 su phan bd
khong gian twong tu nhau, nhung chung lai hoan toan khac nhau vé cu tric
thanh phan ciia chiing. Mit khac, hinh (c) va hinh (b) lai xuét hién tir cing
mot loai hinh dang chi khac nhau & cac khép ndi. Khoang cach trong giita hai
diém dugc danh dau trong hinh (a) va hinh (b) 12 hoan toan khac nhau trong
khi, phan 16n sy gidng nhau lai ndm & hinh (b) va hinh (c). Bang truc giac,vi
du nay cho ta thay rang, khoang cach trong 12 khong nhay cam ddi véi cau
trac khép ndi, va nhay cam déi vdi ciu trac thanh phan, khoang cach trong
dang dé hudng téi cho viéc dbi sanh cac hinh dang phuc tap. Trong khi d6
khoang cach Euclidean khong c6 nhimg thudc tinh d6 ddi v6i vi du trén. Bing
chirng cho viéc nay chinh 1a khoang cach trong dugc dinh nghia nhu 1a d¢ dai
cia nhitng doan nét dat giita cac diém dugc danh diu, con khoang cach

Euclidean thi khong xem xét dén c6 nhimg doan nét dut chong chéo 1én nhau.

Viéc str dung khoang cach trong nhu 1a mot giai phap dé thay thé cho
nhimg d6 do twong ty khac nham xay duyng mdt mo ta hinh dang mdi ma co
kha ning bat bién (khéng nhay cam) ddi v6i hinh dang co cau trac khép néi.
2.2.6.2 Khoang cach trong

Trudc tién, cho hinh O 1a mot tap dong va co két ndi cua R hai diém x
va y thudc O, khoang cach trong gitra X va y duoc ky hi¢u la: d(x, y; O) va
duoc dinh nghia 13 d6 dai caa duong dan ngin nhat két ndi hai diém x va y &

trong hinh O. Vi du hinh 2-2.

L3 5
»)

Hinh 2-2: Vi du vé khodng cdch trong ciia x va y trong hinh O
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Van dé dit ra:

Trong mot vai truong hop hiém gip, co thé ton tai nhiéu dudng din
ngan nhat giita cac diém cho trudc, khi do, ta tiy ¥ chon mot dudng dan
ngan nhat trong s6 do.

Chung ta da quen voi1 viéc dinh nghia Shape bdi nhitng dudng bién cua
chung, do d6, chi nhitng diém bién dugc sit dung nhu 13 nhimg diém
danh ddu. Hon nita hinh dang dugc xap xi boi mot hinh da giac, da giac

nay duoc hinh thanh nén béi nhitng diém dugc danh dau cua chung.

Céach don gian nhét dé tinh toan khoang cach trong 1a sir dung thuat

toan tim dudng dan ngin nhat, thuét toan nay dugc chia lam hai buéc:

- Budc mot: Xay dung mot do thi voi cac diém mau. Trude tién, mdi
diém mau duoc coi nhu 1a mot nat & trong dd thi, sau do ddi voi mdi
cdp diém mau p; va p,, néu doan ndi lién p; va p, nam hoan toan trong
dbi tuong thi mot canh gitra p; va p, duoc thém vao dd thi cung véi

trong s6 ctia n6 13 khoang cach Euclidean ||p, — p; ||. Vi du: hinh 2-3
Mot vai chti y duge dé cap toi do 1a:
Thar nhat: cac diém bién lang giéng thi ludn ludn lién thong v6i nhau.

Thr hai: Khoang cach trong khong st dung nhimg diém miu cia

duong bién 16 hong.

Hinh 2-3: Qud trinh biéu dién khodng cich trong cia doi twong
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- Budc thtr hai: Ap dung thuét toan tim duong di ngan nhat cho d6 thi.
Nhiéu thuiat toan di duoc ap dung, trong do6 co6 thuat toan
FloydWarshall’s ¢6 do phuc tap 1a On®) voi n 1a s diém 14y mau.
Thuat toan khoang cach trong da dugc tac gia chi ra c6 do phuc tap
thuét toan 1a O(n®). Trudc tién, mat mot khoang thoi gian O(n) dé kiém
tra xem doan ndi gitra hai diém nim trong hinh dang. Tiép theo, viéc
xdy dung do thi thi c6 d6 phuc tap 1a O(n®). Khi do thi di duogc tinh
toan xong, thuat toan dung dé tinh toan tit ca cac cip co duong dan
ngin nhat co d6 phuc tap thuat toan 1a O(n®). Do vay, d6 phic tap tinh
toan toan bo 1a O(n®).

