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Abbreviations

AAA Adaptive Array Antenna
ADC Analog Digital Converter
DAC Digital to Analog Converter
DBF Digital Beam Forming
DDC Digital Down Conversion
DOA Direction of Arrival

DSP Digital Signal Processing

ESPRIT Estimation of Signal Parameters via Rotational

Invariance Techniques

FET Field Effect Transistor

FF Flip=Flop

FPGA Field Programmable Gate Array
GUI Graphic User Interface

I/Q In/Quadrature phase

LAB Logic Array Block

LO Local Oscillator

LUT Look-Up Table

LVDS Low Voltage Differential Signaling
MPU Micro Processing Unit

MUSIC MUItiple Slgnal Classification
NCO Numerically Controlled Oscillator
PIA Programmable Interconnection Array
PLL Phase Locked Loop

SDR Software Defined Radio



Abstract

Wireless communication technologies have greatly progressed in
recent years and the markets, especially in the mobile
communication, have been growing enormously. Moreover the next
generation communication services will use higher frequency band,
and require more channel capacity and wider bandwidth for a
high-speed data communication. As a large increase in channel
capacity and high transmission rates for wireless communications,
the technologies for the power saving and efficient frequency
usability are required. To meet the requirements of the next
generation wireless communications, a system capable to
automatically change the directionality of its radiation patterns in
response to its signal environment must be indispensable.

An adaptive array antenna system uses spatially separated
antennas called array antenna and processes received signals
with a digital signal processor after analog to digital conversion.
The main concept of an adaptive antenna is the automatic or
adaptive control of antenna’s beam pattern by digital signal
processing with a software algorithm. A digital device capable of
high speed real-time processing, consuming low power and
programmable is required for practical use of an adaptive antenna
in wireless communications. In recent year using a FPGA (Field
Programmable Gate Array) for the implementation of an adaptive
antenna meets the requirements of high performance processing,
programmability and low power consumption.

This thesis describes a DOA(Direction Of Arrival) estimation
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algorithm using MUSIC(MUItiple Slgnal Classification) method with
high resolution and evaluation of the DOA estimation measurement
system using adaptive array antenna. The DOA estimation
measurement system consists of linear array antenna, a DBF
receiver, A/D control box and monitoring/control computer in the
anechoic chamber. Transmitting part i1s composed broadband
standard horn antenna and signal generator. The linear array
antenna is fabricated and measured return loss is -16 dB and
below at 2.09 GHz. The DBF(Digital Beam Forming) receiver is
composed of 4-ch resistive FET mixer of low IF method.
RF(Radio Frequency), LO(Local Oscillator) and an IF(Intermediate
Frequency) signal considered in this thesis are 2.09 GHz, 2.08
GHz and 10 MHz, respectively. A/D control box has 12-bit
resolution and sampling rates is up to 40 MHz. From results of
the DOA estimation simulation using MATLAB, a zero IF is
realized by DDC(Digital Down Conversion) and MUSIC algorithm
with high resolution depends on the snapshot and antenna
element number. In addition, A/D control box is implemented by
MUSIC algorithm and IF signal generator. GUI(Graph User
Interface) program for data control/monitoring in the computer is
designed. From the results of the DOA estimation experiment, it
confirms that a proposed DOA system i1s able to estimate the

direction of incident wave.
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Fig. 1.1 Adaptive array antenna system configuration.
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Table 1.1 A comparison of FPGA and DSP processor.

FPGA chip DSP chip
Programmable ]
VHDL, Verilog C, Assembly
Language
Ease of S/W )
) Fairly easy Easy
programming
Performance Very fast limited by clock speed
) ) SRAM-type FPGAS Reconfigurable by
Reconfigurablity . v )
reconfigured infiniy changing program
Reconfiguration | downloading data to | Reading a program at
method chip a different memory
Outperforming Digital filters, FFT, ) )
Sequential processing
Area correlator, etc.
Power Can be minimized if o
) o o Cannot optimize
Consumption circuit i1s optimized
Implementation |Parallel multiplier/adder| Repeated operation of
method of MAC| distributed arithmetic MAC function
. Limited/ depends on
Can be fast if a
Speed of MAC ] the number of taps
parallel algorithm )
increases.
Can be parallelized to )
) ) ) Usually sequential and
Parallelism achieve high )
cannot be parallelized
performance
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- Multi mode
: QAM, PSK, FSK, MSK,, DSSS, etc.
- Multi standard
: AMPS, 1S54, 1S-95, PCS, etc.
- Multi band
Wideband : Cellular (800 MHz), PCS(1.8 GHz), IMT-2000(1.9 GH2), etc.
- Multi service
Antenna : Medical, Broadcast, Games, €etc.
Over-the-air Download/
Smart Card/ATM, etc.
Intelligent || Reprogrammable -
Wideband —= ADC Processing Engine 110 [
RF Front-End | (DSP/IFPGA) -

I9Y 16 Y5 E5/A4H]2 SDR Al 2" Fx

Fig. 1.6 Structure of SDR system with multi-standard/service.



