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52T, 6D00BHIZ3 T L —LTHRLIIENTES.
BRI, i(2,0,0) & i(,2,1), i(z,1,1) &i(x,3,1), %
FNENFEEFICEETE 5.

5.5 {ENI—VDEAZX

BEFETIEMAZ - VIZEZKEEZFMALTEY, T
RTCDYEZ L IWVITHEP Y5728, BEAMIZIZTRTOY
7 )V CIRFEEOAMEZEHIITE 5. L, RIZZEH
NRE—=VUDPREEIZEHSHEIZR B ET YV H B5E, H
Wi 5028, MO Z T E LW, TR T
DT RIIIHDNY 2L S, BEARX—VDITRTOY
TYNIZE TRy b ENMASZETIOMEERRTE
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8 FHHlYAF 4. K=y NIV —¥ K14 —N& DMD T
MRENTWS., V=P X144 —FIiE ToF 72 J LEHIN
TEh, REZALZNE2ERT 5. J6id DMD I & »>T%
MAFAI N, BV VR X0FHIRA BRI D, #5
U7eN R — 2 %% B U7z ToF h A 5 CTBIHT 5.

BHEADBELVE WS K (13) DIREL N, REAEOD
BHAEMUTULES 72D, Ng>3DBHAREL RS,

6. B

Gl A5 Lk, ToF 7 A (Texas Instruments
OPT8241-CDK-EVM) ZJTiZHlfEL 7. ZEENNZ—v %
HERRT 72012, 77 A T ORFE%WE 830nm DL —HF X1
#— K (Hamamatsu Photonics L9277-42) & DMD Tk
Lie7ayz 2 BV AT AWM ER . V=Y XA F—
NIZToF #AZ LHEMLTH b, KFEHFH SR -V %A
TE5., L—YRXAA—-—FNDONHE2IVA-PL U XIZLo
THHLL, VY ARTIZX D HER L, DMD(Texas Instru-
ments DLP6500, 1920 x 1080) ~& AJ19 5. DMD iZ &
DRI R — v RERL, BEL Y XEBLTY—vAL
Bwd 5. GV ATLEZM 8IZRT. FHlIVATAD
FyUTL—ya v idROE 5707, £9, —BRAE
TRV I R-FATYAT L EFROTFE 34 2 AW,
TRIV 7R AATHOF YY) T —YavEiTorz.
WIZ, 7OV R-HATVAT LADMERFRE ToF A A
T DEERN =T 5 & 512 ToF 7 A7 OAMHDF ¥ Y
TV —vaviEiiorz., AalREHNLARNS, ThTh
D PR TR R SEIS O A & =M E O R U, Eil
& UTREEDAAMY 7 MEIiz & v EE#E#FHIL 72, A7k
7 MEIZK D E SN EEREE B E AR I U TE
BT Ay T4 VT RITDZETNRIA—REHE L 2.

HA TS5 350mm #EL - ALEICAD U CRE L /-
HEKRZFHIIL 72, FEEEREZR 9 (a) (29, KA
W% 60MHz, BN X—rE 70y Xk ET ] A
MO TN ERDESITHELZ, AATETOY
I REDNR—=2F 4 13K T0mm, HATDL v ADOHEL
B IE 35mm % AV 7=,

Hige LT, 1 2OEEEDOAH N ToF %, 1205
WD HEH NS 7 MEEFWTEHIl 2T 72, #E
EINZFEEEGREZK 9 (b) I2RT. MY 7 MR, B
BEOEMDERD D, HfE U TERRATERND, ToF
HEEREFEOAZBE T WS, BT OIRKRO B DR
Bt 22 7 %M 9 (c) IZRT. ToF IEld/ 1 A%<, %
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o7z, (a) EFERE. AERELTIET THERELTY
%. (b) K EOMEMER G, MY 7 METIRBRMEIC X
D B OHMHRRA D 57, EkE UTERRTERV. (c)
FREEE T D IRAROWIE D 2" 5 7. ToF LTI/ 1 Ah% <,
PiM Y 7 METIREB OB H DIt L, REFIETHE,
B2 L DD ) 1 RO WFERAB/ SN T WS,

