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" Digital Beamforming (DBF)
® Multiple-Input Multiple-Output (MIMO)
* Nyquist
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' Synthetic aperture radar (SAR)
" Ground-Based SAR (GBSAR)
" Frequency modulated continuous wave (FMCW)


http://dx.doi.org/10.52547/jgit.9.1.21
https://dor.isc.ac/dor/20.1001.1.20089635.1400.9.1.5.2
https://jgit.kntu.ac.ir/article-1-815-en.html

[ Downloaded from jgit.kntu.ac.ir on 2025-12-13 ]

[ DOR: 20.1001.1.20089635.1400.9.1.5.2 ]

[ DOI: 10.52547/jgit.9.1.21 ]

<039y I3l e3lobn S > e Uil ol Gy

UlSa g G Gaoliy S

69 (Sl =Y

G310 ek 53 3 90 (5595 (Sl 4 Cond (1

adolas ool o3l 0 oo (s)l0]) sl JUS

"o Ol Ll Ao 0 et jslaiedy Il oul]

o ey S oY (SB3ln Jolpe casll 09l

Er—an aije, b, pls JuKw 5l 5l pga

g Cale 50 09-B Ol MIMO (53l b (s

“JFlas 5L DS Gk Sl alulr Sk 48k

g Gl (b

Hloly (owle! doleo —V-Y

oz S 0, Shoe oy 2 by Pk yo 0)l5en

S o gl ) age L2l sl] alolas ocs o),

sl szt glim aled oy bL3 | alolas ol 4o

55 ol Sl Bon 5 el Lo

by ssimins lawgs aiST LB oy yiien (1) ala,

adoles oyl dan 4 0 o oyl calizh Bow (6l |,

Dol sgi oo ai8 55 o, bl
NPG G Ao

) (47)°kT FB_(SNR) L

4

R

(Vakl,

max

A 53 0 )lse (V)akayl) 5o o eolaiwl o5dle
Syl sl b ol N

Sy axly o ol a5 Py

8,0 5 Il 5T 00 o5 s G, Gix

Sl g5 Jsb 4

(oo yo axlg) Haiae Baa g oy alais xlaws 0
oyeydg <ol k= 1.38 x 102 (J/deg)

5 lastiwl gles :To

BEPHRRE

5288 3k slge Bo

AL e 53 5235 4 JiSim Can {SNR):

e BB o 5 il

i o Rimax

- Sy ol sl plos o bLa (V) akaly (o
or Ol 0ed oo (ol I3l eizmin Sy onis

Sl L g b don jo oYL Conl ddayl, oyl

Py

e L5 00,5 e el SHLSG Jo) 5l el
= Pl slegiegn ;0 09 b )l )l p g
3o s MIMO e Ll 5 5 Uy laaibolu
Slemieany VY VY] 0508,5 8 me 00,08 (5 K>
(oot 9 (ol by abarng alols Jls
L g oos S ol Fogoaniwd sl F 5l solanl b
B RIS a4 00,28 6 K> Sl S
NG U R}  EVORUACIONYS [ COu SRR P SO TN
Slaed an 5l Vb 6 SSE 4 oy sl (Jl>
i wilgi o ol (nl oS el (gl (slo o]
o dm adlie ol 5o gycnl 5l ogd ansa I
Sl oy, 3l eoliiul Ly MIMO 2l S 5
S yropdls b 595_se ax3s 3 (MIMO GBSAR)
St Gloy 32 pogese sliwly )3 Vb (6 p Ay SSE
Sy 1y 5yl pgal £ 9 (R ) 5lid 90 slapls
lolowr S0 dnsogs 18 ot Jol o ahox jlapisy
3 albs T slacllé g ool )l (o) 52U
Oyl 5 Bace g yen!l 51 VT el g5loacs lae
Gl i)l s oo e 5 dnmst allis
dng jolaiedy (egian L9 (5510 ppgal L MIMO
Ll g3lwas e ;0 MIMO GBSAR aslels
zs=Jsb LMIMO Jlol, S slo el )l gl
-SeSas Blad ) (SSbSe ) 2 )l 5 6 ks
@bl Geess 5o Coles jo g Slaal wiS 5 sy
"= B L)l g s 90 e BN g, L
28

