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We report a realistic field-performance simulation for a new MWIR camera. It is designed for early detection of missile plumes
over a distance range of a few hundred kilometers. Both imaging and radiometric performance of the camera are studied by using
real-scale integrated ray tracing, including targets, atmosphere, and background scene models. The simulation results demonstrate
that the camera would satisfy the imaging and radiometric performance requirements for field operation.
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L M =2 TABLE 1. General specifications of the MWIR camera
~ ~ ~ ~ Parameter Specification
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FIG. 6. Typical spectral radiance of ray which pass the high
temperature region.
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TABLE 2. MODTRAN calculation parameter

Parameter

Specification

Radiative transfer model

MODTRAN V5.2.1

Atmosphere

Model atmosphere : Mid-latitude Summer

Types of atmospheric Path : Slant path to space or ground
Mode of execution : Radiance with scattering / Transmission
Multiple scattering : MS on flux at H2 (surface)

Gas altitude profiles : Default to model atmosphere

Surface :

Pre-stored spectrally variable surface albedo

Mixed forest
Ocean

Solar data

Irradiance parameter : Default TOA
Zenith angle : 22 deg(clear sky), 60 deg (cloud )

Aerosol

Clear sky : Rural VIS 23km
Cloud : Nimbostratus cloud model (0.16km~0.66km)
Mie scattering

Geometry and spectrum

80x64 different input zenith angle, interpolate to 640x512
Wavelength : 3~5/m

Spectral resolution : !

1 cm
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FIG. 7. Optical path geometric information of one pixel by ray tracing.
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FIG. 9. 3D Digital elevation data input to ray tracing.
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FIG. 10. Ground and atmospheric background image by ray
tracing.
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FIG. 8. Clear sky atmospheric transmittance (a) and background radiance (b).
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FIG. 11. Trial plume scene as observed by background base dynamic range (a) and by whole image dynamic range (b).
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FIG. 12. Trial target position integrated over 15 seconds after the launch by orbit calculation (a), by ray tracing (b).
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FIG. 13. Case study of imaging and radiometric performance for plume; (casel); (case2); (case3); (case4) (Continued).
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FIG. 13. Case study of imaging and radiometric performance for plume; (casel); (case2); (case3); (case4).

of o
4 97 Heng wades wa st 1?46}
AAFL. 640x512 Bl Q] H ol HE7|E npgo
o Bl GBE 4 Y 0 BHE o7 2ok
gain(~330), floor read out noise (~3700DL), %FALT-E(~90%),

ZEA7H2ms), 2|t &7H3H6.5Me-)
V. Z g2

AR o QA FARA BB M WE o] P
ARALE ) AAE AT SAkne] 6
49 A9l IR UES A TR o3 ¥ 5

30 O

olr

o washch ol ol vl4el sl 0 A4 o
v mdlEof] it AAAgS Fofstr] flste] CFD gt
EALAY 2 volume scattering, MODTRAN 32 734
747} g aloick, Mo AelE $4E B9 o)Es)
A et ARG AT vArde]l #EA

o wHsl 22 A2 Wale] uet B 5 9eA 7}

354 ofto] tsfolHE AL o2 Selg 4 YoUck ol

gt Aat= AAE AolA Zhdete] StEEA e AlAH
oA 45T

oo rulo 1o 10 ox mu

AL =

o] =g FRATA W LSl TAIE ] SRC Zw

9] Xz} (No. 2010-0027910) Breault Research Organization
o ASAP AF8A} SolAl A FOR SaE QL.

References

1. G. C. Holst, “Testing and evaluation of infrared imaging
system,” SPIE Press PM18S, 140-145 (2008).

2. A. Mann, “Infrared optics and zoom lenses,” SPIE Press
TT42, 18-19 (2000).

3. S. Seong, J. Yu, D. Ryu, J. Hong, J. Yoon, S. Kim, J. Lee,
and M. Shin, “Imaging and radiometric performance
simulation for a new high-performance dual-band airborne
reconnaissance camera,” Proc. SPIE 7307, 730705-1~
730705-13 (2009).

4. D. Ryu, S. Seong, J. Lee, J. Hong, S. Jeong, Y. Jeong,
and S. Kim, “Integrated ray tracing simulation of spectral
bio-signatures from full 3-D earth model,” Proc. SPIE 7441,
74410A-1~74410A-11 (2009).

5. Breault Research Organization, Inc., “Radiometriy,” ASAP
Technical Guide, brotg 0909, 8-12 (2014).

6. J. Troyes, 1. Dubois, V. Boric, and A. Boischot, “Multi-phase
reactive numerical simulations of a model solid rocket motor
exhaust jet,” 42nd AIAA/ASME/SAE/ASEE Joint Propulsion
Conference and Exhibit, 9-12 (2006).

7. F. S. Simmons, Rocket Exhaust Plume Phenomenology, The
Aerospace Press, California & Virginia (2000).

8. G. Auvital, Y. Cohen, L. Gamss, Y. Kanelbaum, J. Macales,
B. Trieman, S. Yaniv, M. Lev, J. Stricker, and A. Sternlieb,
“Experimental and computational study of infrared emission
from underexpanded rocket exhaust plumes,” Journal of
Thermophysics and Heat Transfer 15, 4 (2001).

9. C. B. Ludwig, W. Malkmus, J. E. Reardon, and J. A. L.
Thomson, “Handbook of infrared radiation from combustion
gases,” NASA SP-3080 (1973).



(@rem A9 39 gA8 A9 e s AR sARA — XA TS 9 253

10. J. L. Roujean, M. Leroy, and P. Y. Deschamps, “A bi-

11.

12.

directional reflectance model of the earth’s surface for the
correction of remote sensing data,” JGR 97, 455-468 (1992).
F. M.Breon, F. Maignan, M. Leroy, and I. Grant, “Analysis
of hot spot directional signatures measured from space,” JGR
107, 282-296 (2002).

O. Nesher, S. Elkind, A. Adin, I. Nevo, A. B. Yaakov, S.
Raichshtain, A. B. Marhasev, A. Magner, M. Katz, T.

13.

Markovitz, D. Chen, M. Kenan A. Gannany, J. Oiknine
Schlesinger, and Z. Calahorra, “A digital cooled InSb
detector for IR detection,” Proc. SPIE 5074, 120-129 (2003).
J. Yoon, D. Ryu, S. Kim, S. Seong, J. Kim, S. Kim, and
W. Yoon, ‘“Performance simulation model for a new MWIR
camera for missile plume detection,” Proc. SPIE 8896,
Electro-Optical and Infrared Systems (2013).



