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ABSTRACT

This research presents a study of the method and system of invisible object image
formation by using microwave holographic technique. The system is principally composed of a 9.2
GHz 10 mW Gunn diode microwave source, a pyramidal homn antenna, a photodiode dipole
scatterer which was modulated at 50 KHz by a laser diode via plastic fiber, an object scanning unit,
a signal detecting and a computer for signal processing unit. The object waves are scattered by
dipole scatterer and interfered with reference waves in a crystal detector component. The amplitude
and phase of the object waves are recorded in the form of intensity of combined waves at different

object positions and can be reconstructed to object image by using with digital processing.
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seozauUnUIng (cm) avesdyaniiiald @mv)

0 6.85
1.08 7.12
2.16 0.34

3.24 0.07 .
4.32 2.63
54 3.51
6.48 0.26
7.56 0.06
8.64 3.93
9.72 425
10.8 0.16
11.88 0.06
12.96 4.73
14.04 5.95
15.12 0.22
16.2 0.05
17.28 4.44;
18.36 5.89
19.44 0.15
20.52 0.04
21.60 3.2
22.68 4.24
23.76 0.52
24.84 0.05
25.92 2.7
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szozaunusng | Avesdaanuiiiald| szezauauiag |Mwes fyanaiiald
(cm) (mV) (cm) (mV)
0 4.15 13.5 5.37
0.54 3.41 14.04 1.55
1.08 1.56 14.58 1.50
1.62 0.99 15.12 0.50
2.16 0.41 15.66 5.17
2.70 3.38 162 1.48
3.24 1.58 16.74 0.46
3.78 0.41 17.28 5.87
432 5.44 17.82 1.51
4.86 0.99 18.36 0.34
5.40 0.46 18.9 3.54
5.94 3.97 19.44 425
6.48 4.73 19.98 1.25
7.02 5.17 20.52 1.54
7.56 1.48 21.06 2.90
8.10 148 " 21.6 0.26
8.64- 0.46 22.14 1.54
=
9.18 5.68 22.68 2.45
9.72 1.67 23.22 8.95
10.26 0.46 23.76 7.06
10.80 2.65 24.3 2.45
11.34 175 24.84 0.34
11.88 0.44 25.38 3.62
12.42 1.25 25.92 5.58
12.96 2.45 26.46 3.07
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sepzaunUIng |A1ved fyanaitiald| szozounuiag |Mvesdyanu '

(cm) (mV) (cm) (mV)
27 1.36 37.26 2.45
27.54 0.48 37.8 0.35
28.08 2.04 38.34 2.54
28.62 3.49 38.88 ' 3.22
29.16 1.50 39.42 4.04
29.7 0.50 39.96 2.11
30.24 5.17 40.5 : 0.26
30.78 2.24 41.04 2.23
31.32 0.4 41.58 4.10
31.86 3.99 42.12 2.90
324 4.44 Wdr) 0.26
32.94 4.43 432 6.52
33.48 1.70 43.74 3.24
34.02 0.44 44.28 0.57
34.56 221 44.82 3.94
35.1 3.81 45.36 7.33
35.64 1.51 459 6.33
36.18 0.34 46.44 3.49
36.72 3.59 46.98 0.21
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szuzaunuIAg (cm)

J o o 3
mvesdaanuniala

T2UTAUNUIAG (cm)

U [ o b 4
Awoedgyanuiiala

(mV) (mV)

0 1.23 13.50 2.70°
0.54 0.54 14.04 1.45
1.08 4.00 14.58 1.89
1.62 3.20 15.12 3.98
2.16 0.24 15.66 4.96
2.70 3.87 16.20 3.81
3.24 4.80 16.74 3.50
3.78 0.27 17.28 2.50
432 4.58 17.82 1.58
4.86 4,58 18.36 0.30
5.40 3.24 18.90 3.78
5.94 2.20 19.44 4.80
6.48 2.27 19.98 4.30
7.02 0.15 20.52 4.80
7.56 4.96 21.06 3.60
8.10 5.37 21.60 1.98
8.64 3.16 22.14 0.25
9.18 1.36 22.68 3.80
9.72 1.82 23.22 8.70
10.26 1.20 23.76 6.50
10.80 1.36 24.30 8.15
) 11.34 0.14 24.84 1.87
11.88 2.70 25.38 ' 218
12.42 2.22 25.92 0.35
12.96 2.73 26.46 6.50
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srozaunuing (cm)| swesdyanaiiiald | szoaunuiag (cm) | mussdagnudiiald

