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Abstract: Using the infrared detector of the STSS LEO demo satellite as an example, the detectability of
aerial hypersonic targets such as AGM-183A was analyzed. To visually compare the detectability of the
targets under different conditions, the number of pixels on the focal plane with output signal-to-noise ratio
(SNR) higher than a specified threshold was quantified. First, the acrodynamic temperature and spectral
radiant energy of the hypersonic target were calculated. The infrared detector model was used to predict
the peak value of the SNR and the number of responding pixels in the focal plane for specified detection
distances and angles. The analysis results indicate that in the sub-satellite point detection mode, the SNR of
the focal plane reaches the highest value (335), and the number of responding pixels with SNR higher than
the threshold (6) reaches its maximum(54x54), representing the maximum detectability of the LEO
detector for AGM-183A targets. In the edge detection mode, the variation in target detectability with
detection angle and target temperature was calculated. The results show that, when the target temperature
approaches 800 K and the detection azimuth angle v is less than 10° (or greater than 170°), the number of
responding pixels on the focal plane reaches the lowest value of 4x4, indicating that the AGM-183A target
detectability approaches the theoretical limit of the LEO detector (3%3). By comparison, changes in the
target temperature have a more substantial impact on target detectability. In edge detection mode, the

escape probability of the target is relatively high when the target uses active cooling to reduce its surface
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aerodynamic temperature to less than 800 K. From the perspective of improving early warning capability,

the SNR threshold value of LEO detector focal plane should be increased for targets with surface

temperatures approaching 800 K at the most unfavorable angles of  (less than 10° or greater than 170°,

with the minimum number of responding pixels in the focal plane no fewer than 8x8).
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(a) AGM-183A Sk 4
(a)Wave-rider of AGM-183A’s head
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(b) AGM-183A L&/ 55
(b) Separation of AGM-183A’s body and head
1 AGM-183A 4IE
Fig.1 Outline of AGM-183A

(a) TP LAY

(a) Geometric model of wave-rider

(b) FPAR PR AR Y
(b) Grid model of wave-rider
2 AGM-I83A Zf¥
Fig.2 Modeling of AGM-183A
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(a) Air velocity field at the angle of attack of 0°
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(b) 100 BUHIE 3%
(b) Air velocity field at the angle of attack of 10°
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(c) Air velocity field at the angle of attack of 20°
K3 CFD Az AR
Fig.3 Aerodynamics simulation by CFD
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(a) Surface temperature field at the angle of attack of 0°

(b) 10° BRI
(b) Surface temperature field at the angle of attack of 10°

() 20° LSl FE 3
(c) Surface temperature field at the angle of attack of 20°
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Fig.4 Temperature simulation by CFD
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Fig.5 Definition of detection coordinate system
Y5 4 TR EEE, 456 SCHk[1]45 H 1 AGM
-183A SKARPAR LM T, THE HARAAR A i 4R
SHOmfE (ML 6) , FLUEESRE S 98 4L P AE 2~5 pm,
PRk LZ2 i B AE S LEO 2 JR2 PR £ A MR I 8 B

/(W/(um-sr))

Waveband/pm
Bl6  Hbnt st o oA
Fig.6 Target spectral radiant intensity distribution
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Fig.7 Target infrared radiation energy distribution
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Table 1 Performance estimation of STSS LEO Demo’s infrared

detector
Field of view/° 1.76
Optical aperture D/mm 250
Focal length f/mm 300
Optical transmittance 0.7
Detection band/um 3.1t0o4.7
Pixel number 512X512
Pixel size/um 30X30
Specific detectivity D*/(m-Hz"2W-")  1.48X10"?

Equivalent noise bandwidth Af/Hz 50
Integral time fint/ms 15
Noise equivalent power density/ 1077

(W-cm?)

K8 LEO 2 s AR el
Fig.8 Detection mode of LEO camera
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Fig.9 Simulated imaging of multi-targets in ground detection
mode

2.2 BARATERNME
221 B

FR 4 SCRR[ 121704k 11, STSS Demo #R I %% I FR
AR LKL 6. RMZHME I CEECh 512 X512,
Boe 5 M LB 6, b2 RhE SR L 250 Ko
R 10 2R AR (0=0°, y=90°) , I
B (1600 km) , fRE M N EA AL TR,
BERF BRI 28 A2 P H AR (1200 KD M B Fr 45 e L
HEEME T ERE (LE 11D, EPEEEE
54X 54 Mook TSR A 6, 151 LI E
9335, AN AULES EH FR AR B o

K10 BT B BRI £ 1 DU 5
Fig.10 Simulated imaging of detector focal plane in

sub-stellar point mode
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Fig.11 SNR distribution of focal plane pixels in sub-stellar

point mode
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Fig.12 Simulated imaging of detector focal plane in edge
detection mode(1200 K)
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Fig.13  SNR distribution of focal plane pixels in edge
detection mode (1200 K)
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Fig.14 Simulated imaging of detector focal plane in edge
detection mode(900 K)
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Fig.15 SNR distribution of focal plane pixels in edge
detection mode (900 K)
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# 2 LEO E Rl 4% (R=4800km, 0=55°)
Table 2 LEO Detectability in edge detection mode
(R=4800km, 6=55°)
wl° TIK
800 900 1000 1100 1200

10 0.006 0.009  0.009 0017 0.017

30 0.017 0.028  0.042  0.049 0.058

50 0.028 0.049  0.058  0.077 0.088

70 0.034 0.058  0.077  0.088 0.110

90 0.042 0.067 0.08  0.099 0.112

110 0.034 0.058  0.077  0.088 0.110

130 0.028 0.049  0.058  0.077 0.088

150  0.017 0.028  0.042  0.049 0.058

170 0.006 0.009  0.009 0017 0.017

FTR 2GR, WS E TS T 16 A
&1 17 f7s i) LEO 2 BEIG A 2F %F AGM-183A H r
AT ERW KB 53 A

/©) /K
Bl 16 H b el 2RIV B 7 A 1]
Fig.16 Distribution of target detectability

)
B 17 B AR ] BRINPEEUE R R R 4 4
Fig.17 Analysis of influencing factors on target detectability
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