N2EY 728 2E 20E gy
9] FPGA +d9

2
K
)
Bl

FPGA Implementation of Smart Antenna Algorithm

based on Systolic Structure

20024 2H

BT RPR KPR

7 K



TER ZF B ettt ettt ettt et ettt ettt et nenene il
BB RF B ettt ettt et ettt tee et enaen iii
T T ettt ettt ettt et e et ettt ettt eneeaen iv
AADSETACT e e et e e e eee e vi
AL A B ettt et ettt 1
A2 2vE QHUE A W A TIH 4
A 2-1 A Wk gxo 7128 W BA TIH e, 5
A 2-2 A Training AEE o] &3 W A 7IW e, 6
A 2-3 4 A& Fxo 712 W FA T, 7
A 3% AN2EY FZRE ZE AvE QFHY 3 E 9
A 3-1 2 AN2EY FZ2E z2te AntE oY daE S 9
A 3-2 4 AFH AEHNA E AT TF e, 16
Al 4 AATE S YEE FPGA T oot 19
A 4-1 4 78S 93 AH HE & A e, 19
Al 4-2 A VHDL 7@ % EFOIY A s 21
A D T B ettt ettt ettt ettt 34
FEILTEB] et 36



IH A

O 2-1 A oEo] ALY T e 5
% 3-1 A2E" FX2E Zhe 2nE QbHY dugE A R 12
a7 3-2 AA A U Ao AATA 13
% 3-3 59 W A3 59 dolok= A Aol e, 14
a% 3-4 A2EY FXE e 2utE SHHY dare] 9

WIS ZTZ)ZEA s 15
% 35 A=EY F2E ZE 2vntE SEue] W " 17
a% 3-6 Al2EY FX2E Zte 2utE QHIUY SINR.e 18
T 4-1 HE Foll mE WF A A s 20
a8 4-2 A A2 Schematic diagram.. .. ..ooceeeeeeeeeeeeeeeeeeeeeeeeeeeereeeseererenn 22
a9 4-3 AA A Wl F8 F&9 Schematic diagram,

(a) A2b F3E, (b) A A4E (o) dFH AAF 23
O 4-4 WE A9 Schematic diagTam. ... oo e eeeee e 24
a9 4-5 UF A g 8§39 Schematic diagram

(a) A - Axl (b)) 35 FE AAF 25
I8 4-6 29 WHE A9 Schematic diag@ram.......ooooeeeeeeeeeeeeeeeeeeeeeseeeenes 26
a8 4-7 S WE A W F2 BE9 Schematic diagram

(a) A T3 A2E (b) 8157 T2 A 27
a8 4-8 59 YololE= AA A2 Schematic diagram.........oeeee..... 28
O 4-9 4-A2 F2 W FATIY B B e 28
a9 4-10 ZF Ao geld AlEdeld 23t (a) BA A, (b) W A,

() &9 Wi 4, (d &9 velob= AA A, 30
a7 4-11 A BFol™ A BN O] AT s 31
a3 4-12 Hrfo] 2o HEE B (a) BA A, (b) Wi A,

(© =9 W A (d =9 tolok= A A 32
19 4-13 ¢H gAY FLEXIOK chipe A28 HE AR e 33



# 3-1 AlEdold debry



d(n)
d(9,,)
e(d

i(9)
k(n)

n(t)
P(n)
Q(n)
(1)

0 ¥4

Conjugate transpose
314 gebr Y

Desired response

o

0,, B oldlol S My

P
foi

Conjugate transpose

NE W

r

fo

o
4

7 28

G gEe] 9y

Unitary 3%

Reference 4%

g9 A7 4
A A9 A7) gw B

CRgE )=

2
fot



O(n)

dal Asel A5 Y
ofglolo] Fa1E 415 e

Conversion factor

KA Aol g as A Az

Exponential weighting " & ( (<i<1 )

E A%

A}

g Y4

s



Abstract

The performance of digital mobile radio communication systems is
affected by channel fading and interference from co-channel users. The
problems can be reduced by the use of array antenna at the base
station with the appropriate signal processing and combining of the
received signal. So it makes the study about smart antenna that tracks
the beam according to the position of users, and improves the
communication quality. The algorithm for smart antenna are the method
based on Directions-of-Arrival(DOA) estimation, algorithm based on
training signal, and Constant Modulus(CM) algorithm and so on. But
these methods have weak points. First method must be heavy
computational loads to detect the DOA and it should be assumed that
the number of array antenna is more than that of interference signal.
Second method used extra channel for training signal and it is difficult
to make training signal when existing co—channel interference. Third
method is difficult to choose the desired signal in case of receiving the
signals having the constant amplitude more than one. But the drawback
of the above mentioned methods has the difficulty demanding for the
real time process because of the algorithm’s complexity for
implementing as hardware.

In this thesis, we design the smart antenna algorithm for real time
processing which is based on QR-decomposition-based recursive least
squares(QR-RLS) algorithm. The proposed algorithm for real time
process consists of the systolic structure using Givens rotations to
calculate the inverse matrix which is necessary for many complexities.

The number of bits which describes processing data is decided through

Vi



the integer simulation. The performances of the proposed algorithm are
evaluated via computer simulation in Rayleigh fading channel
environment. And it is implemented as VHDL(VHSIC Hardware

Description Language) to evaluate the real time processing.
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Table 3-1. Simulation parameters.

# of sensor 8

# of user 3

# of message 10

spreading factor 8

forgetting factor( 2) 0.9
AOA(degree) 45, 4, 46

Eb/No(dB) 10
Rayleigh fading 1-path Channel

perfect power control
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chematic diagram, (a) 2 F-4#

2H (b)) 34 F & Axk
Fig. 4-5. Schematic diagram of important parts in internal cell, (a) real

part, (b) imaginary part.
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(b)

a3 4-7. &9 R A ] F2 FE Schematic diagram, (a) 25
F&E AL (b) S5 F&E AL

Fig. 4-7. Schematic diagram of important parts in shaded internal cell,

(a) real part, (b) imaginary part.
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Fig. 4-9 Schematic diagram of 4-channel transmit beamformer.
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