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(57) Giai phap hitu ich dé& xuat phuong phap xir 1y hinh anh dua trén lugc d6 gradient co
hudéng (Histogram of Oriented Gradient - HOG) st dung quy trinh xac dinh hai gradient
dic trung cia diém anh tir gradient theo chiéu doc va chiéu ngang cua diém anh. Phuong
phap nay khac biét o chd, quy trinh thyc hién xac dinh hai goc dac trung bang viéc so sanh
ty s6 ctia gradient theo chiéu doc trén gradient theo chiéu ngang lan luot voi gid tri tan cta
cac goc dic trung. Sau do, gia tri bién do cua hai gradient dic trung duoc xac dinh bang
cac cong thirc (11)-(12). Bén canh do, giai phap hitu ich dwa ra phuong phap biéu dién cac
gia tri tan bang cac phan s 1an can gin nhit dé phu hop véi cac hé thong may tinh nhung
va thiét ké phan cimg.



Gradient theo hai phwong
ngang va doe
dy,d,

F

Chuyén gradient doc va
ngang 1&n phia trén trye Ox
dy, = |d,|
d; = sign(d,) + dy

Tim hai gée dje trung trong
tip hop goc dic trimg

d
tan(8,) < d—y < tan(8y44)
x

Xic dinh bién df ciia hai gradient dic trung
B, = dy X sin(84,) = dy % c05(6i4y)

Biy1 = dy X cos(8;) = d; X sin (8;)
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Linh vuc k§ thuit dugc dé cap

Giai phép hitu ich d8 c4p dén phuong phép xt Iy hinh anh dua trén lugc d6
gradient c6 huéng (Histogram of Oriented Gradient - HOG) st dung quy trinh xdc
dinh hai gradient dic trung cua diém anh tir gradient theo chidu doc va chiéu
ngang cua diém anh. Giai phap theo giai phép hitu ich dugc Gng dung rong rai

trong cac Umg dung nhu thi gidc mdy, xtr ly anh @& phat hién ddi tuong, vat thé.

Tinh trang ky thuit ciia gidi phap hiru ich

Luoc dd gradient c6 huéng HOG 1a k¥ thudt mo ta dac trung ctia anh, dugce
st dung phd bién trong céc tmg dung nhu thi gidc may, xir 1y anh; cu thé, vi du
phat hién d6i trong nhu khuén mit hay nguoi. Luoc dd gradient c6 huéng HOG
dugc cong bd trong bio cdo “Histograms of oriented gradients for human
detection” ctia nhém tac gia N. Dalal va B. Triggs, tai hoi nghi IEEE Computer
Society Conference on Computer Vision and Pattern Recognition (CVPR'05).

HOG c6 duoc dinh lugng cua cic dac trung manh tir sy thay di hinh dang
cua vat thé béng céch chia mién cuc bd thanh nhiéu khdi va tao ra do dbc ctia mdi
lugc dd. Trén thuc té, cac dic trung HOG dat dugc mirc d6 chinh xac rat cao, voi
ty 18 phat hién [én téi 96,6% v6i 20,7% ty 1€ 16i duong. Do d6, n6 dong vai tro
quan trong trong nhiu tmg dung bao gdm robot, gidm sat an ninh va tu dong hoa.
Tuy nhién, mérc d phirc tap cia HOG 1a van d kho khén nhét khi st dung HOG
trong cac hé thdng nhtng c6 tai nguyén han ché hodc khi trién khai HOG trén
phén cting.

Trong luge d gradient c6 huéng HOG, mdi diém anh déu c6 mot gradient
duy nhat biéu dién sy bién dbi xung quanh diém anh. Pé giam thiéu s6 lugng loai
gradient can luu trit, gradient clia didm anh dugc biéu dién bing hai gradient dic

trung khac nhau. Gradient dac trung la gradient c6 hudng nam trong tap hop goc
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da duoc dinh nghia san. Lugc dd HOG 14 téng hop cua céc gradient dic trung
trong cung mdt khu vue, khu vuc nay duoc goi la t€ bao hay cell.

