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Tom tit:

May anh ToF thwong dwge biét dén 13 may anh chup anh pham vi, 12 mdt thé hé cam bién méi ra doi. Cac thiét bi
nay phit hop cho viée do khoing cach tir thiét bi dén vét thé véi toc do khung hinh cao, dwoc sir dung ngay cang
phé bién dé thu thap dir liéu 3D cho cac ing dung robot hay k§y thuat ngwoc. Trong bai bio nay, cac tac gia trinh
bay mét phwong phip hi¢u qua dé quét cac bé mit phan xa sir dung Kinect v2. Phwrong phap nay dua trén nguyén
tic cia thuat toan ICP. Trong qua trinh quét cia Kinect v2, dim mﬁy diém thu dwoc thwong khong hoan chinh, no
bao gom cic ving trong dir liéu. Nghién ciru nay s€ giai quyet van daé vung trong dir liéu bang cach thu thip dam
may diém theo nhiéu huwéng khac nhau. Méi dam may diém sé gan v6i mot hé truc toa do khac nhau. Sau do, tit ca
cac dam may diém sé dugec can chinh va Kkét hop bang thuit toan ICP. Két qua thwe nghiém cho thay hiéu qua cia

phuong phap da dé xut.

Tir khéa: bé mit phan xa, dam mAy diém, Kinect v2, qua trinh quét 3D, thuit toan ICP.

Chi s6 phén logi: 2.3

Pit van de

Trong vai thap ky gan ddy, qué trinh s6 hoa hinh dang
clia cac vat thé (viét tit 1a tai tao ba chiéu - 3D) da dugc
mg dung rong rai trong nhiéu linh vuec, tir giai tri toi cong
nghiép. Muc tiéu 1a thu thap dir liéu 3D cia timg diém trén
bé mit vat thé, toa do 3D, do sau va véc to phap tuyén.
Thong qua mot trinh tu thuc hién cac cong viéc trong qua
trinh téi tao 3D (mo ta trong hinh 1), mo hinh 3D ctia vat thé
duogc tai tao [1].

Thu thap Tlen Xt Phan Phu hgp Tao )

Hinh 1. Trinh ty thuc hién tai tao 3D.

Lién quan dén cac tmg dung trong linh vuc ché tao may,
viée tai tao 3D nham muc dich trich xuat thong tin tir dit lidu
thé dugc thu thap dé tai tao phién ban gén nhét ctia méd hinh
CAD tham s6 phu hop véi thiét ké ban dau cia ddi tuong.
Trong budc “Thu thép dir liéu” (hinh 1), cac két qua kha
quan thuong dugc thuc hién vdi cac may quét 3D thuong
mai, tuy nhién gia thanh cua ching qua cao, khong phu hop
v6i cac doanh nghiép vira va nhé. Puoc ra mit vao nim
2010, Microsoft Kinect (viét ngén gon la Kinect v1), thiét bi
quét 3D gid ré, da sir dung cong nghé anh sang ciu trac dé
thu thap di li€u do sau. Phién ban thir hai ctia Kinect duoc
phat hanh vao nam 2014, gitp cai thi¢én do chinh xac cua
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phép do d¢ sau. Kinect v2 ap dung k¥ thuét thoi gian truyén
song (ToF) dé thu thap dir liéu do sau. K¥ thuat nay ciing
gitip dat dugc thong tin do sdu véi do phan giai tt hon trong
khi han ché nhiu tir cac nguén bén ngoai [2]. Pay chinh la
tiém nang 16n trong viéc sir dung Kinect v2 cho viéc thu
thap dit liéu trong qua trinh tai tao bé mat 3D.

K& tir khi xuét hién, Kinect da 1a mot d6i tuong cho
nhiéu phuong phap da dugc phat trién véi hy vong dua ra
danh gia k§ ludng vé d6 chinh x4c ctiia nd. Mot mé hinh toan
cho dit liéu d6 sau thu thap tir Kinect da duoc dé xuét [3].
Trong d6, mot nghién ctru sdu vé anh hudng cua cac tham
sO dén do6 chinh xac cta dir liéu do sau thong qua phén tich
sai 86 1y thuyet da duogc gidi thiéu. Dé tinh toan di liéu 3D,
céc tham s6 noi va ngoa1 cta qua trlnh hidu chuan, ching
han nhu tiéu cy, diém goc, h¢ s0 méo ong kinh, chiéu dai co
s& va khoang cach mau tham chiéu dwoc str dung trong mo
hinh di dugc dé xuét. Két qua thi nghiém da ching minh
rﬁng, sai sb ngau nhién cua dir liéu do do sau ty 1¢ thuan voi
su gia ting khoang cach giita may anh va dbi tuong do.

