LO1 CAM ON
Trudc hét em xin bay to 10ng biét on sau sic nhat téi thay gido huéng dan
Ths. Ngd Truong Giang da tan tinh gilp d& em rét nhiéu trong suét qua trinh tim
hiéu nghién ciu va hoan thanh béo céo tét nghiép.

Em xin chan thanh cam on cac thay cd trong Khoa Cong nghé Thong tin
cling nhu c4c thay ¢ trong trudng di trang bi cho em nhitng kién thic co ban
can thiét dé em c6 thé hoan thanh d6 an.

Xin gri 101 cam on dén ban bé nhiing nguoi ludn bén em da dong vién va
tao diéu kién thuan lgi cho em, tan tinh gilp d& chi bao em nhitng gi em con
thiéu sot trong qua trinh 1am béo céo tét nghiép.

Cudi ciing em xin bay to 10ng biét on sau sac toi nhitng nguoi than trong
gia dinh da gianh cho em su quan tdm dac biét va ludn dong vién em.

Vi thoi gian c6 han, trinh d6 hiéu biét cua ban than con nhiéu han ché.
Cho nén trong do6 4n khdng tranh khoi nhiing thiéu sét, em rat mong nhan duogc
su dong gop y kién cua tat ca cac thay co gi4o ciing nhu cac ban bé dé db an cua
em duoc hoan thién hon.

Em xin chan thanh cam on!
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MO PAU

Sy phat trién manh mé caa cdng nghé anh sb 1am luong anh luu trix trén

web tang Ién mot cach nhanh chong. Mai ngay, c6 hang triéu birc anh duoc dang

tai trén cac trang anh truc tuyén nhu: Flickr, Photobucket, Facebook... Theo

théng k& da c6 30 ti anh trén Facebook, 4 ti anh trén Flickr, 6.2 ti anh trén
Photobucket.

Cung voi nhu cau tim kiém van ban, nhu cau tim kiém anh ciing nhan
dugc nhiéu quan tdm cta ngudi str dung. Tuy nhién, voi mot sé lugng anh qua
I6n trén Internet cong viéc tim kiém tré nén vo cuing khd khan. Bé giai quyét van
dé nay, cac hé thdng tim kiém anh da ra doi nhu: Yahoo, Google Image Search,
Bing,... Cac hé théng nay cho phép ngudi st dung nhap truy van vé céc anh can
quan tdm. Théng qua viéc phan tich cac van ban di kém anh, hé théng guri tra cac
anh twong ¢ng véi truy van caa nguoi dung. Ngoai ra mot s hé thdng con cho
phép nguoi dung nhap cau hoi dudi dang anh nhu Google Image Search, Tineye,
Tiltomo...Day 1a mot huéng nghién ciu méi nhan duoc su quan tdm cua nhiéu
cong trinh khoa hoc trén thé gigi.

Hién nay trén thé gigi viéc tra cu anh da budc sang thoi ky méi, thoi ky
tra ciru anh dya vao noi dung. Tra cau dir liéu hinh anh dga vao noi dung anh
ngay cang phat trién manh m&, nd khic phuc khuyét diém cua viéc truy tim anh
dra vao van ban ki ty. Dir liéu dau vao duoc md phong gan giii v6i con ngudi,
két qua anh tra v& mang ngit nghia gan dang véi anh truy van hon.

Nam trong xu thé do, trong db &4n nay em trinh bay mét md hinh tra cau
thong tin hinh anh dya trén cac dic trung bat bién cua anh.

Noi dung cua dé tai bao gom ba chuong:
~ Chuong 1: Tong quan vé tra ciu anh dua trén noi dung
~ Chuong 2: Béi sanh anh dya trén dac trung SIFT

- Chuong 3: Thuc nghiém
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CHUONG 1: Toéng quan vé tra ctru anh dwa trén ndi dung

1.1 Tra ciru thong tin truc quan

Tra ciu théng tin truc quan 1a chu dé nghién cu méi trong linh vuc cong
nghé thdng tin. Tuong tac véi noi dung truc quan I cach thiét yéu nhat dé truy
tim théng tin truc quan. Céc yéu td truc quan nhu mau sic, két cau, hinh dang dbi
tugng va cac yéu té khdng gian truc tiép lién quan dén khia canh caa cam nhan
noi dung anh, cling vai cac khéai niém & mac cao nhu y nghia ddi twong, khung
canh trong anh, dugc ding nhu 13 manh méi cho tim kiém hinh anh véi noi dung

tuong tu tir co so dir ligu.

Tra ctiru anh dya vao ndi dung doi hoi phai c6 su dong gop tur cac linh vuc
nghién ciru khac 12 rat 16n va dat ra nhiéu thir thach trong nghién ctu d6i voi céc
nha khoa hoc va ky su. Cac linh vuc nghién ciu khac nhau, duoc phat trién mot
cach doc 1ap, dong gop rat 16n cho chii d& nghién ciru méi mé nay.

1.2 Nhirng thanh phan co ban ciia 1 hé thong tra ctru anh dua trén
ndi dung

Vé co ban hé thng phan tich ca cac noi dung caa ngudn thong tin ciing
nhu c4c truy van sir dung, va dem so sanh cac noi dung nay dé tra ciru cac muc
tin lién quan. Mot hé thdng tra ciru anh bao gébm cac chirc ning sau

~ Phan tich cac noi dung caa cac ngudn thong tin, va biéu dién céc noi dung
ciia cac ngudn duoc phan tich theo cach thich hop cho viéc so sanh céc
truy van sir dung.

~ Phan tich cac truy van ngudi sir dung va biéu dién ching & dang thich hop
cho so sénh véi co s dir liéu nguon

~ Pinh nghia mét chién luoc dé so sanh céc truy van tim kiém véi thong tin
trong co s¢ dir liéu duoc Iuu tri.

_ Thuc hién cac diéu chinh can thiét trong hé théng dua trén phan hoi tur
ngudi sir dung hoac cac anh duoc tra cau.



Nguoi su Trich chon dic trung Co so dur
dung a liéu

Phén hoi Véc to dic Co so dir liu
lién quan trung dac trung

( ¢ & N

Panh chi sd
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o |
So sanh d6 tuong tu
\, J

| !

l Két qua tra ciru ]

Anh
Hinh 1.1 : M6 hinh hé théng tra ctru anh dya trén ndi dung

1.3 Cac phuong phap tra ctru anh dua trén ngi dung

1.3.1 Tracwu anh dya trén mau sac

Tim kiém anh theo mau sic la phuong phap phé bién va duogc sir dung
nhiéu nhat trong cac hé thong tim kiém anh theo noi dung. Pay 1a phuong phéap
don gian, téc do tim kiém twong ddi nhanh tuy nhién két qua tim kiém c6 do
chinh xac khong cao.

Néu chling ta coi théng tin mau caa anh 1a tin hiéu mét, hai, hoic ba chiéu
don gian thi viéc phan tich cac tin hiéu st dung udc lugng mat do xac xuat 1a mot
cach dé& nhat dé mé ta théng tin mau cua anh.

C6 ba ky thuat truyén théng duoc sir dung trong tra ctu anh dua trén mau
sac d6 la biéu d6 mau toan cuc (Global Color Histogram), biéu d6 mau cuc bo
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(Local Color Histogram) va biéu dd6 mau twong quan (Color Correlogram
Histogram). Nhitng ky thuat nay thich hop vai céc kiéu truy van khac nhau.

