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LiDAR & ¥4 % AW HBARIED A TIHIE DL { T3,
BATH B R EHICIEE U R E MG 2 R FiED A b
LTHWTWS [1-3,12,14]. 7z, iEFE, BE{ERTEF T
FAERE T LO—FETH ZHECE 7L [5) (IR, DDPM)
FHEANCEH X E, HELAEREGEYREEE U TR
SHREDRBAITDORT WS [7,8]. RKFRTIX, #ETA
DDPM % H\WT, LAROEEL 7L —20 - DDEH
DB D B L 72 SR OB EIMGE R I 2 FIEIC
BHT 3. EBRTIX, LIDAR SEFOBETRAED KK
¥ F<—2TH5 SUSTecklK 7— X+t v b [12] ZFHWT
fRAZES 7 L — 2 DRIBEANTICHEL, REFENE
TUAWE R E MR - BRI R L 2. it,%fﬁx?f
HBHETGIICH T 5 2 2 T, MEPRAEMEOEITIC
BR—2F4 > [12] OFAIERER L& fERR L 7.

2. FEEHRE

2.1 LiDAR 2 H%%ZBVWI-SRERET
LiDAR & >3 % W72 B REEREIC BT 2 REE Fik
Tl¥, FIZ GEIR—ZADFE L FFREMBR—ZDFED 2
DT BN S, GEIRN—ZADFE [3] T, HI7H LR
EEBRICEE L, Zh s QRS OSEEE R B AAS
WEIC AT LTHWS. ZOFETIE, HEMRE ESR
1 RICHRERYIER % EME L T\ 5720, BN ARHEE
PR L TV AHENFET 5. —FH, REMEN—2DF
ETIEE Y20 OERHEEZMEN D 7 3 2 F v fHiRE L
TH->TED, AT ARIC X > THREHRE [12,14] &
AT [1,2] @ 2 D EE NG, R, FATEEAR—
ADFHFEIZBWT, HAIFEHFERED 25 U BRI
DOREEZEFLLTEY, BEED 2 HROHEREH
AN FEERBELTE . L LAY, FEEME
BITERBEE v BV 7T 2 TR AT, kKb 2k
DB 2RO D DD, D TRIGEIME N L7HEI
BEIROMEFEDHEL <72 D, FAIMEREME T3 5.



5 27 O] EfROIH - BES VRS UL

2.2 WEETIVEEALLESET

EHETNVE A WREILFE T, FIT problem-
specific F-7% & problem-agnostic FIED 2 D271 S h
5. problem-specific % [9,10] Ti&, HWERE{HR L Hk
L= G 2T T ALDOANE LTHWS., ZoF
BT, 2T —RICEETRV 4 %= HREE T
LT 2 Z L2 TR<, FEIRCGHE a 2 HRERNC -
A3 2MENFET 5. —F, problem-agnostic Fik [7,8]
T, 8% A DDPM 2 HWTAERA T v 7 ORI %
FHT2Z2T, HELLEBZYEy =Hx+n & L
TR . ZOHTH, BLLETHZN L CEEIEG y & #
EHGR x O—BELFHFLER a7 & LTEHKT S [IGDM [§]
(&, BIREBRD 2= 2 BIGETHELRFER a7 ZitH
MREEETH H, MFEL AT LD SREREGRIETIC
BATWS. AT, REHREZOEXY 714 & LTHT
ﬂAOD:FﬁTQ T [1,2] R L, SEMURN O RIBE T

“AEMYR D = R 7122 L IGDM DREELHATHIC W

5. Fiz, HEMUGEATTE LTHWS 120, MgENTD
DDPM O—F#T % % video diffusion model (VDM) [6] %
I[IGDM DHFEIEDNRT X =R L THEESIES.
3. F&
3.1 FBEAH VDM AL IGDM OSEMKIET

AFHETE, AT AR [1,2) ZHVTER LR
Bl HATE B R REMR y € REXCXHXW 254y 2
T/, BEWUR y ORE~ R H € REXOXHXW 1275

¥al, AWFgECHAT 5 IIGDM OBHIOHLIERAZE L L
TASNZHNS.

3 (f,c,h,w)
H(f,c,h,,w) _ 1’ if Yy > 07 (l)
0, otherwise

72720, FI37Lv—2¥8, ClEF v, HIIHD
B, W IEBEOHZERTH 2. ZDOHEMUR y 13
My =Hx+nTDIYRXL/ AXn%2E&FERVED
IIGDM 12 & o T EFFEIH Vi, log(y|x,) LT D@
DITERITE 5.

