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B =R 3 Ayl olnld 4 aE]F (microwave imaging
algorithm) o] st AFE ARt} 7]E2] AF GAoAe] o]ny
dygls AIHY TS JY99AY ojnH duEEs HIWHES
HESIY TARES 483 ol sldstr]l S8l Ay 7IW
=
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Al _FaFd .

o

o

o,
(adaptive technique)o] ZHE£H MNMEL g
duEF A2 22 e AJFete] 3xtdo® gekgit

HA Al 99 H2W (time—domain  approach) ol 412] thx A<l

ZS|
WRlelgta & 4 9l ¥4 YA (BP : back—projection) Wi =
AEst FAHE AR e olF JRAMsHZ] S8 H AlQkH A
A E O IHA e "B R YotR T el EE T 99
A9 (frequency—domain approach)olA 2] oA <el whHo|gly &
T dE= Ay Hol duEZ=(RMA : range migration algorithm)<
A rsith VAR AZF 99 AIWEUE WE AHYE & T
Atk FHEs AYARE daelFe Ag B FolA AEEH= Bt
AL EAES 7HA L

71&9] BRI GHE EAet] 2 =ieAE olnA g

71 = shyel AH3st¥® 72 (eMUSIC : enhanced multi—signal
classification) ¢i18&< 71= 4z ALEst= AL Aesg)

Aok WHoRFY A WS dHolHE Ay Aol L=
a
[€)

Agste] 2 Al HolH (raw data)E ©]g3st oju]y Axjel
HuE dozd 75 o A& g sBdde T8kl ob=d,
Tk GofeAe ojmd HIEHolA yEhe EARQ B ANE
Agkstd A, ZF Flx A H=E aAHd A Holg T F U+
gelx] A xAA ZIH(RCF : range cell focusing technique)<

Attt #HAA A H=Z wstel= A HE &4 (matched filter

function) S AP oS A L3to] HAx FE BASETH
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At dugFS Ee #HRlA Aelxd A FY s Adstu
AAEEE7] wEol AlZFAQL G &o] "ol A NE ZH7FERE WRjo] o] ¥
Ay 7IHS Ae&TorExn SRR T ofye duEE A
AP g8 % JRAdET ol ASd ddA A EAA (ARCF
adaptive range cell focusing) 7]®Wolgl W3ty WA, o]AFHQl
Aezlel gt AlEeo]d dHolEE ol&sto] olmAE

12k A3 A (linear scan)s &3k 22k Al HlolE ] 23k
olmlAH 2xtd AMe FF 32k A dHlolH e 3k oA & EEl
dulF a8AS ATt

Ad 7L EAMY (positioner), X—Band HE& A= FHH(X-
Band double ridged antenna), ®E UYEHI ofdz}o] & (VNA
vector network analyzer)®= TAEHSIE. F - FA QHHYE
o] g3sto] o]FetHA A HelHE ES5Sa HHstaa sk

E} 7] (target) & &2
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AEEHdom, ol FF 3akd AR AN A ojwH
ueFE FEshzdl glo] x40 HaA} Firk

FQ DAy 4 9AF 71 (adaptive  back—projection
technique), 253 ddA A EAA 7|¥ (adaptive range cell
focusing technique), %33 %A} (back—projection), A% HE T
(matched filter function), A&7} o]u]& (microwave imaging), ¢
o] &18]5& (range migration algorithm)
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11 A7 #7

d o]y (RADAR : radio detecting and ranging)t YA 59
ufo] A2 &) A AT (microwave) & ©]&3 o]n]d V&2 Ao
Aol W Tt @4 AAxEI gk [1]-[5]. ¥x¥" wH 9
FA o oM ArdE = A E EASEY] ZA 9 FRE Yoldle Aol
2ol olF fleiA e EA 9 fAI9f 5ol tist Hest A &
T ALE stojof . 58], &
aperture radar) Al

