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MOT SO PHUONG PHAP HIEU CHINH GOC NGHIENG CUA ANH VA
UNG DUNG

Nguyén Trong Vinh®, Ngo Quéc Tao?, Tran Hanh', Huynh Cao Tudn®, Tran Ptrc Toan®, Nguyén Binh Trong®

! Pai hoc Lac Héng
2Vién Cong nghé Thong tin, Vién Khoa hoc va Cong nghé¢ Viét Nam

Tém tit. Bai bdo ndy miéu ta chi tiét v& cach tiép can ap dung bién doi Hough dé giai quyét bai toan goc

nghiéng anh van ban. Dya trén co so trich chon cac doi twong dac trung trén anh, gdbm ba pha: 1) Trich

chon cac doi tuong déc trung (1a ky tyu) trén anh van ban; 2) Ap dung bién d6i Hough 1én diém dai dién

cho mdi ddi twong ddc trung; 3) Xdc dinh goc nghiéng cua anh dya vao cac dudng thang Hough tim duoc

va xoay anh. Cach tiép can nay s& giai quyét duoc bai toan goc nghleng cua anh van ban khi anh c¢ it ky

tu, hinh v& va ky tu xen 1an nhau, anh mau, ciing nhu van dén ton tai nhidu géc nghiéng trén anh.

Tir khoéa: goc nghiéng, bién d6i Hough, diém dic trung.
1 Pitvan dé

Hién nay, thi gidc may tinh dang 1a vén dé quan tdm ctia nhiéu nghién ctru. Viéc sir dung may

tinh dé xir Iy va nhan dang anh gitp cai thién téc do trong qua trinh nhap dit liéu vi du: nhan dang
chit in, nhan dang mau phiéu danh gia hay bang diém sinh vién.... Van dé 1a khi quét vao may tinh,
chung ta khong thé thu nhan duoc tai liéu nhu mong mudn béi nhiéu Iy do khach quan khién cho
trang tai liéu bi nghiéng nga, mo nhog, .... [am gidm hi¢u qua cta khau nhan dang sau nay. Mot giai
phap duoc nghi dén ngay d6 1a xdy dung cac hé théng hiéu chinh goc nghiéng van ban dbi véi ca

anh mau va anh trang den thuan tuy.
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Hinh 1. Mot 4nh bang diém bi nghiéng goc

Hiéu chinh goc nghiéng vin ban 1a mot bai toan kinh dién trong xir Iy anh vin ban. Giai quyét bai
toan phat hién goc nghiéng 1a nhiém vu tién quyét ctia bat ky mot hé thong xir Iy anh vin ban nao.
Vi 18 d6, cung voi su phét trién ctia xir 1y anh néi chung va xir 1y anh vin ban noi riéng, bai toan goc
nghiéng vin ban ciing dugc quan tdm ngay cang nhiéu va dudi nhidu goc d6 khac nhau. Co rat
nhiéu hudng tiép can cho bai toan goc nghiéng van ban tir trude tdi nay nhu: Phuong phap phan
tich hinh chiéu (Projection Profile), Phuong phap dua vao trong tim (Center of Gravity), Phuong
phap dua vao bién d6i Hough (Hough Transform)..... Cac thuat toan phat hién goc nghiéng thuong
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duoc xay dung cho cac hé thdng phan tich anh vin ban khac nhau nén chi giai quyét cho nhiing loai
anh van ban cu thé.

Bai bao nay trinh bay co s& 1y thuyét va nhan xét, danh gia mot sb phuong phap dé lua chon
phuong phéap t6i vu giai quyét bai toan gdc nghiéng anh vin ban va két qua thuc nghiém cua
phuong phép lya chon.

2  Cac phwong phap phat hién goc nghiéng anh van ban
2.1 Phwong phap phan tich hinh chiéu (Projection Profile)

Y tuéng chinh cta phuong phép phén tich hinh chiéu 1a tinh histogram cho tt ca cac goc léch.
Histogram ctia mot goc la s6 diém anh den (hoac s6 diém dai dién trong mot s6 thuat toan - fiducial
point) trong anh sao cho cic diém ndm trén nhimg duong thiang c6 ciing mot hudng tuong tmg véi
goc do.

Xay dung ham chi phi cho céc gia tri histogram. Goc nghiéng cua van ban tuong g véi goc co
gia tri ham chi phi cyuc dai.

