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ABSTRACT

An efficient method for locating fruit on the tree and estimating the
distance from the center of the fruit to camera system is one of the major
requirements for the fruit harvesting system. This paper proposes a
computer vision algorithm for detecting ripe tomatoes and estimating the
distance from the camera system to the ripe tomato on the tree using
stereo vision system. The main steps of the algorithm include color
segmentation, region labeling, size filtering, and boundary determination
for ripe tomato candidate regions, shape feature extraction for localization
of the ripe tomato on the tree and distance estimation using stereo vision
system. The experiment was performed with 100 images in which there
were a total of 244 ripe tomatoes. The accuracy of ripe tomato recognition
based on r-g chromaticity color space and based on color analysis was
96.7% and 88.9% respectively.

TOM TAT

Mot ky thudt hiéu qua dé dinh vi trdi trén cdy va uoc lwong khoang cach
tir hé théng camera dén tam ciia trai la yéu cau chinh cho robot thu hoach
trdi cday. Nghién ciru nay dé xudt mot gidi thudt xu Iy dnh maoi dé nhdn
dang va dinh vi qud ca chua chin trén cdy dong thoi udc luong khoang
cach tir hé camera dén tam cia trdi. Thudt todn bao gom cdc buée chinh:
phan dogn danh, gan nhan, loc kich thuoc, xac dinh dwong bién cho cac
ving g vién la quad ca chua chin, rit trich cac ddc trung hinh dang d@é
dinh vi qua ca chua chin trén cdy va cudi ciing la wéc heong khoang cdch
st dung hé 2 camera. Thuc nghiém duwoc tién hanh trén tap dir lieu 100
anh thuc nghiém voi 244 qua ca chua chin can nhdn dang. P chinh xdc
cuia phwong phap duwoc dé nghi la 96.7% doi véi phwong phdp nhan dang
dua trén mat phdng két tia mau r-g va 88.9% doi voi phwong phép phdn
tich mau sdc.

1 GIOI THIEU

Heé théng nhén dang va uéc lugng vi tri tdm cia
trai trén cay st dung cac ky thuat xr 1y anh va udc
lwong khoang cach tir tim cia trai dén hé thong
quan sat 1a phan dau tién va quan trong nhit trong

nghién ciru, ché tao robot hai lwom tng dung trong
thu hoach trai cdy. Cac hé théng nhu vy dang
dugc phat trién va tng dung trong nganh néng
nghiép tu dong hoa, thong minh & mot $6 quéc gia
phat trién trén thé gi6i voi nhidu cong trinh nghién
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ctru lién quan (Jian-jun Y. et al, 2009; Hannan M.
W. et al., 2009 va Hetal N.Patel, 2011). Tuy nhién,
cac nghién ctru nhu vay ¢ Viét Nam 1a con rét
han ché.

Bai bao dé xudt mot giai thuat méi dé nhan
dang va dinh vi qua ca chua chin trén cay st dung
ky thuat phan doan dnh va phéan tich hinh dang.
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Khoang cich tir tim qua ca chua chin dén hé
camera dugc udc lugng dua trén ky thuat hiéu
chinh camera va phuong phap do khoang cach do
Manaf A. Mahammed et al, 2013 d xuit. Quy
trinh xr Iy ctia phuwong phap dugc trinh bay nhu
Hinh 1.

Anh ban

Gén nhan ving va
dau

Phén doan
j loc kich thude

anh

Xac dinh
™ chu vi ving

Xac dinh

Udc lrgng
™ tAm cia trai

Anh két
> khodng cach > :

qua

Hinh 1: Quy trinh xir Iy ciia phwong phap dwoc dé xuét

2 NOI DUNG NGHIEN CUU
2.1 H¢ théng quan sat va thu nhan hinh anh

Nhim muc dich thu nhén hinh anh qua ca chua
chin, dua vé may tinh xr ly dé nhéan dang, dinh vi,
udc luong vi tri tdm ciing nhu khoang cach tir tam
quéa ca chua chin dugc phat hién trén cdy dén hé
thong quan sat (Hinh 2), mé phong thay cho canh
tay robot.