(e} 5] & = A~
s 95 F 9y =

gole sluke] FEu I
A%Hoz WolAx i FAeltt [6]1-[15]. EF o] F o §to]
giol} Wy A4} 5 oy Hope] £8 @ 4 b wow
oA k= Al e BAolt £ <ke #%, WAL Hefgli
= AT FE Aol Jbssth A&
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A7} o)FojA olu] AE3lEo] o]gE . Q) FH o

range doppler algorithm), Azl o] <Ligls (RMA : range
migration algorithm) 18] 3 AAL™ Lu8F(CSA : chirp
scaling algorithm) &2 WX, A 715 doly olnd 7|
Z|EA 02 Fabg oA oluA ARl &Kot I F A o]
dug]Fo] Al A AT doly olmA riYelgta & 4
SEA T Eoly AlAHES] R weEl AER W E T (stripmap
mode) &} A3 E #lo]E FE E (spotlight mode) & WHA =4 o]+= A+
BAe] o] tErh AEY ] REE S i Y RS
oujsty] AE o]t RE= A JA o Tl sidshs Aol wid
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P ®BAAE SSsith A o] duElEe oA BAFE HolE Tt
st ¥ (matched filter) & X 5 gelx =3 (range
curvature) & & YWEE 4] A4S Stolt BAMRE o]&sto] 2xF
A BAS FHst AFele WEAFFT : inverse fast Fourier
transform) ¥ ©]u]#] 2] ¢+% (compression) S ] B9 G4S A=
Fejolth. BE Fug dooM e ojnAd HIHe wE AHgE &
A= FHE AYAT B3P ALEY] EAE owA e FHE
Aetrd = e EAHE A Ak [35]—-[43].
olglgt o] fF & HTole %

(BP : back—projection) WwWo] #olt] ojulxy Fofo
AgHa e AAoln. 7 GAF RS 7|EA R AR
ojn]®m HITHoR Fy oY A
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2} AL3 33 Al W (adaptive back—projection) ©
A} 9 (pencil back—projection), 183l E&FH I
' (factorized back—projection) & B2 A7} 2
[44]—[58].
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A 2ZNE A olmAS fst F - Al A% FAF
ds Aoty Y FA ATE o]&3te] Ak "W Fyee
goleael Z]EAQD olu A HEHQ FF A HHI A" Aol
g Fol sl AHREE s

A 3FAME 7] o A dolgd vtE E4E
Agsozy WHygHE doleE st of2y HF FS5 olu|A 9]
FAE ATV Qs 71EY ATts@Ees ATEI olyd E4
7IMEY TARES sk QA dHolE WEe] FoAdd di
AAdsith. WA YT 7Pl AHEEE 72 A] FF GaEEs
7hs SR dYstel A&sta yvoprl AsteE wA duEFe ke
g A8S Attt ojgA WHEHE dHolHE Ay Mol duFd
AgForA 7tg T AL g ATs AAlE

Al 4%l 32k A9 ddA A 2AY VIHe Al]kekH,
Aeret dagFel] wiE dAAJ AWy deol FAF SRl
skl AAlS] AR EE v 53], 459 7IMe s AT
=H7FER WHel dis gotrE=E gtk dugFel] oid A
2214 s el Al Asko] 3ak sfa] o2 S

A 5L Al 4geln AR Hed A A AN e
dE e 43 ANwth gueze PFe dst] o4
epel g 94 dolHE duelme Aesel Aze AAa
oF ofd 74 gl B maE ggow st 24He AFS
Fotol duelZ] oE AFL AW RE PFS 14D 2AL
5 WA AAske, ol the AFol o Foln o F



A 2 F AR} o|v] R AL B duEE

s = Feol wet A Al A E EE ok bl Fakael]
2 d540=r FAlSE AL (CW @ continuous wave), 44
T 1o HellA FaeE M7 dE5H 0w FAleke Tk
Wz A% (FMCW : frequency modulation continuous wave),
dQst FIE e S HA FHO AsE FAlste HAaw
2 Uz F vk dA&Kds g g FA ASE A
sl FAAIZE glo] A|EA o w WAbskE WA T At
FellLprt HEElEol A A" FH Aol HEe wixrt 3
@ddo] ok [33]1-[35]. st & - Al <FHIY Alo]o] 1

® 2.1 32 54 vl

Table 2.1 Comparison of pulse characteristic

Chirp signal Pulse

Short range detection Better Worse
Long range detection Worse Better
Visibility of close in target Better Worse
Range resolution Better Worse
Azimuth resolution Same Same

