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A Study on OFDM Receiver Using Rotating Circular
Array Antenna for Vehicle Communications

HIRONORI OGIHARAT and HIROSHI YASUKAWAT!

In high-speed mobile OFDM communication systems, receiving characteris-
tics degrade significantly due to time variation of the channel properties. One
solution is to rotate a circular array antenna so as to decrease the speed of
receiving antenna relative to the ground. When the vehicle speed changes,
the rotating antenna needs to keep the optimum rotation speed. To solve this
problem, we proposed a control method of the rotating antenna. The steepest
descent method based on the MSE of the demodulation output before and after
of the vehicle speed changes is adopted to update the rotation speed. However,
performance of this method is dropped since MSE behaves in an erratic char-
acteristics by noise and fading. In this paper, we propose a new method to
control rotation speed using a moving average filter. Simulation results show
the effectiveness of the proposed method.
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1. T C&IC

WET I w77 VEBEORK TIC LY 22 E 5L 725 UHF #5005 5, 7T15MHz~725MHz
NEERBEE IR I D ®EEK RS AT A (ITS : Intelligent Transport Sys-
tems) [ZEIV U THH, 2012 EnbERSNLY. EEEEFEICBT 2ETWLIAL LT,
OFDM(Orthogonal Frequency Division Multiplexing) 23R STk 0, (mHFEDE
T ML FHE O B E B BT 2 HFFE2M T T 522 OFDM I, Sy 7 %+
V7 CTIEBELEIT D728, ~/VF RABRERIZHWN & D, BLEERLBE 26 L7285 72K
Thn. T, FAEEEZHFELFHT LI ENTRETHY, i LT ¢ X LT L EE
MM LAN 72 PO 2 722 A7 AOEF G L LTRAShN Y.

L L, BENBEEREE N COFDM ZF A V02354, B EomkigeHE (FCR:
Frequency Channel Response®) 13, ZEHOBENAED Ry T F—27 ML O ET = —
Ve, ZERENRELS ST D, ZEREOSHIITT LTI —KIZ, BV ETIE
R, AREEEFEIE O RFRI AT A 3B 0E U 72 @ RS HE 7o ARt AR EHE B 1L A A 3 X IR & B
5. AnERERMHEE T, A 1y bR LA OFDM 12 S OB A L, #EE
SIVIABER R A LR T 2 AR — M TH 5. BIEE TIRE ST ok B E
HEEEDS 1L, ERMIEZISA LEZTETH 99, Lo, BBIROEENELS 25
\Zoh, BIEERFEOHEEREN ST HE NI MER D 5.

ENBICH L TEAEOIE, HEETRSIOT L—T 7 (LLF, BT 7)) ZEliE S
t, ZET T T ORMICKT 2FRHEE L TP 5 2 LIk Y, (mEEREORHEZT 26
U DZIERHES LA MIET 2 FIEE2IRELEY. COFRIEFETIELIZRRY, EXEK
Rtk ORFHIA B Z PP v AT 52 E A S LTS, AR ET ¢ VX LT
L EHOEOREAERIFE T % ISDB-T (Integrated Services Digital Broadcasting-Terrestrial)
Mode3™) M35 A —% ZHNTHFY T 2 L—a V2T, [fET 712 LY OFDM
OBENZERENUHETRETH L 2R LY. £, BEGOBELIICHST 57
o, [EHET v 7S OEEESE T 5 FEEZRE LS. 2, ZEY VRV OEH
HERT% OFRAZTHIBE L LT, HRERETIEEHWD Z LR, [BREEEAHEOIFFZH)
i b ET 2 EEEICEREFH T2 FETHD. LhL, ZE YRV OEFHER
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B 2 Receiver structure with rotating circular array antenna

I, HEERR T = — VU T ORBIC LD BN E L\ 2, i) 22 [BIEE o~ B
RTFT2LNIMERHD. ARTIE, BEVEET L2280 Pl S ERR 2
AR TIEE AWC, BT 7 S OB A HIHT 2 FIEEZREL, HEH I 11—
va MKV REFIEORIEIZOWTH HNICT 5.