2.3 Mo ta anh sir dung ngir canh hinh dang (Shape context)

Ngit canh hinh dang 1a mot bd mo ta tinh ndng dugc st dung trong
nhan dang ddi twong. Ngir canh hinh dang duoc gidi thidu boi Belongie. N6
md ta mbi quan hé phan bd khong gian cia cac diém dai dién dugc danh dau
xung quanh nhiing diém dic trung: véi n diém mau X3, X, ..., X, trén mot
hinh dang. Ngit canh hinh dang tai diém x; dugc dinh nghia nhu 1 biéu d6 h;

ciia mdi quan hé toa dd cian - 1 diém con lai.
Ta c6 cong thuc:

h (K)=#{x; : j #i,%, —x ebin(k)} (2.10)

Trong d6: V&i cac bin duoc chia déu trong khong gian log-polar. Hinh
2-4 13 vi du tinh toan biéu @b (a) va (b) 1a cac diém duoc 1dy mau trén hai hinh
dang. (c) 1a mot biéu dd log-polar dugc sur dung dé tinh toan véi 5 bin ban
kinh va 12 bin géc. (d) 1a ngir canh hinh dang véi cac diém dugc danh dau véi
hinh tron ¢ trong (a). (e) 1a cac diém dugc danh dau ¢ trong (b) va (f) 1a cho
hinh tam giac. Trén hinh vé& ta thay (d) va e 1a ngit canh hinh dang cho hai
diém lién quan gin giéng nhau nén ching tuong ty nhau. Trong khi d6 ngi

canh hinh dang trong (f) 14 rat khac.
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log r b
log r bing
log r bins

B bins 8 bins Sbins

(d) () ®

Hinh 2-4: Tinh toan ngir canh hinh dang

2.4 Poi sanh hinh dang ngir canh
2.4.1 Poi sanh shape sir dung quy hoach dong

Bai toan ddi sanh dudng bao dugc phat biéu nhu sau: cho hai hinh A va
hinh B, ta mo ta chung bang cac diy diém trén dudng bao cua ching. Ta cé:
P1, P2. ..., Pnlan diém thudc hinh A va m diém g1, Oy, ..., Qmthudc hinh B.
Véi gia st n >= m, mot ddi sanh 7 tir A d@én B 1a mot anh xa tur 1, 2, ..., n
dén 0, 1, 2, ..., m trong d6 p; dugc d6i sanh voi g (i) néu p(i) khac 0 va
nguoc lai thi khéng ddi sanh. Ham chi phi ddi sanh C() dugc dinh nghia

nhu sau:

cm) =3, . cl,z0) (2.12)
Trong d6 c(i, 0) = z 1a gia tri phat cho viéc diém p; khong dugc d6i
sanh, va v6i 1<= j <=m, c(i, j) 1a chi phi d6i sanh giira p; voi q;- Bo do nay

duoc do bang cach sir dung ham théng ké y, nhu cong thire sau:

Lé Minh Quy - CT1802 36



C 1 [hA,i(k)—hB, j(k)I
C("J)_zzlcch hA,i(k)+hB, j(k) (2.13)

O day, ha,i va hg,j 1a nhiing biéu d6 ngir canh hinh dang cua p;va qj, va
K 1a s6 bin ctia biéu do.

Do cac dudng bao dugc cung cdp cac thir ty cho cac chudi diém
P1P2....Pn VA Q102 ...¢m, 12 tu nhién nén n6 vo tinh 1am han ché su d6i sanh. Dé
giai quyét van dé nay k¥ thuat Quy hoach dong (DP) di duoc st dung dé giai
quyét cho van dé d6i sanh nay. DP duogc st dung rong rii cho van dé déi sanh
dudng bao.