& 35
(Doppler) 1%  Ho]&E o]&3lo] &
%35 (range resolution) = A
AR EAINE Y HAE ARSSHH ot il
Ae7h oAl dile AYa v Fie HEx dE59 golys
AL dolue Far W TVEs
Aol 'Ask7] 91E & H
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A 1-8eA= AAkgr ojwjA el dloly AHEE fst 7]E3F<d
F A XS BdS AHEY g9 2.1 F - FA AlE o] glolE v}
S5x= dElE st Aot & - Al FHUR o]Fofx
dold= dAl Aok L dde uwgt olFstdA  AIE
% A 13 AL A9, XFo Faysk AHolAe] A3 dlolH
F5& 9u|sle] start—stop AP WES o]&sitt nAH X HEA
iZHOg(Z]'ﬂ %/1\:]1'85 Rs= E%Hﬂ ZJI-Z}-Q] "/I'\‘/w\_]_ ‘ﬂj]"f:‘ (Xm, Ym, Zm)ol—ﬂ
EFZl O] A= (i, vi, z)E AAST. B =EoA OFs F - ALY
Algrde T o]dAl HEM (ideal point target) & 7|5 O =
xdd

Z
A
"""""" — =
E >Y
i target @
scene center
(xm,-vm,zm) ____________ REREREE '
scene region

X

% 2.1 "HolH 55 9% AlAY F4s)

Fig 2.1 System configuration for data acquisition



F_va -

F start

a9 2.2 Fuba Wlx A5
Fig 2.2 LFM

228} #o] AgHor Fugrt Frbe AzE AY
Ty Wz A5 (LFM : linear frequency modulation) << #
(chirp) Alzetn% EHH. 3 ¥]&(chirp rate)> T3 theZE3
AEF719 vE Yepdoh O F T35 A 7RkelA Y F4A A%

A=A Faes A @D 2

a(t)zzn[th+fc—€;) (2.1)

.
2
foi
1o
oy

A AT = ok A (2.2) 8 #ol xHEE < Stk

s(t) = exp[— j ch(t)} (2.2)



s(xm,t)zzN:ai exp{—jZOJC(t)\/(Xm—Xi)ZeriZ}FN (2.4)

(X K ) =4y exp[—jkr(Ri —Rg )] (2.5)

grel Ble] EAS: A%, A @49 gol 7 uRle d
Sk 3
H

.
Foadvh AR nAE A8 A
©
=
2

¥oets 2 (252 F9A =y
aH s Ane(k)Z vl 93
o] th=  HRA}(multi—reflection) =
T aEskA ket

F



2.2 AAg} o)A dugE

o oAM= AR Bl Faka gojolM o] giaAel ojnd HINdd

T QA I AR Mol farglFel thel dopR A g

221 3% FAH

Al HolH

range IFFT interpolation ]

r
b
7

HAF =2 Back-projecting ]

0¥ 2.3 £ AP 2AE

Fig 2.3 Block diagram of the BP method
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R, u ‘Jlk‘An_I '?‘le I, w: r—Ll}%l -?_lxl
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R2 % ___.:‘_: _________ _':\.'I

% S[Rz,fll

® .

x p

,/",S[R_M:II]

Ry«t%"

s[Rys In]: Ry =4 RIKI0IA 7, HAZ2E A2 H|0|E

a9 2.4 333 GAF HH e VI =
Fig 2.4 Concept of the BP method
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3 GAF W gt AdEs 19 249 2k 19 2.394
€ omkel o] duFe  sARe Adsle]  FXZR]
H (analytical method) &2 AwW3lax} stt}h. =41 o] &= A
€ 2 (2.5)F ARESH ofdf 2 (2.7 Zol A" W] o
[FETE Ao 58 A 82 AR dodelxe o3
HAIHolER FA 91X 2 A Fi oM e HolgE F4Al 1A

2 A 999 dHeleze] Wk WA AAEH

s(xm,yR):js(xm,KR)e‘krdekr (2.7)
thSogE AZE gdore] HZE AALS AAST T3 JALES
Hsl Z g A A HA kel AE WA FAskaL ok 4

(X, Y'r) =interp[ s (Xy. Vg ), ¥'r | (2.8)

ZAZEe] 914 HEE

b

dshar

d ol olux AelA @
ApEe] gow EaC
SR AAEe Agad A (2107

IM (1) =[5 (X, Iy ) dx (2.9)

IM(IN)zis(xm,lN) (2.10)