(mV) (mV)
27.00 4.78 37.26 0.24
27.54 0.28 37.80 4.80
28.08 3.70 38.34 4.25
28.62 8.68 38.88 3.50
29.16 8.36 39.42 3.54
29.70 7.95 39.96 420
30.24 1.90 40.50 0.30
30.78 0.35 41.04 1.76
31.32 325 41.58 5.25
31.86 4.80 42.12 4.95
32.40 5.30 42.66 1.78
32.94 1.50 43.20 2.45
33.48 2.30 43.74 1.50
34.02 0.24 44.28 1.90
34.56 470 44.82 4.86
35.10 420 45.36 420
35.64 4.10 45.90 425
36.18 1.88 46.44 3.50
36.72 2.26 46.98 2.58
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Technical Specification

output Power (max)
wavelength range
supply voltage

supply current

2. T1dlaTon (MFODT71)
Wavelength range

Response time

3. unasnuladyaIn - YuIn 20 MHz

4. i@l astiawanaan

sumasnutialid 0-30 g

94

Infrared
785 nm.
3mV
775-795 nm.
-8to-12V

25-50 mA.

750-950 nm.,

5 ns (typ.)

4 4 q. ' o a o
517 1 glnsaigauegannLd (n) gaunasiudaames laloa  (v) IWldlalen
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Technical Specification

MOTO!

LA
rﬁEMl ‘

Diode Output; : :

desmmd for low cost, short distance F'bor Opﬁc Syqtgms using 1000 micron core

® Ideally mwx Emmarforman-r Systems

 Annular Passivated Structure for s:abamwm wmumy

& FLCS Package
— Includes

t Coupling

s Mol
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MFOD71

FLCS FAMILY

PHOTO DETEGTOR
DIODE OUTPUT

CASE 3638-01
e 0 I
: o Unit
Reverse Voitage : Voits
Total Power Dbﬂpmon @Tp =25C mw
Derate above 25°C mwWiI°C
e
L TA = 2580 .
TA = 85°C «
Volts
Forward. vwm g = 50 mA) Volts
s_anpu,ﬂesgmgw(!; BOmA) Ohms
Tma:c.paciﬁn&wanm\lfﬂmuz) . a oF
OPTICAL CHARACTERISTICS (Ta = zs~c) . =
Responsivity (VR "-s v, rw.z} : R 015 | 02 — AW
5 ns
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ooy b N -
— -
& 3 4 8 32 16 20 24 38 R 36
- FIBER LENGTH (METERS)
Figure 2. Responsivity Test Configuration Figure 3D Current versus Fiber Length

The system lgngdwdgqud w;xh 573 emi _current (IF) and the responsivity of the detector chosen.
various detectors, using 1000 mi onpr%?o nlas:é’ % " Each detector will perform with the MFOE76 up to the
(Eska SH4001 or. equwahm). dopondtonMLED fofwnrd distances shown below.

moon/ 7 ,
< FWFo0727 % A
S MFOD /47 0 . i
3 [ MPOOR i ' Ji
= MFOD1 /77707 S
o I 7 3
£ £ MFOOT277/770 7% ) Y "
; 2 7 e
2 MFODT1 PIN DIODE
g MFOD72, TRANSISTOR
u MFOD?3 DARLINGTON
MFODT5 LOGIC
(] 20 40 60 80 TUA00 0 0 140 160 180 200 20

L ﬂﬂﬂ LENGTH (METERS)
Figure 4. MFOE78 Working Distances
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In309n 30T nveNad eI (Lock-in Amplifier )

v
9/ t

TuiteiilinsoansieiauazuoodynInuessin EG&G PARC jU 5210 Uy
AN AALEAIND LUVBUIADN | %auﬁmwauasﬁﬁmaa 2 IDUNANND ﬂ'm'liﬂﬁl'ﬂl‘?;ﬂﬂl
Fugudhiuneuiunesiftonaninadoyald
SPECCIFICATION
1. INPUT TYPE: Single-end ( A Input ) or Differential (A-B) with either floating (IOOOQ)

