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This document contains supplementary material for the paper “Fast Edge-Preserving Patch-
Match for Large Displacement Optical Flow” to be appeared in CVPR 2014. The list of
items included here are:

1. Screenshot of MPI Sintel benchmark.
2. Screenshot of KITTI benchmark.

3. Screenshot of Middlebury benchmark.
4. More results on MPI Sintel benchmark.
5. More results on KITTI benchmark.

Besides, a binary executable demo for Windows operating systems is provided together
with this document (in order to run the program, you should have a CUDA-enabled NVIDIA
GPU).



EPE matched EPE unmatched d0-10 d10-60 d60-140 s0-10 51040 s40+

GroundTruth ('] 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 Visualize Resulls.
DeepFlow 12 5377 177 34 751 4519 1534 0837 0 960 2730 33701 “isualize Resufts
IVANN =1 5.386 1.397 37596 2722 1.341 1.004 0.683 2245 36.342 "Visbalze Results
MDP-Flow2 14! 5837 1.869 38.158 3.210 1913 1441 0.640 2603 39.459
EPPI ] 6494 2675 37 632 4997 2422 1948 1.402 3446 39 152
$2D-Matching 6.510 2792 36.785 5523 3.018 1546 0622 3012 44187
Classic+NLP ['] 6731 2949 37 545 5573 3.291 1648 0.638 3.296 45.290
FC-2Layers.FF [€] 6.7681 3.053 7144 5.841 3.390 1688 0.580 3.308 45.962 “Visualize Results.
LDOF B! 7.563 3432 41170 5353 3.284 2454 0.936 2.908 51.696 Visualize Resulls.
Classic+NL 1101 7.961 3770 42 079 6191 391 2509 0573 2694 57.374 “Visualize Resutts.
Classics+ 1 8.721 4.259 45.047 6.983 4494 2753 0902 3295 60.645
Horn+Schunck ['2 5739 4525 43.032 7.542 5.045 2891 1.141 3.860 58.243
Classic+NL-fast 1% 9.129 4725 44 956 7157 4974 33N 0.558 2812 66.935
SimpleFlow [4] 12,617 7.848 51435 10.693 5422 6.170 07N 541 51.786
AnisoHuber.L1 18] 12.642 7.983 50472 10.457 3.675 6.320 0.753 9.976 77.835 “Visualize Resutts.
AtrousFlow [8] 14.200 9584 51.758 11.964 10.338 7.926 1.702 12.440 50.185 "Visbalize Results.

EPE all EPE matched EPE unmatched do-10 d10.60 d60-140 s0-10 51040 sd0+

GroundTruth [1] 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
DeepFlow 12! 5.377 1771 34.751 4519 1534 0.837 0.960 2730 33701
IVANN I 5.386 1397 37.896 2722 1.341 1.004 0.683 2245 36.342 "Visuaize Results
EPPM [ 6494 2675 37.632 4.997 2422 1.948 1402 3446 39.152
MDP-Flow2 1! 5837 1.869 38.158 3.210 1913 1441 0.640 2603 39.459
$2D-Matching ! 6.510 2792 36.785 5523 3.018 1546 0.622 3.012 44 187
Classic+NLP [7] 6.731 2.949 37.545 5573 3291 1648 0.638 3.296 45.290
FC-2Layers-FF [¢] 6781 3.053 37 144 5841 3390 1688 0580 3308 45 962
LDOF B! 7.563 3432 41170 5353 3.284 2454 0.936 2.908 51696 Visualize Resulls
Classic+NL [°] 7.961 3.770 42079 6.191 3911 2509 0.573 2694 57.374
Horn+Schunck ['1] 8739 4525 43032 7542 5045 2891 1141 3.860 58243
Classic++ [12] 8721 4259 45 047 5983 4494 2753 0902 3295 60 645
Classic+NL-fast %] 9129 4725 44 956 7187 4.974 3331 0.558 2812 66.935
AnisoHuber.L1 14 12.642 7.983 50472 10457 B.675 6.320 0.753 9.976 77.835
AtrousFlow 1151 14.200 9584 51758 11.964 10.338 7.926 1.702 12.440 80.185 "Visualize Results.
SimpleFlow %1 12,617 7.848 51435 10.693 5422 6.170 071 541 81.786 “Visuaize Results

Figure 1: Average endpoint error (EPE) ranking on MPI Sintel benchmark — clean pass (captured
on Oct 30th, 2013). The second figure is the ranking by only considering large displacement motions
(flow velocity larger than 40 pixels per frame)




EPE all EPE matched EPE unmatched d0-10 d10-60 d60-140 s0-10 51040 540+

GroundTruth ('] 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 “Visalize Resulls
DeepFlow 12 7212 3336 38.781 5650 3144 2.208 1.284 4107 44118 isualize Results
IVANN 12! 7.249 2973 42 088 4896 2817 2218 1159 4183 44 866
52D-Matching 1] 7.872 3.918 40.093 5.975 3.815 2.851 1172 4695 45.782
FC-2LayersFF %] 5137 4.261 39.723 6.537 4257 2946 1.034 4835 51.349
Classic+NLP 1°] 8291 4287 40 925 6520 4265 2984 1208 5090 51162
EPPM 7! 5.377 4.286 41.695 6.556 4.024 3.323 1834 4.955 49.083
MDP-Flow2 [ 5.445 4.150 43.430 5703 3.925 3.406 1.420 5449 50.507
LDOF [ 9116 5037 42344 5.849 4928 4.003 1.485 4.839 57.296
Classic+NL 110! 9.153 4814 44509 7.215 4822 3427 1113 4496 60.291
Horn+Schunck (11! 9610 5419 43734 7.950 5658 3.976 1882 5335 58 274
Classics+ (121 9.959 5.410 47.000 8.072 5.554 3.750 1403 5098 64.135
Classic+NL fast 12! 10.088 5.659 46.145 5.010 5738 4160 1.092 4.666 67.801
AnisoHuber.L1 4] 11.927 7.323 49 366 9.464 7.692 5.929 1.185 7.966 74.796
SimpleFlow [%] 13.364 5.620 51.949 10.872 5.584 7171 1475 9582 51.350
AtrousFlow [18] 14.173 9573 51648 11.511 10.027 8.092 2.011 12.052 79.484