Céc tac gia: Akiyama va Hagita, Bard, Bloomberg, Nakano, Kanai va Bagdanov, Komukai va

Saiwai, Lam va Zandy, Shutao Li, Jun Sun [3], Messelodi va Modena, Pavidis va Zhou, Potsl [5],
va Spitz dé xut cac thuat toan phat hién goc nghiéng.
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Hinh 2. Hinh chiéu doc va ngang

Céc thuat toan phap phat hién goc nghiéng dua vao hinh chiéu thuong bao gdm cac budc chinh
sau:

+ Dung ham rat gon F dé chuyén anh dau vao thanh tap cac bd ba (X,y,w) trong dé (x,y) 1a toa do
cia mot diém anh dai dién cho mot dbi tugng, W 1a trong sb cua diém. O day, diém dai dién duoc
hiéu theo nghia 1a diém biéu dién cac ky tu trong dbi twong cua anh. Trong sb w thuong phu thude
vao ting thuat toan.

+ Mot ham P dung chiéu cac diém tim duoc vao mot mang dém A[] theo cac gdc chiéu khac
nhau. Ung véi mdi goc @ c6 mot mang Ag[] dung luu sé diém dai dién. Mang Ag[] 12 mang mot
chiéu, phan tir Ag[r] s& cho biét s6 diém dai dién nam trén dudng thang tao véi truc OX goc & va
khoang cach tir gdc toa d6 toi dudng thang do 1a r.

+ Khi tinh duoc mang Ag[],ta ap dung ham téi wu hoa Q cho cac gi tri ciia mang ndy theo mot
tiéu chuan nao d6 (c6 thé 1a tong binh phuong cac gia tri trong mang Ag[] hodc 1a sé cac gia tri

bang 0 trong mang, ..). Géc léch ctia vin ban 1a goc twong tmg c6 gia tri ham ti wu héa cuc dai.
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Su khac nhau gitra cac thuat toan theo phuong phap nay chinh 1a viéc xay dung cac ham rut gon
F va ham t6i uu héa Q.

* Phét hién goc léch vin ban bang cach chiéu cac goc 1a mot phuwong phap don gian va dé hiéu,
tuy nhién nhitng thut toan ndy con han ché vé d6 chinh xac véi cac goc 1éch 16n. Baird cho rang dé
thudt toan c6 do chinh xac cao thi goc 1éch vin ban phai gii han trong khoang +15°. Néu vin ban
¢6 nhiéu nhiéu va cac ddi tuong phi van ban nhu bang biéu, hinh anh thi do chinh xac cua thuat toan
giam déng ké.

Gan day, ngudi ta két hop phuong phap hinh chiéu va phuong phap cac ddi twong nham giai
quyét van dé gidi han goc 1éch, nhung phu thudc nhiéu vao khoang cach giita cac dong van ban va
chi xtr Iy duge voi nhitng anh c6 chira nhiéu dong vian ban va kich thudce bé ¢& 512 * 512 pixels.

V6i nhitng trang anh tai liéu c6 nhidu ddi twong ky tw va phi k¥ tu xen 1an nhau thi phuong phap
trinh bay s& gip kho khan. Sau ddy trinh bay mot cach tiép can khac dé giai quyét bai toan goc
nghiéng dua vao viéc xac dinh trong tam khi van ban.

2.2 Phuwong phap phén tich dwa vao trgng tam (Center of Gravity)

Y tuong chinh cta phuong phép 1a xay dung mot da giac tir cic diém cuc bién cua vin ban. Mot
duong thang duoc xay dung tir toa do trong tam cia da giac dén gdc toa do va goc léch cua duong
thang nay so voi truc hoanh chinh 13 géc nghiéng cia vin ban.

