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Construction of a 100 [Hz] Sensing System of Textured Range Images
and Its Application to Three Dimensional Mapping

Hidetoshi Ishiyama*!, Kenji Terabayashi*?, Yuki Uchida*! and Kazunori Umeda*?

In this paper, a compact high-speed range image sensor that can acquire a range image mapped with a color
texture is constructed. The sensor consists of only commercially available products: a monochrome CCD camera, a
color CCD camera, a laser projector, and two optical filters. The laser projector projects 19 x 19 multi-spot lights.
Using the laser projector and the monochrome CCD camera with the optical filters, range images with 19 x 19,
totally 361 points are measured. As fast as 100 [Hz] measurement of a range image mapped with a color texture is
achieved. Additionally, a three-dimensional (3D) mapping method using the constructed sensor is introduced. The
performance of the constructed sensor and the 3D mapping method are evaluated by experiments. It is shown that
the constructed sensing system can acquire 100 [Hz] real-time textured range images and that it can be applied to
3D mapping by using range and color information.

Key Words: Range Image Sensor, Multi-Spot Laser Projector, Texture Mapping, Real-time Vision, 3D Mapping
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Table 1 Precision of texture mapping

Distance [mm] S. D. [pixel] Max. error [pixel]
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(b) Distance: 1,200 [mm)]
Fig.8 Errors between the texture coordinates obtained by the
system and spot image on the color camera image
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Fig.11 Measured objects: from left, a cube with texture, a
wooden bar, and a white cardboard box

Fig.12 Textured range images: (a) Front view, (b) Top view,
(c) Left-side view, (d) Right-side view

NTnb. HBEOADT—5 LT, 715 —7 7 AF ¥ hft
mEncTwasz e, AHEIHELTCVWLLEEXS. B, 7
5— CCD #1 A FIZHI I v b7 4 VF B EN TN D728,
NT—=T I AFXICARy METIE->TEBSS, Mmoo
WA F — B ENUR LG A W EPRENT NS,

4.5 EHEIEEOME

At v CLE L CHBFE RS S5 HiBEIL, Fig. 9 T
FEFHM % 47> T 5489 800 [mm] 25 2,000 [mm] OHFHTH -
7o, ZOHBL Y BBV E, ARy MEDHERET S AR Y b
FAZFN Y B THONZHEBURE L, BHEEAELL. 72, &
Wi, 2Ry MEDPSEEL Y, FRIAREEE 2 5.

Bl LT, Fig. 13 OsHlls — 2L, B#E% 800 [mm] 2°
5 400 [mm] FOEE Iz ZIZBONT 7 AF v AF &g
E{§% Fig. 14 |28, HigEAYE < % 21208 > CRHMIEAZE DK
EL BT L, BLU2,000 mm] &V b & bI2HEw, FHE
TERVEIMEZ TVAEZEDRENTNS.

4.6 ZRETVvELTER

RELLZRITER Y E Y P FEEHNT, HRO=ZRTY Y
Yy 7 & 7o 7 BRI S Fig. 15 (R R W2 B % 3%
Wz 1 [m? O TH L. Ly EFTHL, FASAF Y
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Fig.13 Measured object to evaluate measurement range

IR,

(b) 1,200 [mm]

(a) 800 [mm]

(c¢) 1,600 [mm)]

(e) 2,400 [mm)]

Fig.14 Textured range images at different distances

(f) 2,800 [mm]

255 E)EN LD, SEIOEHEGETR L2 2
DL ERELLTFHECLY, HEHEEGEHEE L 2S5 HELT
W ERILY v TORT % Fig. 16 IR 7. &8, ghll7—4%
DRI 100 [Hz] TITH T LD HFETH B A, =R~ v ¥
7, 1 RoOmEGSH 7Y 3~T[s] x BT 5720, + 774 ik
HTITo 72,

R RIS TR CTH 5728, HELIZRITY v 7O MBI
FHAELTIED, ZOFHrHLHECOHMZREL LT, &
HRELRREEZ RO, % Table 2 2R

WRLY, BEINLZRTYy TRIZIFPFHTHDLES R,
REL-FHRoEMEIR SN

Fig. 17 2> — v 0=k~ v 7OAEKGI 2 7R T, 90 L
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Table 2 The precision of the constructed 3D map

Distance [mm] S. D. [mm] Max. error [mm]
800-900 6.28 26.8

Fig.15 Measurement object for the 3D mapping: the floor sur-

face textured by newspaper sheets

(b) Constructed 3D map

(¢) Constructed 3D map with color textures

Fig.17 3D mapping result for a general scene

DG E ATz, PRV ERERY - ThHHIZLhrboT, 1
L7 v CERIT~Y Yy TORERWEETH S Z EDTRENT
W5,
DEFEOFERLY, BEL-Ey AT AEZERTEY Y E Y
TFEO—EOENEIRENTEEZD.

5. % =
R SCCHEE L7277 AF AT S HRBEITGET > 2 7 203, B

TR & FEo.
o FREEM (% & 71 5 — T 7 AF % % [AlEEHUE:
o JHEEERITM NS, 7T —F 7 AF ¥ ILE ks
© 100 [Hz] o= aH.
ONY RIATANY, U—RATANIOFHIZLY, B

Fig.16 3D mapping results at some frames: (a) 1st, (b) 26th, ) e
(c) 63rd, (d) 105th, (e) 154th, (f) 207th, (g) 267th, (h) hc b FIH T HE.