. T OX
y—HH%) 29T (2)

Vi log(ylx:) ~ v (H' x,

Z 2T, HN BRI~ R 2 H ORLGETH, o 3%
BMAT v Tt DAT =V v 7 REE RS, ZOFHEIHE
Vi log(ylx,) 1&, HAEMUGE LR T 2B DDIM [13] @
Y27V ¥ B A VDM OHHI 1 logp(x,) & #H
AEDLELNS.

3.2 HBRRAVICEBSBRBAD TRV VT
BlloBERG y T, FITENORBRIBEEHRD
EDHST 0 72 o TWa 7, RIEYAZ HIZBIF SR

BB EROXSTERVED, BENOEERTTICH
SETGIRDEREIN LA E G T 5. ZOTHEEEZH
#3578, FEATHISE [11] & AR A R & L7 HEE B
x € REXEXCOIXW TNy FH B D3 xvar ZHEHL,
IRo X5k x 2RD 5.

1 B
Xmean = E Z X(b)v (3)
B
Xyar = Z ®) _ Xmean 7 (4)
b:
x=M - Xmean (5)

72 L, AT M e REXCXHXW 3 DI Rl ) ic
B N 2 FWTEHET 3.

e _ )OI B >, ©
1, otherwise

4. RE&

4.1 T2ty b CEREBE

ARGFEBRTE, AR BT & 3% 51 M BE S AR o 15 75
SUSTecklK 7 —&+t v FEFEHLE. ZOF—&Xt v b
T, HE 128 71 > OmEFMRHREZH 5 VLS-128 ©
LiDAR & > a3 &, 1,050 N3 DBATE kT — &
NEENE. T/, SHTETLICSHEHOSITAK Y S
DN T — a YOMAELELRDE. ZOF—XEv b
ZfHH LT IIGDM OoFEHinfie LTHWS S VDM %
HERT I, JLV—LHF % 10 L& L. H1T7H 1,050
AD S5 250 N7 DFATIRE D b Df B B A WUR &
AIc W, 7R MR, 7 — RCE FhRVWiEERE
4 0 N OBREMEEFH L. REFEOEICHE i
fifii 3~ 2 BT RAHREBUE D H L 2 B3 %728, pepper /
A X ¥ vertical RKIEE 7L —LRED 3O~ X7 A
Hb¥7. Ik, AR T v 78X 100, DT AZD
RAME A 1 0.15 ¥ RRE L 7=

LiDAR % H\W 7= AZER8EE O 7l 12 1% Shen & D iAIF
12 ZRN=2F74 Y2 LTHWE., XN=274 VE¥EY
T B8, SUSTecklK 7 — &+t v hdD 250 A7 DRELL
D B WUR 2 FBC R L, B0 D 40 N5 % 7
Wiz, HliREICIE, FMEEEMO2—2 1 v R

S%, RlfEE KNN) Z2HWTHEINHREL-ETF—
& (gallery) ¥ 2715 —2%& (probe) DBEEITo 7.

4.2 4EpimE T
BEFEZHOTRELEDEMGBRZET LR L,
ZOEEWFMER 1-7 e R 1 ICENZTIRT. ARG
B O FHiiFEEIC & Mean Squared Error (MSE) ¥ Mean
Structural Similarity Index (MSSIM) %FH\W7=. £1 D
BRPS, EB5D 4 ARAZRE—VTHIREFEN
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K 1 AR E OE R (%).

pepper / 4 X vertical KiE 7L —aKiE | $#%FHE | MSE | MSSIM
0.013 0.660
0.2 1/2 0/10
v 0.003 0.964
0.017 0.461
0.4 2/3 0/10
v 0.003 0.965
0.018 0.438
0.4 2/3 2/10
v 0.003 0.958

RAEMUG 2 B BT L TWA 2 e b s, i, T
g (K1) TR ETmEShBAmG (X3, 5, 7)
DRERIN D OTREERD — B2 R T2 Z L ST
x3.

4.3 FRIMERETE

& 2: WA FIEORERE (%).

gallery probe RBEFHE | KNN | F9E
. Rank1 34.24
pepper / X (0.2) Rank5 | 70.61

RAE7Z L +
vertical K48 (1/3) v Rankl | 44.09
Rank5b 87.69
Rk Rankl | 23.52
pepper / 4% (04) Rank5 | 50.49

R L +
vertical K18 (2/3) v Rankl 38.05
Rank5 80.28

REFEEHVIZRIERE D E&FHEZ R 2 1R T.
I ZTF 2 OFHEIE, SHED cross-view ¥ 8 D cross-
variance 20 H DiABE D FEIZHE L b DTH S. R
2 DFERD S, probe DBEIGIRDI A= R 5 7356
Td, BEOELTEEZH VS Z 2 THMEESH ELT
WBZEeBbhsb.