TS 7 MRBBRRME I & TEBOEMPHEATWE D
L, REFETIE, BHREZRESPRFEHEHZELT
ETW5S., 75 7DMDITTIE, BELEAZ—VDEL,
R AR D A DY ZE BRI DA AH DR 2 B2 T L £\,
BERME DB ASIE L < TETWARWAS, 2R EHEE%Z DL
TFpZ e TffkcEdeEZ NG, 72, ZOFMHY
AT LTI EME R ERAR AR — v 2Rk TET, +
DfRBEEZE SN o7z, BEERE LT, DMDIZ& 3
L—YDE, 75314 AL MOPFABRE, KEORERY
PEIFSNS.

ZIT, INSEUET D720, HIZK 10 (a) 125
TRELZHE L. ZOYAF LTI, ToF 1 A5 DMK
DR EHEREZEHIR L7 OHP 74 VA ZRETHI LT
NRE=VEEFRLTWS. TAIVLEEGFBET LI LT
BHTDENRE—VEVTNTBHILENTES. ToF h A
I& Melexis #£8 EVK75027 % f\>, WfEEE % 40MHz
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S LA Y Y 2% 10 (b) IZmRT. BEFEZHOV
52 TRHRDOPRIBIRDELINT VD Z LD bh 5.

© 2020 Information Processing Society of Japan

Vol.2020-CVIM-220 No.15
2020/1/23

SRR % ER L 7=
OHPZ 1 )V Ls

REF
bHEER R OEITL 2 Ay v a

10 AEBOFHFR. (a) FHUREL. (b) HEEOHER RS
Lz Ay va, REFETR RO oL RIBRIE TN
T3,

7. BHYIC

AW T, FFERZEH U262 v il 2 3Hild 3
FEERE L2, R SRS OME 5555
PREEDMBIEMED R 5 Z L RIH L, DEBOEHUA S FHAK
Eriged e BHREZMETELZ 2R,

REFIEIE ToF 747 LMY 7 NEDORI ST TR
, TNFhOREHEELETHRH>TWS., BEFEZH
W3 ZETEVWHIPHZREEZE L 3 2 2R {GHllTE s
—HTToF 71X T TIHIFL ALMEIZRSRWA 7 IV —
Va v ORENFET SRR H B, EBRIZIE, @ED
ToF 71 A Z k¥ ¥ & R ZERITIEFEENICFHE X TV
WD, EEAEA L=V a VEEELTOVAWL., Lo
T, WM 70V 2 7 X2 BAED ToF A A 5D
HIRDOMBEIZHBETDIET, A7 NV—Va v OELIF
CAEZITBILRLEHTESLEZ LN,

HEE AW —E8, JST CREST JPMJCR1764, &
WF#E 18H03265, 18K19822 DBk % 3% 1} 7=.

SE X

[1]  Inokuchi, S., Sato, K. and Matsuda, F.: Range Imaging
System for 3-d Object Recognition, Proc. International
Conference on Pattern Recognition, pp. 806-808 (1984).

[2]  Salvi, J., Fernandez, S., Pribanic, T. and Llado, X.: A
state of the art in structured light patterns for surface
profilometry, Pattern Recognition, Vol. 43 (2010).

[3] Gupta, M. and Nayer, S.: Micro Phase Shifting, Proc.
CVPR, pp. 813-820 (2012).

[4] Lange, R. and Seitz, P.: Solid-state time-of-flight range
camera, IEEE Journal of Quantum Electronics, Vol. 37,
No. 3, pp. 390-397 (2001).

[5]  Yasutomi, K., Usui, T., Han, S.-m., Takasawa, T., Kei-
ichiro, K. and Kawahito, S.: A Submillimeter Range Res-



BHRLEF SRR E
IPSJ SIG Technical Report

(9]

(10]

(1]

(15]

(16]

(17]

19]

20]

21]

olution Time-of-Flight, IEEE Transactions on Electron
Devices, Vol. 63, No. 1, pp. 182-188 (2016).

