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UAV SAR Target Detection Modeling Using STK
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ABSTRACT

In the modern UAV systems, the role of radar payload has been increasing with its unique performance of
day-and-night operation and see-through capability over hidden obstacles. Contrary to the satellite
reconnaissance, UAV is expected to provide high resolution target detection and recognition capability while
frequent flight missions would deliver enhanced SAR image and local information over the target area.
STK(Satellite Tool Kit) is a professional space-analysis software widely used in all phases of a space
system’s life cycle. The simulation of STK is efficient and accurate relatively. In this paper, the author attempt
to model the UAV operation and measure the expected SAR image quality. STK(Satellite Tool Kit) is
employed to analyze UAV operation and produce SAR raw data. A SAR simulator is developed to produce
high resolution SAR image for various ground targets.

LA = 24 ¥4 (Detection) 71'5S AAsta 7Tl o)

THSAR)E B3l A|olsxdS sy 5%

2 2o Ahabslol| A A2, AuAlsE 148 Aus Aow dAdsts AlUE|oE Fo| A
Holl wpg} vl A2 AU} wao] o AE] L2 icia=
aL Qo wepA AYERFeR7)ek F-1EE 7 (UAV)el STK(Satellite Tool Kit)= AGIolA THE] A $-F4]
gt Fdte] Fa3t HAZ 7k Ha itk UAV A 2® B AT Eo] N 95 J oA 9]
4 HHol A ®E TAF HHENE oldet HEF, Zeof UAVY, PIAKY, Flolth 5 SIS Mol &
olF B4 54 % UAVY &% w3k I Hert | FHoz ﬁﬁlom A5 Ae TogE Bolg
oA AL = FALh [1].

£ =EolAE VAV Feolthe] 7Hg F=ast 9 T3 §4, Y, &, 59 BT AlxE
x Sty SF AT e YA A FAIAI 28 A4 (caseh83@hanmail.net)

o BTty FFAAGREA

=S =0902-03, HEYAk 120099 119 13Y, HFAA=EERAA 120099 12¢ 28

12



Aoe) aAE AY AES YAstel TAL B
sha sk el o) Mg Fa Bokd
Aolut AR B 9 ), 7 5o 7]
A 7o)} Folol AlFLA B YL B F
= He Aol AREAL FAO AAFAY A
2 o

Aoto] o] Wsk daks & 5 T3]
SAR(Synthetic Aperture Radar)® #*|3EWe] Ej

94 548 #5351 94 ol 24, Doppler &3t

£ o] &3tomn e telyt AHA 9] a =R 5

=
= A EE S 5 ATH4AL

SAR(Synthetic Aperture Radarn)= 5215 <)o)
gojth 2o s Aesle] G @ AIARE =3}
= QAR A EM goltke] 23 W eldl wet
2EYW(Stripmap), 2=ZEFo|E(Spolight), 270

(Scan) 37H4 R=g ) 2 odTe] UAV
250 &85 SARE TEolu Hlgh e 7
p Aq-d
w4 doltkE A UAV olelell 21E9
g Ao = g E o] 853

2 =ollAE STKE o83l UAVS] 25 A%
st AA CERRIe] AR A whE 3744 BE
2 7P Adeles AAR ols Ed
AER(Azimuth, Elevation, Range) #t53 SAR A&
Elo] RDA &arg]sel digieheh =3k v X
o] STKEYEH %

o
ox, ob

f
oL

ne
0 O ro ng

F,
L

BE FHstn BEE A8 G APk e
HolT) AR 92 w3l AnE BAls) Bt
m.E 2

1. STK UAV SAR A4 A

B oo SAR THES 98] UAVe] AlAE e
Ak Ao SAR AAME Holtte] =
Wl waEl  AEWW(Stipmap), =Eko|E
(Spolight), 2=71(Scan) 3714 R== F=213ic),

oz we A . ]
ek ejshy] web AEYY, AgteelE &
R AgaT A BAL AW A el F
ol UAVZE 88 mdz Age, mede
e 2717 ) ko] AR AL 2Azke] SAde] U
A e

H(Terrain) A3

STKellA A& AAls7] fAaiA = AP FHo
gk Euls 2kar glojok gtk STKelA ARS8k
APAHR XL Imagery visualization®} Terrain
visualization 27142 F-F-¥TE dA}e] 9= Ayt
Ao ARgE= 2D, 3D§ EHleln], ¥ STK
a-2] 3D& EHo|).

a9 12 STK 7P AldeEl e A 3 F A9
AR AAE YER Flolt).