Hinh 2: H¢ thong quan sat két hop giira 2
cameras va may tinh

Trong hé théng nay, ching toi thiét ké mot gia
dd co khi dé hd tro viéc nang d& hé camera va
laptop. Phan thir nhat 1 mot gia d& co kha ning
tang gidm d¢ cao trong khoang 50-150 cm va cé
thé xoay tir 0°-360° md phong giéng nhu mot cach
tay robot ¢6 thé chuyén dbi vi tri trong khong gian
v6i hai camera quan sat dé xac dinh vi tri qua ca
chua can hai trén cdy. Phan thtr hai ctia hé thong 1a
hé camera gdm hai camera Logitech HD Pro €920
do phéan giai 15-Megapixel, mdi camera c6 kha
nang xu ly va xac dinh hinh anh voi khoang cach
gﬁn nhat tir hé camera dén vét can do khoang cach
la 10 cm. Cudi cing 1a mot laptop cd ciu hinh
tuong d6i manh dé xur 1y anh mot cach nhanh
chong.

2.2 Phan doan dnh

Phan doan anh la cong doan rit quan trong
trong céac bai toan xtr ly anh va thi gidc may tinh.
Trong nghién ctru nay, qua trinh phan doan anh
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nl}ém tach qua ca chua chin can nhan dang ra khoi
nen. Ching t6i tién hanh so sanh 2 thuat toan phan
doan anh dé phat hién qua ca chua chin 1a phuwong
phap phan tich mau sac va phan doan anh dya trén
mat phang ket tua mau r-g.

2.2.1 Phwong phdp phdn tich mau sdc

a. Logi trir nén

T nghién cliru thuc nghiém, chung to6i tién
hanh xét ca chua chin 1a nhiing qua c6 mau chuyén
sang do hon 90%. Cac qua c6 mau vang — cam la
nhiing qua gan chin tuy theo yéu cau thuc t€ co thé
thu hoach hoac khong. Qua trinh loai trir nén dugc
thuc hién nhu sau:

~ Budc 1: Téch kénh mau R, G, B tir dnh dau vao
de dugc cac anh trén cac kénh mau riéng biét.

_Bugc 2: Lay anh thanh phan R trir anh thanh
phan G.

Bude 3: Néu gia tri R-G thoa diéu kién 1on hon
mot gia tri ngudng dinh trudc thi cac diém anh
tuong tng s& duogc gilr lai (Hinh 3b).

Két qua dat dugc s& bao gébm nhimng qua ca
chua chin va gan chin. Dé thu hoach nhiing qua
that sy chin (mau dé dam), cong doan Kké tiép can
thyc hién la loai bé nhiing qua mau vang — cam.

b. Xac dinh cac qua ca chua thdt sy chin

Tu anh di duge loai boé nén (Hinh 3b), ta thuc
hién:

Bude 1: Trich xudt cac diém anh mau vang.
Anh sau khi trir nén lan luot dugc chuyén ddi sang
khong gian mau HSI va YIQ. Céac diém anh mau
vang sé& duoc trich xuat theo cong thirc (1):

P =12%y—§v6iY lado sang, S la do bao hoa.

yellow

(M

Bude 2: Tiép tuc trich xuét cac diém anh mau
do va cam theo cong thuce (2):



Tap chi Khoa hoc Truong Pai hoc Can Tho

P 2

red _ollnge —

R-13*G

Bude 3: Trich xuit mot sé diém anh mau do dai
dién dé xac dinh qua ca chua that sy chin. Cac
diém anh mau do duoc trich xuat theo diéu kién
3):
véi Y la 4o sang, I 1a

P, =1-Y <001
0<0.08

mau sac, Q 1a d6 bao hoa.

3)

Burée 4: Sau khi thuc hién cac bude tir 1 dén 3
ta dugc cac anh két qua bao gdm cac diém anh
vang, dd, cam. Cac anh nay s€ dugc chuyén sang
anh nhi phan dya trén gia tri ngudng thyc nghiém.

(a) Anh Um_

d) chiét suat diém mau do va cam

(e) chiét suat mét s6 diém mau d6 dai dién
cho qua ca chua chin
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Céc diém anh con lai ctia mot vung s€ dai dién cho
qua ca chua chin twong tng. Cac vung khong co
diém dai dién ddng nghia véi viée cac qua ca chua
tuwong Gng sé€ bi loai bé.

Budce 5: St dung phuong phép 8 1an cén tai cAu
trac (Luc Vincent, 1993) anh 3e tir anh ket qua 3d
de loai bo qué ca chua mau cam trong anh 3d.

Bucce 6: Thém lai phﬁn mau vang cho qua ca
chua chin bang cach lay anh két qua ctia budc 5
cdng véi anh 3c.

