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In-Plane Rotation-Aware Monocular Depth Estimation using SLAM
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HLR RGB-SLAM 132 B st A & FI W CIEREZR 7 X T
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DHIBTHEHGZ T 7 « VEMIE 2 DO ADHEDENT
5. FEEBRBEIX Intel Core i7-7700 CPU & Nvidia GTX
1080Ti GPU #£#DF A7 v v 7 PC 2\, EMH, &
I 2 1T - 7=,
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M 312 TUM RGB-D ¥F—&t vy b AETF—XL v b
DEMMFEREZRT. R—2A5 4 VFEIZHRTAFEED
FiMEAEIZEL, depth DFEARZEINT VD Z 07
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*1 https://github.com/NetEase AI-CVLab/CNN-MonoFusion
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AFHE RN=2A510Y EKFHE =251

seql  0.2372 0.3260 0.7865 1.0565
seq2  0.5161 0.5929 0.6557 0.7321
seq3  0.2745 0.3425 0.9406 1.2068
seq4  0.3590 0.4225 1.2818 1.4601
seq5  0.3687 0.3930 1.9395 1.9262
seq6  0.2614 0.3339 0.8769 1.1095
ave  0.3169 0.3818 1.0961 1.2784
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# (RMSE) @ 2 DDA H Wz, AL D /NS WFE
DHPRENRBEVWEEZS. FTRICAFET—XEY b
DIF5ER %779 . AbsRel, RMSE IR FEIIR—2 5
I VFHEOKEE R EE>TWBZ 2R 00 5. £/ 512
HIETF =&ty DY =7 v AT DfER (Abs_Rel) 2R
3. BRI roll A DRIEEA R L, MEIXEREMZ RS,
0 =0MEDEEMIIATHELR=2AF 1 VRETREN
WA, 45 < 0 < 45 MIETR—=A T 1 v FIEDOKED
AFFEIORRENY =T U ARDH L. ZTniL3FHTHR
7251, RFIETHEHBRET 714 VEBRLUZBORD Y
TUNDHEEG - EZ5NS. L)L, -0 < —45,
45 < 0 TEHR—A T A VFIEOBEMPRELL LD —H
T, REFHEOBREMIZHFE VBB —ELRoTW
5. roll HHDEEEA MK E L 7o ZBRIC AT EOF )M
BN TE 7.
WIZRK2IZTUM 7T—X &y hOFYRER%Z, B 412> —
FUAZ L DFER (Abs Rel) 2283, TUM T—X+&v b
TIER—=ZAT A VFEPAFEOKEZ ERl>TnWdZ &
MBoarrd. UL, K3 TmrRUK TUM freil rpy OEMEM
P TIEARTFIED HH & 0 BEAEIZIE depth 2HfETE T
W5,

ZDOERWFM CRED LR S a2 KX 2205 5
eFEzo6NB. 1 D2HIETUM 7—X &Y b frei2_rpy,
frei3_rpy Tl Kinect V1 @ depth HUfS&ipH % 8 X 7= depth
EROY—VBHD, depth DEEN 0 THET—X%%
BEATWEDTHD. T D pixel fHILE &AM
TRHHIZ & DR N2, REFIEOGHMEVHER T E R
MolzeEZ2o6N5. 22OHETUM T—&Xt vy hTldh
A Z D roll FaafE A A LB K & WEE, 7 L — LB
DIWNEAIDR D B0 TH B, T —sEITIESDEN
HBHRTEEE L 72 2 & TAERFEATE R >
eEZLND.
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4 TUM 7—X+tvy MBS roll AFEEEA L Abs_Rel OB

£ 2 TUM F—&+tv bDDEHHxE

Abs_Rel | RMSE |
REE R=RF1y  KFE KX=ZI71v
freil_rpy  2.2482 2.2380 1.0036 1.0217
frei2_rpy  1.7147 1.6586 0.9486 0.9285
frei3_rpy  0.9190 0.8557 0.9062 0.8672
ave 1.6211 1.5708 0.9480 0.9297
6. BHYIC

