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Abstract

In this study, we discuss the near-field to far-field transformation (NFFFT) theory for radar cross-section (RCS) of
an electrically large object and antenna pattern, which is a comprehensive review of the author's published articles over
the past 10 years. When the electrical size of the object under test is large, the probe antenna that measures the scattered
waves from the object must be placed far away from the object to illuminate the plane electromagnetic wave that is the
measurement premise. Assuming that the measurement frequency is f, this distance Rs generally evaluated by R >
2D?/A (fA =c, where A: wavelength, c: speed of light). If D =3 m and f = 10 GHz, for example, then R =
600 m, which is an unrealistic measurement condition. Therefore, it is conceivable to acquire the scattered electromag-
netic field near the object by some method and theoretically transform it into a far-region. At this time, when an antenna
is under test, the measurement system has one-way relationship of radiation to the antenna and output from the antenna,
and this expression can be strictly given by an integral equation. Conversely, since RCS measurement is two-way in
principle, it is very difficult to formulate these electromagnetic field relationships. However, if a radar image based on
the scattered waves from the object is obtained, it is considered that the far-field generated by the source can be evaluated
by regarding the image as a scattered wave source. Based on this concept, the relationship between the radar image of
the object to be evaluated and the three-dimensional RCS is constructed. The theoretical validity is proved through
numerical calculations and comparative examination using actual measurement data. Above all, it was also found that
the unnecessary waves environmentally caused by the anechoic chamber and the like can be suppressed by appropriately
treating the generated image including the unnecessary waves received at the time of measurement. From this confirm-
ative experiment, it was proved for the electromagnetic wave that the time-axis processing such as the fast Fourier
transform (FFT) and this spatial-axis processing in the image data are equivalent.
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Tab.1 NFFFT methods for RCS and antenna measurement.
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*1: A. W. Rudge, K. Milne, A. D. Oliver, P. Knight, “The handbook of antenna design,” Chap. 8, IEE UK, 1986.
#2: T. H. Chu and D. B. Lin, Microwave diversity imaging of perfectly conducting objects in the near-field region, IEEE Trans. MTT, vol. MTT-39, no. 3, 1991.
*3: H. Kobayashi, Y. Yamaguchi and Y. Cui, Simple Near-field to Far-field Transformation Method Using Antenna Array Factor, Journal of Wireless Networking

and Communications, Vol.2, No.4, pp.43-48, 2012,
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Fig.1 Coordinate system of mono—static
circular scanning NFFFT.

ZIA T AE—LT T FHiE P(B) =exp|— In2(8/8)?]
LERIND.

et RIEFH» BEmT 5, RIEMAOBGELIA Z [[l#x
Hih oo WL O R A BRI ELE TS, ORISR ER, B,
a—F—U 7Ly R EOEGRER ST THDIWNRE
<EHEND, 22T, Ha/N WA XOHEGILIR
L35, ZEEEE EYK) L3258 (k=2nf/c, f3HA
JEER, e ) | T BUIRTO—fRFRE LT,

E3H) = QA SR )

BE2 5, ERT. BEKICKET 5RT Q(k) 1%
BE7vTFFOBRLSAMCHAETEETHY . Ag(k)
ﬁﬁﬂ%®%ﬁﬁﬂﬂ%?é%?%é Ag(k) 1% RCS
Lo=|Ak)] OBBICH B, BRI, L& a DER
%’¢éﬁ§¢%iAd):&fﬁ3 BRI K E
RAEETGR CREAS FHOBEMERMN S OBHE.
Ao(k)=—jkS/\/m 725 [1], REZTrEATIE, #E
TrTFOQ(k) X (1) RoWHE AL v |

Q) = 202 fg’;i ep@ikp) @

THZDHZENTE D,

WA, BN & B A IR O NEICECE L, MEE
BEOLA, TOMPNAT v 7 g TT 0 —T &I
10 < ¢o <2m ICEET D, AEMLMANAT 76 f
T foin < f < fimae ZHERL. E*(k, ¢0) &
IS T 5, ZOEERKIIHERED OIEHEK TH 5D
Ty B (K, o) Wi (1) (2D, ik 5 NFFFT AL
BOANNT—82 LT 5,



TP FERL S O Ty A R & FHIIREAT o 2 T A O BFEICEE 9 D FSE 5

M JE & A NFFFT (344 M A N o RCS 5 FEAT &
Do MEITEZET 7 T OMmEE: FEE (V) B L 00K
FIITEFE L TWDOT, GhET 4180 OREHREHE
VV/VH/HV/HH R EFKTE 5D, “RuMEEEIT, @)
MDY A RN K DEZIET T F ORI FEI
o TNWDZ EMHAMEE 2D, 7, —HMEETICER
T 5 —WITEE TP FRE A DAL III R+ Th D
L., PZERONRE = LOFHITERWENR S H D,