Heide, F., Xiao, L., Kolb, A., Hullin, M. B. and Heidrich,
W.: Imaging in Scattering Media using Correlation Im-
age Sensors and Sparse Convolutional Coding., Optics
express, Vol. 22, No. 21, pp. 26338-50 (2014).

Kirmani, A., Benedetti, A. and Chou, P. A.: Spumic: Si-
multaneous Phase Unwrapping and Multipath Interfer-
ence Cancellation in Time-of-Flight Cameras using Spec-
tral Methods, IEEE International Conference on Mul-
timedia and Expo (ICME), IEEE, pp. 1-6 (2013).
Freedman, D., Krupka, E., Smolin, Y., Leichter, I. and
Schmidt, M.: Sra: Fast Removal of General Multipath
for ToF Sensors, Proc. ECCV, pp. 1-15 (2014).

Qiao, H., Lin, J., Liu, Y., Hullin, M. B. and Dai, Q.:
Resolving Transient Time Profile in ToF Imaging Via
Log-Sum Sparse Regularization., Optics letters, Vol. 40,
No. 6, pp. 918-21 (2015).

Kadambi, A., Schiel, J. and Raskar, R.: Macro-
scopic Interferometry: Rethinking Depth Estimation
with Frequency-Domain Time-Of-Flight, Proc. CVPR,
pp- 893-902 (2016).

Marco, J., Hernandez, Q., Mufnoz, A., Dong, Y.,
Jarabo, A., Kim, M. H., Tong, X. and Gutierrez, D.:
DeepToF: Off-the-shelf Real-time Correction of Multi-
path Interference in Time-of-flight Imaging, ACM Trans.
Graph., Vol. 36, No. 6, pp. 219:1-219:12 (online), DOL:
10.1145/3130800.3130884 (2017).

Tanaka, K., Mukaigawa, Y., Funatomi, T., Kubo, H.,
Matsushita, Y. and Yagi, Y.: Material Classification
from Time-of-Flight Distortions, IEEE TPAMI (2018).
Su, S., Heide, F., Wetzstein, G. and Heidrich, W.:
Deep End-to-End Time-of-Flight Imaging, Proc. CVPR
(2018).

Velten, A., Willwacher, T., Gupta, O., Veeraraghavan,
A., Bawendi, M. G. and Raskar, R.: Recovering Three-
Dimensional Shape Around a Corner using Ultrafast
Time-of-Flight Imaging, Nature communications, Vol. 3,
No. 745 (2012).

Heide, F., Hullin, M. B., Gregson, J. and Heidrich, W.:
Low-Budget Transient Imaging using Photonic Mixer
Devices, ACM ToG, Vol. 32, No. 4, p. 1 (2013).
Kitano, K., Okamoto, T., Tanaka, K., Aoto, T., Kubo,
H., Funatomi, T. and Mukaigawa, Y.: Recovering Tem-
poral PSF using ToF Camera with Delayed Light Emis-
sion, IPSJ Transaction on Computer Vision and Appli-
cations, Vol. 9, No. 15 (2017).

Kadambi, A., Whyte, R., Bhandari, A., Streeter, L.,
Barsi, C., Dorrington, A. and Raskar, R.: Coded Time of
Flight Cameras: Sparse Deconvolution to Address Multi-
path Interference and Recover Time Profiles, ACM ToG,
Vol. 32, No. 6, pp. 1-10 (2013).

O’Toole, M., Heide, F., Xiao, L., Hullin, M. B., Heidrich,
W. and Kutulakos, K. N.: Temporal Frequency Prob-
ing for 5D Transient Analysis of Global Light Transport,
ACM ToG, Vol. 33, No. 4, pp. 1-11 (2014).