2.4.2 Po6i sanh hinh dang duwa trén do thi

Bai toan ddi sanh dudng bao dugc phat biéu nhu sau: cho hai hinh A va
hinh B, ta md ta ching bang cac diy diém trén duong bao cia chung. Ta cé:
P1, P2r ..., Pn 12 N diém thudc hinh A va m diém ¢y,0p, ...,0m thudc hinh B. Gia
sttn>=m, su d0i sénh 7 tr Adén Blamotanhxatr 1,2, ...,ndén 0, 1, 2,

.., m trong d6 p; dugc ddi sanh véi q (i) néu (i) khac 0 va nguoc lai thi
khong dbi sanh nén dugc cuc tiéu hoa chi phi ddi sanh va dugce dinh nghia 1a
H( =):

cr) =3, . . ci,z0) (2.14)

Trong d6 c(i, 0) =z 1a hinh phat cho viéc bé qua p; khong dbi sanh,
va cho 1<=j<=m, c(i, j)1a chi phi ctia ddi sanh p; voi g;. Ching ta co thé ap
dung thuét toan ghép cip trén dd thi véi trong sb nho nhat dé giai quyét bai
toan nay.
2.4.2.1 Bai toan ghép canh véi trong s6 nho nhat

Input: Do thi hai phan day du G = (XUY, E), X ={Xy, Xz ..., Xo}, Y
={Y1, Y, ..., Yo} duoc cho bdi ma tran vuéng C ¢ nxn, c[i, j] 1a trong s6
canh ndi dinh X; véi Y;. Gia thiét c[i, j] >0 véi moi i, j.

Output: Ghép cip hoan hao véi trong s6 nho nhit.
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2.4.2.2 Thuat toan
Pé cho gon, ta goi nhitng canh trong s6 0 ctia G 1a nhimg 0_canh. Xét

mot ghép cidp M chi gdm nhitng 0_canh.

- Nhiing 0 _canh thuoc M goi 1a nhitng 0_canh da ghép, nhitng 0 canh
con lai 1a nhitg 0_canh chua ghép. Néu ta dinh huéng lai cdc 0 canh
nhu sau: Nhitng 0 canh chua ghép cho hudng tu tdp X sang tép Y,
nhitng 0 canh d4 ghép cho huéng tir tap Y vé tap X. Khi d6:

_ Puong xen k& 1a mot duong di don xuét phat tir mot X_dinh chua ghép
di theo cac 0_canh da dinh hudéng ¢ trén. Nhu vay doc trén duong xen
k&, cac 0 _canh chua ghép va nhitng 0 canh da ghép xen k& nhau. Vi
duong xen k& chi 13 duong di don trén d6 thi dinh hudng nén viéc xac
dinh nhitng dinh nao c6 thé dén duogc tir X € X bang mot dudng xen ké
c6 thé st dung céc thuat toan tim kiém trén do thi (BFS hoac DFS).
Nhitng dinh va nhitng canh duoc duyét qua tao thanh mot cdy pha goc

X.

Mot duong mé 1a mdt duong xen k€ di tr mot X dinh chua ghép téi

mot Y—dinh chua ghép. Nhu vay:

- Puong di tryc tiép tir mot X_ dinh chwa ghép tdi mot Y _dinh chua ghép

qua mot 0_canh chua ghép cling 1a mgt duong moé.

~ Doc trén dudng md, s6 0_canh chua ghép nhiéu hon s6 0_canh d ghép
ding 1 canh.
2.4.2.2.1 Thuat toan Hungari

Budce 1:
- Khoi tao mot ghép cap M = @.
Bude 2:

Véi moi dinh x* € X, ta tim cach ghép x* nhu sau: Bat dau tir dinh x*

chua ghép, thir tim dudng mo bat dau & x* bang thuat toan tim kiém trén d6
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thi (BFS hodc DFS thong thuong nén dung BFS dé tim dudong qua it canh

nhat) c6 hai kha ning xay ra:

- Hoac tim dugc duong md, doc theo duong md, ta loai bo nhiing canh
da ghép khoi M va thém vao M nhitng canhchua ghép, ta dugc mot
ghép cip mébi nhiéu hon ghép cdp cii 1 canh va dinh x* tré thanh da
ghép.

~ Hoic khong tim duoc duong md, do ta dung thuét toan tim kiém trén db
thi nén co thé xac dinh dugc hai tap:

~ VisitedX = Tap nhitng X_ dinh c6 thé dén duoc tir x* bang mot duong
xen k¢;

~ VisitedY = Tap nhimg Y_dinh c6 thé dén duoc tir x+ bang mot duong
xen k&;

Goi A la trong s6 nho nhét caa cac canh nbi gitta mot dinh thudc
VisitedX voi mot dinh khong thudc VisitedY. Dé thay A > 0 bai néu A = 0 thi
t6n tai mot 0 _canh (x, y) voi x thudc VisitedX va y khong thudc VisitedY.
Vi x* dén dugc x bang mot duong xen k& va (x, y) 14 mot 0_canh nén x* ciing

dén dugc y bang mot dudng xen k&, dan t6i y € VisitedY, diéu nay vo 1y.

