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Microsoft Kinect-based Indoor Building Information Model Acquisition
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Abstract

This paper investigates applicability of Microsoft Kinect®, RGB-depth camera, to implement a 3D image and spatial information for

sensing a target. The relationship between the image of the Kinect camera and the pixel coordinate system is formulated. The

calibration of the camera provides the depth and RGB information of the target. The intrinsic parameters are calculated through a

checker board experiment and focal length, principal point, and distortion coefficient are obtained. The extrinsic parameters regarding

the relationship between the two Kinect cameras consist of rotational matrix and translational vector. The spatial images of 2D

projection space are converted to a 3D images, resulting on spatial information on the basis of the depth and RGB information. The

measurement is verified through comparison with the length and location of the 2D images of the target structure.
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Kinect(RGB-Depth Camera)& &-&3t Au 33 Ax =ZdABIM) g5

B 2bslk= A7k A4 LiDARS Kinect v2(Yulu, 2017)E
AR, MicrosoftAke] Kinect v2& v1e] $& Hdz
AAel Aebd 9 54 7k RS AR mdoty, 22vt
Mol B4 ERJAE AAE A8t Kinect v2& ¢ Hloll B
&l HolHE 4& o lom AAo] $-ata 22to] g
sttt Bgk 4.5m7kA] 9 2ol A B H5o] 7hsdta gu] e o]
EAo] TEHol7] wie] A TG E B X FH E50]
golslth. o]#3 Kinect v2& AHE3l RGB, Depth 3t
(67H4 3R #3R) S g5oka A3 d

2Ql, 3D it FHE P WHEY A7l s
ﬂ?_?'{“ﬂr

2. Kinect MM 22|

2.1 3241 &4 #v] Kinect v2

Kinect v2= RGB 7H8}, IR(infrared) Emitteret IR
FHEtE +AE B AX2A Zlo] HHe} onx] P 3344
R E o¥E 4= JdE 7HElelt). Fig. 1(a)E Kinect v29
- rn&oly (b)+ Kinect v22 WY B&o|t}.

(a) Kinect v2 external model

RGB Camera IR Camera IR Emitter

(b) Kinect v2 internal model

Fig. 1 Kinect v2 entire model

Table 1 Kinect v2 configuration

Kinect v2

Depth measurement TOF (time of flight)

Resolution(color) 1920x1080(pixel)

Resolution(depth) 512x424 (pixel)

FOV(color) 84.1°%53.8°
FOV(depth) 70.6°X60°
Working range 0.8m~4.5m
Sensor resolution 0.004m~0.02m
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Kinect v2& 2454 Wis AMgste Fde] #A3E
A5, 4 @91 ®9] S-S 23eke 449 ojvAl=
22t A 2o A 3244
Kinect v22] #4& Table 13} 2t}

2.2 Kinect v2 RGB 7}v2}

Kinect v29] RGB 7Hgl= gukzQl #E 3
2= shte] Fhrete] ofs] BARE 3x+d sh3tolA] 2
FHE RO wjg & I3 HEE oA HHoE FA] T3 3
o= 7} kgl 2F gk oA = AzA ] A wE ofnlA|
3 T% o] aelE|ofof g},

o)

camera coordinate

P(Y.Z)
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im p(x, y)
“9€ plane

Fig. 2 RGB camera
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FetE ek 7% et ol ek vE, Q2 WS
X0 2 AAatH(Fig. 2). Fig. 2& 2049 &% P, Y,

2) st on|A| el LA (z,y) 3 oA B HE pla,y),
ojnlA] el HA A AH (u,v) = YR o71A fe
Az FAF} owAZA 9 Azlolty, Bz, yy= ©PIA
H(z,y) 2t FA 232 A (u,0) 9] olAARE Ue
m el HE P(X, Y, 2)°l W88kl on|A|7}
3= omAl W pla,y) Aol WA= &2 2ol v
e 4= Sltk(Dal, 2013).

fiZ=x:X, f:Z=y: YV 1)
oA714), BAH AR 349 HuolH] ojulx] B 2741e)

a4 HET e F AEE WASAR A% ol
mm% 4 £F sfefalor vl ol 9Aa) k(HA Lol
A% (um])E AL Matlab® ol 48] 2158 04 2
oA olnl ) AE A7 L HA HE A4 o|HAe
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B kay, ky,= A 784 (de—centering parameter)
gty fEgh om|x] wle] A HHE (u,v) e B u=
(z4z,) 2 v=k(y+y,) = JEPE & 21 (1)< B3l
Theah ol 2] (2)= vepd 4 gt

k)

2= 0
gl

i

X Y
u=k:f?+kxo, v=kf7+k:y0 (2)

wabs, 339 F3F FHE P(X, Y, 2) 9 234 o|n|A] A
FHE (u,v)E 2 (DT 2] (25 EXE a3 22 3412
o= vepd & gl

U kf 0 kzy| [ X]
Z\v|=10 kf ky, { (3)
1 00 1]LZ

2.3 Kinect v2 IR 7}t

Kinect v29 IR 7higle 7iMgte] A (IR emitter)
o=2XH =9 W o R AeHE Huo] FAlEE
gkl SPEARAEE AgE AlLtslE TOF (time of flight) <}
7hellet = o Alele] G HHE &St 2] JHE F=
st 2 Q. HA Al 28-S ARSTH(Fig. 3). 193 2ol 7}
7t Y s e A JEE §9 IR T
221 vl gk 2 ZA P HE AT Lembit, 2016).