Theo hudng tiép can nay, viéc xac dinh duong co sé 1a budc quan trong nhat clia qua trinh va giai
phéap méi trong thuat toan 1a 4p dung lén tit ca cac tir ndi tiép trong da giac. Trong tdm cia da giac
vl goc toa do s€ tao thanh mot duong théng léch mdt gbéc nao do véi tryuc ngang. Goc dugc xac
dinh cling chinh la géc nghiéng cua tir, doan van va ca anh van ban.
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Hinh 3. Da giac 6 dinh va trong tim dugc xac dinh

Hinh 3, mot da giac c6 6 dinh dugc tim thiy va trong tim cua da giac duoc xac dinh bang cong
thue [7]:
1 wn-
Cx= — Xio (0 + Xi41) (XiYie1 — Xis1Yi)
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— X0 O + Yisn) (KiYisr = XixaVi)
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Nhu véy tiy theo da gidc xac dinh bdi diém xa nhat theo cac hudng ma ta 4p dung thuat toan.
Hinh chit nhat duoc thay thé cho da giac nhu trong hinh 4 ciing duoc mé ta nhu 13 mot cach dé xay
dung duong co s¢ gitip xac dinh goc nghiéng van ban.
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Hinh 4. Hinh chit nhat ngoai tiép anh vin ban

Thuat toan gdm cac budc:

+ Pau vao: anh vin ban bi nghiéng gidéng nhu hinh 4

+ Pau ra: anh di dugc hiéu chinh goc nghiéng.

+ Budc 1: Xac dinh nhitng diém xa nhét trong tit ca bén huéng. Hinh 5 cho thdy hinh anh quét
diém xa nhat

+ Budc 2: Tim trong tim bang cach sir dung bén diém vira xac dinh duoc & bude 1, boén diém
trude dai dién cac goc da giac va trung tam da gidc (COG) c6 thé duoc tinh bang cach st dung cong
thirc (1).

+ Budc 3: Pé co duge dudng co sd, tién hanh ké dudng thang ndi trong tim dén gdc toa d6. Hinh
7 cho thay dudng co ban dugc tim thiy.

+ Budc 4: Tim goc cta dudng co sé so voi truc ngang dé phat hién goc nghiéng. Hinh 8 cho thay
viéc phat hién goc nghiéng trén anh van ban.

+ Budc 5: Xoay anh v6i goc nghiéng tim duoc theo chiéu ngugc chiéu kim dong hd dé dugc anh

van ban ngay ngan, dé nhin.
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Phuong phap c6 hiéu qua khi phat hién va hi€u chinh goc nghiéng ctia anh van ban duoc scan vao

tir tap chi, sach gido khoa, bao chi va tai liéu viét tay, voi d6 phan giai khac nhau, phong chit khac

nhau véi ty 1& chinh xac kha cao. Phuong phap kha don gian va do phirc tap thip din dén thoi gian

thyc hién qua trinh xtr Iy nhanh, khong bi anh hudng boi nhidu va phi hgp véi vin ban c6 phong
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Hinh 5. Tim céc diém xa nhét theo cac
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Hinh 6. Trong tam duoc xdc dinh dvya
vao cac diém xa nhat
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Hinh 7. Puong o s¢ dugc néi tir
trong tam den goc toa do

Hinh 8. Xac dinh goc nghiéng anh
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chtr khac nhau va ca cac
van ban c6 d0 phan giai
khac nhau.

2.3 Phuong phap dya
vao bien doi Hough
(Hough Transform)

Mot hudng tiép can
khac cho bai toan phat
hién goc nghiéng van ban
1a phuong phéap dung bién
d6i Hough 1a xéac dinh
mot s6 diém den va ding
bién d6i Hough tic dong
1én cac diém do.

Bién d6i Hough [6] anh
xa mot duong thang trong
mit phing thanh céc cip
(r, 6) trong khéng gian

Hough véi r 1a khoang cach tir gdc toa do t6i dudng thang va 61a goc nghiéng cia duong thang d6

50 Vi truc tung. Sir dung cac tham s nay thi phuong trinh duong thang c6 thé duoc viét 1a:

_(_ cos0 r
y= ( sine)x T (sin@)

)

Do d6 v6i mdi duong thang dugc xéac dinh trong khong gian Hough sé& c6 duy nhat mét cap (r, 6).

Nhu vy mdi diém bat ky trén mat phang anh véi truc toa do (gia sir 1a (X0, y0)) thi cac dudng di

qua no co6 dang: r (6) = x0*cosd + y0*sin@vai r dugc xac dinh bai 6.



