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ABSTRACT

This thesis concerns with the development of the existing low power X
band microwave holography imaging system based on the use of laser light
to modulate the scattering cross-section of the photo — receiver dipole. To
improve  the reconstruct image quality , research has been done on various
aspects such as the study on the scattering caracteristic of photo — diode
dipole, the design and construction of a new 9 m’ automatic scanning system
in newly design anechoic chamber for reducing unintentional reflection . Both
the distance between object and hologram plane and the angle between
reference wave and object wave beam are varied . Fresnel diffraction and angular
spectrum backward — wave algolithm are used in conjunction  with  the
techniques  for Zero - order image suppression during  the process  of

computerized image reconstruction.
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U, dlusunueduiideituaalaunsuudaideniuueanainunuuaadnian iy
. PN N S, o o

ANYUTPEINUARAALITIENURIR1aIARuTRtINUARqAsiNe LN
TEUNUAARHAFN N

U, duiwnueduiiiianwiaiieueesingiissor z - Tagninivainunuugs
daeyn 0 Tanesdinldlasnisnesiiuaslaunsundulunteunsainge

- <4 a n; - Ail ar -
LAY Lf]ummmmwLﬂu@u'ﬂmm:mmm*:ﬂ:tmumﬂmm]q‘m
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U, dludaunusduinifinnimafaesingiisses 2 fantensetudausunimn

9

=4 < o v = k3
l@nay  mgnunmaInunuuassitayn -0 uazfluniwadeannsaldann

fulduaznasiiunmiiusnguuaintiuais

- | - v v Y oa & -l o
ARY U, uar U, azaguiinunnananindunuuassaiuidnuidasiiaouduuin
Py \ i - 4 e A o °© o «
NATNNITIUBUABANTNAN19T8ININ wiailun nadueuel (Zero Order)
mwﬁ’la’ﬂ.ﬂu’?‘f:mamﬂmsnﬂﬂma@TaLanmmmﬁﬂﬁ’LﬁuLﬂumwaaTanm‘lﬁ‘ﬁmuﬂﬂﬂﬁu

=

#1984 Widuady  brxy)  AndNTiauesie I(x,y) 3916 b¥(x,y)x I(x,y)

e« o« 2 L] 4 - = o =l -
eduansunaiuseaman b2a (x,y) ¥ninass AUINARUIDITRONTEUI LA

naRERfAusWN E(uvw) fasfianusiuasiuiauazimueignaunusaiv

22 vgujmsnszidsedulaeduainung (5] )
nsdamunainfindassanssidnauunlaing #n1svn 3 EGmanssusnn
mﬂ%uatvjﬁ’umﬁﬂa‘:nﬂuma\:mﬂ%’mu msldmatialalnanszidsnduanniduans
Lﬂu%'nﬁ%'uﬁqlunﬂs‘mwﬁmﬁ’rymﬁmLﬁ'alﬁ"lﬁ'iﬁrgrmmmmuﬁﬁ:n ugduuuansanimwy
near-field 4MAdETeiuLA [1]-[4] 1m'i’ﬁugﬂwaemms:ﬁaﬂ%‘lmmuﬁqLﬁuTmﬂ
'l'ﬁ’ﬁouﬂﬂﬂﬁ"uum'nmﬁryfuﬁmﬂ%‘umnn?:wuﬁqﬁwmu RISV AT ERTYATE S
Fynrunauvietisidaunu TR T TIPSR ey {meidingl

ARUNIANNszUlUAN UL dark dipole ANINFNUNINAZlAIINNsTuaa Aty e

=

fimdunannssnuludnme light dipole AR LA nssuaa LTl ANNNANg

E

X F‘\czc
(—-—)——)—)—)——)—)O 3

Z

= i ' o “ | | -
UM 23 ARuuslmdnTnin Wngudusaniall ¢ wazaduen L NN o neTuadiie
J al o % = in H -
mluduaan  auiiiannssnuindalfesuwnsingia - g AU IWRALGR

nszuailane E*



11

a i v d o a - i al v
wWasuulasArausunniieinsannsenurednan  aziiaoyldantsiasuiasdi

i | a Ay v o P el al
naruuylsldadu wisnzdlasieanisiiunisilasuulasAntiauazdaa lunsuen
NNNFaIANANAIUNIWHAN nenszidspauuuulsidadulne ldlalwa iy
nlam Waliinssunausedtygiiuazasrdudyginanaloge  wisanasn
AATITMAPIEAT IHNUR  (Moment  method)  [5],[6] Taesndunisiudnyunoduuy
Radar Cross Section (RCS) wataldauuandduiunisdnauuudmanwia

d' = dll 1 7 all ) ql'-a
7UN 2.3 wamnIsAuMNTEIARUAINANTIINIIAsaTlugN o TiRcreadualnnn
nrEnuAINLHWAN AN E™  wazdauinudidanwianszs@dy E5 nezud lnanu
H992duaan WalildauuninluiantensaiuduaunannssnuLasauy
NTEAY  Hanuduiusiaannisi (2.9) wanahudeaaiAvindugudiiietinn

uannu

E"™ = —E* (2.9)

E" 4 E** =0 (2.10)
FIRINUTOUNATIETAUALUAAIANNANNUS NG nesuawigniuuduacalag
s Rannssnufuaun i finss@suduaanmuuny Z paasAl a

ANNENY L leaouduwusae

d*A(z)

—2~+k2A(z)=j4;raJ.€oE:(z) (2.11)
dz

!
2

Az)= [1.(z)G(z,2)dz (2.12)
:

G(z,2')= F(z - z2') (2.13)
Ine—ij

F(R)= [——d¢' (2.14)

0

R:J(z—z')2+[2asin%] (2.15)
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o g 4 |
awwlwin £, innnsznudamilsoindusandussunusiiuingu o fe
E, =e™™ sing (2.16)

ATRBLANNTS (2.11) sznausanesmlsznaudeidu 4. warzaunisfimevde i,

A, =C coskz+C,sinkz (2.17)
A, = A, cos(kzcosa) + B, sin(kzcosar) (2.18)
annsom lalpeavineswdaa  ann1sn (2.18) @aesAde UINAIEATFTNABANNTN

(2.18) Aouiy k*  uarAtsMINTadaNnIs (2.11) Usznevlldan o WhuaautiFay
g wArdusumeliin  war E, duswadlimiuuny z aaeudesunisi

o o L | o ar A o [
(2.19) WnnmniuldAreuianysnifannis (2.21) lumainssualuduaanlsiiiu

dwe ,
A (2)= j——B gittme 2.19)
p(2) jkzsina :

vAmeuWanysaiazlifannisii (2.20) lHaaanan Ae
A(2) = 4,(2)+ 4,(2) (2.20)

Fatiuesuanne (2.17) MU (2.19)

. . drwe .
A(z) =C, coskz +C, sinkz + j——2 /= (2.21)
k*sina
AHITOMIAPBLANNTT  (2.21)  Aomannig (2.12) Walildaudunusssndng

nrzud A wazaun i innnsznuduana

1

2
II: (2')G(z,2")dz'=C, coskz + C, sinkz + j
1

2

drwe,,

2

k*sina i 222



aunsiflugluuusessunsnaay [6]  @1ansamAaeUTesaNnstddmiunsdis
Warzuwaduivgn a = 90° a’hzJmmuuﬁdqni‘:uaﬁﬂf:ﬁuﬂu@ﬂﬁuv‘fwaqmumnqmﬁq
nansresduaauandlddn  1(z)=I(~z) andawiiinliilaanmneld A(z)= A(-2)
Hevlafingnamniivnlidnad ¢, wely aunisveusaudviussuny @ =90° Ay

- = o o 8 v v o
Raulunszuainauanuinsiun lanunsouaneaunisnssua Lo

47{&)&0 E

1,(2)G,(z,2")dz'= C, cos(kz) + j —— E*“(z) (2.23)

On_.,NI‘-

=b.
b

G,(z,2)=F(z-2")+F(z+2') (2.24)
Wity G,(z,z) dususnasieidunsy  sSuanunsodnsdailuaunisesrefiug e

fnainlllszgneild Feflveaduarnsudnunnilenfoudouduaminenonau  daiuay

N1 (2.14) vasafdszunoulaaldannig (2.25)

~A(z-2') +a (2.25)

waldannis (2.24) fu (2.12) uaz (2.13)  Waunsidlugtuuy  Reduce Kerel éau

N7 (2.26) gULULANNIATURY Reduce Kernel @nwnsamnlaiilu

G,(z,2)=

(2.26)

e—ﬂt\ﬂ(:-—:')ﬂrz —Jk‘i (z+2) +a?
+
\/(z-—z')2+a2 J(z+z' 't

n1s Reduce Kernel laigufy ¢ war 1(z') wunszualumuanaenduans  E<(z2)
Wuaunida - Taanisnszanureanszua C, Pedms  #ldsndevluseuwaues
tgw R dluszaznisandusaadesumiailéfud £ (2) Fatllduannne
a  auns (2.23) duaunsduiinda  RiAaduRussudnanssuaduaaafuau v
Hfinsz@s  annsoldiBnisufiguun T lu%’umﬂu&ﬂuq Weununszualon

MiWaridunad faasnig
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N
1(z)=31,P,(2") (2.27)
n=1
FIRTHITOUNUANNNT (2.27) NAUENEURIENNNT (2.23) nsauvindanszuale

auninin £ aunmnrzuat A lussduasiluidazaenisutieaa i uaon  Harde

e o

Wad (2.27)  wnuanlaneannag (2.28)

P,.(Z')={l yoz'e (a.b,) (2.28)

0 elsewhere

unuAaNnIg (2.27) lugunis (2.23)  Teaunistlu

Li2 N

[>1,.(2)G, (2, 2)dz'= f%g—" E**(2)+C, cos(kz) (2.29)
o n=l

'
[ .o

Widuiadnegmeuenduiinfaluuwsiardaues  (a,,6,)  n1sdufinfarenatanes

n?