2. [EE7 T+ %A OFDM 25

2.1 [EET7 VT TDER
BHERT 7 HlEn K7 7 T2 FRLMRICEMBICEREL7ZbDOTHD. 77 FTOR
L, FEEREORY SD 6 O EHWS. K 1IRT X918, BEKOBE)FIRICx L
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3 Frame construction

TRRFEHEI Y AT 7r/2[rad] A S 7208 Py 2 & L7z 21 /nlrad] DK (5 P 725 Ps)
EZERHEL, ZORKBIHELTWAT v T RZEEITIbOET L. ZET VT
WP b Py ECERLIZEE, PLICHLT T HCZET 7T 20025, 20
EAR#EVIRST Z LT, BENCLVAELD Ry T T7—v 7 NaiET 5. 707 T35 K
ZBOEN Iy 8D OFDM v v ALV EZETHEDEL, Tl #ZE7 L—AREER
T 5.1 1 &7 7 FOFRE n, BEEEL Rlrps|(revolution per second, b AlEE%L), OFDM
TURNE Tofsec) MHA (1) DX HIZEFiaNS.

b= n}%Ts' (1)
Tz, 7T FOEEER RIZ P, TRy 77— 7 MR bAiESS X9, K (2) &
TeEICRRET .

v
R=—. (2)
X (2) £V, 77 FEEEEIIBHAEOEE olm/s], 77 T O r[m] 22HIREIND.
T, AR THWARRET T ET L —T T T OREEE L S TWBER, TL—T
T L LTREMERIE 21T 0wz, 72T & TRIIE dm] OBIR%ZZ 0720,

B4 2 \CEEET T F & W e E O Z R~ T, £ TEDRESIXEEET 7 T kb
Ry 7I—v7 "AMEEND. Ry 77— 7 MEIE SIZE BTl O 5 & Rk
(2, H—RA v H—rOrkRds, BEWSIEH, FFT ABRMTebnsd. Tk, HibisTr
L— AEHICRE Sz my b AL (K3) #HWT, #iid 57 —4% OFDM v
VAR KE L TEREZIT . B, EXEESBIORS HEERT, RYETIENMT
bins.

2.2 REET7UTFHIZEEFYTS—2T FOMWHE

BEE(ERE R CHEisY v 7 T & HWizia, BEEOBE T i LT 0, FrnrbE
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Rotation direction
vector

4 The receiving model of a vehicle with rotating antenna

KT DEERZTD Ry 7 T—2 7 b fat) 132 (3) L725.

fa(t) = fp cosOs + fa(t). (3)
o FRK Ny 77 —EE o/ A(vBEIEOBEIEHE, NEROWKE), fu@) X777
DEFAIC &L D Fy 7T =7 o EZRT. f.(t) OEEEZR (1) 26X (10) 1R T.
[HHE 7 o7 F OEERER v, B R, BT 27 T OPIINHE 0o 2V, 7 T F DL
IR ¢ OB LT (4),(5) &7 5.

x = rcos(2m Rt + 0p). (4)

y = rsin(2r Rt + o). (5)
(2,y) ORLBICET DT T T OREEFA~OBELZ V, E 35 &, V, ZK4IRTV, B
FO0V, #HNTR (6) DL S ckanD

Va =/ (Va)? + (V)% (6)
Vi, Vy 135 (4),(5) ZWfE ¢ THHA T2 2 L1k v (7),(8) DL olTkdbins.