1.3.1.1 Biéu d6 mau toan cuc (Global Color Histogram)

Biéu d6 mau loai ndy mé ta phan bd mau st dung tap cac mau. Viéc su
dung biéu d¢6 mau toan cuc thi mot anh s& duoc ma hoa véi biéu d6 mau cua nd
va khoang céch giira hai anh s& dugc xéac dinh boi khoang céch giira nhiing biéu
dd mau cua chang. Vai ki thuat ndy ching ta c6 thé sir dung céc thudc do khac
nhau dé tinh toan khoang céch gitra hai biéu do mau. Vi du dudi ddy s& md ta
hoat dong cua k¥ thuat nay:

Trong biéu d5 mau mau c6 3 mau : black, white and grey. Ta ki hiéu biéu
dd mau caa anh A:{25%, 25%, 50%}:; biéu d6 mau cua anh B: {18.75%, 37.5%,
43.75%} va anh C ¢6 biéu ¢ mau nhu anh B. Néu sir dung thuge do khoang
cach Euclidean dé tinh toan khoang cach biéu @6 thi khoang céch gitra hai anh A
va B cho biéu dd mau toan bd Ia:

deeu(A,B) = \/(0.25 - 0.1785)2 + (0.25 + 0.375)2 + (0.5 — 0.4375)2
decu(A,C) = dgeu(A,B) = dgey(B,C) =0 [1-1]

Biéu dd mau toan cuc 1a mot phuong phép truyén thdng cho viéc tra cau
anh dya trén mau sic. Mac du vy, nd khong chaa cac thong tin lién quan dén su
phan bé mau cua cac vung. Vi vdy khoang cach giira cac anh dai khi khdng thé
chi ra dugc su khac nhau thuc su gitra cac anh. Vi du khoang cach gitra anh Ava
C khac so véi khoang cach gitra anh A va B nhung bang viéc xay dung biéu d6
mau toan cuc thi lai thu dugc khoang cach tuong tu. Ngoai ra con c6 truong hop
hai anh khac nhau c6 biéu d6 mau toan cuc giong nhau nhu vi du trén anh B va

C. va day chinh 1a han ché cua biéu d6 mau toan bo.

Anh A Anh B Anh C

Hinh 1.2: Ba anh va biéu d6 mau ctia chiing
anh A:{25%, 25%, 50%}; anh B: {18.75%, 37.5%, 43.75%}; anh C: {18.75%,
37.5%, 43.75%}
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1.3.1.2 Biéu d6 mau cuc b (Local Color Histogram)

Biéu d6 mau cuc b bao gdm thdng tin lién quan dén sy phan bé mau caa
cac ving. Trudc tién 12 nd phan doan anh thanh nhiéu khéi va sau do biéu dién
biéu ¢6 mau cho mdi khéi, mot anh s& duge biéu dién bai nhitng biéu dd mau
nay. Khi so sanh hai hinh anh, khoang cach duoc tinh toan bing cach sur dung
nhitng biéu do cuaa ching giira mot ving trong mot anh va mot ving tuong wng
trong anh khac. Khoang céch gitta hai anh duoc xac dinh bang tong tat ca cac
khoang cach nay. Néu sir dung can bac hai cua khoang cach Euclidean dé tinh
toan khoang céch biéu do thi khoang cach giira hai anh Q va | cho biéu d6 mau
cuc bo la:

DD = Sy [SNACHE L) - HELD? 1.2)

O day M 1a sé ving duoc phan doan trong anh, N 1a s6 mau trong biéu do
mau va H[i] 1a gi4 tri cua mau i trong biéu d6 mau dai dién cho vung k cua anh.

1.3.1.3 Biéu dd mau twong quan (Color Correlogram Histogram)

Quan sét thay ring luoc dd mau thiéu théng tin vé cach ma mau sic dugc
phan bé theo khdng gian, mot dic trung méi duoc gidi thiu goi 12 lugc d6 twong
quan mau. Lugc dd twong quan mau hira hen mé ta khong chi 1a phan phéi mau
cia cac diém anh ma con la su tuong quan vé khong quan giita CAc cip mau.
Luoc d6 nay chi quan tdm dén sy twong quan vé khdng gian giira nhitng mau
gidng nhau va do dé giam dugc sé chiéu va chi phi tinh toan.

Cach tinh lugce d6 twong quan mau
Goi [D] la tap gom D khoang céch d1, d 2,..., d b dugc do bang do do L.

Luoc d6 twong quan mau cia anh I dugce x4c dinh v6i cdp mau ci, € j va
khoang c&ch d nhu sau:

() [1.3]

Vcicj(z) = PTPlEIc,PzeI [P2€1¢j||P1—Pz|Leo=d]

Trong d6 1 12 anh, kich thugc MxN (Piém anh), | c=p < | | Ip= ¢, lugc do
tuong quan mau thé hién xéac suat cap diém anh bat ky p1 va pz chiu sy rang buoc
vé mau (p1c6 mau ci, p2¢6 mau ¢ j) va vi tri (pi— pz|L= d).
1.3.1.4 Vector lién két mau (Color Cohenrence Vector)

Vector lién két mau dé xuat phan mdi ngin cua luoc db thanh hai loai: lién
két néu n6 thudc vé mot ving mau dong nhat 16n hoiac khong lién két néu nd
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khong thudc vé mot viing mau ddng nhat 16n. Cho o biéu thi sé cac pixel gin két
trong ngan thir i va ; biéu thi sé céc pixel khéng gan két trong mét anh thi vector
lien két mau cua mot anh duoc dinh nghia bang vector <(a,py).(o
,B2),(@3,B3),- . ., (an,Bn)>.

Trong d6: < (a1 +B1), (a2t By, ..., (an+Pn)> 12 lwoc d6 mau cua anh.

Viéc thdng tin khéng gian duoc két hop vao biéu d6 mau sic lam cho
Vector lién két mau cung cap cac két qua tra cau tot hon luoc dd mau, dic biét
Véi cac anh c6 phan I6n mau dong nhat hoic ¢ két cau theo khu vuc.
1.3.1.5 Twong quan mau (Color Correlogram)

Tuong quan mau khong chi dé mé ta cac phan bé mau cua cac pixel, ma
con tuong quan khéng gian cua cac cap mau. Mot trong quan mau la mét bang
dugc danh chi sé boi cac cap mau. Vi mdi pixel ¢ mau i trong anh, 1a xac suat
tim thdy mét pixel c6 mau j cac pixel ban dau mot khoang cach k. Cho | biéu
dién toan bo tap cac pixel anh va Iy biéu dién tap cac pixel c6 mau C(i) thi
turong quan mau dugc dinh nghia bang:

y(®)i,j = Pr[p2€Ic()|[pl —p2| = K] [1.4]

Trong do: pl € I, p2 € 1.

i,j€ (1.2,...N}.

KE {12,...d).

Ip1-p2| Ia khoang cach gitra cac pixel pl va p2.

Kich thudc cua Correlogram 13 O(N?d).

Khi chon d dé tinh Correlogram ta can chd y van dé sau:

Gia tri d Ion thi can nhiéu chi phi tinh toan va khéng gian luu tri.

Gia tri d nho c6 thé giam gia tri luu trit ctia dac trung.

So sanh véi lugc dd mau va vector lién két mau, twong quan mau cho cac
két qua tra ctru tot hon, nhung ciing cho chi phi tinh toan cao hon do n6 cé chiéu
cao.
1.3.1.6 P9 do twong ddng vé mau sic

Mot s6 do do tuong déng duoc sir dung nhu: D6 do khoang céach
Euclidean, do do Jensen-Shannon divergence (JSD). Goi h(l) va h(M) tuong tng
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la 2 lwot @6 mau cua hai anh | va anh M. Khi d6 cac loai d6 do mau duoc dinh
nghia 1a mot s6 nguyén (hoic s thuc) theo céc loai d6 do twong wng nhu sau:

- Khoang céach Euclidean:

bay la khoang cach Euclidean théng thuong gitta cac K bin:

Intersection (h(I), h(M)) = Zle\/(h(l) — h(M))? [1.5]
Hoac:
Intersection (h(I), h(M)) = ¥X_; |h(I) — h(M) [1.6]

- b6 do Jensen-Shannon divergence (JSD) : Do do Jensen-Shannon
divergence str dung luoc d6 mau RGB dé tinh toan d6 tuong dong vé mau
sac gitra 2 anh:

2H' 1,

H' p+Hpy,

! ZHm !
djsp(H,H') = Xn—y Hmlog 1~ + H'nlog [1.7]

Trong d6 : H va H’ 13 2 biéu d6 mau duoc so sanh, m H 1a bin thtr m cua
biéu d6 H.

1.3.2 Tracitu anh dya trén két cau
Két cdu 1a mot dac tinh quan trong khac cua anh. Cac biéu dién két cdu da
dang da dwoc nghién ctu trong nhan dang mau va thi gidc may tinh. Két ciu
dugc sir dung rong réi va rat truc quan nhung khong c6 dinh nghia chinh xéac bai
tinh bién thién rong cua n6. Mac du khéng c6 mot khai niém chung cho két cu
nhung tit ca cac nhanghién ctu déu tap trung thdng nhat trén hai diém chinh:
~ Trong pham vi mot két cau co su bién doi dang ké vé muc do cuong do
giita cac diém anh lién k&, d6 1a gigi han cia do phan giai, khong co su
ddng nhat.
~ Két cau la thugc tinh ddng nhat & mot vai khdng gian 16n hon do phan giai
cua anh, cai ham y trong nhitng thudc tinh nay cua cau tric la anh ¢ do
phan giai nhat dinh.
Khac véi mau sic, két cau dién ra trén ca mot ving hon 1a tai mot diém,
no thuong duoc dinh nghia bang nhitng mac xam duoc hiéu nhu 12 mau sic.