Sl ¥ e el g8 oo dllie on la i
ibn J=le g b)) sleaible 4 bgy e (55955
5 o= JoSi5 j5-laieay; MIMO GBSAR JUSw
sloyeb ¥ jise 50 a8 oo gl 1) lml> (b
e 99555 (o0 1B (s 990 (Ol alols
5 Al abelr b g ol neas iluand s
Al pSami ¥ Gidy )0 aleys Ngdso (o)
20,8 oo


http://dx.doi.org/10.52547/jgit.9.1.21
https://dor.isc.ac/dor/20.1001.1.20089635.1400.9.1.5.2
https://jgit.kntu.ac.ir/article-1-815-en.html

[ Downloaded from jgit.kntu.ac.ir on 2025-12-13 ]

[ DOR: 20.1001.1.20089635.1400.9.1.5.2 ]

[ DOI: 10.52547/jgit.9.1.21 ]

s, =exp(j2af_(t-t,)+jzc, (t -t,)")

abaxd 5l rgo S > e AT g0 b Cle
005 18 o 4y S8 3l g Bl 4y 0,95 0 b L)
uLwiv ‘) o;.\...._..u)ﬁ 9 od_u)..f U"’J u...d}a )f‘ !
(F) adaly b Jolbeo td Gloj b jlaie o 155 5ka3 50
2R
t,=— (Falal,
C

210 C g odiziw U Gua alols Joleo R (F) alal, o
Loty (8l JUKw [ 05350 Slaal g5l ,IS0]
o=l b 9,8 e Dygo o (g5lmen pid s
Syl JuKo b 8L 0 JLSw Au'““J)}S Wil
JEs o ‘JraLmh_,’_.loc\_foH‘ssz)_u
o Sl Yo s JUKw 9 00,5 o B> 8L,
@) alaly & ygay oo S dloles 1Al 2,8
20,5 o0 Ol

s, =exp(j2z(ctt+ft)) (@)l
aS Cul cd_..uu)?ué JL&MAJ ).i.!l.u Sp ((b) @‘) B
- 488 35 Mo L Sl JUK ol 4 bl
Dgd

S (6 5lwon 8 il 3 leges FMCW slopinews o
ilas 1) FMCW ol s S Jolase [z
.b_wﬁ.i u.dl_')o Jbi_w i) U_" 9 RO (o
- oS (Pl JiSws 3l ases S LY Sl

¥ Range compression
® Correlation

* Matched filter

" Dechirped signal

* Intermediate signal
* Beat signal

" Mixer
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' Chirp signal
" Sweep
" Chirp-rate (slope)
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Abstract

By increasing the applicability of ground-based SAR (GBSAR) systems in geoscience and remote sensing, the
development and evaluation of new systems have gained attention. GBSAR systems can be utilized for
monitoring areas that are hard to or cannot be seen by the airborne or spaceborne systems. Furthermore, they
have better spatial and temporal resolutions and are cost-effective and easy to implement. This paper develops
and evaluates a GBSAR system by combining a multiple-input multiple-output (MIMO) radar and mechanical
linear rail as a synthetic aperture in azimuth direction (MIMO GBSAR) in a simulated environment. The
considered radar sensor consists of two transmitters and four receiver antennas, operating at the W band
frequency between 76-81 GHz. Azimuth compression consists of two main steps: MIMO beamforming and then
compressing all gathered signals in the azimuth direction. According to the simulated results, the proposed
MIMO GBSAR is able to improve the azimuth angular resolution to 4.9 mrad, compared to the 400 mrad
angular resolution of the simple MIMO radar. A monostatic radar sensor requires 920 steps to complete a 0.9
m linear synthetic aperture, while the proposed MIMO GBSAR requires 115 steps, which implies a faster data
acquisition rate. A simulated experiment was conducted in order to evaluate the interferometric capability of
the considered sensor. The target’s displacement rate was considered 0.1 millimeters per epoch. According to
the results, the errors’ amplitude was smaller than 1.5 micrometer, and the average displacement error was
0.32 micrometer.
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