Ve = =27 Rrsin(2w Rt + 6p). (7)

Vy = 2nRr cos(2m Rt + 0o). (8)

4TI BEEOBE HI L 7 T FOREFAORT AR 0, L5 5 fa(l) &
X (9) L2 5.
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cos(0q — 05)

(cos B cos Os + sin O, sin 05)

N TPSPEIPSEeT s

(cos 05 % + sin 6 %)
1

=5 (Ve cosbs + Vi sinbs) . 9)
22T, A(9) 2 (7),8) #IRAT DL fo(t) 1
2
Falt) = mRr

LEbans. & (10) 3 (3) ICARAT S 2 LT, BEBEMCEET v 7T % Mg

sin{0; — (2rRt + 6o)} . (10)

BEFPZTH Ry 7 T7—7 M (11) O XS ICEKT Z LN TX S,

vecosls + 2rRrsin {0, — (27w Rt + 0,
falt) = 0. =GRt 00} ()

ZIT, 2rRt+600) =n/20LE, ThROLE (1) ITTRT P BT, K (11) X

vcos Oy — 2w Rr cos 0

falt) = X (12)

LY, fa(t) ERANERD. LERST, P OUBECRERMERISILT, Ry
=7 OIS TREL 725,

3. 7T EEREDHIE

BEBE R F CIIB RO EEABRFHIZ(L T 5720, ZIUTENR (2) KO BRET &
T T T OREERE LS LMERH L. 2T, BIET T T olinkksy, )
WZHIES 2 BRSOV TR 5.

3.1 BER vs. [H&5#k

B 5 IZBEADHEE v = 100(km/h], C/N =20, 40[dB] £ L, #* 1, 2 D&EMICBITS
F#% R %t BER(Bit Error Rate) f#itEZ&~9. X5 kv, R R 5t BER f#tl% C/N
OMEIZBD BT, FIMOREEZE T2 2 LN n05. Fi2, BER 23/ & 72 5 RIFEEIE
2 (2) 124 7 = 0.36[m] L BEEOHE v = 100[km/h] ZRALIEE —#T 5. %
v, X(2) Po/ONDENERE BGRRE L BT LN TED.

3.2 RETL—LEK

EHRECRIENC B T 551 vy R U RV OFARR L ZE 7 L— L BEOBMRER 6 127
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% 1 Simulation parameters
Carrier frequency( f.) 473.142 MHz

Modulation 64QAM
Number of subcarriers(NN) 5617
Symbol duration(%) 1008 us
Guard interval(Ty) 126 ps
Sub-carrier spacing(fo) 0.992 kHz
Number of antennas(n) 18

& 2 Propagation model of GSM Typical Urban Area
Path Number 1 2 3 4 5 6
Delay [us] -0.2 0 03 | 1.4 | 2.1 | 4.8
Power [dB] -3 0 -2 -6 -8 -10

—@—C/N = 40[dB]
—&— /N = 20[dB]

BER

6 8 10 12 14 16 18
Rotation speed[rps]
5 BER vs. Rotation speed, v = 100[km/h]

F. K BZET V=LK 1L, 7o 7T oliEsk R OBIMIENED L, BlEEEO
WA UCIBINT 5. L7edi>C, BIESESHEINT 5 & A5 KM & @3 2 Hic o
7y N URAPEESNRWATRERS D, BERFHEOSELRNEEE 705, —J7, Bl
BT 2T O a0y N URARZESND EEZLOND. OFD, HE
ENABEEORIEERFICBIT AZET L —LEICAEDE T 2y F RO AR
WRERET D LICLY, BREREEOS(LRNES LD,
3.3 [EERHFEIEMTILIT) XL
JEIROIE Y, FeiE e BRI BN X B B2, BEIMENZ (LT A5LAIC
\CEOBEEEF SN LIS, [BEET T I3llE & 0 5 KIS K (F8Ee
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6 Proposed frame constructions

—®— C/N=40[dB]]
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Rotation speed[rps]
7 MSE vs. Rotation speed, v = 100[km/h], C/N = 40[dB]

BHARL) ICRESNDZ ENHESNDID, BEEETEEH 2SIk Es 2 e
T&ED. L, VAT LEAOESGME, FHEMEZZET 5 EBEEEN LT 7 F 0
W TR OND Z EREEND. 2T, [HiEHx BER f#ERN TSN THL Z & &2FIHL
T, RERMECIY FleblizgE2ROL L2525, LnL, £VAT A TIEBER
ZRODZEBHEETH D, BER #HEET D FETRESN VDN, Ry T I—v7 b
D ST CHMRGEEA S TE LT, ﬁﬁﬁ@%f%é&%i%ﬂém.%:f,ﬁm
C LT ERICBIT A Ly RAETHEREICHEE T 5. HIHNEREET, £ R0
EIHIERI#% O S EZZE 7 L— LN T RV (N - 1) TEE L= (13) ofiE
E[le(Rm)]’] Th 5.

