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LOI NOI DAU

Khoang hon mudi nam tré lai day, phan cimg may tinh va céac thiét bi
lién quan da co su tién bd vuot bac vé tée do tinh toan, dung lugng chura,
kha nang xir 1y v.v.. va gia ca di giam dén mirc may tinh va cac thiét bj lién
quan dén xur 1y anh da khong con 1a thiét bi chuyén dung nira. Khai niém
anh s6 da tré nén thong dung voi hau hét moi nguoi trong xa hoi va viée
thu nhan anh sb bang cac thiét bi c4 nhan hay chuyén dung cing vdi viée
dua vao may tinh xtr ly da tré& nén don gian.

Trong hoan canh do, xur Iy anh 1a mot linh vuc dang dugc quan tam va
da tr¢ thanh mon hoc chuyén nganh cua sinh vién nganh cong nghé thong
tin trong nhiéu truong dai hoc trén ca nudc. Tuy nhién, tai liéu gido trinh
con 1a mot diéu kho khan. Hién tai chi c6 mot sd it tai liéu bang tiéng Anh
hoic tiéng Phép, tai liéu bang tiéng Viét thi rat hiém. Voi mong mubn dong
gop vao sy nghiép dao tao va nghién ctru trong linh vire nay, ching t6i bién
soan cudn gido trinh X Iy dnh dua trén dé cuong mén hoc di duoc duyét.
Cubn sach tap trung vao cac van dé co ban cua xu 1y anh nham cung cap
mot nén tang kién thirc day du va chon loc nham gitp nguoi doc cod thé tu
tim hiéu va x4y dung cac chuong trinh tng dung lién quan dén xir Iy anh.

Gi4o trinh dugc chia 1am 5 chuong va phan phu lyc: Chwong 1, trinh
bay Tong quan vé xir Iy anh, cac khai niém co ban, so do tong quat ciia mot
hé thong xtr 1y anh va cac van dé co ban trong xir Iy anh. Chuong 2, trinh
bay cac k¥ thuat nang cao chat lugng anh dua vao céac thao tac véi diém
anh, nang cao chat luong anh thong qua viéc xur Iy cac diém anh trong lan
can diém anh dang xét. Chuong nay ciing trinh bay cac ky thuat nang cao
chét luong anh nho vao cac phép toan hinh thai. Chuong 3, trinh bay cac ki
thuat co ban trong viéc phat hién bién cua cac d6i tuong anh theo ca hai
khuynh huéng: Phat hién bién truc tiép va phat hién bién gian tiép. Chuong
4 thé hién cach k¥ thuét tim xuwong theo khuynh hudng tinh toan tryc trung
vi va hudng tiép can xap xi nho cac thuat toan 1am manh song song va gian
tiép. Va cudi cung 1a Chuong 5 véi cac ki thuat hau xir 1y.

Gido trinh dugc bién soan dua trén kinh nghiém giang day cua tac gia
trong nhiéu nim tai cac khoa dai hoc va cao hoc cia PH Cong ngh¢ -
DPHQG Ha No6i, PH Khoa hoc tu nhién — PHQG Ha N1, Khoa Cong nghé
thong tin — PH Thai Nguyén v.v.. Cudn sach c6 thé lam tai liéu tham khao
cho sinh vién cac hé k¥ su, cir nhan va cac ban quan tdm dén van dé nhan
dang va xu ly anh.



Céac tac gia bay to 1ong biét on chan thanh t6i cac ban dong nghiép
trong Phong Nhan dang va cong nghé tri thuc, Vién Cong nghé thong tin,
B6 mén Hé thong thong tin, Khoa Cong nghé thong tin, DH Thai Nguyén,
Khoa Cong nghé thong tin, PH Cong nghé, PHQG Ha Noi, Khoa Toan —
Co — Tin, PH Khoa hoc tu nhién, PHQG Ha Noi da dong vién, gbp y va
gitip d& dé hoan chinh ndi dung cudn sach nay. Xin cam on Lanh dao Khoa
Cong ngh¢ thong tin, DH Thai Nguyén, Ban Giam d6c PH Thai Nguyén da
hd trg va tao diéu kién dé cho ra doi gido trinh nay.

Mic du rat cd gang nhung tai liéu nay chic chin khong tranh khoi
nhirng sai sot. Chung t61 xin tran trong ti€p thu tat ca nhiing y kién dong
g0p cua ban doc cling nhu cac ban dong nghiép dé co chinh 1y kip thoi.

Thu gop ¥ xin giri v&: Pham Viét Binh,

Khoa Cong nghé thong tin — DPH Thai nguyén.
Xa Quyét Thing, Tp. Thai Nguyén
bién thoai: 0280.846506 Email: pvbinh@ictu.edu.vn

Thai Nguyén, ngay 22 thang 11 nam 2007
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Chuong 1:

TONG QUAN VE XU LY ANH

1.1. XU LY ANH, CAC VAN PE CO BAN TRONG XU LY ANH

1.1.1. Xir ly anh l1a gi?

Con nguoi thu nhén thong tin qua cac giac quan, trong do thi giac
dong vai tro quan trong nhat. Nhing ndm tro lai day voi sy phat trién cia
phan ctng mdy tinh, xtr 1y anh va db hoa d6 phat trién mot cach manh mé
va c6 nhiéu Gmg dung trong cudc séng. Xir Iy anh va do hoa dong mot vai
tro quan trong trong twong tac ngudi may.

Qua trinh xr Iy anh dugc xem nhu 1a qua trinh thao tac anh dau vao
nham cho ra két qua mong mudn. Két qua dau ra cia mét qua trinh xu ly

anh c6 thé 1a mot anh “tot hon” hodc mot két luan.

Anh

\ 4

XU LY ANH

<

Anh
“Tot hon”

Két luan

Hinh 1.1. Qua trinh xir ly 4nh

Anh c6 thé xem 13 tap hop cac diém anh va mdi diém anh dugc xem
nhu 13 dic trung cuong d6 sang hay mot dau hiéu nao d6 tai mot vi tri ndo
d6 cua doi twong trong khong gian va nd c6 thé xem nhu mdt ham n bién
cn). Do d6, anh trong xir 1y anh ¢6 thé xem nhu anh n chiéu.

P(C], Coyuney

So d6 tong quat cia mot hé thong xir 1y anh:

Thu nhan anh
(Scanner,
Camera,Sensor)

>

Tién xu ly

Trich chon

—»  dic diém

>

Hinh 1.2. Cac buéc co ban trong mét hé thong xir Iy 4nh

Hé quyét dinh

xu ly

1.1.2. Cac véan dé co ban trong xir Iy anh
1.1.2.1 Mt s6 khai niém co ban

* Anh va diem anh:

v

=

A 4

Ddi sanh rat
ra két luan




Diém anh duoc xem nhu 13 dau hiéu hay cuong do sang tai 1 toa do
trong khong gian cua doi twong va anh duoc xem nhu la 1 tap hop cac
diém anh.

* Mure xam, mau

La s6 cac gia tri c6 thé co cua cac diém anh cua anh
1.1.2.2 Nin chinh bién dang

Anh thu nhan thuong bi bién dang do cac thiét bi quang hoc va dién

A

Anh thu nhin Anh mong muén

tu.

Hinh 1.3. Anh thu nhin va anh mong mudn
Dé khic phuc ngudi ta st dung cac phép chiéu, cac phép chiéu thudong
duoc xay dung trén tap cac diém dic¢u khién.
Giasu (P, Py’)i= 1,7 ¢ n cac tap diéu khién

Tim ham f: P; — f (P;) sao cho
> f®)=P| " > min
i=1

Gia sir anh bi bién doi chi bao gdm: Tinh tién, quay, ty 1¢, bién dang
bac nhat tuyén tinh. Khi d6 ham f c6 dang:
f(x,y) = (aix + by + ¢, ax + byy + ¢3)

Ta co:

n
'

¢= i(f(Pi)_Pi')2 = Z[(alxi +by, +¢ _'xi)z +(a2xi +byy, +¢, _y;)z]

i=l1
Dé cho ¢ — min



%:O ialxl.2+zn:b1xiyi+iclxi =ixix;

da, i=1 i=1 i=1 i=1

%ZO@ ialxiyi—i_iblyiz—i_iclyi:iyix;
1 i=1 i=1 i=1 i=1

%:0 zn:alxi+zn:b1yi+nclzzn:x;

56‘1 i=1 i=1 i=1

Giai hé phuong trinh tuyén tinh tim duoc a;, by, ¢;
Tuong tu tim dugc a,, by, ¢,
= Xac dinh dugc ham
1.1.2.3 Khir nhiéu

C6 2 loai nhiéu co ban trong qua trinh thu nhan anh

e Nhiéu hé théng: 1a nhifu c6 quy ludt c6 thé khir bang cac phép
bien doi

e Nhiéu ngau nhién: vét ban khong rd nguyén nhan — khic phuc
bang céac phép loc

1.1.2.4 Chinh mirc xam:

Nham khic phyc tinh khong dong déu cua hé thong giy ra. Thong

thuong c6 2 hudng ti€p can:

e Giam sb mirc xdm: Thyc hién béng cach nhom cac marc xam gén
nhau thanh mdt bé. Truong hop chi c6 2 mirc xdm thi chinh 1a
chuyén vé anh den trang. Ung dung: In 4nh mau ra mdy in
den trang.

e Ting sé mirc xam: Thyc hién ndi suy ra cac mirc xam trung gian
bang k¥ thuit ndi suy. K§ thuat nay nham tang cuong do0 min
cho anh

1.1.2.5 Trich chon dic diém

Cac dac diém cua doi tugng dugc trich chon tuy theo muc dich nhan
dang trong qué trinh xu 1y anh. C6 thé néu ra mdt s6 dac diém cua anh
sau day:

Pac diem khong gian: Phan b6 muc xam, phan bo xac suat, bién do,
diém uén v.v..

Pac diém bien doi: Cac dac diém loai nay dugc trich chon bang viéc
thuc hién loc vung (zonal filtering). Cac bo vung dugc goi la “mat na dac



diém” (feature mask) thuong 1a céc khe hep voi hinh dang khac nhau (chi
nhat, tam gidc, cung tron v.v..)

Pic diém bién va dwong bién: Pic trung cho duong bién cua ddi
tugng va do vay rat hitu ich trong viéc trich tron cac thudc tinh bt bién
dugc dung khi nhan dang ddi tuong. Cac dac diém nay cé thé duoc trich
chon nho toan tir gradient, toan tir la ban, toan tir Laplace, toan tr “chéo
khong” (zero crossing) v.v..

Viéc trich chon hi¢u qua céac dac diém giup cho viéc nhan dang céc
doi tugng anh chinh xac, voi toc do tinh todn cao va dung lugng nhé luu
trit gidm xudng.
1.1.2.6 Nhan dang

Nhan dang tu dong_ (automatic recogmtlon) mo ta ddi twong, phan
loai va phan nhém cac mAu 13 nhimg van dé quan trong trong thi gidc may,
duoc tmg dung trong nhiéu nganh khoa hoc khac nhau. Tuy nhién, mét cau
hoi dat ra 1a: miu (pattern) 13 gi? Watanabe, mot trong nhitng ngudi di dau
trong linh vuc nay di dinh nghia: “Nguoc lai véi hon loan (chaos), mau 1a
mot thyuc thé (entity), duoc xac dinh mot cach ang ang (vaguely defined) va
c6 thé gan cho né mot tén goi ndo d6”. Vi du mau co thé 13 anh cta van tay,
anh cia mot vat nao do dugc chup, mot chir viét, khuon mat ngudi hodc
mot ky dd tin hiéu tiéng néi. Khi biét mot mau nao do, dé nhan dang hoac
phan loai mau do co thé:

Hoic phén loai ¢c6 miu (supervised classification), chang han phan
tich phan biét (discriminant analyis), trong d6 mau dau vao dugc dinh danh
nhu mot thanh phan cua mot 16p da xac dinh.

Hoic phan loai khdng c6 miu (unsupervised classification hay
clustering) trong d6 cic mau dugc gan vao cac 16p khac nhau dya trén mot
tiéu chuan dong dang nao d6. Céac 16p nay cho dén thoi diém phan loai van
chua biét hay chwa duoc dinh danh.

Hé théng nhan dang tu dong bao gébm ba khau twong tmg véi ba giai
doan chu yéu sau day:

1°. Thu nhén di liéu va tién xtr 1y.
2°. Biéu dién dit li¢u.
3°. Nhén dang, ra quyét dinh.
Bén cach tiép can khac nhau trong 1y thuyét nhan dang la:
1°. P6i sanh mau dya trén cac dic trung duoc trich chon.
2°. Phén loai thong keé.

3°. P6i sanh cau truc.
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4°. Phan loai dua trén mang no-ron nhén tao.

Trong cac ng dung 16 rang la khong thé chi dung c6é mét cach tiép
can don 1¢ dé phan loai “t6i wu” do vy can sir dung cung mét lic nhiéu
phuong phap va cach tiép can khac nhau. Do viy, cac phwong thic phin
loai t6 hop hay duoc st dung khi nhan dang va nay dé c6 nhitng két qua c6
trién vong dua trén thiét ké cac hé thong lai (hybrid system) bao gdm nhiéu
mo hinh
két hop.

Viéc giai quyet bai toan nhan dang trong nhing Ung dung mdi, nay
sinh trong cudc song khong chi tao ra nhimg thach thirc vé thuat gidi, ma
con dit ra nhitng yéu cau vé tdc do tinh toan. Pac diém chung cua tat ca
nhirng tng dung d6 1a nhimmg dic diém dic trung can thiét thudong 13 nhiéu,
khong thé do chuyén gia dé xuit, ma phai duogc trich chon dya trén céac thu
tuc phan tich dir licu.

1.1.2.7 Nén anh

Nham giam thiéu khong gian luu trit. Thuong duoc tién hanh theo ca
hai cach khuynh hudng la nén c6 bao toan va khong bao toan thong tin.
Nén khong bao toan thi thuong c6 kha nang nén cao hon nhung kha nang
phuc héi thi kém hon. Trén co s& hai khuynh hudng, c6 4 cach tiép cin co
ban trong nén anh:

e Nén anh théng ké: Ky thut nén nay dya vao viéc thong ké tan xuat
xuat hién cua gia tri cac diém anh, trén co sé dé ma c6 chién lugc
ma hoa thich hop. Mot vi du dién hinh cho k¥ thuat ma héa nay
la * TIF

e Nén anh khong gian: Ky thuat nay dua vao vi tri khong gian cua
cac diém anh dé tién hanh ma hoa. K thuat loi dung sy giéng nhau
ctia cac diém anh trong cic ving gan nhau. Vi du cho k¥ thuét nay
la ma nén * PCX

e Nén anh st dung phép bién doi: Pay 1a k¥ thuat tiép can theo
huéng nén khong bao toan va do vay, ki thuat thuéng nén hiéu qua
hon. *.JPG chinh 14 tip can theo k¥ thudt nén nay.

e Nén anh Fractal: St dung tinh chét Fractal cta cac doi tuong anh,
thé hién su 1ap lai cia cac chi tiét. K¥ thuat nén s& tinh toan dé chi
can luu trit phan gbc anh va quy ludt sinh ra anh theo nguyén ly
Fractal

1.2. THU NHAN VA BIEU DIEN ANH

1.2.1. Thu nhén, céc thiét bj thu nhan anh
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Céc thiét bi thu nhan anh bao gdm camera, scanner cac thiét bi thu
nhan nay co6 thé cho anh den trang

Céc thiét bi thu nhan anh c6 2 loai chinh tng véi 2 loai anh thong
dung Raster, Vector.