1S T3 A} "WHS EF o|uAE & sy

ER!
o 52 yehd olth obg?, 19 25% ¥ MEES
olgalel @& AN HolHE FF A el Agsel g A

X 2.2 533 G WS 9 Al EYolA W

Table 2.2 Simulation parameters for BPA

Fuh Xtlel (8 GHz ~ 12 GHz)
Zhss MZ g 100 MHz
AL AN = 0.0375 m
4 AT Aol 0.7 m
S ERES 0.01 m
EZL 91 A] (0, 1 m), (0, 1.5 m)
AAHolE A7) [71 by 4011]

Cross range

0 0.5 1 1.5 2
range

a9 25 7 GAF RS o] 89 AHE olmA|

Fig 2.5 Point target image from BP method
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range

- 1
A 0.9
- 0.8
A. 07
-1. 06

. 0.5
0. 04
E 0.3

’ 0.2

0.1
03 02 01 0 01 02 03

Cross range
(a)
I
.E -
4
%-:a 2 .
0
, :
4
45 4 05 0 0.5 1 15
Cross range
(b)

9 2.6 % A S 3 4 Ay dolg e owA, (@) O,
(b) cylinder
Fig 2.6 Image of experimental data obtained from BP method, (a)
‘O’ , (b) cylinder
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222 A Ho] ¢1F

#A| Hlo[H
cross range FFT {  matched filter ]
2D IFFT = Stolt interpolation ]

a" 2.7 A" Ho] dugE oAE
Fig 2.7 Block diagram of the RMA

WA, A W Az Fug delolA HolEHZ W Fus
W Az Fog geowe WAL S8 54 9A Wl UlF FFTE
A olel t# $A7 AL ofg) A (211D P B =FoA

stationary phase) [75]—[77] WS # &3}y AAbstt}, PSPel tfst
del= ofdliet 2.

s(kx,kr)zjs(xm,kr)e‘j"xxmdxm (2.11)
< Principle of stationary phase >

F(Ky)=]. f(X)e"dx

a
f(X) : slowly varying function

o(X) : changes by many cycles over the interval of integration

> AR T el R g FAED 1Y Aol gt
: -11

-

12 A =1



7HA 1

32

o(X)
dXx
1. stationary point pX)= 473t}
2. A48 EAEA A& At

=0

A (21D Sl dF® PSPE ol&ste] AAEH=H ot A
(2.12) ¢} o] WA Az 174 4 AHdS wel ddd vEs 53l
AAbgh,

X+ K
m——kxxm—kr(Ri_RS):O (2.12)
dx,

ge A (212 e A (213)8 o] AxrEo] A},

Rok
X = ==X (2.13)
k2 —k

r X

1714 Re= ofell 23 2t

2 (2.13)= T3l o4 1 AH xe= A (2.

(2.1D 9] 1 A=

rr
Au)
mlo
1)
iy
o
)
Au)
e
4
fa
LS

Zs(kx’kr)z_krRl _kme +krRS

(2.15)
= —k X —Rg k> —k2 +k Rg

d Al dlolE o] A1 A s A ol Qlof A
T %S vAY Uy ovA &

WAE Fatel 7] "o 2 w=EeAes AEe A7 disiA
13 A L) ¢



A A Qe

s (ke ke ) =[s(ky ke exp[ =i 2s (ke k) ] (2.16)

o

lel wel FFTE AArst 4 (2.11)& (2.15) 4 ndd gis
sk 2 (2.16) 3 o] %3=E 4 Ak

FHAZE A HHPS FHAst 12 HUdA =4S
g g Y e 2 (2.17) 3 o] Ao ElZle Jgs Hbx|
orom A wel EWslE HE RS AFEEHA )

¢

o (Ky Ky ) = =k Rg +RsJkZ —kZ (2.17)
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Table 3.2 Simulation parameters for estimation of target distance

Tk CE
T MEY 100 MHz
A Y= 0.0375 m
AL 9] (0, 0 m)
S AR (0,1 m), (0,1.5m), (0, 3m)
B A 1m,1.5m,3m
SNR 20 dB
3.4““% — & —
p i MUSIC
3_3.......: .................... ,..: ........... ©  original target []
T e T .
S e
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Fig 3.6 Estimation of target distance from MUSIC algorithm
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Table 3.3 Simulation parameters for estimation of target distance