AL R ICER LEEXEIT ), LA )
5 RCS %1525 NFFFT ORARR 7 » 7 %4t (1) Hifghk
WIZHE T DHEL L DA & L CHEH & 32 3 i g
Y(z,y) ZAERT 2EHHRELRAZ2HET 5, (2) EigE
RENTRD, ZOWELFLNLDOFGEEYERL,
BEH O OWER LS. () KeklcH (1) X%
il > THEFHIM OE ST IZH1F B RCS 3R 5,

PIF, BRI/ ik zE7 v e LTER LR
DD, ZAUIWHEBICHELF LA 525D TH Y |
— M DWEIT Z DIt A OEELF.L ORI E L TREITE
5DOT, R THRET 5 NFFFT & [EEEIC — % ORI i
ATExnLEE25,

BRI 72 5 R E BB L. i 7= “koTEREIC
THLMRD, L—FEiH (z,y) IZEELKD KME
WEMBHIKTET 2. 7 a—7 7 7T OREEDRH
RIS LTWD, 22T, (z=x, y=y1) [TEN
N BRI/ S R BEUR O % del ta BI%L:

U(x,y)=Co(z—21)0(y—y1) (3)

TRITEZDLEE25, C IFHELEPEELT 2O IE
HULRE TH 5, BRI/ S 2 TOMIROEELLRE
BB D “FRIZHBIT D LS EEAREENS . BRK
Ak)=AK? REbN 5, 2T, A EICHEHRIC
EoTHRD AL, Wk IIFMAL LTS, [ElHE 5 Fr
DFAE o I HIMSE L TWD (] 5 o OEAKERIE
A=3y7mdd)., 4. ENULEsE C=Achx k), =
D& E R i, po =1zp0 COS po 41y po sin ¢o (ZALHE L7z
A(k)=Ak? ORSE b HOBRE O/ S AR ARG KI5
L. FJE LD R 1,0 p0 =1zp0 cOS ¢o+iypo sin do TEUHI L
oL EDZEWERDD &

Es(ka¢07p0) (4)
k'zjl(k) eXP(*2jk|ipp - ipp0|)
= Q(k)P*(B)
Vim lipp — ipopo‘2

LD, BEH IR PLERLTWD, 2k,
ETOHAITW L EREIC bl siaffae—1Lr P RO

Sie
o
>
pum

oL

oo 21
W) = [ [ B0, P Gy Rk
(5)
THz2bNS, EROBEALBE F 13RO E L%k T
b5
F(ipp,ippy, k) 6)
. . 2

=gGwJﬂwkﬂg&M£$%emﬁ%M%p—%wd)

Loz Lo T, Ehm EOA RBETZET S
BELA OB O EIREAE EICfIE S5, %RikT 5
o, K@) TELZLE delta Bl AEAWD &, Bk
1972 g(ipp, ipo g, k) DERIRD B, FERO & 25,
R F i3RI T 2 BAER & LCTED #5
ZERBID,

PR i, p, = ipw1Hyys 1A BT/ S 22 L
fRizxr L, (4) 2

Ef(k7¢07p0) (7)
k2 A(k) exp(—2jk[ip, p1 — ipopyl)
= Q(k)P*(B1) = :
' dm ’iplpl _ipop0|2

L%, ZOLEOBEGEEIEIRADOLIICHFEALND:

A oo p2m
2,y) = —— 10,1000, k (8)
Y(w,y) VEZLAngpwo)
.P2(61) |ip,0*ip0,00|2
P2(B) lip,p1 — ipopol®
ZITCL s=ipp—ipypol—Ilip p1—1p,po| TIH D, EELIK
DIFEETIE, ipp = ip,p1 THDHDT, f—= 1 Lo T,

ek 12 dkdgy.

s~ (z1 —x)cosa+ (y; —y)sina 9)

PIFEND, A aldRT by po —ipp & ip DR
ExiET (K128, 2 a=aip,ip) OB¥T
%, A mEITEG AR Z ST DT (pg > pmax)> Do
NOE 2 TE(LTH L&, alT2n ¥t s, kX
V. EgEEIT

A oo 27 . .
ve)~ = [ [ ol i (10)
-exp{2jk[(z1 — x) cosa + (y1 — y) sin a]k*Ydkdpy

Lt TE D,
Bk & ¢o & ky=2kcosa & ky=2ksina [ZEHE
g5 &, Bk O BIMR
dkpdk, = 4ka (i,p, 1, po) dkdbo, (11)
a/(ipp7 ipoﬂO) = 80[(ipp, ipop0>/8¢0



6 2NV

BELNDOT, Wi (10) ITRO L S IZERTE D!
lpp, i, 0, k)

sen=sre | [ %
S\f lppalpopO

-exp{jke (1 — @) + jky(y1 — y) Yedkydk,.