Bude 7: Tir anh két qua budc 6, tiép tuc tai cdu
tric thém lan nira, ta s€ nhan dugc qua ca chua can
xac dinh dé thu hoach (Hinh 3f).

() chiét suit diém mau ving

(f) Két qua nhin dang qua ca chua cin thu hoach

Hinh 3: Két qua nhan dang qua ca chua cin thu hoach

2.2.2  Phuong phdp phan doan anh dya trén
mdt phang ket tua mau r-g

Trong thuc té, qua ca chua chin can duoge ra
khoi nén br?mg mot k¥ thuat phan doan anh. Néu
chung ta s dung khong gian mau RGB thi can
phan tich trén ting kénh mau riéng biét s¢ lam
giam hiéu sudt va ting thoi gian xtr Iy chung cua ca
hé théng nhu phuong phép phan tich mau sic trén.
Viéc st dung k¥ thuat phan doan anh dya trén mat
phang két tia mau r-g la phi hop hon.

a. Chuyén doi tir khong gian mau RGB sang
mdt phang két tiia mau r-g

Hinh 4 m6 ta m6 hinh chuyén ddi toa d6 diém
anh tir khong gian mau RGB sang mit phang két
tua mau r-g (Balkenius C. and Johansson B., 2007).
Mot diém anh trong khong gian RGB dugc chuyén
d6i thanh mau (r, g) trong mat phang két tiia mau r-
g theo cong thirc (4):
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— R .
R+G+B’

g=—"2 )
R+G+B

Mit phang két tia mau r-g chira cac mau cua
khong gian RGB ban dau nhung cuong dé mau cua
cac diém anh da duogc loai bo. Cuong d6 mau cé
thé duoc tinh lai theo (5):

I=R+G+B

(&)

Phép bién doi trén anh xa cac gia tri mau R, G,
B 1én 3 dinh cua tam gidc mau. Mau xam va trang
dugc anh xa tai cing mot diém (1/ 1 01 la
: a tz g m¢ (4. )4)> &

diém trang cla tam gidc mau.

Diém tring cua anh ¢ thé duge wéc luong tur
dir liéu hinh anh néu ching ta gia st rang trung
binh mau ctua anh la xdm. Gia tri trung binh cua
cac kénh mau, dugc tinh theo (6):
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Hinh 4: Chuyén d6i khong gian mau tir RGB
sang r-g (Balkenius C. and Johansson B., 2007)

V=

g-— 9% _ (6)
R+G+B
:<;’

mau dugce bié}l dién bang 2 gia tri: (1) goc xung
quanh diém trang ; va (2) gia tri bdo hoa mau s la

R
R+G+B’
Diém tring dugc dat tai vi tri: §> . Mbi

khodng céach tir diém tring dugc tinh theo (7):

R R
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(7

j= arctan(

b. Phdn doan danh sir dung khéng gian két tiia
mau r-g

Dé tim mot ving c6 mau xac dinh nao d6 cua
anh, dAu tién ta cAn phai phan loai cac diém anh.
Mot khu vue mau duge xac dinh bang mot bo bén
gia tri: < w> v6i j la goc xung quanh

]7 min? mdx’

diém tring, Sy S lan luot 13 gia tri nho nhat va

16n nhét coa dQ bao hoa mau, w la d6 rong cua
vung mau dang xét. Qua trinh phan doan anh dugc
thuc hién béng cach tim tit ca cac diém anh trong
mit phing r-g c6 gia tri s va j thoa cac ngudng ,

s va j duge xac dinh theo (8):

min ? de

<s§s<s,

S nin max

Ji~ 5 <J<UJ+t 2

Phuong phép phan doan anh dya trén mat
phing két tia mau 1-g cho phep ta thiét 1ap ngudng
mau dé nhan dang dédi tuong mot cach linh hoat
bang cach thiét 1p cac gia tri ngudng cho bd bdn
(s Soin» Sounr W) - Trong thue t€, d6i khi ta mudn hai

nhitng qua that chin (d6 ddm) hodc mot s qua vira
chin t&i (d6 nhat hay doé nga vang) (Hinh 5).