Céc thiét bi thu nhin anh thong thuong Raster 13 camera cac thiét bi
thu nhan anh thong thuong Vector la sensor hodc ban s6 hoa Digitalizer
hoac dugc chuyén doi tir anh Raster.

Nhin chung cac hé théng thu nhan anh thyuc hi¢n 1 qua trinh
e Cam bién: bién doi nang lwong quang hoc thanh ning lugng dién

e Tong hop ning luong dién thanh anh

1.2.2. Biéu dién anh

Anh trén may tinh 13 két qua thu nhdn theo cac phuong phap s6 hoa
dugc nhung trong cac thi€t bi k¥ thuat khac nhau. Qua trinh luu trit anh
nham 2 muc dich:

e Tiét kiém bd nhé

e Giam thoi gian xu ly

Viéc luu trir thong tin trong bd nhé ¢6 anh hudng rat 16n dén viéc hién
thi, in an va xu 1y anh dugc xem nhu 1a 1 tdp hop cac diém véi cung kich
thudc néu st dung cang nhiéu di€m anh thi buc anh cang dep, cang min va
cang thé hién rd hon chi ti€t ciia dnh nguoi ta goi dac diém nay la do
phén giai.

Viéc lya chon dd phan giai thich hop tuy thudc vao nhu clu st dung
va ddc trung cia moéi anh cu thé, trén co s¢ dé cac anh thuong duoc bi¢u
dién theo 2 mo6 hinh co ban

1.2.2.1. Mo hinh Raster

Pay 1a cach biéu dién anh thong dung nhat hién nay, anh duogc biéu
dién dudi dang ma tran cac diém (diém anh). Thuong thu nhan qua cdc
thiét bi nhu camera, scanner. Tuy theo yéu cau thuc thé ma mdi diém anh
duoc biéu dién qua 1 hay nhiéu bit

M6 hinh Raster thuan loi cho hién thi va in 4n. Ngay nay cong nghe
phan clmg cung cap nhiing thiét bi thu nhan anh Raster phu hop véi toc do
nhanh va chit lugng cao cho ca dau vao va dau ra. Mot thuan lgi cho viée
hién thi trong mdi truong Windows 1a Microsoft dwa ra khuon dang anh
DIB (Device Independent Bitmap) lam trung gian. Hinh 1.4 thé hinh quy
trinh chung dé hién thi anh Raster thong qua DIB.
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Mot trong nhitng hudng nghién ciru co ban trén mo hinh biéu dién nay
la k¥ thuat nén anh céac k¥ thuat nén anh lai chia ra theo 2 khuynh huéng la
nén bao toan va khong bao toan thong tin nén bao toan cé kha nang phuc
hdi hoan toan dir liéu ban dau con néu khong bao toan chi c6 kha ning
phuc hoi do sai sé cho phép nao d6. Theo cach tiép can ndy nguoi ta da dé
ra nhiéu quy cach khac nhau nhu BMP, TIF, GIF, PCX...

Hién nay trén thé gidi co trén 50 khudn dang anh thong dung bao gom
ca trong d6 cac k¥ thuat nén c6 kha niang phuc hoi dir liéu 100% va nén cé
kha nang phuc hdi voi d6 sai s nhan dugc.

BMP Paint

PCC \
: /

DIB Cira sb

Thay dbi
Hinh 1.4. Qua trinh hién thi va chinh sira, lvu trir znh thong qua DIB

1.2.2.2. M6 hinh Vector

Biéu dién anh ngoai muyc dich tiét kiém khong gian luu trit dé dang
cho hién thi va in an con dam bao dé dang trong lya chon sao chép di
chuyén tim kiém... Theo nhitng yéu cau nay k¥ thuat biéu dién vector to ra
uu viét hon.

Trong mo6 hinh vector nguodi ta st dung hudng gilra cac vector cua
diém anh 1an cin dé ma ho4 va tai tao hinh 4nh ban dau anh vector duogc thu
nhan truc tiép tir cac thiét bi s6 hoa nhu Digital hoac dugc chuyén ddi tir
anh Raster thong qua cac chuong trinh s6 hoa

Cong nghé phan clng cung cap nhiing thiét bi xr Iy v6i tbc do nhanh
va chit luong cho ca dau vao va ra nhung lai chi hd tro cho anh Raster.

Do vay, nhitng nghién ciru vé biéu dién vecto déu tap trung tir chuyén
do1 tu anh Raster.

Vecter Raster

RASTER hoa VECTOR Toa RASTER

A 4

A 4

Hinh 1.5. Sy chuyén ddi giira cic mé hinh biéu dién anh
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Chuong 2:
CAC KY THUAT NANG CAO CHAT LUQNG ANH

2.1. CAC KY THUAT KHONG PHU THUQC KHONG GIAN

2.1.1. Giéi thiéu

Céc phép toan khong phu thudc khong gian 1a céc phép toan khong
phuc thudc vi tri cia diém anh.

Vi du: Phép ting giam do sang , phép thong ké tin suét, bién doi
tan suat v.v..

Mot trong nhimng khai niém quan trong trong xtr 1y anh 14 biéu dd tan
suat (Histogram)

Biéu db tan suat cia mirc xAm g ctia anh I 13 sd diém anh c6 gid tri g
cua anh I. Ky hiéu 1a h(g)

Vi du:
‘

Ll
Il
N AN = =
S = N O N
—_— N = O O
—_— = O B

\ J

e o 1 2 4 7
hg) | 5 7

2.1.2. Tang giam d¢ sang

()}
[a—

Gia sir ta ¢6 I ~ kich thuée m x n va s6 nguyén ¢
Khi d6, k¥ thuat ting, giam doc sang duogc thé hién
for(i=0;1i<m;i1++)
for G=0;j<n;j++)
L[, j1=10, ]+
e Néu ¢ > 0: anh sang lén

e Néuc < 0: anh tbi di

14



2.1.3. Tach nguwong

Gia sir ta ¢6 anh I ~ kich thuéc m x n, hai sé6 Min, Max va ngudng 0
khi d6: K¥ thuat tach ngudng duogc thé hién

for(1=0;i<m;i++)
for =0;j<n;j++)
I[i,j1=11i,j]>=06? Max : Min;
* Ung dung:

Néu Min = 0, Max = 1 k¥ thuat chuyén anh thanh anh den trang dugc
ung dung khi quét va nhian dang van ban c6 thé xdy ra sai so6t nén thanh anh
hodc anh thanh nén dan dén anh bi dit nét hoac dinh.

2.1.4. B6 cum

K¥ thuat nhdam giadm badt s6 mirc xdm cua anh bang cdch nhom lai so6
murc xam gan nhau thanh 1 nhom

Néu chi c6 2 nhom thi chinh 13 k¥ thuat tach ngudng. Thong thudng
c6 nhi€u nhom véi kich thudce khac nhau.

Dé téng quat khi bién ddi nguoi ta s& ldy cung 1 kich thudc
bunch_size
A

h(g)]

0 > &

I [i,j] =1[i,j]/ bunch - size * bunch_size V(i,))

Vi du: B6 cum anh sau v6i bunch_size= 3

1 2 4 6 7
2 1 3 4 5
I= |7 2 6 9 1
4 1 2 1 2
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qu =

w N O O
oS O O O
S N W W
S O W A
S O W A

2.1.5. Can bang histogram

Anh I dugc goi 13 can bang "Iy tuong" néu véi moi mic xam g, g’ ta
co h(g) =h(g’)

Gia sur, ta ¢o6 anh I ~ kich thwuéc m x n

new level ~ sO murc xam cua anh can bang

mxXn 4 R ” \ 5 X - 4 4
TB=———— ~ s0 diém anh trung binh cua moi mirc xam
new _level
cua anh can bang
g
Hg)= hG)
i=0 ~ s0 diém anh c6 mirc xam < g

X4c dinh ham f: g - f(g)
Sao cho: f(g)= max{O, round(t;—‘?j — l}

Vidu: Can bang anh sau véi new level= 4
1 2 4 6
1 3 4
2 6 9
1 2 1
h(g) t(g) f(g)
5 5 0
5 10
1 11
3 14
I 15
2
2
1

N =

2
I= |7
4

17
19
20

O© N O D B~ W N |0
LW W DN ==
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o 1 2 2 3
10 1 2 2
Ie={3 1 2 3 0
2 0 1 0 1

Chii y: Anh sau khi thyc hién cin bang chua chic d3 1a can bang "1y tuong
2.1.6. Ky thuat tach nguwdng tuw dong

Ngudng 0 trong k¥ thuat tich ngudng thuong dugc cho bodi nguoi su
dung. Ky thuat tdch ngudng ty dong nham tim ra ngudng 6 mdt cach tu
dong dua vao histogram theo nguyén 1y trong vat 1y 1a vat thé tach lam 2
phéan néu tong d6 1énh trong tirng phan la toi thicu.

Gia su, ta ¢ anh I ~ kich thwu6c m x n

G ~ 1a s6 mirc xam cua anh ké ca khuyét thiéu
t(g) ~ s6 diém anh c6 mic xAm < g
1

m(g)=@iz:h(i)

Ham f: g f(g)

~ momen quan tinh TB c6 muc xdm < g

fig)=—18)

oo 1) (&) ~m(G D]

Tim 0 sao cho:

f(0)=max{/(®)}

0<g<G-1

Vi du: Tim ngudng tu dong ctia anh sau
(

0 1 2 3 4 5
0 0 1 2 3 4
I[= 10 0 0 1 2 3
0 0 0 0 1 2
L0 0 0 0 0 1)
Lap bang

g h(® tg) gh(®) Yo m(@ fg)

i=0

0 15 15 0 0 0 1.35
I 5 20 5 5 0,25 1.66
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2 4 24 8 130,54 154
3 3 27 9 220,81 1.10
4 2 29 8 30 1,03 0.49
5 1 30 5 35 1,16 oo

Ngudng can tach 0= 1 tng véi f(0)= 1.66

2.1.7. Bién d6i cAp xam tong thé

Néu biét anh va ham bién d6i thi ta c6 thé tinh duoc anh két qua va do
d6 ta s& c6 duoc histogram cua anh bién doi. Nhung thuc té nhiéu khi ta chi
biét histogram ctia anh gdc va ham bién doi, cdu hoi dit ra 1a lidu ta c6 thé
c6 dugc histogram cua anh bién d6i. Néu co nhu vy ta co thé hiéu chinh
ham bién d6i dé thu duoc anh két qua c6 phan bd histogram nhu
mong mudn.

Bai toan dat ra l1a bi€t histogram cua anh, bié¢t ham bién doi hay vé
histogram cua anh mai.

Vi du:
g ’ 1 2 3 4
h(g)‘ 4 2 1 2
g+1 néug<2
flg= {g néug=3
g—1 néug>3

Buwoc 1: Vé Histogram cua anh cii

f(g) A

18



Bugc 2: V& 3 thi ham f(g)
h(g) A

0
Buwdc 3: Vé Histogram ctia anh méi
bat q = f(g)

h(q) = card ({P| I(P) = q})
= card ({P| I(P) = f(g)})
= card ({P| g=f"' (I(P))})

= DMy h(g)| f(e)

ief(q)

v

0

Histogram ctia anh méi thua dugc bang cach chong hinh va tinh gid tri
theo céc q (= f(g)) theo cong thurc tinh trén. Két qua cudi thu dugce sau phép

quay goc 90 thudn chiéu kim dong h.
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2.2. CAC KY THUAT PHU THUQC KHONG GIAN

2.2.1. Phép cudn va miu

Gia st ta ¢6 anh I kich thuéc M x N, mau T c6 kich thudc m x n khi
do, anh I cudn theo mau T dugc xac dinh bdi cong thure.

m—-1 n-1

I®T(x,y)=> D Ilx+i,y+j)*T(, ) (2.1)
i=0  j=0
m-1 n-1
Hoic I®T(x,»)=Y Y I(x-iy-j)*T(i,}) (2.2)
i=0  j=0
VD:
(1 4 5 8§ 7)
2 1 4 2 2
I=| 4 5 8 8 2
1 1 1 4 4
7 2 1 5 2

—_

—
Il
—
O =
[\’j“‘ — O NN W — N
| —

I®T(x,y)= I(x+i,y+ j)*T(i, j)=1(x,y)*T(0,0)+ I(x+1,y +1)*T(1,1)
i=0 /=0
:I(x,y)+l(x+l,y+1)

(2 3 8 7 10 *)

7 6 9 12 4 % Tinh theo (2.1)
I®T=|6 6 6 12 12 *

3 4 2 6 *

%k % * * % %k

\ J
Tinh theo cong thuc 2.2

(% % % % % * )

* 2 3 8 7 10
I®T=|* 7 6 9 12 4

* 6 6 6 12 12

* 3 4 2 6 6

\ J
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* Nhdn xét:

- Trong qua trinh thuc hién phép cudn c6 mot sé thao tac ra ngoai anh,
anh khong dugc xac dinh tai nhiing vi tri d6 dan dén anh thu duoc ¢6 kich
thudc nha hon.