Mot danh gia toan dién vé Kinect v2 cho muc dich tai tao
3D da duoc thuc hién bdi Lachat va cac cong su [4]. MOt sb
thi nghiém di gop phan lam ndi bat cac sai s6 phat sinh tir
moi truong va cac thudc tinh cua vat thé duoc chup, ciing
nhu cac sai s6 lién quan dén ban than thiét bi. Qua nhimng
danh gia nguon gay sai s6, hiéu chuan hinh hoc ciing nhur
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Abstract:

ToF cameras, also identified as range imaging cameras,
are a recent generation of sensors. As they are desirable
for measuring distances to objects at a high frame rate,
such sensors are increasingly used for 3D acquisitions,
and more generally for applications in robotics or
reverse engineering. In this study, the authors presented
an efficient method for reflective surface scanning using
Kinect v2. The approach is based on the principles of
the ICP (Iterative Closest Point) algorithm. During the
Kinect v2 scanning, the obtained point cloud is
incomplete and includes flying pixels. The authors
solve the flying pixel problem by capturing point clouds
as multiple viewpoints. Each point cloud belongs to
each coordinate. Then, all of the point clouds must be
aligned and combined using the ICP algorithm. The
experimental results show that the quality of the method
is significantly improved.

Keywords: ICP algorithm, Kinect v2, point cloud,
reflective surface, 3D scanning.
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d6 sau da duoc thuc hién dé lam giam anh hudng cuia sai )
dén d6 chinh xéac cua Kinect. Cudi cung, bé mit 3D cua mot
manh khao ¢6 di dugc xdy dung, qua d6 chimg minh dugc
kha nang ung dung va d6 chinh xac cua may anh Kinect
trong viéc tai tao mo hinh 3D cua cac vat thé.

DPéi v6i cac hé théng su dung nhiéu Kinect v2, mot
phuong phap méi da dwoc phat trién boi Yang va cong su
[5] dé cai thién d¢ chinh xac trong do d¢ sau. Cong trinh
nay tdp trung vao viéc danh gia do chinh xac d sau cua
Kinect v2. So voi Kinect 1, hiéu ning trén phan cimg theo
cac tham s6 ky thuét da ban hanh duogc trinh bay k§y ludng.
Nhiéu thudc tinh quan trong ctia may anh Kinect v2 sir dung
trong thuc té dugc nghién ctru, nhu phan b tinh chinh xéc,
d6 phan giai d6 sau, entropy d6 sau, nhidu tai giao tuyén cia
cac bé mit ciing nhu nhidu ciu trac. Cac két qua gop phan
thuc hién cac thi nghiém kiém tra va dua ra do chinh xac
tt cho Kinect v2 sau khi xac dinh vi tri d6i tugng trong cac
khu vuc phu hop.

Ciing trong nghién ctru trudc day ctia nhom tac gia [1],
anh huong cua tinh phan xa trong qua trinh thu thap dir liéu
3D da dugc trinh bay. Ba mau vat liéu da dugc nghién clru
la nhom, thép va nhua. Qua thi nghiém cho th?iy, anh hudng
clia tinh chit bé mat déi twong dén qua trinh quét sir dung
Kinect v2 1a rat rd rang. Chinh vi vay, trong nghién ctru nay,
phuong phap nham giam tac dong cua phan xa bé mat déi
tugng duoc quét dbi voi sy hinh thanh ddm may diém trong
qua trinh tai tao bé mat 3D cua cac chi tiét co khi s& duoc
dé xut va danh gia.

Noi dung nghién cifu

Thu thip di ligu ddm may diém

Kinect v2 bao gdm hai méay anh, 1a may anh hong ngoai
(IR) va may anh RGB. Trong thiét bi nay ciing c6 ba ngudn
anh sang IR, mdi ngudn sang tao ra mot song duge didu ché
Vi bién d6 khac nhau. Thong sd k¥ thuat cua thiét bi dugc
minh hoa trong bang 1.

Bing 1. Thong s6 ky thuat ciia Kinect v2.