=

2l Imagery visualization&- ©|

£33l webd AES vher] Yl AHR & XS
=

=

L2

iy
2
S f

STKelA AH&5]
#u}.

32101 JP2L} PDTTHE

1.2 STK SAR Stripmap ==

~E YW (Stipmap) REE HS Sotoldgr]y
WHog v dukdg oz Mol W F dlfo
[5]. ¥ =Rolre= Al ElICE Complex ConicS ARE-
th Al Angle®] 7Z-9- Alghe Fo] WIS AAE]S
3 0 ~ 10 deg® A A3t} & 12 44 Pointing EF
& HERH Aol



EAAGFFAL AT B =EA A4 A2

3£ 1. UAV Sensor Pointing Type

Pointing Type Fixed
Orientation method | YPR angles
Yaw 0 deg

Pitch 4 deg

Roll 45 deg
Sequence YPR

17 2= STK UAV Stripmap SAR Z.=of ot A
ot} ofgle] ¥z} o] Pointing EFYS FixedZ
AA3lH, SAR Side viewZ AA317] 98] Ral 3k
45 = ) Stipmap SAR EE2 735 98] A4
2k A A WeF BAE 457 = AR E

g,

it ol

1% 2. UAV SAR Stripmap =

ol

— Sy

9 3. STKelA &3 712

14

9lo] 1% 3L Stripmap SAR FEE STKE 78
Al BxE AATEe] AR dlol"E YERdl= 3o
t} Al 243 9 Pitch AngleS 4° = 7] o
ol 19 37 e Aty Zloln, o] o
Pitch Angle<- Squint Angle®} 72 Zlo]t}.

STKEHRE FE3 W HExE Ay AHHRE
vl o 2 MatlabS ©]83le SAR Raw Hl¢|HE A
At o)y WhEe STK #Holt &9 Algh
H AsE AL o] W AdE Raw H|o|El&

1% 49} 2,

Painl target - Migrilude

Aimudh tine [sarpl]
o
=

110 -

I 400 G0 0] 190d 1200
Rarge lima [samgia)

1% 4. Stripmap EE= Raw H]o]E

1.4 STK SAR Spotlight ==

o] F& G5

2 =2olAE Al EFY)S Complex Conico =



STKE o]&3 UAV SAR ExE ©A7Y

Angles® )

Spotlight SARS T-&3}7] A3l & A& s
WAL =5 Al E3k AR 5E UALE Yo

o AAE ZHEFIERE Ao AFHTE A e
olzle] 18 5% STKOlA2] Spotlight F.= ;L
Sk Alube] Lol

olgle] 13 6& Spotlight SAR R=& STKE
d Al BEE AlMZEe] A HlelHE yehle
Zolt). o]g A dHlo]ElE SAR Raw H|o]E A

B o 0|83 5 ek

9 6. SIKelA =

& 79

TF 7 S Ak WY AR STKER
B FE3 A diojg s nEoE Matlabs ©]-8-3}
o] Raw tlo]El& A4 Zlolc.

