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System Design and Evaluation of Digital Retrodirective Array
Antenna for High Speed Tracking Performance
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ABSTRACT

The retrodirective array antenna system is operated faster than existing techniques of beamforming due to its
less complexity. Therefore, it is effective for beam tracking in the environment of fast vehicle. On the other
hand, it also has difficulty in estimating AOA according to multipath environment or multiuser signals. To
improve the certainty of estimating AOA), this article proposes hybrid digital retrodirective array antenna systme
combined with MUSIC algorithm. In this paper, the digital retrodirective array antenna system is designed
according to the number of antenna array by using only one digital PLL which finds angle of delayed phase.
And we evaluate the performance of the digital retrodirective array antenna for the high speed tracking
application. Performance is studied by simulink when the speed of mobile is 300km/h and the distance between
transmitter and receiver is 100m and then we have to confirm the performance of the system in multi path
environment. As a result, the mean of AOA (Angle Of Arrival) error is 4.2° when SNR is 10dB and it is 1.3°
when SNR is 20dB. Consequently, the digital RDA shows very good performance for high speed tracking due to

the simple calculation and realization.

¥ o] I 20124 % FHUE el ]Il odn] K| def] &Jsle] oAk
FA|A} - =B g HREE) crazillusion@nate.com, Y3
° AIAA} : FEE RS, ecomm@cbu.ackr, A3

= E KICS2013-04-178, AU A) 120139 49 18Y, FHE=rAdA) 20139 84 1Y

*

623

www.dbpia.co.kr



= EA1EF3] = 2] *13-08 Vol.38A No.08

I.M E

2vtE Azt sl= d-le] opd W, A
2 A7k ~efEES HESIPCELe] AREAF S}
7hkadch. At 201293129 3R] - A=mle)
of60% ~rEEE ARSAR AAA ~PEE E AR
2= 11y ez A= vl o) Hfﬂ‘ =131
TS 3t FE o]8dh= Hbﬂ = ARA
A= bk Al 4 A9, wiv]o] A, wAlA

A
Os
B9l Aoz 2. BAG & S gl
%
%

ofN L

A EAE 2 2ehE ArlE o]
% ohel, AR, 94, 8ot 59| Ee
dolEle] AREL S ]g].r)r /\U]-E_-B; Eﬂ 2lpC

Al tlt]ol & %ﬂ ‘335}7} %L*—‘TF]
7Nl weh TJJ'T 2Rl 32k =o] 7kar glek
el Fub 2R AR BEe Suist Ads
213k CR(cognitive Radio)”]&E2} A2 EQo] 7|HEe]
T EAy|go] 7dxEa 9o Z7kxel ubskA
Zh= S ol gske WA et AvtE
Hub 7]so] Aok ghks] oA~ =i qick W
W7l o] el mds o]dste] 54
I 7t R Hle @Asle] Qe o]5E =o
Ao ® A FAEA sl ARl 7
ol 2 qkElv 24Eel 7HAE A F
54 Ars oy o]5E 2 5 Stk HE
7% FlA= AR SR AR glo] AlsE A

4 S o

)

i
[S=
(
fand

[eh

—_

N
ru-b

ol & ofN fr

A3 = gl B3 7|4l IR ok 7]
<o) 9lth. AOAFA LvE]Z3 MIMO, olgd=1
22 UAY Wy v So] A= e TR

3

wol Al J|E F shigl A" o3
g i Qe 71E ofRl Fuielelld] Ehis)
A&=|#] ¢k glrk. MUSICe|v} ESPRITS} 7+
L A A3 MIMO t]ZH-S
5 3l AlsE EEEke VlER
T AR M E AlsE
ks o] Fou} AlmAe|e] ALkl Ea
Easlo g wdolEAlela] AikelA] etk 1o ul

A < Al2Ele AP AR
3] 9JARS oAlolE] ¢lo] dHlo]
ElE 3] FAsta oAk bz B9 $41%
ko 2 AHES & ¢ e AlaElolth opdR
2 A ckeldel vlasle] WAlVE §3 5
g Aot RFHED] AA| o4 whlshs 4
55 I B ope} Alagle] Habwel w8

r{m

i
d
N ri

>

624

d A=A HV= 1@1 ZA 3ol A e mE
1 FHo] 7hs3icl 7129 AlgkEl x| wild
SHL} 7)<eoll= F] wkAb 7]<43} Van Attarld
71%o] Qlck WA Y vhAl= abdE} wiabze]

