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NGHIEN cU’U PHW'ONG PHAP XAC DINH MAT CAU TRONG DAM
MAY DIEM 3D DE PO LUWONG CHI TIET CO’ KHi

RESEARCH OF SPHERE DETECTION METHOD IN 3D POINT CLOUD FOR
MECHANICAL PARTS MEASURING

Nguyén Thi Kim Cic, Nguyén Vin Vinh
Vién Co khi, Truong Dai hoc Bach Khoa Ha No6i

TOM TAT

D6 chinh xdc ciia hé thong do sir dung anh sang cau triic phy thuéc vao thudt toan xu ly
ddam may diém do 3D, cdc thudt todn ghép anh va dung lai bé mdt chi tiét do. Trong bai bai nay, mot
phuwong phap phat hién mat cau dwoc phat trién dua trén thudt toan RANSAC. Phirong phap nay
dira trén viéc ldy mau ngau nhién trong tdp dir liéu chita nhiéu d@é xdc dinh mat cdu. Két qua thiec
nghiém chitng minh thudt toan xdac dinh mat cdu dé xudt ¢é do chinh xdc cao VGi sai 56 firong doi |
la 0.2 %.

Tir khéa: Do luong 3D; Anh sdng cau triic; Ma héa Gray.
ABSTRACT

The accuracy of a measurement system using structured light depends on 3D analyzing
point cloud algorithm, merger point clouds and reconstructed surfaces. In this paper, a sphere
detect method is developed based on the RANSAC algorithm. This method is based on random
sampling in the input dataset including noise to determine the sphere. Experimental results shown

that the proposed method has high accuracy with relative error of 0.2%.
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1. DAT VAN DE

Sau khi thu duoc dam may diém 3D
bé mit can phai duoc xir Iy bang phuong phap
thich hop dé co thé do duge chinh xac kich
thudc cua chi tiét do tir toa do cua dam may
diém.

Mot s6 phucrng phap phu hop cac mat
co ban la mat phan0 va mat ciu dang duoc
nghién ctru nhu: Binh phuong t6i thiéu, SVD,
RANSAC...Tuy nhién, méi phuong phép cd
thuan loi va kho khén riéng cho timg dang bé
mdt cu thé.

Phuong phap binh phuong toi thiéu
duoc ap dung dé phi hop véi mot mat phing,
mit cau, elip...véi dam may diém da duoc xir
Iy nhidu [1]. Néu dém may c6 cic diém nhiéu
thi két qua phu hop sé& khong con chmh xac
Bai vi phuong phap binh phuong t6i thiéu i
uu theo phan bd diém, do d6 néu c6 mot vai
diém co lap nim xa bé mit 1y tuO'n‘g thi két qua
cuia viée phu hop s& bi sai [éch nhicu so voi cac
bé mat 1y tuong.

Thuat toin RANSAC dung phat hién
mit co ban la thudt toan lap véi muc dich ude
lwong cac thong s6 cia mot md hinh tong quat
(mé hinh) ttr mot bo dir liéu thu thip duge bao
gdm ci cac diém trong tap va diém ngoai tap
[2]. Cac tham s6 tin cdy quan trong trong v1ec
thuc hién thuat toan RANSAC Ia ngudng sai $6
cho phép ¢ (la gia tri khoang cach lon nhat tir
mot diém dén mo hinh dé diém d6 con duge coi
la diém trong) va sb 1an lap lai k. Viéc xéc dinh
£ vGi timg trudng hop cu thé thuong dua trén
kinh nghiém va udc lugng thuc té.

