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Video Stabilization Quality Assessment Based on Total Curvature of Motion Path

ZHENG Qing-Zhuo ZHANG Lei HUANG Hua

(School of Computer Science and Technology , Beijing Institute of Technology, Beijing 100081)

Abstract A video captured with a hand-held device (e. g. , cell-phone or tablet computer) often
appears remarkably shaky. It has a great negative impact on people’s visual perception and is difficult
for the following processing of the video. As a technology that can remove video jitter to enhance
visual quality, video stabilization algorithms have been widely and deeply studied in the last ten
years. However, how to effectively evaluate the performance of video stabilization algorithms is a
topic that has not been studied deeply. Due to the lack of a comprehensive and fair evaluation
mechanism, it is impossible to judge the performance of video stabilization algorithm objectively,
which makes it difficult for users to choose video stabilization algorithm. The video stabilization
objective assessment can be divided into two ways: non-reference and full-reference. The full-
reference method needs the benchmark video, then calculates the difference between the evaluated
video and the benchmark video, and then evaluates the stability of the video. Non-reference
method is used to analyze the jitter characteristics of video directly through the motion information
of video, and then evaluates the video stability. Compared with the full-reference methods, non-
reference methods are more flexible and economical. But the existing non-reference video quality
assessment algorithms have some problems, such as sensitive to video with severe jitter or
inconsistent with the subjective assessment. In view of these problems, a non-reference video
stability assessment method for directly measuring the smoothness of video motion path is

proposed. Firstly, we detect the feature points of adjacent frames, and then calculate the inter-
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frame homography matrix. Homography matrix can accurately describe the translation, rotation
and other transformations between video frames. Secondly, we map the homography matrices in
the Lie Group space to form the motion path. Finally, we calculate the total curvature by using
the discrete geodesic approximation method to measure the smoothness of the motion path, and
use it to evaluate the stability of the video. In order to verify the efficacy of the evaluation, we
construct a dataset of 150 video clips and their corresponding stabilized videos based on the publicly
available dataset. Stabilized videos in this dataset are the results of five video stabilization

algorithms. We choose 2 classic stabilization algorithms from published literature: the spatially
and temporally optimized method (STO) and bundled paths methods (BP).
three sophisticated softwares that realise the stabilizer function: Adobe After Effects (AE) warp
stabilizer, Google YouTube stabilizer and VirtualDub Deshaker.

that the correlation between the results obtained by the proposed algorithm and the subjective

Besides, we choose

The experimental result shows

evaluation results is 97%. We make comparisons with some other classic video stabilization
quality assessment methods based on this dataset. We collect two representative methods that are
used in previous video stabilization methods: inter-frame transformation fidelity (ITF) and
low/high-frequency rate (LHR). Compared with the evaluation algorithm based on ITF, the
correlation improves 39 %. Compared with the evaluation algorithm based on LHR, the correlation
improves 21%. The consistency with the full-reference video stabilization quality evaluation
algorithm further verifies the effectiveness of the proposed algorithm.

total curvature; homography; motion path;

Keywords  video stabilization quality assessment;

Lie Group; visual motion perception
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X1 AXFNEERINAAREEINHFERFEESANHEFEARENIENEGR)

A 2 1) STO AE YouTube Deshaker BP JE G B 30 A0 4 X R
crowd 1(DH 3(4) 4(3) 5(5) 2(2) 6(6) 0.94
driving 1(D 4(3) 3(4) 5(5) 2(2) 6(6) 0.94
parallax 2(2) 4(4) 3(3) 5(5) 1(D 6(6) 1. 00
rotation 6(6) 3(3) 2(1) 44 1(2) 5(5) 0.94
regular 1(D 4(4) 3(3) 5(5) 2(2) 6(6) 1. 00
running 3(3) 4(4) 2(2) 5(5) 1(D 6(6) 1. 00
zooming 1(D 4(4) 3(3) 5(5) 2(2) 6(6) 1. 00
g 2(2) 4(4) 3(3) 5(5) 1(D) 6(6) 0.97

5.3 EEMESETFTNEEZLEROTLL

R T WA SRR M A 1 AR S —
BOHE B2 10 BE A1 55 b RS R P IR AT T L
8. A S 8 A R 0 B 11 TG B 2 AR DA ik
ot ) A% 48 B (TTE) ™ RIS / 3 43 EE 491 (LHRO
Bk, Hop ITF 89k 32 50 5 oo bt [A) 0% {8 {5 Mt
(PSNR) i 125 19 9T 22 [ 79 A ABL 1 o (H 3 35005 7 L
AR ZUEL B A S Y R IR 2. LHR HkiH 5
18 B I AR 4 BT o B B AR S S 56 op o o A A
IRIY 6 AN S8 43 BE 7 4 3 0 36 43 B (9 B i A 40 L

oh Al WA RS S R RE L {EL vy /AR A9 3R 23 B ) 1B )
TN [ 28 T 19 AN 0% S AS ) 1 B A B X A
PR AR R PR THR 55325 J6 125 38 )W AS W] 4} 3l iz
AL A EL X PR L AR SO BRI
18 By B A Y 7 1 R B NS R 3R 2 AR 3 4 gl
JE/aR T LHR FEM ITE 5k 5 A E WP i) 45
RXFH . 4 R TACH LS LHR 8IEM ITF
MR R B LL B AT LR A SCHRE 5 AR £
WLPFI 25 53 B A HE e i) — Bk

