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On hardware real-time emulation of frequency non-stationary UWB channels

Feng Ruirui Mao Kai Zhu Qiuming Zhou Qiangjun Li Qi Chen Xiaomin

(Key Laboratory of Dynamic Cognitive System of Electromagnetic Spectrum Space, Ministry of Industry
and Information Technology, Nanjing University of Aeronautics and Astronautics, Nanjing 211100, China)

Abstract: The use of channel simulators to reproduce the radio wave propagation environment in the laboratory is an important means to
test ultra-wideband (UWB) communication equipment. Aiming at the frequency nonstationary characteristics of UWB channels, a UWB
channel model based on stationary interval superposition in frequency domain is proposed in this paper, and a hardware real-time
simulation system based on software radio platform is designed. The system uses a multi-channel data parallel processing architecture to
realize real-time processing of high-rate data, and introduces an iterative algorithm and a time division multiplexing structure, which not
only ensures real-time generation of channel fading but also reduces hardware resource consumption. The measured results show that the
simulator can simulate and output the 600 MHz ultra-wideband signal after superposition non-stationary fading in real time. The measured
results show that the simulator can support the simulation of 600 MHz UWB channel fading, the channel fading spectrum is consistent
with the theoretical simulation results, and the output channel impulse response is basically consistent with the measured results. The
system can provide an effective means for optimization, verification and evaluation of ultra-wideband communication systems.
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superposition in frequency domain

g T AR AL 14 52 Fe | AR SCAR AN ] 9 431 4% 4 o
22 I3 AR TR] 1) s A P S L LA A [] F) % A2 45 A6 0 P A A
B, PR, 8 58 4 {5 38 455 R Y {5 1E P e 1 ( channel
impulse response , CIR) ] LIZR/R N .

M N
=1

1 &, 1
(1,0 = S h (L Tf) = Y

exp(p, (t:f.)) - 6(T = T,(1)) (1)
. MO TEEANEL, £ 2EATE TRy O s
KR, Tif,) Rz SR T 7 {5 18 X Y
CIR, N Fn FRE AL R ELH , L REREAE D
WEMARHEEE , A, (6, Ry, (51, 53 51%
AN n TS | SRR BR ARG 25 ARDL, T,(8) TR
WAL AE , R OLT, | = 1 2R B2 (line-of-
sight,LoS) , [ HCHC A A R 28 78 B AR ( non-line-of-sight ,
NLoS) .,

L
=1

zAn,z(t;fn‘)

2 B

I

15 IE 58 4 LR AR U

2.1 REARREBESEITE

ARSI B B TE AR 2% R R AL
TC B T 755 b 3BT B BT S AR e 0T 3 43
LB, A TE AU 238 o THHLAR 1Y PCle SR SEHL 45 FRTT
] B A L, W 2 B .

EEIHANAITRE MR G S BN E AEE S H0
TR IR MR T 28508 5 PCle SR 1% i 5588 981
{E SR BT, 54K Xilinx Kintex-7 410 T 5§ F H #8 95 47



B T A e ST AR A T A {4 ST R R Y - 63 -

:" ‘ |‘ M . K EERR \\‘
i L )
R f--mmmmmmmy A :
T—:» , - Mg :
; W L s WE I TR '
[ ; Hitk Mk AL AR ;
B B :
Eitg | St ek TN ;
s | | M W i
1 L ‘ . Jl“r ] E
| — s
: ] % % BT IAT BRI !

i Baak I Ml et A I I
| ‘“m‘ e |

RN A HHELR

~,
BT | R I g

---------------------------------

L L L L L]

K2 SR R R GERE K

Fig.2 Block diagram of hardware simulation system for UWB channel
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Fig.3 Block diagram of channel fading hardware implementation
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