E[le(Rm)*] = v |X (K, 1, Rm) — D(k,1, Rn)|? (13)
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B 8 MSE after a moving average filtering

ZZT, Rpldm 7V —ARIZBTSEERTHD. £, X(k, I, Ry) 1L, B R, O
[F#ET T FEHWTEZE L2 E © OFDM ¥ U ARVICEIT D, I ZHBOY 7+ T
OERHERTIO VR, Dkl Ry) 1% X(k, 1, Ry) OEFHEZOL AL THD. K
TR EHE I ERE 2 (MSE : Mean Square Error) f#E%/r9. I a2 b—va 4
%, v =100[km/h], C/N =40[dB], £ 1, 2 Th 5. K7 LV, [E#EEHE MSE Kkix
TZORME A RS, MSE 1% BER & RIFRICERREL 12.25rps] IR W Th/hN e 725, 20D
FtEL Y, BER OfUH & LTEIE Y A VOETHEREL OB N T, KEET
BIC LY R R A RO D Z LRFREE 0D, ZDEE (m+ 1) FHOZET L—24

B B EEEL Ry 1,
E )2
s — o ([HRM) 1) "

Rerl =R, — )% <E [|6(Rm)|2] - F [|6(Rm71)|2]

R )(m#1|meN) (15)

L%, ZIT, plINHHEEZRD D AT v T A ARG XA =2 Th%. X (14), (15) &
v, MSE ##x/MZT 20IEE, F70b5H BER & /NI 5 RIEEIT R KB BT ATHE &
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9 Receiver structure to control rotation speed (Proposed method)

2%, UL, X 7TIXEEME Lz ElEEk MSE £ TH 0, Kx OREIIMES Y = —
VI OEEIT LY, BRI - WA O i RREIC R B 2sv. [ 8(OF), 3K (15) k1,
E [|e(Rm)|*] —E [le(Rm-1)] > 0 L 722541, LAOREEKAHEIM 0, FEEOIR
FGREDME TS 5. £72, B [|e(Rm)?] —E [|e(Rm-1)]?] =0 £ 58581E, Rmi = Rm
LR, VAT AIIARLEILIRD. FIT, M7 L—ARIETOT =X %y 7 7 ITHREF L
M SEBEER 7 4 V8 % FWT, [EiEEE MSE Bt 4 i b1 2 B RET 5. Ny
TR TE DT AR OEN D DT, AR T3 ABENTEH T 4 L& 25 Z LT
T5. ZOFECLY, E[le(Bn)’] < E[le(Rm—3)]] £22HAET, AT ADRE
PEIEERFFENS.

3.4 RIEHIER

RETEOZASHEMR A X 912”7, 1@ O OFDM =58 & [FERIC, G DFRZE, S/P ZEH#,
FFT, Z{t#%, Demapping AUEENTHOND. ZILHIZHMZ T MSE %K 5720 Remap-
ping #<° Buffter, BEIEY 7 v %, A=y br—F =ik ESnb. m—3FHET
DE(F7 L—hinbRd biiz MSE % Buffer (5 L, E [|e(Rm)[*] = E [le(Rm-1)?] >
0 L7220, BEREE 7 o v 2|28 LC MSE f#E4 Figibd 5. 20%, m FEOZ(E 7
L—Ah bRk MSE & RIFFCEEE = ho—F —#IC AT L, BiEis E5T 5.