Nghién ciru co ban va tng dung Cong nghé thong tin, Bong Nai, 211 137

o

Hinh 9. Buong thing Hough va truc toa do

Goéc nghiéng cua van ban la goc cd tong s6 diém nam trén nhitng duong thang cung Iéch goc 16n
nhat. S6 cac diém den duogc ap dung bién d6i Hough 1a tat ca cac diém den hodc chi nhitng diém

thoa man mdt so rang budc nao d6 hodc 1a day cia cac doi tugng anh.
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Hinh 10. Biéu di&n dwong thing Hough qua 3 diém

Nhiing thuat toan cua céc tac gia: Hinds, Jiang, Dianel Le, Sugwara, Nakano, nhom Srihari va
Govindaraju, nhém Yu va Jain, nhém Amin, Fischer [4], Parkison va Riscky co lién quan dén cach
tiép can néu trén.

Nhung chi ¢6 phuong phép ciia Srihari va Govindaraju 14 4p dung bién d6i Hough cho tat ca cac
diém den ciia anh. Viéc dp dung khong co loai trir mot diém nao dan dén chi phi tinh toan rat 16n va
anh huong dén do chinh xac cta thuat toan. Dé giam thoi gian va tang chinh xac, Hinds chi ap dung
bién d6i Hough cho mot sb it diém hon bang phan tich chay dai theo chiéu doc. Muc dich cua nén
chay dai theo chiéu doc trong thuét toan 1a dé Iy ra cac diém day ciia cac dong van ban, loai bo di
nhimg diém den khéc ké ca chiing thudc vao mot ky tu va ap dung bién d6i Hough 1én diém den do.
Tuy nhién, chi phi tinh todn cta thuat toan nay van con 16n va viéc ap dung bién d6i Hough cho tat
ca cac diém den ¢ day co thé dan dén nhing két qua sai trong trudng hop anh déu vao ¢ nhiéu doi
tugng phi ky tu nhu nhidu, bang biéu hay hinh anh.

* Trén co s cac thuat toan da nghién ctru dé giai quyét bai toan goc nghiéng bang cach ap dung
bién d6i Hough khong xuét phat tir tbc d6 xir Iy ma chi yéu cin cir vao goc 1éch tim dugc tuong ddi
chinh xac hon so véi cac phuong phap khac khi cung xir 1y trén 1 trang anh van ban.

Mot thur nghiém duogc tién hanh trén trang anh van ban nhiéu mau bi nghiéng mot goc 10° véi cac
dbi twong ky tu va phi ky tu xen 1an nhau. Két qua cho thay, viéc ap dung bién d6i Hough cho két
qua xac dinh goc 1énh tét hon cac phuong phap phat hién goc nghiéng khac tuy thoi gian xir 1y
khong phai 1a t6i wu nhat nhung van chap nhan dugc. Bang sau ddy so sanh goc léch tim dugc va

thoi gian xur 1y gitra cac phuong phap tiéu biéu giai quyét bai toan goc nghiéng anh van ban.
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Béng 1. So sanh hiéu qua gitta cac phuong phap phat hién géc nghiéng

Phuwong phip Goc Iéc;h Qéc léch Thoi gian
thuc té tim dwoc (s)
Profile Projection 10 9.19 0.889
Center of Gravity 10 9.5 1.146
Nearest Neighbour Clustering [2] 10 10.6 1.173
Morphology [1] 10 8.5 1.12
Hough Transform 10 10.12 1.098

Sau déy, chung t6i trinh bay phwong phap ap dung bién d6i Hough phat hién goc nghiéng dira
trén nhiing nghién ctru nay.
3 Ap dung bién d6i Hough phat hién géc nghiéng anh vin ban
Vé co ban thudt toan phat hién goc nghiéng van ban dya vao bién d6i Hough gdm cac bude cha
yéu sau:
Budce 1: Duyét anh theo thtr tu tir trén Xuéng va tir trai qua phai, voi moi diém anh.
V&i mdi diém ving (x,y), ta tién hanh kiém tra:
Néu di xét qua thi cap nhat lai mang tich luy va lya chon diém ving tiép theo.
Néu chua xét thi xay dung hinh chir nhat ngoai tiép dua vao thuat toan xac dinh chu tuyén.
Ap dung bién d6i Hough 1én trung diém canh d4y ctia hinh chir nhat ngoai tiép. Cap nhat lai mang
tich luy.
Budc 2: Dua vao két qua ctia phép bién d6i Hough wéc luong goc nghiéng cho anh vin ban.
Budc 3: Ap dung thuat toan xoay anh 1én trang van ban véi goc nghiéng tim dugc & budc 2.
Néu 4p dung bién d6i Hough cho tit ca cac ddi twong ctia anh thi thudt toan khong chinh xac
hodc 14 ton nhiéu thoi gian thyc hién hodc ca hai. Vi vay ching ta khong ap dung bién d6i Hough
cho tit ca cac ddi twong sau khi tim duoc chu tuyén cta chiung ma loai ra nhimng dbi tuong c6 kich

thudc qua 16n, hodc 1a rit bé so v6i ky tu thudng.
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So db tong quat:
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Hinh 11. So db téng quéat

