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"/ 01 Introduction

g Type of Image Stabilization

[ Image ] { Optical IS ]

Stabilization (IS) | (OIS)

Electric IS ]
l (EIS)

t-1 t

I Digital IS | Block Matching |
Dis) J Algorithm (BMA) |

o
Feature Based | v — ! ~
Matching (FBM) | @ @
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02 Camera Trajectory Model
¥¥ Camera Trajectory Model
Camera Trajectory : Represents the intentional motion. Camera shake : Noise version of intentional motion.
: Camera shake
[Dynamic equation]
)(t = AXt_1 _|_Wt X (t=0,1 ---) : the state at time t that represents the camera position, velocity, and acceleration
Zt _ th +Vt Z,(t=0,1 ---) : the observed camera position at time t

A, H :the state transition matrix and the measurement one, respectively
Assume that W, ~ N(0, Q,) and V,~N(0, R;) are white Gaussian noise that are independent of each other

X : Intentional motion
Z : Global motion



02 Camera Trajectory Model

¥¥ Camera Trajectory Model

[Initial expected value] - @ prior

A4 + : posterior
Xy =E(Xy)
P =E|(X, - X$)(Xo = X)T|

[Prediction step] Enter prior estimate X5 and
its error covariance P,
X = AX,
t — t-1
- _ + AT Compute Kalman gain:
Pt o APt_lA +Qt_l K, = P;Hg(HkP£H1T+ Rk)_l \ l Zn, 24,0
Qr €1+
[Correction step] .
P:'\OJBCt ahe/a\d: Update estimate with
g7 g7 -1 Z i —e measurement z,:
Ki=P " H [HP"H +R] Yev1 = Oy 5 o
P,.1=0.P ¢ 0 X, = X + K;, (2, — H.X)

+ _

R =[I-KH]R ‘AA

)2 "= )2 a K.IZ H)z B Compute error covariance Xo) Xq, 00t
t T Mt + t[ t t ] for updated estimate:

P,=(I-K, H)P,

Figure 4.1
© John Wiley & Sons, Inc. All rights reserved.
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02 Camera Trajectory Model

¥¥ Motion Model

[Affine transform]

X X'| M Rotation

y' y Translation Rigid Body Transformation : Translation + Rotation

7 7 B Scaling Similarity Transformation : Translation + Rotation + Uniform scaling
1 1 Shearing Affine Transformation : Translation + Rotation + Scaling + Shearing

[Rigid Body Transformation (2-D)]

X | [cos6 —sing | X | [T (X, ¥;) : the coordinate at time t
B 6, :the rotation angle

Y, sing, cosf, | Y, | |T’

T.”, T, : the translation in the horizontal and vertical direction, respectively

» Ut - FtUt—1+Tt

[Accumulative motion model]

t t t t ! H ] t

U | | L) 2: I I A A cosd' —sind o= S0
= . = U I I F — E

t ( L 1 ij 0 + FJ K Ft 0 +Tt Where e j (Sin o' cos o' j et J

k=1 \_j=k+1



02 Camera Trajectory Model

¥® Design of the KF

[Rotation angle at time t] A A 0
ration 611000 0fd,] [n
0, =6,_,+n T*| |10 1 1 0 0T~
t - | . . . . Xt :Axt_l +Wt - "txv _ T‘t;j v
n, ~ N(0, o,) : white noise with variance o, R 0 01 00O TS |+
Tl (000 1 1Tyl |0
T 0 0 0O 1__ O n’ |
[Translation (assume constant velocity)]
=T wel o o
L P | 1] 1000 0] [n
S Z =HX.+V, ®i1ei_10 1 0 0 O|X, +|n”
n, ~ N(0, oy ): white noise with variance oy
T¥| |0 0010 |n7

The auxiliary variable T, cannot be observed in Z,
Superscript “0” denotes the variables for observed

n’’ ~N(0,5°) and n’" ~N(0,0?) are white Gaussian noise
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02 Camera Trajectory Model

1100 0 0fd,] [n

¥¥ Design of the KF T |01 10 04Treo
K;m T [+ n)