WanduAanauaneesduiindalunAasiarduiiutanniy  douiiinlanuisonanludoy

navInuazduauiine it

N b

> [1,G,(z.2)dz'= 14’;&5 (2)+C, cos(kz) (2.30)

n=l g
n

Waifuiadindugiieanssuaudsrisamunnueadusn masil 7 1uisuay

' - ° [ a a o ¥ v j4]TCU€0
wa  Apsianisoiieaninlidenduiinia  wismanianuadoe e ua
wWaswtessfidramiaidulamemd ¢, wnuAfly4 AR 4 Lifiaaw
d1AtylunisAnuau RCS
N k2 b, )
I,——— [G,(z,2')dz'= E*(2) + Acos(kz) (2.31)
n=1 _]47?(1)50 a

wmanlamedniadiuae  wnegiwiadufsannis (2.32)
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2 by
k |G, (z,2)dz-Acos(kz) = E* () (2.32)

an

N
by ——
o J4nwe,

ac & o [ d=! ] =i 9 ] 1

TEN1sFinAuAITBINsTuALMAUA AL udw quidanlinisuLagaaunuly
v 2.4 Wuaoautialu N doy douBusuuasaureaduaiaiiAviniy H/2
uarluumasdauiiauewiniy H Wz A naNNAsuuUNandy Green Aga

P o ol a v o < o & v o P Py

Wu\?’ﬂﬂ\l‘ﬂﬁ'ﬁ'ﬂq‘mLTNWHQZlﬂu“UQWﬂ'ﬁQ'}ﬂnqiﬂzﬂﬂumfluLLﬂu X LN@Tzquﬂﬂquﬂﬁlﬁu
al T a -l - d' o

[Ind (a = —2—) ﬂ?:LLﬂﬁNN'\ﬂTLNﬂ'ﬂuﬁlﬂLLﬂ‘Jlﬂﬂ‘ﬂ@Qﬂﬂuuqﬂqtﬁu@r‘}ﬂlﬁu'ﬂuﬂuﬂﬂ"l'?ﬂ

ANNAIINEND L ANANNUSIonINe H uwar N uanalalng

-L/2

0 Lf2

]
=

o . b g :

71U 24 Euaonenn L wiazdouusuiiaananaereduan aannananatatlaned
Al N g douBuruuaslanaduainiinonen H/2  sewinawsazdiuiineiuenn
H  wodlftanniasmiliaaBusiuiinnuenn H/2 wmaziianisasiiouaeaiad i

WiHdnygumnawindy H  Wesananuginainienanialanaduataeiamiaiy L/2
=l (2.33)

gauaANITauRNdaNe » Tudugnres N uanelsifly

1 4, =0 (2.34a)
n= ;
b =H/2 @
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1 N a,=H/2+(n-2)H (2.34b)
L b,=H/2+(n-1)H '

a,=L/2-H/2
= (2.34c)
b =LI2

andruuinliidrannisiliiae N+1 A1 N 199 1, @mnsowdn 4 gesaunig

funnfarenaauatnnsoman 4 eeldQeula 7(L/2)=0 ¢ 7, =0 M1lWaunsn

widld  douselilunileanntsll N Albifan arldfusuauimilewiuaasannisilil
] 1 A | dl 1 i 1
Alaunisldanfrasdauniwiiiunulaedr M snuanusnaduaiaiusiacanged
aa a R} Q] v e v [ ﬂil
Wy z aunsnszuanauiinmazlaAndusumezacldindreiuauininnnssny
Wuaaailaldanildluusassiumiangen agldrfisaanisluusazannts - A
awmagnsqanaInaniadauaneduaataniadgavine lifunisandy - Hdaradu
aanfaneliisiafeAaauunds (matching point) sumiagaitareadussn  Aumus

ada e o -y o ' a
ﬂu'\u'ﬂuﬂ'\'ﬂ'ﬂ\iﬂuﬂq?ﬂﬂﬂuﬂq?uuﬂ'ﬂ'ﬁﬁmquLLUQLﬁuﬂquﬂq Zm ﬂ’]ﬂuﬁtmﬂumﬂ:ﬁ m HAN

p=l g =D (2.35a)
Im(M z, =H/4+(m-1)H (2.35b)
m=M z, 6 =L/2 (2.35¢)

A a o & o Ay v ] . a e
LJJfrJLIﬂ’m’lu’mmuﬂunuﬂiugﬂwmLLﬁlﬂ:’ANn’li‘ nﬁﬂﬂﬁTugﬂLLUULumﬂmﬂﬂ

all al! alN C1 ]l bl

ay; a4y Ay SRE b,

a, a, |  ay ol |=|: (2.36)
. : ‘ P My

Ayy Ay, ayn-2 Cy|| 4 by
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a,, = jG (z,,2')dz' (2.37)
J3'47ra)£0

uac

bm — ejkcosaz,,, (238)

amsowiAn b, Bananyman stuuadulumbtuenfan  EM = 4= firiaunn
38NV ALLLANNIATIAD TG TR AU NANNIENUANUATARDARNNILUILE Y
a9m wlauavmmm‘nmﬂmumnmkuummwmﬂﬂmm’muufm'\fummu'a a=90° vnlwle

AN b =1 mummmwmmm m:

c,, =—cos(kz,,) (2.39)
nnanannsieantsuiannisludounssuaildien A1MN0AUINAN Radar Cross

Section (RCS) wnuAaaluaunis RCS  aruiunisunanlunstl 3 HAAe -

2

scat

o = lim 47R’ |—

(2.40)
R—ow lEmc
AAUITDATMUIUUIAT RCS  1DUAUALA AUALWINFBIAUINANEIINIAATILIIMANSIN
aun1sy (2.41)  lasunuAIngzualuaunisi (2.41)
.l'
—JkR 2 .
A = Hz e =" gingds! (2.41)
Y 4nR '[ )
2
Alnaduainauin £ daviany
E. =—joud, (2.42)

nisauiinenezua anunsamilaann (2.36) lneldannng (2.41)  uar (2.42), WAumu

WIATAUINNTZIAIARY (E*" ManuanniasivaAiuaunszualaaanyRan

I(z") = I(-z') nsiilanunng (2.41) nanendlu
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- JkR

Escar —— ‘a)
TR

L
2

7 | Bga e g . (2.43)
0

aunAmaNANeuandIaTinauinsnte I ;

2
_| e

| peea|’
4R

L
Z

2II(Z|)erjk:'cosadz| | (244)
0

qunssuAaviNnuduaaatiy 1 lasunudn E™ doe 1 luannis (2.40) uay uny

(2.44) g (2.40) W R maramneld anunsowndn RCS lusnudnasog

2

L
(eop)’ i ke
o= I[(z')e"' oSt gt (2.45)
4 0
duinsnidsiaaatasldanninaninisauinm (o =z /2) nlatunsonnAn RCS
oy -
@1, , 5 T
= — L +HBY I (2.46)
z 13 "Z:; N
RCS (o) annsounudunuild  lunbeialidlummnauns o/ 2 RCS

usstnalugtuuy faaniana Widlugduuy dB §1989 1 msramns WiunuilFanda dBsm

wazarunsomAn liiReannng

O g =10l0g,g 0 (2.47)

Radar Cross Section (o) HistlamidziuiunisuiandnadauaunnnszidanauinlFay

a o o & o 4
WEUAUAUNARUANNTENUEUARD ALUIRNIEANUNNT
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a s as a al
23  wAdANTIARUIN NN A RaNsZIRIARY

[

fansnisdaFesgunsafdrviusaaunsiinesrduuimdninfirfuieanun
anasenialanmaianisnszidsniu Uszneufanunaatuinady gunsallavini
(Hybrid — T), uundluam(match load), AamsI3TAATY (Y1tu(detector), fia L.ﬁj'ﬂuiﬂﬂ(phase
shifter), A88NAWLLEDSU( horn antenna Juazuralansdunssidenan (Scattering rod)
piag

[

Yy
Amplifier  Galvanometer @_
R — \ R

] > scatlerer
-—‘}A A‘E— Corn{nutator
i 5 |
T 7 "
= TR \
(.BJ’ Phase -shifter
(o]

Gunn diode

<= ar o e e Lo - i
5U# 2.5 nednGegUnaidmiuinauniniiseiinssiRiniu

Wanduainuuaaniilianaauneanainaigainia nnuuagas A ldannsenusa

neiaenau M Imnaau N WA RN LR IARY AIdNNTg
El(xayaz):AF(xsy,z) (248)