Céac phuong phap phan tich két cau bao gém : phuong phap Gray-Level
Co-occurrence Matrices(GLC), phuong phap Gray-Level Difference (LGD).
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1.3.2.1 Phuwong phap ma trian dong nhit mirc xam (Gray-Level Co-
occurrence Matrices)

Pay |a phuong phap md hinh ham mat d6 xéac suat khong cé tham sé. Sy
khéc biét gitta phuong phap nay voi cac phuong phéap c6 tham sb phan anh sy
phan biét duoc tao bai cac con sé thdng ké giita hai ky thuat tao mau md hinh
ham mat do xac suat c6 tham sb va khdng tham sb.

Khéng gian mirc xam ddng nhit uéc lugng nhitng thudc tinh cua anh cé
lien quan dén nhitng s6 liéu théng ké tha hai. Haralick goi ¥ sir dung ma tran
muc xam ddng nhat cai ma da tré thanh mot trong nhitng phwong phap ndi tiéng
nhat va duoc sir dung rong réi nhitng dic diém két cau.

Ma tran déng nhat mac xam Pd(G*G) vai vecto thay thé d=(dx,dy) duoc
dinh nghia nhu sau:

Py(i,7) = II{((r,s), (t, v)): (t,v) = (r + dx,s + dy), [(r,s) =i, I(t,v) = j}|
[1.8]

O day (r, s), (tv) N x N, ||.|| 12 lec lugng trong tap hop

1|1 ]|2]2]2 1 2 3 4

I 2 | 2 | 2 1 |2 1|0

B 3 | 3|3 |3 2104|010

S 4 | 4| 4 300101512

313 (4|44 410|004
a) b)

Hinh 1.3: Tinh toan ma tran dong nhat muic xam

Ma tran déng mic xam c6 mot s6 khd khan dé 1a: khéng c6 mot phuong
phap dugc thiét 1ap hoan hao vé su lua chon véc to thay thé d va viéc tinh toan
ma tran d6i véi mot so gia tri khac nhau caa d 1a khéng thé thuc hién duoc. Hon
nira,voi mot gia tri cua d c6 mot sb luong 1on cac dac diém co thé duoc tinh toan.
Piéu nay cd nghia la mot s6 phuong phap lya chon dic diém can phai duoc su
dung dé lya chon nhiing dic diém c6 lién quan nhat.
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Bang 1.1: Mot s trich chon dic diém két cau tir ma tran dong nhat muc

xam
Dic diém két cdu Cong thuce
Energy 2Pz (L))
Entropy — 2> Py(i,)NlogXiYjPy(i, )
Contrast YiXj( — D*Pa(i))
Homogeneity NiYj Pgz (L,))/i+ i —j|
Correlation YiYj (i — uxx)(G — uy)P,(,j) / ox,0y

Trong do:
Pa(i,j) La phan ter thir (i,j) cia ma tran co-occurrence Pq
i Nghia 1a : Zi=1 véi M 12 s6 hang
X jNghia la: Xj=1vdoiN la sb cot
YijNghia la: Zi, X j
~ Energry (d6 nhidu) cua két cAu mé ta su tuong tu cua két cau. Trong anh
ddng nhat c6 rat it chuyén ddi mac xam troi, boi vady ma tran co-

occurrence sé c0 it vung c6 cuong do Ion. Nhu vay energry caa anh la cao
khi anh 1a dong nhat.

Entropy (ning luong) do su ngau nhién cua nhirng phan tir trong ma tran
khi tat ca nhitng phan tir cia ma tran 1a ngau nhién téi da thi entropy c6 gia
tri cao nhat. Boi vay mot anh déng nhat c6 entropy thap hon anh khdng
ddng nhat.

Contrast (46 twong phan) c6 gia tri cao twong dbi khi nhitng gia tri cao
ctia ma tran gan véi duong chéo chinh.

Correlation (d6 twong quan) do tuong quan gitra cac phan tir ciia ma tran,
khi gi& tri nay cao thi anh phtrc tap hon.

1.3.2.2 Phwong phap Gray-Level Difference (GLD)

Phuong phap Gray-Level Difference (GLD) tuong tu véi cidc phuong
phap Gray-Level Co-occurrence Matrices(GLC). Tuy nhién diém khéc biét chinh
gitra chung la, trong khi phuong phdp GLC tinh todn ma tran cua cac cap cuong
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do6 thi phuong phap GLD lai tinh toan mét véc to cua nhitng chénh Iéch cuong
d6. Piéu nay tuong duong véi viéc tong két ma tran GLC véi nhitng duong chéo
caa no.

Cu thé, cho bat ky khoang céch thay thé d = (dx, dy) thi:

laGx,y) = | 1(x,y) = 1(x +dx,y + dy)|| [1.9]

Cho Pd 12 mat d6 xéac suat cua I;(x,y). Néu c6 m mac xam thi s& tao
thanh mot véc to m chiéu trong dé thanh phan tht i chinh 1a xac suat ma I;(x, y)
s& c6 gi4 tri i. Néu anh 1 1a roi rac thi dé dang tinh toan Pa bang viéc dém sé lan
moi gia tri I;(x,y) xay ra.

1.3.2.3 Pd do twong dong cho két cau anh

Dé do do twong ddng theo két cau giira cac anh, ngudi ta thuong st dung
do do Euclidean. Két cAu duoc trich xuét tir cac btc anh s& duoc biéu dién thanh
cac vector nhiéu chiéu va khoang cach Euclidean duoc dung dé do do twong
ddng giira cac dic trung cua anh truy van véi dic trung caa anh trong co so dir
liéu.

1.3.3 Tra cwu anh dwa trén hinh dang

Kha ning tra ciru bai hinh dang cd 18 1 nhu cau hién nhién nhit & muc d6
nguyén thay. Khdng nhu két ciu, hinh dang 1a mot khéi niém hoan toan rd rang,
va bang ching 1a nhitng vat thé ty nhién dau tién dugc nhan thay bai hinh dang
cua ching. Trong tra ciru anh theo ndi dung, hinh dang 1a mét cap cao hon so véi
mau siac va két cdu. N6 doi hoi s phan biét giira cac ving dé tién hanh xu ly vé
d6 do cua hinh dang.

Trudc day, nghién ciu hinh dang duoc thic day chi yéu bai sy nhan dang
dbi twong, cac ki thuat mé ta va biéu dién hinh dang nay chu yéu dya vao cac
ing dung cu thé. Trong do6, sy hiéu qua va chinh xéac 1a mbi quan tam chinh cua
nhitng k¥ thuat nay.

Viéc phan loai cac phuong phép biéu dién hinh dang pho bién nhat 1a dua
trén viéc sir dung cac diém bién hinh dang va diém ving.
1.3.3.1 Phwong phap trich chon dic trung dua trén dwong bién.

Trong phan nay, ching ta s& xem xét cu thé phuong phap sir dung ma xich
cuing vai shape number dé biéu dién va nhan dang déi tuong.
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a) Maxich

Ma xich biéu dién duong bién dbi twong bang mot chudi két ndi cua cac
phan doan duong thang cd do dai quy dinh va dinh huéng. Thong thudng, biéu
dién nay dua trén 4 hoic 8 hudng két néi cua cac phan doan dudng thang. Hudng
cia mdi phan doan duoc mi hda bang cach st dung mét lugc d6 sé nhu duge
hién thi trong hinh 1.4.

Nhiing hinh anh ky thuat s6 thuong dwoc xu Iy véi dinh dang luéi voi
khoang céch binh dang véi cac hudng x va y. Mot chudi ma co thé tao ra bang
cach dinh huéng cac phan doan dudng thiang doc theo bién theo chiéu kim ddng
hd nhu minh hoa trong hinh 1.5.