EPE all EPE matched EPE unmatched do0-10 d10.60 d60-140 s0-10 51040 sd0+
GroundTruth ['] 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 “Visbalize Results.
DeepFlow 2 7212 3336 38 781 5650 3144 2208 1284 4107 44 118
IVANN ! 7.249 2.973 42.088 4.596 2817 2.218 1159 4183 44.866
$2D-Matching ] 7.872 3918 40.093 5.975 3815 2.851 1172 4695 48782
EPPM [ 8.377 4.286 41,695 5.556 4024 3323 1.834 4955 49.083
MDP-Flow? & 8445 4150 43430 5703 3925 3406 1420 5449 50 507
Classic+NLP 71 5.291 4.287 40.925 6.520 4265 2984 1.208 5.090 51.162
FC 2Layers FF 2] 8137 4.261 39.723 6.537 4257 2946 103 4835 51.349 “Visualize Results.
LDOF ! 9116 5.037 42.344 6.849 4923 4.003 1485 43839 57.296
Horn+Schunck (12 9610 5419 43734 7.950 5658 3976 1882 5335 58 274
Classic+NL '] 9.153 4514 44.509 7.215 4522 3427 1113 4496 60.291
Classic++ [12] 9.959 5410 47.000 8.072 5584 3.750 1.403 5.093 64.135
Classic+NL fast '] 10.088 5659 46145 8.010 5738 4160 1.092 4666 67.801
AnisoHuber.L1 1141 11.927 7323 49 366 9464 7.692 5929 1155 7.966 74 796
AtrousFlow [15] 14.173 9573 51548 11511 10.027 8.092 2.01 12.062 79484 “Visualize Resulls |
SimpleFlow ['¥! 13.364 8.620 51.949 10872 8.584 717 1475 9582 §1.350

Figure 2: Average endpoint error (EPE) ranking on MPI Sintel benchmark — final pass (captured on
Oct 30th, 2013). The second figure is the ranking by only considering large displacement motions
(flow velocity larger than 40 pixels per frame).




Error threshold 5 pixels ~ Evaluation area All pixels -

Optical Flow Evaluation

This table ranks general optical flow methods, performing a full 2D search, as compared to the motion sterec methods below.

{Rank. Method ! Setting Code Out-Noc Out-All Avg-Noc:Avg-All! Density | Runtime Environment [ Compare
1 SceneFlov | (B8] 1.83% 3.59% 0.8px :1.3px 100.00% 6 min 4 cores @ 3.0 Ghz (Matlab + C/C++) &

Anonymovs submission

2 PRSFE [

2.34% 479% 09px ; 1.7px(100.00% 200s 4 cores @ 3.0 Ghz (Matlab + C/C++) ]

C.Vogel, 5. Roth and K. Schinder: Piecewise RigidScene Flow. Computer Vision (ICCV) 2012,
3 PCBP-Flow [ZIEH | 2.58% | 6.26% | 0.9px | 2.2pxi100.00% 3 min 4 cores @ 2.5 Ghz (Matlab + C/C++) &

K. ¥ amaguchi, D. McAlester and R. Urtasun: Robust Monocular E pipelar Flow Estimation. CVPR2013.

4 PR-S flow | i8] 2.65% 5.38% | 1.2px | 2.8 px (100.00 % 150 sec 4 core @ 3.0 Ghz (Matlab + C/C++) [l
€. Vogel, 5. Roth and K. Schindier: Piecewise Rigid Scene Flow. International Conference on Computer Vision (ICCV)2013.

5 MotionSLIC :ZIEH | 2.74% (8.12% 1.0px | 2.7 pxi100.00% 11s 1 core @ 3.0 Ghz (C/C++) ||
K. Yamaguchi, D. McAllester and R_ Urtasun: Bohust Monocular  pipolar Flow Estimmtion. CVPR 2013
& gtRF-DF 4.52% 10.45% 1.6px | 4.3 px;100.00% 1 min 1 core @ 2.5 Ghz (Matlab + C/C++)

Anony mots submission

7 TGVZADCSIFT

471% 12.19% 1.6px !

.5 px (100.00% 12s GPU @ 2.4 Ghz (C/C++)

8  TVL1-HOG 5.37% 15.54% 2.0px | 6.1 px 100.00% 1805 2 cores @ 3.0 Ghz [Matlab) [
. Rashaan, M. Hehared, M. Gareia, B Nertsching andD. Aue: [lumiiation Flve o de Aasacf on Hist s maf s Garman Confarenca on Pattern Recognivion 2073

9 | DeepFlow 5.38% 14.70% 1.5px | 5.8 px 100.00% 175 1 core @ 3.6Ghz (Python + C/C++) [
F. Weinzaepfel, ). Revaud, Z Harchaouiand €. Schmid: DeepFlow: Large peical flow with c hing_ IEEE ional Confe rence on Computer Vision (1CCV) 2013