®2 LHREEBIMNARBERZNHFERESTHHFEARENFNER)

A2 1) STO AE YouTube Deshaker BP Ji b ) 2 A A R AL
crowd 4(1) 3(4) 1(3) 505) 2(2) 6(6) 0. 60
driving 3(1) 1(3) 4(4) 5(5) 2(2) 6(6) 0.77
parallax 4(2) 1(4) 3(3) 5(5) 2(1) 6(6) 0. 60
rotation 6(6) 3(3) 2(1) 4(4) 1(2) 5(5) 0. 94
regular 1(1) 4(4) 3(3) 5(5) 2(2) 6(6) 1.00
running 4(3) 1(4) 2(2) 5(5) 3(1) 6(6) 0. 60
zooming 1(D 2(4) 4(3) 5(5) 3(2) 6(6) 0. 83
S 4(2) 1(4) 3(3) 5(5) 1(1) 6(6) 0.76

*3 IMFEEBIANARBREEEINHFER ESHTHHEFRAREIWNTENER)

AT STO AE YouTube Deshaker BP JE G sl A LB %
crowd 3() 2(4) 5(3) 405) 1(2) 6(6) 0. 60
driving 2(1) 1(3) 4(4) 505) 3(2) 6(6) 0. 83
parallax 4(2) 2C4) 5(3) 6(5) 1(D 3(6) 0. 37
rotation 6(6) 5(3) 3(1) 1) 2(2) 4(5) 0.49
regular 3(1) 1(4) 4(3) 5(5) 2(2) 6(6) 0. 60
running 3(3) 14 4(2) 505) 2(1) 6(6) 0. 60
zooming 4(1) 2(4) 3(3) 5(5) 1(2) 6(6) 0. 60
1 3(2) 2(4) 4(3) 5(5) 1D 6(6) 0.58
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x4 FEUFREREBFNEENELAE . ;i}ﬁ o g i ;
) EL K J Y ==y
KM TR EREELEY E 2 A0 T T — e OGS A B 0 A

— — TN L I Y 4 R UM P LB R S A
crowd o8 060 0.9 AR LT 4 6 B P00 o % T — 26 L3505 A 3
driving 0. 83 0.77 0.94 — 5 — 2 5
parallax 0 37 0 60 L 0o TAE a0 B bR il Fi iz ol 8RR SR H o A T I Y
rotation 0.49 0.94 0.94 uﬁ, Z'Kj(iﬁ:?qx: Wu %A%tﬂ%?ﬁ:*@%jﬁ%%}ﬂ%ﬁ
regular 0. 60 1. 00 1. 00 = e M 4 2 TIA —
runming o, 60 o 60 L 00 JoT PP 7 VR BEAT X H S By L S5 R AR 5 R, Horp
z00ming 0. 60 0. 83 1.00 TS NEEMEE Wu S NBLE M A R ERR
S 0.58 0.76 0.97
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P ml LU ) AE FiUE #5 Al YouTube Fo #3 9 K £
R SRARY 2 R 2 35 R T i B sl BRI 3
ST o T3 PR A 4 A T 1 0 R 145
EE e B a2 1 9 D AL 0 4 2l I R 2 I

x5

EXSEUHMRETNEZERI L ESHERAXEEGINHF

I 32 25 ) JB R S Y 2 B B AR B TR 2 K R
JE o i A3 B A A0 SO s ) O B TR R R AR . T
ASCE B EEE Y R AL T Wu 58 A g
{ORE N7

HZR.BSTHHER WuEAFTENITENER)