Hinh 1 trinh bay quy trinh x4c dinh hai gradient dédc trung ctia mot diém
anh tir gradient theo chiéu ngang va doc cla diém anh trong k¥ thuét tinh toan
HOG truyén théng. DPé x4c dinh duoc hai gradient dac trung ciia mot diém anh,
thuc hién tun tu cac budc sau:

Cong doan 1 x4c dinh géc a va do 16n gradient M cta mot diém anh.

Viéc x4c dinh dugc thuc hién béng hai cong thirc (1) va (2):

a = atan ( z—y-> (1)

_ 2
7] = (@2 + () ®)
trong do, d,, d,, 1a gradient theo chiu ngang va doc ctia diém

anh.
Céng doan 2 x4c dinh hai géc dac trung lién ké 6;, 0,1, hai goc 14 hai
g6c dic trung clia diém anh khi va chi khi thoa man diéu kién (3):
0, <a< iy, OEO (3)
trong do6, © 1a tAp hop céac goc dic trung;
Cong doan 3 xac dinh bién do cla hai gradient déc trung dua trén

khoang céch gilra cac goc 01, @, 05:

w = 9i+1 - Qi (4)
B; = |M] x 222 (5)
Bisy = | M| x =2 ©)

trong do, w la hing sb khoang cach gifta hai goc ddc trung lién

tiép.
Xuét phat tr sy phire tap trong tinh toan gradient M cua diém anh, céc
phuong phép tinh toan xép xi géc a va do 16n cua gradient M d3 dugc dé xuat.
Téc gia Kenta Takagi va cong su da st dung thuét toan CORDIC dé don

gian héa viéc tinh toan géc a va su dung phuong phap tinh xap xi cin bic 2 cua
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Newton trong bao céo “A sub-100-milliwatt dual-core HOG accelerator VLSI for

real-time multiple object detection” tai hdi nghi Acoustics, Speech and Signal

Processing (ICASSP) nam 2013, trang 2533-2537.
Phuong 4n so sanh ty s6 Z—y v6i gid tri xap xi ctia ham tan(8) cho phép xac

dinh truc tiép hai géc dic trung 6;, 6;,4 cla diém anh. Céac cong bd sir dung
phuong an nay cho phép giam thiéu déng ké su phirc tap trong xac dinh goc dac
trung. Tuy nhién, mdi cong trinh lai dua ra nhing gid tri x&p xi ctia ham fan khéc
nhau. Bi kém véi phuong 4n nay 1a nhiing k¥ thut tinh xép xi d6 16n ctia gradient
M va két hop véi viée chia ddu d@6 16n M cho hai gradient dic trung ¢6 géc
0;,0;+1,B; = Biy1 = @thhay vi chia theo ty 1€ gitta 6;,; — a vaa — 6;. Mot sb
cong trinh tiéu bidu c6 thé ké dén nhu sau:

- T4c gia Pei-Yin Chen, Chien-Chuan Huang, Chih-Yuan Lien, va Yu-Hsien
Tsai v6i bao cdo “An Efficient Hardware Implementation of HOG Feature
Extraction for Human Detection” tai IEEE Transactions on Intelligent
Transportation Systems, tap 15, s6 2, trang 656—662, thang 4 nam 2014;

- Téc gia A. Suleiman va V. Sze, “An Energy-Efficient Hardware
Implementation of HOG-Based Object Detection at 1080HD 60 fps with Multi-
Scale Support” tai tap chi Journal of Signal Processing Systems, tap 84, s6 3, trang
325-337, thang 9 nam 2016;

- Tac gia S.-F. Hsiao, J.-M. Chan, va C.-H. Wang, “Hardware design of
histograms of oriented gradients based on local binary pattern and binarization”,
tai hoi nghi 2016 IEEE Asia Pacific Conference on Circuits and Systems, 2016,
trang 433—435;