Do phan giai may anh RGB 1920x1080 pixels

Do phan giai may anh IR 512x424 pixels
Ty 1¢ khung hinh Dén 30 Hz

Thi truong may anh IR 70x60 do

Thi truong may anh mau 84x54 do

Pham vi lam viéc Tir 0,5 dén 4,5 m

Pé xéac dinh gia tri 6 siu, Kinect v2 sir dung cong nghé
ToF quang. Dua trén két qua do thoi gian dé song anh sang
truyén tir ngudn sang hdng ngoai dén vat thé va sau dé quay
tré lai may anh hong ngoai, gia tri d6 siu sé& dugc xac dinh
(hinh 2).
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Ngudn Péi tugng
sang QU - - _ _ _

Hinh 2. Nguyén ly lam viéc ToF.

Goi d 1a khoang cach tir Kinect v2 dén vat thé, duva trén
anh sang da diéu ché, sir dung hé théng ToF gian tiép thay
vi do tryuc tiép thoi gian di chuyén, do 1éch pha Ag giira tin
hi€u phat va tin hi€u thu s€ dugc do. Khoang cach udc tinh
d dugc tinh theo cong thirc sau:

_4be

47rf

trong d6: /1 tan s6 diéu ché, ¢ 1a tdc do anh sang trong
khong khi.

(1)

Mbi méy anh Kinect v2 déu c6 cac tham sb ndi riéng phu
thudc vao cam bién va dng kinh. Céc tham sb nay di dugc
hiéu chinh tai nha may va luu trit & by nhd trong cua thiét
bi. Sir dung cong cu Kin2 [6] phat trién trén Matlab, cac gia
tri ciia tham s6 ndi dugc sir dung trong bai viét nay duoc thu
thap va hién thi trong bang 2.

Bing 2. Cic tham s6 ndi ciia may anh IR.

Tham s6 ndi Gia tri (Pixels)

F, 362,8785
D¢ dai tiéu cu

F 362,8785

g C 253,8325

biém goc

C, 204,4191

K, (2") 204,4191
Do méo N
huéng kinh K, (4% -0,2698

K, (6" 0,0888

Céac ban dd do sau cua ddi tuong sau do duoc chuyén ddi
thanh cac dam may diém 3D sir dung céc tham b nodi cua
may anh héng ngoai, dit liéu do sau thu dugc va mo hinh
may anh theo quan h¢ hinh chiéu phéi canh. M&i diém anh
p(u,v) trong ban db d6 sau duoc chuyén d6i thanh mot diém
P(X,YZ) trong khong gian thyc va biéu dién boi dam may
diém 3D, trong d6 gdc toa d6 ctia dam may diém duogc tao
ra dat tai vi tri may anh IR cua Kinect v2. Cactoaddo Xva ¥
cta diém P twong (mg véi timg diém anh p trong ban do do
sau va dugc tinh bang cac cong thirc:

u-C

x=2"% 4 @)
Y_u—Cy 7
=% (3)
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trong do: Z la gia tri cuong do cua diém anh p(u,v) trong
ban d6 d6 sau.

Ghép dim may diém bi viing phdn xa

Qua thyc nghiém va cong bd cta nhom tac gia [1], dam
may diém thu duogc cua cac vat liéu c6 hé sd phan xa bé mit
16n nhu nhom s€ cé nhitng vung khong cé dir li¢u (flying
fixels). Co thé nhan théy réng, phan xa bé mat phu thudc vao
goc chup cua dbi trong. Cac ving khong o dit liéu trén bé
mat thu dugc c6 lién quan dén goc giita tia sang IR chiéu tir
ngudn sang va goc thu ciia may anh IR. May anh Kinect v2
chup dugc cac vung khac nhau cia dbi tuong, dung duoc
toa do thanh ph?m, sau do téng hop thanh cac toa do toan
thé. Cac dam may diém ctia ddi tuong s& dugc ghép, ving bi
phan xa ciia dam may diém nay s& duoc bu v6i ving khong
bi phan xa & ddm may diém khac. Dé ghép cac dam may
thanh phan thanh mot dam may cua dbi twong hoan chinh,
viéc can lam 1a phai lya chon sao cho vung bi phan xa & dam
may diém nay tring voi mot ving khong chiu anh hudng
cua phan xa bé mit & mot dam may diém khac.