10 Data-Flow 5.44% 11.77% 1.9px 5 px%ﬂ)().DO% 3 min 2 cores @ 2.5 Ghz (Matlab + C/C++)
€ Vipgal, & Roth and K. Schinder: Bata Costs for Greical Flow. Garman Batter Rasagniion (GEPR) 3611
{11 | DescFlow 6.26% 15.59% 2.1px | 5.7px 100.00% 9.0s GPU @ 2.5 Ghz (C/C++)
Anony mous submission
{12 | MLDP-OF 6.87% 1591% 2.5px | 6.7px 100.00% 1605 2 cores @ 2.5 Ghz [Matlab)
nany o submissin
{13 CRTflow 6.90% 15.02% 2.7px | 6.5px [100.00% 185 GPU @ 1.0 Ghz (C/C++)
0_Demetz, D. Hafner and J. Weickert: The Complete Rank Transform: A Toolfor Accurate and Morphologically Invariant Matching of Structure . Proc.~British Machine Vision Conference 2013 BMVC)
203
L4 Cer icode’ 8.04% 17.14% 2.6 px | 7.1 px 1100.00 % 8.5 min 1 core @ 3.0 Ghz (Matlab)
D Sun, 5. Rath and M. Biack: ve Bnalysis of Curvent Practices in O ptxal Fiow Estimation and The Brinc iples Bahind Them. 2013.
S5 IVANN 8.33% 17.92% 2.7px | 7.4px [100.00% 1073 s 1 core @ 2.5 Ghz (Matlab)
Anony mous submission
C16 C+NL icode’ 8.34% 17.35% 2.8px | 7.2 px 1100.00 % 14.8 min 1 core @ 3.0 Ghz (Matlab) &
D %un, 5. Roth and M. Back: fue Analysis of Current Practices in O otk al Fow Esth ind The Principles Behind Them. 2013
7 fSGM ] 8.44% 20.63% 3.2px 12.2px/100.00% 605 1 core @2.4 Ghz (C/C++) [

i KC\(WBH&MEZME,
0.255 GPU @ 1.0 Ghz (C/C++) 0 |

19 | TGV2CENSUS icodel 9.19% 15.68% 2.9px | 6.6px 100.00% 45 GPU+CPU @ 3.0 Ghz (Matlab + C/C++) [
M._Werlberge r- Convex Approaches for Hish Performance Video Processing 2012,
R_Ranftl, 5. Gehrig, T. Pock and H. Bischof: Pushing the Limits of Stereo Using Variational Stereo Estimation. IV 2012

20 C+NL-fast icode 10.13% 19.07% 3.2px | 7.8 px 100.00 % 2.9 min 1 core @ 3.0 Ghz (Matlab) [
D.Sun, 5. Roth and M. Black: ive Analysis of Current Practices in Optical Fiow Estimation and The Principles Behind Them. 2013.
[ HS icode 12.47% 21.00% 4.0px | 9.0 px 1100.00 % 2.6 min 1 core @ 3.0 Ghz (Matlab) [
D.Sun, 5 Roth and M Black: uantitative Analysis of Current Practices jn Optical Flow Estimation and The Princi Behind Them 2013.

22 [QFlow 14.23% 23.53% 3.6px | 8.8px 100.00% 605 4 cores @ 3.5 Ghz [C/C++) [
 Anony mous submission

23 GC-BM-Bino | 15.31% 25.80% 5.0px (12.0px; 83.73%  1.3s 2 cores @ 2.5 Ghz [C/C++) [
& Wi and 0. Lavagahn: Teins Fiuw st imation for Lnt agant Vehic fons, 115 3813

{24 GC-BM-Mono ; 15.47% 25.93% 5.0px 12.1px 8433% 1.3s 2 cores @ 2.5 Ghz (C/C++) [
B. Kitt and H. Lategahn: Trinocular O ptical Fiow Estimation for |ntelligent Vehicle Appications. ITSC 2012.

(25 eFolki 16.52 % 25.60% 5.2 px (10.8 px;100.00 % 0.026 5 GPU @ 700 Mhz (C/C++)
Anony meus submission

[ 26 CeNLM 17.22% 24.34% 7.4px 145 px:100.00 % 5 min 2 cores @ 2.5 Ghz (Matlab)
Anonymous submission

27 HMM 18.21% 27.83% 7.2 px (15.0 px{100.00 % 10 min 1 core @2.5 Ghz (C/C++)
Anony meus submission

28 ALD ] 18.34 % 27.22% 10.9 px 16.0 px 100.00% 1105 1 core @ 2.5 Ghz (C/C++)
M_Stol, 5. Vol and A Bruhn: Adaptive i Fe Jinto Variational Optical Flow Methods  ACCY 2012

{29 | RSRS-Flow 18.65% 27.13% 6.2px (12.1 px{100.00 % 4 min 1 core @ 2.5 Ghz (Matlab)
P_Ghosh and B. Man junat nd fith Sparse Error PAMI 2042

30 LDOF icode 18.72% 27.97% 5.5px 112.4 px: 100.00% 1 min 1 core @ 2.5 Ghz (C/C++)
T.Brox and J_ Malik: La rge Dis, -ement Optical Flow: Descripter Matching in Variational Motion Estimation. PAM 2011

[IE] GCSE 26.33% 35.64% 7.0px (15.3px 48.27% 2.4s 1 core @2.5 Ghz (C/C++)
J.Cech, 1 Sanchez-Riera and R Flow Estimation by Growine Correspondence Seeds. CVPR20 1.