Faaun i E, azutlsmiumre9 A uaz F da FifudaidudiuouFedaulas

] A’ as o [l ar = =l 3| - [ 8 2 =i o
whgiuiuAmiiresianszide el u Wuglinunmed amannisdszgnaldngeidaundu
19988LTuT (Lorentz's Reciprocity Theorem)  azlsinduiinszidanavulylusgeiuie B 1

Aann1situ

jwaz,

B = A[——J(u o [)? (2.49)
ab

i
<5

o s -
@ AB ANNDTAHNTBIARBULMAN WA
<4 = = L3 1 o ﬂ:
z, Aa aufuadreslunm H luvatinadau
a A e ledasian (Polarizability) 28410t

a,b A8 ANNNTNEIINIARATINYIRNNARY
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AINENNT( 2.49 ) FdnAees (detecter) amnsodanszug iAo Tludaday
[ } 73 =
iU AandNe9d B A

I =kBf (2.50)
wnuaNnig (2.50 ) T4 (2.49 ) 1491

2
()

1 =R
ab

o F[|4f (2.51)

1 [} 1 v H
luaunis¥i (2.51) Aenszuaiisnsoadndyiudaasauruaunwiaislaina

1 '
o ar =i as

hailsifuindsdnsalidalaifinsuyudalaing wdlaliinisuagiandaanisuyusiala

q

Walnefiarsandlatwasuiussny xy uasyusauuny z AraAFTann Q fagl

E’
g
Y ¥
u (1
— S
R - x

ol o
319 26 uanansuyusalalna
sadulunsiizesrduuunnanlefiGadunadndres u.f @ouunuldy
F, cosy = |F|e”" cos (2.52)

i o - e o s - - -

Wa F(xy,z) Wuesddsznavasnnmad F o luuuimainfunisinaeuiiaesnay
ﬂl’ o -« o« = ar :
(TenAaeseAlsznauIeNAel F s2u1U xy ) UAT 4, AenWaTeq Foo Aardugunag
 (2.52) @l

. waz -
B =] — £ IF,,e”" cos i (2.53)
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v
o as

Fafudleunuaunig (2.53) aaluaunis (2.50 ) uazldaudunusssinodifasly
nsma"ffﬁmmﬁmLﬂunmfmmmL'n'aunmmmeuﬂ:mﬂufi'qﬁﬂma" 2 91 UAY 4 i1 299
NITUBALAR Lﬂaﬂﬁ*uﬁwmtini‘:uw"'ﬁ"al'i’ﬁqﬂﬂmm‘ﬁmu'wﬂummmﬁmmaunf:u.am?q
uaznaNANd 4 winaenlUld Feazimdefioamenmiyd 2 wirdadudefideenisuas

o

AAty Aatunszuanlgidly

waz
ab

2
I, =K [ 4] ;—cos 2(Q1 - 6) (2.54)

d’ d - (=1 1 4 1 o s
INANNTH (2.54 ) tﬁfaw'mmmnnum:mumns:mwiﬁlumsanuqmauum'um

L o 4 k4 1 4 d‘ 19 = c&’ o’ dl d' =i
ngna@as tdeynrsananazudilele Tneafenautnadsauinmelussuudsgli ERRPHTY

ALVaUARUNUNNTIMHNA NI AR US98 B, uaziingUnsnlidauina(phase shifter) T4l

ar

waaiaAdY B Milignuiu Aaldnszuaiifansadadygrontiuindeges daamauiames

i =K|B, —Be /[ (2.55)

Wadnguazinnistszunodlunsdii B, )IB| tatinszanadaemquijreandianly
aun1g ( 2.55 ) Mlaaunas

Be -J2¢ :

BO

I =

=

-j2¢
= k|l - 222" (2.56)

2 2B 2
= K[B,| l—Re(%ﬁ]

0

:HI = - - 2 73
W8 Re AadIUA3a(real part) 189181 T etau

o . ) | s o
Walunisazmanisnivua K[Bo| dintinssuanadi i, @aflunssuaneuilisisa
NTEiRNARUeY) unt By Aenduasiow unafissuny P, fnunday PA T4 P, AB

dulszdvsnisasvieu  aunai (2.56 ) ananensly
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(2.57)

-J2¢
i=1I,l —Re(&}
Pod

i1
%

WA B anni1shl (254 ) asluannisi (2,57 ) faduasdlsenay acnud 2 i

PENNTHBALRATAINTEUA | Aa

I, =-1, Re(jmazo SOk ij (¢ -~ ¢) ]]F, feos2(Qr —0)  (258)
Po

WaRansauanizanuauase Tuauns (2.58 ) azlidn

1, =1, Re| A% F;

* cos 2(¢ — ) cos 2(Q — 6) (2.59)
ablﬁ%l

aun19h (259 ) Aeannsrednszuaesflsznauaaiud 2 W18 1BRIRATIFY
arasdadududyyinainaduiinsziRannainsalatng Tnsazudsauguna i iag
Aumisraslatnadluiaifuanindeaesuazansnsouanianig (8) louazfaanuisansiu
wuwla ¢, Taomsdfuiasessadeuraauls |, Infias

d' a:dq':'" (7 (=3 9;-:‘ 1 o d‘ i

e nTatie ldesnadumefdiscuruaelaunsy LR NP LY L TRTR IR

szunuzalaunsulneldianssiRanauiiauaidn asinlWandlyunissunouaduld

a =&
24 mManasmWludwl@nduasaalannsunista gl U LULIWS S LU ALLAS

a o
s UlawWas

NTEUIUNITTBINITATNNINNAL (Reconstruct) NRaRan Tl uaEaunetale
aa A4 o o o v acdd o = i
enileRe nisulaeyEusuuua aagRslilunTTmanleersuIalamunauaslamy
ANNE @NNTnATMIualnIALNTN (Hunsuanafaridudaduiifiufeiduraaiaan)

My Fefmmurenidmivssuudaduiazitedinmeiasmlsznatses ANDluguuuA@y

= = e 9 o e Add" 74 &
NEABIUBD ')ﬁﬂ')ﬁ‘ﬂﬁ"]\‘lﬂ’lWﬂﬂUﬂ@fﬂ‘ﬂﬂ')ﬁul“ﬁwﬂ‘]_lﬂﬂ‘H‘ﬂ\mNﬂqﬁ‘Iﬂﬂﬂ'Wﬁ‘ﬂ‘é‘::N'lﬂALL‘LIULwi‘ﬂLuﬂ

o o

=< o ar a'd!’ [ ] -ﬁl
TAANNENNUTTIURL T UsTaz ndesdunnadu (aperture) iy 2ly

u

241  nmsUsEuIuLULIWGa LS
A:IJ dlq =l v [ = « « d:
nMaReILUIRAIsaniisaiugeuude wousmlamefiuasuuumsdiuas s

NIF@RERLLBLULW s awas rasiinsUszanaidnuiaduRnnnsenus s U uITe fily
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2/ dl ' [y P 19 & 9 e el 1
WiARUITIY wiludnmuriunaanliauavssuuugesedndiu  lunsdifinda
P - P v , 6 a & cy o
AR TN UITwIefiTumhAdunsnan  srazaInuuaIn AT ST LT WLTe eI
= ' 4: =i e 1 o :4
NIAA ANTTETUBIANTUIAINIALANNATNEN TN NTaduna  Asiunnantesndas
dunpaziissorhiviniu
awwadululasoransoussoelaelfifnuainand  noujnin@eawmees
uaadanusninld  wdnnsresuasiideinuannunasiulin uazinasiiaunseing  mse

v | 13
Wundauiifinisnszansreaauazuaidyn sy Z = 0 Wiieiduily

F(x,y,z)=F(x,y)*G(x,y,2) (2.60)

Inodryansnl * Aa Convolution WAY G ABAAUNTINANTBIAMNENIAAY A Aatiu

J2nlA
€ v -
z el r=qfxt+y? 422 o ldnnsdszannunuuinsdiug

G =

2 2
X '+“ o o L3 '
r=27+ -ZZy 194 f(x,y) Taeiaidunsdssunnuuumsdiuagnunsanidning

aun1g  (2.61) Wardudeuiily

) exp(jkz) k [ Rt 3]
h(xq, Vo3 %1, 1) = : cxXp J_"(xo_ll) +()’0_y|) (2.61)
JAz 2z
Tuns@eauuidissuudanaiuuueulindouulssdiorssuzne Z  gnafisanagiuiy
Aﬂl 3| o - ar nll 1 =‘I’ a

AR ERIFEA VR aTR TS UA TS Tab e fa Ve G RIT: A1) lnadngiasdaunsegluuounis@eniuunsdiua
(=1 | dl

Xo. ¥, Muszazaesssuiuselaunsuuar  x,y,  Wisrazessszunulindesdannadu
i ¥ . v £ ;

ANNYNABITBINTU TN UIUALANANRUTIDITD LI AN WHLBNTRITU M NTdaadanm

o V| o o = ° o
AR LULDUAMHNINNRITUARY, uazsegenn 2 | LﬂuN@u‘l‘llﬂLWH\iWﬂﬂ']M?UF]’II"IIJQH

b

as "

v ° v a a = a o
ABTIBINITANIN |, Azsissiauldeuulsannigalaainiasnlumensusiuiigands u