Bién doi dd thi G nhu sau: Véi moi x €VisitedX, trir A vao trong sb
nhitng canh lién thudc véi x, véi moi y € VisitedY, cong A vao trong s6

nhirng canh lién thudc véi y.

Lap lai thu tuc tim kiém trén dd thj thu tim duong mo Xuét phat & x*

cho t61 khi tim ra duong mo.
Budc 3:

~ Sau buéc 2 thi moi X_dinh déu dugc ghép, in két qua vé ghép cip tim

duoc.

Vi du:
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Tim ghép cip 16n nhit c6 trong s6 nho nhat trong dd thi sau. Bé khong
bi rdi hinh, ta hiéu nhitng canh khong ghi trong s6 13 nhitng 0_canh, nhimng
canh khong v& mang trong sb rat 16n trong truong hop nay khong can thiét
phai tinh dén. Nhiing canh nét dam 1a nhiing canh di ghép, nhiing canh nét

thanh 1a nhitng canh chua ghép.

tim duge duong md
X 1= Yl

tang cap

T = Xg
tim duge duong mo
Xo=2Y 29X 2Y

tang cap

Lé Minh Quy - CT1802



Lé Minh Quy - CT1802

g = X;;
tim duge duong md
Xy =Y

lang cap

khong tim duge dudng md

Tip X_dinh dén duge tit X; bing mot
duomg xen ké { X3, X4}

Tip Y_dinh dén duge tit X; bang mot
duting xen ké {Y3}

Gia trj xoay A =1 (canh X3 - Y5)
Trit tit ch trong s6 nhimg canh lién
thude { X3, X4} di 1.

Cong tit ci trong s6 nhing canh lién
thude Yy lén 1.
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khong tim duge duong md

Tip X_dinh dén duge tir X, bing mot
dudng xen ke { X, Xo, X3, X4}

Tap Y_dinh dén duge tir X4 bing mat
dudng xen ké {¥7, Y5, Y3}

Gia tri xoay A = 2 (canh X5 — Y;)
Trit tat cd trong s6 nhing canh lién
thuge voi { X, Xa, X3, Xy} di 2

Cong tét ca trong s6 nhitng canh lién
thuge {¥7, Y2, ¥z} lén 2.

tim duge duong ma:
Xy =Yy Xy Yy —
=+ XY Xy Y4
Tang cap

Két thie

2.4.2.3 Bai toan ghép cip v6i trong s6 16'n nhit

Input: D6 thi hai phan day di G = (XUY, E), X ={Xy, Xz ..., Xo}, Y =
{Y1, Yy, ..., Yy} duoc cho bdi ma tran vudng C ¢ nxn, C[i, j] 1a trong s6 canh
ndi dinh X; v6i Y;. Gia thiét c[i, j]> 0 v6i moi i, j.

Output: Ghép cip hoan hio véi trong s6 16n nhét.
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2.4.2.3.1 Thuat toan
Budce 1: Khéi tao:

- Mot ghépcapM =0

- Khéi tao hai day Fx va Fy théa man Fx[i]+Fy[j] > ¢[i, j] v6i moi i, |;
chang han c6 thé gan Fx[i] v6i gia tri 16n nhat trén dong i ctia ma tran C
va cac Fy[j] = 0.

Budc 2: Vi moi dinh x+ € X, ta tim cach ghép x* nhu sau: Véi cach
hiéu 0—canh 1a canh théa man c[i, j] = Fx[i]+Fy[j], bat dau tir dinh X, thir
tim dudng mo bét dau tir x*.C6 hai kha nang xay ra:

- Hoac tim dugc dudong mé thi doc theo dudng md, ta loai bd nhitng canh
da ghép khoi M va thém vao M nhiing canh chua ghép, ta dugc mot
ghép cdp moi nhiéu hon bd ghép cii 1 canh va dinh x* tré thanh da
ghép.