- Anh thuc hién theo cong thirc 2.1 va 2.2 chi sai khac nhau 1 phép
dich chuyén dé don gian ta s€ hiéu phép cudn la theo cong thirc 2.1

2.2.2. Mt s6 miu thong dung

- Mau:
11 1
T,=11 1 1
1 1 1
~ Duing dé khir nhiéu = Céc diém c6 tan s cao
VDI:
(1 2 4 5 8 7)
2 31 1 4 2 2
I= |4 5 5 8 8 2
1 2 1 1 4 4
7 2 2 1 5 2]
(55 65 45 46 * *)
52 58 34 35 * %
I®T, =29 27 35 35 * *
%k %k %k %k % %

\ % * * * * * J

Ap dung k¥ thuat cong hang s6 véi ¢ = -27, ta co:
28 38 18 19 * %
25 31 7 8 * %
g= |2 0 8 & * *

* * * * * *

\ % % % % * % )

- Mau
0 -1 0
T,= |-1 4 -1
0 -1 0
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~ Dung dé phat hién cac diém c6 tan sb cao
VD2:

(114 40 0 -14 * *)
22 5 14 16 * 0%
I®T2=-1| -6 -10 -2 * *

* * * k * *

%k E %k % % %k
\ J

2.2.3. Loc trung vi
* Dinh nghia 2.1 (Trung vi)

Cho day x;; X5...; X, don di¢u tdng (gidm). Khi d6 trung vi cua day ky
hiéu 1a Med({x,}), dugc dinh nghia:

’ n
+Néunlé x|:5+1

, ~ nl n
+ Néu n chan: x[E hodc * 5 +1

* Ménh dé 2.1

Zn:|x —x,| = min tai Med({x,})

i=1
Chirng minh

+ Xét trudng hop n chan

X _n

bat M = 5

Ta co:
n M M
D=l = 2w+ X x -y
i=1 = i=1

1

M M
I CRETRIEPI 55 y S
i=l1

[(xM+l Xy )+ (xM X )]

e

M

|'xM+i - Med<{xi }X + Z |xi - Med<{xi }X

i=1

e

Il
—
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= 3|x, - Med(fx, })

i=1
+Néun lé:
B6 sung thém phan tu Med({xi }) vao day. Theo trudng hop n chan
ta co:

n

Z |x —-X, | + |Med ({x,. })— Med ({xi }X — min tai Med({x,})

i=l1
i|x - X,~| — min tai Med({x,})
i=1

* Ky thuat loc trung vi
Gia str ta c6 anh I nguing 0 ctra s6 W(P) va diém anh P

Khi do6 k¥ thuat loc trung vi phu thudc khong gian bao gém cac budc
co ban sau:

+ Buwdc 1: Tim trung vi
{I(@)q € W(P)} = Med (P)
+ Budc 2: Gan gia tri

1P) = {I(P) \[(P)— Med(P) <6
Med(P) Nguoclai
Vi du:
(1 2 3 2]
4 16 2 1
I= (4 2 1 1
2 1 2 1
W3 x3):0=2
(1 2 3 2]
4 2 2 1
=14 2 1 1
2 1 2 1

Gia tri 16, sau phép loc c6 gid tri 2, cac gia tri con lai khong thay doi
gia tri.
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2.2.4. Loc trung binh
* Pinh nghia 2.2 (Trung binh)

Cho day xj, X,..., x, khi d6 trung binh ctua day ky hiéu AV({x,})
ddugc dinh nghia:

Av(i, })zmund[%ixij

i=1

* Ménh dé 2.2
n 2

Z (x - X, ) —> min tai A4 V({xn })

i=1

Churng minh:
pat: $(0) =Y (x-x,)’
i=1
Ta co:

§(0=2Y (xx,)
¢ (x)=0
= Z(x—xi):O

o xzigxi —av(x)

Mit khac, ¢ (x)=2n>0
= ¢ —>min tai x = AV ({x,})
K¥ thuat loc trung binh

Gia str ta ¢6 anh I, diém anh P, cira s6 W(P) va ngudng 0. Khi d6 k¥
thuat loc trung binh phu thudc khong gian bao géom céac budc co ban sau:

+ Buwdc 1: Tim trung binh
{I(q)l g € W(P)} = AV(P)
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+ Budc 2: Gan gia tri

1) = {I(P) \[(P)— AV (P)| <0
AV (P) Nguoclai
Vi du:
(1 2 3 2]
4 16 2 1
I= 4 2 1 1
k2 1 2 IJ
W3 x3);0=2
(1 2 3 2]
4 3 2 1
=14 2 1 1
2 1 2 1

Gi4 tri 16 sau phép loc trung binh c6 gia tri 3, cac gia tri con lai gil
nguyén sau phép loc.
2.2.5. Loc trung binh theo k gia tri gin nhat

Gia sir ta c6 anh I, diém anh P, cira s6 W(P), ngudng 0 va s6 k. Khi
do, loc trung binh theo k gia tr1 gan nhat bao gom céc budce sau:

+ Bwéc I: Tim K gia tri gan nhat
{I(q) |q € W(p)} — {k~ gia tri gan I(P) nhat}
+ Buwdc 2: Tinh trung binh
{k ~ gia tri gan I(P) nhat} — AV(P)
+ Budc 3: Gan gia tri
— <
1= {;(Z)(m le(ngczjin "=

Vi du:
1 2 3 2
4 16 2 1
I= |4 2 1 1
2 1 2 1

W@Bx3),06=2;k=3
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1 2 3 2
4 8 2 1
Ie= |4 2 1 1
2 1 2 1
* Nhén xét:

- Néu k 16n hon kich thuéc cira s6 thi k¥ thuat chinh 1a k¥ thuat loc
trung binh

- Néu k= 1 thi anh két qua khong thay d6i

— Chét luong cua ky thuat phu thudc vao sb phan ti lya chon k.
2.3. CAC PHEP TOAN HINH THAI HQC

2.3.1. Cac phép toan hinh thai co ban

Hinh thai 1a thuat ngir chi sy nghién ctru vé cau triic hay hinh hoc topo
cua doi tuwong trong anh. Phan 16n cac phép toan cua "Hinh thai" dugc dinh
nghia tr hai phép toan co ban la phép "gidn né" (Dilation) va phép "co"
(Erosion).

Cac phép toan nay duoc dinh nghia nhu sau: Gia thiét ta co dbi tuong
X va phan tu cau trac (mau) B trong khong gian Euclide hai chi€u. Ki hi¢u
B 1a dich chuyén cua B té1 vi tri x.
Dinh nghia 2.3 (DILATION)

Phép "gidn n¢" ciia X theo mau B 1a hop ciia tit ca cac By voi x thudce
X. Ta co:

X@®B=|]Js,

xeX
Dinh nghia 2.4 (EROSION)

Phép "co" ctia X theo B 1a tap hop tat ca cac diém x sao cho By, nam
trong X. Ta co:

X© B={x:B,cX}

Vidu: Tacod tap X nhu sau: X =

S O O x O

X O % R O

= % =2 O =
= % O ®r =

S O O O =
oy,
Il
=
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0 x x x x 00 0 x 0
X X X X x 00 x 0 0
xop=|" * * ¥ 0 Lixep- |0 ¥ 0 0 0
0O x x x x 0O 0 0 0 O
0O x x x x 0 x x 0 O

Pinh nghia 2.5 (OPEN)

Phép toan md (OPEN) cua X theo cau triic B 1a tap hop cac diém cia
anh X sau khi da co va gian n¢ lién liép theo B. Ta co:

OPEN(X,B)=(X © B)®B

Vi du: Vi tap X va B trong vi du trén ta c6

0 0 0 x x
0 0 x x O
OPEN(X,B)=(X&B)®B=/0 x x 0 0
0O 0 0 0 O
0 x x x 0

Dinh nghia 2.6 (CLOSE)

Phép toan dong (CLOSE) ciia X theo cau triic B 14 tap hop cac diém
cua anh X sau khi da gidn né va co lién tiép theo B. Ta co:

CLOSE(X,B)= (X ®B) © B

Theo vi du trén ta co:

CLOSE(X,B)=(X®B) © B =

S O O MK O
T B B

T T B B
T T e R B
S O O KX

2.3.2. Mot sb tinh chit ciia phép toan hinh thai
* Ménh dé 2.3 [Tinh gia ting]:
() XcX’'= [ XOBcX ©B VB
{ X®Bc X ®B VB
(i) BcB= [ X©B o> XOB VvX
{ X®BcX@®B VX
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Chitng minh:
) Xx®B=JB. = /B, =Xx©B

xeX xeX'
X6 B= {X/BXEX}Q{X/BXQX’}:X’GB

i)y Xx®B= B, c| B, =X®B

xeX xeX

Theo dinh nghia:
XOB={x/B,cX{ci{x/B,cX}=XOB.
*Ménh dé 2.4 [Tinh phan phdi véi phép U]:
(i) X BuUB)=X®B)u (X ®B"
(i) X8 (BuUB)=(X© B)N(X©SB"
Chirng minh:
(i) X®@BuB)=(X®B)u (X®B’)
Taco: Bu B’ oB
X®@BuUuB)2X®B (tinh gia tang)
Tuong tu:
X®(BvYB)o X®B’
X®@BVUvB)oD(X®B)v (X®B) (2.3)
Mat khac,
VyeX®BuB)=3xeXsaochoy € (B u B’),
= |y € By = |lyeX®B
EEB’X EEX@B’
>ye(X®B)u (X®&B)
=>X®BuB)c(X®B) u (X®B’) (2.4)
Tr23)vaR4)taco: X®@ (B uB)=(X®B) u (X®B’)
() XeBvB)=(X6B) N X6 B)
Taco: BuB oB
= X6 BuB)cX© B (tinh gia tang)
Tuongty: X© BuB)c XSO B’
= X6BuUuB)c(X©SGB)n(XOSB) (2.5)
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Mat khac,
Vxe X©B)n (X6 B
Suyra, [xe X©B = |B, cX
{XGXGB’ B, cX
= (BuB)cX
=>xe X (BuUB)

-XOBUB)S(XOB)AXOB)

(2.6)

T (2.5) va (2.6)tacé: X © (B U B)=(X O B) n (X O B).

* Y nghia:

Ta c6 thé phan tich cac mau phuc tap tré thanh cac miu don gian

thuan tién cho viéc cai dat.

* Ménh dé 2.5 [Tinh phéan phdi véi phép N]:

(XNY)©B=(X©B)N (Y O B)

Chitng minh:

Taco, XnYcX
= XnY)©BcXESB
Tuong tu: XnY)©BcCcYOSB
—~  (XNY)OBc(XOB)N (YSOB)
Mat khac,
Vx e (X© B) n (Y ©B)
Suyra [x e X© B = {BXgX
{XEYGB B,cY
=BxcXnNY
=>xe(XNY)©B
=>XNY)©Bo(XO©B)" (YOS B)

T (2.7)va(2.8)taco: (X n Y) © B=(X & B) n (Y © B).
* Ménh dé 2.6 [Tinh két hop]

()(X®B) ®B'=X ®(B®B)
(i) X ©B)©OB' =X 6 (BO®B)

2.7)

(2.8)
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Churng minh:
() (X®B) ®B'=X @ (B'® B)
Taco,(X®B) ®B' =(|JB,)®B

xeX

= Js,@B)=JBoB),

X X
=X @ (B'®B)
H(X©eBoB=Xo B®B)
Trude hét ta di chung minh: Bc X © B« (B®B). cX
That vay,do B.c X © Bnén Vye B, =>yeX &S B
=>B,cX
= (JB, cX

yeB,
= (B®B).cX
Mit khéc, (B ®B),c X < (B.®B)cX
< U, =X

yeB,
= VyeB, taco B,c X
= hay VyeB tacoye XS B
Do d6, B X © B
Taco, X©B)O B ={x/B,cx} ©B
={x/ B, c X © B}
= {x/ (B ®B),c X} (do ching minh ¢ trén)
=X Bo®B).
* Dinh Iy 2.1 [X bi chin béi cac can OPEN va CLOSE]

Gia str, X 1a mot dbi twong anh, B 1a mau, khi dé, X s& bi chin trén
boi tap CLOSE cua X theo B va bi chan duédi béi tdp OPEN cta X theo B.
Tuc la:

X®B)©BoXo(X&©B)®B
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Churng minh:
Taco: Vxe X=B,<SX®B (ViX®B=|(J3,)

=X € (X®B)© B (theo dinh nghia phép co)

=>X®B)oBoX (2.9)
Mat khac,

Vye (X6 B)®B,suyra:

dxeX©Bsaochoye B, (Vi(X©B)®B= [J3,)

<XOB
=>BicX =>yeX
Suyra: X o (X© B)®B (2.10)
Tr(29)va(2.10)Taco: X®@B)©BoXo(X©S B)®B.
*Hé qua 2.1 [Tinh bat bién] :
(1) (X©®B)oB)®B=X®B
(i) (X© B)®B) © B=XSB
Chitng minh:
(1) That vay, ter dinh ly2.1taco X < (X®B)O B
= X ®B S (X @ B) ©B) @ B (do tinh chit gia ting) (2.11)
Mat khac, cling tir dinh ly 2.1 tac6 (X © B) ® B c X VX
Do do, thay X bo1 X @ Btaco, (XD B) ©B) @B X®B (2.12)
Tu(2.11)va(2.12) Tacoé: (X@B)©GB) @ B=X®B
(1) That vay, tu dinh 1y 2.1tac6 (X © B) ®B = X
= ((X © B) ® B) © B S XOB (do tinh chit gia ting) (2.13)
Mait khac, cling tr dinh ly 2.1taco X & (X @ B) © B VX
Do do, thay X bo1 X © B tacd, XOB < (X © B) @ B) © B (2.14)
T (2.13) va (2.14) Tacod: (X © B) @ B) © B=XOGB (dpcm).
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Chuong 3:
BIEN VA CAC PHUONG PHAP PHAT HIEN BIEN

3.1. GIOI THIEU

Bién 1a van dé quan trong trong trich chon dic diém nham tién t6i hiéu
anh. Cho dén nay chua c6 dinh nghia chinh xac vé bién, trong mdi ting
dung nguoi ta dua ra cac do do khac nhau vé bién, mot trong cac do do do
1a d6 do vé su thay ddi dot ngot vé cfip xam. Vi du: Ddi véi anh den tréng,
mét diém duoc goi la diém bién néu nd 1a diém den co it nhat mot diém
trang bén canh. Tap hop cic diém bién tao nén bién hay duong bao cia
dbi tugng. Xuit phat tir co s& ndy ngudi ta thuong sit dung hai phuong
phap phat hién bién co ban:

Phat hién bién trwe tiép: Phuong phap nay 1am ndi bién dwa vao su
bién thién mtc xam cua anh. K¥ thuat chi yéu dung dé phat hién bién ¢
day 1a dua vao su bién doi cdp xam theo hudng. Cach tiép can theo dao
ham bac nhét ciia anh duya trén k¥ thuat Gradient, néu liy dao ham béc hai
ctia anh dua trén bién ddi gia ta c6 ky thuat Laplace.

Phat hién bién gian tiép: Néu bang cach nao d6 ta phan dugc anh
thanh cac vung thi ranh gidi gitra cac vung do6 goi la bién. Ky thuat do bién
va phan ving anh 13 hai bai toan d6i ngau nhau vi do bién dé thuc hién phan
16p ddi twong ma khi da phan 16p xong nghia 1a da phan ving duoc anh va
nguoc lai, khi da phan viing anh da dugc phéan 16p thanh cac ddi twong, do dé
c6 thé phat hién duoc bién.

Phuong phéap phat hién bién truc tiép to ra kha hiéu qua va it chiu anh
hudng cua nhidu, song néu su bién thién do sang khong dot ngdt, phuong
phap t6 ra kém hiéu qua, phuong phéap phat hién bién gian tiép tuy kho cai
dit, song lai 4p dung kha tét trong truong hop nay.

3.2. CAC PHUONG PHAP PHAT HIEN BIEN TRUC TIEP

3.2.1. Ky thuat phat hién bién Gradient
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Theo dinh nghia, gradient 1a mot vécto ¢o cac thanh phan biéu thi toc
do thay doi gia tri ciia diém anh, ta co6:

af(x’y) xzf(x_i_dx:y)_f(x)y)

Ox dx
T&Y) _ 4, LY TdY) = f 0 y)
oy dy

Trong d6, dx, dy 1a khoang cach (tinh bang sd diém) theo hudng x va
y.
* Nhan xét:

Tuy ta ndi 14 1dy dao ham nhung thyuc chét chi 1a mé phang va xap xi
dao ham bang cac k¥ thuat nhan chap (cudn theo mau) vi anh s6 1a tin hi¢u
r01 rac nén dao ham khong ton tai.

Vidu: Voidx =dy =1, ta co:
0
L fle+13)=S(5y)
x
)
T« fley+1)-f(x.)
oy
Do d6, mat na nhan chip theo hudéng x 1a A= (-1 1)

va huéng y1a B= (‘IIJ

Chang han:
0 0 0 O
0 3 3 3
I= (0 3 3 3
0 3 3 3
Ta co,
0O o0 o0 * 0o 3 3 *
I®A= (3 0 0 *[I®B=0 0 0 *
3 0 0 * 0o 0 0 =*
% % % * % * % %
0o o o0 *
I®A+I®B=|{3 0 0 *
3 0 0 *
% % % %
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3.2.1.1. Ky thuat Prewitt

KV thuat sir dung 2 mat na nhap chép xép xi dao ham theo 2 hudng x
vay la:

10 1)
Ho= | -1 0 1
1 0 1)
1 -1 1)
H= [0 0 0
1 1 1.