K ' - - Sy o = o ca
TRNNATNNINNAT 1 LTIRAEU wau‘lmugnmmmmw: Z ApMuAUWUSAY

ZJ))%[(XO =X )2 ¥ (.Vo - y‘)z ]rl“ax (17] (2.62)

lnadruniigarasnisuanseansbinminnds 1 sdou  Weliiflusdedmiuszasmag
Z @nnndlediguiuannig 2.62) il £/2z SAndanng uaz nseeadianses
=l =l " a o o [y o e = o e P
imsulaeustnaiidmiuawdninesunindeaasluannish (2.61)  n1sBufiinsnazGu

Wnsnszsuinumisilngin (v, = x,,y, = »,) fnsnslasunlaanadesnn
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1eduRumanmangandselianunsoazias o nsEaNFUNITUsTNIITeY
WsalUa, N1TBUTNFAULL  (Superposition) annsoudaslugluuunanns  dudusn

U(xy,¥,) Warsunily meulogdu 99 Ux,,y,) faeh; tude

U(x(]!yo)

_ exp(jkz)

I I?U(x,,y,)exp{jz—i[(xo _xl)z +(y0 s )2 ]}dxldyl (2.63)

wenidsaaludnglmudaagunsanszanedudaaunis (2.64) 1dsaiine

U(xy,y0)= Mexp{f (x2 + 32 }I f{ e eXp[j 2kz et 1 )]}

JjAz

2
exP':"‘ J f(xﬂxl + YoV )i|dxl dy, (2.64)

v v v
anduannisgruininefueniyauasatuarhituiy (x,y,)  Waddu U(x,,y,)

[} = o« . . ~ 3 2 “l"
wildan  yYEuimmunaniva U(x],yl)ehplj(kfza)(xl +2) Tugauil
mensmesideaiimud  (f, =x,/ 4z, f, =y, /Az)  deinldiuladn  fnns

APANAYNADIANILUILNABINYG  gUuLLANAIIUIN (2.62) Aaulagduresannisas

E: y & r do o de o
ansanANdnlanansznuresn R Eausaua lua N lamuR Sanu Ty
drwiuiwinisdfuliulsnaaunuaunis (2.60) anusauiuy Fafnsruneslil
Wariduiiiy

H(f_r,fy)= exp(jkz)exp[— j:rﬂtz(f_f +fJ2 )J (2.65)

NNl L T8N TR EUUHIRLUA winwefidndliuudadusiuusnazaseuagu

Wananue Taeunsdautlsznavrasynanlnasuazunsszndng seessuuiutialag
srur z o uwnwefidndluwdsalumeniasalinisuknssanamadianisuiuanu s
SUFLTIges  aunig (2.65) Whiaunswaddudmsunisudasaanudiludauny

a F
wanURYANITIREL
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242  nmsdszanasuudsnilawas
ma‘ﬁqmugmmunmﬁmmu lsdredinistszannunusdiuainluld
deagluununsidaumsdiug amuﬁﬁqmmag’lwﬂw U(xg,y,)  @1mnsamleann
ﬂG'?m'wmuﬂaa‘ﬁmmm?ni:qwﬂmuuﬂuﬂﬁfaW-a'mﬂﬁn'ﬂmﬁqmmﬁ:u U(x,y,) o

o

Waffuannindeaes expli(k/22)x? + y2)| dfnsdinauyfigiunnndriingrann ;

Z)) k(xlz + y12 )max

2.66
- (2.66)

aun1s 2.67  (snflawed) asgninluld wauninaiindeaasiiunislszinuegvile
ihndesdunmray  uarauindunanisnszatsausowuy Fafmeunaniveanisnszans
anthndeedunnady  Asluwouresau NnIsReuBHsnlames anuisounenldan

AUNNT

exp(J’*Z)BXp[f zi(xi +vs )} . ,
< 2
jAz J‘_;[U(xl’y’)expl:_fz(xoxl T Vo ):|dx1dy] (2.67)

U(xy,y,) =

denunnieainisgouiasunsduiinegm  ludiutiuassanundtarlaeyFusmsuvas?
; dd
raen1TnsEAenslIndasdananaun AN (fjr =x,/22,f, = y, //'{z)
Anfingaun amnsafigadldainsedne fauduouuas Reuladenisdiuiy
agflunouraamisidaautsnilamas  dunmsinshetnafianuenadu 6 x107 wms

(WAAUAY)  WATAMHNTNLNNTBIFUNARRY 2.5 T, Teezdanm z daaReanaily -
z)»1,600 INRT

Sevlafgesnns fazmgUluunsdsanuunwienllamles  ssoswnaiidann 2 des
deaneuasnulumuaunis? 2.66)  nsdlwlsduaiifesnindaingnaunninisa iy
wrillawmasainsoantasninaaaszaznng z mnﬁnﬁmmﬂqﬁﬁ’uﬂums (2.65) faA3
w’T’fauﬁfa:ﬂﬂﬂlﬁiﬂugmmummm@uémmuﬁq@'lﬁ
fansoundusieliresfetnansdeawrsnlames HAAWERIUNBUAINITN
Uszene tﬁlfamﬂ"mumm?mmwﬁﬁ’faugﬂuuun'mgmLuuLw?ﬂu'TaLﬂ®§ atinalef
au - Avsarldnaannnisiufinansiansaadunisutiauinmay (Detector) nsAnguLy

nadeauuA s lafuANTuLLLNITNTEaN e AL
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2421 1ndasfunnndunuudwiae (rectangular aperture)

#asondusuusnlugluumngdesdainnadud wao paensnsunasiuenaqn

i

X v, )= rect(%}rect % (2.68)

x v

Aead £, uar 7, duldniuanundesesndesdannaiugg x, war y, dnndeq
ﬁ’qmmmﬁuﬂnﬁLL:J'luﬂ'ﬁuLﬂuLmuﬁnHszuTuTﬂﬂuﬁn'LumifJmmuﬂﬁ';]m FIONAUINNTS
nszareihndesdunmaduriaiudeffunisdeing 7 Aauendeafidmlasumaiuen

Pt Teeldannas (2.68) auunaaeuusnlawe e ndeedunnan L

(s

_ k
exp(jkz) eXP[J = (x2 + y2 )J

Ulxy,y,)= : c{U(x,,», ))l foal (2.69)
J/qZ f‘-.;}'n"""-'
AUUALN
g{U(‘xl ’yl )} = [r!_\' Sin C([.r.[r )Sin C(llfy) (270)
WU
. k(o 2
GXP(J@)CXP[J*(XO +, )]
Ulx,,,) = - Il sinc Xy sinc LYy (2.71)
0270 jﬂz xty ﬂz /1: .
Way
121} g /
I(xo,yo)=#sincz[12"Jsincz[ }'J:OJ (2.72)

PN x, Tuiindianundressuinemudduduuen (ANNI19TD51IMAN) Aa

Ax, =2

I£ (2.73)
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d =4 d| 1 1
3% 27 uamgdnmnisideawutasndesdunardudmdsusasacundag

ansdau [ /1, =2 [19]

al
2422 ndasdunaafuuuuaeanan (Circular Aperture)
Rarannsdenuuhndesdunaadn  dusnsuduiigudnantasdndesdauns

Ay / fa &1 7, fluiall aanssunusesindesdunaadu, sAann

(r)= cuc[ 4 ] (2.74)

112

augaananvaalywitiuusidinisdeiyFofluannis 2.67)  Goulndifunisdasinu
Wiviwams dafudh 7, Wufalilaesiuaainsrunugelaunsu inilaunuuen /i

qn x, wilaih:

exp(jkz) [ kry
Ulx,)= 7 eXP(J z ]ﬁ{U(n)}[,,:,n,L. (2.75)

4
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dwfmbouenlage,  Unfssuueduudannsziuing  , sawnsaundnldidly

Ur)=t(r) aunasiiid -

- h (! 2Jl(fdi's')
ﬁ{c;rc(;—/—z)}—(zj __lp/Z . (2.76)

v L
AmiuniTnszarsuanlagalugluuuaunidesuumsnlawaefuanslfidy

Ul,)- e"*’.(f"’“)exp(,- i Jm (e, /ﬂz)}

JjAz 2z J\2 Iry 122z

keg VK1 | J\(Klr, /22)
= kz) exp| j—2 2120 2.77
explrkz)e p(J 2zjj8z[ kir, 122 &%)

1/ = v o
LLﬂ:ﬂ’]Tﬂﬁ‘:'ﬁ’lﬂﬂ"J'\uL‘lll-.lﬂ’]l.l']?ﬂL“IlEIHiG]Lﬂ'H

I(r(,):(]dz]2[2—{‘(“""#"’)}2 (2.78)

8z Kryt2z
manszasAdiniidrdaihugluuy wuy Ay fangauasiesiian g 2.8 usnagl

' 4:‘; - ' 4‘ Yo aial - o as i
mﬂmwgﬂ wuunsiatauunUIngdasdanm AAUAIINAN 161 fauvninaan UABDUALILLTNIIAN

{ae

Ar, =122 (2.79)
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A X, AX
{ 2
) b T-R
/ MODULE
OBIECT
D(X,)
z, {-Ln2
< —P>
OBJECT HOLOGRAM
PLANE PLANE