CURRENT: Single-end ( B Input )
2. VOLETAGE INPUT IMPEDANCE: 100 MQ paralled by 25 pF
3. SENSITIVITY (full-scale)
VOTETAGE: 100 nV (10 nV wiyh Expand ON to 3 V Variable in 1-3-10 sequence or
continuously.
CURRENT: 10° A/V or 10° A/V.
4, FREQUENCY RANGE: 0.5 Hz to 120 kHz.
5. MAXIMUM INPUTS:
VOLETAGE = 100V dc; 30 V ac pk-pk without damage; 10 V ac pk-pk saturation.
CURRENT 15 mA continuous; 1 A momentary without damage. 10 LLA ac pk-pk without
saturation on 10° V/A. 100 nA ac pk-pk without saturation on 10° V/A.
6. MAXIMUM COMMON-MODE VOLTAGE: 10 V ac pk-pk.
7. COMMON MODE REJECTION: typically 120 dB at 1 kHz, 100 dB minimum at 1 kHz
8. NOISE: Typical input noise is:
VOLTAGE: 5 nV perroot Hz at 1 kHz.
CURRENT: 13 fA per root
9. GAIN ACCURACY:
FLAT: 1%
TRACKING BANDPASS: 3%

10. GAIN STABILITY: 200 ppm/deg
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©,  GEC-MARCONI MATERIALS

Features

- Lightwelght, tiexible, open-cell foams

- Broadband absorbers, 2-100GHz

- Microwave attenuation from 17 to >20dB
- Range of thicknesses avallable

- Can be filled with a varlety of foams and
plastics (LA 1 - 6 product range)

- Custom appiications

Description Typical Refioction Loss t AQ 12mm |

~ p . e —— |
GEC-Marconi's LAO is a range of breadband - |
absorbers based on flexible, open cell polyurethane 5 S i

fecams and cover the frequency range of 2-100GHz.
LLAQ is available in six slandard thicknessaes.

/

L. AO can provide belter than 15dB reflection loss

1
/

o5
>
/
o9cn

Irom 6 10 20GHz in the 19mm Ihickness and better 5§ 20 : \»\\«_ ; {900% &
than 20dB fom 11 o 100GHz in the 9.5mm 5 P T——— g
thicknesses. The material acheives its performance a 251 7 ! *
through the grading of its dielectiic properties; 55 \ i : fooox |
(3EC-Marconi's manufacturing procedure produces |
consistently high perdormance. o Mot B i FF i 6 s !
Froquansy ' Gl |
Custom Products ) /o AL N & A .
. - A - N~ T
The LA material may also be customised for specilic Woilce! Reflbcidh Loss LAD 50mm |
applications. LAO may be dielectrically loaded up to T e e iy |
50mm thick. LAO absorber materials can also be !
supplied in sealed plastic envelopes for complete 3 5 i |
weatherproofing with only a small performance @ 0 Pecow |
reduction. (See RAM PANELS dala sheet for AN |
weather resictant broadband absorber) i \\ i

Freigumecy o GHz
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Tusnielduduganduadu luTasoviianumn 9.5 Hadwas uazldundsiia

A P ) A4 A v A yy a a9
AU 9.2 GHz muwu@‘ﬂﬂauﬂau%aﬂmumsazmuﬂau"lﬂ 12 19U AUINYASIDYATDYD

9 ]
VYNWAN

85 1.8

and MIL-STD-810B Environmental Specitications
including temperatures ranging from +80°C fo

- 54°C and Tropical Lile, Mould Growth, Salt
Corrosion and show electrical and mechanical
resistance to contamination with the following
chermicals:- Avgas 115/45, F35, F44, Aviur,
MIl.-H-5606 (Petroleum based hydraulic thuid for

B| -2008|

{asaB|

~ |ea7de | -1208 :
: S -10dB
io’i{oiﬁmoqgm 610%610 |610x610 | 610x610
140 | 140 | 140 | 140 | 140
54| 84 | 58 | sa | 54
200 | 200 | 200 | 200 | 200
100 | 100 | 100 | 100 | 100

*note: To ensure consistent reflectivily specifications, base material density may vary.