Véi dam may diém dau vao c6 n diém,
gid sir p la xac sut thanh cong cua thuat toan
voim 1a s6 diém trong tip dé md hinh thu duoc

1a tot nhét, khi d6 xac suat chon mét diém trong
tap cua mot lanlapla b = % gia tri nay thuong
chua biét trudc nhung gia tri thé co thé duge
dua ra. Nhu vay, 5" 1a xac sudt ma m diém nam
trong tip va xdc suat xuét hién cc diém ngoai
tap 1a 7- b™. S6 lan 1dp lai k cling c6 thé duoc
ude lugng hop ly dé can bang giita két qua va
thoi gian tinh todn [3]:

_ log(1-p) (1)
log(1-p™)

Uu diém cua thuat toin RANSAC 1a
dd chéng nhiéu tét, hay RANSAC c6 thé tim
ra mo hinh thich hop v&i d6 chinh xac rit cao
trong bo dir liéu chia nhiéu nhiéu. Nhuoc diém
ciia RANSAC 14 khong c6 gidi han vé thoi gian
tinh toan cac thong sé mé hinh. Khi sd lan lap
bi giéi han, giai thuat co thé khong dwa ra duoc
md hinh t6i wu. Do do, khi thuc hién phai can
bang gitra thoi gian tinh toan va chat luong mo
hinh. Véi s6 lan lap cang ting, xac sudt thu
dugc cic mo hinh tét hon ciing ting.

Trong mét nghién ciru [4], mot mit cau
duogc xac dinh bang hai diém p,» P, va véc to
phap tuyen tuong Umg n, va n,. Tam C cua mat
cdu 1a trung diém cua ﬁuo*ng vudng goc trung
ctia hai dudng thang: Puong thir nhat di qua
diém p, va co véc to chi phuong 1a n, va dudng
thir hai di qua diém p, va co véc to Chl phuong

la n,. Ban kinh cua mat ciu duoc xac dinh 1a

lpy—Cl+Ip,—Cl
= P2 P2 héu khoang céch tir tat ca

; i 2o ww A 5 " i
cac diém to1 mat cau nho hon mot ngudng t
duoc dua ra.

2. PHUONG PHAP XAC PINH MAT CAU
TRONG PAM MAY PIEM 3D

2.1. Phuwong phap phu hop miit ciu

Véi tiéu chuan kiéu El dugc chon dé &
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danh gia do chinh xac hé thong do sir dung
PSGC. Can xay dung thuit toan va chuong
trinh phdn mém dé xéc dinh dugc chudn kiéu
El. Nhu vay, can xac dinh ban kinh cua dam
may diém cau chuin. Dé xac dinh ban kinh R
clia mit cau trong dam may dém 3D nhu hinh
1, mdt thuat toan phu hop mit cau ing dung
thuat toan RANSAC dugc xay dung va trinh
bay nhu sau:

Hinh 1. So do thudt toan chicong trinh xdc dinh
madt cau.

V6i tap dir liéu dam may diém 3D dau
vao N ¢6 n diém, chon 4 diém A, B, C, D ngu
nhién, mot mat cau pht hgp di qua 4 diém véi
phuong trinh la:

x> +y*+z*+2ax+2by+2cz+d=0 (2)

Giai hé phuong trinh di qua 4 diém A,
B, C, D xac dinh du'orc cac hé sd a, b, ¢, d va
xac dinh dugc tim cau chuan tir viéc phi hop 4
diém trén.

Tinh toan khoang cach di tir cac diém
trong tap dir liéu N t6i mit ciu xéc dinh qua 4
diém duoc chon. Sau do, phan biét cac khoépg
cach v6i diéu kién khoang cach tir cac diém
trong tap dir liéu N t6i mdt cau phai nho hon
ngudng & xac dinh, nghia 1a di<e. Céic diém
nay s& dugc chon 1a céc diém trong tap. Néu
khoang cach 16n hon ngudng thi diém d6 duoc
coi la diém ngoai tp.
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Tinh toan sé luong diém nam trong tap
v6i j 1a bién dem cac diém trong tap. Néu so
lwong diém nam trong nh6 hon ngudng duoc
Xac dmh thi chon lai 4 diém. Néu sb lu(mg
diém nam trong tap du Ién 1a m diém hodc so6
lan 1ap thoa man cong thie (1) voi xac xuét p
duogc chon 1a 95% thi ket thie vong lap. Néu s6

1am lap lai vuot qua sb lan l3p t6i da k thi dimg
vong lap.