= v
$U% 2.9 Taneaferesnisaunuuuy T-R aalansil

BRTATUTE LT ATRIN TR NAY 1auRaiarensiaenlleasnn lu

o

y&, L4 o o o o
doutiauivdadnnalunsusnueznimseniulngauduiusae AnZy /L Tot1 A4 @e
annenandulilasion | Z,  Aestesmneingaaniindesfaunandy . L Aswwneng
v - Ay ga - a a o a [y
NN uanandauiluaaiimeasidaaiuibindeiassnBoudieuldonninezens
avdamsAluduiilibivlionty Wu  wealdan, wa | Aewd nnstwanlsfaaanng
nezidnduaning  wiludauseantstanlsfasfinmsuwsuuasiilimilont  mesdn
nmsdeuiiudadygadilundazfumiafisnety M l¥auidansadsuulag
Wi Widnanmaesemldqauasiaiilanuanmnsogegafiall  dnl¥lEanuazEen

d' ;4 =3 9 Aild = o 4 dl lﬂl
10INMNHINNGALAT  NanaasldnwiilinnussiBuaausaniuld  Tudiuniswaauiiaes
Awnisidaariudyyrueaasiudiuiavinii fuauasdoatemnn wannas

TRINTAUNUNMULL T-R - (WFaawnudng) [20] nwaelaunsudnadaludalassatiaansils

ar A o’ } ) a o ~ 1}
udieguin 2.9 dapdnguilsiiifeidunisasfauviianiansu@ainsnsyans D(x,)  ut

| 0
ar =

dll ar = -« = | ar all o« A=l' d‘
AauluanusTATITUY; WATUNNTAUUNRINQUINLNUALAAAUENSNT x, =0 20uedl T-

q

R aunudhopanauienit v agwhaweiiufinnm L auuadud x, va3imnineiu

Wy T-R ileadumiafilreediun  x, Wealae

k 2
*J.,_.(-l'n -x, )

w(x,)= Agw A5, (2.80)
r Z

Wok=27/2, A4 Fousmldgensdi awanisnszRelneSaniuelanaunatia

q

seunugalannsy
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"_(xh‘xu)l
0= [Dlcl(x)e 7 dx, (2.81)

object

o

TALTINABIANNIIAD AN 2.80 WAS AUNNST 2.81 Faunsh 2.82 seilne

i y-x0 }’

O(x, )= J‘D (x,)e % (2.82)

aunsi 2.82 Aeannisawnfietulinnmeiunm L tawdng D(x,) e
= ' o P ° Py = 4 A o P
ARUWHINIRQInEANENIARY 4,  fwniildnansziude Z, /2 sideddledngeti
Z, anupnanauilafe 2, /2 Wiulddnluluen TR ssuuasiin@ndrimnisuanasnm
= = a F % Ei‘ b N =3 as ::/ =4 =3 ar
azigenreanminuiiunines 2 nneadesaziuingaesniavidetiuingly
1 v 1 i
szuzteundndnsesit  delidlaandustulifansanlgui | 210 auuedy
AT I e S al 4 . s .
nsziAsludngiegia wileladswizuanqaGusiuuanatowillnasiunan win
srugelaunsulassaieludenesifuansdoplil 2.10 (n)  lneedunoetinedne fage T

uAzAafL R egidumia 1 fnawile fiveunuliluiiamaduly wa 4 wirduann

" Il
a o o

Aadeaau T (Inpavegfenmumiauiy  uas na‘.,mﬂﬂu‘imﬂm'n.mumm nagiianui o

'
=& e e

i Z, fuiisaiunduiisiumis 1 was 2 nussay af:(y2 +ZO2)2 ATNUAN

FNTEninasananinatag sy

A, = ¢ — ¢, =k2Z, _k(zo +r) (2.83)
zk(Zo —r)

il K=27/2, uar r AEsTozsswdinadngiumiuma 2
fumeayidn ¢, =0  dadusnumis 1 Aossnfhuuauadnesenaiuuen FBNN
d iU Agy, = 7, 90 2 fuuouadweanaudalyl lun'mﬂ%"ﬂuﬁ?:udwqmﬁ 1 fuqedi 2
ﬁmsmﬂumr&ﬁaﬁqmLLﬂ:&*Uﬂ?{uanumnam 1 84 anfi 2 uARIFIgLR 2.10 1.
lunseliie
Ag, = ¢, — ¢, =k2Z, —k2r
=2k(Z, -r) (2.84)

aumfﬂﬁ’wuunﬂuuamnmﬁwMaamm‘hmmnmsmmuﬁqEULE':U'J*'] AadudINITALNY

1 e

o o o = P - P o = ) oA
ﬂ')?u’.ﬂﬂq’l Q’m’im 192 Muﬁﬂﬂﬂﬂﬂuuﬂuuﬂgﬂuuﬂﬂ GI'EIJJW.LUﬂ"ITﬂLLHUW‘Jﬂ ﬂoﬂquﬂ:

au
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FadupRu aesenARNlagniuiin  AudusessesRduTigandRumeazEnTBInT

Whinaiigunisdeawusainnsuiniusearinssminannsaianmnguiedag - i

=l o

nsursazideneaing  lunisaiunmnduainnisaunuuuy T-R 1948899AN DL (A
ar ol ] 1 ar o’ lql U 4 L]
nuIngArazuLitlaeszazaaviaasnsiauuufmaunuatie  Taanwuvaenauiiduein
gudnaraiuiuen Wudadouiu (1,2, /L) #wennenn L fuanugnresaslawny
wnsiiufinan i ldunaguinlunisaunuunn TR Saguielng (4,2, /2L)  dasniin
msugntisaniudunisutianuennay A /2 senafuninamludurigudnansany
819 L vialanatiufinnmduringudnamanene 2L dasnsudaiudos

B dtl ) < AP o o = ﬂh. 3 o ]
AINENIARY 4, Wiuldddadadanisuanmeazdeadinlaaunmes 2 Taugaumis

nsaReuiifg ansaRarsantdlugli 2,10 (1)

A
« ? «
2 (R /
2 LTR

/ /

d /

/ r d// r
// //
/T 0 / T- 0
2 a o 7 )

1 v
o o ar

< v P P P
5"_"7] 2.10 Tﬂ?iﬂ?'\\?ﬂq?ﬂunl\lﬂqw n). AUNULARBUVIAITUDENILALY 7). AULNUARDUNNY

LY

ANTULAZANA

26 measnmlilasanselansildremaiinaulnadshyudaunsy
(Angular Spectrum Backward Propagation)
ansaFinmnisunsuuuanaiuindeundy Tneviannsiasmeiinuawdesn
Wy nsaianmnduantulasonlalaunsy RRaTUANNISNINAEATEMINIITIAL
ARuE9BLLE RN Lnﬂzﬂﬁiuﬂ:ﬁﬂumn'ﬁ’mq latnmmaaemasaulidnszaznisds
EuuLLsduaT Auaulunnsakanam tlfnsuwsuuuannaiuvinyudieundy
AN W I udnesresTrumsdiun annsaufFaudousiuniwdiléiuania

WULLWSALUA
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ob) lane,

p;!.::btsty hologram plane
gt 0, y0)
(%o, yo,20)

reference plane
wave

B(xy,2)
<l o - ' [ ar
7U% 2.1 msaFnmndulaedBnisunsuuuainafiningudaundy

-y ndd‘ 1% e 1% dl o 7N e o
1iareisnliduamsiainnisasiaunanainadululasion  dhunlfmszidtuaunan
[ el ac « « © ydi
ndanlasawnIng  AEnnsdssinnuuusdiug uer wenflames vhunldifie
duamninw  annisiiudeyanldainauinaruduaelaunsuainnisunsnaenaasni

1 o al ar P v - 1 3 o a
ATNAUINNIAONITATINILNTINUALARUD DY ﬂ’]?tUUiNTﬂTL’]ﬂﬂ’]N']TﬂFl?')"\’?ﬂu’ﬂuﬂﬂ

q
1

AUALUNATBIARUTAQ paug B lisnusealdudliasdanmeinauunuly
o aa] ] e © 9 [ o 4 & =i ali,

wiatipTsNsunsuuusnaiiiyndeundy  dunsldsaiungefma@eawuaeagns
nainyuannefuielildigunwidaurssanunmilng (near-field) gt 2.11
stwuRsanaaniuasiumbindnggnmidu (xyez,)  Aumasieuingaiuise
deuduaunis  nszuaunmamedinisafenmndunnlagneianes sideyaiiiu
o <8 - l"til =1 o Aﬂl v d' = 4:

thinliluglveansndndusioununnssatendy Wgdaududainanniasesnis

a o A v oa v o a o 3
LLYl'i‘ﬂﬂ’ﬂm'Ir'ﬂxiﬂﬂuer] LLﬂ:ﬂﬂu@qQﬂquqﬁ?qQﬂ’]WQNQW?:U"]U“FI@Qnq?Tﬂﬂ‘L‘ﬂﬂun’]T

b

I o

22HIRLUA feranihdayandalieylupluuumuannisreasdiuaney 1o
FEULARUENBILLLIEDIUNWAD B(x, v, 2) lensnsraeanadinesaalaunsuie
I(x,,y,,0) aaviunwaslaunsuacldannszuny (x,y,z) = (x),,,0) PRIRNUUNN

nMamdrannsraasduaissuuiisieants  laeldnisudasyFusuuui§a (Fast-Fourier

Transform) Hhudaneiau (Algorithm)dmiunisAuaunisulaayFusuuuiasin
( Discrete Fourier Transform ) paelsinsy MATLAB [THE MATH WORKS,Inc]
AuNPRRIRg  f(x,),2) Annsunsatinatunin i nsunsssunudng