{32 DB-TV-LI icode 26.50% 35.10% 7.8px 14.6 px100.00% 165 1 core @ 2.5 Ghz (Matlab) [
€. Zach, T_Pock and H. Bchof: ADuality Based Approach for Realtime TV- L1 Optical Flow - DAGM 2007

{33 BERLOF 30.63% 39.00% B8.5px (16.2px 15.26%  0.231s GPU @ 700 Mhz (C/C++) GeForce GTX 680
T.Senst, )_Geistert, | Keller and T_ Sikora: Robust ical Flow i sing Bitinear Equations for Sparse Motion Estimation. 20th |EEE Conference on Image Processing 2013
{34 RLOF icode 31.49% 39.83% 8.7px 16.5px 14.76% 0.4885 GPU @ 700 Mhz (C/C++) GeForce GTX 630 ]

T Senst, V. Eselein and T Skora: Bobust Local O otical Fow for Feature Tracking. TCSVT 2012

i 35 HAQF Ecnde 32.48 % 140.12% 11.1 prﬂ!.z px5100.00% 16.2s 1 core @ 2.5 Ghz (C/C++) O
T_Brox, A Bruhn, N, Papenberg and ). Weickers: Hish ‘optical fiow estimation based on a theory for warping  ECCV 2004

36  PolyExpand : i 44.53 % 151.03 % 17.2 px :25.2 pXEﬂ)O.UO% 1s 1 core @ 2.5 Ghz (C/C++) B
G Farneback: Two-Frame Motion Estimation Baced on Polynomial Expansion. 5C142003

37 | Pyramid-LK Ecnde 57.22 % 62.72% 21.7 px 133.1 px% 99.90 % ' 1.5 min 1 core @ 2.5 Ghz (Matlab) O
1. Bousust: Pyramical imple mentation of the Lucas Kanage featurs tracker. Ints(2000.
T38 T ocv-Em Tcode’ 60.41% 65.49% 24.4 px 133.3 pxi100.00 % 1.5 min 1 core ® 1.5 Ghz (C/C++) [a]
G Eracsii- The OpenC V[ brary. Br. Dobbis Journal of Software Took 2000,
39 MEDIAN 66.55 % 71.52 % 16.0 px 523.9 px; 99.94%  0.01s 1 core @ 2.5 Ghz (C/C++) B
40 AVERAGE 67.92 % 72.68 % 16.3 px :24.6 px; 99.94%  0.01s 1 core @ 2.5 Ghz (C/C++) 0

This table as LaTeX

The settings column describes additional assumptions made / information used by the methods:

= ms = motion stereo: Usage of the epipolar geometry to restrict the search problem to 1D

Figure 3: Bad pixel ranking (threshold 5 pixels) on KITTI benchmark (captured on Oct 30th,
2013). Note that in the “setting” column, more than one icon means the method is not a pure
optical flow estimation method.



Optical flow evaluation results Statistics: Average SD R0.5 R1.0 R2.0 AS0 A7S A95
= Error type: endpoint angle interpolation normalized interpolation
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0.28 0.14 7 0.857 0.38100.47 25 0.97 11 0.3121/0.13300.13 25 0.22 33| 0.51 25 0.99 23 0.74 34|
TC-Flow [46] 2160071 0.213 0.065|0.151 0.5910 0.111|0.3131 0.783¢ 0.1410.162: 0.8631 0.08 1 31 11133 0.54 22| 0.42 17 1.4043 0.256|0.11
02 0.9617 0.63 12
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LSM [39] 238/ 0.087 0.23150.0714/0.222 07333 0.1833{0.2817 0.64 17 0.1927| 0.147 0.703 0.0923/0.66 15 0.97 13 0.481|0.5057 1.06 15 0.33 30/ 0.154 0.1235 0.2961|0.50 24 0.9923 0.73 30|
Ramp [62] 24.4|0.087 0.2425 0.07 14/0.212¢ 0.7231 0.1833{0.27 13 0.6215 01927 0.15 17 0.71 13 0.09 23| 0.66 15 0.97 19 0.49 23| 0.51 39 1.0923 0.34 35/ 0.1549 0.123 0.3065|0.48 13 0.96 17 0.72 |
Classic+NL [31] 2630087 02315007 14|/02225074370.1833(0.2922 06521 0.1927)0.1517 0.73 17 0.0923) 0.64 7 0.93 12 0.47 18| 0.5242 1.12 25 .33 30| 0.16 52 0.13 26 0.29 61| 0.48 20 0.98 20 0.74 34
TV-L1-MCT [64] 26.5/0.087 0.23130.07 14/0.24450.77 41 0.1942/0.32 34 0.763: 0.1927) 0.147 5 0.0923)0.72251.032¢ 0.6035/0.54 44 1.1024 0.3537| 0.11 10 0.125 0.2022|0.5433 1.04 0 0.84 ¢1

PMF [75] 27.0/0.09270.252 0.07 14(0.19130.60 13 0.14 14| 0.233 0.463 0.1712|0.1733 0.87 35 0.0923| 0.585 0.865 0.264|0.82551.1726 0.54 55| 0.21 50 0.225 0.3677| 0.394 0.751 0.59%

IROF-TV [53] 286(0.09:7 02522 0085022207741 0.1942/0.3026 0.7025 0.1927)0.1835 0.9345 0.11 20/ 0.7325 1.04 27 0.5631|0.44 22 16955 0.3121| 0.095 0111 0.124|0.50 24 1.0832 0.73 30

MOP-Flow 29.310.0927 0.2529 0.0834/0.1913 0.54 5 0.1833]0.24 10 0.55120.20 361 0.1623 0.91 32 0.0923] 0.74 30 1.06 28 0.61 37| 0.46 26 1.02 14 0.35 57/ 0.1220 0.14 14 0.17 11 D.Tssﬂ.wl
S —— e —