- Tac gia M. C. Munteanu va V. Georgescu v6i gidi phap hitu ich “A
Method for Producing a Histogram of Oriented Gradients”, WO/2016/083002,
ngay 3 thang 6 ndm 2016;
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Ban chit k§ thuit ciia giai phap hiru ich

Giai phap hitu ich nay dé xudt phuong phip xt 1y hinh anh dya trén lugc
dd gradient c6 huéng (Histogram of Oriented Gradient - HOG) su dung quy trinh
x4c dinh hai gradient ddc trung cua diém anh tr gradient theo chiéu doc va chiéu
ngang cua diém anh.

Theo mét phuong 4n cla giai phap hiru ich, phuong phap xr 1y hinh anh
dua trén lugc dd gradient c6 huéng (Histogram of Oriented Gradient - HOG) su
dung quy trinh x4c dinh hai gradient dic trung cta diém anh tr gradient theo chiéu
doc va chiéu ngang cla diém anh, trong d6 quy trinh xac dinh hai gradient déc
trung cia mot diém anh gém ba cong doan:

(i) x4c dinh goéc a va d6 16n gradient M ctia mot diém anh;

(ii) x4c dinh hai goc dac trung lién ké 6;, 0.1 va

(iii) xac dinh bién do cﬁé hai gradient dic trung dua trén khoang céach gitra
cac goc 04, a, 0;,

trong d6, quy trinh nay khéc biét ¢ chd, quy trinh st dung céach biéu dién
céc gia tri fan cla céc goc ddc trung bang cac phan s4 14n c4n gan nhét, nhiing gia
tri nay thay thé viéc biéu dién gia tan bang cac s6 thap phan, thuong 14 nhing sd
thap phéan v6 han khong tudn hoan, su biéu dién nay cho phép xé4c dinh chinh xéac
hai géc dic trung clia mdi diem anh.

Theo mot phuong 4n uu tién cua giai phap hitu ich, quy trinh néu trén xac
dinh 15 céc phan s6 14n can cho hai tap hop géc ddc trung phd bién ding cho anh
8-bit.

MO ta vin tit cac hinh vé

Pé hidu 16 hon vé giai phap hitu ich, cac hinh v& va so d6 duoc md ta va
giai thich vén tt nhu sau:

Hinh 1 trinh bay quy trinh x4c dinh hai gradient déc trung ciia mot diém
anh tir gradient theo chiéu ngang va doc cia diém anh trong quy trinh tinh toan

HOG truyén thong;
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Hinh 2 trinh bay quy trinh d& xuét xac dinh hai gradient d4c trung ctia mot
diém anh tlr gradient theo chiéu doc va ngang cta diém anh trong k¥ thuat tinh
toan HOG;

Hinh 3 trinh bay c4c gia tri 1an c4n gn nhat N(0) va L(0) véi hai tap hop
géc dic trung phd bién duoc st dung trong luoc dd gradient c6 huéng HOG ddi
v4i anh 8 bit: {10, 30, 50, 70, 90, 110, 130, 150, 170} va {20, 40, 60, 80, 100,
120, 140, 160, 180};

Hinh 4 trinh bay mot vi du vé sir dung L(6) trong quy trinh x4c dinh hai
gradient ddc trung voi tap hop goéc déc trung la {10, 30, 50, 70, 90, 110, 130, 150,
170}.

MO ta chi tiét giai phap hiru ich

 Nhu d4 trinh bay & trén, luoc d6 gradient c6 huéng HOG 1a k§ thuat mo ta
dic trung cda anh, dugc sir dung phé bién trong cac ung dung nhu thi gidc may,
Xt ly anh; cu thé, vi du phat hién dbi tuong nhu khudn mat hay nguoi.