Cac budc tinh toan cua k¥ thuat Prewitt
+ Budc 1: Tinh I ® Hy val ® H,
+ Budc 2: Tinh ® Hy + 1 ® H,

Vi du:
(0 0 0 0 0 0)
5 5 5 5 0 0
5 5 5 5 0 0
=[5 5 5 5 0 0
O 0 0 0 0 0
O 0 0 0 0 0
\ J
( 3
0 0 -10 -10 * *
0 0 -15 -15 * *
I®H,= |0 0 -10 -10 * *
0 0 -5 -5 * *
%k %k %k %k ES ES
\* %k %k %k %k *}
15 15 10 5 * x)
O 0 0 0 * =*
15 -15 -10 -5 * %
I®H,= [15 -15 -10 -5 * *
%k %k %k %k %k %k
% % * * * %k

\ J
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I®H, +1®H, =

3.2.1.2. Ky thuat Sobel

(15
0
15
15

*

*

\

15
0
-15
-15

*

*

0
-15
-20
-15

*

*

-5
-15
-15
-10

*

*

Tuong ty nhu k¥ thuat Prewitt ky thuat Sobel st dung 2 mat na nhan
chép theo 2 hudng x, y la:

100
He= |2 0
100
122
Hy= |0 0
1 2

Cac budc tinh toan tuong tu Prewitt

N

1
2
1)
1)
0
1)

+ Buwége 1: Tinh 1@ H, va I ® H,
+ Bwéc 2: Tinh IQ H, + 1 ® H,

3.2.1.3. Ky thuit la ban
K¥ thuat sir dung 8 mit na nhan chap theo 8 hudng 0°, 45°, 90°, 135°,

180°, 225°, 270°, 315°

-

5 5
Hi=[5 0
(-3 -3
(3 5
H;=|-3
(-3 -3
(3 3
Hs=|-3
(-3 5
(3 3
H,=| 5
(5 5

N

-3
-3
-3)

5
5

H2 = -3
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Cac budc tinh toan thuat toan La ban

+ Bwoc 1: Tinh I ® H; ;1=1.,8

8
+Budc2: Y I®H,
i=l1
3.2.2. Ky thuit phat hién bién Laplace
Cac phuong phap danh gia gradient ¢ trén lam viéc kha t(‘)tvkhi ma do
sang thay doi ro nét. Khi mirc xdm thay doi chdm, mién chuyén ti€p trai
rong, phuong phap cho hiéu qua hon do6 la phuong phép sir dung dao ham
bac hai Laplace.

Toén tir Laplace dugc dinh nghia nhu sau:

Ta co:
aco f—af Z{
y
of _9(F).2 -
P ax[ Py j~ ~ G+ =f )

~[f+Ly) - £ ]-[f ) - f(x-1,)]
~ f(x+1,y) =2 (% )+ f(x—1,)

Tuong tu,
o’ f of
5 ay(ayj —(f e,y + D= f(x,»))

=[f @y +) = feun]=[f Gy = f(xy-1)]
~f(y+D)=2f(xp)+ f(x,y-])
Vay: V2 = fix+1,y) + fix,y+1) - 4f(x,y) + f(x-1,y) + f(x,y-1)

Dan t6i:
0O 1 O
H=|1 -4 1
0O 1 0

Trong thyuc té, nguoi ta thuong dung nhiéu kiéu mat na khac nhau dé
xap xi roi rac dao ham bac hai Laplace. Dudi day la ba ki€u mat na
thuong dung:
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0 -1 0 -1 -1 -1 1 -2 1
vD: (0 0 0 0 0 0
5 5 5 5 0
I= (5 5 5 5 0
5 5 5 0
0 0 0 0 0 0
o 0 0 0 0 0

3.3. PHAT HIEN BIEN GIAN TIEP

3.3.1 Mot s6 khai niém co ban
*Anh va diém dnh

é&nh gé 12 mot mang s thuc 2 chiéu (Iij) co kich thuéc (MxN), trong
d6 mo1 phan tur Ij(i = 1,...,M; j = 1,...,N) biéu thi mrc xam cua anh tai (i,))
tuong ng.

Anh dugc goi la anh nhi phan néu cac gia tr1 I chi nhan gia tr1 0
hoac 1.

O day ta chi xét t6i anh nhi phan vi anh bat ky ¢ thé dua vé dang
nhi phan bang k¥ thuit phan ngudng. Ta ky hiéu 3 1a tip cac diém ving
(diém den) va 3 1a tap cac diém nén (diém tring).

*Cac diém 4 va 8-lang giéng

Gia st (i,j) 12 mot diém anh, cac diém 4-lang giéng 1a cac diém ké

trén, dudi, trai, phai cua (i,):
Ny(ij) = {(@j’) : -0+ = 15,

va nhitng diém 8-lang giéng gém:

Ns(i,j) = {(j7) : max(fi-i’},[j-)’) =1}.

Trong Hinh 1.2 biéu dién ma trén 8 lang giéng ké nhau, cac diém Py,
P,, P4, Pg 12 cac 4-lang giéng cua di€m P, con cac diém Py, Py, P, P3, Py, Ps,
Ps, P7 1a cac 8-lang giéng cua P.
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P; | Pg | Py

Hinh 1.3. Ma trin 8-ling giéng ké nhau

*Poi twong anh

Hai diém P;, P, € E, E 3 hoic I dugc goi la 8-lién thong (hodc 4-
lién thong) trong E néu ton tai tdp cac di€ém duoc goi la dwong di
(i09j0)"'(iﬂﬂjn) Sa(‘) ChO (i09j0)= PS: (inajn)z P67 (irajr) € E Vé (irajr) lé' 8'1éng gléng
(hodc 4-lang giéng tuong ung) cia (i..1,j.1) voir=1,2,...n

Nhén xét: Quan he k-lién thong trong E (k=4,8) 1a mot quan h¢ phan xa,
dbi xtmg va bic cau. Boi vay do 13 mot quan hé tuong duong. Mbi 16p
trong duong duoc goi la mot thanh phan k-lién thong cua anh. V& sau ta s&
goi mdi thanh phan k-lién thong ctia anh 1a mot ddi twong anh.

3.3.2. Chu tuyén ciia mot ddi twong anh
Pinh nghia 3.1: [Chu tuyén]

Chu tuyén ctia mot d6i twong anh 13 diy cac diém cua ddi tuong anh
Pi,...,P,sao cho P; va Py 1a cac 8-lang giéng cua nhau (i=1,...,n-1) va P; 1a
8-lang giéng cua P,, Vi 3Q khong thudc dbi trong anh va Q 1 4-lang giéng
cua P; (hay noi cach khéc Vi thi Pi 1a bién 4). Ki hi¢u <P,P,..P>.

Téng cac khoang cach giira hai diém ké tiép cua chu tuyér} la do dai cua
chu tuyén va kj hiéu Len(C) va huéng P;P;;; 1a hudéng chan néu P,va P, 1a
cac 4 — lang giéng (truong hop con lai thi P;P;,; 1a hudng 1¢).

Hinh 3.1 duéi day biéu dién chu tuyén cua anh, trong d6, P 1a diém khoi

dau chu tuyén.
cese e
b4
®
é

o0 0
éo0o0o00
o000
0000

6'\

Hinh 3.1. Vi du vé chu tuyén ciia d6i tweng anh
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Pinh nghia 3.2 [Chu tuyén doi ngiu|

Hai chu tuyén C= <P,P,..P,> va C'= <Q,Q...Q,> duogc goi 12 d6i ngu
cua nhau néu va chi néu Vi Jj sao cho:

(i) P; va Q; 1a 4-lang giéng ctia nhau.
(ii)Cac diém P; 1a ving thi Qjla nén va nguoc lai.
Pinh nghia 3.3 [Chu tuyén ngoai]
Chu tuyén C duoc goi 13 chu tuyén ngoai (Hinh 3.2a) néu va chi néu
(i) Chu tuyén d6i ngau C* 1a chu tuyén cua cac diém nén
(i1)D¢ dai cua C nho hon do dai C*
Pinh nghia 3.4 [Chu tuyén trong]

Chu tuyén C dugc goi la chu tuyén trong (Hinh 3.2b) néu va chi néu:

(i) Chu tuyén d6i ngdu C 1a chu tuyén ctia cac diém nén
(ii)DPo dai ctia C 16n hon do dai C*
Chu tuyén C

Chu tuyén C*

\(Ch tuyén C

a) Chu tuyén ngoai b) Chu tuyén trong
Hinh 3.2. Chu tuyén trong, chu tuyén ngoai

Pinh nghia 3.5 [Piém trong va diém ngoai chu tuyén]
Gia su C= <P,P,..P> 1a chu tuyén cua mot doi tuong anh va P 1a mot
diém anh. Khi do:
(i) Néu ntra duong thang xuat phat tir P s& cit chu tuyén C tai s6 1é 1an,
thi P dugc goi 1a diém trong chu tuyén C va ki hiéu in(P,C)

(ii)Né:u Pe¢C va P khong phai la diém trong cia C, thi P dwoc goi 1a
diém ngoai chu tuyén C va ki hiéu out(P,C).

Bo dé 3.1 [Chu tuyén ddi ngiu]

Gia st E < 3 1a mot doi tuong anh va C= < P,P,..P>1a chu tuyén cua
E, C'=<Q;Q,..Q,> 1a chu tuyén d6i ngiu twong tng. Khi do:

(i) Néu C 1a chu tuyén trong thi in(Q;,C) Vi (i=1,....,m)
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(ii)Néu C 1a chu tuyén ngoai thi in(P;,C") Vi (i=1,...,n)
B6 dé 3.2 [Phan trong/ngoai ciia chu tuyén]
Gia sir E ¢ 3 1a mot d6i tugng anh va C 1a chu tuyén cua E. Khi do:
(i) Néu C 1a chu tuyén ngoai thi Vx € E sao cho x¢C, ta co in(x,C)
(ii)Néu C 1a chu tuyén trong thi Vx € E sao cho x¢C, ta c6 out(x,C)
Pinh Iy 3.1 [Tinh duy nhét ciia chu tuyén ngoai]

Gia st E < 3 1a mot dbi tuong anh va Cg 1a chu tuyén ngoai cua E.
Khi d6 Cg la duy nhat.

3.3.3. Thuit toan do bién tong quat

Biéu dién d6i tuong anh theo chu tuyén thudng dua trén cac ky thuat
do bién. C6 hai k¥ thuat do bién co ban. K§ thuat thir nhat xét anh bién thu
duoc tir anh ving sau mot lan duyét nhu mot dd thi, sau dé ap dung céc thuat
toan duyét canh do thi. K§ thuat thir hai dua trén anh ving, két hop dong thoi
qua trinh do bién va tach bién. O day ta quan tdm cach tiép can thir hai.

Trudc hét, gia st anh duoc xét chi bao gém mot meg anh 8-1ién thong
3, duoc bao boc boi mot vanh dai cac diém nén. DE thay I 1a mot ving 4-
lién thong chi 1a mdt truong riéng cua trudong hop trén.

Vé co ban, cic thudt toan do bién trén mot ving déu bao gém cic
budce sau:

e Xac dinh diém bién xuit phat
e Duy bdo va xac dinh diém bién tiép theo
e Lip budc 2 cho dén khi gip diém xuét phat

Do xuit phét tir nhiing tiéu chuan va dinh nghia khac nhau vé diém
bién, va quan h¢ lién thong, cac thudt toan do bién cho ta cdc duong bién
mang cac sac thai rat khac nhau.

Két qua tac dong cua toan tur do bién 1én mot diém bién r; 13 diém bién
ri+1 (8-lang gleng cua r;). Thong thudng cac toan tir nay duoc xay dung nhu
mot ham dai s6 Boolean trén cic 8-lang giéng cua r;. Mdi cach xay dung
cac toan tir déu phy thudc vao dinh nghia quan hé lién thong va diém bién.
Do d6 s& gy kho khin cho viéc khao sat cac tinh chit cua duong bién.
Ngoai ra, vi mdi budc do bién déu phai kiém tra tat ca cac 8-lang giéng cua
moi diém nén thuat toan thuong kém hiéu qua. Dé khic phuc cac han ché
trén, thay vi sir dung mot diém bién ta st dung cap diém bién (mot thude 3,
mot thude 3I), cac cip diém nay tao nén tap nén ving, ki hiéu 1a NV va
phén tich toan tir do bién thanh 2 budc:
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e Xac dinh cdp diém nén vung ti€p theo.
e Lua chon di€ém bién

Trong d6 budc thir nhat thyc hién chirc ning ciia mot anh xa trén tap
NV 1én NV va budc thur hai thuc hién chirc nang chon diém bién.

Thuét toian do bién tong quat

Bude 1: Xéac dinh cip nén-ving xuat phat
Buéc 2: Xac dinh cip nén-ving tiép theo
Bwéc 3: Lya chon diém bién ving

Budéc 4: Néu gip lai cap xuat phat thi ding, néu khong quay lai
budce 2.

Viéc xéac dinh cip nén-ving xuét phat dugc thuc hién bang cach duyét
anh lan luot tir trén xudng dudi va tir trai qua phai roi kiém tra diéu kién lya
chon cip nén-ving. Do viéc chon diém bién chi mang tinh chit quy udc, nén
ta goi anh xa xac dinh cip nén-ving tiép theo 1a toan tir do bién.

Dinh nghia 3.6 [Toan tir do bién]
Gia st T 1a mot anh xa nhu sau: T: NV — NV
(b,r) > (b’,r)
Goi T 12‘1‘ mot toan tir do bién co sé néu nd thoa man diéu kién: b’,r’ 1a
cac 8-lang giéng cuar.

Gia sir (b,r) € NV; goi K(b,r) 1a ham chon diém bién. Bién ctia mot
dang 3 c6 thé dinh nghia theo mot trong ba cach:

e Tap nhing diém thudc I c6 mat trén NV, tac 1a K(b,r)=r1

e Tap nhitng diém thudc 3 c6 trén NV, tic 1a K(b,r)=b

e Tép nhirng diém 40 nam giita cip nén-vung, tirc 1a K(b,r) 13 nhiing

di€ém nam gitra hai diém b var.

Céach dinh nghia thir ba trong ing mdi cip nén-ving véi mot diém
bién. Con do61 voi cach dinh nghia thtr nhat va tht hai mgt s6 cdp nén-
vung co thé c6 chung mdt diém bién. Bdi vay, qua trinh chon diém bién
duoc thuc hién nhu sau:

1:= 1; (by,11):= (bo,Io);

While K(b;,r;)<>K(b,,r,) and i<8 do
Begin (b ,ri+1)= T(byr;); 1:=1+1; End;
Piéu kién dirng

Cap nén-ving tht n tring véi cip nén ving xudt phat: (by,rn)= (bo,ro)
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* Xac dinh ciip nén — ving xuat phat

Cap nén vung xuat phat dugc xac dinh bang cach duyét anh 1an luot tir
trén xudng duoi va tu trai sang phai diém dem dau tién gap dugc cung voi
diém trang trude d6 (theo hudng 4) dé tao nén cip nén ving xuat phat.