(12)

ZZT, g%

L. 20’ (i,p,1,, P0
g(lpp’ IPOPka) = % (13)

TEHEZ25, ZOZEMEITKRDO LI L THEND HiLD,
delta PE¥ 5

(2m)28(z — 21)d(y — y1) (14)
— [ ewlitaor—a) + iy ()i,
0 [14], C=A L LT, ip—ipp ®LED (12)
XEiHET5 L ) R (z,y)=Co(x—x1)6(y—y1)

IRET B

A o lE ¢o I L0 BRI RFRANFETE D, ¢
BT A EE 1T &

P X (105 105 P0)

(lpp, fpofo) = li,p —ipopol 19
X(iopigyp0) = 1 — L cos(6 — y)
Po
BRDHHEND, kb, MERTE LTEbICKRAN
Koo b:
M%m%mhm::Qﬁx@mdmm) (16)

7372k [ip — ipp0]
- T BAEBIEI

205X (4002 100P0) 25k [iypipg o
ZPOX0 200 0L p25k[inp—tnoro] (17
w/RQU) P2 () "
LERIND, —H., BT T T oME B IERND
AHTE S

F(ipp, ipp07 k) =

X(ipp,1p0P0)
2 |ipp - ipoPO| .
3 (17) 1SRG B 0D LB y (0,10 p0) =
1 Ths [2,8], 2higxk (15) 2R THLHND LI,
po — oo (T —=TREFIHAE) 2 p— 0 GEELAEN
JERED R RICAFE) OELONEERLTND, 2D
sk, K (16) #HY AND Z LT, K0/ SREERE
TOFH, S2F D IFBELF LA B ROL L TV D
MTOMENRRTEDHE NI Z EERELTND,
BLEXY | RCS OBEIRKIRERBFREL o7z, BT
D L —Z RGBT SOREGELT L OS5/ TH Y . Fik, #)

cosf3 = (18)

_36_

9h—

SLAUT 2N B HELT O b ORI O ERG Y & LT
KTZLENTED, ZhaBNTRBTL L,

( ¢07P0 (19)

k2 2jk|ippfipoPO)|
L SR e
271' |1pp - 1poPO)|

L%, Bk (3) Ko (z,y) 1IZX (7) ICb#EATE 5,
zzT, K G6G) & (19 OSEHIHIERTL L, £5
2 (19) 1HEED po iﬂ/ﬁkiﬁ‘é@f\ L — &l i F
DEFN: o=Ar |[rE(r /Ed TR TOEHET

E*(k, ¢0,p0) |

F (20)

o(k,g0) = lim_dmp}

nELND, &5, X (19) @ ES(k, ¢, po) T po — 00
L L. AHRIC ﬁLT%MtE¢4xmaﬂmmO%ﬁ
5&. P(B) — lipp—ip,pol & po—pcos(p—do) & T
X250 T, FAEMICROFRANE NS

2
o (kdo) = k* / W, y) e eos dotysingo) gy | (21)
Q

IHNAMEEEICBIT D L—Z g BT TO RCS &
5z I ARNTH D,

BN po ZAHIRO E F NFFFT WL AT H &, DR
HEC > RCS A FHM T & 5, IrEREE RCS X DR CR &

KEBTLHG8D 5, BEEHFER L L —X 73 8%
L—Z Gk & OBBERAIROGEICHY T 5, 20
KO — X ORE RGN, ISR DT IERE RCS @
P 2R IE R E 72 D,

SThEERDE T, EEERENRF—F Y oY AL XL
M CRRE CThiUL, MERE g IZ K 2WENRB TS
NnNb, 2FED. WhWwHE—5y FOBELHLL AR R
LINHBRELSTNOIGEICRERDENEFTE D, 2
DEAERF 2K 21273, p—0 or pg—o0 DE X, papg
BEBQ® gop(p,po) =1 EWHET D X300 %,

B 3 AR TR L2 R E PRORR D oD/ E
IERERCRIAE LR TH D, 22T, Te—T T
TFOEENRIT po=1.5m, FLEREREIL f=1GCHz,
FIAT v 713 0.1 &£ 0.5GHz TH5H, fEREKICE DK
ERRPRERTE D, Flo RIS Lo, Bk
AT TDOINS WD IRREITE N T E N3 D,

3. ARIERE NFFFT ~D¥iiREHR
ATEI O “ ot MEERICS S s . AHiTlE =%ocH
fRIZEA D NFFFT IZ oW Cikim 9™ 5. MRERIZMEER



TR AEREI D1 SR 5 & FHIEEN o A 7 L DOBRFE BT 2115 7
605 (9 - g1 c0s (9~ )0 cos (5~ g )=+1
2 T T 2 T T 2 T T
15 1.5 15
7, 7, z
05| —K =10 . 05| —k =10 05—k =10
kg, = 100 \ ——kp, =100 kg =100
—— kg, = 1000 —— kg, = 1000 —— K, = 1000
% 2 ¥ 6 B 10 % 2 ¥ 6 B 10 % 2 ) 5 B 10
ko Kkp ko
B2 MEEEICIT DHIERE g DD HEW
Fig.2 Focus correcting function g for circular scan.
z g : .
scanning surface
imaging area
Zoax — |7 A LA
“{5z,
Zmix 7
a) 2-D circular scanning configuration
(a) 2-D 1 NFFFT conf t ‘
Zgllll

Af=0.1GHz Af=0.5GHz
(b) Radar image obtained from (a) parameters

B4 MfEERS NFFFT OFER  EA T & i A pk i
Fig.4 Coordinate system of cylindrical scanning
NFFFT: scanning surface and imaging area.