IR camera IR emitter
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Fig. 3 Stereo vision system
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2015). Matlab®] pcfromKinect ¢
o[z ¢} RGB o|W|A|& EHZE 24 (S)ET B < IR 7M1
2he] F7ake] ¥ S RGB 7] Bt Ax e Wk
gt o] W F Fpleks 98 Ao "ol glow 7}
7Hlet A5sks oA #3E7F XA et webA
T olnAe] #xE DAATIE [RIT]E ol851 IR o|w]A] 9|
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KXren Xir
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RGB Ol moﬂ “‘741 %‘ IR oln|x e 27t FEE T
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RG
Upen = kf rep——— T +’Wo RGB (7a)

Ve = kfrar——— Z ‘nyo RGB (7b)
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AARE (checkerboard) A% (Fig. 4)& B3 #A< #&
=& tHMichael, 2016). Matlab®] calib gui &+E
AHgEle] A8E Wgsielon tekdt AR e o ol
AARE o|u]x) & 53 £ =Rellde & 1782 A7
HE olnz|e] 918719 HEES FEstn skl 4 %

ste) MnE Fo W GEL FHAL.

Fig. 4 Intrinsic parameters experiment using
checkerboard

HEG omA|ellA] B2 AARE=] HA (a, y) Axe

Pooer =z y 1178} 39, AARES] Y ZES F4ek=
lekel 39 (o) ARE Py, = [:cyl]TE‘r g}, mg
szedcerq Py BAZ YEE 842 ret Holeiy &
HHEE Per =100 Pyg) = EL 5 A0k 0] W) 0=
Poeir ¥ Piegen 019 BN, = 22 S A43} o5
= A ()= ALt 918l Matlabel go_calib_optim

U2 g 438 dgeisien A=t o2 u
2] (8)= ol&all 7 7hleke] Aol uiF ¥ ghg =3Il
[&}: arg;nln ! Z{ ” dwdwer P(hed«er’ a) H 2] (8)
AS Fall 4 RGB 7Hleket IR 7hvleke] #2 e
Table 29} 2t 7] 7hizte] Y- ¥ A2 7]%6}134
kf 0 kxo
K=10 kf ky,| ©1cH(Smisek, 2011). =3+ Z+ Fhvlgte]
00

1
oJRIAE EeA i) SaiAE et 2ol WA
9 g4 Az 92 wgo] EetEolol g,

Table 2 Kinect v2 intrinsic parameters

RGB Camera IR Camera
f 1055.14 357.65
ka, 953.66 255.79
ky, 535.22 209.97
d, 0.0724 0.0930
dy -0.1087 -0.2339
dy 0.0817 0.1077
I 0.0007 -0.0010
Dy 0.0030 0.0004
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Kinect v2&] W& ¥59] 3t & 9= B4 AL d,, d,,
dy (AR A= AT, py, p, A dF AF)E ARSI
RGB ©]v]A|¢} IR o|n]Aol| BAel= gl A4S Bt

A9 ARsdct

w0
o
Lo

3 9s 2y

RGB'IR o|n|A]9] #& BA | AHE = 7hre} & fee
7} #FA Aolo] Wik BAE Arshe MTFEA 7 FHE
Atole] 314 Bl HolF Wgto g FHAT oF W H5S
¢jal RGB 7Hiletet IR 7Hete] Wi WS 2= AR86t

Fom Matlab?l stereo gui S ALgste] T A
Atole] AAel F4 2 PolE W (R, 1] & FZ
(Smisek, 2011).

(a) RGB checkerboard
Fig. 5 Checkerboard image

(b) Depth checkerboard

RGB ©|")Ae] AABE HEE RGB', IR °o|7AY AA
He XS R Y F FHE Alole] IAES Yehle
(R i]e &3 o] Yed 4 9l

~ »]_ argmin 1
L7 t]= [R.t] N&

1=

[H [RGB = [Rx IR'+1]1l,] (9)

dE(Fig. 5)= &l 42 F & Afol9] Attd

1 0.0005 0.0034
—0.0006 1 0.0131|2 272 »
—0.0034 —0.0131 0.9999

o2 -0.75°, yZo & 0.19°, zZ22 -0.03°U&9 A&
B35t gk HePol 5S4 (translate
vector) € t=[52.7732 —1.0308 1.3045] & RGB 7} 2t<} IR
7H2HRGB olwA|¢}k IR o|m|A]) Atele] HA] Azjrh oF
SemQl A# vl ) 5%clle] AFE Ikt
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(b) CAD 2D image
Fig. 6 Space image

(a) Entire image

A =
HAEEZ QAT F 9= RGB-Depth 7142k MicrosoftAte]
Kinect v2& ARSI e™ X, v, Z&% 3|do] 7hsdt
ManfrottoAte] 3xH= A2 E AREsle] A3-S zl3eiint.