* Xac dinh cap nén vung tlep theo
DPau vao: pt, dir
Vidu: 3,2)4
Point orient [J= {(1,0);(1;-1);(0;-1);(-15-1);(-1;0);(-1,1);(0,1);(1,1) };
//Ham tim huéng c6 diém den gan nhat
BYTE GextNextDir(POINT pt, BYTE dir)
{
BYTE pdir= (dir + 7)%8;
do{
if(getpixel(pt. x+orient [pdir]. x,pt.y+orient [pdir]. y))=—BLACK)
return pdir;
pdir = (pdir + 7) %8;
ywhile(pdir ! = dir);
return. ERR; //Diém ¢6 1ap
}
//Gan gia tri cho budc tiép theo
pdir = GetNextDir(pt, dir);
if(pdir==ERR) //Kiém tra c6 1a diém c6 1ap khong?
return. ERR; /Diém c6 1ap
pt. x = pt. x + orient [pdir]. x
pt. y =pt. y + orient [pdir]. y ;

Dé tinh gia tri cho hudng tiép theo ta 1ap bang dua trén gia tri pdir da
tinh dugc trude do theo cac kha nang co thé xay ra:
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pdir | Diém tring trudc d6 | Trang so voi den mébi
0 1 2
1 2 4
2 3 4
3 4 6
4 5 6
5 6 0
6 7 0
7 0 2

= Do d6 cong thirc dé tinh hudng tiép theo s& 1a :
dir= ((pdir+3)/ 2 * 2)%38 ;



Chuong 4:
XUONG VA CAC KY THUAT TIM XUONG

4.1. GIOI THIEU

Xuong dugc coi nhu hinh dang co ban cua mdt débi tuong, voi sb it
cac diém anh co ban. Ta co6 thé lay dugc céac thong tin vé hinh dang nguyén
ban ctia mot doi tuong thong qua xuong.

Mot dinh nghia xtc tich vé xuong dua trén tinh continuum (twong tu
nhu hién tuong chay dong cd) dugc dua ra boi Blum (1976) nhu sau: Gia
thiét ring d6i twong 13 déng nhat duoc phu bai ¢ kho va sau d6 dung 1én
mot vong bién Itra. Xuong duoc dinh nghia nhu noi gap cia cac vét lira va

). P TP I [ B W a5 .o - AN DA P
ias e Lot Yew jmege [ecogriin ahon ek tekn =lelx] Jife [ Yew pmage [ecogrion Vecpemsen ik Hep =loix]|
I JEN BN I P ) <1 T 3

nnnnnn THOWTECAL " Emowor hide e vedormage W TECRL

a) Anh gbc b) Anh xuong
Hinh 4.1. Vi du vé anh va xuong

Ky thuat tim xwong ludén 1a chu dé nghién céu trong xu 1y anh
nhitng nim gan day. Mic du c¢6 nhirg nd luc cho viéc phat trién cac
thuat toan tim xwong, nhung cic phuong phap dugc dua ra déu bi mat
mat thong tin. C6 thé chia thanh hai loai thuét toan tim xuong co ban:

e (Cac thuat toan tim xuong dua trén lam manh

e (Caic thuat toan tim xuong khong dua trén lam manh
4.2. TIM XUONG DUA TREN LAM MANH

4.2.1. So lwrge vé thuit toan 1am manh

Thuét toan 1am manh anh s nhi phan 1a mot trong céc thuat toan quan
trong trong xtr Iy anh va nhan dang. Xuwong chtra nhirng thong tin bat bién
v€ cau truc cua anh, giup cho qua trinh nhén dang hodc vecto hoa sau nay.
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Thuét toan lam manh 1a qua trinh 1dp duyét va kiém tra tit ca cac diém
thudc d6i twong. Trong mdi lan lap tit ca cac diém cua doi tuong s& duoc
kiém tra: néu nhu chung thoa mén diéu kién xoa nao d6 tuy thudc vao mdi
thuat toan thi né sé bi xoa di. Qua trinh ¢ 1ip lai cho dén khi khong con
diém bién nao duoc xod. Pdi tuong duoc boc dan 16p bién cho dén khi nao
bi thu manh lai chi con cac diém bién.

Cac thuat toan lam manh dugc phan loai dya trén phuong phap xur ly
cac diém 1a thuat toan lam méanh song song va thuat toan lam manh tudn tu.

Thut toan 1am manh song song, 1a thudt toan ma trong d6 cac diém
dugc xu ly theo phuong phap song song, tirc la duoc xur ly cung moét luc.
Gia tri cua mdi diém sau mot 1an 1ap chi phu thude vao gia tri cua cac lang
giéng bén canh (thuong 1 8-lang giéng) ma gia tri cua cac diém nay da
dugc x4c dinh trong lan 1ap trude dé. Trong may co6 nhi€u bo vi xtr Iy moi
vi xu ly s€ xtr Iy mét vung cua doi tugng, noé cd quyén doc tir cac di€m &
vung khac nhung chi dugc ghi trén vung ctia n6 xu ly.

Trong thuat todn lam manh tuan tu cac diém thudc déi tuong s€ duoc
kiém tra theo mot thr ty nao do6 (chang han cac diém dugc xét tur trai qua
phai, tu trén xuong dudi). Gia tri ciia diém sau moi lan ldp khong nhiing
phu thudc vao gia tri cua cic lang giéng bén canh ma con phu thudc vao
cac diém da dugc xét trude do trong chinh lan 1dp dang xét.

Chét lugng cua thudt toan lam manh dugc danh giad theo cac tiéu
chuan duogc liét ké dudi day nhung khong nhat thi€t phai thod man dong
thoi tat ca cac tiéu chuan.

e Bio toan tinh lién théng cua dbi twong va phan bu cua ddi trong

e Su twong hop giita xwong va ciu trac cia anh d6i tuong

e Bio toan cac thanh phan lién thong

e Bao toan cac diém cut

e Xuong chi gdm cac diém bién, cang manh cang tot

e Bén vitng d6i v6i nhidu

e Xuong cho phép khoi phuc anh ban dau cua ddi tuong

e Xuong thu dugc & chinh giita dudng nét cua d6i twong duoc

lam manh

e Xuong nhan dugc bat bién véi phép quay.
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4.2.2. Mot s6 thuit toan lam manh

Trong phan nay diém qua mot s6 ddc diém, uu va khuyét diém cua céac
thuat toan da dugc nghién ctru.

1°. Thuat toan 1am manh c6 dién 1 thuat toan song song, tao ra xuong

2°.

3°

4°,

6°.

8 lién thong, tuy nhién nd rat cham, gay dut nét, xod hoan toan
mot sO cau hinh nho.

Thuét toan lam manh cia Toumazet bao toan tat ca cac diém cut
khong gy dut net d6i tuong. Tuy nhién, thuat toan c6 nhugc diém
1a rat cham, rat nhay cam véi nhleu xuong chi 1a 4-lién thong va
khong 1am manh duoc voi mot sé cau hinh phc tap

Thuét toan lam manh cua Y.Xia dya trén duong bién cua dbi
tuong, co thé cai dat theo ca phuong phap song song va tuan tu.
Tbc do cta thudt toan rit nhanh. N6 ¢6 nhuoc diém la gay dut nét,
xuong tao ra 1a xuong gia (c6 do day 1a 2 phan tir anh).

Thuat toan lam manh ctia N.J.Naccache va R.Shinghal. Thuat toan
¢6 wu diém la nhanh, xuong tao ra c6 kha nang khoi phuc anh ban
dau cua ddi tuong. Nhuoc diém chinh cua thuat toan 1a rat nhay
v6i nhiéu, xwong nhan duoc phan anh ciu triic cua déi tugng thép.

. Thuét toan lam manh ctua H.E.Lu P.S.P Wang twong ddi nhanh,

gitt duoc tinh lién thong cua anh, nhung lai c6 nhuoc dlem la
xuong tao ra 1a xwong 4-lién thong va xoa mat mot s cau
hinh nho.

Thuat toan lam manh cua P.S.P Wang va Y.Y.Zhang dua trén
duong bién cua dbi tuong, co thé cai dat theo phuong phap song
song hodc tuan ty, xwong 13 8-lién thong, it chju anh hudng cia
nhiu. Nhuoc diém chinh cua thuat toan 1a tdc d6 cham.

. Thuét toan lam méanh song song thudn tuy nhanh nhét trong céc

thuat toan trén, bdo toan tinh li€n thong, it chiu anh hudéng cua
nhi€u. Nhuoc diém 1a x04 hoan toan mdt s6 cau hinh nhd, xuong
tao ra la xuwong 4-lién thong.

4.3. TIM XUONG KHONG DUA TREN LAM MANH

Dé tach dugc xuong cua d6i turong ¢ thé sir dung dudng bién cua doi
tuong. V6i diém p bat ky trén dbi tuong, ta bao nd bdi mot duong bién.
Néu nhu ¢6 nhiéu diém bién c6 cung khoang cach ngan nhét tdi p thi p ndm
trén truc trung vi. Tap tat ca cac diém nhu vay 1ap thanh truc trung vi hay
xuong cta dbi twong. Viéc xac dinh xuong duoc tién hanh thong qua
hai budc:
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e  Budc thir nhit, tinh khoang cach tir mdi diém anh cua ddi tugng dén
diém bién gan nhat. Nhu vay can phai tinh todn khoang cach té1 tat ca
cac diém bién cua anh.

e  Budc thit hai, khoang cach anh da dugc tinh toan va cac diém anh co
gia tri 16n nhat dugc xem 1a nam trén xuong cua doi tugng.

4.3.1. Khai quat vé lwgc do Voronoi

Luoc d6 Voronoi 1a mét cong cu hiéu quél trong hinh hoc tinh toan.
Cho hai diém P;, P; 12 hai phan tr cua tap O gdém n diém trong mat phang.
Tap cac diém trong mit phing gan P; hon P; 1a nra mat phang H(P;, Pj)
chtra diém P; i va bi gidi han boi dudng trung tryc cua doan thang‘P iP;. Do
do, tap cac diém gén P; hon bat ky di€ém Pj nao c6 thé thu duoc bang céch
giao n-1 cac nira mat phang H(P;, P)):

V(P;)) = N H(P;, Pj) i#) (i= 1,...,n) (4.1)
Pinh nghia 4.1 [Pa giic/So dd Voronoi]

So dd Voronoi cia Q 1a hop cia tat ca cac V(P;)

Vor(Q) =u V(P;) P;eQ (1a mot da giac) (4.2)
Pinh nghia 4.2 [Pa giic Voronoi tong quat]

Cho tap cac diém Q, da gidc Voronoi cua tip con U cua Q duoc dinh
nghia nhu sau:

VU) ={P|3Ive U, Vw e Q\U :d(P,v) <d(P,w)}
=uUV(P)P;eU (4.3)

4.3.2. Truc trung vi Voronoi roi rac
Pinh nghia 4.3 [Bin dd khoang cach - Distance Map]

Cho d6i twong S, ddi véi mdi (x, y)eS, ta tinh gia trj khoang cach
map(x, y) voi ham khoang céach d(.,.) nhu sau:

V(x, y)€S: map(x, y) = min d[(x, y), (i, yi)] (4.4)
trong d6 (x;, v;) € B(S) - tap cdc diém bién cua S

Tap tat ca cac map(x, y), ki hiéu 1a DM(S), duoc goi 14 ban d6 khoang
cach cua S.

Chi y: Néu ham khoang cach d(.,.) la khoang cach Euclide, thi phuong
trinh (4.4) chinh la khoang cach ngan nhat tir mot diém bén trong dbi tuong
t6i bién. Do d6, ban dd khoang cach dugc goi 1a ban dd khoang cach
Euclide EDM(S) ctia S. Pinh nghia trén duoc dung cho ca hinh roi rac 1an
lién tuc.
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Pinh nghia 4.4 [Tap cac diém bién sinh]

Cho map(x, y) 13 khoang cach ngan nhét tir (x, y) dén bién (theo dinh
nghia 4.3). Ta dinh nghia: map'(x, y) = {p| p €B(S), d(p,
(X, y)):=map(x, y)}

Khi do tap cac diém bién sinh ~B(S) duoc dinh nghia boi:

AB(S) = umap™'(x, y), (X, y)€ S (4.5)

Do S co thé chta cac dudng bién roi nhau, nén ~B(S) bao gém nhiéu
tap con, moi tdp mod td mot dudong bi€n phan biét:

"B(S)={Bi(S),..Bx(S)} (4.6)
Dinh nghia 4.5 [Truc trung vi Voronoi roi rac (DVMA)]

Truc trung vi Voronoi ro1 rac dugc dinh nghia 1a két qua cua so do
Voronoi bac nhat roi rac cua tap cac diém bién sinh giao voi hinh sinh S :

DVMA(*B(S)) = Vor(*B(S)) N S (4.7)

4.3.3. Xwong Voronoi roi rac
Dinh nghia 4.6 [ Xwong Voronoi roi rac - DiscreteVoronoi Skeleton]

Xuong Voronoi roi rac theo ngudng T, ki hiéu 1a Ske®"MA(*B(S),T)
(hodc Ske("B(S),T)) 1a mdt tap con cua truc trung vi Voronoi:

Ske®™MA(*B(S),T)= {(x,y)| (x,y) eDVMA("B(S)), ¥(x,y) > T} (4.8)
V: 1a ham hiéu chinh.

Dé thay néu ngudng T cang 16n thi cang thi sé lugng diém tham gia
trong xuong Vonoroi cang it (Hinh 4.2).

Hinh 4.2. Xwong Voronoi roi rac anh huong cia ciac ham hi€u chinh khac nhau.
(a) Anh nhj phan. (b) So' d0 Voronoi. (¢) Hiéu chinh béi ham Potential, T=9.0.
(d) Hiéu chinh béi ham Potential, T=18.0
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4.3.4. Thuat toan tim xwong

Trong myc nay s€ trinh bay y tudng co ban cua thudt toan tim xuong
va mo ta bang ngodn ngilr tua Pascal.

Ting truéng: Viéc tinh toan so dd Voronoi dugc bit dau tir mot diém
sinh trong mat phang. Sau d6 diém sinh thir hai duoc thém vao va qua trinh
tinh toan tiép tuc voi da giac Voronoi da tim duoc vé6i diém vira duoc thém
vao d6. Clr nhu thé, qua trinh tinh todn so dd Voronoi duoc thuc hién cho
dén khi khong con diém sinh nao duoc thém vao. Nhuogc diém cua chién
lugc nay 1a mdi khi mot diém méi dugc thém vao, nd c6 thé gay ra sy phan
vung toan bd cac da giac Voronoi da dugc tinh.

Chia dé tri: Tap cac diém bién dau tién dugc chia thanh hai tap diém
c6 kich ¢& bang nhau. Sau d6 thuat toan tinh toan so dd Voronoi cho ca hai
tap con diém bién d6. Cudi cung, ngudi ta thuc hién viéc ghép ca hai so dd
Voronoi trén dé thu duoc két qua mong mudn. Tuy nhién, vié¢c chia tap cac
diém bién thanh hai phan khong phai duoc thyc hién mot 1an, ma duoc lap
lai nhiéu 1an cho dén khi viéc tinh toan so do Voronoi trd nén don gian. Vi
thé, viéc tinh so dd Voronoi tré thanh van dé 1am thé nao dé tron hai so dd
Voronoi lai v61 nhau.

Thuat toan s€ trinh bay ¢ day la su két hop cuia hai 'y tudng o trén. Tuy
nhién, n6 s& mang nhiéu dang dip cua thuat toan chia dé trj.

