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Abstract

In this paper, we construct a commercial 4K UHD(Ultra High Definition) streaming device that utilizes a 5G mobile
communication network as a transport channel and conduct a streaming performance test. It uses RTP(Realtime Transport Protocol)
which has transmission quality monitoring capability as a transmission protocol to apply adaptive streaming. In addition, it provides
the function to adjust the encoding rate of the video signal so that encoding can be optimized for the change in the bandwidth of
the transmission channel. Through the performance test, it is confirmed that the H.265 encoding rate for 4K UHD signal is
48.69Mbps, the average glass-to-glass delay time is 293.60ms, and the average time difference between video and audio for lip
sync is 120ms. With the result of performance test, it is shown that the streaming device is applied to 4K UHD Streaming device
over 5G mobile communication network.
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Table 1. Hardware Specification for Streaming Device

Category Function Specification
Product Type AV Transmitter UHD (4Kp30)
1GHz ARM Cortex -A53 CPU,DSP,ISP
Main SoC Ambarella S5L SoC ! !
an o miarefia sut 20 H.265HEVC and H.264/AVC Encader
A/ Output 3.5" LCD Display
AN Input HDMI 2.0
[1{e]
usB USB2.0 3 port (Type A)
Audio Output 3.5pi Phone Jack
Wireless WiFi : IEEEB02.11 a/b/g/n/ac(2.4Ghz/5Ghz)
4Tx4R, 2Tx2R
Netwark
Ethernet port (RJ45) 10/100/1000 Mbps
Flash ROM NAND 256MB
Memory
DDR3L 4Gbit x 2
Power Supol External AC Adapter 12Vdc/2A (TBD)
PPV | Internal Battery 3Cell Lithum-lon 11.1V@3500mA
PCB Size Wx L 130 x 100 (mm), 2.0T@14Layers
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Fig. 4. Software Structure for Streaming Device
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Table 2. Streaming Device Setting

a8 62 2B A dee S48 A3 AE 4 Item Encoding rate(Mbps)
S Uehth I8 6a)s $A% PA0 R ~EFY A Resolution 3840x2160p, 29.97Hz
= A Y 5G o) FEA w9} A=Y O 6(b)= Chroma Format 4:4:4,
FAR FAHOE EYe] AR FA Awst BUHE ot Depth bte
—_y“*é%ﬂ-, Profile@Le.vel Main Profile

Compression HEVC / AAC
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Fig. 6. Performance Test Environment
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Table 3. H.265 Encoding Rate

Encoding Rate Average Encoding Data Size
Test (Mbps) Rate (Byte)
P (Mbps)

1 49.644 62,054,954
2 50.966 63,707,795
3 45.164 48.69 56,454,663
4 49.055 61,319,123
5 48.621 60,776,640
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Fig. 10. Test Result for Glass-to-Glass Delay
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Table 4. Glass-to-Glass Delay (1 frame = 1/30 sec)

: 27: 41:

ol& Wit 120ms Y& gk

00: 27: 44: 28
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Fig. 11. Test Result for Lip-Sync

Time at Time at Average
Test Receiving Y Delay(msec) Delag E 5 A3
Server Monitor | Monitor Y Table 5. Lip Sync
1 27:41:17 27:41:25 267(8 frames)
Difference .
2 27:10:13 | 27:10:21 | 267(8 frames) Test (msec) Average Difference
3 27:36:15 27:36:26 | 367(11 frames) 293.6 1 100
4 27:35:20 27:35:29 300(9 frames) 2 133
5 27:14:01 27:14:09 267(8 frames) 3 133 120
4 167
4. g&l3(Lip Sync.) 5 67
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(a) Ml 7He| 5G OlS &Ll &Y i
J7 12, Jg 2 A
Fig. 12. Test for Channel Switching
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