KAWL TIIARA TRBEREBEHAZ2IZ&>Troll A
MEHEAHE Z 5 ¥ — > THHR depth #EE DREE 2 WET S
FHEZRE L. CNN OHIBTHEGIZT 7 « VY ZH%z
A BB TFIEED, BT -2y b BEET—X

v M TS 2 Z & TRFIEOE M Z EMRN, EREN
ICHER T X 7. AFHITH A S EBDEEIZ RGB-SLAM
WS Z & TRGBIFEHROATHEAHETH Y, CNN D
FEIE X F I —YMRAFE L Ao

(© 2020 Information Processing Society of Japan

4#%, RGB-SLAM % FI\W7=BRD#IHA 7 L — L %3 roll [H]
BUTWRWEWIREEZIM VRS FETH D. £/, K
FHEOKEE KA AR TT - X LR CEH IS
WV & g 2 Bl & R U 7z o

SE

[1] Wang, J., Liu, H., Cong, L., Xiahou, Z., Wang, L.: CNN-
MonoFusion: Online Monocular Dense Reconstruction
Using Learned Depth from Single View. In: IEEE In-
ternational Symposium on Mixed and Augmented Real-
ity Adjunct(ISMAR-Adjunct), pp. 57-62. IEEE, Munich
(2018).

[2] Wang, Y., Chao, W., Garg, D., Hariharan, B., Camp-
bell, M., Weinberger, K.: Pseudo-LiDAR from Visual
Depth Estimation: Bridging the Gap in 3D Object De-
tection for Autonomous Driving. In: In: Proceedings of
the IEEE International Conference on Computer Vision,
pp. 8445-8453, IEEE (2019)

[3] Marcu, A., Costea, D., Licaret, V., Pirvu, M., Slusan-
schi, E., Leordeanu, M.: SafeUAV: Learning to estimate
depth and safe landing areas for UAVs from synthetic
data. Leal-Taixé, L., Roth, S. (eds.) ECCV 2018 Work-



BERLEBF SR RIRE
IPSJ SIG Technical Report

(4]

[5]

(6]

[7

(8]

(10]

(1]

(12]

(13]

seql
~AEE “R—RFAVFE

oe I"—"? M, r! 12
(

7,.V4{H / v

T 03 T
3
" oo AL g
é o2 Iy Vdﬁ WN’M‘N g
01
00 0o
-180 120 -60 0 60 120 180 180 120
0 [degree]
seqd
02 “FFE R—RFAVFE 0s
06
0s
T 04
<
ol 03
o
< o2

-180 -120 -60 o 60 120 180 -180 -120
0 [degree]

5 BEETF—Xtv iz

shops. LNCS, vol. 11130, pp. 43-58. Springer, Cham
(2019).

Laina, I., Rupprecht, C., Belagiannis, V., Tombari, F.,
Navab, N.: Deeper depth prediction with fully convolu-
tional residual networks. In: International Conference on
3D Vision(3DV), pp. 11-20. IEEE (2016)

Fu, H., Gong, M., Wang, C., Batmanghelich, K., Tao, D.:
Deep Ordinal Regression Network for Monocular Depth
Estimation. In: In: Proceedings of the IEEE Interna-
tional Conference on Computer Vision, pp. 2002-2011.
IEEE (2018)

Silberman, N., Hoiem, D., Kohli, P., Fergus, R.: Indoor
Segmentation and Support Inference from RGBD Im-
ages. In: Fitzgibbon, A., Lazebnik, S., Perona, P., Sato,
Y., Schmid, C. (eds.) ECCV 2012. LNCS, vol. 7576, pp.
746-760. Springer, Heidelberg (2012)

Uhrig, J., Schneider, N., Schneider, L., Franke, U., Brox,
T., Geiger, A.: Sparsity invariant cnns. In: International
Conference on 3D Vision (3DV), pp. 11-20. IEEE (2017)
Mi, L., Wang, Hao., Tian, Y., Shavit, N.: Training-Free
Uncertainty Estimation for Neural Networks. In: arXiv
preprint arXiv:1910.04858 (2019)

Sturm, J., Engelhard, N., Endres, F., Burgard, W., Cre-
mers, D.: A Benchmark for the Evaluation of RGB-D
SLAM Systems. In: IEEE International Conference on
Intelligent Robot Systems, pp. 573-580. IEEE (2012)
Grisettiyz, G., Stachniss, C., Burgard, W.: Improving
grid-based slam with rao-blackwellized particle filters by
adaptive proposals and selective resampling. In: IEEE
International Conference on Robotics and Automation,
pp. 2432-2437. IEEE (2005)