Hinh 4.3 minh hoa y tudng cua thut toan nay. Mudi mot diém bién
dugc chia thanh hai phan (bén trai: 1- 6, bén phai: 7-11) boi duong gip
khuc 8, va hai so d6 Voronoi twong tng Vor(S;) va Vor(Sg). Bé thu duge
so dd Vornonoi Vor(Sy U Sgr), ta thuc hi¢n vié¢c tron hai so dd trén va xac
dinh lai mét s6 da giac s€ bi sua ddi do anh huong cta cac diém bén canh
thudc so do kia. Mdi phan tir ctia & s& 1a mot bd phan cia dudng trung truc
nbi hai diém ma mot diém thudc Vor(Sy) va mot thudc Vor(Sg). Trude khi
xdy dung §, ta tim ra phan tr dau va cudi ciia né. Nhin vao hinh trén, ta
nhan thay rang canh 8, va & 1a cac tia. D& nhén thiy rang viéc tim ra cac
canh dau va cudi cta & tro thanh viéc tim canh vao t, va canh ra t,.

A
o 'P 7= cHs)

CHSY) my /1 eg

) _si0
5 - L\-é—é"

Hinh 4.3. Minh hoa thuét toan tron hai so' dd Voronoi
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Sau khi d3 tim dugc t, va t,, cac diém cudi cta t, duoc st dung dé xay
dung phan tir dau tién cua & (§; trong hinh trén). Sau d6 thuat toan tim diém
giao cua & voi Vor(S) va Vor(Sg). Trong vi du trén, 8 dau tién giao véi
V(3). Ké tir day, cac diém nam trén phan kéo dai & s& gan diém 6 hon diém
3. Do d6, phan tir tiép theo &, ctia & s& thudc vao duong trung truc ctia diém
6 va diém 7. Sau d6 diém giao tiép theo ctia & s& thudc va Vor(S.); & bay
gid s& di vao V(9) va &, s& duoc thay thé boi 8;. Qua trinh nay sé& két thuc
khi & gip phan tir cudi 8s.

Trén day chi 1a minh hoa cho thuat tron hai so dd Voronoi trong chién
luge chia dé tri. Tuy nhién, trong thudt toan s€ trinh bay ¢ day thi su thuc
hién c6 khac mot chat. Tap cac diém anh khong phai duoc dua vao ngay tir
dau ma s& dugc quét vao timg dong mot. Gia su tai bude thir i, ta da thu duoc
mot so dd Voronoi gom i-1 hang cac diém sinh Vor(S;.;). Tiép theo, ta quét
lay mot hang L; cac diém anh tur tap cac diém bién con lai. Thyuc hién viéc
tinh so dd Voronoi Vor(L;) cho hang ndy, sau do tron Vor(S;.;) voi Vor(L).
Két qua ta s€ dugc mdt so dd méi, va lai thuc hién viée quét hang L, cac
diém sinh con lai v.v.. Qua trinh nay s& két thiic khi khéng con diém bién nao
dé thém vao so 6 Voronoi. Do Vor(L;) s& c6 dang ring luoc (néu L; c6 k
diém thi Vor(L;) s& gdm k-1 duong thang dung), nén viéc tron Vor(Si;) voi
Vor(L;) c6 phan don gian hon.

: Céac diém thuoc
Si-1

Hinh 4.4. Minh hoa thuit toan thém mét diém bién vao so dd Voronoi

Giai thudt trén c6 thé duge mo ta bang ngdn ngit twa Pascal nhu sau:

Procedure VORONOI
(*S;: T4p cac diém cua i dong quét dau tién,
0 <=1 <=uax,

Vor(S;) so dd Vorronoi ctia S; *)
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Begin

1:=0; S;:=rong;

While (i<iy.x A S; C straight line) do

Begin

(*Khai tao so d6 Voronoi cho dén khi n6 chira it nhat mot dinh*)
increment 1i;
GetScanLine L;;
Vor(S;) = VoroPreScan(Vor(Si.i, Ly));

End

While (i < 1,,4) do
Begin
Increment i;
GetScanLine L;;
Vor(L)) := cac dudng trung truc sinh boi cac diém sinh thudc L;
Vor(S;) := VoroLink(Vor(S;.;), Vor(L)));
End
End.
Gia st xét trén hé toa do thuc. Anh vao dugc quét tir dudi lén. Toa do
y (bién 1) twong trng véi tung dong quét duge tang dan theo tung dong.
Trong thu tuc trén, ham quan trong nhat la ham VoroLink, ham nay thuc
hién viéc tron so d6 Voronoi cua L;; dong da duogc quét trude do vaoi so do
Voronoi cta dong hién tai thtr 1. Trong vong 1dp trén, ham VoroPreScan la
mot bién thé ctia ham VoroLink, c6 nhiém vu khoi tao so d6 Voronoi va
thoat khéi vong 1ap ngay khi n6 thanh 1ap duogc so d6 Voronoi chtra it nhat

mot dinh. Him VoroLink thuc hién viée tron hai so dd Voronoi Vor(S;.;) va
Vor(L;) v6i nhau dé thanh Vor(S)).
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Chuong 5:
CAC KY THUAT HAU XU LY

5.1. RUT GON SO LUQNG PIEM BIEU DIEN

5.1.1. Giéi thiéu

Rt gon sb lugng diém biéu dién 1a k¥ thuét thudc phan hau xu ly. Két
qua cua phan do bién hay trich xuong thu duoc 1 day cac diém lién tiép.
Van dé dat ra 1a hi¢u c6 thé ba bt cac diém thu duge dé gidm thi€u khong
quan luu trir va thuan tién cho viéc doi sach hay khong.

Bai toan:

Cho duong cong gdm n diém trong mit phiang (xi, yi), (X2, V2)...
(Xn,yn). Hay bo bot 1 s6 diém thudoc duong cong sao cho duong cong maoi
nhan duoc 1a (Xi; Yir), (Xi; Yio)... (Xim; Yim) “gan giong” voi duong cong
ban dau.

* Mot s6 do do “gan giong”
+ Chiéu dai (chiéu rong) cta hinh chit nhat nha nhét chira dudng cong

+ Khoang cach 16n nhét tir dudng cong dén doan thang nbi 2 dau mot
cua duong cong

+ Ty 16 giira chiéu dai va chiéu rong cta hinh chit nhat nha nhat chira
duong con

+ S6 lan duong cong cit doan thiang ndi 2 dau mot
5.1.2. Thuat toan Douglas Peucker
5.1.2.1. Y twéng

N\

h>0 Hi

Hinh 5.1. Pon gidan héa duwdng cong theo thuit toan Douglas Peucker

Y tudng co ban cua thuit todan Douglas-Peucker 1 xét xem khoang
cach 16n nhat tir duong cong téi doan thang ndi hai ddu mat duong cong
(xem Hinh 5.1) ¢6 16n hon ngudng 6 khong. Néu diéu nay dung thi diém xa
nhat duoc gitt lai 1am diém chia dudng cong va thuit toan dugc thuc hién
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tuong tu voi hai duong cong vira tim dugc. Trong trudng hop nguoc lai,
két qua cua thuat toan don gian ho4 Ia hai di€ém dau mut cua dudong cong.

Thuat todn Douglas-Peucker:
e Budc 1: Chon ngudng 6.

e Budc2: Tim khodng cach 16n nhét tir duong cong t6i doan thang
no1 hai dau doan dudng cong h.

e Bu6c 3: Néuh <0 thi dimg.

e Bu6c4: Néuh >0 thi gitr lai diém dat cuc dai nay va quay tro lai
budc 1.

Nhdn xét: Thuat toan nay to ra thuén loi dbi voi cac duong cong thu nhén
dugc ma goc la cac doan thang, phu hop véi viéc don gian hod trong qua
trinh vécto cac ban vé k¥ thudt, so do thiét ké mach in v.v..

5.1.2.2. Chuong trinh
//Ham tinh duong cao tir dinh dén doan théng ndi hai diém dau, cuoi
float Tinhduongcao (POINT dau, POINT cuoi, POINT dinh)
{
floot h;
|| tinh duong cao
returm h ;
}
//Ham d¢ quy nham danh dau loai bo cac diém trong dudng cong
void DPSimple(POINT *pLINE,int dau,int cuoi,BOOL *chiso,float 0)
{
int 1, index = dau;
float h, hmax = 0;
for(i=dau + 1; 1 < cuoi; i++)
{
h= Tinhduongcao(pLINE[dau], pLINE[cuoi]; pLINE[i]);
1f(h > hmax)
{
hmax = h;

index =1;
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}
if(hmax < 6)
for(i= dau + 1; i < cuoi, i++)
chiso[i] = FALSE;
else
{
DPSimple(PLINE, dau, index, chiso, 0);
DPSimple(PLINE, index, cuoi, chiso, 0) ;

}

//Ham rat gon s6 luong diém DouglasPeucker
int DouglasPeucker(POINT *pLINE, int n, float 0)
{
int 1,];
BOOL chiso [MAX PT];
for(i=0; 1< m; i++) //Tat ca cac diém duoc gitr lai
chiso[i] = TRUE;
DPSimple(pLINE 0,n— 1, chiso, 0);
for(i = ;1<n;i++)
if (ChlSO [i] ==TRUE)
pLINE[j++] = pLINE]Ji];
return j;

}

5.1.3. Thuat toan Band width
5.1.3.1. Y twéng

Trong thuat toan Band Width, ta hinh dung ¢6 mot dai bang di chuyen
tir dau mut dudng cong doc theo dudng cong sao cho dudng cong nam
trong di bang do cho dén khi c6 diém thudc dudng cong cham vao bién cta
dai bang, diém nay s& duoc gur lai. Qua trinh nay dugc thue hién voi phan
con lai cia duong cong bit dau tr diém vira tim duoc cho dén khi hét
duong cong. Cu thé nhu sau:
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Hinh 5.2. Pon gian héa dwdng cong voi thuit toan Band Width

Bit dau bang viéc xac dinh diém dau tién trén dudng cong va coi d6
nhu 13 mot diém chét (P,). Piém thir ba (P;) dugc coi 1a diém dong. Diém
giita diém chét va diém dong (P,) 1a diém trung gian. Ban dau khoang cach
tir diém trung gian dén doan thing ndi diém chét va diém dong dugce tinh
toan va kiém tra. Néu khoang cach tinh duoc nay nho hon mét ngudng 0
cho trudc thi diém trung gian c6 thé bo di, tién trinh tiép tuc véi diém chdt
1a diém chét cii, diém trung gian 1a diém dong cii va diém dong 1a diém ké
tiép sau diém dong cii. Trong tru(‘mg hop nguoc lai, khodng céach tinh dugc
16n hon ngudng 6 cho trudce thi diém trung gian s€ dugc gitr lai, tién trinh
tiép tuc v6i diém chdt 1a dlen trung gian, diém trung gian la diém dong cii
va diém dong 1a diém ké tiép sau diém dong cii. Tién trinh duge lip cho
dén hét duong cong (Hinh 5.2 minh hoa thuit toan Band-Width).

Thuat toan Band-Width:

e Budc 1: Xéc dinh diém dau tién trén dudng cong va coi d6 nhu la
mot diém chét (Py). Piém ther ba (Ps) duoc coi 1a diém
dong. Piém gilta diém chdt va diém dong (P,) 1a diém
trung gian.

e Budc 2: Tinh khodng cach tir diém trung gian dén doan thang ndi
hai diém chot va diém dong.

e Budc 3: Kiém tra khoang cach tim dugc néu nhé hon mot ngudng
0 cho trudc thi diém trung gian co6 thé bo di. Trong trudng
hop nguoc lai di€ém chot chuyén dén diém trung gian.

e Bu6c4: Chu trinh duoc 1dp lai thi diém trung gian dugc chuyén
dén diém dong va diém ke ti€p sau diém dong duoc chi
dinh lam diém dong mai..

Nhén xét: Thuat toan nay ting tbc do trong truong hop duong ong chtra

nhiéu diém, diéu d6 c6 nghia 1a do 1éch giita cac diém trong dudng thang 1a
nhd, hay do day nét cua duong dugc vécto hoa 1a manh.
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5.1.3.2. Chwong trinh
//Ham tinh dudng cao tir dinh dén doan thang ndi hai diém dau, cuoi
float Tinhduongcao(POINT dau, POINT cuoi, POINT dinh)
{
floot h;
|| tinh duodng cao
returm h ;
b
//Ham d¢ quy nham danh dau loai bo cac diém trong dudng cong
void BWSimple(POINT *pLINE, int chot, int tg, BOOL *chiso,
float O, int n)

if(Tinhduongcao(pLINE[chot], pLINE[tg+1], pLINE[tg]) < 6)
chiso[tg] = 0;
else
chot = tg;
tg=tg+ 1
if(tg<n-1)
BWSimple (pLINE, chot, tg, chiso, 6, n) ;
j
//Ham rut gon sO lugng diém BandWidth
int BandWidth(POINT *pLINE, int n, floot 0)
{
nt L J;
BOOL chiso [MAX PT];
for (1=0;1<n;it++)
chiso[i]= TRUE; //Tét ca cac diém duoc gitr lai
BWSimple(pLINE, 0, 1, chiso, 6, n);
for(i=j=0; 1 <n; 1++)

if(chiso [i]J== TRUE)



pLINE [j ++1] = pLINE [i];
return j;

}

5.1.4. Thuat toan Angles
5.1.4.1. Y tuéng

Tuong ty nhu thudt toan Band Width nhung thay vi¢c tinh toan
khoang cach boi tinh géc. Cu thé thuat toan bat dau voi diém dau duong
cong (P;) 1a diém chot.

Hinh 5.3. Pon gian héa dwong cong véi thuit toan Angles
Diém thr 3 cta dudng cong (P5) 1a diém dong, diém gitta diém chét va
diém dong (P,) 1a diém trung gian

Goc tao boi diém chét, trung gian, dong voi diém trung gian 1a dinh
viéc tinh toan va kiém tra

Néu thi diém trung gian c6 thé bo di trong truong hop nguoc lai diém
chdt s& 1a diém trung gian cil va qua trinh 1ap voi diém trung gian la diém
dong ci, diém dong moi la diém ké tlep sau diém dong cii. Tién trinh thuc
hién cho dén hét duong cong.

5.1.4.2. Chuong trinh
//Ham tinh dudng cao tir dinh dén doan thang néi hai diém dau, cuoi
float Tinhgoc(POINT dau, POINT cuoi, POINT dinh)

{
float 0;

|| tinhgoc (tur viét)
return 0;

J

//Ham d¢ quy nham danh dau loai bo cac diém trong dudng cong

void ALSimple(POINT *pLINE,int chot,int tg, BOOL *chiso,float 0,int n)
{
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if(Tinhgoc(pLINE[chot], pLINE[tg], pLINE[tg+1]) > 0)
chiso[tg] = FALSE;

else
chot = tg;

tg=tg+1;

if(tg<n-1)
ALSimple(pLINE, chot, tg, chiso, 0, n);

j

//Ham rat gon sO luong diém Angles

int Angles(POINT *pLINE, int n, float 6)

{

int 1, j, chiso [MAX];
for (i = 0; i <n; i++) //Tat ca cac diém duoc it lai
chiso[i]= TRUE;
ALSiple (PLINE, 0, 1 chiso, 0, n) ;
for(1=)=0;1<n;it++)
if (chiso ==TRUE)
pLINE[j++]= pLINE [i];
return j;

b
*Chu y:

V(:ri 6= 0 thuat toan DouglasPeucker va BandWiglth s€ bo di C'fic diém
giljra thang hang. Thut toan Angles phai c6 6= 180° dé bo di cac diém gitta
thang hang.