)l

o
oo

i
N
N
Njo
N

cel

-

o
=

IMT-2000

A=,

b7 4

)

o £ o] 2005¢ 74

20 Mbps ©°]Ae] AH

gl

=

A 44

s
5]

71 A
of %

A o]

A

-
.

o] FF Aol A

-
o

==

o]

=i
=

F o)A 5

parin
o

Nlo

2 MUSIC &

d daglFo
ol 1} 2] field test

s

-

J)

9% A

=
=

[e=]
=

)

AaetdelA DOA +4

FAT=A

et DOA

B

Transmitting Part

Receiving Part

16-Ch
A/D
Control | IF
Box

Signal
Gener ator

1% 1.7 DOA

Fig. 1.7 DOA estimation measurement system.

_10_



A2 A AL gd otg U A" ;LA

o = FHsE R WA
ojt}, ® = H¥H o 2= ADCZ} ‘ojt]o] ulxFHol Y=
O~

o LA
ol wpek SaA2ede] FE7E AR E 2oz ADCE 9
Ae Ard FRE ARHE FAF 220k 9

211 ARG AFY 7=

A A IF Alseh 24 edeolgete] Aol qls) &2 d. ©f
Al z=gel A ADCE= ZIA el A= o) gl7] wiiel sk - uAT
] ADCE 8% dt#4 et dubdo R o] Al2" Fx= o

9E AWA FEE o451 Yk olRe AA 2 o §HE
Aee el e e Ade 9% Aotk F IF 15T
AEFA B3 NERE ARG OR BukE S/ FF DA E

otk FaS FAMAL voldE AWMA WS AP oo}

AN, Ad AE=E AR 4% A= ) IFS AH&st= W



oj o] e}, 1
Wz 73

-

L

7F /7]

M

Felsrh wo
Al

171
st IF

°©

°

A4

gl gt WoldA ALg

~ ® o = F B W OW TR O E K
X xo Demodulation & o= = U S = o] X T
= = = R B R
(N — ok = oM R MM i = Fow T o oW
;,m_. To Adaptive = oo w " N IH mﬂ = o (- = el
oy A Processing = A (S OO " —
TR T 3 ° L R (- - N S
o — = < N m el MIL T oW GO S - o Mm
EO %0 -D-- sssses) _/T Q I ﬂ_ol = = bx_ ~n S M_H OM
o r ~o —_— N i ~ JAO X L.D —
- 5 seal = pw %4 P BT
uﬁ w E a : J & = ® G+ Mo o mﬁ K8
A RE A\ = = & d o= 0w N I - - o
i M e A 1o T o
o — = < > n 7 oy N ) = - o &
EN . A I TR S T O
- Lu .- ®OE B B ) I
o . — oA X =y =Y
Z = O <5 oo o B 5
Wa h_ao SO £ o)) of m Muo NN = o) )
o '.‘ W L 3 B N o= T ] Do B ™
o K gy O &y = X Low oz N
=S fioynalh K o NF B N 3 o N
5 ok s = X e WA
Z 1 T R I R
< NH = m o ] ;N g X H A D i — B
o T n T S o T o o= o] °*
QL o — 5 o pm = T OB O
SN ® N o o R o oN- o T =
SN — o N = ~ 5. N = o S
0D} _ < N N ) 0 - vl
=5 z/\ : Far e g PECETR O
= ok EEY) I+ KX W N SX
= W N N o B OB l
ST >z = B o T T T OH M

HH

pu-

iooie] 7kA o

I

R

el

- 12 -

bonw e

°©

seds F3



27 i, IFgg TR W o83 & gour §&5 =Y
F ot & Ao BAAAYS Fug gEe FREE AET
%22 7NBAHoR A8ty Wi, IFS Algets= Aol fralatt

ad 222 IF Al89 725 7= FAA2H9 5555 4
Bl o] Fx2E g dE IF AsE gxEdzs s
H, FAHor 1/Q AEE st As Azt o] Fojxlit. o]
FAA 22" e 314 ADC, DDC(Digital Down Conversion), %3

2AAZ FAEY. 2822 DDCy  NCO(Numerically  Controlled
Oscillator) ¢} T x € LPF= 2 € c}[8].

ARG FANA e FEEAY kAl T W
A Fas teS A IF do] ofg] i Zasty, ojm A3 3=
o FR7 AAE ddol ot AN Low IF WAe <rAd v}

=
X,
i
2
o
)
ofr
ol
rlr
AV

2
o
%o,
N
rEI
»
it
2
r (
ol
1>
lo
il
Lo
o)
r
o
fin
=

=
IF &g g% 29 5

gu=sie oA feiw, S48 RF A5E Ao 4

X0,
2
2
>,
>,
N
1o,
2
-
B~
of
o
rir

_13_



Digital Down Conversion
Analog 8 Digital / 9

cos(w,[n) LPF | |

—> > >

N/ o §
LNA BPF 3z
-0+ LRk
g2 c
i A & Qg ®le]| &
BPFE Lo —> > o
— i sinfa; )

a9 22 IF AZ3 We FAaA 2" 72

=

Fig. 2.2 Architecture of receiving system of IF sampling.
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AEHE delge - &8 AojE Fdsta, AEy 29 =43
thekdk e FFEth A/D REdE 2719 FPGA7F =%

