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Challenges of Inertial and Integrated
Navigation Systems in Synthetic Aperture
Radar Application

Navigation errors in synthetic aperture radar (SAR) applications lead
to phase errors in SAR echo signal and image quality degradation.
Among different phase errors, zero and first order errors have no effect
on image quality, while second and higher order terms are very
important. The majority of second and higher order phase errors are
due to initial alignment errors, and bias and random errors of inertial
sensors. Integrated INS/GPS navigation systems are used for solving
this problem. However, discontinuities in integrated navigation data
lead to severe SAR image quality degradation. In this paper, the effect
of different navigation approaches on SAR azimuth impulse response
was studied and the importance of specially-designed algorithms to
integrate INS and GPS was illustrated. Then, the proposed algorithm
for navigation in SAR application was presented according to
navigation errors behavior, and its benefit in azimuth impulse
response, and imaging quality was illustrated.

Keywords: Synthetic Aperture Radar, Inertial Navigation System, Integrated
Navigation System, Azimuth Impulse Response
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3. Tracking Filter
4. Damping Loop
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1. Synthetic Aperture Radar
2. SAR
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3. Autofocus
4. Strapdown
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1. Range Cell Error
2. Phase Error
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1. Extended Kalman Filter (EKF)

Cabge Wlg5 oo (il ol s w5 ol &
Yo gy bl S dhwy S gpSiar 5 e
sl w) bt (ol bl JSiie Lol LaGS (g8l
o35 e 3wy ol el ooy b bl peess
o gli (weds )3 o g 4tdh 2929 iy g Cusbse
3 eoplplo ol Sglate bl i) Fp N ym amd e LS
4 0,8 slatel wyul ol i & e b el
SIPIFS L g Cad Ol sl ot S ST ogas

g odlauel MEMS
st A B ol gl e il sl S
2 deloly Job a celw cpiin Cul (Sas (g)ld 55 0
€83 3 )l 5l soilgr Wlgs ced (cw iyl 6ol chalpd (il
Sl J1olil (plply 8L Cuadse s
S90S slpiianns () yioko Cawl (£)g 08 (5250
Sl o5 4230 b ilgn Sonliw o 5> (o ped )
kel Cpyyseie a5 aib e (GNSS) (clojlsale (59l
SoS dluwy S Glgie & GPS l eolatwl .cwsl GPS
Gl cnlply WS oo @818 |y bajgui bl (o> 5 sl
a3 o )18 HLasl o 1y JelS 6yl wiaw & INS/GPS



(Lo cuilanly)

b e 9 0,0 3 (g3lIdgenme (£lpx ag

Sl 2 S bl g adgl kulps glas 5l 30
Cosl dw &5y b yho a5 ye glallad I (o goome )l lg 0
Oloj & Cad pow d2 3 lalarsir S L) ol Glgise g
=5 ol

¥ USS 0 bl cananes b s mle ol duglis
P e S ol Gpb Sl & e ol
pyal CaaS bas gl Lol o)l Y (uilS )8 sla g S0l
S Bl b jguitnr xS wbl g gl dgli (e 2L
5 p9° &5y0 3l ol oS8 slalad oy 51 Sl 1555
g Cudye oo (mesS Wl ] Joo 4 (S5l pou
Pl jugal o g Cumbse G Sl 5 o8] Ayl oy
ol g0 bl e YIS STl paal CatS p Jo Cul Coonl
bogSwgn) oobl J1 4 baye s pow d2)> dlox (o
29 e olis ) s 1 SYsb claple) )3 g 03p
a5 & (Lobypga Bjl ylai) obgS i Sloj slaojly
Blas (iSu cnl pogMe Cunl (35 a0 LB Jgese
o b (bl alye 3) sl shnl ) gl bl
Py e Bl g (olwlid (3L