(x,3,2) = (X0, ¥9,—=2,)  \Weuiussuuselauwnsuazlfauiuadu Wuaunisdail
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1) = | ?Bff(x/ﬂz:yuz')exp ! 32') (—x—] +( B ]

AZ’ Azl' g
(2.85)
ux VX
exp| — j27| — +— | [dudv[21]
Az' Az
I WariduARuNszuILI890 W (Image plane) AfRaNN19Nn
wsdluansuasusedayamudusuaalaunsy
t, Aeudurssrduinguisnasaiuaduinedeidalaasanmade

B fufagaraseaussuiuildlunisaianmndy  ifluszasduindunldann

w srgzinessuInsansdndoy ouiudag
z' srpzinrzuiemlainanssiRenduiuding
A WumuenapdununaIndng

Anudiurasnmiiasianafenmdnguldan  7+7° uaslunisulesGefiasly

1 1 3
PUIAYLBINFDLNULAAINTWAIL

Luyv)= ﬁx’yj (2.86)

L(u,v) =9U1A189N99U2DININW

1 5 o o

AL(x,y) An ‘umm'ﬁm?:Wi’mmﬁwfamamnu (grid space)  wR3szuLaRlAWN

au

ail o e A - & =l o o« =S =
THAIMINTURNINNTEUIUNITINNAUAAIGAT ATHHRANE 2 dou ABAIUAT S (xy) WA
dauAuANIW S(xy) Tesdtuaondeden  Ffuwenldandyyindiasfiounazssasmnei

2ly AINTOUENNTEUIUNNTIALINATINILL  Superposition, Wmnne(@ng) @i

=3 | ° qi P % a s
muMumw’léTmammuwmnq PAUATACYIU (x,)) AB HATINAITALTBUBAT=A

W S.s  gndnauaniiuiingn msldmaliadsnsunsuuuaulnaiuiayudioundy
AMMFUNIIAF NN Rarsounannng (2.85) wienAgunuluszuIL (x, 3) e

Z =AW uazuhrdusasiaugniiuiin aunisdeudy

J(x,y,2)=g(x,y,2) exp[;'¢(x,y,z)] (2.87)
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o a
W g = uweanddgn

¢, = wasaspaudursiduaasfiiumis

wqﬁﬁﬂmqmmﬂﬁvmL'uu:.lwmﬁungumuﬁnmsa@ﬂLﬂua'uﬂ:tﬂuﬁugm AN
Superposition 'ﬂmﬂ?a'umqnﬂuﬂi:mﬂmmnnnﬁﬂmnfi'mqﬁqmm lun1sAuaunIn
"l’mqﬁlﬁmﬁmuﬁﬂmﬁ@wmmw LAZTEULNIRIUAINTIRINAARY  HFLNTNTIAA
ol T (wmanisunne)  asdszinnlaamsdualuanunsasasiuld N
'auJnmé’u@wuurﬂmﬂmm’mﬁmﬁmmmﬂﬁgmmm_mugﬂﬁﬁmaié\’ aannasliFaumey
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_ 2
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ABSTRACT

Modulated scattering technique is mostly used for measuring microwave fields with less
perturbation to obtain near — field antenna pattern, such a technique can also be used for
microwave holography.A computerized system for recording and reconstruction of microwave
hologram at 9.2 GHz X-band frequency is described. A small dipole loaded by MRD 721
photodiode is suspended by thin balsa post at some distance along symmetric Z-axis of the
fixed illuminating pyramidal horn antenna. The scattering cross-section of the dipole was
modulated by 50 KHz optical signals guided to the diode through a plastic optical fiber. Low-
intensity microwave was transmitted to a remote object via a free space and then reflected from
object surface. Both the outgoing and backward wave excited the scattering wave, originated
from the dipole,then propagated back to the same antenna and mixed with the synthetic off-axis
internal reference wave providing by a programmable microwave phase shifter. The object was
scanned 1/3 of wavelength stepwise in both X and Y directions, perpendicular to Z-axis,
generating 128x128 sampling. For each object position, the output current of the mixer was
preamplified and coherently measured at the modulated frequency using a lock-in amplifier to
form hologram intensity signals. Fresnel diffraction approximation is used in digital
reconstruction from stored hologram data to yield the two- dimensional image of the
object.The distance between antenna, scatterer and object plane was allowed to varied. The
higher resolving power of system compare with the Rayleigh limit for a conventional hologram
has been demonstrated.

1. INTRODUCTION

As a mean of seeing through optically opaque medium, various application areas of microwave
holography (Tricole,1977) are possible such as all-weather remote sensing, medical diagnosis,
buried objects locator, etc. In ordinary system the microwavefield scattered from a stationary
object coherently illuminated from a stationary transmitter is mapped over a prescribed
hologram recording aperture by means of a detector thatis scanned over the aperture. The
simplest one need a fixed reference beam to interfere with the object wave and creates
wavefield pattern that can be measured by intensity sensitive detector. The more advance
one uses coherent phase-locked receiver with local oscillator acting as synthetic internal
reference beam. Normally, with regards to the actual size of the conventional probing
detector for low intensity application, the detected wavefield is considerably disturbed.
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This problem can be overcome by using modulated scattering technique, where the original ones
measured the field using a scatterer which may be mechanically (Cullen and Parr,1955),
electrically (Richmond,1955) or optically (lizuka,1963) modulated with synchronous detection
of the modulated scattered signal. Orme and Anderson (Orme,1973) used spinning dipole
technique of Cullen and Parr in their high resolution microwave holographic imaging of the
objects obsured by dielectric media. In the work described here, a system similar to Orme and
Anderson’s, has been used to perform two-dimensional image of remote metallic objects. Now,
the scatterer,in the form of a selected high speed photodiode, is modulated optically via a plastic
fiber (Hajnal,1987) and the system is computerized for creating arbitrary internal reference
beam angle, scanning control, data collecting and performing image reconstruction digitally.

2.  OFF-AXIS SCANNING SOURCE / RECEIVER MICROWAVE HOLOGRAPHY

In some situations where microwavefield can be appropriately described as scalar quantity,
scalar diffraction theory of light wave can be used. It is well known in physical optics that light
which passes through an aperture or reflects from a plana reflector is fully described by the
phase and amplitude distribution in the aperture/or reflector area. According to The Huygens’
principle, this is sufficient to reconstruct the light wave at any point behind the aperture (or
infront of the reflector). If we describe phase and amplitude in the aperture plane z = 0 by the
complex function F(x,y),we obtain for the wave f(x,y,z) which develops behind the aperture
(Born and Wolf,1964)

f(x,y.z2) = F(xy)*G(x,yz) (1

where the symbol * denotes convolution and G is a sperical wave of wavelength A originating
in the aperture plane. Thus G =e’>'*/r with r =/x? +y? +2z?, which becomes in

Fresnel’s approximation r =z + \/(x 2 4+y?%)/2z giving the function f(x,y,z) to be found
from a Fresnel’s transform of F(x,y). Figure.l represents the general geometric set up of the
scanning-source/receiver microwave hologram recording. Here, a point source, a sensor (or
detector), and an object are located at 3 consequetive planes denoted by source plane, sensor
plane and object plane respectively. Spherical wave emitted from point source at P; (x,y,z)
propagates to a point P, ({,n,0) on finite extended object at object plane. The reflected wave
from point P, propagates to sensor at position P3 (u,v,w). If sensor and point source are
scanned coincidently,(i.e. x = u, y = v ) the reflected wavefunction at sensor plane are given by

a(x,y.w)=ay(x,y,w)exp{—jd(x,y,w)}

= oxp ko 42 )x [ [D@n)exp {ﬂcz{(x wl _”)2”69"672 2)

2wz /64) +z)

=00 =00

which is recognised as the diffraction field at plane z’ = wz /(w+z) distant from the object for
the situation of conventional holography. The Rayleigh resolution limit of the system is then
given by

Awz

- Dw +2z2) @)

(instead of % ) where D is the hologram dimension.
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At the sensor position there is also reference planewave field b(x,y) whose direction of
propagation make an incident angle @ to the normal of the plane.Thus

W e, P2LM.O)

Object plane

dielectric wall : " >

iy
Yare.,
s, ©r reference
o wave

microwave
poeint source

Figure 1. Recording Image data hologram of object using microwave

b(x,y)=b,exp(-j2max) (4)

where « is spatial frequency of wavefront in the x direction which is equal to 512 ;

A = 2n/k is wavelength, and by is the field amplitude .