— di v vy__— [T [0 001 1T |0
Qt —d|ag(0r,O,GT,O,UT) _-f:yv_ 0000 1__-|{ﬁ_ n |

- o 0 0 o

R =diag(o,,0;,07) gl 10000 Jn

AL T T>|=/0 1 0 0 OX, +|nT

X, =1(0,0,0,0,0) T 00010 |n

+ T V] v >
P, =diag(o,,0;,07,0;,07) X; E(X,)
By = E[(X, ~ X)X, - X;)']

diag( ) : diagonal matrix

_ _ 6° 1 0 0 0O nt°9
[ Z, accumulative motion] T>|=/0 1 0 0 O|X,+|nT
T |0 0 0 1 0 not
t ~
6 =>06,=62+86
t = j t—1 t f[F (cos@ —sing"\  ,_ 2‘19_
where Lt ' (sing cose et
0 \ t o .T 7 andT are computed using | * cosg —sinGfix | | T
_ _ = +
To=> | []F [l =FRT%+T, @ andT p 9|y s cosq, |y, ||
k=1 \ j=k+1
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03 FB-Based DIS Algorithm

¥¥ The process of the proposed DIS algorithm

(o )
—

¥
Select good FPs Kl 1 : E]ta'l
Track FPs usmg Compensate
EF-based prediction unmtentional motions

11



03 FB-Based DIS Algorithm

¥¥ Selection of Good FPs

e o [ y) Lo (0y)

G= ;
x=prow y=poow, | L OG YT (X, ) 1, (X, y)

(P,; P,) : the point(X, y)
W, Wy : the searching window size

1L (X, ¥), I,(X,Y) : spatial derivative of the image frame in the horizontal (vertical) direction

min(ﬂi’ lz) > ﬂ“thresh

A, 4, :eigen-values of G

Airesn - generally set as Apresn = M (0<r<1) 4. : maximum eigen-value obtained from eigen-values of all points

12



03 FB-Based DIS Algorithm

¥¥ FP Tracking Using KF-Based Prediction _
00 =6°,+6,

[Current camera motion I\~/It] T = FtTtglJrft
M, =6, Tt]T is obtained by solving the equation M =M, + M,

where the related parameters M, = [67to,Tt°]T and M, = [Hto_l,thl]T are extracted from X - and X * , respectively

[FP (X, ¥i)]

i iy | X cosf, —sing, | x| | T
(Xt ) yt) is predicted by performing =| . +
Y, sind, coso, || Y,, T

where (X, y;) (1<i<N,)

Finally, the predicted FP instead of the previous one (X, ,, Yi ,)is set as the initial position for the correspondence tracking,
which reduces the searching range and thus speeds up the tracking process
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03 FB-Based DIS Algorithm

¥¥ Detection of Scene Change

Assume that N, pairs of FPs are obtained after finding the correspondence.

N; = Nijresn : n0 scene change

If scene change is detected,

new reference frame
Current image frame » FPs : re-selection
Parameter of KF : re-initialization

[Irregular condition and the lack of features]

N, <N

: 27
thresh - Scene change?? X

At > AT,

hresh - reference frame change At: time difference between the current detection of scene change and the previous one
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03 FB-Based DIS Algorithm

g Adaptive Measurement-Update of KF

Rt = diag (Gf : G? : O'ﬁ) X » the practical camera shake at different time may be greatly different
We develop a new scheme, called and adaptive KF

the camera shake results in the sign change of the estimated motion |\/|t offset by their mean values

sb ' I I Tﬁer.'nc:cfj period 2 |
4 | T
f

I . I
L1 A
E g, ﬁl ﬁ;ﬂ: | Wl g bl zero-crossing cases : period 1 > period 2
E oL ||I | I | I'ﬁ-ﬁj.? J|$|T l .-L. || ‘|'i' |
s | Ml gy |' '@TIE ml[ JP| I 4 éﬂurﬁ |'Tl|*dlacl|:.| | ™ camera shakes : period 1 > period 2
5 | | \ T + IR \ |
=) I R, if C,>CT,

-ar ' h ; ] 1 t t

4} | .