2.3 Thuit toan wée lwgng vi tri tAim qua ca
chua chin trén cay

Sau khi loc bo nén, bude ké tiép ta s& tién hanh
gan nhan, loc kich thuéc, xac dinh duong bién cho
cac vung ung vién la qua ca chua chin dugc thyc
hién theo quy trinh sau.
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Hinh 5: Két qua phin doan anh véi cac bd gia

tri khac nhau cia < 7 s

J> Smin 2

> W)+ TU trai qua:
anh dau vao; anh phin doan véi b gia tri
(j=85",5,, =0.154398 5., =0.745356,w=65°) ;
anh phan doan véi b gia tri
(j=105"s,, =0.154398 s,,,, =0.745356,w=50")

max

min max

2.4 Thuat toan wéc lwgng vi tri tim qua ca
chua chin trén cay

Sau khi loc bo nén, bude ké tiép ta s& tién hanh
gan nhan, loc kich thudc, xac dinh duong bién cho
cac vung ung vién la qua ca chua chin dugc thuc
hién theo quy trinh sau.

2.4.1 Gan nhan, loc kich thwoc, xac dinh
dwong bién ciua cac vung ung vién

a. Gan nhan

Muc dich ctia thao tac nay la danh dau cac ving
lién thong trén anh. Chung t6i st dung phuong
phép chép mat na don gian (Alain Boucher, 2012)
dé danh dau cac vung lién thong trén anh va gan
nhin cho tat ca cac ving lién théng 1a ving tmg
vién cho qua ca chua.

b. Loc kich thuoc

Trong céac vung tmg vién, c6 nhitng vung kich
thude qua 16n hodc qua nho s€ khong thé 1a qua ca
chua. Ngoai ra, tir thuc té cho thdy tuy thudc vao
khoang cach tir camera dén cdy ca chua ma kich
thudce cua cac qua ca trén anh s€ thay d01 Vi vay,
v&i mdi viing duge gén nhan, ta tinh tong s6 diém
anh cta ving d6, néu nhé hon d6 16n cia bo loc
kich thudc size_filter thi loai bo viing nay.

c. Xdc dinh duong bién

Qua trinh trich loc chu vi twong tu nhu qua
trinh do tim dudng bién theo phuong phap 4 lan
can. Mot diém nam hoan toan trong ving chu vi s&
¢6 4 diém lan can thugc ving nhin, mot diém nim
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trén duong chu vi s€ co it nhit 1 diém lan can
thudc vung anh nén (Suzuki S. and Abe K., 1985).
2.4.2 Dinh y.i Vi {rl’ qud ca chua chin sw dung
phwong phap bién doi Hough Circle
Phép bién d6i Hough Circle cho phép phét hién
cac vat thé c6 dang tuwong ty hinh tron va xac dinh
vi tri tAm, _dc} dai ban kinh cua duong tron mo ta

(a) Anh gbc (b) Anh phan doan

Dé khic phuc nhugc diém cia phwong phap
phan tich Hough Circle, chung toi dé nghi mot
phuong phap udc lugng vi tri tdm va do dai ban
kinh dua trén y tudéng cua Hannan M. W. et al,
2009 goi 1a k¥ thuat phan tich hinh dang cua duong
bién (contour) dé xdy dung dudng tron dai dién
cho vi tri qua ca chua chin.

2.4.3 Dinh vivi tri qua ca chua chin su dung
phwong phap phan tich hinh dang

Phuong phap phan tich hinh dang cho viéc phat
hién va xay dung duong tron dai dién cho vi tri cia
qué ca chua bao gdm 2 giai doan 1a tinh toan cac
tham s6 duong tron cho cic cung tmg vién trén
duong chu vi va ude lugng vi tri tam cung do dai
ban kinh ctia duong tron dai dién.

a. Tinh toén cdc tham sé dwong tron

Bét dau tir mot vi tri bat ky ta trwot doc trén
duong chu vi theo tirng phan doan (moi phan doan

va wroe hrong t3m timg vidn

(k) Anh phan dean

{d} Anh xscdmh chuvi  (2) Anh xac dmh t2m [f} d';J:l.‘rl xac ﬂmh tam
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cho cac vt thé nay (Yuen H. K.ef al., 1990). Cach
tiép can nay don gian, nhung két qua thu duoc doi
khi khong chinh xac. Trong truong hop mdt nhom
nhidu qua ca chua chong lap 1én nhau, Hough
Circle ¢6 thé nhan dang thira hoac thiéu mot
vai qua hodc xac dinh vi tri tdm khong phu hop
(Hinh 6).