7o BAS ARE3EF 7]<%o]™ van atta ¥lE 7]Ee
A i qhEdellA R zbAe] o ® od7kl

g E2 Al u ajdolefd, o) stz 4l
/K]Q A]Eﬁ‘
s oH s 7 o

o g5e] ApusA
Al e ¥ T
Q. £ ofel A 4 Aol a—xnsm a)
Foll AlEES A2 Hs ek web A A
9 A8 S W 2ol oY wge] B4 F8
@ 8avt A7 ek W] Z1Ee] shEgeide
2 RAFE= wkilo] AxEYS] kY] wA upA
oz w3 ool el Wad rl&eAE R
IFstold] A2l ofdmo Alag oz} u
G 0 A7k AElelel gk m X
e e} FlEE A AR SAbes) U
ofe] 7A AlsA} gold TINE AlsA
o012l TIAE x5k wjd bl Aol
oF 3 Zolck

2ol wlA gl AR S 49719}
O SEASEELL) 2elw 914 TS
E3kst AAAel tRe Ak ole} AlsElR
Dol 3k HAS} &= array il Wt AR o
A <relt Azwle] ojste] Arste slolne)
= AlzdS Al 374 AlERAE E3led
300Km/he] 40]FAE 100mA=elA] o A=
we A4 AER sl AaE Ak, 4%

o I10 1
7%%_2__ E= ‘QL‘

. R[S OHILE AIAH

www.dbpia.co.kr



wld gkt Age] A9 ZF wid gt mio)
ok fglsde] el SalElek. JAIF <l
v AmEE SRS Akksle] x5l $14ke]
180°3]A3lo] YA R SRl AlxsEo|t)

Hlo] &3 7} (AOA)O ¢} 1o wlE z}b ket
vt} x]ed%l 9)AK(phase delay) ©] ¥HAI= A 13}
Zl.

ANOES 27rfdsin% (1)

o

A7 A qhelvl= X" PLLoI| 2J3}e]
A%l S 74]46}71] ¥=d X" PLLS 9

21, SIAEET| Al
o] uled <kebE 2 T 9194 e
Qel} Aol $1 Sl BAke bt
s, 3 A W <k S48 AEE
Eom AR 7 Hol =} 1ol Sl
= galol ohAl AdE Sl vlE A
AAA AEE FATCE whe] ST W
A S glek Wik
Z

K
:
:
S
o

\G
oL
N

sA1F PLLo
=0 Alzde] Fto] Qlrt wtel
md et A|glef k2

oA wjdlEvE AR AEE Y 347
oA nlarsie] A WA x| $1de1e A =7
7F 1o]0d glike] widel 914 gl AlsE Al
ek 2edgl o2 A WA AdE el A

WS Zb7] wligel] vRARE QA Fol A1 E ARgs)
of F wWAel A WA RIS zow Aoz
F3shd A2-337 7}

1€O2] — 1€2¢1j — (1e¢1j)2 (2)
1" = 1" = 1™ « 1™ 3)

a1 ol FAle] A pAlEE AlEe] Aol =t
A= 7 23 13 o] A e R 5ol
ek AAeR gl Agelrh AlEe
Ao 7 B BAShs 7P AOARRL & & Sl
© o Wish= A AR A5 A4, AdERd AT

0= (27r—L t) @
6 = tan (%— tanf,) 5)

N| Q"

o E
p
:
;

o
el

B. Ad7d =
a3 1, o]=AE zeE 4 A A
Fig. 1. Beam forming cons1der mobile user

FAE = AlEe] 7, w&olEAlrd Hae] &
Hod o, 4 At gers A el o &
&2 73l mlsiA Wspt S5 o 5 sick et

o

A, A Qe Alsgle] ag ol EAle} S

Al l»t— % e mEar e S48k
Aes EMs] flsled e} Fzjel w2 S
3o 1'41??} F43, Al o AR vlel w2 $%
4 A Bokor Simulink® AT EEE=

a5l 29} At Ate wEp afelwAle] 917}
deln], rdsls Alse] o] delx|a Alse] 7t
off wet Zb <kl QoA FAlE= Alse] fak
Alede] depxls areste] SISt

625

www.dbpia.co.kr



Tracking Model

phase delay

Math
Constant  product e

> [F'haasidelay]ll

Function
Scope3

trans_dgree2

Display

[Track_model]

[tracking_phase]

e

Source (Mobile)

Ao | | e

Random [Rectangularf—]

Integer 4-QAM

Goto1

T8 2 %ol BA FAASS A3 AR e et A2 simulink %5

Fig. 2. Simulink of digital RDA for fast tracking.
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