Chon mat cau ¢6 s6 diém 16n nhat. Biéu
dién mét cau di qua cac diém trong tap x4c dinh.

2.2. Xay dung thuét toan va phin mém

Phin mém pht hop mit ciu duge viét
bang ngdn ngtr C++ str dung thu vién VTK va
Open CV 3.2 thuft toan dugc mé ta nhu hinh 2.

Doc dit liéu dau vao N, sb
lan lip t0i da k..., npudng Chon va biéu dién mit cau cd

T 56 diém 16n nhit. Tinh ffa.b.c),
Chon 4 diém ngau nhién &, 51D

A B C DtietapN *
50 lugng diém
trongtipj =2 m

¥
Phu hop mot mat cau

Nde dinh cic diém trong
tap

i

di qua 4 diém va xdc
dinh tam 7

Tinh khoang cich d,

Hinh 2. So do thudt toan xdc dinh mat cau.

Sau khi thu dugc mot mit cau tot nhat
di qua ddm may diém déau vao, toa do tdm cua
mat cau I(a,b,c) duoc xac dinh. Ban kinh thuc
cua mat cau la khoang cach R tir m dlem nim
trong tép dir liéu dén tam 1 cua mit cau, d6 léch
chuén STD duoc xac dinh bing cong thirc:

m

R= 3R G)

1

STD = iZ(R,.—ﬁ)z @)

mo
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3. THUC NGHIEM VA THAO LUAN

Thuc nghiém xéac dinh d§ chinh xac
cua thuét toan phat trién duoc thuc hién khi
do mit ciu véi ban kinh mit cau thuc 14n luot
la R =25,012 mm va R,;=36.497 mm. Tap dix
li¢u dam may diém 3D “déu vao thu duoc khi
do bang phuong phip do str dung phuong phép
dich pha két hop ma Gray mé hinh thuc nghiém
da dugc xay dung trong cong trinh [5]. Ddm
may diém 3D cua chi tiét mit ciu dugc phu hop
vOi cac mat cau chuén st dung phan mém phu
hop mat ciu duoc xady dung nhu hinh 3 va 4.

Hinh 3. Xac dmh mat cau qua dam may diém qua
cau béan kinh =23 (mm)
a) Dam may d‘:em qua cau do;
b) Do ban kinh mat cau.

Két qua do ban kinh chi tiét dang cau
v6i s luong diém anh 3D 1a 5572, khoang cich
trung binh tir mat cau chuan tdi mdt cau thuc la
0,030 mm, ban kinh qua cau do duoc 1a R,
25,069 mm, do lach chuan 14 0,068 mm.

Hinh 4. Xac dinh mat cau qua dam may diem qua
cau ban kinh R,=36.50 (mm):
a) Dam may diem qud cau do;
b) Po ban kinh mat cau

Két qua do ban kinh chi tiét dang cau
v6i s6 lugng diém anh 3D 12 8426, khoang cach
trung binh tir mat cau chuan téi mit cau thuc la
0,073 mm, ban kinh qua cau do duoc 1a R, =
36,354 mm, d6 léch chuan 1a 0,054 mm.

Thyuc nghiém cho thay thudt toan xac
dinh mdt cau dugc dé xuat c6 do chinh xac cao
V01 sai sO tuong doi 16n nhat 1a 0,2 %.

Sau khi xac dinh dugc tiém ning cua
thuat toan RANSAC, ching téi da phat trién
mot s6 phan mo rong va danh gid véi cac mo
hinh mat cau. Phuong phap xac dinh mit cau
dé xudt khong bi anh hudng béi nhidu va cé do
chinh x4c xéc dinh mat cau cao. <
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