A S ) STO AE YouTube Deshaker BP J 46 Bl 2 A
crowd 1€0.12) 3(0. 26) 4€0. 30) 5(0.13) 2(0.17) 6(0. 25)
driving 1¢0.11) 4(0.18) 3(0.19) 500.14) 2(0.16) 6(0. 21)
parallax 2€0.1D) 4(0.29) 3(0.3D) 500.13) 1(0.18) 6(0. 28)
rotation 60.18) 3(0. 38) 2(0.41) 4€0.19) 1(0. 23) 5(0. 36)
regular 1€0.12) 4(0.23) 3(0. 25) 5(0.13) 2(0.14) 6(0.22)
running 300.12) 4(0.32) 2(0. 35) 5(0.15) 1€0.18) 6(0.31)
zooming 1¢0.13) 4€0.27) 3(0.27) 5(0.18) 2(0.16) 6(0. 26)
D& 2€0.13) 4(0. 28) 3(0. 30) 5(0.15) 1€0.17) 6(0.27)
5.4 523 ZURRETFNEEEROITLE (77 I BRAE o Ay J5 1] 38 i Bl AL A% LA I AE
T — B R A SCRE W BOR AR A B Pl b A RO e e i) A8 e oFF 3 e 1 s g R
P S A0 L Alt b B T — 2R, L%’é*}”uﬁﬁ EHES PSR T ~4 b 1 R 4 R

FeE A0 . B TET A AT 3k 3 L 3 o b 1B E R
S B A A L T 3l 08RG 08 A E sl B
P45

AR SO R X — AL AN S R A 6 B s, \]
VAE H B £ 3l Boke ™ . A SCR T 5 i AL
- 24y AR i O s AN AR E X 5 PR

G A R S Oy XA B s s, A 15 L AH AT
Fo ANEEXNARAENBEMIMNENER B ERRBHIEES AN IV EHF I EFERITEE)
A2 51 I 24 Bk T WA #3h 1 $hah 2 #ah3 Hlah 4
Videol 1.12 1.31 1. 44 1.54 1.65
Video2 1.15 1. 36 1.45 1.58 1.64
A AL Video3 1. 10 1.35 1.48 1.57 1. 68
Videod 1.11 1. 34 1.47 1.54 1. 66
Video5 1.12 1.33 1.47 1.55 1. 64
Video6 1.17 1.38 1.48 1.59 1. 69
Video7 1.15 1. 36 1. 46 1.61 1.66
Ha bl Video8 1.18 1. 39 1.49 1.57 1. 66
Video9 1.17 1. 40 1.51 1. 60 1.68
Videol0 1.18 1.35 1.47 1.58 1.65
Videoll 1.21 1. 41 1.52 1.63 1.68
Videol2 1.19 1.38 1.51 1.61 1.71
A SR BL Videol3 1.23 1. 39 1.51 1.58 1.73
Videol4 1. 20 1. 42 1.49 1.59 1.72
Videol5 1.21 1.39 1.53 1.58 1.71
| 1.17 1.37 1. 49 1.58 1.68

ARG FRATE T 5 B A AR SR X G L B3
AT A T AL LE T A AR R G AL T 5422
AR 0T VT O VR AR X HE. AR SO A e Y i
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55 D b e A AR 1 P O Al e A R AR L iE Ok
d > B 238 3T AN WA T B AR BE B A 22
S 8 5 SROE AR B d . N, RS
J B AR 42 S E;&E’J%%Hﬁﬁ mr=:

2 | Path, (1) — Path, (1) |
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/z/

Horp N FR WAL Parh, T8 5 AR 1%
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SRS ENITEMERME 7 iR, #PE
S HMOBUE JE AR SO A5 2 A 7 Bl R L 4R
NIEEZE S HZ T RITAS RN PR ER
B, 55— FR X PR PR 25 S A S R B AR 7
AUEN AT E S 2S5 %5 RN g R~ KR T A
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BE R A5 5 H SR e U Y - 85 A R A ) B T 3K B AR SC Y TG 2 25 7 AT RE 3R A5 1E 1 19 T A
EEZ2RTE N5 B SR E 0 X B 42 iR IR,