I EE R PEHD O m S R OBEKENRRKE WEEIC
AN THD, KA ICHFEEEDEIERZRT, FEARIC

MEAEETER UAEZRALTRY . MEEZEC 2%
Mzi=bDE7n, ZZTib~2%MfEEAE NFFFT T,
AEBEICEE A ERNE S AXT v 27 RCSt a(k, d)

0.05 PR P P PEEErE B Il PRI B 1 "
@ theoretical @), (b)
(b) Af=0.1 GHz
© Af=0 N
0.04 4 ) g=1,4f=0.5 GHz ’ \ B
)r(c)
e’ 0.03 ( ‘
B ‘\ \
0.02 4 | / o
0_01-1 l:-
0.00 —+ 1 v+ 1 1 "1 "1 "1 I
0 45 90 135 180 225 270 315 360
¢ (deg.)

(¢) RCS by the radar image obtained from (b)

3 &R NFFFT 12 &% ~>OEAEKIZ L % RCS
Fig.3 Theoretical 2-sphere RCS in circular
NFFFT.

ZRDDIEHERT — 2 2 BES D,
4 RCS L EBIM DA (21) DBARRILER & LT,

(22)

2
///\If(l‘,y, Z)erk(accos¢+ysin¢)dmdydz
|

EEZDH, ZIT, U(z,y,z=r1) ITHEFHHUH O =K T
V’“&@%%T% U] N J&'f%ﬁ&ﬁ'.‘ﬁ Efzear(k’ ¢0, ZU) ] N

o(k, )
= k4

U(r) (23)
[eS) 2m oS

:/ dk/ d¢0/ dZOEfmar(ka ()250, Zo)F(I‘, ro.k)
0 0 —00

LRDBEND, ro=1ypo cOS Po+iyposin po+i.zo (TAER
i EOBLEAE, r=i,x4+1,y+iz IXEGAEREL V N



8 2NV

DEEEE, £ LT

AcalX(x Y d)O) 25k(|r— —
F k)= 0 I jk(Ir—rol)=po (94
(r,ro, k) E (B e —ro] (24)

cal
e M R D8 AL Tl Y . MR AR DS
LRI LY, EA/E ORI ST TORGELA & D
(iR, IRIROREEMET S = L8 TE 5, E7 LI,
KRR OBGELIR A b 07— 5 B2 (k) Sk % 1% 17 AR

M Aq(k) ZEBLERTE LTS, B
x(x,y,¢0)=1— 2 cos o — Y sin oo (25)
Po Po
EHEEECTEAN LM ERETH D, LLF, BoEr
X (22) & (23) IOV TR,
e RIEMBGELIRIC L D L &

Acai(k)
Virp}
THRL, BALBEEERET 7T OO S ORGHR
Eo(k) THZ %,

Wz, Ta—7T TS O AY — P(B) 12D
WTERD, ZIZTlE, BZET7VTTIRRICbDET
Lo A LIXT T FART A M & Ay DR
B Lo ~DFmEDOHTIEONIHETHD, =
DEE i =—pypo, lpypo =1z cOsPo+1i, sin ¢y DEIR
DEETE, ZofE, BAEEETRo X512k s:
 2p3x(x,y, do)e?IkIrro

/2 (k) P2(B8) [r — x|
ERF A 12HABEBRIT/N S 7o SR & (E LT,
(24) XNBFHLTND, DEV ., &R E Ak)
LYok, delta I CH AL — &g & (r)=0(r—
r1)AL (k)R> X7 T T E— Bk P(B) ICsI LT
WBHDT, EIE L7z RCS B oy = | A (k)]? 2k b5,

K% (22) KT HDOT, ThaeEEEHRZID L,

2
//(I)(x’y)e2jk(azcos¢+ysin¢)dxdy (28)
Q

b, 22T, QIFMFEERE ORI H HHEERA
gk (K1) Tho, —J, (z,y) 1%

E; e 2Ikpo (26)

cal

(k) =Eo(k)

F(r,ro, k) 27

o(k,¢) =k*

O(x,y) = /OO U(r)dz (29)

TEFRIND, 27) & (23) K& (29) XA T D &,

(30)

P(r)
— - o > s X(xaya(bO)
_A dk/{) d¢0/_oodzOEnear(k7¢07ZO)T(k)T

_38_

9h—

PEEbID, TIT, PRTBERO T i

22 [ 2kl
T = d 31
A

ThHzbn5,
. Ta—T7T7 T FiRERERAETHD ET D L.
PB)=1TchbsronT, EXZ

o 20}

= g H 2k lipp —ipopol)  (32)

Y725 C, Hankel Bk H{Y # Mo CoeticBans,
ZIZTC, ipp=ix+iyy, iy po KT (2=0) RO E
~_7 MV Th D, Hankel BAEUIMFEEICRIT 5 AHZE
Co Green B CTHLDT, ZDZ LD HA NFFFT
HEROZAERFRETE L9, el 2=0 LIS DK T
CRITDHEBE, DFY ., ZOETORCS ¥ —F 2=
BT bTROBNDZEBBMTEDL, 7T T
(ZHRMMED & 258 1%, Mg AR E 7' n — T EARR D
BOBEEIL. 2k [r—ro| > 1 DX 5 ICHEEU EdH 20
T, WREAICEEHE T U L v, £ 2T, ERNHEE
WTHBEfRZRD D & FERITRAD & 9125,

B poedkliop—iogpo|+im/a

T VAP2(B.)/2k ipp — pgpol
T2 AL BT Be=pox(@,y; do)/ [ipp—ipepo| THA
HiLd.