5. FLHLGERDTFE

ARGTIE, I T MICE D W ERIETCTFIE % LiDAR
REODEMBITHR S 2 Z 2T, HMTEAHNIEL
BAETHMAMREDIR EATTRETH 2 Z L 2GR L7z, 5
#’IX, WRY D LiDAR D & OBATHE ZLEE TV
D&M LTHWS Z 2T, WD TR = RIRBITE R
WY % B R YRR TT D FEELICTH D fH T,

LI

AL TIE, JST XMW RE RIS T 1 75 4
JPMJSP2136, JSPS BHiffE JP20H00230 DB % 3217 7=
HDTH 5.

BE3

[1]  Ahn, J., Nakashima, K., Yoshino, K., Iwashita, Y. and
Kurazume, R.: 2V-Gait: Gait Recognition using 3D Li-
DAR Robust to Changes in Walking Direction and Mea-

2]

[5]

(6]

[7]

[9]

[10]

[11]

[12]

surement Distance, Proceedings of the IEEE/SICE In-
ternational Symposium on System Integration (SII), pp.
602-607 (2022).

Ahn, J., Nakashima, K., Yoshino, K., Iwashita, Y.
and Kurazume, R.: Learning Viewpoint-Invariant Fea-
tures for LIDAR-Based Gait Recognition, IEEE Access,
Vol. 11, pp. 129749-129762 (2023).

Benedek, C., Gélai, B., Nagy, B. and Janké, Z.: Lidar-
Based Gait Analysis and Activity Recognition in a 4D
Surveillance System, IEEE Transactions on Circuits
and Systems for Video Technology (TCSVT), Vol. 28,
No. 1, pp. 101-113 (2018).

Fan, C., Liang, J., Shen, C., Hou, S., Huang, Y. and
Yu, S.: OpenGait: Revisiting Gait Recognition To-
ward Better Practicality, 2023 IEEE/CVF Conference
on Computer Vision and Pattern Recognition (CVPR),
pp. 9707-9716 (2023).

Ho, J., Jain, A. and Abbeel, P.: Denoising Diffusion
Probabilistic Models, Advances in Neural Information
Processing Systems, Vol. 33, pp. 6840-6851 (2020).

Ho, J., Jain, A. and Abbeel, P.: Video Diffusion Models
(2022).

Kawar, B., Elad, M., Ermon, S. and Song, J.: Denoising
Diffusion Restoration Models, arXiv (2022).

Kawar, B., Elad, M., Ermon, S. and Song, J.:
Pseudoinverse-Guided Diffusion Models for Inverse
Problems (2022).

Saharia, C., Chan, W., Chang, H., Lee, C. A., Ho, J.,
Salimans, T., Fleet, D. J. and Norouzi, M.: Palette:
Image-to-Image Diffusion Models, arXiv (2021).
Saharia, C., Ho, J., Chan, W., Salimans, T., Fleet,
D. J. and Norouzi, M.: Image Super-Resolution via Iter-
ative Refinement, Proceedings of the IEEE/CVF Con-
ference on Computer Vision and Pattern Recognition,
pp. 1867-1876 (2022).

Shan, T., Wang, J., Chen, F., Szenher, P. and Englot,
B.: Simulation-based lidar super-resolution for ground
vehicles, Vol. 134, p. 103647 (2020).

Shen, C., Chao, F., Wu, W., Wang, R., Huang, G. Q. and
Yu, S.: LidarGait: Benchmarking 3D Gait Recognition
with Point Clouds, pp. 1054-1063 (2023).

Song, J., Meng, C. and Ermon, S.: Denoising Diffusion
Implicit Models, International Conference on Learning
Representations (2021).

Yamada, H., Ahn, J., Mozos, O. M., Iwashita, Y. and
Kurazume, R.: Gait-based person identification using 3D
LiDAR and long short-term memory deep networks, Ad-
vanced Robotics, Vol. 34, No. 18, pp. 1201-1211 (2020).
Ye, M., Yang, C., Stankovic, V., Stankovic, L. and Kerr,
A.: Gait analysis using a single depth camera, 2015
IEEE Global Conference on Signal and Information
Processing (GlobalSIP), pp. 285-289 (2015).



% 27 [O] EROEH - BED VRS UL

I

X 1: Ground Truth

X 2: pepper / 4 X (0.2) +verical K38 (1/2)

nnnnnnn

X 3: pepper / 4 X (0.2) +verical X8 (1/2) +HERFEMH

X 4: pepper / 4 X (0.4) +verical K38 (2/3)
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X 5: pepper / 4 X (0.4) +verical X8 (2/3) +HEZRFIEMH

Xl 6: pepper / A X (0.4) +verical RI8 (2/3) +7 L — AR (2/10)
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X 7: pepper / 4 X (0.4) +verical X8 (2/3) +7 L —AKRHE (2/10) +HERFHEMH
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