Céc tac gia cua giai phap hitru ich dé xut quy trinh x4c dinh hai gradient
dic trung ctia diém anh tlr gradient theo chidu doc va chiéu ngang cua diém anh
trong lugc d6 gradient c6 huéng (Histogram of Oriented Gradient - HOG). Mot
trong cAc tmg dung cu thé & dy l1a phuong phap xir ly hinh anh duya trén lugc dd
gradient c6 hudng (Histogram of Oriented Gradient - HOG) str dung quy trinh xac
dinh hai gradient ddc trung cua diém anh tir gradient theo chiéu doc va chiéu
ngang cta diém anh.

Pé gitip hiéu 6 hon vé giai phap hitu ich, phan mé ta chi tiét s& dugc trinh
bay theo cac khia canh cta giai phap hitu ich va dua vao céac hinh vé& kem theo.
Cu thé nhu sau:

Hinh 2 trinh bay quy trinh dé xuat x4c dinh hai gradient ddc trung clia mot
diém anh tir gradient theo chiéu doc va ngang cua diém anh trong k¥ thuét tinh
toan HOG. Quy trinh d& xuit bao gém ba cong doan. Cong doan 1 chuyén gradient

theo chidu doc va ngang ctia diém anh 1én phia trén truc Ox. Cong doan 2 thuc
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hién x4c dinh hai géc dic trung 6;, 6;,,. Cong doan 3 xac dinh do 16n cua hai
gradient dédc trung c6 goc lan luot 1214 6;, 0,41
Cong doan 1 thyc hién chuyén gradient theo chiéu doc va ngang 1én nira
trén cua hé toa do Pé-cac (truc Ox va phia trén truc Ox).
dy = Idyl )
d; = sign(d,) * d, (8)
trong do:
d,, d, la gradient theo chiéu ngang va doc;
dy,dy 1a gradient theo chiéu ngang va doc sau khi chuyén
d6i 1én phia trén truc Ox;
X4c dinh lai gradient theo hai phuong xuét phat tir thuc té cac goc str
dung trong HOG chi nidm & phén trén cia truc Ox, diéu nay tuong
duong véi gradient theo chiéu doc 1a luén duong. Cong thire (7) —
(8) 1a phép lay dbi xtng céc gradient theo chiéu doc va ngang qua
tam O néu d, <0;
Cong doan 2 tim hai géc dic trung 6;, 0;,1. Cong doan nay thuc hién so

r d* ;\ r . b4 ° 2 /4 /4 ~ A . ;’\
sanh d—f lan luot véi gid tri tan cta cac goc dac trung (10). Mot diém
X

anh c6 hai goc dic trung 13 6;, 0;,1 khi va chi khi théa mén cong thirc
(10)
0;< as Oipq ©)

& tan(h;) < g% < tan (6;41) (10)

Cong doan 3 thyc hién x4c dinh 14n luot gia tri bién do B;, B4+ béang hai
codng thtrc (11) va (12) nhu sau:

B; = dj x sin(6;41) — d3, X c0s(6;41) (11)

By, = dy X cos(0;) — dy x sin (6;) (12)

Hai cong thirc (11) - (12) 12 hai nghiém ctia hé phuong trinh

(15) nhan véi hing sb sin(w), w 12 hing sb khoang céc gifta hai gbc

dic trung lién tiép. Hé phuong trinh (15) bidu dién sy bang nhau giita

_7-
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gradient M véi tdng ctia hai gradient dic trung E, B,,; khi chiéu

1an luot 1én hai truc Ox va Oy trong hé toa do Pé-cac.