4 Két qua thuc nghiém

Chung t61 cai dat thir nghiém thuat toan trén mot s6 anh van ban (ca anh mau va anh den tréng
thuan tay) bi nghiéng va budc dau cho két qua kha tot v6i goc nghiéng co thé xac dinh duogc 1a
trong khoang +20°. Nhu vy v6i phuong phap nay thi viée xac dinh goc nghiéng c6 thé ap dung trén
anh vin ban c6 ca ky tu va phi ky ty ung dung vao hd trg nhan dang cac miu bang diém tric
nghiém va tang tinh thim my cho cac trang tai liéu dién tur.

Chuong trinh dugc thuc nghiém trén nhidu anh mau voi cac dbi tuong ky tu va phi ky tu xen 1an
nhau. Két qua dat dugc rat kha quan.

Hon 300 anh dugc quét tir cac tap chi khoa hoc, tai li€u, gido trinh, hd so thudc nhiéu thé loai va

ngon ngtr khac nhau. Bén canh d6, c6 kha nang xur 1y trén nhiéu dinh dang anh khéc nhau.
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Bang 2. Két qua thuc nghiém trén mot s6 anh van ban

- TONG SO XU LY 1A
LOAI TAILIEU | DINH DANG AN BUOC Ti lé
Bang diem BMP, TIF 150 150 100%
tsr?r?rt: tap chi, Giao | JPG, BMP, TIF 100 9% 96%
HG so, van ban JPG 40 39 97.5%
Sach ngoai van JPG, BMP 50 48 96%
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X o Hinh 13. Anh van ban sau khi dugc
Hinh 12. Anh van ban bi nghiéng goc didu chinh géc nghiéng

Ngoai ra chuong trinh thyc nghiém c6 kha ning phat hién dugc nhiéu goc nghiéng trén cung 1
trang anh vin ban. Giai quyét cho truong hop vin ban bi nghiéng nhiéu goc do thao tac quét ctia
ngudi str dung ciing c6 thé 13 do chinh ban than trang vin ban ton tai nhiéu goc nghiéng can duoc

hi¢éu chinh lai.
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Hinh 14. Trang anh vin ban tn tai nhidu goc nghiéng dugc phat hign
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5 Kétluan

Mot trang anh van ban co thé duoc két luan 1a bi nghiéng chu yéu dua vao céc dbi tuong chu dao
1a ky tu trén anh va duong thing ndi cac diém giita canh ddy cua chung tao thanh mét goc léch nao
dé so véi 2 truc toa do. Xuit phat tr nhan dinh d6 va dua trén co sé nghién ctu cac thudt toan
Projection Profile, Center of Gravity, Hough, chung t6i di chon va tng dung bién d6i Hough vao
viéc phat hién va hiéu chinh goc nghiéng vin ban dé viéc xir Iy anh vin ban dat hiéu qua tot nhat.

Giai quyét bai toan géc nghiéng anh vin ban duwa trén bién d6i Hough budc dau cho két qua rat
kha quan va hd trg t6t hon cho khau tién xtr Iy anh trude khi nhan dang. Pay 1a diéu kién tién quyét
ctia moi hé thong xir 1y anh. Phuong phap 4p dung bién d6i Hough cho phép phat hién ra nhiéu goc
nghiéng trén ca anh xdm va anh mau nhung chi durng lai ¢ viéc phat hién ma chua xu 1y xoay anh
v6i nhidu goc khac nhau trén trang anh van ban. Nghién ciru tiép theo, chung toi s& tap trung vao
viéc phan ving trang anh vin ban tuong Gng véi timg goc nghiéng tim dugc dé xir 1y riéng biét cho

tung vung cling nhu nghién ctru cai tién mot so thuat toan khir nhiéu va nang cao chat luwong anh.
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