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ABSTRACT

In this paper, we analyze the delay phenomenon that can occur when controlling an unmanned aerial vehicle using a camera

and describe a solution to solve the phenomenon. The group of pictures (GOP) value is changed in order to reduce the delay

according to the frame data size that can occur in the moving image data transmission. The appropriate GOP values were
determined through experimental data accumulation and validated through camera self-test, system integration laboratory

(SIL) verification test and system integration test.
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Fig. 1. Group of pictures (ACTi 2009).
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Fig. 2. UAV system architecture.

Fig. 3. Camera streaming on ground control station.
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Fig. 4. The message format of GVCP: (a) WRITEREG CMD Message, (b)
READREG CMD message, (c) WRITEREG ACK message, (d) READREG ACK
message (AIA 2013).
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Fig. 5. Data block structure (AIA 2013).
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1 second, 8 Megabit, 30 Frame(l:1, P:29)

Fig. 6. I-Frame delay.

1 Second, 30 Frame, 8 Mbps, GOP 30 (I-frame: 1, P-frame: 29)
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1 Second, 30 Frame, 8 Mbps, GOP 2 (I-frame: 15, P-frame: 15)

Fig. 7. I-frame size depending on GOP value.
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GOP size = 15, Lost Frame = 12frames

GOP size = 10, Lost Frame = 7frames

GOP size = 5, Lost Frame = 2frames

|-Frame P-Frame ' Damaged :
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Lost frame

Fig. 8. Frame loss comparison with GOP values (Samsung Techwin 2012).
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Fig. 9. Test set up for I-frame transfer time measurements.

GOP: 2 (Bit Rate: 8Mbps, Frame Rate: 30 fps)
|I-Frame Average Transfer Time: 0.038488 s
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Fig. 10. Frame transfer time in GOP 2.

GOP: 10 (Bit Rate: 8Mbps, Frame Rate: 30 fps)
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Fig. 11. Frame transfer time in GOP 10.
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GOP: 30 (Bit Rate: 8Mbps, Frame Rate: 30 fps)
I-Frame Transfer Time: 0.090178 s
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Fig. 12. Frame transfer time in GOP 30.

Table 1. Average Iframe transfer time depending on GOP.

GOP Average I-frame transfer time (s) Video delay
1 0.017325 X
2 0.038488 X
3 0.049154 (6]
4 0.059557 (6]
5 0.063317 (6]
10 0.080929 (6]
20 0.088752 (6]
30 0.090178 (6]

A I-z|el o] Al AJ740] 130 Zofl 7}7kS GOP 7HS 22 A%
313ick. GOP 7] gh& 25:3kel 12 Agaba [-mal|9) o) B
A4 AR 227} AT 8k A5} 415tk GoPrt 24
7t AR ATk o3uF B WAl WA oA 2
4} g4 0] 43 B50] PVsslt.

SIL 211 A3 o] Follt= AA| @A, dlole= = P M4k
AAAZ AgE ol s AA S 2olM GOP b 22 4
gotar Fhet F/ge] A o5 =RIsklT. 2 AAlL] A
SAAAE AA S *1 9zt 7heEte] GVSP w7l HlolH &
? S H[RAIE 2F mlRgAle] Sl

H5L7}F 2hE of) A GVSP gi7lS &
el A AIZHE BASICh AGEAAAC AFEE
GVSP Hj71.& 7} wfjzlo] A4 A1ZHe 7125 %) ekot A4l I-
2|9) vlo]ele] 37) 9k shulzke] o]eiul M4 4= (16 Mbps) S
B3 -z o] A4 AI7HE 0|23 0 2 BAsIeict

Table 2= & 9 HIFAIY 7+ 770 1-22¢ o] 27

o

F

0.

% of

F:?L_’l-ﬂ.lmozzm

l‘



Table 2. |-frame data size and transfer time according to flight phase (GOP=2).
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I-frame data size

I-frame transfer time

I-frame data size

I-frame transfer time

Phase (Average, Mbit) (Average, s) (Max, Mbit) (Max, s)

Ground 0.509813 0.031863 0.600479 0.037530

Ground Taxi 0.464037 0.029002 0.866791 0.054174

Takeoff 0.400315 0.025020 0.657013 0.041063

Cruise 0.409137 0.025571 0.476105 0.029757

Turn 0.390252 0.024391 0.611786 0.038237

Landing 0.454181 0.028386 0.804001 0.050250
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5. CONCLUSIONS
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