EPPM [32] 31.1]0.11430.3051 0.0832/0.19 13 0.67 22 0.13 19 0.17 33 0.7823 0.11 9 0.60451.3535 0.40 47| 0.45 11 0.94 13 0.64 13
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31.2|0.10380.252 0. 18 1.69 58 .32 2s| K A
0.75 0.53 32 1.13 33 0.67 20|
CostFilter [40] 33.0/10.10350.27 41 0.0834(0.2022 0.63 17 0.1519) 0.225 0.458 0.1817|0.1942 0.8837 0.12 44| 0.60 10 0.90 12 0.285|0.7555 1.19 29 0.50 53 0.46131.0225 0621
NL-TW-NCC [25] 33.2|0.10350.2635 0.083¢/0.22 26 0.72 31 0.15 1| 0.35 36 0.8535 0.16 19| 547 0.702 0.0923(0.79351.1637 0.51 25| 0.78 55 1.38 40 0.48 52| 0.55351.1634 0.557
S2D-Matching [88] |33.3|0.0927 0.2635 0.07 12[0.23 41 0.80 45 0.18 35 0.38 33 0.93 33 0.20 34| 517 0702 0.0923(0.7025 1.032¢ 0.51 25/ 0.5546 1.17 25 0.35 37| 05122 1.01 25 0.81 33|
Aniso-Texture [86] |35.1] 0.087 0.213 0.07 14/0.1913 0.60130.172¢/0.5050 1.1151 0.2141] 0.125 0.584 0.07¢|0.935¢ 1.2849 0.92352|0.46 25 1.27 32 0.38 45/ 0.20 73 0.20 22 0.30 65| 0.68 +2 1.37 32 0.88 45
SimpleFlow [49] 35.5|0.0927 02426 0.083¢0.2445 07844 0.2051|0.4341 0.96420.2141|0.1625 0.77 21 0.0923{0.7126 1.04 27 0.5530| 1.47 74 1.5954 0.7665{ 0.1330 0.123 0.2233(0.50 24 1.04 30 0.72 25|
‘Occlusion-TV-L1 [63] |35.9/0.0927 0.2635 0.07 14{0.2229 0.74 57 0.1833{0.5152 1.1556 0.2141)0.1835 0.9139 0.10 57| 0.87 +3 1.2541 0.72 14| 0.47 29 1.38 w0 0.36 1| 0.104 0.125 0.112|0.83 58 1.78 61 0.96 53
Adaptive [20] 38.9|0.09270.2635 0.065(0.2341 0.764¢ 0.1833)0.5456 1.1961 0.2141)0.18350.9132 0.10 7] 0.8845 1.2541 0.73 47| 0.50 77 1.2833 0.31 21| 0.14 3 0.16 62 0.22 33| 0.65 41 1.37 32 0.79 37
C y OF [21]{40.5/0.114: 0.28420.1056| 0.189 06317 0.125)0.3131 0.75520.1817|0.19+42 0.97 47 0.12 44 0.97 60 1.31 56 1.004| 17835 1.73 51 0.87 75| 0.11 10 0.125 0.2233|0.6842 1.484:0.9550
TCOF [F0] 40.5/0.11430.28420.0945(0.2445 0.76 40 0.1942{0.5353 1.1556 0.29 52| 0.24 5¢ 0.8837 0.20 65/ 0.88 45 1.26 45 0.69 41| 0.38 11 0.93 10 0.29 15| 0.16 52 0.1652 0.22 33| 0.49 20 1.03 22 0.65 13}
DPOF [18] 40.7|0.12520.3362 0.085¢|0.26 52 0.80 43 0.2051|0.24 10 0.49 10 0.20 365/ 0.19 42 0.8323 0.13 45/ 0.66 15 0.98 21 0.40 12 651.41450.5760|0.2557 01414 0555|0512 1.0225 0.545
ACK-Prior [27] 407 430.25290.0945| 0.189 0.59100.1310{0.27 13 0.64 17 0.16 10/ 0.1517 0.7823 0.0923/ 0.82 35 1.14 3¢ 0.71 43/ 1.90 8¢ 1.90 67 0.9930{ 0.23 35 0.17 62 0.49 55/ 0.77 52 1.44 2 0.91 47|
ComplOF-FED-GPU [35] | 43.0| 30294 01056/02120078440.1414)0.323. 0.79350.17 12{0.1942 0.9945 0.11 40/ 0.8945 1.2950 0.73 47| 1.2567 1.7462 0.64 64| 0.14 33 0.13 25 0.30 65| 0.64 33 1.50 45 0.83 4|
Classic++ [32] 439 270.25290.07 14{0.2341 0.78 44 0.1942{0.43 41 1.0045 0.2245/0.20 45 1.1153 0.10 57| 0.87 45 1.3053 0.66 40/ 0.47 29 1.62 55 0.33 30| 0.17 65 0.14 44 0.32 73| 0.79 55 1.64 54 0.92 43|
Aniso. Huber-L1 [22] |44.2] 3502842 0.083¢(0.31500.8836 0.2664/0.5652 1.1352 0.2952( 0.20 45 0.9243 0.13 45/ 0.84 40 1.20 35 0.70 42/ 0.39 13 1.2330 0.28 1| 0.17 65 0.1554 0.27 53| 0.64
2445 0.77410.1724/0.5050 1.1352 0.21 41| 0.2355 12450 0.12 44| 0.86 42 1.27 47 0.65 32| 0.60 48 1.9572 0.50 53/ 0.12 20 0.14 44 0.21 29| 0.79 55 1.77 e0 0.98 =5
DeepFlow [S0] 459 520315 0.1163(0.2857 08251 0.2257|0.44 47 1.0045 0.33 64/ 0.2660 1.3457 0.15 55/ 0.8137 1.21 3 0.58 33| 0.38 11 1.5553 0.258 | 0.11 0 0.411 0.2441{0.93 64 1.8285 1.12 2]
TriangleFlow [30] |46.9| 14502947 0.0945(0.26520.9560 0.17 2] 0.47 43 1.07 43 0.18 17| 0.16 23 0.87 35 0.09 23] 1.07 65 1.47 73 1.10 65| 0.87 53 1.39 42 0.57 60 5430.19300.23 (06335 1.333% 0.8441
114:0.28420.0945/0.27 55 0.9550 0.2051)0.6065 1.17 58 0.48%5/0.2558 1.135¢ 0.16 57 0.97 60 1.33 59 1.03 65/ 0.43 15 1.3235 0.36 41| 0.1330 0.1326 0.18 15| 0.76 50 1.52 45 1. 14 &5
TV-L1-improved [17] [49.1|0.0927 0.26350.07 1202022 0.712 0.1621]0.5353 1.18600.2245/0.21350 1.2450 0.11 40)0.90 45 1.3156 0.72 44| 1.5176 1.9370 0.84 72| 0.1870 0.17 63 0.31 7| 0.73 47 1.62 53 0.87 w4
CBF [12] 50.2|0.10350.2842 0.0945/0.34 54 0.80 45 0.3767|0.43 41 0.9541 0.26 52| 0.2150 1.1455 0.13 45/ 0.90 49 1.27 47 0.82 5¢| 0.41 15 1.23 30 0.30 18/ 0.23 35 0.1950 0.39 30| 0.76 50 1.56 43 1.02 =5
LocalyOriented [52] |50.3(0.12520.358+ 0.083¢/0.3353 1.018¢ 0.2561|0.6157 13082 0.26 55/ 0.1835 0.8026 0.13 48[ 0.935¢ 1.2950 0.79 52| 0.98 62 1.484 0.56 32| 0.12 20 0.14 44 0.21 28| 0.73 47 1.48 43 0.95 50}
Local TV-L1 [65] 52.0/0.14570.3461 0.1471|0.47 70 1.0585 0.43 70 0.72 71 1.2565 0.52 86/ 0.31 63 1.3970 0.22 67| 0.83 39 1.21 39 0.63 38{ 0.39 15 1.29 3¢ 0.29 1| 1.08
1143032355 0.1163(0.27 55093355 0.22 57| 0.3940 0.94 40 0.24 50/ 0.24 5¢ 1.2582 0.13 45{ 1.10 73 1.3985 1.43 50| 0.89 61 1.77 &4 0.55 38| 04013z 0112 6118368 1.13 84
CLG-TV [48] 52701 032 025 0.47
F-TV-L1 [15] 52.7|0.1467 0.3554 0.1471|0.34 64 0.98 62 0.26 62| 0.59 ¢ 1.19%61 0.26 52 0.27 63 1.3669 0.16 57| 0.90 49 1.3053 0.76 51| 0.54 4 1.62 55 0.36 11 30 0.1554 0.20 22| 0.68 42 1.56 43 0.66 19|
FastOF [77] 53.3|0.11430.315:0.10356|0.3567 1.0586 0.27 63| 0.6065 1.14 55 0.52 66/ 0.22 52 0.92 43 0.16 57| 0.9557 1.29 50 1.10 65| 0.67 52 1.92 62 0.51 53
SuperFlow [85] 53.8| 0.34 490.16620.19 18/ 0.90 60 1.81 63 1.07 s
114303461 0.1055(0.1913 06926 0.16 1| 0.2922 06622 0.2345{0.20 45 1.1957 0.14 54| 1.07 65 1.4270 1.22 73| 1.3570 1.49 50 0.86 74| 730.2052 0.2647|1.07 71 2.07 75 1.39 72
Rannacher [23] 54.1 0.25430.84530.2155/0.57 51 1.2763 0.26 52 0.24 5¢ 1.3265 0.1345(0.9152 1.3350 0.72 14| 1.49 75 1.9572 0.78 &2
Second-order prior [8] [55.9)0.11430.315¢ 0.0945(0.2652 0.93 355 0.20 51| 0.57 51 12585 0.26 52| 0.20 45 1.04 49 0.12 44/ 0.94 56 1.34 61 0.83 55/ 0.6150 1.93 70 0.47 51 7301662 0.34 75| 0.77 52 1.64 5¢ 1.07 =5
4301662 0.21 2| 0.87 58 1.76 52 1.06 57,
Bartels [41] 57.7/0.12590.3051 0.1163/0.22 20 0.6521 0.1942|0.353 0.86 37 0.23 48| 0.28 65 1.3265 0.18 62| 0.97 50 1.3865 0.98 61| 1.20 66 1.76 63 0.7863/0.2073 0.17 62 0.48 35| 0.91 61 1.88es 1.22 57|
Dynamic MRF [7] 585|012 0.3451 0.1163(0.22 22 0.8957 0.16 21| 0.4447 1.13520.20 35| 0.245¢ 1.296¢ 0.14 5] 1.1174 1.52501.13 70| 1.5477 2.3T 1 0.93 77 30 0.128 0.3171|1.27 75 2.33 54 1.66 74|
SegOF [10] 58.9(0.15700.3662 0.1056/0.57 75 1.16 73 0.59 75/ 0.68 70 1.24 63 0.64 71| 0.32 69 0.8631 0.2669| 1.1850 1.50 79 1.47 52| 1.6330 2.09 75 0.96 75| 0.082 0.1325 0.124|0.70 45 1.50 45 0.69 24|
0.12 32 0.3554 0.10 55 0.43 0.45 1.01 1.10 0.12
Ad-TV-NDC [36] 60.9|0.23520.40750.3135/0.925¢ 14251 0.9353|1.0551 1.6075 0.74 75 0.48 7+ 12763 0.49 76| 0.8541 1.2541 0.60 35| 0.44 22 1.47 47 0.3225/0.1220 0.13 25 0.19 18| 1.59 a5 2.06 75 2.87 55

