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ABSTRACT

High-capacity video, control and situation awareness data should be transmitted efficiently to control robots

properly in the ground unmanned system, which requires the technology maximizing the communication range and

the data transmission throughput. This technology is connected to the OFDMA(Orthogonal Frequency Division
Multiple Access)-MIMO(Multiple Input Multiple Output) transmission technology under the limited bandwidth and
transmission power. In this paper, we design MIMO communication system for ground unmanned systems, and

investigate the data reception performance experimentally, comparing with SISO(Single Input Single Output) system.

Experiment results show that the data reception performance of MIMO is significantly improved compared to that
of SISO, e.g. 4dB gain of sensitivity and 5dB of SNR at the value MPR = 1, for the mobile stations with 2x2

STBC diversity.
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Fig. 1. Remote control operation for ground unmanned
robots

644 / F=rA# 8 7)&8k3 A Al178 A55(2014E 109)

TN - AR

AR Fol ZAFeN dErR Fe Al duvd
A 8] @) $44190 Ad-Hoe FAME %
Y B Aogn, Y3 FA 23S AT Aogn
2 5 A B)EE 99
b re =
=

I GErE 3t

XN

e

19 o > A

o
RN
)
N
e
i)
(]

o

N N
e o
2%
o 2
LML
(=
AN
N
~
B o

S o= <dHY JiFE iR st
, Z71ASe] "AlE A g AR M= ey T
NE

B =gdAe ATIAER 44545 s A
| MIMO A& AA W8 2 424 2= o
T, 47 a8 2 27Re EluE Ze V1A=
<
T

M Roax rr R Ny

W72 EEEE MIMO Al=FlolA STBC 2 SM
B2le] HolE 4 %S SEA Ewg #d
T 2 AS o FSHI(SNR : Signal to

Noise Ratio) SHAX 74 A'd Emulators ©]-&3}]
2(SISO : Single Input Single

Output) A8 453 Wl 4L F3 MIMO Al

2. AMlAH dA 2 HE

2.1 RF 2= &A & M=t
RF ZE& 7|A5 3 ©d7]o] s e ey 7

S neis AAZAE oA, Blele i
AL RF BEe) 727158 Frl/2A RF A%
$54 Aolth 412 Babe B el Af=
& 54 Foe W@l bsaa, Y RE AL
£ 9% A9 F9 AL A 2 ALY =
@, Agrlel 7 s AR e A 7 B
UYL AT, Y $F7) Wem 3y 2 3
=&

FAE o) 73 H|(PAPR : Peak to Average Power
Ratio) 5& 1#H3lY {F72AE S5 7IAF €

BEE THRE By

AsE DFT Mg Ase ARAIE 4T 9D
no} Ay FEng puat 44 Az 259
WES A5 FAFIE SR ABANNE HF



A% FAAAE dEded T4 A=E AA 3 A 24

HERE o]Fojx Jth. TF7] 9 Fug FA7]
Y HIAE AN BAEE EWHE H=IMD
Intermodulation Distortion)= #43A1AH HPAS A
stgor, ddx & FFo Qg A9 2y 4
oW A Fa AAE HITHAIEHE HE3lo &8
I 2 A5 E Hasleldoh g FAISE FHF
3= 98 A SFH7IE A&t s B
AZEE FAFE HagEarh

Gin F IF KR VGA Divider  Gain

sor[Aseor
(] o] =<
veA
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Table 1. RF module characteristic
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Fig. 4. Inner structure of mobile station RF module
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Table 5. Supporting transmission rates

T Al=" A B ASAE 24

A

Table 6. Experiment condition and environment

2 o | DLCCH | ULDCH | AHCCH
g 4 [kbps] [kbps] [kbps]

STBC/SISO QPSK,1/2 399.36| 1,863.68| 266.24
STBC/SISO QPSK,2/3 537.60| 2,508.80| 358.40
STBC/SISO QPSK,5/6 660.48| 3,082.24|  440.32
STBC/SISO 16QAM,1/2 798.72| 3,727.36| 532.48
STBC/SISO 16QAM,2/3 | 1,075.20| 5,017.60|  716.80
STBC/SISO 16QAM,5/6 | 1,320.96| 6,164.48|  880.64
STBC/SISO 64QAM,1/2 | 1,198.08| 5,591.04|  798.72

STBC/SISO 64QAM,2/3 | 1,612.80| 7,526.40| 1,075.20
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STBC/SISO 64QAM,5/6 | 1,981.44| 9,246.72| 1,320.96

SM QPSK,1/2 - 3,727.36 -
SM QPSK,2/3 - 5,017.6 -
SM QPSK,5/6 - 6,164.48 -
SM 16QAM,1/2 - 7,454.72 -
SM 16QAM,2/3 - 10,035.2 -
SM 16QAM,5/6 - 12,328.96 -
SM 64QAM,1/2 - 11,182.08 -
SM 64QAM,2/3 - 15,052.8 -
SM 64QAM,5/6 - 18,493.44 -
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Fig. 15. (a) Reception sensitivity measurement results
(o) SNR measurement results for BS ULDCH
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Table 7. Reception sensitivity and SNR measurement
results for MS DLCCH

2| 4x2 2x2
H| 11
eI stac | stec | S0 12
FALE(dBm) | 98 -97 -93
MPR = 1
SNR(dB) 223 | 312 | 862
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Fig. 16. (a) Reception sensitivity measurement results

(b) SNR measurement results for MS ULDCH
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