- Hoac khong tim dugc duong mo thi ta xac dinh duogc hai tap:

_ VisitedX = Tap nhitng X_dinh c6 thé dén duoc tir x* bang mot duong
xen k&;

~ VisitedY = Tap nhiing Y_dinh c6 thé dén dugc tir x* bang mot dudong
xen k¢;

bat A = min x€[a;b]{Fx[i]*+Fy[j]—c[i, j], X[i] thudoc V isitedX, Y [j]
khong thudc V isited Y}

V&1 moi X[1] thude tip VisitedX, géan Fx[i]:= Fx[i]-A;

V61 moi Y [j] thudce tap VisitedY, gan Fx[j]:=Fx[j] + A;

Lip lai thu tyc tim dudng md xuat phat tir x* cho téi khi tim ra duong
mo.

Budc 3: Sau budce 2 thi moi X_dinh déu dugc ghép, ta dugec mot ghép

cap hoan hdo véi trong s6 16n nhat.
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CHUONG 3: THUC NGHIEM

3.1 Moi trwong thuwe nghiém
3.1.1 Phan cing

Thanh phan Thong s6

CPU Core i5-2540M 2.60GHz
RAM 4GB

Hé diéu hanh Windows 10 Pro 64-bit
B6 nhé 250GB

3.1.2 Phin mém

Chuong trinh cai dat trén moi truong visual studio 2017 véi thu vién

mi ngudén md OpenCV (Open Source Computer Vision Library).

OpenCV 1a mot thu vién ma ngudén mé vé thi gidc may tinh va hoc
may. Thu vién duoc x4y dung dé cung cip nén tang cho cac tmg dung thi giac
may tinh nham ddy manh sy phét trién vé ham luong tri thirc may tinh trong
céc san pham thuong mai. Nho gidy phép ban quyén BSD va dugc nhiéu cong
ty 16n hang dau thé gidi nhu Google, Yahoo, Microsoft, Intel, IBM, ... cing
dong gop xay dung thu vién, OpenCV 1a mot trong nhitng cong cyu manh va

duoc sir dung rong rai trong trudong hoc cling nhu cac cong ty khdi nghiép.

Thu vién OpenCV bao gém nhiéu giao dién danh cho C++, C, Python,
Java, MATLAB va hd trg cho cac hé diéu hanh khac nhau nhu Windows,
Linux, Android, MacOS. Trong phién ban OpenCV 3.1, giao dién st dung
cho CUDA va OpenCL ciing d3 dugc phat trién hoan thién. OpenCV duoc
viét nguyén ban bang ngdn ngit C++. OpenCV c6 rat nhiéu chirc ning. Sau

day 1a nhitng tom tit co ban vé hé théng cac nhém ham trong OpenCV.

- Image and Video I/O. La cac nhém ham cho phép doc dir liéu anh tir

file hoic truc tiép tir video.
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- Cac thuat toan xtr ly anh va thi giac may (General computer-vision and
image-processing algorithms (mid — and low level APIs)): Bao gém céc

ham thuc hién cac thuat toan xtr Iy anh tir video.

~ Graphic: Bao gdm cac ham cho phép viét chir va v& trén hinh anh.
Thém vao d6 nhitng ham nay con dugc st dung dé ghi nhan va danh
dau. Vi du néu ta viét mot chuong trinh can nhan dang nhiéu ddi tuong

thi n6 s& rat ¢6 ich cho tao nhin anh (label image) voi kich thudc vavitr.

OpenCV cho Linux va MacOSX dugc dong goi nhu mot goi ma ngudn
Iru triv. Ta s& phai xdy dyng ca thu vién tinh va ca nhitng ddi twong chia sé
(shared-object). Ta can xay dung RPM trudc tién va cai dat tir né, hodc bién
dich va cai dat n6 ngay. Céu trac cho ca hai dugc nim trong INSTALL. Vi
Window ta khi cai dat OpenCV, no6 s€ copy file OpenCV vao thu muc ma ta

chon. Mic dinh né cai dat dén C:/Program Files/OpenCV/<version>.

Trong thu muc OpenCV c¢6 chir mot vai thu muc khac. Thu muc docs
chtra file van ban html cho toan bd cac ham OpenCV va kiéu dir liéu. Tur file
van ban nay ta c6 thé 1am cac vi dy, ta cling c¢6 thé mudn xem thu muc
“samples”. Nhiing file header s& can thiét khi ta dich chuong trinh sir dung

OpenCV.