(d) Két qua uéc lugng
tam va bédn kinh

(c) Két qua bién ddi
Hough Circle

Hinh 6: Hough Circle phat hién khong ding s6 qua va wéc lwgng tim khong phu hop

50 diém anh). V6i mdi phan doan, chon 3 diém
anh: dau, cudi va gitta lam dir liéu vao thanh
1ap hé:

(xi—xc)2+(y[—yc)2:r: (i=1.3) ©)

(xi,yi) 1a diém anh th i thugc phan doan dang
x€ét; (Xc,ye) 1 toa d9 tdm; r. 1a ban kinh dudng tron.

b. Ubc luong vi tri tam, do dai ban kinh cia
dwong tron dai dién cho vi tri qua ca chua

Tiép theo ta tién hanh gom cac tim tng vién
nay thanh ting nhom dua vao khoang cach cua
chung. Cac tdm lan can nhau s€ dugc gom thanh
mot nhom. Néu nhém tdm chira it hon 3 tim s&
duoc loai bd. Nguoc lai, ta tim vi tri trung tdm cua
nhém bang cach tinh trung binh gié tri cac toa do
cua cac tam ung vién trong cung mdt nhom. Vi tri
trung tdm nay dugc xem la tdm ctia dudng tron dai
dién cho vi tri qué ca chua (Hinh 7).

(c) Anh gan nhan va
lu}“ lﬂ._h thirae

va ban kinh

Hinh 7: Qua trinh nhan dang va dinh vi vi tri qua ca chua chin trén cay
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Tiép can phan tich hinh dang do chung toi dé
xuat cd thé khac phuc cac diém yéu cia bien doi
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Hough Circle nhu phat hién thira, thiéu tim hay

udc lugng vi tri tdm khong phu hop (Hinh 8)

Hinh 8:
So v6i phuong phap dugc d& nghi boi Hannan
M. W. et al. 2009, cch tiép can cua ching t6i c6 2
diém khéc biét: (1) S dung phén doan 50 diém
anh va (2) m01 phan doan su dung 3 diém anh dau,
giita va cubi cia mdi phan doan dé xay dung hé
phuong trinh tim cac tham sé duong tron. Vi mdi
duong tron can 3 tham sb: toa do tAm (X., ye) va
ban kinh r, nén chi can hé 3 phuong trinh 1a du xac
dinh céc tham sé mot cach chinh xac. Hannan M.
W. et al. (2009) str dung phuong phap binh phuong
nho nhat dé xac dinh gén dung gia tri cac thong so
ctia dudng tron nén dé ting do chinh x4c phai sir
dung phan doan voi nhiéu diém anh (100 diém
anh) didu nay lam tang thot gian xu ly lén rat
nhiéu. Phuong phép cai tién cua ching toi tim gia
tri chinh xac ctia cac théng sb thay cho gi4 tri gan
dung. Ngoai ra, d6 chinh x4c d6i voi phuong phap
do chung t6i dé nghi s& cang tang khi do dai phan
doan cang nho. Do do, dé can ddi chung toi
chon mdi phan doan 50 diém anh. Qua qua trinh
thyc nghiém phuong phap céi tién mat trung binh
0.18 gidy/anh dé xac dinh tim va ban kinh so voi
phuong phap cua Hannan M. W. et al. 2009 la
khoang 0.34 gidy/anh.
2.5 Uéc lwong khodng cach tir h¢ camera
quan sat dén vi tri tAm qua ca chua chin trén cay

Mot sé phuong phap thuong sir dung dé wdc
luong khoang cach tir hé camera quan sat dén vat
thé nhu sir dung séng siéu am, song laser, song
hong ngoai... Trong nghién ciru ndy, ching toi sir
dung mo hinh 2 cameras nhu md ta & Hinh 9 dugc
su dung phé bién cho cac hé diéu khién robot tu
dong, két hop cing cac thuit toan xir Iy anh nhu
hiéu chinh hé camera va ap dung k¥ thuat dugc
trinh bay boi Manaf A. Mahammed et al. 2013 dé
wéc luong khoang cach tir hé camera dén tim qua
ca chua chin trén cay.

2.5.1 Hiéu chinh camera (Camera calibration)

Qué trinh chuyén d6i anh tir khong gian thuc
1én khong gian hinh anh thuong cho két qua khong
tdi wu vi anh thu duoc tir hé 2 cameras 1a khong
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Anh goc (a); Phwong phap Hough Circle (b); Phwong phap phén tich hinh dang (c)

ddng nhit va thuong bi méo (distortion). Néu
ching ta khong c6 thong tin vé moi lién hé gitra 2
cameras, khi d6 néu chung ta mudn tim mot diém
tuong Umg trén anh bén trai ¢ anh bén phai ching
ta phai quét toan by anh bén phai.