KT AXEEBINFHHEEZER BESHTNHERESEFERGINREGUMASEIRENMM FHREZERD

MBI BIA PR o E M STO AE YouTube Deshaker BP I E S ARG R B
Videol 1.12¢0) 1.31(18.28) 1.33(27.25) 1.29(21.98) 1.54(29.66) 1.27(24.56) 1.59(44.72) 0. 86
Video?  1.15(0) 1.23(41.82) 1.35(59.83) 1.25(36.57) 1.58(69.15) 1.28(32.79) 1.60(89.54)  0.86
WA A HL Video3 1.10C0) 1.35(28.23) 1.33(27.88) 1.32(34.32) 1.39(29.84) 1.25(26.26) 1.47(31.73) 0. 64
Video4 1.11¢0) 1.36(19.76) 1.40(22.10) 1.41(31.27) 1.45(24.86) 1.33(18.07) 1.51(29.53) 0. 89
Videos  1.12¢0)  1.26(12.87) 1.34(16.73) 1.29(19.34) 1.37(19.80) 1.24(13.35) 1.43(22.92)  0.79
Video6 1.17¢0) 1.22(17.69) 1.28(23.71) 1.26(27.06) 1.36(26.53) 1.24(18.97) 1.50(28.95) 0. 89
Video? — 1.15(0)  1.28(33.75) 1.35(36.74) 1.33(37.56) 1.44(39.86) 1.25(31.94) 1.53(45.50)  0.96
EEESIR RN Video8 1. 18(0) 1.31(23.17)  1.33(25.80) 1.34(38.12) 1.38(26.72) 1.27(22.53) 1.48(31.86) 0. 89
Videoo  1.17(0)  1.23(45.24) 1.48(54.68) 1.29(327.8) 1.53(59.32) 1.26(49.04) 1.65(76.39)  0.79
Videol0 1. 18(0) 1.27(43.57)  1.39(54.59) 1.34(46.98) 1.46(55.20) 1.26(41.05) 1.57(58.29) 1. 00
Videoll 1.21C0) 1.34(39.87) 1.41(47.73) 1.37(54.28) 1.57(58.85) 1.28(38.76) 1.62(68.09) 0. 96
Videol2  1.19(0)  1.38(38.86) 1.43(49.82) 1.36(45.16) 1.53(53.18) 1.33(32.92) 1.55(54.72)  0.96
EFMHL Videol3 1.23C0) 1.26(72.53) 1.43(85.78) 1.39(143.6) 1.59(88.31) 1.28(76.83) 1.67(97.34) 0.79
Videold  1.20(0)  1.26(29.12) 1.34(36.49) 1.32(39.94) 1.37(38.75) 1.29(32.37) 1.54(41.72)  0.89
Videol5 1.21C0) 1.33(55.52)  1.46(59.26) 1.40(63.56) 1.48(73.91) 1.36(53.71) 1.64(84.57) 0.93
1y 0.87
[5] Tanakian M J, Rezaei M, Mohanna F. Camera motion modeling
6 Ve .LE for video stabilization performance assessment//Proceedings
= H of the IEEE Machine Vision and Image Processing. Tehran,
B Iran, 2012.: 1-4
%‘Zﬁ]jﬁ%'ﬁﬂ“ﬁ%ﬁ H@%?Eﬁ]ﬁ%ﬁ%%lﬁz%%% [6] QuH, Song L., Xue G. Shaking video synthesis for video
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Background

In daily life, due to the poor shooting environment and
the lack of professional equipment, often cause serious jitter
in the video obtained, affecting the video quality and user
experience. As a kind of technology that can remove the video
jitter and enhance the visual quality, video stabilization has
been widely and deeply studied, and a large number of video
stabilization algorithms have been proposed in the last ten
years. However, how to evaluate the performance of video
stabilization algorithms effectively is a problem that has not
been studied deeply. Due to the lack of a comprehensive and
fair evaluation mechanism, it is impossible to evaluate the
performance of video stabilization algorithm, which makes it
difficult for users to choose video stabilization algorithms.

There are two kinds of evaluation methods: non-reference
and full-reference in the field of video stabilization quality
assessment. Full-reference method requires a real stable

video as a benchmark, but this benchmark video is difficult to

[18] Lopez M C, Mateos V F, Masqué ] M. Total curvature of
curves in riemannian manifolds. Differential Geometry and
Its Applications, 2010, 28(2): 140-147

[19] Zacur E, Bossa M N, Olmos S. Left-invariant riemannian
geodesics on spatial transformation groups. SIAM Journal on
Imaging Sciences, 2014, 7(3): 1503-1557

[20] Wang Y S, Liu F, Hsu P S, et al. Spatially and temporally
optimized video stabilization. TEEE Transactions on Visualization
and Computer Graphics, 2013, 19(8): 1354-1361

[21] Marden J I, Kendall M, Gibbons J D. Rank correlation
methods. Journal of the American Statistical Association,

1992, 87(417): 249

ZHANG Lei, born in 1981, Ph. D. , associate professor.
His research interests include computer graphics, image and
video processing.

HUANG Hua, born in 1975, Ph.D., professor. His

research interests include image and video processing.

obtain. Non-reference video quality assessment method obtains
the jitter characteristics of the video by using the statistical
model, which can be used to evaluate video stabilization
algorithm. This method is flexible and economical, so this
paper chooses the non-reference method to evaluate the video
stabilization algorithm objectively. Motion stability is essen-
tially a kind of perceptual attribute, which is difficult to be
modeled mathematically. But from the point of view of
motion trajectory, the trajectory of stabilization video is
generally smooth, and the motion trajectory of the shaky
video generally has more peaks and troughs. In mathematics,
curvature is used to measure the degree of curvature of a
curve. So, this paper studies the no-reference video stabilization
quality assessment directly from the degree of motion
smoothness, proposes a no-reference video stabilization

evaluation method based on the curvature of the motion path.