<C, <
e Rt3 If CT3 Ct CT4 C, : the number of zero-crossing
frame no. R =1Rp If CT, < Ct < CT3 Ri(i=0---4): measurement noise with different
R, if CT,<C, <CT, varnanee

CT,(i=1---4) : predefined threshold

(R, otherwise

15
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03 FB-Based DIS Algorithm

¥¥ Compensation of Unintentional Motion
The global motion I\/If contains the intentional motion I\/It and the unintentional one Mf

Mf should be computed first.

t t t
accumulative motion model U, = (H F, jUO + Z[ H Fj ]Tk = FtAUO "'TtA
k=1

k=1\ j=k+1

U 0 — F AOU +T Ao R R R

Ljt ) IftAU C-)I_T\': Ut — FtACUtO +(TtA . FtACTtAO)
t Tt 0 t

[Unintentional motion]
c_ o 2
gt _Ht _Ht

. ~ | cos@’ —singf
th :TtA . FtACTtAO :Tt . t t TO

sing’  cosé;

[Compensated image frame]
el X cosf —sing || x| | T~
Ly] Ll singt cosét |\Ly] |TY
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04 Experimental Results and Analysis

¥® Sample image

." A -

(a) Island (b) Road (O Univemsity

(a) : small motions less than 2 pixels and high frequent jiggles.
(b) : small motion less than or equal to 1 pixel and irregular conditions.

(c) : small motions less than 2 pixels and high frequent rotational and translational jiggles.

ﬁ’ Parameter

r=0.1, Ny =100, Nyyy =5, ATy =10, AT, =10, p =20

hresh

¥® Adaptive KF
AT, =10, CT, =1 CT, =3,CT,=5,CT, =7, R, =4R,, R, = 20R,, R, =40R,, R, =80R,

where R,, depends on specific applications and is usually set as R, =1.0
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04 Experimental Results and Analysis

¥¥ Example
reference 20th 65th

(a) : Original image frames
(b) : Stabilized image frames

¥¥ Effectiveness of Motion Prediction With KF

COMPARISON OF TRACKING SPEED IN FPS UNIT

Video Seq. With MP Without MP
e o
roac ' ' avg : over 100 frames
University 3194 30.55

18



2019-04-10 | S L Image System Laboratory

@ _ _
04 Experimental Results and Analysis

¥¥ Performance of Adaptive KF
s 3
Eooy W 1T i, o F
E i, ARl (a) Island
(ﬂ} E 4 y rﬂi ® & o . . .- . . .
E (1) high-frequency jiggles exist in the horizontal direction
s
0- (2) the amount of jiggles between the 30 and 50th frames changes frequently
0 1ID 2:} :?:0 IIID EIH E‘-IU 70
Frame No.
f- i —El—ti]ll:-l:laj mut:.cm
12 Bt'\'lﬁ% —&— Intentional motion
. ;}f.}”a 2
é B—j i
E i " o
® % “
=
T
.|]|_
i (a) : Performance with adaptive KF
o 1w =2 . 4 s e 7 (b):Performance without adaptive KF
Frame No.
19
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¥¥ Computational Complexity

COMPUTATION TIME IN MS/FRAME UNIT

Video Seq. 100 frames 150 frames 210 frames
Island 300 333 381
Road 316 333 380

University 313 40.0 399

PROCESSING SPEED FOR VIDEO SEQUENCES WITH DIFFERENT RESOLUTION
Resolution Pixel ratio C-GIM (ms) C-UM (ms)  Speed (fps)

720x480 45 86 288 2623
640%480 4 10.0 243 29.08
320%240 1 28 6.5 106.78
COMPUTATION TIME FOR DIFFERENT PARTS IN MS UNIT
Video Seq. FP-Sel C-GIM C-UM
Island 108.0 8.6 288
Road 1121 85 290
University 109.9 10.5 288
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05 Conclusion

¥¢ We proposed a new DIS algorithm which can obtain a good stabilized performance in real time.
(KLT tracker + Kalman filter)

¥¢r The intentional motion is obtained with the proposed adaptive Kalman filter

¥¢ The developed algorithm has better robustness against irregular conditions than the conventional ones.
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