Van dé dat ra 1a mot chudi ma phu thuoc vao diém bat dau va giai phap
duoc dua ra 1 coi chudi ma nhu mot chudi kin va xac dinh diém bat dau dé chudi
két qua khong phu thudc vao su lua chon diém bat dau d6. Ching ta c¢d thé chuan
hoa ma xich voi phép quay bing céch sir dung su khac biét dau tién caa ma xich
thay vi ban than ma. Sy khéc biét nay thu duoc bang cach dém sé luong cac
hudng thay d6i gitra 2 yéu td lién ké.

*()

(a) (b)

Hinh 1.4: Cac huéng ciia doan thang don vi : (a): 4 hudng, (b): 8 huéng
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Hinh 1.5: Hinh anh ctia mot chudi ma (theo 4 hudng va 8 hudng)

b) Shape number

Shap number cia mét biéu dién duong bién duoc dinh nghia 1a sy khac
biét dau tién cua cuong d6 nho nhat. Trinh ty n caa mot shape number 14 sé
lwong céc chir sé duoc biéu dign. Hinh 1.6 minh hoa hinh dang cua trinh ty 4,6,8.

trinh t 4

chaincode: 0 3 2 1
difference: 3 3 3 3
shapeno : 3 33 3

chaincode: 00332211
difference: 30303030
shapeno : 03030303

trinh ty 6

O W O
v o o
LI Lo Lo

[ =]

= W

trinh ty 8

00032221
30033003
00330033

Hinh 1.6 : Biéu dién hinh dang sir dung shape number
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Chuing ta xét mot vi du cu thé, gia sir n=18 duoc quy dinh cu thé cho bién
nhu hinh 1.7(a). Dé c6 duoc mot shape number cua trat ty ndy doi hoi phai lam
theo cac budc sau: Budc dau tién 1a tim cac hinh chit nhat co ban nhu trong hinh
1.7(b). Hinh chit nhat gan nhét cua trat tu 18 13 hinh chit nhat 3x6, yéu cau phai
chia nho hinh chir nhat co ban nhu trong hinh 1.7(c). Cudi cung ¢ duoc chudi
ma va str dung diém khéc biét dau tién dé tinh toan shape number.

C/ '(//

(@ ®)

(d

chain code: 000030032232221211
deffirence : 300031033013003130
shape no :000310330130031303

Hinh 1.7: Cac budc tinh toan shape number

1.3.3.2 Phwong phap trich chgon dic trung dua trén vung.

Trong phuong phap biéu dién dya trén ving phai ké dén tat ca nhiing
pixel trong ving hinh dang thu dugc trong biéu dién hinh dang. Phuong phap
biéu dién ving thuong sir dung cac momen dé mo ta hinh dang. Va mot sé
phuong phap khéc thuong sir dung gom cd: phuong phap ludi, bé mat 16i va truc
trung vi.

Biéu dién hinh dang dua trén viing xem xét dén toan bo ving hinh dang va
su dung hiéu qua thong tin cua toan bo pixel chaa trong vung. Nhitng phuong
phap nay do sy phan phdi pixel cia ving hinh dang, ching it c6 kha ning gia tao
boi nhiéu va bién dang. Phuong phéap ving phd bién Ia nhitng phuong phap
moment. G mic thap moment tht ty hay momnet bat bién mang theo nhitng y
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nghia vat Iy két hop voi sy phan phdi pixel. Tuy nhién n6 rat kho khan dé két hop
moment thir tu cao hon véi su giai thich vat ly. Phuong phép ludi la dua trén kha
nang truc quan quan sat hinh dang, né khéng phan anh sy thdng ké phan bé cua
ving hinh dang va bi anh huéng bai nhidu va khong ¢ dong nhu moment bat
bién.

1.3.3.2.1 P thi xwong

Xuwong (truc trung vi) la quy tich tdm cua cac dia cuc dai cua hinh dang
nhu trong hinh 1.8, duong in dam la xwong cta hinh chir nhat.

Hinh 1.8: D4 thi xwong cua hinh chir nhat.

Y tuong co ban cua viéc str dung xuong 12 loai bo cac thong tin du thura
trong khi van gitr duoc cc théng tin topo ¢6 lién quan dén cau tric caa di tuong
dé c6 thé nhan dang ddi tuong. Xuong cé thé duoc phan tach thanh cac doan va
duogc biéu didn dudi dang cac do6 thi theo mot tiéu chi nhat dinh. Nhu vay, viéc
dbi sanh giira cac hinh dang s& trg thanh viéc d6i sanh gitta cac do thi. Tuy nhién
viéc tinh toan d6i véi xwong kha phic tap, hon nita xuong rat nhay cam véi
nhiéu va céc bién dang.
1.3.3.3 Cac phwong phap ddi sanh dya trén hinh dang
1.3.3.3.1 Poi sanh cac shape number

Mt d6 tuong tu K giira 2 hinh dang duoc dinh nghia 1a tha ty I6n nhat ma
shape number van con tring khop. Vi dy, cho hai hinh dang a va b duoc biéu
dién bai mot chudi ma 4 huéng, hai hinh dang c6 d6 tuong tu k néu:

S] a = S] b voi J:4 ,6 ,8,...k

Sja # S; bvoi j=k+2, k+4 ,...

Trong d6 S cho biét shape number va chi s6 dudi 1a trinh tu.

Khoang céch gitra hai hinh a va b dugc dinh nghia la nghich dao cia muc

do tuong tu: D a, b =%
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Khoang cach nay c6 cac thugc tinh sau:
- D(a,b)>=0
_ D(a,b)=0 néu a=b
- D(a,b)<= max[D(a,b),D(b,c)]

S
o O 4

PO twong tir k
. T —— abedef a b c d e f
_____ abedef a < 6 6 6 6 6
b « 8§ 8 10 8
8

bcdet
c o0 8 12
- —--0a d oL 8 8
R = o 8
f o0
14 e

(b) ©

Hinh 1.9 :Minh hoa tim kiém hinh dang twong ty sit dung shape number: (a) hinh
dang; (b) cay tuong tu; (¢) ma tran tuong tu.
1.3.3.3.2 Poi sanh dd thi xwong

Y tuéng chinh cua phuong phap nay 1a ddi sanh db thi xwong bang céach
so sanh cac duong dan toi diém cudi xwong. Phuong phéap ddi sanh nay khong
dua trén cau cau trdc topo hinh hoc, bai mot thuc té truc quan 1a nhitng bo xuong
tuong tu cO thé ¢o cau trdc topo hinh hoc khac nhau. Viéc so sanh cac duong dan
giita cac diém cudi cua do thi xwong mang lai két qua chinh xac phu hop vai moi
truong hop. Thong thuong dung cho nhan dang 1a cac nhanh xuong da duoc cat
tia. C4c xuong duogc cat tia boi phan chia duong bién ¢ diém cudi cua nhanh
xuong tuong Gng véi phan truc quan cia déi tuong. Két qua thuc nghiém cho
thay rang phuong phéap nay co thé tao ra két qua chinh xac vai su ¢ mat cua su
khép xuong, su kéo dai xuwong va bién dang dudng bién.

Pé ddi sanh do thi xuong, do tuong ty cua cac duong di ngan nhét gitra
mdi cap diém cudi xuong duoc sir dung dé thiét 1ap méi quan hé twong Gng Voi
diém cubi trong do thi khac. Cudi cing gia tri khdng giéng nhau giita cac d6 thi
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a tinh u6c lwong khoang céch giira cac diém cudi tuong tng. Vi vay y tudng co
ban cua phuong phap nay l1a xac dinh sy giéng nhau cia cac cau tric phuc tap
cua d6 thi hoic cay bang cach kiém tra dudng di ngan nhat gitta cac diém cudi
cua chang.

Hinh 1.10: Su tuong tng giita cac diém cudi cua hai do thi xuong.
1.3.4 Tra ciru anh dwa trén dic trweng bat bién

Phuong phép tra cau nay cé tén la Scale-Invariant Feature Transform
(SIFT) va dac trung trich rat duoc goi la dac trung SIFT. Phuong phap nay trich
rit cac dac trung cuc bo bat bién cua anh. Cac dic trung ndy bat bién véi viéc
thay ddi ti 1¢ anh, quay anh, doi khi 1a thay d6i diém nhin va thém nhiéu anh hay
thay ddi cuong do chiéu sang cua anh. Cac dic trung ndy dugc trich rat ra tir cac
diém dic trung cuc bo. Diém dic trung: LA vi tri (diém anh) "dac trung" trén anh.
"Pic trung” ¢ day cd nghia la diém d6 cé thé c6 cac dic trung bat bién véi viec
quay anh, co gidn anh hay thay ddi cuong do chiéu séang cua anh.
1.4 Céc hé thong tra ctru anh dwa trén ndi dung

Nhitng ndm gan day, cd nhiéu hé thong tra ciu anh, cac hé théng nghién
ctiu va hé thong thuong mai da dugc xay dyng. Dudi day, 1a mot sé hé thong cua
tra cau anh pho bién hién nay.