Typleal Rellection Loss
Angile of Incidence
LA D 19mm

PARALLEL POLARISATION
These maierials have been tested to DEF133 ¢ ]

REFLECTION LOSS /dB

a0 o
severe application), B.C.F., DERD 2490 and ® -

353591 (industrial methylated spirils). s ’ » ’ 0 " 2

FREQUENCY / GHz

PERPENDICULAR POLARISATION

L]

o

© ]

n

1723

(o] "0

o

z

S .9

%)

w - R 50 °

e == s
for further information please contact the Sales o v
Department at GEC-Marconi Materials Technology = 7 = . o o R

FREQUENCY / GHr
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msdszanamveansaiva (Fresnel Approximation)

) / = \(x, y,z)

(u, v, w)
sz lalwa PTATe]

szwwing )
' o A =)
(szwwselaunsy) unwasiuianau (R)

d' a e o ar o £ 9
31.]71 1 UFAITSUUNNATTIHIUMTUUNNUDYD

Pz (=&Y + (=)} W+ (=€) +(v=7)]

(AR T o

nmsnszaeIna ludlvavossinnaesss 14

J1+b =1+—;—b—%b2 +..4b[(1 2)

v o P ) I
Fauuaumsy (1) Jenanadlu

s s 4] o
2\ z 2\ z 20w PAR

P = 1 A J
AUNITN 3 ﬂ@ﬂ'ﬁﬂizNTmﬂWﬂ']llNﬂuhl”U‘Uﬂﬂlwﬁﬁluﬁ
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ngumsuilasyises
4‘1 A a P 3 o t [ = dif s o a
naaeflomandiamansniFiuesisn e nelumsimszvnalsingmsainiugs
[ P a d 1a o A ] ¥
Gunaz hifuFadude  msTianzifSel  Fildgnldedunhevneumsnsuaieti
ad a o A v ' ad ' o Py a ¢
BidnnsotnduazssuUMITomIYYAN1N luiitisznaruiivegatlssasn lumsinne

v v
Hansundsenoudlrodaulsdasyasedaudsmniu

4 , o a2 o P ) v a
msuaaFed @uinhaassuSeivieaaniunnud) veeiladdudedon g

Y a g =) o @ dv
vpasulssaseaoanusae x uag y aumsveansulautludai

S{gt= [lgx.p)expl = j2 (f x+ fy)dxdy] (1)

wazaun1smsiiasnduiSes (nverse Fourier Transform) 3 {G} #io
=l —
37{c} = [I6(f,, 1 expli2 e (fx + £,)df 4, ] @
—0

Qs X a é an
auiiAnugumandlamansvesnsuladluaeiia

1. nquiiFudas Linearity Theorem) Manoa2wia msuasvesnaanvesilesnduniiunis

] " v} W
U a9UeaasWINFUNITIUAU AITUNTT

S{ag + S} =aT{g} + [3{n} 3)

I b4 . . . < a o 9 =1 a o
2. NYEHNNUANY (Similarity Theorem) HU1OAIINDY Wﬂﬂiﬂizt)%‘ﬂ’lﬂ (x.y) FAnanlunna
cs' L d' o n,: s 9
Tuanud ¢&5) mdumsifasunlasveeuldganinuavesaianiy Taon

F{gle )} =G(1., 1) Fariu

- 1 /.
3{g(ax,by)} Z*G(Ii +—~) )
|ab| a b
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3. ﬂqugmsmau‘lﬂ (Shift Theorem) H11BAINAY msuﬂammﬂaﬂ‘uuiumauwmmswaw

mqm‘lﬁmﬂmsmauMaiumauwmmmma Tt I{g(x,»)} =G(/..[.) Faiu
F{gx—a,y—b} =G(f,, f)expl—2j7A(fa+ £} (5)

o ¢ o
4. nguinrirea (Parseval’s Theorem) ifumauf lumsoysndwdany Taodh

S{g(e 0} =6(1,.1,) Fuilu
[ g,y dedy = | f'G(fr,f,,)Izdfrdf.,. ©

n o ar . o
5. nguimaneulaa (Convolution Theorem) naneae mineu Iavosiensuasaienauly
N [ T ow v o o a
YouwAsLBEIRsTa it unsudasveamazladdumngaiu Taod