Xo

\ \ Y
i L =z
Left Webcam Right Webcam

Hinh 9: So' d6 nguyén ly dwoc siv dung daé woc
lwgng khoang cach tir hé camera dén vt thé
(Manaf A. Mahammed ef al., 2013)

Tuy nhién, néu ta c6 duoc mbi lién hé gitta 2
camears thi viéc tim mot diém anh thudc anh bén
phai trong ng v6i anh bén trai co thé duoc thuc
hién bang cach do tim trén 1 duong cong epipolar
duy nhit (R. Hartley and A. Zisserman, 2000).

Ngoai ra, néu ca 2 cameras dugc dat song song,
dong tryc v6i nhau trén mit phang va c6 cing cac
thong s vé tiéu cu, dd méo cua anh,... khi d6 cac
duong cong epipolar s&€ dugc hi€u chinh tr¢ thanh
cac dudng thang Diéu d6 dua dén mot hé qua quan
trong 1a diém anh thuoc anh bén trai s& nam trén
cing mot duong thing trén anh bén phai. K§ thuat
duoc st dung dé thuc hién viée nay goi la hiéu
chinh camears. Thao tac hiéu chinh cameras
thuong dugc thuc hién bﬁng cach chup cic mau
ban ¢ & nhidu goc do khac nhau dé tinh ra cac
thong s6 nodi cua camera. Dua vao céc thong )
nay ching ta cé thé hiéu chinh lai d6 méo cta anh
bang mot giai thuat phu hop (R. Hartley and A.
Zisserman, 2000), dong thoi hiéu chinh d6 méo cua
anh dé bién cac duong cong epipolar thanh cac
duong thang (Hinh 10).
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(b) anh sau khi higu chinh cameras

Hinh 10: Anh két qua so sanh trwéc (a) va sau khi hiéu chinh cameras (b)

0252 Udc luong khodng cdch tir hé camera
dén tam qua ca chua chin trén cdy
a. Phwong trinh disparity co ban

MO hinh 2 cameras quan sat va do khoang cach
duoc trinh bay nhu ¢ Hinh 9. Trong d6, hé 2
cameras duoc dat déng truc trén cung mot mat
phing cach nhau mot khoang cach 1a b. Hé
cameras duoc hiéu chinh dé co cung bd thong sb

ndi, cung ti€u cy f va goc nhin 90. Anh dbi tuong

quan sat dugc T xuét hién & hoanh do x; trén anh
bén trai va ¢ hoanh d¢ x, trén anh bén phai. Ap
dung nguyén ly dong dang ta co:

bl

/7D f

&

D

b, %

(10)

Vib=bi+bnén: =2y _x,) hay
S

Df
(xz —xl)

Ngoai ra: tan[ﬂjzi_
2) D f

(11

D=

X _ %

A (12)

Ttr cac phuong trinh (12) va (13) ta c6 khoang
cach D tir hé camera dén vit thé:
bx,

SCAT -

D=

Vi xo 14 chiéu rong anh, x;—x 1a sy khac biét
(disparity) vé vi tri cua doi tugng trén anh trai va
phai cung tinh theo pixels. Theo Manaf A.
Mahammed er al, 2013 khoang cach D s€ ty 1¢
nghich véi hiéu (x, — x1) vi vay dé bu cho 16i cho
goc quan sat @ thi G,s& dugc cong thém mot dai
lugng @ trong thanh phin tan cta biéu thirc (13)
va dugce xac dinh béng thuc nghiém.

bx,

2tan(%+¢j(x2 -x)

(14)

D=
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Tir day biéu thirc (14) c6 thé dugc biu dién vé
dang ham mii nhu biéu thire (15):

D=k*x (15)

Trong do z 1a héng sb6 duoc xac dinh b'fing thue
nghiém, k va x dugc xac dinh bdi (16):
bx,

2tan(%+¢j

b. 7Xdc dinh khoang cach tie hé cameras dén
vdt thé

(16)

k= va x=x,-x

Dé tim cac gia tri k va z trong phuong trinh
(15) gia tri 6 chénh 1éch x s€ dugc xac dinh vai
khoang gia tri khoang cach D tir hé camera dén vat
thé dugc xac dinh truée. Chung t6i tién hanh thuc
nghiém do cac bg gia tri (x, D) véi D tir 15 cm dén
200 cm va phan tich hdi quy, tim dugc:

D(cm) = 5926 * x( pixel)™ ™" (17)

Ap dung (17) dé xac dinh khoang cach tir hé
camera dén vat thé chung t6i nhan dugc Kkét qua rat
tdt v6i sai s6 do duwoc 12 nhé hon 1 cm va hé sb
twong quan hdi quy 1a R2 = 0.9996.

c. Ap dung wéc lwong khodng cdch tir hé
cameras dén tam qud ca chua chin trén cdy

Pé udc luong khoang cach tir hé camera quan
sat dén tam cac qua ca chua chin dugc xac dinh,
chung toi tién hanh ap dung thuat toan dinh vi vi tri
tdm cua cac qua ca chua chin cho anh bén trai, sau
d6 tién hanh tim kiém cac tdm twong tmg cua cac
qua ca chua chin trén anh bén phai. Phuong phap
sir dung dwoc goi 1a tim tong binh phuong sy khac
biét vé mirc xam giita cac pixels (Sum of Square
Differences — SSD). Mot mét na 3x3 dugc quét qua
tat ca cac diém anh tmg vién trén anh bén phai va
diém anh trén anh bén phai cho gia tri d6 khac biét
nho nhét 13 diém anh can tim. Thuat toan dugc mo
ta nhu sau:

for mdi pixel 1a tAm ctia qua ca trén anh bén trai
do {
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Truot mat na 1€n cac pixels Ung vién thudc qua trinh xac dinh vi tri tdm qua ca trén anh camera
duong thang twong ng trén anh bén phai. phai hoan toan phu hop véi vi tri tdm qua ca dugc
Tinh gi4 tri Cost cho timg pixel mg vién theo ude lugng trén anh camera trai. Qua qua trinh 26
cong thic (18): lan thwe nghi€ém do khoang cach trén cac anh c6

L . nhiéu qua ca chua chin cin nhan dang. VTi‘omg 50
Cost(x,y) =D D[ £, (x+i,y+ )~ fr(x+i,y+ )] (18) qua ca chua can nhan dang la 56 qu4, két qua do

= khoang céach tir hé¢ camera quan sat dén vi tri tdm

} qua ca can xac dinh trén cay la rat kha quan voi sai

return (pixel(x, y)) twong tng véi gid tri cia sO trung binh khi uéc luong 1a 0.41 em. Viéc udc
Cost(x, y) la nho nhat. luong vi tri tim va do khodng céch dugc thuc hién

; ) hoan toan online va khong bi gian doan dua trén hé¢
Hinh 11 trinh bay mt két qua thyc nghiém cua théng co khi quan sat da dwoc xay dyng.
hé thong. Tir két qua Hinh 11, chung ta thay rang

. N
{a) Anh mén camera bén wai (b} Anh tén camera bén phai

Hinh 11: Két qua wéc lwgng khoang cich tir h¢ camera dén tim qua ca chua chin trén ciy
3 KET QUA VA THAO LUAN —  Tép anh thtr i gdm nhimng anh chira dang i -

Pé danh gid hicu qua ctia phuong phap d& nghi, 1 qua ca chua chin can nhan dang (i =3..8).

chung t6i tién hanh chuyp va suu tap dir liéu anh cé} Chting t6i tién hanh thyc nghiém nhan dang cac
chua tur cac vudn ca chua thugc pham vi thanh pho qua ca chua chin trén céac tap dir liéu anh dd phan

Da Lat. Cac anh thu dugc s& dugc tién hanh tién xir chia bang 3 phuong phap: (1) k¥ thuat phan tich
ly vé dang anh JPEG v6i d6 phén giai 640x480. hinh déng dya trén khong gian két tia mau r-g da
Tap dir liéu bao gom 100 anh v6i 244 qua ca chua d@& nghi; (2) ky thuat nhan dang duya trén su két hop
chin cin nhan dang. Dé d& dang phan tich ching phan tich mau sic va hinh dang; (3) bién dbi

toi chia tap dir liéu anh thanh 8 tap con: Hough Circle dya trén khong gian két tua mau r-g.
— Tép 1 gdm nhing anh khong chtra qua ca Do6i véi moi phuong phap chung t6i thong ké so
chua chin can nhan dang nao, lugng qua ca chua chin dugc phat hién trén ting

anh, sb lugng qua nhan dang dung. Két qua duoc

— Tap 2 gdm nhimg anh chi chira dung 1 qua trinh bay nhu trong Bang 1.