1.4.1 Google Image Search

Khi nhac dén viéc tim kiém, trudc tién ai ciing s& nghi dén Google, diéu
d6 1a hién nhién vi cdng cu nay cé thé cung cap cho ban mot sé lwong lén cac
anh thudc nhiéu chu dé& khac nhau da dugc 1ap chi muc cu thé. Google Image
Search 12 mot cong cu tuyét voi dé tim kiém hinh anh véi tir khod. N6 ciing hd
trg mot s6 thudc tinh co ban nhu kich thugc, hinh dang,...


http://images.google.com/
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Google

hinh anh

o= KN

Kiém soat ndi dung hinh anh ban nhin thiy bang cach thay ddi cai dat Tim kiém an toan cla ban.

Xem video ngan dé fim hiéu thém.

Hinh 1.11 : Céng cu tim kiém hinh anh cua Google
1.4.2 Bing Image Search
La bo may tim kiém do hdng khong 16 phin mém Microsoft phat trién
,day c6 thé khong phai 1a céng cu phd bién nhu Google, tuy nhién trong mot sé
truong hop, nd hoat dong tét hon ca Google. Tim kiém hinh anh théng qua cong
cu tim kiém cua Bing 1a viéc kha co ban, thé nhung n6 lai c6 thé mang lai mot s6
lwong tot cac két qua cé lién quan.

L8 IMAGES

biNng P

Hinh 1.12 : Cong cy tim kiém hinh anh Bing
1.4.3 Yahoo Image Search
Cong cu tim kiém nay do yahoo phat trién, né ciing c6 thé cung cip cho
ban cac két qua tét dep khi ban can tim cac bic anh trong mot chu dé xu hudng
nhat dinh. Tim kiém hinh anh duoc trang bi véi tit ca cac tiéu chuin co ban cua
mét céng cu tim kiém hinh anh.


http://www.bing.com/images
http://images.search.yahoo.com/

Web  Images  Video ocal  Shoppng  News  More

Y}&I IO O -’ Search
TRENDING IMAGE SEARCHES t Lyl e u
- a b
v -
o
. | & 2
1. Lingsay Lohan 2 Allson Siokke 3. Amanda Bynes 4. Natahe Potman 5.Brag Pt 6. Ann Cufry
-
ﬂ -
7 Apni Ross 8 Catalina Ponar 9 Curioshy Rover 10 Demw Lovato 11 Jennie Garth 12 Jannifer Aniston

Hinh 1.13 : Cong cu tim kiém hinh anh ciia Yahoo

1.4.4 PicSearch

Puoc phét trién boi cong ty Picsearch Services Picsearch 1a mot cong cu
tim kiém chi danh riéng cho muc dich duy nhét 1a tim kiém hinh anh. Picsearch
tu hao c6 mot kho Iuu trir dwoc 1ap chi muc véi hon 3 ty hinh anh.

picsearch

Search!

Innovating image search

Search the web for images. An image search service with more than 3,000.000,000 pictures

Julian Assange South Africa Curiosity Mars rover Jennifer Aniston

Hinh 1.14 : Cong cu tim kiém Picsearch

1.5 Cac ing dung co ban cia tra ctru anh dua trén ngi dung
Tra ciru anh duoc (ng dung trong rat nhiéu linh vyc, nhitng linh vyc thanh
cdng bao gom:

- Quan su

Quan ly tai san tri tué

- Ngan chan toi pham

_ Thiét ké kién trGic may moc

Thiét ké thoi trang va noi that


http://www.picsearch.com/

Bao chi quang céao
Chuan doan y hoc

Hé thdng thdng tin dia ly
Di san van hoa

Giao duc va dao tao

Giai tri
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CHUONG 2: Déi sanh anh dua trén dic trung SIFT

2.1 Gidi thiéu

Trong dbi sanh anh dya trén ndi dung, viéc trich chon dau hiéu dic trung
c6 y nghia hét stc quan trong. V&i anh ty nhién viéc doi sanh gap nhiéu kho
khan do phai d6i mat voi cac thach thuc do céc thay ddi cua anh nhu do chiéu
sang, co dan, chdng lap, thay d6i goc nhin... nén anh huéng nhiéu dén do chinh
xé&c. Phuong phap d6i sanh anh dua trén dic trung bt bién SIFT duoc David
Lowe[7] d& xuat c6 thé khic phuc mot s6 kho khan trén.

2.2 Trich chgn dic trung SIFT

Mot thuat toan tiéu biéu va c6 hiéu qua kha cao dua theo cac dic trung
cuc b bat bién trong anh: SIFT (Scale-invariant Feature Transform) do David
Lowe[7] dua ra tir nim 2004 va dén nay da c6 nhiéu cai tién trong thuét toan.
Dic trung duoc trich chon trong SIFT 1a cac diém dac trung (keypoint), cac diém
nay kém theo cac mo ta vé nd va mot véc to co lay keypoint lam diém géc.

Phuong phép trich rat cac dic trung bat bién SIFT duoc tiép can theo
phuong phap loc kim tu thap, theo d6 phuong phéap duoc thuc hién lan lrot theo
cac buac sau:

Phat hi¢n cac diém cuc tri (Scale-Space extrema detection): Budc dau
tién nay sé ap dung dao ham cua ham Gaussian (DoG - Deffirence of
Gaussisan) dé tim ra cac diém c6 kha ning lam diém dic trung tiém ning,
d6 1a nhitng dém rat it phu thuoc (bat bién) vao su thu phéng anh va xoay
anh.

~ Dinh vj cac diém ddac trung (keypoint localization): Tir nhitng diém tiém
nang & trén sé loc va ly ra tap cac diém dac trung tét nhat (keypoints).

_ Xé&c dinh hudng cho cac diém dac trung (Orientation assignment): Mdi
diém dic trung s& dugc gan cho mét hoic nhiéu huéng dua trén hudng
gradient cta anh. Moi phép todn xtr ly ¢ cac budc sau nay sé dugc thuc
hién trén nhitng dir liéu anh ma da dugc bién do6i tuong ddi so véi hudng
da gan, kich ¢ va vi tri cia mdi diém dac trung. Nho @6, tao ra mot su bat
bién trong cac phép xt Iy nay.

- M0 td cac diém dac trung (Keypoint descriptor): Cac hudng gradient cuc
bo dugc do trong anh co kich ¢ cu thé nao dé trong vang 1an can véi moi
diém dic trung. Sau do, ching s& duoc biéu dién thanh mot dang ma cho
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phép md ta c4c ting quan trong cua qué trinh bép méo hinh dang cuc bo va
su thay di vé do sang.

Tap cac diém dic biét thu dugc thuong phu thudc rat it vao cac phép bién
ddi co ban nhu xoay, phéng to, thu nho, ting giam cudng do sang, vi vay co thé
xem day la céc dic trung mang tinh cuc bo cua anh. Bé ddi sanh va nhan dang
hai anh thi ta tim tap keypoint giéng nhau trong hai anh, dwa vao hudng va ti 18
dé co thé biét ddi twong trong anh goc da xoay, thu phong bao nhiéu so véi anh
dem dbi sanh. Cach tiép can cua thuat toan nay dua vao diém bat bién cuc bo cua
anh, chdng duoc trich xuat ra, duoc dinh huéng va md ta sao cho hai keypoint &
hai viing khéc nhau thi khac nhau. Tuy nhién mot yéu té anh huéng khéng nho
dén toc do thuat toan 1a sé luong cac keypoint duoc lay ra 1a khéng nho. Trung
binh mét anh kich thugc 500 x 500 pixels thi s& trich xuat duoc khoang 1000
diém (s6 luong diém nay phu thudc vao tly tirng anh va tham sé loc khac nhau).
S6 luong cac diém dic trung c6 mot tim quan trong trong van dé nhan dang ddi
tuong, dé nhan dang mot ddi twong nho trong moét anh chta tap hop cac ddi
turong hdn don thi can it nhat 3 diém dic trung giéng nhau dé phat hién va va béc
tach ddi tuong.