Direction of arrival [20, 50, 70]
Frequency [7/3, n/5, m/4]
Sample 200
Array element 100
A 150
Element spacing M2
SNR 20 dB
I:I T T 1 T T T T T
A0k s L a
g R N
E
Moo 80 w0 40 20 0 20 40 60 80 100
angle Bidegree

% 3.7 Zste 74 dagFo2E DOA 73
Fig 3.7 Estimation of DOA from eMUSIC algorithm
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Table 3.4 Simulation parameters for estimation of target

distance

F3t e

Z52 Mg 100 MHz

Ae ek g e 0.0375 m

T4 91F (0, 0 m)

EFZL 1A (0,1 m), (0,1.5m), (0,3 m)

EF7l A Y 1m, 1.5m,3m

SNR 20 dB

ES T T T T T I 1 | I
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Fig 3.8 Estimation of target distance from eMUSIC algorithm
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Table 3.5 Simulation parameters for verification of transformed data

T Xt &
T AEY 100 MHz
A = 0.0375 m
FAL 1A (0, 0 m)
EFZl 214 (0,1 m), (0, 1.03 m)
SRARNE R 1 m, 1.03m
SNR 20 dB
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Table 3.6 Simulation parameters for close point target imaging

T o4 X4
T AEY 100MHz
A Y= 0.0375m
g Tl Aol 0.7m

A 7H4 0.01m
EF5l 9 A] (0, Im), (0, 1.03m)
SNR 20dB

Cross range
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a9 3.12 A HlolHe A Ho] ¢aglE A&
Fig 3.12 RMA from raw data
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Table 5.1 Simulation parameters for verification of the proposed

algorithm
T Xt (8 GHz ~ 12 GHz)
Fokr HEY 100 MHz
Agrek A= 0.0375 m
&4 AT Aol 0.7 m
R E I ES 0.01 m
EF7 9% 0, D, (0, 2), (0, 3)
Al dely A7) [71 by 401]
SNR 20 dB
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Fig 5.1 Application of simulated data for RMA
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Table 5.2 Evaluation of algorithm
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RMA
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Table 5.6 Evaluation of algorithms
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Abstract

3—D Microwave Imaging Based on
Adaptive Range Cell Focusing
Technique

Yong Sun Cho
Dept. of Electrical and Computer Eng.

Seoul National University

This paper describes the 3D microwave imaging algorithm and
analyze the advantages and drawbacks of existing time domain
approach and frequency domain approach. So to overcome the
drawback of these algorithms this paper proposed novel imaging
algorithm applied adaptive technique. Analysis of the algorithms
start from 2D to 3D analysis.

Firstly, we review the BP (back—projection) method as time
domain approach and present the drawback of this algorithm. And to
improve efficiency that is a main drawback of the BP method, this
paper suggest adaptive technique. Next, we review the RMA (range
migration algorithm) as frequency domain approach. Generally,
frequency domain approach has the advantage in respect to fast
operation. However, it has drawback in respect to calculation of
interpolation in algorithm processing.

In this paper, we review the existing algorithms. To improve
quality of the final image this paper suggest application of enhanced
MUSIC (eMUSIC : enhanced multi signal classification), that is a

kind of super—resolution technique, as weighting function. Then, by
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using the transformed data to RMA and comparing the result, we
identify the validity of eMUSIC weighting method. In addition, this
paper proposes the RCF (range cell focusing) algorithm that omits
the interpolation processing and compensates the phase by step—
by—step at each range cell. Because it decreases the efficiency of
operation time this paper applied Monte—carlo theory as adaptive
technique to RCF algorithm. It can be named ARCF algorithm.
Firstly, we used simulated data to verify the proposed algorithm.
Through the 2D imaging from 1D linear scan and 3D imaging from
2D scan, it verifies the efficiency of the proposed algorithm.

The experimental set—up consists of positioner, X—Band double
ridged antennas, and VNA (vector network analyzer). The
transmitting and receiving antenna collect the raw data. The targets
are consist of continuous and discontinuous targets. Hard disk, drill,
and tumbler are used for continuous target and alphabet model that
consists of metal spheres is used for discontinuous target.

From the various experimental raw data, the validity of the
proposed algorithm in this paper is demonstrated. We expect that
the proposed algorithm will be the basis technique for 3D real time

microwave imaging in the future.

Keywords : adaptive back—projection technique, adaptive range cell
focusing technique, back—projection, matched filter function,

microwave imaging, range migration algorithm
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