[Pint Targat - Magritua]

Agimulh ling [samph]

200 &0 G600 BOD 1000 1200 MO0 160D
Fange tima [sameta]

1% 7. Spotlight 2= Raw ©lo]E]

2 STKE o]-&3t UAV AlUg]e 4A

w0 Ex R gt SAR AlEH A FHS ¢

3 WA, STKE o]&3le] UAV 7T AlUele s =
Astt) Aol st UAVE] = 2 AlME st
a1, UAVe] 55l SAR Al E o]g3le] Al uj
& 2 FYFES WA,

21 714 wag 47

UAVZ} EARxS A=slr] 9)s] SAR AlAS
S ke UAV7} Aot (S dolAw =

A 9143}
o7 A%F

g5t BRE A&
g}, UAVZF 852 9
¥ SAR AME o]gsto] FRE :
Al 2l E A7) HsliA] did= el
=gk Qloje] A 9GFE B ARES A
o2 ALl
of diglk SAR HixA AlEHelA
Fe437] 918l STKellAl A4 UAVS] AlA| e} Bt

21t deolgE FEehal, SAPAE S A

9 ERE

22 UAV 3= 474

19 8. SIK UAV 32 A4

STK:= F25 AAgel gl F 74 s Al
Tk A WAlE fmet Ak 3 ks FAR
e = ola, F WA= 2D % 3D el
ol vehd A= 9ol ERIES Aol Wiolt;,
UAV 25 AdAshs We Adgsel slojr, 7t
Zre] b m i AlREe) el mhet oy
& Agshd ok webd 2 Ade] e s B
AR RS 8 AR AAE A T
g *d%H UAV @25 A3t

.ﬁ
N

H 2t gl

243} ol s

15



=A A4 A2

Adel We nwE vekdd. 2 AueedAs
S uavel M AR gig oE A 9 1w
= olzle] 12 99} o) ek,

a7 9. UAV =2 AA

2.3 STK 2 4-E]

SAR target AlE#lo]AS 3517] s E STK
Algdold ARERE HolEE FE3|oF gt of
g 2% 102 STKelA UAVE wlgZ =9l AMAE
MAG ] the] BEES Bx|ato gy AY 2 gl
Slant range, Elevation angle, Altitude o1& S e}
W Aot

FET dlolH

Slant Range

Elevation

9 10. STKE B3l 53 = & dHoly

=

% 112 o3l Uidk wES AlREe] ®iglel ot
g 2 =Z2 1dg Zlolth Azimuthe] Az
ke Z2F 400 ¢ 130° o], Ranged] 4=
3.60Kme} 4.50Kmojt}, L3 2 AlEg o] dde
Elevation®] 7d-%- Azimuthe] W&ol W& SAR 2%
A GAELS AHET] A L ogkE A dF
& 18" ~20° = AA3I)

g

16

e ke g b gy 804 ol 8- my b1 Lot

- [op———

213 11. AER Graph

2.4 #o|th % d(Radar Image)

ok AAI%F SAR Raw EloJE Q4 ARES Fo
2 gEaby] fsiAe Hxe] 9 A 7ol 2
fait), B =R SAR AlEAEE S8 BA
%o & Al4-%+= RDA(Range Doppler Algorithm)
= o]g3l FF HeE FPITh

241 STKE o] &3t SAR A X3 A EY oA
=) ol Ulg SARS HxH AlEH)AE

Fa3l7] Qe STKAA AA S UAVE AlA et &

RE dolHE FE3} AAl UAV SAR o7

AL
AA W BAe ug 2R @_4*:-% wregso o
o wHEel 4

H =R A #oltt mEo] wWAgE WS-8 b
o] STKE AH&-37] wiitel MEq4e] A5E &
3 F7t2 dad mebE f4gs vk O}EHE] %

25 SAR AlzAgle] o A
Parameters-2] A4 ko]t

3 2. SAR simulation parameters

Parameter name Value
Radar Center Frequency 94
Azimuth FM Rate 131
Synthetic Aperture Radar 0.85
Doppler Bandwidth 443
Azimuth Sampling Rate 600
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3 3. Link Budget parameters

Parameter Name Expression

Bandwidth Bir = (1+ p )Rp/2

Signal Flux density UM = EIRP/(4 1 R%)

Signal to Noise Ratio CIN = Pr-Py (dB)

Received Antenna Gain  |Gr=47 nA/A2

Pr EIRP+Gg-Losses
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