Sparse Occlusion [54] |32.2|0.0927 0.2425 0.083¢/0.2226 06317 0.1942/0.3835 0.9135 0.16 17| 0.17 33 0.8530 0.09 23] 0.7531 1.0932 0.47 15 0.342 1.001z 0.263
CRTflow [34] 45.9| 4303051 0.0834]
SIOF [68] 48.7]
1110 0.1 1 0.22 33| 1.086 1.87 &7 1.67 75|
Brox et al. [5] 52.3) 0.
114302947 0.0945(0.3261 0.8655 0.3065/ 0.5557 1.17 53 0,285/ 0.2555 1.0550 0.17 60| 0.92 53 1.3053 0.79 52| 0.47 20 1.7260 0.35 37| 650.1763 0.2545|0.74 43 1.57 51 0.88 &5
49 0.123 0.22 33| 0.81 57 1.50 45 0.95 50
1143502847 0.0834|0.34 64 0.855¢ 0.3365)0.53 55 1.0850 0.5969| 0. 2865 1.2359 0.21 65| 0.8865 1.3255 1.21 72| 0. 4825 1.4850 0.36 11
Fusion [6] 54.0] =
114303154 0.0945 401444 0.26 47| 0.6845 1.58 2 0.86 43
p-harmanic [29] 56601253 0.3653 0.1163|0.2543 0.82 51 0.21355]0.57 61 12463 0.2855)0.2660 1.2055 0.19 62 1.07 65 1.3963 1.31 76| 0.44 22 1,655 0.37 &5
LDOF [28] 60.8| 0.3261 1.06550.2450)0.4341 0.96430.3052)0.4573 24852 0.26 6] 1.0165 1.37 6¢ 1.0588| 1.106¢ 2.0875 0.67 65| 0.1220 0.155¢ 0.24 41| 0.94 65 2.0573 1.10 &0