B+ By =dj+dy= M (13)

{P‘: X $in(8;) + Bya1 X sin(0i41) = dx 14)
B, % cos(6;) + B4, X c05(0;41) = d;

{Bi X sin(0;) + By1 X sin(f;41) = d,, (15)
B; X COS(QL') + B4 X COS(9i+1) = d;

Trong thuc té, khi 4p dung 1én c4c may tinh nhing hay thiét ké cac phan
cung dé trich xuét dic trung HOG, viéc bidu dién cac sb thap phan vo han khong

*

y

P ; sz ot 2o 1a . A4y oy < A . , :
tuan hoan nhu gia tri cia ham tan hay ty s — S& lam tang do phuec tap cua toan

x
bd qua trinh. Do vay, giai phap hitu ich nay dé xuét biéu dién cac ham tan dudi
dang cac phan s6, mbi gié tri fan duoc bidu difn bang hai phén sé nhu cong thirc
(16), 1an luot dugc goi 12 1an c4n trai gin nhét N (nho hon va gén nhat) va lan cén
phai gin nhét L (16n hon va gén nhét). Hai phan s6 nay c6 tir s ndm trong tap hop
gia tri cla dy, va mAu s6 nam trong tap hop céc gid tri cla dj. Diéu nay c6 nghia

*

A e A o g d \ 3 , \
la khong ton tai bat cir gia tri dy ndo nam trong khoang ( N(0) : tan(8) ) va

*
X

(tan(0):L(H) ). Khi d6 viéc so sanh gid tri d}/dy v6i gia tri fan tuong duong
vé6i cong thuce (17)
N(O) < tan(8) < L(6) (16)
= N(6) < L(8) < 2 < Nisr) <L(0is1) (a”
trong do,
— N(6) 13 phan s6 1an can trai gin nhét cia tan(6) véi tir s6 ndm
trong khoang D;,, mau s ndm trong khoang D
— L(6) 1a phén sb 1an cén phai gan nhit hogc bang tan (0) véi tir
s6 ndm trong khoang D3, mau s6 nam trong khoang D;;
— Dy latép hop céc gia tri d,
— Dj 1atap hop cac gia tri d;
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— Déi v6i anh 8-bit, D} € [-255:255], D, € [0:255].

Hinh 3 trinh bay c4c gié tri lan cin gén nhéat N(0) va L(0) v6i hai tép hop
goc déc trung phd bién dugc str dung trong lugce dd gradient c6 huéng HOG db6i
voi anh 8 bit: {10, 30, 50, 70, 90, 110, 130, 150, 170} va {20, 40, 60, 80, 100,
120, 140, 160, 180}

Hinh 4 trinh bay mot vi du vé sir dung L(0) trong quy trinh x4c dinh hai
gradient dic trung voi tap hop goc déc trung 1a {10, 30, 50, 70, 90, 110, 130, 150,
170}. D& x4c dinh dugc hai gradient dic trung cia diém anh, ta lan luot thyc hién
cac budc sau:

Cong doan 1 chuyén gradient cta diém anh theo hai phuong x va y lén
phia trén truc Ox nhu céng thirc (7) va (8): dy, dy,
Cong doan 2 x4c dinh hai géc 6;, 0;44 déc trung theo cdc bude nho sau:
Buée 2.1.néu 4 x |d}| = 11 x |d}]| thi hai géc déc trung lan
luot 1a 70, 90 d6 va chuyén sang Cong doan 3, ngugc lai
chuyén sang Buéc 2.2;
Bude 2.2.néu 73 x |d}| = 87 x |d;]| thi hai géc dic trung lan
luot 1a 50, 70 46 va chuyén sang Cong doan 3, ngugc lai
chuyén sang Budc 2.3;
Budc 2.3. néu 168 X |d}| = 97 X |dy| thi hai goc dac trung lan
luot 1a 30, 50 46 va chuyén sang Cong doan 3, nguoc lai
chuyén sang Buéc 2.4;
Budc 2.4.néu 17 X |d}] = 3 X |dy]| thi hai goc dédc trung lan
luot 1a 10, 30 46 va chuyén sang Cong doan 3, nguoc lai
chuyén sang Buéc 2.5;
Bude 2.5. tra vé hai goc dic trung 1dn luot 12 170 va 10, dong
thoi chuyén qua Cong doan 3.
Cong doan 3 x4c dinh d6 16n cua hai gradient déc trung dugc xac dinh

tlr Cong doan 2 theo hai cong thic (18) — (19);
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B; = |dy| X sin(8i+1) — |dy| X c0s(641) (18)
Bit1 = |d}| X cos(8;) — |dx| x sin (6;) (19)
Cong doan 4 x4c dinh lai hai goc déc trung theo cong thirc