340th

HATAR Y MERFE30 % 15

o /IR R (130 [mm] x 157 [mm] x 70 [mm], #J 700 [g]).
800 [mm]-2,000 [mm] @ I PV L ¥ 2 TOM#ERHI% 9235
o Off-the-shelf D E D A THEZE.
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(a) Constructed sensor

(b) SR4000
Fig.18 Comparison with MESA SR4000

VD Lo G, Rt 3R, BEY RS~y ¥y 7k
EERITHIOOBETRY FOBEIZHLTWEEEZ TV
F70, B LZRT~Yy E R R, e ah s —F
I AF v FRIBIETE L2 2E LATHTHY, HEEN
BHHIZD b 6§, BN R Y~ Tovy s
R HE O ICP I TIEIARTRERFRIO~ v ¥ ¥ 7B RETdH
BT EPRENT, BEBTIEY Y ¥ Y ZIEMBEEEE S B
72D TN A LA TORIIIEITE TRV, SHEEHL
THIETHYTA Y TORYE Y T RITH) 2D ENS

B, FEEEEIS %) 7V & A L TRUSTREZR B b v o hTili
IENTnw5E, ZNHD—DTHAS MESA Imaging D Swiss
Ranger SR4000 & D[t % 1772, SR4000 (&, =AHED
HZEOL AL LB D, Time of Flight #: THiEE% 51l
LCTw3. F7, RECGREOHEGZFABIUSTEX L. FH—k
S & FHA L 7245 %% Fig. 18 2777, SR4000 D#EHIZ, &
DE2—TTERLIZDDTH .

MEREKT S &, SR4000 DE AN EDV0h b,
7o, FHIEED, REUH o361 L, 255 THAD LI
BHI% . 4.3 FilSRT T T SR4000 OIS Tl O
R RO-E T 5, 1,000 [mm] T 3.49 [mm], 2,000 [mm]
T 883[mm| LML Lzt ERABEDHETH-72. —T5F
P77 L= MER 33 [Hz] TH Y 100 [Hz] DR L 50
139 5, F 72, SR4000 ASEHE A O B LR EE L 2k &
NRVOIZx L, KerHTREAFMO 7 T — W5 % b5
DOF 7 AF & LTHETEETH S, & 512, SR4000 13, B
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M TOFPTIIATTEETH 5.

COLHI—FE—HTH L), mARECEINCORMBLR L
25, BEORy FOMHRELR ENOFBIZBWT, HELE
S OEMEDRH L EF 2L, Mo (B 21E Microsoft @
Kinect) &HELTH, OB S ORENEHECREID
Ry bAOFH % ECEMEDS DL L ZEZ TN D,

RIRIZ, RECHFDANYy 7 ORHBIZH L TEET L. &
T RA=F R EHTLHLIET, PL—=FF 72025 TH
BN, KL DANRY 7 HHETERTH L. THEHEOFHA
VEREGEIE, EHEEAELS T2 LT, L EHEEoRH
DUREE B, 7272l EHEREREEE, X (8) ICfto THEL 42 5.
—70, BHEZZE2% T ETY, CCD LT ) BCHFE%
EHTLHZ LT, sHllHiHZ LN T ST L RETH 5.
72721, COWAIEEEECIRIIGAE U AT REE D A,
FHEED GRS E R SE1L, L)Y —DRELRL—F 2w
%, HDVEIEEANOTR S AT 5 2 L TH L BE IR
JGHTBETH 5. F72, SR4A000 & DL Tl X ATUR S 7218 £
WELTE, LhEADEVWILFAEY bOL—F7Fod o
7 DBHETENL, FIUIE L TLLTAH I EIIWRETH 5.
FHES B L TY, LY ALV F ARy FOL—¥
TUT 7 YHPHBETEIUL, WRT I LIETRETHL. 7272
L, SEOBEINIIG U CEHIHEIR 2 b, ChHE2ZEL
BHS, HADIBHIG- 2 5Nz b 12, FRUTIG L TAXY
IR RET LNV ETHLEERDL. B, TIAFYD
5L TE, 77 —WiEoOFH2 Sy 7 Th D) T2 lFE
BbLni-o, EEGE > v DAy 725 U CRE,
CHFIBTHETH 5.

fE HOA A

6. & B

100 [Hz| & @l T 7 AT ¥ AF & O PEER(G & Jg3 5/
OB Gt %, THREGOAFHOCTRE L. ML
ok v EHOTEHER 2TV, OB EERE, FHIlR
B, 70AF ¥~y EVTOBEERFE L. 77 AF v &
FRBEM (G 2 W T =T~ v ¥ 72179 FHEZIREL, At
YL o THEHONFHIT -4 2 T, NAO=ke~ vy
o7& {To/z Fo, MELLZRIGY Yy EV 7RI
Wik L7z<y 77— OBEFN L, BETEOADEZ R
L7-.

SHOBEL LT, HI—HAFEE 7 OH AT ORI
W& BT 7 AF ¥~y €V 7 OEEElL, kit y ¥ 7 F
B EommEft, WELZRICY y TR W R R &
Kty otE LIGHPBITHN S,

#OF RWIEIEIE (20500164) DB E % 72b DT
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