If the total wave function is C(x,y) and regards w as a constant, the intensity at sensor is

I(x,y)=C(x,y)xC (x,y) (5)
=(@a+b)a +b)':|a|2+|b|z+a°b +ab’ (6)

s <|a(x ,y)|2 +bZ +boa(x,y)explj2max [+ boa’ (x,y)exp[- j 2max ]> (7)

Image reconstruction process concerns with the modification of the reconstructed reference
plane wave b*(x,y) by the intensity distribution I(x,y) to be b*(x,y)xI(x,y).Fresnel’s
transform of the term bZa " (x,y) corresponds to the real image wavefield of the object at the

image plane.There is also a direct illuminating field E(u,v,w) which remain constant,as the
sensor and source are scanned together.This term do not alter the results derived above
significantly. '

3. MODULATED SCATTERING MICROWAVE HOLOGRAPHIC SYSTEM

A schematic diagram of the system is shown in Figure 2. Experimental positions arrangement of
the pyramidal microwave antenna, dipole scaterrer and object are shown in Figure 3. Both the
antenna radiating field and the synthetic off-axis reference wave providing by a programmable
movable short phase-shifter are fed by a single 10 mw. 9.2 GHz. Gunn oscillator. Direct
illuminating wave and the object wavefield excite the 2 cm.-long MRD 721 photodiode,
optically modulated at 50 KHz. via a fiber optic cable, to produce modulated scattering wave
travelling back to the same antenna and combines with the reference wave at the mixer.
Synchronous demodulation of the mixer signal output after amplification by a low-noise
preamplifier is done by using a lock-in amplifier to produce hologram intensity signals. In this
computerized-controlled prototype system,the source and scatterrer are stationary while the
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Figure. 2 Schematic diagram of microwave holographic system

object is scanned 1/3 of wavelength stepwise in both x and y direction generating 128x 128
sampling signals associate with each position. Fresnel diffraction approximation is used in

digital reconstruction from stored hologram data to yield the two-dimensional image of the
object.

£ ' z
¢ I. <

T

\ 1 : 'PHOTODIODE
: DIPOLE

PYRAMIDAL
HORN ANTENNA

Figure. 3 Relative position between microwave antenna, dipole and object

4. EXPERIMENTED RESULTS
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The system was successfully used to image flat metallic objects of various shape and size at

different synthesized reference wave incident angle 6 and limited distance, bound by the size
of the existent small anechoic chamber 3.5x3.5x3.5 m® together with the degrading ratio S/N
of the signal, but not too short to violate the Fresnel approximation. Some of the results are
shown in Figure 4 for donut-shape object (for z = 288 cm., w = 211.5 cm., & =44.3") and
dumbbell-shape object (for z = 288 cm., w = 249.5 cm., & = 44.3"). Figure 5 shows the full
width-half maximum of the image field intensity distribution of a 20 cm. diameter plate (for
which z = 288 cm., w = 249.5 cm., 6 = 44.3"). Consider this case as an example, the theoretical
resolution limits are 5.44 cm. and 2.92 cm. for the conventional and source-receiver type
hologram respectively. The estimated difference between actual object size and full width-half

maximum of 2.7 cm. implies that the resolving power of the system that has been developed is
significantly better than conventional system.
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Figure. 4 Examples of the experimented results for : (a) donut-shape metallic plate objects

with (b) its corresponding microwave hologram.and its image(c), (d) dumbells-shape metallic
plate object with (e) its corresponding microwave hologram and its image (f).
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Figure. § (a) microwave image of a 20 cm diameter flat metallic plate with (b) its

corresponding estimate size from full width-half maximum intensity distribution.
5. CONCLUSIONS

A technique for obtaining two-dimensional microwave holographic images of objects using
light-modulated scatterer has been described. Images of different target shape using the
technique have been presented. The higher resolving power of the system compare with the
Rayleigh limit for a conventional holography has been demonstrated.
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ABSTRACT

The angular spectrum backward propagation method
has been proposed as another mean to numerically
reconstruct image from microwave hologram,
producing by the inteference between an off-axis
reference plane wave and wave reflected from an
object. The experimental verification has been carried
out at wavelength and hologram aperture size of 3.26
cm. and 148.48 cm. respectively. The quality of image
for object-hologram distance in the Fresnel zone is
comparable to the one obtained from conventional
Fresnel transform algorithm despite of using smaller
processing aperture.

1. INTRODUCTION

Reflected-type microwave imaging has found many
important applications in identifying various target
object. Several techniques of image recording and
construction have been reported [1] - [7] . With regard
to the case of digital image construction , very little
progress has been made toward fully inversion of 3D
electromagnetic wavefields data to obtain image of the
objects. The calculation concerned are hightly
intensive . Usually , Fresnel or Fraunhofer
approximation [8]has been adopted to construct image
from the detected holographic field intensity data of
the interference between wave reflected from object
and a reference wave. For more sophisticate
microwave system that can measure spatial distribution
of both amplitude and phase of the object wave , the
reference wave is not necessary.

In that case , backward propagation technique,
inconjunction with the use of angular spectrum
formulation of diffraction theory [9] are preferred to
compute higher quality near-field image directly. Since

amplitude-only transducer is cheaper than amplitude-
phase transducer , possibility of using the later method
to calculate image intensity from hologram data should
have some benefit.

2. BACKWARD PROPAGATION OF
RECONSTRUCTED WAVEFIELDS
EMERGING FROM AN OFF-AXIS

MICROWAVE HOLOGRAM

Consider a hypothetical Leith-Upatnieks [10] or off-
axis holographic reconstruction situation in Fig.l
where the same rectangular cross-sectional beam of
off-axis reference plane wave B,z previously used
for generating hologram intensity distribution 1pxp,yp)
is shone again on to the developed rectangular
hologram at plane (x,y.z)=(xp.yn.0) .

object plane,
previously hologram plane
occlpied. b (X"'yh 0)

%/

(Xn,\/u,'lo)

reference plane
wave

B(x,y,2)

Fig.1. Off-axis holographic Reconstruction of
the object wavefields.
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The replicate information of object wavefields
fixy,z) previously propagated from the object plane
%.4.2)=(x0,Yo, - Zo) 10 the hologram plane are contained in
the transmitted 4 wavefields emerging from the
hologram surface according to the following equation.

Bix.y,zlléch,yn) = Blxy.2) fixn, yn O + Blxy.2) | Bixp,yp0) 1
+B(x,y, 2) B(xh, yh.0) f * (xn, yn.0)

+B(x,y,z)B* (x .y h.0)f(x h.yh.0)

M
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If the reference incident angle ¢ is allowed to increase,
the spatial separation among the main wavebeams can
be extended. In conventional digital holographic
reconstruction, known wavefields corresponded to the
first two, the third and fourth term of the right hand
side of Eq. (1) are forward propagated to plane
(xu.2) = (xy,2o) . Then calculation of the field intensity
yields zero-order image of the diffracted reference
plane wave, real and virtual image of object
respectively. In this case, even for large 6, spatial
noise that degrade the quality of the real image, comes
mainly from the somewhat diverge intense beam that
form zero-order image.

On the other hand , if image construction is done by
backpropagation of those emerging wavefields to the
object plane (xo,y0,-2,) and then making intensity
calculation, role of the third and fourth term in Eq. (1)
are interchanged. Now, image of object is represented
by the fourth term while the major noise should come
from the diverge weak beam corresponded to the third
term, instead of the non-diverge intense beam that
form zero-order reference image.

According to the angular spectrum formulation,
backward propagation of the fourth- term object-liked
emerging wavefields :

frih Y r0) = |Bec nyn, 0) [* fixnun, 0)

to the object plane (x,,y0,-2,) is governed by
decomposing of wavefields into a series of individual
plane waves , propagating in different angular
directions, through a Fourier transform. Let

Flk e ey 0) = J‘Fh(xhyho}e-j{xhkh *unky) g ayn
(2)
where k. and k, are the spatial frequencies of the
clementary plane waves. Then

Sh(xh.yn.0) =;2 j_[; (kx,ky'o)e"-(x"k" *y"ku)dkxdky
(21) o

3)

Similarly the wavefield at the object plane can be
written as

f(x0.,Yo,~2) = ] JF (kx ky. = z)ej(k"‘x°+k“y°)dkxdky
en? Jls
4)

Since each elementary plane wave propagated from the
object plane to the hologram plane, the spectral



function F(ky.ky.-z) and F(ky.ky0) are related through
a propagation function i.e.

F(kyx,ky,~2) = F(kx,ky.0) . Pkx,ky,2)

(%)
o 1212 g2
where P(kx,ky,z)=e"z Rorka=ky
(6)
and kg=2
c
@)

where o is the angular frequency of the microwave
source fields and c is the light speed in air .
When k2 +k} <k , the square root in Eq.(6) is real ,
so that the propagator only modifies the phase of the
wave.
However, when k% +k}>k3 evanescent wave

dominates.

3. EXPERIMENTALS

The intensity distribution in microwave holograms
have been recorded by using a computer — controlled
scanning source — receiver system shown in Fig.2.

Demodulated
Signal from Lock-in
v(x.y)

-

Interference fields intensity
at hologram plane

1(x.y)
[ 256x256 ]

.

