TOF IR EEE VY ERT LA A ASOMAEOEIZLIEHEEER

B A A

Ry OfM #E, o SBE), MmH fs

High precision range image generation by combination of TOF distance image sensor and stereo camera

Chuo Univ. Tomoaki Fukuda, Yonghoon JI, Kazunori UMEDA

This paper proposes a system for measuring high precision range images under various conditions by combining range image sensors with different

measurement principles. We utilize a stereo camera and a TOF (Time-of-Flight) range image sensor for our measuring system. Stereo cameras can

measure relatively long range; however, measurement errors occur frequently. On the other hand, TOF sensors can provide relatively accurate distance

measurements, but it cannot deal with under sunlight condition. In this respect, we develop a novel system that is able to generating a range image under

any environment by sensor fusion. Experiment results demonstrate that the proposed system can generate the range image accurately.

1. 8

T4, %b&ﬁ%u@f/ﬁﬁ%%énfwé.E%@%@%
MWFEFRELS 2@BVIZHTHIENTES. 1 D3NS
F L T2 YA EHEIe 5 ﬁ%bﬁ7if@ﬁ%ﬁ6ﬁ%%ﬁ%¢%
TOF (time-of-Flight) V£, & 9 —2I, AT LA ATIZRE I
%, BEOFPNEICBNT, HEEHIOS TR ThD 2 &%
FIF L CHEEZ RO DFETH D[] ZnbOE - FITHARBEH
oAy M LIS, AWBECREEDRH R SR SR
5. LIENoT, BaxREMET CIEMICHETE S Z LRERE
5. UL, MRBIBEBE0HHIE G o, FHIE e Slosn
T, FHFEZ LICHZ ST LT — U BHEETH2]. 20
X O e E RS D 72008, B ORI D o A Y,
BAXF&%Hw%ﬂ/ﬁ7; Va VERER Sh T .
HO1E, HIBNI AT EBEEE Y EHVVEREL N 72—V v
/XTA%T%LTM%M._®/X7Ai,$Wﬁ%7%ﬁ%
CEHAT G D /e A5 5 [ DN % 5B CE R VB v O RE
%ﬁ5%@f%é.L#L,%/ﬁmﬂﬂﬁéﬁﬁbfwétb

HBODOFBEEZTHLEVIBERS . AEOITFERL
/x Eﬁﬁb\tXT VAR AT EIEAL Yy R WEZHIED AT %
MAEDEY AT LAERELTNDHE]. LirL, ZOYRAT A

137 B MEME AR BREE CIXTERE R RE NN TH 5.

AR TIIAT LA S AT & TOF FEEEm & o4 2/ E b
L LIk, BMHBRESCHHIRROEITiR, BEDEW
FREEEIE R S 2 T DB RRT 5.

2. Y DEK

A2 TlE, TOF PEEEHE % & > Y & L T Microsoft Kinect v2 %,
AT LA H AF L LT STEREOLABS ZED #f# 9 %. ZED %tk
R C OIS TRETH Y, KB FChERTES. L
ML, BTS2 WERH CIEIFHIN AR EBIC R D LA N D 5.
—J, Kinect IZ ZED XV, WFAr-CH—72 30 C b mlg 7o 5HHIAS
ARECH BH. L LKL T CIEitll nTae /e BN < 720, 7R
St R LI WIIRIEEHITCE 2. TR b0 R A
BbEDHZLT, TOXIRMIEFOR Y OEFEE VA .

Fig. | &2 Oid &

RS L=V ORLE% Fig. 1 ISR, &% VO IREEEgx
ZFNZFH Kinect D IR ' AT & ZED DEH A T DEEIZHESNT
Eméné DT, ZED DEHT—A AT EFHRE L TH A
7? #E L, Kinect M IR H1 A 7 A ZED & {770 Yifili b
{4%#7 J; INZERET D.

3. voH¥ 72—y

Fig. 2 ICIETIEIC L A HEHER A Ak T 5 E CofMhze R
R %t/%ﬁ\%tﬁ%ﬁu%{é’ﬁi L7, AETREL 40D
Ty T ons. £, HEEEEGOEMIEEZT S, KIZ
m®ﬁ%®h%%%@ 2 SO BRI S & H i, %®%E?®ﬁ
1T 9. Fetkic, HEEEGQOGREITY. EERAT v 7O
A LA IR T.

Ao PEEEETG ONE A DY

2 SOREEEM{E DAL E 2B DE 572012, BBk ARk oo JEvE
Lo TWD ZED DEH T —H A THif§ & Kinect O IR 7 A T
BCEADEEITH. SIS —EOHEHEICEI N T = v
H—IR— R & WD H AT CRIFHHIRE L7 Wi 0 % 168 5o
L, EHOF = v I —A— ROXIET D a3 —F— RO EEN B R
ET T T 475K D, 2 OOMEEEEGEONEEZEDED.