=]

StereoFlow [44] 64.0/0.46:20.7791 0.4722(1.4152 22651 1.1635)1.3052 19457 1.0257|1.3352 29820 1.1635{ 1.0871 1.4976 0.99 2| 0.314 1.4043 0224|0071 0.111 0.081|0.98¢7 1.8885 1.31 m|
Shiralkar [42] 64.38|0.13660.39720.10356/0.2857 1.0853 0.1942|0.6167 1.33720.2551|0.27 63 1.3563 01862 1.0166 1.47 73 0.90 55| 0.8860 2.04 74 0.54 55/ 0.2073 0.1662 0.42 52| 1.04 65 2.13 73 1.10 80
Learning Flow [11] |B5.5)

101
114303258 0.0945/0.2959 0.9963 0.2359]0.5557 1.24 63 0.2959| 0.36 70 1.56 74 0.25 s8] 1.25 85 1.64 35 1.41 78/ 1.55679 2.32 53 0.8573(0.14 39 0.18 75 0.24 11| 1.0972 2.09 75 1.27 &3
IA0F2 [51] 672

E |°'

6703564 0.1263|0.4263 1.0971 0.38 63| 0.64 69 1.3271 0.5563|0.92 &2 1.6075 1.04 83 1.0065 1.3865 0.94 60/ 0.80 57 1.43 45 0.5862|0.2073 0.18750.32 73| 0.9263 1.66.55 1.13 64

=
&

Filter Flow [19] 68.1)0.17720.39720.1359/0.4369 1.0971 0.38s3{0.7572 1.34 73 0.78 79| 0.7030 1.54 73 0.68 79| 1.1377 1.38 65 1.51 83| 0.57 47 1.32 35 0.44 45/ 0.22 52 0.23 58 0.26 47| 0.96 65 1.66 5 1.12 2|
Modified CLG [34] |(69.3(0.19750.4672 0.1775(0.4972 1.08¢e2 0.5174{0.93 7 1.5976 0.6251{0.4975 16579 0.42 74/ 1.1475 1.4875 1.42 72 1.0663 21620 0.687| 0.1220 0.14 14 0.20 22{ 11274 2.17 51 1.52 73/
‘GroupFlow [9] 696(0.2172 051581 0.2151|0.7922 16985 0.7251|0.8675 1.6473 0.74 7] 0.3067 1.0751 0.2663|1.2956 1.81550.82541.94 5 23052 1.365| 0.11100.14 4 01915/ 1.0663 1.96701.3571
GraphCuts [14] 69.7/0.16710.3871 0.1471|0.597 1.36 20 0.4671|0.5652 1.07 4 064 71| 0.2660 1.1455 0.17 60/ 0.9655 1.3562 0.84 57| 2.2590 17985 1.22 25 0.22 52 0.17 2 0.43 53| 1.22 77 2.0573 1.78 73]

3300132 0.1918/1.32302.0877 17377,
1870 0.1554 0.27 53| 1.30 72 1.81 63 2.08 &3,
154301763 0.17 11| 11173 1.9871 1.30 &
.31 90 0.22 55 0.86 91| 1.20 75 1.78 51 2.19 84/