Déi voi van dé& xay dung mot co sé di liéu anh va thuc hién nhan dang
dbdi trong bat ki thi ban dau thuong st dung SIFT dé tao mot hé dir liéu céc dic
trung (keypoints) duoc trich xuat tir dit liéu anh goc. Sau d6 véi mdi anh déi
tuong dem nhan dang ta dung giai thuat SIFT trich xuét tap dic trung tir anh va
dem ddi sanh véi hé dir liéu dic trung dé tim ra tap keypoint giéng nhau, tir d6
nhan dang ddi twong trong co sé dit liéu anh ban dau. Tuy nhién viéc ddi sanh
nay can chi phi dbi sanh rat 16n dbi véi co sé dit liéu anh c6 sé luong 16n do sé
lugng céc dic trung & mdi anh la Isn.
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Hinh 2.1: Minh hoa c4c budc chinh trong gidi thuat SIFT

2.2.1 Phét hién cac diém cuc tri

Nhu di néu & trén, budc dau tién s& tim cac diém tiém ning cé thé tro
thanh diém dic trung bang phwong phép loc kim ty thap dua vao viéc thay doi
tham s6 bo loc Gaussisan. Trong budc nay, ta can do tim cac vi tri va cac do do
ma ching bt bién trong cac khung nhin khac nhau caa cung mét déi twong. Céc
vi tri d6 bat bién vé d6 do c6 thé dugc do tim bang cach tim kiém céc dic trung
6n dinh trén toan bo cac do do c6 thé, sir dung mot ham lién tuc vé sb do von rat
noi tiéng cd tén 1a ham do do khéng gian (Witkin 1983).

Theo céc cong bd cua Koenderink (1984) va Lindeberg(1994) thi ham
Gaussian 1a ham tét nhat dé bidu dién d6 do khong gian cua anh 2 chiéu. Vi vay,
d6 do khéng gian cta mot anh s€ dugc dinh nghia nhu 1a mét lam L(X,y,0) duoc
tao ra bang cach nhan chap anh gbc 1(x,y) voi mdt ham Gaussian G(x,y,c) €O
tham s6 vé do do o thay doi.

L(xy,0) = G(x,Y,0) *I(x,y) [2.1]
Voi:

L(x, Y, o) : Ham khéng gian ty I1¢ cua anh |

G (X, Y, o) : bién ti I¢ Gaussian (variable scale Gaussian)

I (x,y) : Anh dau vao

* |a phép nhan chap gitax vay

Va G(x,y,0) = — e~ (**+¥%)/20? [2.2]

2mo2
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Pé tim nhitng diém dac trung co tinh bat bién cao, thuat toan duoc sir
dung 1a tim cuc tri cuc bd cua dao ham cua ham Gaussian viét tit 1a DoG
(Difference-of-Gaussian), ki hiéu la D(x,y,o ). Ham nay duoc tinh toan tir sy sai
khac giira 2 d6 do khong gian canh nhau cua mot anh véi tham sé do 1éch nhau
mét hang sé k.

D(x,y,0) = L(x,y,ko) — L(x,y,0) = (Gx,y,ko) — G(x,y,0)) *I(x,y)
[2.3]

Céc ly do lra chon ham Gaussian 1a vi n6 1a ki thuat rat hiéu qua dé tinh
toan L (ciing nhu 1am ting d6 min caa anh), ma L thi ludn phai duoc tinh rat
nhiéu dé md ta dic trung trong khong gian do, va sau do, D s& duoc tinh mot
cach don gian chi voi phép trir ma tran diém anh véi chi phi thuc hién thap.

Hon nita, dao ham cua ham Gaussian (DoG) c6 thé duoc st dung dé tao ra
mot su xap xi gan voi dao ham bac hai Laplace c6 kich thugc chuan cia ham
Gaussian (62V2G) do tac gia Lindeberg dé xuat nam 1994. Ong da chi ra rang
viéc chuan hoa dao ham bac hai véi hé s6 o2 1a can thiét cho bét bién do tré nén
dung. Cu thé, 6ng da cong bd ring céac gia tri cuc dai va cuc tiéu cua o?V2G
chinh 1a nhirng gia trj c6 tinh 6n dinh nhat (bat bién cao) so véi mot loat cac ham
danh gia khac nhu : Gradient, Hessian hay Harris.

M&i quan hé giira D va 62V2G duoc biéu didn nhu sau:

2 =gV [2.4]

Nhu vay, V2G c6 thé duoc tinh théng qua viéc xap xi dao ham riéng
dG /do tai cac tham s do gan nhau ko va o :

G G(x,y,ko)-G(x,y,0
UVZG=a—z(y )—G(xy,0)
o

[2.5]

ko-o
Do d6 : G(x,y,ko) — G(x,y,0) = (k— 1)o2V?G

Tir cong thirc ndy, ta thay khi ma dao ham cua Gaussian (DoG) duoc tinh
toan tai cac tham sé do léch nhau mot hing sb k, thi ta c6 thé sir dung DoG dé
xap xi dao ham bac hai Laplace cua Gaussian. Vi hé sé (k-1) trong phuong trinh
trén 1a hang sé trong moi khdng gian do nén no s& khong anh husng dén viéc tim
cac vi tri cuc tri. Sai s6 trong viéc xap xi dao ham bac 2 tién vé 0 khi k gan véi 1.
Tuy nhién, cac két qua thir nghiém cua tac gia cho thay qué trinh xap xi dao ham
khong anh hudng dén viéc do tim cac vi tri cuc tri tham chi ngay ca khi chon k
kha xa, vi du k=2 .
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Nhu vy, budc dau tién cua giai thuat SIFT Ia phat hién cac diém hap dan
véi bo loc Gaussian ¢ cac ti 1€ khac nhau va cac anh DoG tir su khac nhau cioa
cac anh ké mo.

Scale
(next
octave)

A
40
220

Scale

(first 2
octave)

Y20

o = Difference of
Gaussian Gaussian (DOG)

Hinh 2.2 : Biéu d6 mé phong viée tinh toan cac anh DoG tir cac anh ké md

Cac anh cudn dugc nhém thanh cac nhom tam. Gia tri cua k duoc chon
sao cho s6 luong anh mé cho mdi nhém tam 1a ¢b dinh. Diéu nay dam bao cho sb
lwong cac anh DoG cho mdi nhém tdm khdng thay doi.

Hai hinh anh lién tuc trong mot nhdm tdm duoc chon dé tinh toan. Sau do,
cap doi tiép theo duogc thuc hién, va lap di lap lai qua trinh. Diéu nay duoc thuc
hién cho tat ca cac nhom tam. Céc hinh anh két qua 1a mot xap xi bat bién ty I¢
cua Laplacian of Gaussian.

Sau khi ap dung ham DoG ta thu dugc cac 16p két qua khac nhau (scale)
tir anh goc, budc tiép theo la tim cac cuc tri trong céac 16p két qua theo tirg mién
cuc bo. Cu thé 1a tai mdi diém trén cac 16p két qua s& dugc so sanh véi 8 diém
lan can trén cang 16p va 9 diém 1an can trén mdi lop khac (hinh 2.3).
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Hinh 2.3 : Qua trinh tim diém cuec tri trong cac ham sai khac DoG

(X 1a diém hién tai, cac vong tron mau xanh 13 cac lang giéng ctia nod)
X s& duoc danh dau 1a diém hap dan néu no 1a cuc dai hodc cuc tiéu cua
tat ca 26 lang giéng.

Thong thuong, mot vi tri khéng cuc dai hoic khdng cuc tiéu s& khong
phai di qua tat ca 26 kiém tra. Mot vai kiém tra ban dau thuong 1a da dé loai bo
no.