I{ex, 0} =601, 1,) woe S{n(x, N} =H(S,. /) Farfu

S{I fe&.mhix—E&,y— ﬂ)dfdﬂ}=G(fx SOHU LS (7

= o o dar (v LA /4 9 =
6. nauinnudniusAumusalaeia (Autocorrelation Theorem) 11 14 lunsdimms

yasnguinisaeu e Tavdr I{e(x, )} =G(f.,£,) fulu

(8)

S{Hg(f,mg * (x —f,n—y)dédn}z
Y30

Sﬂg(ém\z}: [ 166 %~ f,n— f)dsdn ©)

aa a w o d < 1 J A o o
7. ﬂqyﬂﬂuﬂﬂi'@ﬂ!iﬂi ﬂll'ltJﬂ\'lLLﬂﬁZi}ﬂ‘lJ‘E)\iﬂ’J']iJﬂﬂLﬂ@Q‘l]ﬂ\i‘Wﬂf’l‘lf'Ll g msutasuazms

LY d o Y o J o > & 9 1l v P
wasnduvesilanduldmaduilasduiuiues snduuaigalideidion

I3 {gx )} =T I{ex, )} =gx,») (10)
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<

SUf1 final . initial. dist. count

|

dist = dist *1000

step = final

4,%

Lﬁau’iﬂq"lﬂ 0.54 cm

record(initial}

initial = initial - 0.54

|

4 e o a = s
ieusEAudyyndiedddaonyululnsiiwed

t

URPAMTITUIIN lock in 71U 2 A1

y

step--:

step >0

No

¥

PRESS ENTER TO CONTINUE OR 'Q' TO
buir

)

ch = petcht):

No
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include <stdio.h>

#include <conio.h>

#include <dos.h>
#include<math.h>

#include<stdlib.h>

#define
$define
#define
#define
#define
#define

main ()

{ char ch;

int

PORT A
PORT B
PORT_C
PORT D
PORT E
PORT F

0x300
0x30A
0x30B
0X280
0X28A
0X28B

void record(float at);

int atten(int mil, int step2);

int k2,32, step2,step3,mil, inputl, input?2;
float testl,test2,al,bl,valuel,value2,at;
int af[4] = { 0x40,0x10,0x04,0x01 };

int b[4] = { 0x50,0x14,0x05,0x41 };

int c[4] { 0x80,0x20,0x08,0x02 };

int d[(4] { 0xa0,0x28,0x0a,0x82 };

i

i

FILE *dataylfile;

struct datayltype{float yl;}datayl;
FILE *datay2file;

struct datay2type{float y2;}datayZ2;
FILE *dataxfile;

struct dataxtype{float x;}datax;

z,1,3,32,k,k2,1,step, final,dist2, step2, step3, input, count,mil, at;
float dist,initial;

z = 1;
dataylfile = fopen("datayll.dat","ab");
datay2file = fopen("datay2l.dat","ab");
dataxfile = fopen("datax2.dat", "ab");
goto name;
out:1if (count>12)
{ atten(4,dist);count=0;
if(step>0)
{goto in;}
goto in2; }

else
{
atten(l,dist);
if (step>0)
{ goto in;}
goto in2;

}

name:clrscr ();

printf
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("**********************************************\n") ;

printf (" THE STEPPING CONTROL & RECORD VALUE
\n");

printf (" FOR MICROWAVE IMAGESENSOR VER 1.0
\n") ;

printf (" DEVELOP BY P.D.I\n"});

printf

("**********************************************\n") ;
printf ("\n"); .
printf (" PRESS ANY KEY TO CONTINUE OR 'Q' TO QUIT \n");
printf ("\n");
printf