5.2. XAP XI PA GIAC BOI CAC HINH CO SO

Céc dbi tuong hinh hoc duge phét hién thuong théng qua cac k¥ thuat
do bién, két qua tim dugc nay la cac duong bién xac dinh dbi tuong. Do 1a,
mot ddy cac diém lién tiép dong kinh, sir dung céc thuat toan don gian hoa
nhu Douglas Peucker, Band Width, Angle v.v.. ta s€ thu dugc mot polyline
hay néi khéc di 1a thu dugc mot da gidc xac dinh ddi tuong diu. Van dé 1a
ta cAn phai xac dinh xem ddi twong co phai 13 dbi twong can tach hay
khong? Nhu ta da biét mot da giac co thé c6 hinh dang tya nhu mdt hinh co
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0, c6 thé co nhiéu cach ti€p can xap xi khac nhau. Cach xap xi dua trén cac
dac trung co ban sau:

Dac trung toan cuc: Cac md men thong k&, s do hinh hoc nhu chu
vi, di¢n tich, tap t61 vu cac hinh chir nhat phu hay ndi ti€p da giac v.v..

Pac trung dia phwong: Cic s6 do dac trung cua dudng cong nhu
gbc, diém 161, 10m, uon, cuc tri v.v..

Nhén dang ddi tuong

Bét bién Bét bién
dong dang Aphin
Duong tron Ellipse
Ellipse Tam giac
Hinh chit nhat T giac

Hinh 5.4. So' @6 phan loai cac d6i twong theo bat bién
Viéc xdp xi to ra rt c6 hiéu qua doi v6i mot sé hinh phing dic biét
nhu tam giac, duong tron, hinh chit nhat, hinh vuéng, hinh ellipse, hinh

tron va mdt da giac mau.

5.2.1 X4p xi da giac theo bat bién dong dang

Hinh 5.5. Xdp xi da gidc boi mdt da gidc mau

Mot da gidc voi cac dinh V...,V duge xap xi vol da gidc mau
Uy, ..,Uyq V61 dO do xap xi nhu sau:

A,
EWV,U)= min —,

0<d<m-1 n
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Trong do

A n S kR, +a-, \2 k= (el bon) i Ry la
= min ta—Vr. = v
¢ ocoraert SN0 (jrdymodml] 2 area(U,---U, ) ’ 0

d

phép quay quanh gbc toa do mot goc 0.

Trong d6, Aqduoc tinh hidu qua bang cong thirc sau:

n-l n-l1 n—1 n—1
1 _
2 2 2 2
Ad =Z|V(j+d)modm| _;|ZV(j+d)modm| +k Z|U1| _2k|ZUjV(j+d)modm|
J=0 J=0 J=0 J=0

d
O day U, V; dugc hiéu 1a cac sd phtrc tai cac dinh tuong Umg. Khi
m >> n thi d§ phuc tap tinh toan rat 16n. V&i cac hinh dic biét nhu hinh
tron, ellipse, hinh chir nhat, hinh xac dinh duy nhat boi tim va mot dinh (da
gidc déu ) ta co thé van dung cac phuong phap don gian hon nhu binh
phuong tdi thiéu, cac bat bién théng ké va hinh hoc.
Dinh nghia 5.1

Cho da giac Pg c6 cac dinh Uy, Uj,..., Uy(Uy =U,) Khi d6 md men béc
p+q duoc xac dinh nhu sau:

M, = Ux”yqudy .
Pg

Trong thyc hanh dé tinh tich phan trén ngudi ta thuong st dung cong
thirc Green hodc c6 thé phan tich phan bén trong da gidc thanh tong dai s
cua cac tam giac c6 huong A OU;Uy,, .

U VU
1 e ? ”’ f(x,y)x? yldxdy =
Pg

0(0,0) -~

n—1
3 ZSig”(xiyi+1 = X)) %
i=0

H S (x,y)x” ytdxdy

AOUU;y

Hinh 5.6. Phan tich mién da giac thanh tong dai s6 cic mién tam gidc
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a. X4p xi da giac bang dwong tron

Dung phuong phap binh phuong tbi thiéu, ta co do do xap xi:

Hinh 5.7. X4p xi da giic bing dwong tron

b. X4p xi da giac bang ellipse

Ciing nhu ddi véi duong tron phuong trinh xap xi dbi véi ellipse duoc
cho bdi cong thuc:

1 n
E(Pg,El)= min \/—Z(xl.2 +ay! +bx,y, +cx, +dy, +e)’

ab,cd.esR \| n -1

Mot bién thé khac ctia phuong phép binh phuong tdi thiéu khi xap xi
cac duong cong bac hai dugc dua ra trong [7].
¢. X4ap xi da giac boi hinh chir nhat

St dung tinh chat dién tich bat bién qua phép quay, xap xi theo dién
tich nhu sau: Goi g, 1,,4, 1a cd&c m6 men bac hai cua da giac (tinh theo
dién tich). Khi d6 géc quay duoc tinh boi cong thirc sau:

24,

oo = Moy -

Goi dién tich cta hinh chit nhat nho nhét ¢ cac canh song song voi
cac truc quan tinh va bao quanh da giac Pgla S.

Ki hiéu E(Pg, Rect)= /S —area(Pg)

1g2¢p =

Hinh 5.8. Xp xi da giac bing hinh chir nhit

61



d. Xap xi da giac boi da giac déu n canh

Goi M(xo,yo) la trong tim ciia da giac, lay mot dinh Q tuy y cua da
giac, xét da giac déu n canh Pg’ tao béi dinh Q voi tam 1a M.

Ki hidu E(Pg, Pg')=  ,/|area( Pg) - area(Pg")|
E(Pg, E,)=min E(Pg,Pg’) khi Q chay khip cac dinh cua da giac.

5.2.2 Xap xi da giac theo bat bién aphin

Trong [7] dwa ra m6 hinh chuan tic vé bat bién aphin, cho phep ching
ta c6 thé chuyen bai toan xap xi d01 turong boi bat bién aphin vé bai toan
xap xi mau trén cac dang chuan tic. Nhu viy c6 thé dua viéc d6i sanh cac
dbi twong v6i miu béi cac bat bién dong dang, chang han viéc xap xi bdi
tam giac, hinh binh hanh, ellipse trong duwong voi xap xi tam giac déu, hinh
vuodng, hinh tron v.v... Thi tuc x4p xi theo bit bién aphin mot da giac voéi
hinh co s¢ duge thue hién tun ty nhu sau:

+ Buoc 0:

Phan loai bat bién aphin cac dang hinh co s

Dang hinh co s& | Dang chuan tic

Tam gidc | Tam giac déu
Hinh binh hanh Hinh vuong
Ellipse Duong tron

+ Budc I:

Tim dang chuén tic co s Pg' thoa man diéu kién:
my, =m,, =0 (phép tinh tién)
My =My, =1 (phép co dan theo hai truc x, y) (*%)
m;; =my =0

+ Bwoc 2.

~Xac dinh bién d6i aphin T chuyén da giac thanh da giac Pg ¢ dang
chuan tac (thoa man tinh chat (**)).

Xép xi da giac Pg véi dang chuan tic co s¢ Pg’ tim duoc ¢ bude 1 véi
do do xap xi E(Pg,Pg’).

+ Bwoce 3:

Két luan, da gidc ban dau xap xi T-1(Pg’) vdi d6 do xap xi E(Pg,Pg’).
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Doi véi bude 1 trong [7] d3 dua ra hai vi dy sau:

Vidul:
Tén tai duy nhat tam gidc déu AP1P2P3 thoa man tinh chat (**) a
243
P1=(0,-20),P2= (300 p3= (o). a=rs
Vi du 2:

Tén tai hai hinh vudng [ P1P2 P3 P4 thoa mén tinh chat (**)
Hinh vudéng thtr nhat c6 4 dinh tuong ung 1a (-p,-p).(-p.p), (p.-

3
iﬁ
p),(p,p), voip="4

Hinh vuong thtr hai c¢6 4 dinh tuong tng 1a (-p,0),(p,0), (0,-p),(0,p),
voi p=%.

5.3. BIEN POI HOUGH

5.3.1. Bién d6i Hongh cho dwong thang

Bang cach nao do ta thu dugc mdt s6 diém van de dat ra 1a can phai
ki€ém tra xem cac diém c6 1a duong thang hay khong

Bai toan:
Cho n dié{n (xi; yi)) i = 1, n va ngudng 0 hay kiém tra n diém c6 tao
thanh duong thang hay khong?
*Y tuwong
Gia sir n diém nam trén cung mot dudng thing va duong thing co
phuong trinh
y=ax+b
Vi (x;, y;) 1= 1, n thugc duong théng nény;=ax; +b,Vi=1,n
<b=-xaty;Vi=1,n

Nhu vy, mdi diém (x;; y;) trong mit phang s€ twong ung voi mot s6
duong thang b = - Xia +y; trong mat phang tham s6 a, b. n diém (x;; y;) i =
1, n thuoc duong thang trong mit phing twrong ng voi n dudng thang
trong mit phang tham s0 a, b giao nhau tai 1 diém va diém giao chinh 13 a,
b. Chinh 13 hé sé xac dinh phuong trinh cia dudong thing ma cic diém
nam vao.
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* Phuong phap:

- X4y dung mang chi s6 [a, b] va gan gia trj 0 ban dau cho tit ca céac
phén tir cia mang

- Voi mdi (x;; yi) va Va, b 1a chi s6 cia phan tir mang thod mén
b = - x;a + y; tdng gid tri ctia phan tr mang tuong tng I1én 1

- Tim phan tr mang c6 gia tri 16n nhat néu gia tri 16n nhat tim duoc so
v6i s6 phan tr 16n hon hodc bang nguing 0 cho trudc thi ta ¢6 thé két luan
cac diém nam trén cung 1 dudng thang va dudng thang c6 phuong trinh
y = ax + b trong d6 a, b tuong rng 1a chi s6 ctia phan tir mang c6 gia tri 16n
nhat tim duoc:

Vi du:

Cho 5 diém (0, 1); (1, 3) (2, 5); (3, 5); (4, 9) va 0 = 80%. Hay kiém
tra xem 5 diém da cho c6 nam trén cung mot duong thang hay khong? Hay
cho biét phuong trinh dudng thang néu c6?

- Lap bang chi so [a, b] va gan gia tri 0

A

v

+(0,1):b=1
+(1,3):b=-a+3
+(2,5):b=-2a+5
+@3,5):b=-3a+5
+(4,9):b=-4a+9
- Tim phan tir 16n nhat co gia tri 4
4/5 = 80%
- Két luan: 5 diém nay ndm trén cung 1 duong thang

Phuong trinh: y =2x + 1

5.3.2. Bién d6i Hough cho dwong thing trong toa dd cuc
5.3.2.1. Puong thing Hough trong toa dd cuc
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¢ X.COSQ+y.SInp=r

e

X

Hinh 5.9. Puwong thing Hough trong toa d cuc

Mbi diém (x,y) trong mit phang dugc biéu dién boi cip (r,p) trong toa
do cuc.

Tuong tu mdi duong thiang trong mat phang ciing c6 thé biéu dién baoi
mot cdp (r,p) trong toa do cuc vai r 1a khoang cach tir gbe toa do téi dudng
thang d6 va ¢ 1a goc tao bai truc 0X v6i dudng thang vudng goc véi no,
hinh 5.9 biéu dién dudng thiang hough trong toa 6 Decard.

Nguoc lai, moi mot cap (r,¢) trong toa d cuc clng twong ng biéu
diém mot dudng thang trong mat phang.

Gia su M(x,y) 1a mo diém thudc duong thang duoc ‘piéu dién boi (1,0),
goi H(X,Y) 1a hinh chiéu cua gbc toa dd O trén dudng thang ta co:

X=r.cosp va Y=r.sin@
Mat khac, ta c6: OH.HA=0
Ttr d6 ta 6 mdi lién hé gitta (x,y) va (r,¢) nhu sau: x*cos@+y*sing=r.

Xét n diém thing hang trong toa d6 P& cic c6 phuong trinh
X*cos@yty*sing,= ro. Bién d6i Hough 4nh xa n diém nay thanh n dudng sin
trong toa d6 cuc ma cac duong nay déu di qua (ro,@o). Giao diém (ro,@o) clia
n duong sin s€ xac dinh mot dudong théng trong hé toa do dé cac. Nhu vay,
nhitng duong thang di qua diém (x,y) s& cho duy nhat mot cip (r,p) va co
bao nhiéu duong qua (x,y) s& co bay nhiéu cip gia tri (r,).
5.3.2.2. Ap dung bién ddi Hough trong phat hién géc nghiéng vin bén

Y tudng cua viéc ap dung bién doi Hough trong phat hién goc nghiéng

van ban 1a dung mot mang tich luy dé dém sé diém anh nim trén mot
duong thang trong khong gian anh. Mang tich luy 1a mot mang hai chiéu
v6i chi s6 hang clia mang cho biét goc léch ¢ ciia mot dudng thang va chi
sO cot chinh 1a gia tri r khoang cach tir gdc toa do téi duong thang d6. Sau
d6 tinh téng s6 diém anh nam trén nhiing duong thang song song nhau theo
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cac goc léch thay d6i. Goc nghiéng van ban tuong tng véi goc co tong gia
tri mang tich luy cuc dai.

Theo bién d6i Hough, mdi mot duong thang trong mit phang tuong
tmg duogc biéu dién boi mot cip (r,9). Gia st ta c6 mot diém anh (x,y) trong
mit phang, vi qua diém anh ndy c6 vo s6 duong thang, mdi dudng thang lai
cho mot cdp (r,) nén voi mdi diém anh ta s& xac dinh dugc mot sd cap
(r,) thoa man phuong trinh Hough.

0 x.cospty.singp=r;

»
|

Hough[ ¢][r/}=3 Y

X.CoSQt+y.sinQ=r,
—— Houghl pllr/|=4

X , .z
v Hinh 5.10. Ung dung bién doi Hough phat hién géc

Hinh v& trén minh hoa cach dung bién dd6i Hough dé phat hién goc
nghiéng van ban. Gia su ta c6 mot so diém anh, day 1a nhitng diém giira
day cac hinh chir nhat ngoai tiép cac ddi tuong da duogc lya chon tir cac
bude trude. O day, ta thay trén mat phang c¢6 hai duong thang song song
nhau. Dudng thang thtr nhat c¢6 ba diém anh nén gia tri mang tich luy bang
3, duong thang thir hai co gia tri mang tich luy bang 4. Do d6, tong gia tri
mang tich luy cho cing goc ¢ truong hop nay bang 7.

Goi Hough[360][Max] la mang tich lay, gia st M va N tuong tmg 1a
chiéu rong va chiéu cao ctia anh, ta co cac budc chinh trong qué trinh ap
dung bién d6i Hough phat hién goc nghiéng van ban nhur sau:

+ Buwgc 1: Khai bao mang chi s6 Hough[o][r] véi 0 < ¢ < 3600
va0<r<vM *M + N*N

+ Bwéc 2: Gan gia tri khai tao bang 0 cho cac phan tir ciia mang.
+ Bwdc 3: Voi mdi cip (x,y) 1a diém giita ddy cua hinh chir nhat
ngoai ti€p mot doi tuong.

- Voi mdi o; tir 0 dén 360 tinh gid tri r; theo cong thirc
= X.COSQ;Ty.sInQ

- Lam tron gia tri rj thanh s6 nguyén gan nhét 1a r,

- Tang gi4 tri cua phan t& mang Hough[¢i][ro] 1én mot
don vi.
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+ Buwéc 4: Trong mang Hough[¢][r] tinh tong gia tri cac phan tir theo

timg dong va xac dinh dong c6 tong gia tri 1on nhat.

