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' Background

= Wireless relay system using unmanned aircraft(UA)H

»Ground Station(GS)-UA link may be unreliable
Power is limited at the UA

High quality and high stability system is required with keeping UA structure
simple
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= MIMO (Multiple Inputs Multiple Outputs) System

- A MIMO system consists of several antenna elements, plus adaptive signal
processing, at both transmitter and receiver to increase the capacity or to gain better
transmission quality by exploiting the spatial dimension of the mobile radio channel.

= Space-Time Block Coding (STBC)!2]
STBC can obtain spatial diversity gain using multiple transmit / receive antennas.
» improve transmission performance

» Transmitter structure can be kept simple
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Background

= Proposed method

= STBC Amplify-and-Forward (AF) relay with frequency domain
equalization (FDE) for UAS

Data exchange is not required between UA relays
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STBC-AF relay
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Behavior of STBC-AF relay

= 1st time-slot
= Source GS broadcasts 2 uncoded transmit signals to UAs

- UA #0 keeps the received signal as it is
- UA #1 performs conjugate operation and block exchange on the received signal
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N -
Behavior of STBC-AF relay

= 2nd time-slot
UAs amplify and forward the encoded signal to the destination GS
Destination GS performs the receive FDE, STBC decoding and data demodulation

NN
~@{D‘\ S | S,
NN .
Q
‘ Amplify and forwrd
-S| S,
: modified STBC encoding N m)
UAH#O [ N S—
il e & | (el 2
lgl= SPISN | |[P1gble 85 =
3 . R O
UA# e ﬁéﬁg" . iR
> L _JSO:C“ a o E () (a8)]
SPlall2s8a% S S S &> F
- 88- é \. J J \m/
\ VAN

2018/2/13



' STBC

= STBC
Channel
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- Recelved signal
(RO R, ): (HoSo +H, S, - Hosl* + Hlsg)

- Equalized signal
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" STBC

= STBC
Channel
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- Equalized signal
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- STBC decoded signal
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Modified STBC

= Modified STBC
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- Recelved signal at UA

R = [HSROSO HSROSl ]
R =
HSRISO HSRlsl

- Modified STBC encoded signal at UA
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Field Experiment

Parameter setting for STBC—-AF relay

We conducted a transmission experiment
transmission Carrier frequency GS transmitter: .5110MHZ
f STBC | | STBC-AF relay: 5130MHz
measurement o Subcarrier frequency separation | 0.3125MHz
AF relay protocol No. of data subcarriers 48
No. pilot subcarriers 4
FFT block size 64
Guard interval 16 samples
Data modulation QPSK
cSremusanighas Channel coding None
BOMIS e O - Packet size 1440bits
T s s | Packet transmission time interval | 1ms
e R STBC-AF
e Relay protocol Conventional AF
S Channel estimation Pilot based
4 — r;gg;f;;gn;gﬂgzgeraw =S GS transmitter - RS distance 1_17m (RS received signal power
=-61.5dBm)
(a) Locations of GS RS - GS receiver 61m

transmitter/receiver and STBC-AF
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" Field Experiment (continued)
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Field Experiment (results)

= [t was confirmed that the use of STBC-AF relay significantly
improves the PER performance and consequently, the throughput
performances in a real propagation environment.
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Conclusions

= This IP presented a summary of a transmission
experiment of STBC-AF relay protocol for UAS .

- The effectiveness of STBC-AF relay protocol for UAS was
confirmed by the transmission experiment in a real
propagation environment.

= UAS employing STBC-AF protocol is very useful in
quickly re-establishing the communication link
between GS and the network

= Furthermore, it can also achieve a reliable handover
between plural ground stations in UAS.
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