U 7o RS B (K, o, 20) BFRWT, fH
(30) DETOWRYBEIT 20 I LTWD, - T,
=TT M A EA D NFFFT O EAR 2 ARITRATE X S
ZEMTESL:

(33)

00 2m

(I)('Tay) :/ dk/ d¢0<E§ear(ka¢0)>F(k7¢0am7y)'(34)
0 0

T2z, BRI TER IS

~ 2 3kipp—ipg po|+im/4

F(k,¢o,$,y)= pOX(xvyadjO)e . . ) (35)
VT Eo(k)P2(Be)\/2k [ipp — ip, pol

X (34) OFH RIS, BEEHT A L CFEAMb L

7 5%

<Erslear(k7 ¢0)> :/_ dZOEzear(k, (bo, ZO) (36)

EHWS, X (28) & (34) 12 po D HJEEA NFFFT
LRICEL o TWD I ENTIND, ME—DEWITES
{LEA¥ D FRTZ T TH B [10],



FEIA IR 0D 1 5 S A P &

-//
Servo cont. . (
¢/Az o
I T
Vector Network | —  » 226 GHz
Analyzer
[ 1
System controller: Collecting Data
parameter input/ [T
result output Memory Ti/;ﬁx
<,
| | Reflectivity S5
measurement V/H
|| NFFFT for
antenna z
- NFFFT for
RCS
ﬁi—ang
— Calibration for Bi'M
processing
=
L
L ISAR
processing

10-9¢°
no-static

— e

X5 [MfEE#E NFFFT B Y 7 v =7 3 25 L KOSIP: EBmHHER L ~ 4 7 allHlilRmo Vv 7 F o = 7HIH,

FHHIFEAL > 2 7 A D BRZE I B9 D WF5E 9

RAM wall

{6 A AL

R, w S RCS/ 7 T F 8 H —
Fig.5 KOSIP Software code system as controller equipment for cylindrical scanning NFFFT.

LLETHE B (28), (34), (35), (36) Rk, z BLEW

BT AR OMEERIT ARV O T, AFEETHKIE
ﬁmwwm@ﬁﬁ®&%ﬂﬁﬂiﬂéoﬁ@%@%ﬁo
7 RS (36) IXTHLUCEAR 2~ #IZIh > TT — ¥ ZIUE
THEFTROOND, BIEFHUND Eo(k) JE ¥ E R
L ERER S D VTR AR 8RB Acw (k) 23BEED
OHELARDOFHUA S (26) K& TROOEN D, —
Eo(k) 2353 iuid. rEOEMER L EEAT v 7%
ZHE LT, BEHI O BEELA A I AU K v,

4. AFEEED— F KOSIP dBa% L sTAIGER

K5 ZRd 7y ZhkERKI, ~f 7 aEry hU—
ITF AV EETBEROHE L, B L7z —#Howk
ZAGT — &5 RCS 2RO BFMN Y 7 b =7 (KOSIP
Lfd) BERIERR L, 707 T ASEIIMOERN
KHT, WESRE DA ¥ —7 = — AWFEF| 72 MATLAB
EEHALTWD, ZORMFEHE LY 7 hv =T a— ]k
KOSIP 1Z, K& < 4o+ R (1) FHll, (2) &Ik,
(3) I ab—3i3, (4)RCS FinOHER S5, K
610N (1) #Hille—ROY > N ThHDH, LT,

_39_

Z OB DN TRIRT 5,

(1) OFBE—FTIX, AEEREDRTA—4%
ABL, "7 MAVFy hU—=2TF T4 (WNA) B
FOE — 2 — AR 2SI U T IR BOEL R & 7
L. Bfs7 =2 &2 EY —IZHMHT 5, 7 — X DOHAL
X (dB) TH 5, (2) ORIFABOFERZR Y AN T,
(dBsquaremeter: dBsm) (29 %, ZOmfEiL (4) @ RCS
FHHE— FTITH, (3) Py I al—igF— RTlE
ERER, BAYMHR, “HEZmHOa—F—U T LT i
ERATAR OWELAIZ L B NFFFT oG E 2175 2 &
NT&EDH, FAla— RKTE, ZhDOBEEDITEE L=
DHELSRHAELZH 2 T\ D, Sbi, Tu—77 7
FOMEDTZD, XA R—Iv, ffEr— 70 LD
Ha=v FbOIHEL T2,