Tateno, K., Tombari, F., Laina, I., Navab, N.:
CNN-SLAM: Real-Time Dense Monocular SLAM With
Learned Depth Prediction. In: Proceedings of the IEEE
Conference on Computer Vision and Pattern Recogni-
tion, pp. 6243-6252. IEEE (2017)

Laidlow, T., Czarnowski, J., Leutenegger, S.: DeepFu-
sion: Real-Time Dense 3D Reconstruction for Monocu-
lar SLAM using Single-View Depth and Gradient Pre-
dictions. In: International Conference on Robotics and
Automation, pp.4068-4074. IEEE (2019)

Toyoda, K., Kono, M., Rekimoto, J.: Post-Data Aug-
mentation to Improve Deep Pose Estimation of Extreme
and Wild Motions. In: arXiv preprint arXiv:1902.04250

(© 2020 Information Processing Society of Japan

seq2
“AFE R—RFAVFiE

o 6

0 [degree]
seqd
$3’=,£ ~R—RF4 Fik

60 o 60
O [degree]

BU1F 5 roll HlAIEIFEA L Abs Rel 6D BR

[19]

[20]

[21]

Vol.2020-CVIM-222 No.18
2020/5/15

seq3
s ~EFE -R=RF5( VFEE
05
it N R J‘ﬂ
3™ Sonilll, M R
03 - “ I
ﬁ&z'““hwwﬂﬁ$§$*!ﬂﬁﬁﬁdg e
01
00
20 180 -180 -120 60 0 60 120 180
0 [degree]
seq6
KEFik -R—R5{ Y Fik
o ‘ s,* -{Mﬂ!

f w%mr W 4 “VM'M

120 180 -180 120 60 0 60 120 180

0 [degree]

(2019)

Kurz, D., Benhimane, S.: Gravity-aware handheld Aug-
mented Reality. In: IEEE International Symposium on
Mixed and Augmented Reality, pp 111-120. IEEE (2011)
Klein, G., Murray, D.: Parallel tracking and mapping
for small AR workspaces. In: Proceedings of the IEEE
and ACM International Symposium on Mixed and Aug-
mented Reality, pp 0-10. IEEE (2007)

Engel, J., Schops, T., Cremers, D.: LSD-SLAM: Large-
Scale Direct Monocular SLAM. In: Fleet, D., Pajdla,
T., Schiele, B., Tuytelaars, T. (eds.) ECCV 2014, Part
II. LNCS, vol. 8690, pp. 834-849. Springer, Heidelberg
(2014)

Engel, J., Koltun, V., Cremers, D.: Direct sparse odom-
etry. IEEE transactions on pattern analysis and machine
intelligence 40(3), 611-625 (2017)

Forster, C., Pizzoli, M., Scaramuzza, D.: SVO: Fast
semi-direct monocular visual odometry. In: Interna-
tional Conference on Robotics and Automation, pp.15—
22. IEEE (2014)

Fischer, P., Dosovitskiy, A., Brox, T.: Image orienta-
tion estimation with convolutional networks. In: Gall,
J., Gehler, P., Leibe, B. (eds.) GCPR 2015. LNCS, vol.
9358, pp. 368-378. Springer, Cham (2015)

Olmschenk, G., Tang, H., Zhu, Z.: Pitch and roll camera
orientation from a single 2D image using convolutional
neural networks. In: In 2017 14th Conference on Com-
puter and Robot Vision, pp.261-268. IEEE (2015)
Xian, W., Li, Z., Fisher, M., Eisenmann, J., Shechtman,
E., Snavely, N.: UprightNet: Geometry-Aware Camera
Orientation Estimation from Single Images. In: Proceed-
ings of the IEEE Conference on Computer Vision and
Pattern Recognition, pp. 9974-9983. IEEE (2019)
Mur-Artal, R., Tardds, J. D.: Orb-slam2: An open-
source slam system for monocular, stereo, and rgb-d
cameras. IEEE transactions on robotics 33(5), 1255—
1262 (2015)

He, K., Xiangyu Z., Shaoqing R., Jian, S.: Deep resid-
ual learning for image recognition. In Proceedings of
the IEEE conference on Computer Vision and Pattern
Recognition, pp. 770-778. IEEE (2016)