{180— 0, d; <0

0= 0, do >0

(20)

Trong quy trinh & Hinh 4, xuét phat tir thuc té cac goc dic trung d6i ximg
v6i nhau qua truc Oy, diéu nay cho phép thuc hién xac dinh goc ddc trung tam
thoi trong goc phan tu thir I (géc tir 0 do dén 90 dd) va do 16n cla hai gradient
nay, sau dé viéc chuyén ddi hai géc tam thdi sang goc phan tu thtr IT (goc tir 90
d6 dén 180 d0) s& duge thuc hién bing phép lay dbi xtmg qua truc Oy nhu cdng
thire (20). Nhu vAy, ta c6 thé luge gian sb 1an thyc hién phép so sanh nhu cong
thirc (10) d& tim ra goc dic trung. |

Hiéu qua dat dwoc clia gidi phap hiru ich

Vé khia canh tng dung trén thudt todn phén mém dé xir Iy hinh anh, viéc
ting dung giai phap cho phép giam d¢ phurc tap tinh toan cac gradient déc trung
cta diém anh luge dd gradient c6 huéng (Histogram of Oriented Gradient - HOG)
vi thay thé phép tinh arctan don gian béng cac phép toan so sanh don gian. Ngoai
ra, vé khia canh Ung dung phan ctmg, khi tmg dung giai phép, c6 thé dung phép
dich bit va so sanh d& xéc dinh géc teta gin ding do d6 rat thu@n tién cho viéc
tinh toén bing phan cimg véi tdc dd tinh toan nhanh hon.

Céc tac gia da dua ra cac gia tri thp phén gan ding cua fan feta i, 1 +1 tr
cac gia tri sin/cos va tinh trén thuc nghiém d8 dua ra cac gi4 tri gan dung t6i uu

vira don gian cho viéc tinh todn va vira dam bao do chinh x4c chap nhan duogc.

-10-
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Yéu cau bao h@
1. Phuong phép xtr 1y hinh anh dua trén lugc d6 gradient c6 huéng (Histogram
of Oriented Gradient - HOG) st dung quy trinh xac dinh hai gradient dic trung
cta diém anh tir gradient theo chidu doc va chidu ngang ctia diém anh, trong d6
quy trinh nay bao gdm céc cong doan:
cong doan 1: thyc hién chuyén gradient theo chiéu doc va ngang 1én nira
trén cua hé toa do Pé-cac (truc Ox va phia trén truc Ox)
dy = Idy|
d; = sign(d,) * dy
trong do:
dy, d,, 1a gradient theo chidu ngang va doc,
dy, d; 1a gradient theo chidu ngang va doc sau khi chuyén
ddi 18n phia trén truc Ox;
cong doan 2: tim hai tim hai géc dac trung 6;, 6;1trong tap hop goc déc

trung théa man diéu kién:

tan(0;) < % < tan(6;41);
cdng doan 3 xac dinh bién d6 cla hai gradient déc trung, viéc xac dinh bién
do nay dugc thuc hién theo cong thirc:
B; = d; X sin(0;41) — dy, X c0s(0;41)
Bi+1 = dy X cos(8;) — dy X sin (6;);
trong do6, & cong doan 2, mdi gia tri tan déu dugc biéu dién bang hai phan sb

1an can gan nhét cho phép giam thiéu su phtrc tap trong viéc biéu dién va so sanh

ty s6 Zi véi gia tri tan nhu sau:
N(8) < tan(0) < L(0)
= N8 < LO) £ < NOiwr) < L)
trong do:

-11-
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N(6) 12 phan sb 1an cén trai gan nhét ctia tan(0) véi tir sb ndm

trong khoang D}, mau s6 nam trong khoang Dy,

L(6) 1a phén sb lan c4n phai gin nhat hogc bang tan (8) voi ti

s0 ndm trong khoang D, mau s nam trong khoang Dy,

D,, 1a tap hop cdc gid tri dy,

D, 1a tap hop cac gia tri dy,

D, € [—255:255],D,, € [0:255], va

cac phan s6 1an can gan nhit dugc st dung cho hai bd goc dac trung phd

bién ctia HOG ddi véi anh 8-bit duge xac dinh nhu bang sau:

N(6) 0 L(6) N(6) 0 L(9)
431244 10 3/17 411 20 91/250
56/97 30 97/168 73/87 40 193/230
230/193 50 87/73 168/97 60 97/56
250/91 70 11/4 17/3 80 244/43
255 90 255 244/-43 100 17/-3
11/-4 110 250/-91 97/-56 120 168/-97
87/-73 130 230/-193 | 193/-230 140 73/-87
97/-168 150 56/-97 91/-250 160 4/-11
3/-17 170 43/-244 -0 180 +0
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2945

Gradient theo hai phwong
ngang va doc
dy, dy

A 4

Xac dinh gradient cia diém anh

d
a = atan (i)

] = (@2 + ()’

Tim hai géc dic truwng trong
tap hop goc dac trung
0, <a< 0;.1, 0EO

\ 4

Xdc dinh bién do ciia hai
gradient
w = 041 — 6
Oi41 — @
w

a— ei

Bi=|M|X

Biy1 = Iﬁl X

w

Hinh 1
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2945

Gradient theo hai phwong
ngang va doc
dy, d,y

\ 4

Chuyén gradient dgc va
ngang lén phia trén truc Ox
dy = |dy|
d; = sign(d,) * dy

A 4

Tim hai géc dac trung trong
tap hop goéc dic trung

E3

d
tan(0;) < ai—’ < tan(6;4+1)
X

A 4

X4c dinh bién d0 ciia hai gradient dac trung
B; = d X sin(6;41) — dy X c0s(6;41)

Biy1 = dy x cos(8;) — dy X sin (6;)

Hinh 2
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2945

N(O) 0 L(9) N(8) 0 L(6)
43/244 10 3/17 4/11 20 91/250
56/97 30 97/168 73/87 40 193/230
230/193 50 87/73 168/97 60 97/56
250/91 70 11/4 17/3 80 244/43
255 90 -255 244/-43 100 17/-3
11/-4 110 250/-91 97/-56 120 168/-97
87/-73 130 230/-193 193/-230 140 73/-87
97/-168 150 56/-97 91/-250 160 4/-11
3/-17 170 43/-244 -0 180 +0
Hinh 3
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2945

Gradient theo hai phwong
ngang va doc
dy, dy

A 4

Chuyén gradient doc va
ngang lén phia trén truc Ox
dy = |dy|
dy = sign(dy) * d,

A

y

Tim hai goc dic trung trong tap hop goc dac
trung

(70,90,
50,70,

0;,0;+1 =4 30,50, 168 X

10,30,
\170,10,

4 X
73 X

> 11 X |dy|
> 87 x |dy|
> 97 X |dj|
> 3 X |dyl
otherwise

dy
dy
dy
dy

17 X

A

A

Xac dinh bién d¢ cta hai gradient dac trung

B; = |dy| X sin(6;44

) — |dy| % cos(6;41)

Biy1 = |dy| X cos(0;) — |dx| X sin (6;)

A

A

Xac dinh lai goc dic trung

9_{180— 0, dy <0

- 6, dy =0
Hinh 4

-16-