NFFFT # & 4LER = — 1t KOSIP [, H & 7atAE & R fE
ZEELUCHE Lz, RmTiEfih Cunangs, £/ 2
BT 4T DL—FE— ROMIINAAZT 4 v 7 FE—
RCTOFENCHRLL TN D, WiARKE N L —4 (ISAR)

BETIE, ZRocHifg 2 REt T & 5, AiHE £ TORG
AECHHERRETH D28, WELA S — 2R 2~ A 7



10 2NV

9h—

| Mlkosip - O X
]
)
Imaging slice plane(z—axes) 00
Antenna setup
Calculated Range of RCS Far Field
Scanning mode  Cylindrical
Calibration R 0
Simulation ange 0 1.5 m System parameter
|| Calculation for Image and RCS AZ step A DO 30° .
IF bandwidth 100
Z max 20 m
Z min “15/m Averaging Factor 1
Zstep Az 01m Instrument setting Setting
Bi-static Angle 1.5/m Save folder
¥data
Probe Compensation
Calibration parameter
QOon @Off
Probe parameter OO0n @®Off
Probe Directivity
_ Calibration data
Measured data Simulation ¥data¥CAL¥SysParam R 01500_Z 00000 A
Polarization HH-Channel
RCS pattern
lodsl Liomlantenua Radius Direction Axis Size
Settin min max
Calculatio,
Beam characteristics -40 ~ +30 [dB]
¥data¥Probe

© Calculation

6 MfEER RCS A7 = — K KOSIP: filEE— KD GUI 7 ¢ > K4
Fig.6 KOSIP GUI for RCS comprehensive evaluation system in cylindrical scanning
NFFFT: measurement—mode opening window.

2 IR & O LD g, BRI TH .
ZOZEEREHITERS L~ 7 nliEEREG TH Y
EZTE, TOWIANY — BB TEDL L ERE

LTW5, MTHEYMS D VIIEGBOBEGE NS, Eo
LB = BBLNDNIETEEOELS Yy 7T
HoD, —F, BRIt Tnd K Hic, BRINICHROE
Bt CoORCS NF—U b HEHTE D, BEVHEEZEY IO
ITEREE L — & 5230 D AT EGEL 0 B T i FE 0O REAT
Tk, EERHEA LRV 25, 4%, FFMBRGOTET
b5,

RCS 13 D4 DR300 IXZEWEE L b D L — &1t
TOWEEAVORETH D, 1€- T, RCS FHANT 2-way
WNFEHIE 72D, )5, 7 o7 T OFNITIEARMIZ 1-way
Thd, F—rT7 o7 REEFICED L, HOmDE
FHERESN AT 53 InduE, E 5 BUR 2 BRER ISR 5
ZEMTED, WS ITAAT LS, NFFET Rl = > o
T —7 7 5 )T 2-wayRCS EHAIZ1T 9 JTETH 508,
ZO—FHDOT =7 (RIEF) EREHIO T T F OB
WCHEe T D L. 7T T ORI K D EHGER S L
Do BT DL, FOBEFEBMOFERITNDDPDLT
YT OmENRE =l D,

KOSIP 22— R 2 2 b—a »E— REPNT, /I
SR EHUE O EARER & T T LT U T2 SRR 72 BERR R A

_40_

#7817, BT, |2]<0.5,y=2=0 O%SMET
BiiE L7 11 E O/ S 78RR OEATH D, BROPARIT
FTRTL0em=1/30\, f=1GHz & LTW5%, EKF+LD
MIFRE » F X 10em=1/3\ TH D72, ERO—FITHI
TR (B DX S IR 2% S & TRTE 5, RO
TR D OEGELEEZ R L TR Y . 4R 5 &4
WicExn, el ZORRITREMRSE bERIT—HLT
WHZEEMERLTND,

B8 X RO D 4 HOBEEERIC X 2B RCS
Thv ., AL f=3GHz L LTW5, BRomiEL
BRI #1(50,0,0), 7 = 0.1, #2(—25,43,0), ro = 0.8,
#3(—25,-43,0), r3=0.8, #4(—25,0,50), 74=0.5cm T
Hb, TOMDNT A — 2 Fob A 0T 3GHz,
HrigiEIE 1L 0GHz, e A 7 » 7% 7. TMHz, py =
150cm, 8¢9 = 1°, Btg D &7 %4 X% 0. Tcm,
(Zmaz, Zmin, 02) = (20,—52,3.5) cm & L T\»%, NFFFT
(Z& D 2D RCS FERIT, WEM LITIT—HL TV D,

STIZ, NFFET |2 X5 RCS #Ffliz— K& HW/=3E
HFERICOW T T D, K9 BEU10 1, £ xEHE
10 cm DA EBIADO—3073 10em D = =a—F—1I 7
Lo &2 afiEy & LT, Bi%g = — K KOSIP 12 L v &l
Lz L — it & w25 # RCS OFERTH D, FHHlER
BefipH & AT v 71345 % 5.0-6.0GHz, 10MHz TH 5, 7



i

SURPAE

i

#1GHz
# 11-Spheres
# radii: 0.01[m]
# equi-spacing
0.5 =x =0.5,y=2=0

T TR BT T T T
AZMUTH{ssges]