9lar, z+7+o] FPGA7ZF ADCE 4x1d-& #lo] g},

X 21 A/D AEFE ¥2o] AR AMES UERdT ADCE 12
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1291 E 24 DACe 93] 27+ Hol A=, ADCY &&
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[11][12]. A A 16 A= A48t o, AH8¥ FPGAE B 5710
W, A AlE 4= 3,000,000 AlolE7t ).

¥ 21 A/D AEE vxo AR AL
Table. 2.1 Detail specifications of A/D control box.

Channel 16
ADC Resolution 12 bits
Sampling Rates Up to 40 MHz

Input : 12 bits Serial

DAC Vhref, Vlref Control
Output : 0 ~ 4.095 V

I/O Mother(1) APEX20KC600
FPGA A/D board(2) (About 600K Gates)
A/D board(2) x5 =3 M Gates
HITACHI SH4 -
CPU
OS NetBSD
User
Ethernet 10BaseT
Interface

a9 25 (a) ~ (e AAEY AD FEE 829 72 v LA
S yebdth IF A15% ADCOl €9 14 A2, DDCA o 3
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Fig. 2.5 Appearance of A/D control box.
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222 FPGA9 3 =74

Mo

FPGACI A E& dabe uA4x s4o2 ojfojzin o - &9
tlo]g A AE Mentor GraphicsAte] VHDL(Very high speed
integrated circuit Hardware Description Language)ZE A}-& 3} t}.
VHDL-Z ASICelvt FPGA “gollA 9o 54 ol iy o4
o AelE #HHEZA st=golE Zlsstal AAst=S s CAD
(Computer—Aided Design) 94741 % IEEE #+<¢ojolH, FoH 3}
c9o] A Adojolt}. =7 FAL Exemplar Leonardo Spectrum =
g A 5L o]&3to] WA E EDIF(Electronic Design Interchange
Format) netlist® ©]§3}o] a3kl Alterarte] Quartus I = 3|2
£ Fd39tt. DDCAlA MUSIC 4iglss 3371714 BT
149 mse] Al7te] &A@ 5w 9low, A/D AEE utxoA] =g FA ol

AHEE AlolE & R 226 YETE

£ 22 =8 @A AHgE AlE F

Table 2.2 Used gate numbers for logic synthesis.

Equivalent Gates (per channel)

DDC About 43, 700 Gates

12 bits x 1,024, T and Q

12 x 1,024 x 2 = 24,576 bits
MUSIC About 53,850 Gates

16 DDCs, 16 FIFOs and 16-ch MUSIC
= 16 x 437700 + 16 x 53,850
= About 1,560,800 Gates

FIFO

Total Gates
(16 Channels)
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Fig. 3.4 IF signal sampling.
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Fig. 3.5 Real passband signal.
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Fig. 3.7 Result of DOA estimation by MUSIC.
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Fig. 3.12 Results of DOA estimation for 2 signal source.
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Fig. 4.1 Construction of DOA estimation measurement system.

41 W el A B A

DOA %74 28% 93 209 GHzol #21a4: /4 A ReE o

BusE Az - A6 19 412 Az EeE o d Qe

_34_



AL vhebdTh W St wsbg S04 A Y )
Ak 2™ 42% Azt dEY 2AF ~ #)e] WAl 54 2
5 vepdt, #3554 2.09 GHzol Al Zb7E -16 dB °lstE =4
9 218 43S A= d
232 FAE AFAY 54 vEdd. 29 44 (a),(b)= Az
Z otely Zh7te) 2AE A A% AHI 1 A93S

A
BhiTh 14N BExE rEUe] = AW dAg o] AFEALS B
t}

8

T3k stgth. 19 45(a),(b)E =A
+90° M9 E veEdYg. BeE GEHY 2 &azxte] HIEAE= 2 dB,

AdAE 100 Ax e S4 5 Ak

O 41 AFE 404 EeE owfd oHE Y
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EERPERE IR EREE 22
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Fig. 4.4 Amplitude and phase pattern of monopole antenna.
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Fig. 4.7 Photograph of fabricated 4-ch DBF receiver.
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Channel Amplitude/Phase Input
RF freq. | IF freq.

No. control voltage
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Fig. 4.10 Arrangement of Tx & Rx antenna(l source signal).
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Table 4.2 Measurement and calculation of A/2 distance.

Distance of antenna element
#2 & #3 #3 & #4
#1 & #2
(#1 to #3) (#1 to #4)
7177 mm 7177 mm
Cal. 7177 mm
(14354 mm) (215.31 mm)
71.85 mm 71.97 mm
Mea. 7148 mm
(143.33 mm) (2153 mm)
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