("***********************1\'**********************\n") ;

while ((ch = getch{)) != 'q")
{
if ({(ch = getch()) != '\n')
{

printf ("BEFORE THE EXPERIMENT SET THE BAR");
printf ("AT POSITIONTHAT YOU WANT \n");
printf ("ENTER THE TIMES TO MOVE &INITIAL POSITION ,"):
printf ("DISTANT AND STATE OF ATTENUATOR\N") ;
printf ("STATE 1 = 0\n" };
printf ("STATE 2 = *1\n");

printf ("STATE 3 = *2\n");

printf ("STATE 4 = *3\n");

scanf ("%d $f %f %d",&final,&initial, &dist, &count);
dist = dist*1000;
step = final;

if (step > 0)
{
while{ step>0 )
{ for (i=0;i<=27;i++)
{ for(3=0;3<=3;]++)
{ outport (0x378,b[jl);
delay (25); }
} outport (0x378,0);
goto out;
in:count++;
record(initial);
initial = initial - 0.54;
printf (" %d THIS POSITION IS %f AND ATTENUATOR AT %d
\n", z,initial, count);

z++;
delay(l);
step~--;

}
else

while( step<0 )
{ for (i=0;1<=27;1i++)
{ for(3j=3;3j>=0;3~--)
{ outport (0x378,b(jl]);
delay (25); }
} outport (0x378,0);
goto out;
in2:count++;
record{initial);
initial = initial + 0.54;



printf("%d THIS POSITION IS %f AND ATTENUATOR AT $d
\n", z,initial, count);

z++;

delay (1),

stept++;
}
} clrscr();
printf ("Saving data to disk\n");
fclose(dataylfile);
fclose(datay2file);
fclose{dataxfile);
printf("Data save complete");
step3 = dist*12;
while (step3 > 0)
{ for (J2=0;32<=3;]2++)
{ outport (0x378,d{j2]);
delay (3);
}
step3--;
}
outport (0x378,0);
/* step=final;
while( step>0 )
{ for (1=0;1<=27; i++)
{
for(j=3;3>=0;3--)
{
outport (0x378,b{jl);
delay (20);
}
}
step--;

outport (0x378,0);
*/
printf ("PRESS ENTER TO CONTINUE OR 'Q' TO QUIT\n");
}

else

{printf ("bad command please try again\n");
goto name;}

}

return count;

int atten(int mil,int step2)

{ printf ("please wait \n ");
if (mil>3)
{
step3 = step2*12;
while (step3 > 0)
{ for (32=0;3j2<=3;j2++)
{outport (0x378,d[j2]):

delay (3):;
}

111



112

step3--;
}
outport (0x378,0);

else

while( step2 > 0)
{
for(j2=3;32>=0;32--)
{
outport (0x378,d[]2]);
delay (7);
}
step2--;
}
outport (0x378,0);
} return mil; return step2;

void record(float at)

{
al = 5; bl = 255;

inputl inp (PORT B);
input?2 inp (PORT_E) ;
testl=inputl;
test2=input?2;
valuel testl* (al/bl);
value?2 test2* (al/bl);
datayl.yl = valuel;
clrscr();
printf("yl = %f inputl
datay2.y2 = value2;
printf("y2 = %f input2
datax.x= at;
printf("x = %$f\n",at});
fwrite(&datayl,sizeof (struct
datayltype), l,dataylfile);
fwrite(&datay2, sizeof (struct
datay2type),l,datay2file);
fwrite (&datax,sizeof (struct dataxtype),l,dataxfile);

]

]

%d\n", valuel, inputl);

$d\n", value2, input2);

}
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format long e
fid = fopen('c:\save\datay11.dat','rb'")
a=fread(fid,[64,64],'float");
fclose(fid);
fid = fopen('c:\save\datay21.dat','tb")
b=fread(fid,[64,64],'float’);
fclose(fid);
a=4*a-10;
b=4%*b-10;
a=a.*a;
b=b.*b;
c=abs(sqrt(at+b));
for x=1:64
for y=1:64
d=pi/(3.26*100);

p(x,y)=exp(d*I*0.54*0.54*(x"2+y"2));

e=c.*conj(p);
e=fft2(e,64,64);
r=e.*conj(e);
r=fftshift(r);
figure(1)
peolor(c)
colormap(jet)
shading interp
figure(2)
pcolor(r)
colormap(jet)
shading interp

end
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