4

(b) zoom-in image of the
dashed part of (a)

S

(¢) 3DOF TRIPOD

(a) Experimental set-up of 3D
scannig using the Kinect v2

Fig. 7 Experimental set-up of 3D scannig

7Hiet A vE 71ee® B3dste] 33k A oluAE
A58 1 & G olnAE Blasiitt. Al AHE
olmA|= IR °lvA|% RGB °WAE %
RGB °lvAE 7]&2& IR ©|]A|
A& #5535tk Fig. 8).
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(a) RGB image (b) Transforming depth image

Fig. 8 Intial image

17

oty

FFAS AR

53 RGB °lmA¢k IR nAE Hlwg 9]¢ 17
Fig. 89 (a)& 1920x1080 al¢=2] RGB oln|x]o|H, (b)&
1920x1080 &=l IR °lu]#lelt}. RGB 7Higke] FOV
= 84.1°%53.8°, TR 7Meke] FOVE 70.6°X60°2 F o|n]
A7} AE3H= oln|x|e] A7)/} B AL Flalth(Fig. 9).

(b) Depth image

(a) Transforming depth image

Fig. 9 Calibrated image

Fig. 99| (a)& 4 (5, 6, 7, 8)% o|-&3lo] 512x424¢]
32k IR F3F F:E(Fig. 99 (b))E 1920x10809] 22-¢
RGB oln]#] #xz gt Aoz (R ]S AHesle] RCB
oln|x] HEE 71FC & & IR ovA] #HEES 4 (Walid,
2017) 3kt (Fig. 10).

(b) 3D Point cloud image

(a) RGB image

Fig. 10 Combine image

zlo] Fu7t Foizl W IR o]n|A| (Fig. 9(a)) 9 71E9]
RGB °|vA|(Fig. 8(a)) & AFsIdon, cnx& 2% £
PE 3] point cloud ©PA](Fig. 10(b))E 712
A& T 6719 onAE AgetdthH(Nami. 2012). ©] =
Zo] HHEI} FoIAA] & 1920x10809] 22k IR #HEE

Kinect v2

Fig. 11 Entire 3D point cloud image
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7helete] 314 Zhe e} o|n)x] 9] 31 A S H|wsto]
Askd File] X%, v, z%9 177 R(0, 60, 00
o & 7} ou|x| & At & whEste] dEE K19
o o]2 EHE 3x9Y point cloud® YERAATH Fig.

7}‘31131'4 A FOVE QIgh vt 8l A JHE A9l g
T HRE 2 —*} a@% 23] ¥4& 339 point
cloud® 2D 7= A

(Fig. 12).
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A3 A% BH JUE BAL 98 AP Fa 7z
el vlwalsith. Table 32 7F2(gH) Zo] Tm, A=
() Zo] 7.2me| Ad4He] AA F+x2FA) <} vlugt Aoz
Bt 5% olve] extZ AgA ) F2FAe} vl AR Aol
HEEZ A5 AS I & 5 iem 7 55 AL AA
209} vl mARS o BE 3% oAe ol T 5 A

Table 3 LAB Information
Real Kinect v2
Beam 1 6.20m 6.12m
Beam 2 6.40m 6.28m
Beam 3 6.20m 6.08m
Column 1 3.40m 3.27Tm
Column 1 2.90m 2.88m

58 B

£ =74+ Kinect v2& o] &3l 32 oln|A & +d
I3 ol2 B8l B ANE YSeke PHS deraidrh

3l
wAoR Fhiete] oln|x), H4 HEA e WAES she}
o 2t svete] WYS AH o] PR} RGB HHE
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FA5stan Ade T Adl T 7k R 7ot
RGB 7Hllgt2 58 Jgwe 2709] ojn|AE A & uf 2
7hilekel FOVe| Aoz Qla) zlo] FE7}F 714 ed= RGB
ou|x]o] Y¥F-& A et o & HEe A=A HuE
3l Ao FEES Attt HFH 2R Kinect v2&
point cloud9] 71 AAI=HI}e]

2 A7E 20184% HR(TEA| &9 AQR B
QAT A9 wol FE 47147 A4 (NRF-2015
RIC1A1A01054155), 71274 (NRF-2015R1D1A1AO
1060643)4.
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