SPSA-learn [13] 70.0/0.1876 04575 0.1775|0.57 75 1.32730.5174|0.8474 1.507¢ 0.72 7| 0.5277 16473 0.49 7| 1.1276 1.42701.39 77| 1.7552 2.14 75 1.06 53|
|AOF [50] 70.2|0.17720.39720.1877|0.6177 12375 0.5577| 1.20 85 1.87 26 0.73 75/ 0.66 79 1.4671 0.72 50| 0.99 3 1.36 63 0.99 62| 0.73 5¢ 1.83 65 0.45 4|
Black & Anandan [4] |70.3{0.18750.42770.1973(0.5875 1.3177 0.5073]0.95751.58 75 0.7073{0.4975 1.5975 0.4575)1.0871 1.4270 1.22 73| 1.4372 2.28 51 0.83 71|
BlockOverlap [61] |70.8/0.17720.3554 0.1674{0.4871 1.0265 0.4671|0.75721.31700.5969)0.4072 1.47 72 0.33 73/ 0.96 58 1.2645 1.14 71/ 1.4071 1.47 47 0.86 74|

F [43] |71.2|017 720417 0.1382|0.6177 1.34720.5975]0.9575 16850 0.7675)0.3871 16377 0.27 72) 1.117¢ 1.4976 1.27 75| 0.66 51 1.53 52 0.4543| 0.20 73 0.1875 0.28 35| 1.12 74 2.04 72 1.67 75
2D-CLG [1] 72.3|0.285: 0628 0.2151|067501217:0.7050)1.1252 1.80835 0.9936)1.07 3 2.0652 1.12 57| 1.2352 1.5250 1.6235|1.5477 21573 0.96 75| 0.10+ 0.111 0.163|1.385 2265 1.83 =

Nguyen [33] 732(0.22500.47200.1975(0.87531.2976 0.97 54| 1.17 54 1.815: 09254/ 0.995¢ 1.8250 1.075¢{1.17 72 1.4976 1.46 51| 0.72532.0975 0.60 63| 0.14 32 0.14 4 0.20 22| 1.37 51 2.1852 1.86 51
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Horn & Schunck [3] |77.0/0.22500.55a2 0.2235/0.6177 15355 0.5276)1.01501.7351 0.8050)0.7841 2.0252 0.77 51| 1.265¢ 1.585 1.5534|1.4372 2595 1.0051|0.1652 0.1875 0.157|1.51 a4 25055 1.88 2|
THDOFE [24] 79.4|0.3820 06457 0.47 211657 1.72 2 1.2630|1.39202.0692 1.17 59| 1.2935 22156 1.41 20| 1.27 85 1.61 54 1.57 35| 1.2863 2.57 5 1.01 22| 0.1330 0.155¢ 0.169|1.87 & 2.71 &7 2.53 5
SILK [83] 79.9|0.25530.5552 0.2954|0.77 51 14952 0.79a2|1.14 53 1.83 85 0.84 52| 0.5975 1.82300.5575) 1.3657 1.69 85 1.82 35 1.9235 2.65355 1.1555|0.165 0.13 26 0.36 77| 1.69 55 2.54 5 2.30 55
Adaptive flow [45] |83.5(0.36880.598: 0.3733/1.2155 1605« 1.238s{1.2186 1.77 82 1.1890]0.94 35 2.0353 0.97 a2 1.20 % 1.57 22 1.0867| 1.7351 1.9067 1.12 54/ 0.5992 0.37 2 1.37 2| 1.37 51 2.16 30 1.81 9|
SLK [47] 846(0.30550.70550.3657(1.0955 1.77 57 1.2157| 1.2555 1,988 1.0335( 1.561 2267 1.71 91| 1.54 0 1,828 2,140 2.0257 27920 1.36 | 01765 01652 0.26 17| 2.43 22 3.18 = 3.31 w0

Periodicity [32] 859(0.31570.782:02030/1.5451 2622 1.71%0)1.86:2 2000166321155 3.055 1.07a|5.17: 679 419|379 52652 2.93%|0.1220 01875 0.36 77| 2.67 20 5.01 51 3.18 5|
PGAM=LK [55] B7.1|0.37 22 0.7055 0.5951|1.0885 1.898 1.1555/0.94 77 1.5976 0.86 53| 1.40 20 3.2692 1.33 40| 1.37 55 1.7057 1.67 57| 2.1085 2.53 55 1.39 52| 0.36 91 0.28 91 0.65355| 1.8955 2.7255 2.71 &7

FOLKI[16] B883|029a50732003355\1.5290196201.80%1|1.2357 20491 0955|0995 22045 1.0885)1.53 4 1.85202.07 3| 2148332391 1600|0265 0215 0688|267 203 2704329

Pyramid LK [2] 90.4/0.3951 0.61850.6192|1.6752178882.0092|1.5091 1.97 85 1.3891|1.57 9223985 1.7T8 92| 2.9491 3.7291 2.9891|3.3391 2.74 53 2.43 91| 0.30 39 0.24 5 0.73 90| 3.80 22 5.08 =2 4.88 =2|
ove the mouse over the numbers in the table to see the corresponding images. Click to compare with the ground truth.

|=-

Figure 4: Average endpoint error (EPE) ranking on Middlebury benchmark (captured on Oct 30th,
2013). The ranking is for our algorithm without hierarchical matching (only one record for each
publication is allowed on this benchmark).



4

Frame 1 Frame 2 Ground truth Ours (clean pass) Ours (final pass)

Figure 5: Our results on MPI Sintel benchmark.
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Figure 6: Our results on KITTI benchmark (with MPT Sintel color coding for visual show).