Multiply by reference plane
wave

—

fieids B(x.y)
[ 256x256 )

v

2D Fourier Transform
to yleld
F (ko ky)
[512x512 ]

Backward Propagate
to plane
Z=-2Zo
[32x32)

T S—
E—— A 4

Inverse Fourier Transform
to yield complex image
fields at object plana
[ 512x512)

R

Calculate image Intensity
[512x512)

Fig.3. Block diagram showing the algorithm of
angular spectrum backward propagation image
construction from off-axis hologram data.
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The 3.26 cm. - wavelength microwave signal from HP
83620B amplitude modulated at 200kHz, serve as both
object illumination and internal off — axis reference
wave. SR 844  Lock-in amplifier was used to
demodulate the combined reference and reflected
object wave signals detected by crystal detector at
each x-y sampling point that separate 0.58 and 0.54
cm.  apart in horizontal and vertical direction
respectively for all 256x256 points per hologram.

The computer is programmed to process the image
data according to the angular spectrum backward
propagation  algorithm as shown in  Fig.3.
Conventional holographic reconstruction based on
Fresnel transform are also performed to yield images
as for comparison purpose. All Fourier calculations
are performed on the 512x512 data points basis using
usual zero-padding and windowing technique. Fig.4
shows the experimented results for the used of both
backward propagation and conventional Fresnel
reconstruction in image construction of the equiplanar
4-metallic plate objects, holographic recorded at two
effective plane in the Fresnel zone. Degradation of the
image quality obtained from both types of
reconstruction ,due to the zero-order noise as @ was
increased, is illustrate in Fig.5 for an X-shaped object

Z,=129.2 cm.
(c) (e) (2)

Fig. 4. Examples of the experimented results
for two holographic reconstruction methods of
four-circular metallic plates object at two
recording distance z,. : (a)object, (b)-(c)
holograms, ( d )-( e ) images by Fresnel
transform method, and ( f )-( g ) images by
angular spectrum backward propagation.



In this short distance recording situation where Fresnel
approximation was not quite valid, the Fresnel image
should suffered additional distortion whereas the
angular spectrum image should not.

(b) '(d) (H

6 =27.9 degrees
(c) (e (2

Fig. 5. Examples of the experimented
results  for two holographic reconstruction
methods of an X-shaped metallic plate object
located at z,= 47.4 cm., recording with two
different reference wave incident angle 0.:(a)
object, (b )-(c)holograms, (d)-( e)images
by Fresnel transform method, and (f)-(g)
images by angular spectrum backward
propagation.

4. CONCLUSIONS

This paper described and experimental illustrated the
proposed idea of applying backward propagation
algorithm to construct image of the object from the
detected hologram intensity data. Results obtained
from the present system suggests that the image quality
is comparable to the one obtained from the
conventional Fresnel transform at the observing
distance in Fresnel zone. Suitable reference wave
incident angle should also be chosen to avoid zero-
order noise term.

(1]

[2]

(3]

(4]

(5]

(6]
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Characteristic Fig. No. Symbol Min T Max Unit
Dark Current (Vg = 20 V, R_ = 1 MQ); Note 3) Jand 4 Ip nA
Ta = 25°C - 0.06 10
TA = 100°C - 14 —
Reverse Breakdown Voltage (lg = 10 pA) - V(BRI 100 200 — Volts
Forward Voltage (If = 50 mA) - VF — - 1.1 Volts
Series Resistance (Ip = 50 mA) — Rg - 8 - Ohms
Total Capacitance (VR = 20V f = 1 MHz) 5 Cr — ] — pF
OPTICAL CHARACTERISTICS TA = 25°C)
Light Current (VR = 20 V, Note 4) 2 i 15 4 — HA
Sensitivity (Vg = 20 V, Note 5) — S(A = 0.8 um) — 5 — rA/MW/
- — SQ =084 pum) | — 12 - cm?
Response Time (Vg = 20 V, R = 50 1) - Yresp) = ! = ns
Wavelength of Peak Spectral Response 6 Ag — 08 _ mm
Hotes: Measured with the device soldered into a typical printed circuit board.

1.

2. Heat sink should be applied to leads during soldering to prevent case lemperature from exceeding 100°C.

3. Measured under dark conditions (H =0

4. Radiation Flux Density (H) equal 10 § mWiem? emitted from a tungsten source at a color temperature of 2870 K
S5 Radiation Flux Density (H) equal 10 0.5 mWem?2
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Figure 2. lrradiated Voltage — Current Characteristic
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Silizium-PIN-Fotodiode mit sehr kurzer Schaltzeit
Silicon PIN Photodiode with Very Short Switching Time

SFH 229
SFH 229 FA

SFH 229

Wesentliche Merkmale

+ Speziell geeignet fir Anwendungen im Bereich
von 380 nm bis 1100 nm (SFH 229) und bei
880 nm (SFH 229 FA)

* Kurze Schaltzeit (typ. 10 ns)

* 3 mm-Plastikbauform im LED-Gehzuse

* Auch gegurtet lieferbar

Anwendungen
« Lichtschranken fir Gleich- und Wechselbetrieb
» Industrieelektronik

.Messen/Steuern/Regeln”

Typ Bestellnummer
Type Ordering Code
SFH 229 Q62702-P215
SFH 229 FA Q62702-P216
2000-01-01

SFH 229 FA

Features

» Especially suitable for applications from
380 nm to 1100 nm (SFH 229) and of 880 nm
(SFH 229 FA)

+ Short switching time (typ. 10 ns)

+ 3 mm LED plastic package

+ Also available on tape and reel

Applications

+ Photointerrupters
« |Industrial electronics
« For control and drive circuits

OPTO SEMICONDUCTORS

’ G""’.—
Infineon

techirolegies

OSRAI
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SFH 229, SFH 229 FA

Grenzwerte
Maximum Ratings

Bezeichnung
Parameter

Symbol
Symbol

Wert
Value

Einheit
Unit

Betriebs- und Lagertemperatur
Operating and storage temperature range

i

op:];m

—40 ...+ 100

°C

Lottemperatur (Lotstelle 2 mm vom Gehause entfernt
bei Lotzeit 1< 3 s)

Soldering temperature in 2 mm distance from case
bottom (<3 s)

230

°C

Sperrspannung
Reverse voltage

20

Verlustleistung
Total power dissipation

Pml

150

mW

Kennwerte (7, = 25 °C)
Characteristics

Bezeichnung
Parameter

Symbol
Symbol

Wert
Value

Einheit
Unit

SFH 229

SFH 229 FA

Fotostrom
Photocurrent

Vg =5V, Normlicht/standard light A, Ip

T=2856 K, E, = 1000 Ix

Ve =5V, =950 nm, £, = 1 mW/cm? L

28(=18) |-

A

20 (210.8) |pA

Wellenlange der max. Fotoempfindlichkeit
Wavelength of max. sensitivity

860

900

nm

Spektraler Bereich der Fotoempfindlichkeit A

§=10 % von S,
Spectral range of sensitivity
§=10% of S

max

380 ... 1100

730 ... 1100 | nm

Bestrahlungsempfindliche Flache A

Radiant sensitive area

0.3

0.3

mm

Abmessung der bestrahlungsempfindlichen Fliache
Dimensions of radiant sensitive area

LxB
Lx W

0.56 x 0.56

0.56 x 0.56

mm X mm

Abstand Chipoberflache zu Geh&useoberfliche H

Distance chip front to case surface

.. 2.8 24..28

mm

Halbwinkel (0}

Half angle

1.7

Grad
deg.

2000-01-01 ‘ 2

OPTO SEMICONDUCTORS
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SFH 229, SFH 229 FA

Kennwerte (T, = 25 °C)
Characteristics (cont'd) '

Bezeichnung Symbol Wert Einheit

Parameter Symbol Value Unit
SFH 229 SFH 229 FA

Dunkelstrom, V= 10 V Ig 50 (£5000) |50 (<5000) |pA

Dark current

Spektrale Fotoempfindlichkeit, A = 850 nm S, 0.62 0.60 AW

Spectral sensitivity

Quantenausbeute, A = 850 nm n 0.90 0.88 Electrons

Quantum yield Photon

Leerlaufspannung

Open-circuit voltage

E, = 1000 Ix, Normlicht/standard light A, Vo 450 (> 400) |- mV

T=2856K

E, = 0.5 mW/cm? A = 950 nm Vo - 420 (2370) | mV

KurzschluRstrom

Short-circuit current

E, = 1000 Ix, Normlicht/standard light A, Isc 27 - LA

T'=2856 K

E,=0.5 mW/cm?, A = 950 nm - - 9 HA

Anstiegs- und Abfallzeit des Fotostromes [ 10 10 ns

Rise and fall time of the photocurrent

R =50Q; Vr=10V: A =850 nm; /, = 800 pA

DurchlaRspannung, /- = 100 mA, £=0 Ve 1.3 1.3 Vv

Forward voltage

Kapazitat, Vg=0V, f=1MHz, E=0 Co 13 13 pF

Capacitance

Temperaturkoeffizient von Vo IC, -26 -26 mV/K

Temperature coefficient of Vo

Temperaturkoeffizient von Igc 1C, %lK

Temperature coefficient of l5c

Normlicht/standard light A 0.18 -

A =950 nm - 0.2

Rauschaquivalente Strahlungsleistung NEP 6.5x10""™ |6.5x 10" 1° W

Noise equivalent power JHz

Ve=10V, A =850 nm

Nachweisgrenze, V= 10 V, A = 850 nm D* 8.4x10™ |84 x 10" emx Az

Detection limit W

2000-01-01
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