3.2 Doisanh dnh dwa trén ngir canh hinh dang sit dung opencv
3.2.1 Tim dwong bao va ldy miu cac diém trén dwong bao

Buéc 1: Poc va hién thi anh

Ham doc anh trong opencv: imread

Mat imread(const string&filename, int flags)
Filename: Tén anh dau vao

Flags:
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~ CV_LOAD IMAGE ANYDEPTH: Néu anh dau vao c6 chiéu sau
tuong (mg thi anh tra vé 16-bit/32-bit, con nguoc lai thi no tra vé anh 8-
bit.
- CV_LOAD IMAGE COLOR: Néu dung ham nay, thi anh chuyén d6i
thanh anh mot mau.
- CV_LOAD IMAGE_GRAYSCALE: Néu dung ham nay, s& tra vé hinh
anh da mrc xam.
Ham hién thi anh trong opencv: imshow
Void imshow(const string & winname, InputArray mat)
Winname: Tén cira s6 hién thi anh
Image: Hinh 4nh duoc hién thi
Ham imshow hién thi mot hinh anh trong cua s6 dugc chi dinh. Néu
ctra s6 duoc tao baing CV_WINDOW_AUTOSIZE, hinh anh duoc hién thi
v6i kich thudc ban dau cua no, tuy nhién né van bi gidi han boi d6 phan giai
man hinh. Néu khong, hinh anh dugc thu nho dé vira voi cira s6. Him c6 thé
chia ty 1€ hinh anh, tuy thudc vao d6 sau cua no.

Vi du doc va hién thi anh:

Mat img = imread("D:/Anh/Shapel.jpg");
imshow("Shape", img);

B Shape — O =

Hinh 3-1: Hinh dwoc hién thi Shape
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Budc 2: Tim duong bao

- St dung ham  findContours(currentQuery,  _contoursQuery,
RETR_LIST, CHAIN_APPROX_NONE) dé tim dudng bao.

ector<vector<Point> » _contoursQuery;
vector <Point» contoursQuery;
findContours{currentQuery, contoursQuery, RETR_LIST, CHAIN APPROX_MONE

currentQuery: Anh dau vao.

contoursQuery: Cac dudng bao dugc tim.Moi dudng bao duge luu trir
trong mot vector cia cac diém.

RETR _LIST: Tra vé tit ca cic dudong bao ma khong thiét 1ap bat ky
modi quan hé tha bac nio.

CHAIN APPROX NONE: Luu trit tit ca cic diém dudng bao.Nghia
la 2 diém bat ky lién nhau xj, Y1 va Xy, Y, cua duodng bao s€ thudc cac lang

giéng ngang, doc va chéo, nghia 1a max(abs(X;-X,), abs(y,-y:))=1.

_ Két qua tim duong bao theo tha tuc trén duoc minh hoa nhu hinh 3-2:

B oresult - O *

Hinh 3-2: Két qua tim bién bang phweong phap Canny tir anh dau vao
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Budc 3: Ly mau n diém trén duong bao

_ Trong truong hop sé diém thuc té trén duong bao nho hon n thi thém
cac diém vao cho du:

int dummy = @;
for (int add = (int)_contoursQuery[largest contour index].size() - 1; add < n; add++)
{

contoursQuery.push_back(contoursQuery[dummy++]);

}

- L&y mau n diém ngau nhién trén duong bao sir dung phuong thuc:
random_shuffle(contoursQuery.begin(), contoursQuery.end());
vector<Point> contQuery;
for (int i = 0; i < n; i++)

{

contQuery.push_back(contoursQuery[i]);
}

- Viéc tim duong bao va 1€iy mau dugc thuc hién theo thu tuc sau:

int k = _contoursQuery.size();
std::vector<cv::Vec3b> colors;
for (int i = @; 1 <= 1; i++)

{
int b = 255%i;
int g = 255%i;
int r = 255%i;
colors.push_back(cv::Vec3b((uchar)b, (uchar)g, (uchar)r));
}

cv::Mat dst = cv::Mat::zeros(currentQuery.size(), CV_8UC3);
for (int i = @; i < n; i++)

{
for (int j = 0; j < n; j++)
{
dst.at<cv::Vec3b>(contQuery[i].y,contQuery[i].x)=colors[1];
}
}

cv::imshow("dst", dst);

Mat srcl = Mat::zeros(currentQuery.size(), CV_8UC3);
imshow("result"”, src);

return contQuery;
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1" BEST MATCH - a x B result

- o X  dst - 0 X
(el

Hinh 3-3: Két qud tim dwong bao va ldy mdu.