ca chua chin can nhan dang,

Bang 1: Thong ké két qua nhin dang ciia ba phwong phap ddi véi tirng tap dir liéu anh

Tép anh 1 2 3 4 5 6 7 8
S6 lwong anh 11 16 28 24 10 7 3 1
S6 lwong qua cin nhin dang 0 16 56 72 40 35 18 7
+ ... Phuongphap (1) 0 16 57 72 42 33 18 7
S0 qua da i
nhén dang Phuong phap (2)' . 0 16 53 65 39 29 14 5
Phwong phap bién doi Hough Circle (3) 0 16 53 54 27 23 10 4
$6 qud nhan Phwong phap (1) 0 16 56 70 38 32 17 7
dang dl'm;g Phwong phap (2) 0 15 54 64 37 28 14 5
: Phwong phap bién doi Hough Circle (3) 0 16 51 48 25 21 10 4
T thong ké ¢ Bang 1 ta thay trong tat ca cac s0 qua nhan dang dang nhi€u hon han so voi
truong hop, dac biét, d6i v6i anh cang phtc tap (s6 phuong phap bién déi Hough Circle. Ngoai ra
qua can nhan dang nhleu) thi sy vuot trdi cia 2 phuong phap nhan dang dwa trén khong gian két

phuong phap dugce d& nghi cang thé hién 13 so véi
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tia mau r-g ciing cho két qua hira hen hon so véi
phuong phéap phan tich mau sac.

Két qua so sanh tong hop hiéu qua coa 3
phuong phap dugc trinh bay nhu trong Bang 2.

Do chinh xé4c tong hop ctia quéa trinh nhan dang
theo cac phuong phap phan tich hinh dang dua trén
cac khong gian mau khac nhau dugc dé nghi c6 do
chinh xac lan lugt 13 96.7% (phuong phap 1) va
88.9% (phuong phap 2) vuot troi hon hin so véi
phuong phap bién dbi Hough Circle chi 1a 71.7%.
Tom lai, cac két qua phan tich va so sanh & Bang 1
va Bang 2 chi ra rélng phuong phap phan tich hinh
dang do chung t6i dé nghi t6t hon han hudng t1ep
can theo phép bién d6i Hough Circle va huéng tiép
can dya trén miat phang két tia mau r-g cho két qua
t6t nhét.

Bang 2: Két qua so sanh téng hop do chinh xac
ciia 3 phwong phap nhan dang

S6 lwong anh 100
S6 lwgng qui cin nhan dang 244
. SO qua d3 nhan dang 245

Phu’or?lg) phap S6 qua nhan dang dung 236
Do chinh xac (%) 96.7

. S0 qua da nhan dang 221

Phu’or?zg) phap S6 qua nhan dang dung 217
D§ chinh xac (%) 88.9

Phuong phap S6 qua dé nhan dang 187
Hough Circle SO qua nhan dang ding 175
(3) D§ chinh xac (%) 71.7

4 KET LUAN VA HUONG PHAT TRIEN
4.1 Kétluan

Trong nghién ciru nay, chung t6i da dé xuat mot
giai thuat xur 1y anh hiéu qua dé phat hién, nhan
dang va udc lugng vi tri ciia qua ca chua chin trén
cay cling nhu khoang cach tur tim qua ca chua chin
duogc xac dinh dén hé thdng quan sat. Két qua cua
nghién ctru nay c6 thé 1a tién dé cho viéc thiét ké
robot hai trai ca chua chin ty dong. Cac két qua
thuc nghi€m va so sanh d¢ chinh xac cua phuong
phap cho thay phuong phap mit phiang két tia mau
r-g két hop voi ky thuat phan tich hinh dang 13 cho
két qua cao nhét (96.7%). Vi vdy, c6 thé ap dung
cho bai toan nhan dang, dinh vi vi tri va wéc lugng
khoang cach tir hé camera quan sat dén qua ca chua
chin trén cay.

4.2 Huoéng phit trién

Trong tuong lai, ching toi s& tién hanh nghién
cliru, phan tich, so sanh phuong phap dé xuat, cai
tién giai thuat dé giam thoi gian xu 1y cling nhu
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tang hiéu qua nhan dang. Pong thoi tién hanh thiét
ké va thir nghiém mo hinh robot tur ddng hai qua ca
chua chin trén cdy va c6 mé rong phuong phap dé
ap dung cho cac loai trai cay khac.
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