O’Toole, M., Heide, F., Lindell, D., Zang, K., Diamond,
S. and Wetzstein, G.: Reconstructing Transient Images
from Single-Photon Sensors, Proc. CVPR (2017).

Naik, N., Kadambi, A., Rhemann, C., Izadi, S., Raskar,
R. and Bing Kang, S.: A Light Transport Model for Miti-
gating Multipath Interference in Time-of-Flight Sensors,
Proc. CVPR, pp. 73-81 (2015).

Nayar, S. K., Krishnan, G., Grossberg, M. D. and
Raskar, R.: Fast Separation of Direct and Global Com-

© 2020 Information Processing Society of Japan

[33]

Vo0l.2020-CVIM-220 No.15
2020/1/23

ponents of a Scene using High Frequency Illumination,
ACM ToG, Vol. 25, No. 3, pp. 935-944 (2006).

Whyte, R., Streeter, L., Cree, M. J. and Dorrington,
A. A.: Resolving multiple propagation paths in time of
flight range cameras using direct and global separation
methods, Optical Engineering, Vol. 54, pp. 54 — 54 — 9
(online), DOI: 10.1117/1.0E.54.11.113109 (2015).
Agresti, G. and Zanuttigh, P.: Combination of Spatially-
Modulated ToF and Structured Light for MPI-Free
Depth Estimation, ECCV Workshop on 3D Reconstruc-
tion in the Wild (2018).

Mirdehghan, P., Chen, W. and Kutulakos, K. N.: Opti-
mal Structured Light & La Carte, Proc. CVPR (2018).
Gupta, M., Velten, A., Nayar, S. K. and Breitbach, E.:
What Are Optimal Coding Functions for Time-of-Flight
Imaging?, ACM ToG, Vol. 37, No. 2, pp. 13:1-13:18 (on-
line), DOT: 10.1145/3152155 (2018).
Gutierrez-Barragan, F., Reza, S., Velten, A. and Gupta,
M.: Practical Coding Function Design for Time-of-Flight
Imagin, Proc. CVPR (2019).

Kadambi, A., Taamazyan, V., Shi, B. and Raskar, R.:
Polarized 3D: High-Quality Depth Sensing with Polar-
ization Cues, Proc. ICCV, pp. 3370-3378 (2015).
Gkioulekas, I., Levin, A., Durand, F. and Zickler, T.:
Micron-Scale Light Transport Decomposition using In-
terferometry, ACM ToG, Vol. 34, No. 4, pp. 37:1-37:14
(2015).

Li, F., Willomitzer, F., Rangarajan, P., Gupta, M., Vel-
ten, A. and Cossairt, O.: SH-ToF: Micro Resolution
Time-of-Flight Imaging with Superheterodyne Interfer-
ometry, Proc. ICCP (2018).

Maeda, T., Kadambi, A., Schechner, Y. Y. and Raskar,
R.: Dynamic heterodyne interferometry, Proc. ICCP
(2018).

Sagawa, R., Kawasaki, H., Furukawa, R. and Kiyota, S.:
Dense one-shot 3d reconstruction by detecting contin-
uous regions with parallel line projection, Proc. ICCV
(2011).

Sagawa, R., Sakashita, K., Kasuya, N., Kawasaki,
H., Furukawa, R. and Yagi, Y.: Grid-Based Active
Stereo with Single-Colored Wave Pattern for Dense One-
shot 3D Scan, 8DIMPVT, pp. 363-370 (online), DOI:
10.1109/3DIMPVT.2012.41 (2012).

Jayasuriya, S., Pediredla, A., Sivaramakrishnan, S., Mol-
nar, A. and Veeraraghavan, A.: Depth Fields: Extending
Light Field Techniques to Time-of-Flight Imaging, 2015
International Conference on 3D Vision, pp. 1-9 (on-
line), DOI: 10.1109/3DV.2015.8 (2015).

Zhang, Z.: A Flexible New Technique for Camera Cali-
bration, TPAMI, Vol. 22, pp. 1330 — 1334 (online), DOI:
10.1109/34.888718 (2000).