7 KOSIP v a2 b— 3 »E— RTO 11 HOERER
IZ & % NFFFT-RCS
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1 GHz.

# 4-Spheres

Simulstion Model
The number of Scatters
Seatirs dscaisias =
Type Position Size.
1 [Smacov 05,00 | o
2 e EE R <7%e<5
3 S 00~ (250000001~ S D01 )
|4 5o 00 v 2560000008 05 oo ) Somors

# Center frequency 3GHz

# Band-width: 1.0GHz

# Frequency step: 57.7MHz
# p0: 1.5m

# AZ angle step: 1°

# Pixel size: 0.007m

# Zmax: 1.02m

# Zmin: -0.52m

# Z-axis step: 0.035m

=
—
5 p—
o
B 10
- ]
-0
&3
£
= H
e '
-m =
Lo
Ex]
=7
iz
=
-0
- e
S 0b 05 04 02 0 02 04 08 08 i [T

T
AzMUTH{degee]

8 KOSIP v 2L —v 3 F— RTO 4 HOERERIC
J % NFFFT-RCS
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Target Conducting sphere, radius 50 [mm]
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Fig.9 Measurement and NFFFT for a conducting
sphere by KOSIP code, 5.5GHz.
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Fig. 10 Measuremen of 3-faces corner-reflector,
cylindrical scanning, 5.5GHz.
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Experiment parameter
Target Space-Shuttle

Frequency 5.0~ 6.0 [GHz], Step 10 [MHz]
Distance 110cm

Scan range(height) | -20 ~+20 [cm], Step 2 [cm]
AZ step 1[deg]

Radius: 50 [cm]
(0.1 [em], 0.1 [em])
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Fig.11 Measurement of plastic—model with con—
ducting paint, cylindrical scanning, 5.5GHz.

Simulation-mode
number of spheres: 310,
radius: 2.5mm
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Fig. 12 Radar image and RCS pattern of the space-—
shuttle modelled by multiple small spheres.
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Antenna pattern measurement replaced target to Tx Antenna PiramidallHorn | Directivity Smukation
Target Horn antenna with ridge, aperture size 60x35 [mm]
trequency [GHz]: (65
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!! cake closs |
Horn antenna calculation unit in KOSIP
Pyramidal Horn - H plane pattern. freq=5.5 [GHz]
A=60.0 [mm. rhoH=82.7 [mm). 8=35.0 [mml. rhoE=99.5 [mm]
Normalized Reflectivity map 3dB beam width = 58 [deg ]
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Fig. 13 Measurement of antenna pattern as l-way RCS and comparison with theoretical result, cylindrical
scanning, 5. 5 GHz.
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Fig. 14 Microwave level chart: transmit power, receiving sensitivity, antenna isolation, S/N ratio,
dynamic-range, wall back—scattering.
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Fig. 15 GTD calculation of conducting strip,
width 22.5cm (4. 13)\), upper: near—field pattern
at 52cm (9.53)\), lower: far-field pattern.
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Fig. 16 NFFFT processing image and far—-field
pattern by inputting GTD near—field data in the
upper of Fig. 15.
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Radar target:
Strip

Tx/Rx Ant
Quasi-monostatic

Circular scan

Strip size 22.5cm(4.13%)
Frequency 5.5GHz
Band width 1.0GHz
Frequency step 10MHz
Target Range 0.52 [m]

Azimuth Scan Step | 1 [deg.]

Image center 0.52m
Image radius 0.3 m

X — axis pixel size 0.01 m
y — axis pixel size 0.01 m

Near-field Measurement and Transformation System: KOSIP ™
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Fig. 17 Near—field measurement for the conducting strip, width 22.5cm (4.13)X) at 52cm (9.53)\).
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Fig. 18 NFFFT processing far—field pattern

(lower) by inputting measured near—field data
(upper).

(F) ThsH, 2EV., EH RCS N —12i%, FLH
ERBIOGFEANATA—2O 3 FEEDNNZ — Bk T&
DT LI D, INEGY G AL, EREET
BJ19 (TR F, FERA~DO AR EIREZRNT, 2 b0 3 fF
DN = NFELIFE—FH L TWDZ R Gnd, R—
BOHELTE, ZolEEBEx6ns, 7. WER
SWERETIThN LN, FHEITHRIRICE D ZRETH
HTEHIIC, BRERORESHARTH L7720, MAE
EETEHHIL TWD ZENBET N, Mgk, £
Ara—7 & ZUSEWY A Fr— 7 ik TIZIEER 7%
—HETRLTND, ZOMGEND, K TRELTWD
NFFFT@@#ﬁx}JT&)é&F a2 ENTED,
CETRTERLLIIC, FHEEVRET L NFFFT T
(N %EmﬁE%& £ D IEMEZRUTIRRE TSAR Hifg 35
HAE L 20, 2 X0/ MIOBEREREFENTORHEINT
EH XD, =kouMfE A To NFFFT BRER 4 Bk
L 7- RCS &3> % 5 2 KOSIP Zi@ L. #fiko &k 5
WCHRROZAME AR LT, VE— MR 7, Filb
L— A EOEE HIFET D0, 2D OFHl S i & B
ZTW5, KOSIP I2iX, 7 u—77 v FF D —AHiE
B, BEfldl 7 —7 ¢ v FEL—F | ERER PR
ET MK DEGN AR ORI R —F o NE L
THEY, 5B LETNVOIEERELZ TELTND, SHIT,
VT D NFERT 282 — L 5HAL 145 o> 22 [ dih [ 4
IR IR DO XHE S AIRETH D, FFICHE XL —F > b
DEEE TOREY RS EZEFET 7 T MoE v A



