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Saranyu Navayot 2011: Real-Time Video Stabilization for Aerial Mobile Multimedia
Communication. Master of Engineering (Electrical Engineering), Major Field: Electrical
Engineering, Department of Electrical Engineering. Thesis Advisor: Associate Professor

Nuttaka Homsup, Ph.D. 50 pages.

This research develops a video stabilization system for First Person View (FPV) in order
to reduce the vibration both in vertical and yaw axis of camera motion. Generally, video
stabilization system is the technique to improve the quality of video sequences arising from an
uncontrollable motion of the capturing camera. The real-time video stabilization scheme is
introduced to stabilize video sequences transmitting from Unmanned Aerial Vehicles (UAV)
operated in the surveillance mission. Clearly, the multimedia communication system consists of
CMOS camera, a video transmitter and a receiver module. A video sequence is transmitted to a
receiver at the ground control station, and a raw video is processed and displayed on a ground
monitor. Also, this system can be improved for the FPV. However, the shaking image in vertical
and yaw axis hardly effects to the pilot. As a result the FPV system has to be stabilized
particularly in vertical and yaw axis. This research improves the FPV by using the smart optical
flow algorithms, Pyramid Lucas-Kanede. The advantage of this research is to reduce parameters
and faster computation. This system can be used as a surveillance video or as a part of the First

Person View (FPV) for a RC video control.
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Specification Description
Image Sensor Y4 Color CCD
Effective Pixel 500x528 (PAL), 510x492 (NTSC)
Resolution 350 TV line
Power Supply 5-12VDC
Shutter Speed 1/50 — 1/100,000 sec
Video output 1 Vp-p, 75 Ohm composite
Minimum illumination 0.2 Lux F1.2
Video System (Color) PAL, NTSC
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Specification Description
Frequency 2400 MHz
Channel 8 Channel with Phase lock loop (PLL)
RF output power 1000 mWatt
Transmit Range 400 meters+ (with line of sight)
Power supply 5-12 Vdc
Operated time (battery 1000mA.) 3060 second

q' (] = A [ [ = AN v o 9
MINN 3 PNANUDUDIUATOITU-TITYUIUNTN-LTIIIA ﬁullﬂﬂvliﬁw

Channel Frequency (MHz)
CH1 2410
CH2 2430
CH3 2450
CH4 2470
CH5 2370
CH6 2390
CH7 2490
CH8 2510
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1.4 USB TV Tuner Box

NN 9 USB TV Tuner Box 51015 Gadmei J1 UTV332

131 : Gadmei Electronics Technology Co.,ltd,
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[X] ={[R]-[x]}+[T] (©)

[X' {x} =y lunmilogiiv
y

X 1 9
= yalunmnounin

. —
[7] = [TxTyT] = ANBSLAAINTIAADUTN (Translation Vector)

a 4
[R] = N3NNI HYU (Rotation Matrix)

Aa 4 I a s A Y @ I
wnIngmsnyu [R] duwmsnginnevesiums vy uyusounnulu
Ao A IA = Yo
TTUUNNARNIN X, y LS z Wi@ﬂﬂ@ﬂ'li'ﬂlqluiullu') Roll, Pan ttag Tilt %Qlﬂﬂﬂqﬂﬂﬂlluﬁllﬂu

& a -4 1
Roll, Pitch, Yaw U04010AETH FAUUNT Ao 11,!Lmmﬂumgmmazgmummm@&Jum]mmﬂéf
9

=
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0

[R.]=]0 cosf, —sin6, (7)
sin@_  cosO,

cosd, 0 sin6, |

0 1 0 €]

—sinf, 0 cos6,

cosf, —sinf. 0
[R.]=|sin6. cos6. 0 9)

1]

wagidiosmmning [R,], [R, ] uag [R,] hdaefuiiu [R] Failugilialives

9
=

a -4 P
wnsnanmsvgu laaad

[R]=[R.]-[R,]-[R.] (10)
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UNUANNS (7). (8) taz (9) aaluaums (10) azenns oo 1aily

1 0 0 cosf, 0 sin@ | |cosd, —sinf, 0
[R]=|0 cosO —sinf_|- 0 1 0 ||sinf, cosf. O (11)
0 sinf, cosO, ||-sinf, 0 cos6, 0 0 1
[R] [R,] [R.]

cos@ cos® sinf sinf cos@ —cosO sin@ cosO sin@ cosf +sinf sinf

z X y z X z X y z X z

[R]=| cosO sinf sinf sinf sinf +cosf cosf cosO sinf sinf —sinf cosb
y z X y z X z X y z

21 (2
—sin6 sinf cosfy cosf_cosO
y X X y

[

4
a 4 wva g a A o
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@(x+dx,y+dy,t+dt) = p(x, y,1) (17)

o % 3 i a a 4
Tao dx uaz dy awdrwusailuszezmanasuntasvesiinaiay taziilo

W1 OUNUTVOY (x +dx, y+dy,t +drf) 121d 1

p(x+dx,y+dy,t+dt) = @(x,y,0) + @ dx+ ¢ dy+@,dt (18)
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A A o a4 !
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A" AQlu)= Ao, (25)

(ATA) (A" A)[u] = (4" 4)" AT, (26)
1

[ul=(4"4)" 4", 27)

A o 2 g s 2
uaguouIgaun1s (27) G]N!JJUTHTHWL’JﬂWI’E)iﬂ’ﬂﬂJLTJGUEN Lucas-Kanade U1

o @ a o =S a < @ !
Uszgna lgnuuuafamssiuanuuilsziavsiludumuning 12

/;1\\\ /,4\\\
/0 W\ 70 W\
[N [BERNAN
AN RN
/ \ > iterative LK / \
44’ \ 44/ \
/ \ \ Warp & upsample / \ \
/ | Der\vative\& Find optical flow / Del’&vative‘&
/ | Dowr\sampla, / Dowr\ sample
/ /
N\ T teraivelL.K *+—————— \
/ A | / J
\ \
/ | o\ \ i Warp & upsample D o \
// ,’ ‘ DD;Ar/Ir:/?;t;vnil\ie 4 # Find optical flow , 4 D;Ar/'r:’i;"nfbke N

I
T
/ \ \ — iterative L-K 4— \
/ \ I \ \
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Previous Frame
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Compare between target
and previous frame

Before Stabilization Process

Compare between stabilize
and previous frame

After Stabilization Process

Compare between stabilize
and previous frame

After Stabilization Process
(crop image)
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Frame #124 Frame #124 Frame #125 Frame #126 Frame #127

Difference between target and previous
frames before stabilization

Difference between stabilize and previous
frames after stabilization

Difference between stabilize and previous
frames after stabilization (crop image)

Warp frame
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Distrace in horizontal (yaw direction) between 2 frames
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Compare PSNR
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