(a) L),

Trong do:
~ (a): Anh dau vao
~ (b): Anh bién dugc phat hién theo phuong phap Canny
~ (c): Anh bién duoc 1ay mau 200 diém ngiu nhién

3.2.2 Tim khoang cach va d6i sanh giira hai dudng bao di dwoc 1Ay miu
Trong thu tuc nady, cic diém bién cua hai anh di dugc ldy mau
conQueryl, conQuery2 sé& duoc sir dung dé tinh toan ngit canh hinh dang, sau

do6 khoang cach gitra chung dugc tinh toan.

Thi tyc tinh toan khoang cach va déi sanh giita hai hinh dang duoc
thuc hién nhu sau:

static float getShapeContextDistance(string fileNamel, vector<Point> contQueryl, string
fileName2, vector<Point> contQuery2)
{

cv::Ptr <cv::ShapeContextDistanceExtractor> mysc;

mysc = cv::createShapeContextDistanceExtractor();

float dis = mysc->computeDistance(contQueryl,contQuery2);

int bestMatch = 0;

float bestDis = FLT_MAX;

moveWindow("TEST", @, 0);

std::cout << " distance between " << fileNamel << " and " << fileName2 << " is: "
<< dis << std::endl;

return dis;

}

Bang sau chi ra két qua tinh toan khoang cach giira hai hinh anh véi
200 sb diém 1y mau:

Lé Minh Quy - CT1802 49



Bdng 3.1: Uéc lwong khodng cdch giita cac cdp anh véi 200 diém mdu

. Khoang
Cap anh doi1 sanh
cach
R BEST MATCH - O X |[Fu - 0 X
Anh dau vao Shape 1 Anh di dugc 1dy mau Shape 1
0

B BEST MATCH

O

Anh dau vao Shape 1

X

1 dst - ad X

Anh d3 duoc 1dy mau Shape 1

Khoang céach gitta anh dugc 14y miu Shapel va Shapel 1a: 0
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37 BEST MATCH - O X |V - 0 X

Anh dau vao Shape 1 Anh d3 dugc 14y mAu Shape 1

2.39
i BEST MATCH - O X | - O X

Anh dau vao Shape2 Anh d3 duge 14y miu Shape2

Khoang céach gitta anh dugc 1dy mau Shapel va Shape2 1a: 2.39
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B BEST MATCH - O X b - 0o X

Anh d4u vao Shape 1 Anh d3 dugc lay mau Shapel 453

B BEST MATCH 1 - O X | b - o X

Anh dau vao Shape 3 Anh di dugc 14y mau Shape3

Khoang céach giita anhdugc lay mau Shapel va Shape3 1a: 4.53
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B BEST MATCH - O X

Anh dau vao Shape 2

Anh di duogc léy mau Shape2

B BEST MATCH - 0O X

Anh dau vao Shape 3

I st - 0 X

Anh di dugc 14y mau Shape3

4.22

Khoang cach gitta anhdugc 1dy mau Shape?2 va Shape3 1a: 4.22
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KET LUAN
Sau mot thoi gian thuc hién khéa luan nay, dd an da dat dugc két qua
nhu sau:
_ Néim duoc mét sb phuong phéap phat hién bién.
_ MO ta va giai thich cac vin dé co ban trong viéc tim dudng bao dbi
tuong.
_ Hiéu dugc k¥ thuat ddi sanh anh dya trén ngilr canh hinh dang.
~ Nam bét dugc viée tinh toan khoang cach ngir canh hinh dang va d6i
sanh gitra hai dudng bao da duoc 1ay mau.

Tuy nhién, do diéu kién thoi gian va kha nang c6 han, nén em chua di
sau tim hiéu dugc thém vé ung dung, vi vay viéc xur 1y code trén OpenCV con
chua tét, chuong trinh van con nhiéu thiét sot.

Trong thoi gian tdi, em s& ¢ ging tim hiéu thém cic vin dé vé déi
sanh anh dya trén duong bao d6i tuong va xay dung tng dung hoan chinh bao
gdm ca giao dién nguodi dung va CSDL dic trung mot cach diy du va hé

théng.
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