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" Digital Beamforming (DBF)
® Multiple-Input Multiple-Output (MIMO)
* Nyquist

by

S0 Slelbl (59ld | wdigo — pole oy ks

100 Jlgs @ s o lols @ pgs Jlw

doudio -

oalaiSlil sbys,gld alex 5l (g)lol) 5905l o
5 e Plawe Jo jshaieds (o) il aie) 5o
G L gyl 5 50 ] el s e
S Rl g ool Hesslrarinn seo )8 09 38l5s,
e dilols &l ase; o Gldlas (g,0ld pl @
ol 00 ,Slany ol8l 55

g 0 plan gladlolw Logas (5,10l ya03l yiomiw ;o
Ey—ae 4, yloly 3l ol jemay (glojlsals
o=l Lo Lo 1) (g yiias Cwdd g 0,5 (SARY)
Ay, )y sleablw , 3 slaJlw )5 o>y
50 aS ool cdeds (GBSARY) o) (Loas
W yls 00,3 sladlbeln ple slacosgame >
Jlis olseas [F 5 ¥] wilos Sla 1) ool Sloags
agly sloslgale L o plsa slaaslols a5 ablis ;o
L GBSAR bl 3l g e ca)los comlin 00
shls Loges Ladilels cpl .0 10 140 cowlin 6l
(S 5 S el L w5 ool 5L
S8 dm az i L cnlpogdle aigh oo aile s 5
-oolaztl odizmiw 0o s slas p (sl o] saee
L awgn sla LK 5 Yo oxe GBSAR o ool
4SS 0S  ooliiwl (FMCWT) _wils )5 Y goe
5 09 e i Slasl 5 di 50 ol GralS el
4 ools A5, el S (GBSAR sl S5y ;500
5 yse el S ol el el S| 55
gaicely Ahagey ol |y 2 ol b 3blis
" §Lpodls (o (owgien alS wle (nlpgdle
51 e 5 e 3 £585 | 6Tl 5 e
L7 5 0] 5800 5101, (2

- i 0,8 10 GBSAR dilelw st drwgs
Oz o] lawgs aS 30,5 00 1220 Lo 4y 905

' Synthetic aperture radar (SAR)
" Ground-Based SAR (GBSAR)
" Frequency modulated continuous wave (FMCW)
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¥ Range compression
® Correlation

* Matched filter

" Dechirped signal

* Intermediate signal
* Beat signal

" Mixer

S0 Slelbl (59ld | wdigo — pole oy ks

100 Jlgs @ s o lols @ pgs Jlw

BUPEERLIA RV PEP A N P VE SN WV SN A L
ol sl el (oeles ol osizin cle 5 (AL
5 005,58 sla il oy Jud 5l ol doles jo 00l
iy i s s e
Sl olss 5 ol zoe Jsb ngh wb sl s
bl i OlgS o Az yd AL pylas
potae s bl haie mhaw b (Baw S )0 otz
Dgad dolxs |

(832 gLl y) Hloly JUSow (o310 5 -Y-Y

Loy ol Opgar Sl o ) (Slakee JUS
SrJiSs 55 330l o 55 355055 s
Slapiars sln 1) @i glocabl 50,8 s
L gy JuSs Sl oslis ol 5 20513,95 5 (5o

s bl pgh dus odiiw

S Lo 5 o500l 5o (iS58 (¥ g0
S sk 5o (il 8 dgan JuSws 4 sl Jglace
Los oz Juiw bihol @ ploj Gae 4y gl
ool By JUSms 50 05 e AL T g
U fi ool s 351 b 5l (ol & p9m JUSs
adoles (V) dhaily ol o5 Jb 50 fo SLL il )8
Ol [y b Gge¥goe LFMCW Lo )| JUSees

A s
s, =exp(j 2zf t + jact”) (¥V)akayl,
Sl fo o Il i Sl sp (Vatlal) 5o
e () £5 55k 6 (03D Jol> (S 8

.. -, tel0,r o
)% i oy psite ;Silo [ ]3vw15)5

b b e JiSw B g (il 8l )l
G (80 5k JESmw i o 5l (g0
o)) JUSs alolas aslioe gladal,  JTony] el
2t o5l S Sglis ol L o((F) alagl) ol
[ve] colazat

(V)alasl

' 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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