16 AR BA—

Mono-static far-field patterns: strip (width 4.13)
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Fig. 19 Comparison between measurement and theory: far—field by GTD in Fig. 15, GTD near—field to
far—field by NFFFT in Fig. 16, and measured near—-field to far—field by NFFFT in Fig.18. All figures
are normalized and shifted the peak angle.

Fry T HRER R O BEIBRBICKE RPN TE 5,
A NFFFT vk 13 7 sk © B L 7= ISAR Hifg & fh gk ¢
O L —F W OBREZFIHE Lz L — FEfgIC S
FEBETH D, 16> T, EHRERITETHEEO 2725
#Fm&wlﬁﬁ%ﬁI'G%@ Fo, R CEMEREL
T A EBBUTEHE O ISAR L— X Z Db DI b oAl
RMERD D Z a2 L TR E N,

6. —EI—F—YITLYZICLBNFFTEAICELSS
ERFIOER

AOEHEB IO EICH D L HIC, Wb DEGE
BERDOZAFIT R>2D? /N L Z O #5M D>\ ThH %
b, ARETIX, NFFFT 5HHLCE T 2 Z om &M%
7 S WS ES NFFFT (2L 0, COREDREL A
CTWONEMHERT DI ETHD, ZDLK D RMEHIkf
L O, A Cigam L7z & 212, Hmfii 5 e e kmic
* LT O BE S £ TORMELR 2244 5 & ik H
Fe LCGOID R ®H D [16], LinLan s, RHOME
b ZZTEHFERACR IFERE T OCATO 2 EICT D,

B 20 I RTHEREIT, —Ha—F—Y 7L 2 e —
Ty M LTEEBELAZBRG L T SEkFA2 7" LT
b, ZOHT (a) 1% 1:3001E2 10em, #2350, cm &

_46_

THKOERBTFREEMICEY b kom0 a—F—
Uz a, (b) Z7e—TICHWEEZEOZ T LY v
Vik—r 77 VRETT 2B, (o) IX%HEX
ST 2 B BB O FR E R AR 2 TR~ 2 72 D IS E T/
FAEMMLTE EDFEETH S, AKX (b) TRTT v
THORMOIIK 1 EREOKRESTHY, EEFNTHD
ACEHE NI 2 EELE LT\ 5, Bl O ALE O LZ 2
BEEMTHDL, T AX T 4 v 7 HIE— RIZBWT,
D ODEZAFT T F BME DRI~ D FLA T A
Bz,

B<\/Dj (37)

EWRETDEICT T TREHRET 2 LERSH D (7],
D EAFENIZR T DHEFRDORKRE TH 5,

B 21 (ZFEHII R T A —Z OFf e A 7T, DRI
8% 1GHz » 5.5GHz T&H Y, 10Mz 27 v 7 T3 LT
VH, FHllE— RIEMEEETHY R rn—v s
HEEZEE L CEEAT v 712 0.5° L LTW5, Boh
TR T — & B AERT 5 L—Z BB O fEREE 1 mm
Thh, ZOKRE SITHEE30em & LTS, F7-, Fx
DIEET 5 BRI NFFFT O R Th 2 EAME, BLW
EZET T TN v 7V 7 IR 5 B R ORER
fill 27— ¢ TR A TOT— XA L TV 5,



(a) (b) (c)

(20 FHFEBRDL: (a) 2 T2 —F— VU 7 L7 %@ NFFFT #Hl, (b) NFFFT #HAICEER L= 7 n—THE TV Y v Uk —
y7vTF, () a—F—=U T L7 ZOFHEGER FICEE L7210 x 10 cm? O/ T 4R

Fig. 20 NFFFT measurement: (a)2-faces corner-reflector, (b)probing double-ridge horn antenna, (c)small
metal plate 10x10cm?® placed nearby corner-reflector.
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Fig.21 NFFFT measurement of 2-faces corner—
reflector and imaging parameters along variation
of probing distance.
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Dihedral corner reflector
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Fig. 23 NFFFT RCS comparison of 2-faces corner—reflector measurement: distance of probe and target for
(a)—(d) are 50, 80, 140, 200 cm.
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Fig. 24 NFFFT processing of radar images of

2-faces corner-reflector with a small metal
plate.
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Fig. 25 Far-region approximation of
electromagnetic field.
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Fig. 26 Phase error between planar observation region and spherical wave due to a point source.
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