Khoé khin 16n nhat trong viéc ghép cac dam may di liéu
thu dwoc chinh 12 mbi lan quét dugc thuc hién trén mot hé
toa do khac nhau. Trong mot so truong hop, dbi twong duoc
di chuyén dén céc vi tri khac nhau trong sudt qua trinh quét
va duoc kiém soat boi may tinh. Khi d6 yéu cau két qua thu
duogc tai cac vi tri quét khac nhau phai c¢6 cung do chinh
xac. Day 1a truong hop khi d6i tuong dat trén mot ban xoay
hoac dich chuyén tinh tién va duoc diéu khién béng may
tinh. Trong bai bao nay, thuat toan ICP [7] dugc sir dung dé
ghép hai dam may diém. Gia sir hai ddm may diém 1an luot
duogc goi la D va M, déng thoi s6 diém thude D va M tuong
ung la N va N . Cong thirc cua phép chuyén d6i hé toa do
nhu sau [7]:

D=R-M+T )

trong . d6 R va T lan luot 1a ma tran quay va ma tran tinh
tién can tim dé hai ddm may diém c6 thé ghép véi nhau véi
sai s6 duoc tinh theo phuong phap binh phuong cuc tiéu
sau:

E(R,T):%”(R-M,. +7)-D [ 5)
i=1

trong do (M,D) 1a cap diém twong dong v6i nhau trong hai
dam may diém. Gitt nguyén gia tri M, diém tuong dong D,
dugc tinh theo cong thirc dudi day:

M, —argmm” R-M, +T -D ”

ke{1,2,.Np}

(6)

Quy trinh thuc hién ghép dam may diém bu ving tréng
dit liéu do phan xa bé mait str dung thudt toan ICP bao gom
céc bude: chon cac diém tuong dong trong dam may diém
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tham chiéu; lién két cac diém nay boi diém lan can gan nhat
v6i nhitng diém twong dong trong dam may diém tiép theo;
wéc lugng cac ma tran quay va chuyén vi trong phép chuyén
doi sur dung thuat toan ICP; st dung cac ma tran uéc luong
R va T di x4c dinh ¢ trén dé chuyén doi diém giita hai dam
may diém; ldp lai cac budc trén cho dén khi cac diéu kién
dung cua thuat toan ICP dugc dap tng.

Két qua va thao luan

Mo td thi nghiém

Muc dich cua thi nghiém 1a nhdm khao sat kha ning cua
phuong phap ghép dam may diém bu vung trong dir li¢u
trong viéc giam anh hudng ctia phan xa bé mat. Két qua cua
thi nghiém s€ dugc danh gia thong qua hai yéu to, thur nhat
12 hinh dang ban dau cua vat mau c6 dugc bicu dién rd rang
qua cac diém thu duogc hay khong va thtr hai 1a mat do diém
trong di li¢u ddm may diém bi anh hudng nhu the nao.

Dé thyc hién khao sat ghép dam may diém bu ving tréng
dit liéu, mot chi tiét vat liéu nhom c6 kich thude 120x120x 14
mm dugc gia cong trén may phay CNC Manford MCB-850.
Phan mém KSCAN3D dugc sir dung dé thu nhan dir lidu
cac dam may diém. Sau do, viéc ghép dam may diém theo
thuat toan dé xuit ¢ trén s& duoc trién khai bang chuong
trinh may tinh bang ma Matlab.

Thi nghiém duoc tién hanh lan luot vai 4 vi tri theo dich
chuyén tinh tién, minh hoa trong hinh 3 va 36 vi tri theo
dich chuyén quay, minh hoa trong hinh 4. Trong qua trinh
chuyén dong, cac vat mau duoc dat trén hé théng co khi hd
tro nham dam béo sai 1éch vi tri 1a thép nhét ¢6 thé sau mdi
lan vat mau dich chuyén.

Hinh 3. H¢ théng hd tro qua trinh thue nghiém theo dich chuyén tinh
tién.
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Hinh 4. H¢ thong co khi hd trg qua trinh thu thap dir liéu theo dich
chuyén quay.