Vi s6 luong céc cyc tri 1a rat 16n, vi vy dé tang sy hiéu qua khi do tim cac
diém cuc tri (do cac diém cuc tri tot nhat thay vi phai do hét), ta can xéc dinh tan
sb lay mau trong khéng gian do va tan sé ldy miu trong khong gian quan sat
(khdng gian anh). That khdng may la ta khdng thé xac dinh ca 2 loai tan sé nay
mot cach dong trong mdi tién trinh do tim. Thay vi vay, cac tan sé nay s& duoc
xé4c dinh théng qua phuong phap thr nghiém. Sau khi ther nghiém véi nhiéu
ngudn dit liéu anh khac nhau, tic gia da chi ra tan s6 lay mau trong khdng gian
do t6t nhat 1a 3 (giit lai 3 16p trong mdi bo 8 16p), va tan sb lay mau o = 1.6.

2.2.2 Pinh vi diém hap din:

Sau buéc 1 sé thu dugc rat nhiéu diém tiém niang co6 thé lam diém dic
biét, tuy nhién mot s6 trong ching la khdng can thiét. ¢ budc tiép theo nay sé loai
bo cac diém cd do twong phan kém (nhay cam véi nhiéu) hozc tinh dac trung cuc
bo it hon cac diém khéac hodc c¢6 xu hudng la duong bién ddi twong. Budc thuc
hién nay gom 3 cdng doan :

a. Phép nai suy lan can cho vi tri ding cia diém tiém ning:

Phép noi suy lan can su dung mo rong Taylor cho ham Difference-of-
Gaussian D(x,y,0):
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1 792D

apT
D(X)= D+ EX_FEX 62XX [2.6]

Trong d6: D va dao ham cua né duoc tinh tai mot diém tiém nang va X =

(x,y,0) 1a khoang cach tir diém do. Vi tri caa diém cuc tri X duoc xac dinh bing
cach lay dao ham cua ham trén véi di s6 X va tién dan dén 0:

Fit Curwee
K Oals points
2 Actus Minimu=n

Hinh 2.4 : M0 phong st dung cong thirc mo rong ctia Taylor cho ham DoG
X = (x,y,0)7T : 1a do dich so véi cac diém lan can cua diém lay mau
Vung chira diém hap dan duoc xéac dinh qua X

9°D~1 oD

X=-
0Xx?% 0x

[2.7]

Néu X > 0.5 theo mét chiéu ndo do6 thi né cé chi sé cuc tri khdng gan véi
cac diém tiém nang khac, n6 sé& bi thay ddi va phép noi suy s& thay thé vai trd cua
no6 bang diém khac gan no. Thuc hién tiép tuc véi cac diém lay mau khéc.

b. Loai trir cac diém c6 tinh twong phan kém :

Nhitng diém c6 X thoa méan (< 0.5) dugc thém vao tap hop mau tot nhat,
tiép tuc phan tich tiép.

Dung D(X) dé loai nhitng diém cuc tri khdng on dinh (46 twong phan
thap).

Thay X vao D (X) ta dugc:

5 1007 &
D) =D +:12-% [2.8]
Néu D(X) < 0.03 thi diém lay miu d6 s bi loai.

c. Loai bé cac diém du thira theo bién :
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Str dung ham DoG sé& cho tac dong manh dén bién khi vi tri cua bién 1a
khé xac dinh va vi vay cac diém tiém ning trén bién s& khong bat bién va bi
nhidu. Va dé tang su 6n dinh cho cac diém s& duoc chon 1am diém dic biét ta s&
loai trir cac diém tiém nang kho dinh vi (ttc 12 vi tri d& thay doi khi ¢6 nhiéu do
nam & bién).

Sau khi ap dung ham DoG sé lam duong bién anh khdng rd rang va do
cong chinh s& c6 gia tri 16n hon nhiéu so véi do cong doc theo bién vi vdy can
loai bo bét cac diém dic biét doc theo cling mot bién. Giai phép cho viéc nay la
st dung gia tri cia ma tran Hessian cap 2

D D
H= [ xx xy] 29
ny Dyy [ ]

Céc gia trj riéng cua H ti 1é thuan véi d6 cong caa D, cac phan tir caa H 1
Dxx va Dyy.

(@)

" r; !v ﬂ
z;m e

—~ ST e

(c) I

Hinh 2.5 : Qua trinh lya chon céac diém hap dan

a.Anh géc, b. Cac diém hap dan duoc phat hién, c. Anh sau khi loai bo cac diém
hp dan ¢ d6 twong phan thap, d. Anh sau loai bo cac diém hap dan doc theo
canh.
Trong budc nay sé diém hap dan giam, diéu nay gilp ting hiéu qua va sy
manh m& cta thuat toan. DPiém hap dan bi loai bo néu nd cd do su tuong phan
thap hodc néu nd nam trén mot canh.
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2.2.3 Xé&c dinh hwéng cho cac diém hip dan

Sau budc trén, ching ta c6 nhitng diém hap dan c6 do 6n dinh. Ching ta
da biét quy md ma tai d6 diém hap dan da duoc phét hién, vi vay ching ta c6 quy
mo bat bién. Diéu tiép theo I1a xac dinh mot dinh huéng cho mdi diém hap dan.

Bang cach chi dinh mot huéng phd hop cho mdi diém hap dan dua trén
cac thugc tinh hinh anh cuc b, dwa vao huéng cua diém hap dan nay ta cé thé
biét duoc diém hap dan bat bién vai phép quay anh. Cach tiép can nay trai ngugc
VéGi cac mo ta dinh hudng bat bién cua Schmid and Mohr (1997). Bit loi cua céch
tiép can do 1a n6 gidi han mo ta co thé duoc sir dung va loai bo thong tin hinh
anh bang cach khong yéu cau tat ca cac bién phép can phai dua trén mot quy
trinh phu hop.

Sau khi thir nghiém véi mot sb phuong phép tiép can dé xac dinh huéng,
phuong phép sau day da dugc tim thiy cho két qua on dinh nhat. Tai mdi diém
hip dan ngudi ta tinh toan biéu dd huéng Gradient trong viing lang giéng cua
diém hap dan. Bo 16n va hudng cua cac diém hap dan dugc xac dinh theo cong
thuec:

mx,y) =L +1,y)—Lix—Ly)2+ (Lxy+1) —L(x,y — 1))
[2.10]

6(x,y) =tan " ((L(x,y +1) = L(x,y — 1))/(L(x + 1,y) — L(x — 1,)))
[2.11]

Trong do :
m(x,y) : Do I6n cua vector dinh hudéng
6(x,y) : Huong cua vector dinh hudng (biéu dién qua goc 6 )

Mot biéu do husng dugc hinh thanh tir dinh huéng gradient cua cac diém
ldy mau trong mot khu vuc xung quanh cac diém hap dan. Binh trong biéu do
huéng twong tng véi hudng cha dao caa gradient. Binh cao nhat trong biéu do
duogc phat hién, va sau dé bat ky diém nao khéc co cao diém 1a 80% so véi dinh
cao nhét ciing duoc str dung ciing tao ra mot diém hap dan véi dinh huéng dé. Vi
vay, d6i vai cac dia diém c6 nhiéu dinh cuong do tuong ty s& ¢6 nhiéu diém hap
dan tao ra tai cing mot vi tri va ty 18, nhung c6 huéng khac nhau.
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Cradient
magnitudes

Gaussian blurred image Gradient
orientations

Hinh 2.6: Tinh d6 16n va hudng cta Gradient

2.2.4 MO ta cac diém hap dan

Cac phép xtr ly trén day da thuc hién do tim va gan toa dg, kich thudc, va
huéng cho mdi diém hap dan. Cac tham sb d6 yéu cau mot hé théng toa do cuc
b6 2 chiéu cé thé lap lai dugc dé md ta ving anh cuc bd va nhd vay tao ra su bat
bién ddi voi cac tham sé dd. Budc tiép theo day s& tinh todn mot bo mé ta cho
mét ving anh cuc b ma c6 tinh dic trung cao (bt bién véi cac thay doi khac
nhau vé d6 sang, thu - phong anh, xoay).

Mot cach tiép can don gian d6 1a 1y mau mat do anh cuc bo 1an can diém
dic trung & mot d6 do thich hop, va d6i sanh cac mat do nay st dung do do
turong quan chuan. Tuy nhién, hé sb trong quan don gian thi lai rat nhay cam véi
su thay doi ma gy ra sy dang ky nhim céc miu, chang han nhu cac bién doi
Affine, phdi canh 3 chiéu, hoic bép méo mém.