(o pngas o3k) o obisS ) (ol slallas b
gl Ly 4 byje ballas jl 5Sas Jgere j5b @
Ol ilwdnd 9 WS b9y 93 b1y gedge cnl
2) ) geclid fg daw ST e Jlos o805 5108 (o)
> 0Lt Og b ($2 Sl 2 asl jedome  yio can
Spgb At T 5l gy o 51 (B0 s ol slad Jlne Sl ycl
MEMS gwclis o sl V0] cusl 0,T3/2/V/3 4,
aB Ve cae o s Jlds pl gy, = 0.0005 54 mdaw b
Ry ghe S osen g el e le ¥l S
ol 0o b (4l JS3ly 2 gboly ques ) |y @5Swg
& Gy e 3 o] ) o o s Jlne Bl oS
ly g V0] 39 walss 0, g T2 /2T plp wl e 3639
e 46 Yo 5 L 0 = 0.0001 L MEMS s9,15 S0
AD Jlude S5 (gow oy led o Sl VE o4 o
@ poxie 4l Tl dm cdgl o b Jg) dugly 5o a3 Lol
Mao s > [10] 390 5290 slbs y20 40 g T?/2
dx adgl &gl gllad a > o/ o8 b mwslid > (bl Img
Walodl o (65000 sllad o ¥y adb Ve oo

Iy sl slas sdes «(g)ldyyaai b5L > 4l s
Loecnlpl 5 copl pgd Aoy lalrdia SO L lgice
A [Pl ey 2 ol S Ghgy 4 dlsye S 03959
S0l bt OGNS cundlS iy g 1) (g9l i
S g Ao (g5l gl e ;> GPS (glaosls 5 il

2 89U 15 5PNl 59N Y
Sloolatwl &y asgi b [F] gy by b S5 oS wisSjlon
e8I VL il B k8 s 5l el spgb e
ol ol S8 S8 gy cpl bl oy i
Bk el > Cul (e dm Cad Guslie iz )
S >l Gl eyl gl sl A8y ()39
&y iy o9y 1 )8 Lue b pols dlie ) il
@ Pl ol @b s i)l S« 7]
cdy bix ges & gl 4 dedie 0398 (o)
b ol o8 3 sl Gloses 25 plgice Yl uilS )5

D905 oy

ol e 93 4 glgie ) il b las
sl npere 25 SSE Tbolai gl 5 T
oyl g bl gl llyd lad 4 bgye e slas
29 & baye (Sola gl (Sb el bbSus
b el a5l K55 elallad A8l o syl (sla S
DpS e B Cuenl gum clp o leanws
lod 0p I8 g 0j9e dw 0I5 &5l (28 b (pinen
@ bjguits Cud plSin 3 g 0k pbl 0gh 4 bn Ko
5 ool ydlS lalas 5b il sk, by gyl
Soo )l b (Rl o3k e Bl il slalas
orpieS il & WSe Clml Sl bppgal oS
Sl gllad plply WS aps ) S Sl
2 il o294 ol o b YL glaclis o oS oy
23k 4 egycnl Sl el 32 4 o @M (3l sor i
P b slad glie (pyiage &5 29800 dom M
S sl g adel byls s 5l Siie jle oy
Doy dnled il sl S

2 BSus G gl g adgl ulys slbs 55 bgo0
e 3 g2l & Mol gl s Cusbgo el sllad
0y s ppgal g e D)8 3 )l (K &S >
b e Ly s by weits Loy (s o lgan
|y gl celbss 4y bgye laslos 035y by ol 45 o
sbled g o (Sols 4 gylaw cpl .S o ool Hluws
(oot D Cund adel Cogw glad @ 1y gl a4y
2 okl g2 boadg) Lgly slbd @ pe> Lo slalas
onl3 > bl dgzg (o8 glas 2580 by il
s pb s cnlply g aalgs loj 5l pgws d2)> (U 3

2. Deterministic Errors

3. Stochastic Errors
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4. Impulse Response Function (IRF)
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