B.  MREEEG OB AEMIE
ZED & Kinect (% Y#I A MIZ TN/ EICKEESNATWS. £
DIz, WY ORGSR CHRENBAET D, AEOMES
OEEIT-T%IL, Ty I—FR— RERE LI coORZET
BriZ/ed. ZED ORI 5T 5 Kinect O HhRAfHI{E L
ZEAy pixel IFIROATEREINS.
Zcp—Z

Ay = a—— 1

Zep* Z

Z% Kinect O FEHEEI{G FORRRENE, Zop(30iEADERHIHRE L
FmF =y H—Fh— RETOHHETHD. alXFZR LcmMinLEn
DIRETHZEICE o THLNIRETHD. 4, (FikanfE
1% 49,350 ToH 7. Kinect DFFREE{GEOFT X CTOMEFEE Z D
IR TYBH BB SE D 2 & T, 2 SO R o=
ERIET 5.

Correction parallax of
range image

Range image acquisition with
each sensor

Distortion correction of

range image Synthesis of range images

Range image alignment

Fig. 2 HifEi{g /R OFh



(c) Kinect v2 BRFfEmI{5
Fig. 3 FRAEMIG 5 Rl

(d) B RURE S

C.  HFBEEER DA

ZED O HEEEE{EIZ1T 9 X TOEFEIC 0~100 T I 5 aHlifE
NEESNTNS. ZOMPREVIEE, EHEHAOGEEE B
L ERRT. ZOFE R EEmER A SR A BRI T 5. 2
NETOERMNS, WO CHEHEZS SN TWDEA,
1 EIF Kinect |2 K > TR B ALZEERFE O 5 X 0 23 1EME T o - 72[5]
7o, Wik Y CHEEE 2 15 S U2 85T T Kinect O EHEEE %
BT 5. FEEHER A HO® o H OB THLNAEE, DT
BZAT 9. Kinect DA CHEEHEZ G LN E, T OMEGHKIC
i[9 %. ZED OA CHHHEA 5 LN 5E, FHESBIME %
AT GBI 2 A RRICEA L, BIELL T O b o3l &
LTCHETS. AEITMMEEZ 60 & Lz, Z O AT T O
FCEITT 5. EEEEEIG O AR % Fig. 3 (2R,

4. FHRIRER

T Y OMAE DO EEERIET B 72 DI FHU R Z 1T -
7o FHABRICIZBWA S F = v —R— Fa2d A L. R
RERIWOE, Y, 20 oRESE, BID, HRFWENDOS5@Y
TH o=, 72, R E COMEEHT 1~8m ® 1 m 4 & TE
HIL72. Fig. 4 2%V R4, B, FEHE S m ToZHIE{E
%, Fig. S ICHIEWEN, F v h—R— K, BEHE4m TOFHA

(a) ZED # T — 4

. Not acquired
to ﬁ*e match
(b) ZED Hiffe i

(a) ZED 71 7 —Hi#%

B %~ 3. Fig. 4 ©IZAHD X 912, Kinect TILimIEHECH
HEVNE COREZFTE ed o, F£72, Fig. 5 OITHD
N5E 91, ZED TF = v I—R— REFHHM L=, i~y
F UL EMEICHERHE A RS TE RWEE R b ol BID
BAIZBWT, b9 ok CEMICHEMEZ BUGTE TV
5728, BRFERTIXL Y BB 2S5 LN TE
7. T RTOEMNZE L T, Kinect DA TXRDOIEEE 215 S
723 — 12 70.0 %, ZED TIE 833 % Th o727, AkisE Tk
91.3 %D > — CHHHEZ BS 95 2 LN TE /.

5. #5

ARHFGETIL, S BBIA ST Ok R 7 IR B (4 2 RS 5
Teolz, fFFO R 5 2 SOEBE G oV AR R D'
Y7 2—Va VAT AERRELE. £, FHIERICL - TA
FHEOFEMEZR Lz, 41%1%, BIABRBICHR £ 02 a2 ¥
WiL, Z3Uis U TR OB EAST 2170 I 5RICA T
LT, FulosnEEREL, FHEELN LTS L
BT

SE XM

[1] F. Blais: “Review of 20 years of range sensor development,”
Journal of Electronic Imaging, Vol. 13, No.l, pp.231-240, 2004.

[2] Bi& AhF, Bl A, BE MF:. “XFLAAASOHD)
FAt R 2 FIH L 2 BB O A RO BHIo Ry bz s 2
NPBEEE,” 21 Fla R 74 2 2y > R 7 TR, 1C4, pp. 68-
73, 2016.3.

[3] # Bk, fAH A, @ HA, L Mk “ery7a
—YaYvIEREABBIe Ry DD BEEE S IVEETI
TRF LI, Vol.-114-C, No. 5, pp. 603-608, 1994

[4] FE BR, & A, AR ME, HIR E. CHEsETHE
DD DLAE S VAT L AEGORMEE Y 2 — IV OBF,” HA
HER S 223 SCEE, Vol.-70-C, No. 693, pp. 1371-1379, 2004.

[5] fEH He, Mgl fnd o R/ 2 G o ofa s b
WX DR ERHAL” 5518 BIFHA A BRI EA S 2T A1
T b— 3 a CE PR R ERR SCEE (S12017), 1C2-06, pp.
600-602, 2017.12.

(c) Kinect v2 {5
Fig. 5 JRE RN T O FHARE R4

(d) ARG R