4. FEHIIaL—Ya Yy

IR R 2 L—va AT kD, AT TR AT EHREGRIEE T L 2 X AOFHE AT H . v
Rab—ya BN, BEkoBELR A, ERETIRESh I EEL I Y KE<H
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10 Rotation speed vs. Number of frames,
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11 Rotation speed vs. Number of frames,
pn=2,15,n =18, C/N = 40[dB]

BER

Rotation speed[rps]

—6— 1 = 3 (conventional method)
—&— 1 = 3 (proposed method)
1111111 Rotating Speed 12.25rps] 10

0 5 10 15 20
Number of frames
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Number of frames

13 BER vs. Number of frames, n = 18, C/N

B 12 Rotation speed vs. Number of frames,
= 40[dB]

p=3,n=18 C/N = 40[dB]

ET D, BEMEOEEZEAE LOBREE TSR WWT, BEEE RE2 B~ R ESES p D
EAFEAET UL, FEREICBWTY, BEESEEIE7 LY XATAEICE B2 6nD.
V3ial—vailiE, R1LIDRT, HROM ET 4 P2 VT L EMEOEERK TH 5
ITDB-T Mode3 D35 A =& Z iz, ZZTOxF ¥ U 7EEE, WEF 21T
B TR SN AR BIKWT v 1L Th 5 473.142[MHz] % Wiz, REEEET VI, #
2 12779 GSM Typical Urban Area ® 6 JliL A UV —7 ==V U JREK ETH. 2,

Vol.2011-MBL-60 No.1
Vol.2011-ITS-47 No.1
2011/11/10

EHEIZH T 5 UHF #OBBZEHIEER M TN ERRE S TN S,

10~12 1%, v = 50(km/h] (Z351F % Fil 72 BI#A%L 6.12[rps] 75 v = 100[km/h]
it 72 A5 12.25[rps] ~OUWHFHETH 5. Thb b, BEWROEE D 50(km/h] 225
100[km/h] IZBREHC B L L2 A OfETH 5. K101, p=0.1,05,1 & LI=HE0%
B7 L — 2ot B TH 5. 10 £V, [EEEH i el Mg TEH SN TEY, u
DiEZRRELTHI LT, WAGEENSELS 2D 2 ENNnD. K10 THEATZL ORI I
RLTELT, 21 7L —ALL EANEELTL, KI11IZBF5 u=2&L L7714 Tl
47 —ATRLTWD., —F, p=2cLTAICHEBRBTDE, 97 L—AFIT
oA LAY, 20 7 L— A LIPRICIEUR LT,

1212 p =3 & LEBEAICET 5, BEELIERIEOIURHEZ R 3. K12 kv, fEk
BT 20 7 L— AT OB T2 DIcxf LT, #5815 10 7 L—ATIRT %
ZENGHD. UL, BEIEY T o X80 MSE BERERL SN, VAT ADRE
MDA R L728Th D, 10 7 L—2HIZE D OFDM ¥ VR LR OEEHE 64.3[msec]
L7y, —RMZRBBIHR EOBIEOMELEEETHE, TORINIGEETHDL &F
ZAbiDd.

K131k p=3 & LAk 5, ZIE7 L—28x BER#ETHS. K13 L0, =
157 L— 2B o8, JabbiEnirZoiarS<icoh, BER At#EsnD 2L
WD,

LLEX Y, 87 p OERET L2 & T, FESEHIET L2 ) R ANEIE X, BER
EWEARETHD Z LR ENT.

5. & 9 U

AFETIL, BHET 7 & HWic OFDM G\ T, BiEoEEZEicxt L, [\
TR & 9 2 PIEOMEREL B2 A e, EIEEGHIE 7 L 2 ) XA0%EREE LT, ZFY
VIRVOETRHERRE A BN Y 7 4 L2 E 0 EIE L2, RABRTIEE WS FEE
RELL., B I2L—a1CkD, p=3 1B THEREE S, FTEo R~
DINHGEE % 10 7 L— L5 e Th D = & AR LTz,

SO E LT, T00MHz # O, HEEFRENSERRE /R E, RTA -2 &2 EH
L COMFNRZET bid.
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