Do s6 phan tir cia mot phan tir mang Hough[@o][ro] chinh 14 s diém
anh thudc duong thang x.cos@g+y.singe= 1o vi vy tong sd phan tir cia mot
hang chinh 13 téng s6 diém anh thudc cac dudong thing twong tmg duoc
biéu dién boi goc ¢ cua hang d6. Do d6, goc nghiéng cla toan vin ban
chinh 13 hang c6 tong gia tri cac phan tir mang 16n nhat.
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Phu luc 1:
MOT SO PINH DANG TRONG XU LY ANH

Hién nay trén thé gidi cé trén 50 khuén dang anh théng dung.
Sau day la mdét s6 dinh dang anh hay dung trong qua trinh xur 1y anh
hién nay.
1. Dinh dang anh IMG

Anh IMG 13 anh den tring, phan dau ctua anh IMG c6 16 byte
chtra cac thong tin:

e 6 byte déu:, dung dé danh diu dinh dang anh. Gia tri cua 6
byte nay viét dudi dang Hexa: 0x0001 0x0008 0x0001

e 2 byte tiép theo: chira d6 dai miu tin. P6 13 d6 dai cua day
cac byte ké lién nhau ma doy nay s€ duoc 1ap lai mot sd lan
nao do6. S6 1an lap nay s& dugc luu trong byte dém. Nhiéu day
gidng nhau duoc luu trong mot byte.

e 4 byte tiép: mo ta kich c& pixel.

e 2 byte tiép: s6 pixel trén mot dong anh.

e 2 byte cudi: sb dong anh trong anh.

Anh IMG dugc nén theo timg dong, mdi dong bao gdm céac goi
(pack). Cac dong giong nhau cling duoc nén thanh mét géi. Cé 4 loai
g01 sau:

e Loai 1: Goi cac dong giéng nhau.

Quy cach goi tin nay nhu sau: 0x00 0x00 OxFF Count. Ba byte
dau tién cho biét s6 cac diy giébng nhau, byte cudi cho biét s cac
dong gidng nhau.

e Loai 2: Gbi cac day gidng nhau.

~ Quy cach go6i tin nay nhu sau: 0x00 Count. Byte thir hai cho biét
sO cac ddy giong nhau dugc nen trong goi. P dai cua day ghi ¢
dau tép.

e Loai 3: Diy cac Pixel khong gibng nhau, khong lap lai va

khong nén dugc.

Quy cach goi tin nay nhu sau: 0x80 Count. Byte thir hai cho biét
d6 dai day cac pixel khong giong nhau khong nén duoc.
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e Loai 4: Diy céac Pixel gibng nhau.

Tuy theo céc bit cao cuia byte dau tién duoc bat hay tit. Néu bit
cao duoc bat (gia tri 1) thd day 1a goi nén cac byte chi gdbm bit 0, sb
cac byte dugc nén dugc tinh boi 7 bit thép con lai. Néu bét cao tat
(gio tri 0) thi day 13 gdi nén cac byte gdm toan bit 1. S6 cac byte
duoc nén duoc tinh béi 7 bit con lai.

Céac goi tin cua file IMG rat da dang do anh IMG 14 anh den
trang, do vay chi can 1 bit cho 1 pixel thay vi 4 hodc 8 nhu d3 noi &
trén. Toan bo anh chi c¢6 nhitng diém sang va tbi twong tng véi gia
tri 1 hodc 0. Ty 1€ nén cua kiéu dinh dang nay la kha cao.

2. DPinh dang anh PCX

Pinh dang anh PCX la mét trong nhitng dinh dang anh cb dién.
N6 stt dung phuong phap mo6 hoo loat dai RLE (Run — Length —
Encoded) dé nén dit liéu anh. Qua tronh ndn va giai non duoc thuc
hién trén ting diing anh. Thuc té, phuong phap giai nén PCX kém
hiéu qua hon so véi kiéu IMG. Tép PCX gom 3 phan: dau tép
(header), dit li¢u anh (Image data) va bang mau mé rong.

Header cua tép PCX co kich thuoc c6 dinh gdm 128 byte va
dugc phan bo nhu sau:

e 1 byte: chi ra kiéu dinh dang.Néu 1a PCX/PCC thi n6 luén cé
gia tri la OAh.

e 1 byte: chi ra version sir dung dé nén anh, cé thé cé cac gia
tri sau:
+ 0: version 2.5.
+ 2: version 2.8 v&i bang mau.
+ 3: version 2.8 hay 3.0 khéng c6 bang mau.
+ 5: version 3.0 c6 bang mau.

e 1 byte: chi ra phuong phap ma hoa. Néu 1a 0 thi ma hoa theo
phuong phap BYTE PACKED, ngugc lai la phuong
phap RLE.

e 1 byte: S bit cho mot diém anh plane.

e 1 word: toa do gbc trai cuia anh. Voi kiéu PCX no ¢6 gia tri la
(0,0), ctin PCC thi khac (0,0).

1 word: toa do goc phai dudi.

1 word: kich thudc bé rong va bé cao cua anh.
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e 1 word: sb diém anh.
e 1 word: do phan giai man hinh.
e | word.

e 48 byte: chia né thanh 16 nhom, mdi nhém 3 byte. Mdi nhoém
nay chura thong tin vé mot thanh ghi mau. Nhu vy ta c6 16
thanh ghi mau.

e 1 byte: khong dung dén va ludn dat 1a 0.

e 1 byte: s0 b6t plane ma anh sir dung. V6i anh 16 mau, gia trj
nay la 4, véi anh 256 mau (1pixel/8bits) thi s6 bit plane lai
la 1.

e 1 byte: sd bytes cho mot dong quét anh.
e 1 word: kiéu bang mau.
e 58 byte: khong dung.

Pinh dang anh PCX thuong dugc dung dé luu trir anh va thao
tac don gian, cho phép nén va giai nén nhanh. Tuy nhién, vi ciu trac
ctia né c¢6 dinh, nén trong mot s6 trudng hop lam tiang kich thude luu
trir. Cling vi nhugc diém nay ma mot sd ung dung st dung mot kiéu
dinh dang khac mém déo hon: dinh dang TIFF (Targed Image File
Format) s€ mé ta dudi day.

3. Dinh dang anh TIFF

Kiéu dinh dang TIFF duoc thiét ké dé 1am nhe bét cac van dé
lién quan dén viéc mé rong t¢p anh cd dinh. Vé cau trac, nd ciing
gom 3 phan chinh:

e Phan Header(IFH): ct trong tat ca coc tép TIFF va gdm
8 byte:

+ 1 word: chi ra kiéu tao tép trén may tinh PC hay may
Macintosh. Hai loai nay khac nhau rat 16n & tht tu cac
byte luu trit trong cac s6 dai 2 hay 4 byte. Néu trudng
nay c6 gia tri 1la 4D4Dh thi d6 1a anh cho may Macintosh,
néu 14 4949h 13 cua may PC.

+ 1 word: version. tr nay luén c6 gia tri la 42. day la dac
trung cua file TIFF va khong thay doi.

+ 2 word: gia tri Offset theo byte tinh tir dau tdi cau trac
IFD 1a cau tric thr hai cua file. Tha tu cac byte nay phu
thudc vao dau hi€u truong dau tién.
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e Phan thir 2(IFD): Khong & ngay sau cau trac IFH ma vi tri
dugc xac dinh béi truong Offset trong dau tép. Co thé co6 mot
hay nhiéu IFD cung ton tai trong mot file.

Mot IFD bao gdm:

+ 2 byte: chtra cac DE ( Directory Entry).

+ 12 byte 1a cac DE xép lién tiép, mdi DE chiém 12 byte.

+ 4 byte: chira Offset tr6 toi IFD tiép theo. Néu day 1a IFD
cudi cung thi truong nay co6 gia tri 0.

e Phan thr 3: cac DE: cac DE c¢6 d¢ dai c6 dinh gébm 12 byte
va chia lam 4 phan:

+ 2 byte: chira dau hiéu ma tép anh do duogc xay dung.

+ 2 byte: kiéu dir liéu cua tham s6 anh. C6 5 kiéu tham sd
co ban:

1: BYTE (1 byte)

2: ASCII (1 byte)

3: SHORT (2 byte).

4: LONG (4 byte)

5: RATIONAL (8 byte)

+ 4 byte: truong d6 dai chua sb luong chi muc cua kiép dur
liéu do chi ra. N6 khong phai la tong s6 byte can thiét dé
luu trir. Bé c6 so liéu nay ta can nhan s6 chi muc véi kiéu
dir li€u da dung.

+ 4 byte: d6 la Offset t6i diém bat dau dit lidu lién quan t6i
dau hiéu, tirc 1a lién quan voi DE khong phai luu trir vat
ly cung v61 ndé nam & mot vi tri nao do trong file.

Dt liéu chira trong tép thuong duoc t6 chtrc thanh cac nhém
dong (cot) quet cua dir liéu anh. Cach t6 chirc nay lam giam bg nho
can thiét cho viéc doc tép. Viéc giéi’ nén duogc thuc hién theo 4 kiéu
khac nhau duogc Iuu trit trong byte dau hi€u nén.
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4. Dinh dang file anh BITMAP
‘ Mai file BITMAP géom dau file chtra cac thong tin chung vé file,
dau thong tin chira cac thong tin vé anh, mdt bang mau va mdt mang
dir liéu anh. Khudén dang dugc cho nhu sau:
BITMAPFILEHEADER bmfth;
BITMAPINFOHEADERbmih;

RGBQUAD

BYTE

aColors|[];
aBitmapBits|[];

Trong do, cac ciu truc duoc dinh nghia nhu sau:
typedef struct tagBITMAPFILEHEADER { /* bmth */

UINT
DWORD
UINT
UINT
DWORD

bfType;
bfSize;
bfReservedl;
bfReserved2;
bfOffBits;

} BITMAPFILEHEADER;
typedef struct tagBITMAPINFOHEADER { /* bmih */

DWORD biSize;
LONG biWidth;
LONG biHeight;
WORD biPlanes;
WORD biBitCount;
DWORD biCompression;
DWORD biSizelmage;
LONG biXPelsPerMeter;
LONG biYPelsPerMeter;
DWORD biClrUsed;
DWORD biClrImportant;
} BITMAPINFOHEADER, *LPBITMAPINFOHEADER;
voi
biSize kich thudc cuia BITMAPINFOHEADER
biWidth Chiéu rong cua anh, tinh bang sé diém anh
biHeight Chiéu cao ctia anh, tinh bang sé diém anh
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biPlanes S plane cua thiét bi, phai bang 1

biBitCount S6 bit cho mot diém anh

biCompression | Kiéu nén

biSizelmage Kich thudc ctia anh tinh bang byte

biXPelsPerMeter do phéan giai ngang cua thiét bi, tinh bang diém anh trén
met

biYPelsPerMeter do phan gidi doc cua thiét bi, tinh bang diém anh trén
met

biClrUsed S6 luong cac mau thyc sy dugce sir dung

biClrimportant S6 luong cac mau can thiét cho viéc hién thi, bang 0 néu

tat ca cac mau déu can dé hién thi

Néu bmih.biBitCount > 8 thi mang mau rgbq[] trong, nguoc lai thi
mang mau ¢ 2<< bmih.biBitCount phan tt.

typedef struct tagRGBQUAD { /* rgbq */

BYTE
BYTE
BYTE
BYTE

rgbBlue;
rgbGreen;
rgbRed;
rgbReserved;

} RGBQUAD;

Ta cling co:

typedef struct tagBITMAPINFO {
BITMAPINFOHEADER bmiHeader;
RGBQUAD bmiColors[1];
} BITMAPINFO, *PBITMAPINFO;
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Phu luc 2:
CAC BUOC THAO TAC VOI FILE AVI

AVI 1a chuan video thuong duoc tich hop trong cac thu vién cua
cac moi trudong lap trinh. Bé xtr ly video, can co6 cac thao tac co ban
dé chuyén vé xur ly anh cac khung hinh (cac frames).

1. Budc 1: Mé va dong thu vién
Trudc moi thao tac véi file AVI, chung ta phai mo thu vién:
AVIFilelnit( )

Hz‘l,m nay khong can tham sd, c6 nhiém vu khéi dong thu vién
cung cap cac ham thao tac voi file AVI. (D6 1a thu vién vfw32.lib,
dugc khai bao trong file viw.h).

Sau tit ca cac thao tac ban phai nhé dong thu vién did mo lac
dau, chi bang 1énh:

AVIFileExit()
Néu thjéu bat cir ham nao, du la mo hay dong thu vién thi trinh
bién dich déu s€ thong bao 10i.
2. Budc 2: Mé va dong file AVI dé thao tac:
Sau khi m¢ thu vién, ban phai mo file AVI ban dinh thao tac:
AVIFileOpen(PAVIFILE* ppfile, LPCSTR fname, UINT mode,
CLSID pclsidHandler)

Thuc chéat, ham nay tao ra mét vung dém chtra con tro tro dén
file c6 tén 1a fname can mé. Va ppfile 13 con tro tro dén ving bd dém
d6. Tham s6 mode quy dinh kiéu mo file; chang han OF CREATE
dé tao méi, OF READ dé doc, OF WRITE dé ghi .... Tham sd cudi
dung
la NULL.

Trude khi dong thu vién, ban phai dong file AVI dd mé, bang
cach dung ham:

AVIFileRelease(PAVIFILE pfile)

Trong d6, pfile 1a con tré tro dén file can dong.
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3. Buoec 3:

M¢ dong dir liéu hinh 4nh hay am thanh trong file AVI da md& ra
dé thao tac:

AVIFileGetStream(PAVIFILE pfile, PAVISTREAM * ppavi,
DWORD fccType, LONG [Param)

Trong d6, pfile 1a con tro dén file 33 mo; ppavi tro dér} dong dir
licu két qua; fccT}{pe la ) loai dong dir li¢u chQn’ dé mo, la
streamtype AUDIO néu la tiéng va streamtypeVIDEO néu 1a hinh,...
[Param dém so loai dong dugc md, 1a 0 néu chi thao tac véi mot loai
dong dir liéu.

Sau cac thao tac védi dong dir liéu nay, ban nhé phai dong no lai:

AVIStreamRelease(PAVITREAM pavi).

4. Budc 4: Truwong hop thao tac véi dir li€éu hinh ctia phim
Chuan bi cho thao tac voi khung hinh (frames):
AVIStreamGetFrameOpen(PAVISTREAM pavi,
LPBITMAPINFOHEADER IpbiWanted)

Trong d6 pavi tré dén dong dir liéu da mo, lpbiWanted 1a con
tro tré dén cau trac mong muodn cua hinh anh, ta dung NULL dé st
dung cau truc mac dinh.

Ham nay tra vé déi tuong cé kiéu PGETFRAME dé dung cho
budc 5.

Sau khi thao tac v&i cac frame roi, phai goi ham :
AVIStreamGetFrameClose(PGETFRAME pget)

5. Budce 5: Thao tac voi frame

Dung ham

AVIStreamGetFrame(PGETFRAME pget, LONG Ipos)

Ham nay tra vé con tro tro Qén dr liéu cua frame thir lpos. Dit
li€u do6 co kieu la DIB da dinh khoi.

Thuyc hién cac thao tic mong muodn.
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