Céch tiép can tét hon nhiéu dugc dua ra boi Edelman, Intrator va Poggio
(1997). Céch tiép can nay dua trén mot mé hinh thi giac sinh hoc, cu thé 1a md
hinh noron phuc tap trong hé théng ndo bd. Cac noron s& twong ung Vi mot
gradient tai mot huéng va tan s6 khdng gian cu thé, nhung vi tri cia gradient trén
vong mac dugc phép truot trén mot pham vi nho cua khung nhin.
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Hinh 2.7 : Tao mang luu lugce d6 dinh hudng
Diém hap dan sau khi dugc xac dinh huéng sé duoc biéu dién dudi dang
Ccac vector 4x4x8=128 chiéu (S chiéu = 8 hudng x (4x4) diém hap dan = 128
chiéu) bang cach tong hop cac vector dinh huéng cua cac diém trong khu vuc,
cac vector nay c6 dic diém :

~ Chung géc.

~ Do dai mdi vector twong (ing do 16n gradient m caa no.

2.3 Poi sanh dic trung SIFT

2.3.1 D¢ do khoang cach va do do twong tw

Do do tuong tu 1a mot trong nhitng phuong phép tot dé may tinh phan biét
dugc cac hinh anh qua noi dung cua ching. Thdng thuong hé thong tra cau anh
theo noi dung sé& truy van hinh anh bang phuong phéap do tuong tu duwa trén cac
dic trung, viéc xac dinh nd cé thé dudi nhiéu hinh thic nhu phat hién bién, mau
sic, vi tri diém anh... cac phuong phép nhu histogram, mau sic va phan tich
histogram dong cot sir dung biéu dd dé xéac dinh d6 twong tu.

Do do, do do cO y nghia quan trong trong tra ciru anh dya theo ndi dung.
Do do mang Y nghia quyét dinh két qua tim kiém s& nhu thé nao, mic d6 chinh
xé&c ra sao. Nhiéu phép do khoang cach da duoc khai thac trong viéc tra ciru anh
ching bao gom: khoang céch Euclide, khoang cach Cosin, khoang cach giao
nhau cia biéu d6 histogram, khoang cach Minkowski... Trong muc nay, mot vai
phép do khoang cach s€ dugc mod ta va udc lugng. Muc dich caa viéc udce lugng
nay dé tim ra mot phép do twong ddng cho cac bo md ta udc lwong hinh dang
khac nhau.
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2.3.2 Péi sanh dic trung cuc bd bat bién
2.3.2.1 Pédi sanh céc vector dic trung

Trudc hét dé dbi sanh cac anh véi nhau thi can trich xuat tap keypoint
tuong ¢ng tir mdi anh bang cac budc da chi ra & trén. Sau d6 viéc dbi sanh s&
thuc hién trén céc tap keypoint nay. Budc chinh trong ki thuat déi sanh s& thuc
hién tim tap con keypoint so khép nhau ¢ hai anh, dé thuc hién viéc ndy s& tim
cac cap keypoint tring nhau lan luot & hai anh. Tap con céc keypoint so khép
chinh 1a viing anh tuong dong. Viéc ddi sanh hai tap hop diém dac trung quy vé
bai toan tim lang giéng gan nhat caa mdi diém dic trung (hinh 2.8).

Hinh 2.8 : B4i séng hai anh quay vé ddi sanh hai tap diém dic trung trong
khong gian dac trung

C6 2 van d& can duoc quan tam :
_ Té chic tap hop diém cho phép tim kiém lang giéng mét cach hiéu qua
_ Viéc dbi sanh phai dat d6 chinh xé4c nhit dinh

Mot phuong phap dugc dé xuit bai D. Mount cho phép tim kiém nhanh
cac diém lan can duogc sir dung[7], ANN Ia viét tat cua Approximative Nearest
Neibour. N6 cho phép t6 chuc dir liéu dudi dang kd-tree , viéc tim kiém lang
giéng gan nhat mang tinh xap xi trén kd-tree. Cy thé la hai diém trong khdng gian
dic trung duoc coi la gidng nhau néu khoang cach Euclidean giita hai diém 1a
nhé nhat va ti sé gitra khoang cach gan nhat véi khoang cach gan nhi phai nho
hon 1 ngudng cho trudc.

Gia sur cap keypoint ¢6 bo md ta 1an luot 1a:
A == (al, az, a3. ey a128) Va B == (bll bz, b3. ey b128)
Thi khoang cach Euclidean giita A va B duoc tinh bang cong thic:

D(A,B) = Y(a; — b)? [2.12]
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2.3.2.2 Mét s6 d9 do twong ddng cho anh sir dung dic trung SIFT
- Do do Cosin :

d(x,y) =

IXII IIyII
- Khoang cach goéc :
d(x,y) = cos1(x.y)
- Do do Euclidean :
d(x,y) = VXLl — yil?

- Do do Jensen-Shannon divergence :

+ H',log H,m+";m

d/SD(H H)_Zm 1Hm log

Véi H, H’ 1a 2 biéu d6 biéu dién céc vector dic trung SIFT

[2.13]

[2.14]

[2.15]

[2.16]
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CHUONG 3: Thuc nghiém

3.1 Moi trwomg va cac cong cu str dung trong thwe nghiém
e Cau hinh phan cing

Bang 3.1 : Cau hinh phan cang sir dung trong thuc nghiém

Thanh phan Théng sb
CPU E2180 2x2.0 GHz
RAM 2GB
Hé diéu hanh Windows7 32bit Service Pack 1
Bo nho 160 GB

e Cong cy phan mém sir dung

Bang 3.2 : Cong cu phan mém st dung trong thuc nghiém

STT Tén phan mém Ngudn

1 Matlab 7.0 http://www.mathworks.com/products/

3.2 Xay dwng tap dir liéu anh

Tap di liéu anh gdm 30 anh cua déi twong bi thay doi vé d6 chiéu sang,
goc nhin, co dan, bi che 1ap 1 phan...Céac anh c6 kich thudc tir 100x100 dén
800x600 (pixel) voi nhiéu chu dé khac nhau.


http://www.mathworks.com/products/
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Hinh 3.1 : Tap anh dir liéu str dung thyc nghiém
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3.3 Giao dién chwong trinh

; Ngudng

Hinh 3.2 : Giao dién chuong trinh

W0 200 X0 40 S0 &0

Opentmuge 2 |

So diém doi
sanh

Hinh 3.3 : Giao dién ddi sanh
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3.4 Mot sb két qua

Hinh 3.6: Cac diém hap dan da duoc gan hudng



SIFT Matching - Do Hong Kie =

— Input

— Image 1

100 200 300

Open Image 1

— Image 2

100200 3 400 500

Open Image 2

40

— Output

— Image Match

Threshold 5 Threshold (1.0 -> 100.0)
Match Point 145

Exit

Hinh 3.7 : Thuc hién ddi sanh 2 anh

Vi anh bi bién doi boi phép xoay, co dan va che 1ap mot phén, chuong trinh da
doi sanh chinh xac 145 cap diém déc trung. Diéu nay cho thay SIFT bat bien véi
phép xoay, thu phong va khdng yéu cau tinh toan ven cua anh.

[SIFF Matdﬁng - Do

— Input
p

~ Image 1

100200 300 400 500 600 |
Open Image 1

— Image 2

0 |
200400 600800/

Open Image 2

— Output

~ Image Match

Threshold 2 Threshold (1.0 -» 100.0)
Match Point u

Hinh 3.8 : V&i anh chup bang 6ng kinh Fisheye chuong trinh van nhan ra chinh

xac doi tugng
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KET LUAN

C6 thé noi SIFT 14 mot thuat toan rat manh va phic tap trong 16p céc bai
toan d6i sanh anh. Trong do &n nay em da tim hiéu va cai dat thuat toan vai day
du céc budc co ban caa SIFT va xay dung chuong trinh thg dung mé phong viéc
dbi sanh anh tuong ty sir dung SIFT. Thuat toan SIFT duoc cai dit budc dau cho
két qua tdt vai tap dit liéu thir nghiém.

Tuy nhién, tra cu anh 1a cha dé phuc tap, cong véi kha ning va kinh
nghiém con han ché nén em con gip mot s6 kho khan trong viéc tim hiéu nghién
ctu céac ky thuat tra ctru anh.

Vi vay em rat mong nhan duoc sy dong gop y kién quy bau cua cac thay
cb gi4o cling nhu ban bé dé db an cua em duoc hoan thién hon.

Em xin chan thanh cam on!
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