Két qud va dinh gid

Sau khi thu nhan dugc toan by 4 dam may diém & 4 vi
tri khao sat theo dich chuyén tinh tién, trudc khi ghép, cac
dam may diém dugc loc boi khdi loc 130x130x10 mm dé
loai bo cac diém ¢ mit phing tham chiéu va méi truong
xung quanh. Két qua ghép dam may diém bu ving trong dir
liéu khi vat mau dich chuyén tinh tién duwoc minh hoa trong
hinh 5. P4m may diém nay thé hién kha rd hinh dang ban
dau cua vat mau. Qua so sanh voi cac ddm may diém 6 4 vi
tri khao sat truéc khi ghép, cac ving trong dit liéu ¢ khu vuc
trung tim ctia bé mat quét tai cac dam may diém khac nhau
da duoc bu 13n nhau.
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Hinh 5. Pam may diém sau khi ghép dé bu vang trong dir liéu theo
dich chuyén tinh tién.
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Déi véi dich chuyén quay, sau khi thu nhan dugc toan
b6 36 dam may diém, cac dam mdy diém nay ciing dugc
loc twong ty nhu trong dich chuyén tinh tién. Két qua ghép
dam may diém bu ving tréng di lidu theo dich chuyén quay
duoc bleu dién ¢ hinh 6. Pam may diém nay con mot sd
ving tréng dit liéu & khu vuc trung tdm va chua thé hién rd
hinh dang ban dau cua vat mau. Nguyén nhan 1a do mdi vi
tri khao sat cach nhau 10° nén qua trinh s6 hoa khong thu
thap du dir liéu can thiét.
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Hinh 6. Pim miy diém sau khi ghép dé bu ving trong dir liéu theo
dich chuyén quay.

Nhu vay, viéc dang ky dam may diém dé bu ving trong
dit liéu s& phu hop véi qua trinh sb hoa bé mat khi cac ving
tréng di liéu khong qué 16n, cac viung tréng khong ¢ bién
gi6i ciia bé mat. Hon nita, phwong phap ghép dam may diém
thyuc hién tinh toan trong thoi gian khoang 5 phuat cho qua
trinh ghép ddam may diém. Néu chi tiét c6 kich thude 16n,
mat d6 diém tang 1én, thoi gian tinh toan s& ting rat nhanh.
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Vi vay, co thé ap dung cac thuat toan xac dinh bién dang
ctia vung tréng dit liéu dé giam thoi gian tinh toan trong qua
trinh ghép ddm may diém.

Qua két qua thuc nghiém cho thay, phuong phap ghép
dam may diém bu ving trong dit liéu do bé mit phan xa ciia
san pham co khi sau gia cong cit got gay ra trong qua trinh
quét 3D bang thiét bi Kinect v2 cho két qua kha quan. Cac
dam may diém sau khi ghép déu thé hién rd hinh dang ban
diu cua vat mau. Dong thoi mat d6 dam may diém sau khi
ghép ciing tang 1én dang ké. Nham danh gia hiéu qua cua
phuong phap di d& xuat & trén, trong nghién ciru tiép theo,
chc tac gia s& thuc hién so sanh v6i mot s6 phuong phap
giam anh hudng cua phan xa bé mat khac.

TAI LIEU THAM KHAO

[1] V.-B. Bui, T.-L. Banh, and D.-T. Nguyen (2019), “Improving
the depth accuracy and assessment of Microsoft Kinect v2 towards a
usage for mechanical part modeling”, J. Korean Soc. Precis. Eng., 36,
pp.691-697.

[2] H. Sarbolandi, D. Lefloch, and A. Kolb (2015), “Kinect range
sensing: Structured-light versus time-of-flight kinect”, Comput. Vis.
Image Underst., 139, pp.1-20.

[3] K. Khoshelham and S.O. Elberink (2012), “Accuracy and
resolution of Kinect Depth data for indoor mapping applications”,
Sensors, 12, pp.1437-1454.

[4] E. Lachat, H. Macher, T. Landes, and P. Grussenmeyer (2015),
“Assessment and calibration of a RGB-D camera (Kinect v2 Sensor)
towards a potential use for close-range 3D modeling”, Remote Sens.,
7, pp.13070-13097.

[5] L. Yang, L. Zhang, H. Dong, A. Alelaiwi, and A. El Saddik
(2015), “Evaluating and improving the depth accuracy of Kinect for
Windows v2”, [EEE Sens. J., 15, pp.4275-4285.

[6] J.R. Terven and D. M. Cérdova-Esparza (2016), “Kin2: A
Kinect 2 toolbox for MATLAB”, Sci. Comput. Program., 130, pp.97-
106.

[7]1 K. Low (2004), Linear least-squares optimization for point-to-
plane ICP surface registration, Univ. North Carolina.



