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A Dual-Band Radiometric Framework for Passive Infrared Ranging
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[Abstract]

In this paper, we propose a passive infrared ranging algorithm using dual-band radiometric sensing,
which estimates the distance to flame sources by analyzing band-ratio variations caused by differential
atmospheric transmittance. A time-differential approach is first applied to extract flame-only radiance,
effectively removing background and path radiance components. The resulting spectral radiance from
each band is then used to construct a regression feature based on their logarithmic ratio. Theoretical
modeling is grounded in Planck’s law and MODTRAN-based transmittance simulation, establishing a
physical relationship between distance and observed radiance. Experimental results under real-world
conditions demonstrate that the proposed method achieves superior ranging accuracy compared to
existing techniques across various flame and environmental conditions. This research provides a
physics-informed framework for infrared-based passive ranging and contributes to the advancement of

long-range flame detection and tracking systems.
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I. Introduction
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Overview of proposed method
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II. Preliminaries

1. Related works
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Spectral Flame radiance by Distance

Distance + Bands
1000 m
~— 5000 m
—— 10000 m
Blue Band
Red Band

Flame Radiance [W/(m?sr-um)]

1 2 3 1 5 6 7 8 9 10 11 12 13
Wavelength (pm)

Fig. 3. Spectral Flame radiance by distance
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Band-ratio vs Distance (Flame only)
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Fig. 5. Band ratio according to temperature changes
under flame—-only conditions
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Band-ratio vs Distance (Flame + Path)
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Fig. 6. Band ratio according to temperature changes
under flame & path radiance conditions

Table 1. Specifications of Dual-Band IR Camera
Used in Experiment
Item Band 1 Band 2
Pixel Size(pumixpm) 15 x 15 15 x 15
Exposure Time(msec) 1.2 1.2
Focal Length(#m) 3.72 3.72

F number 2.0 2.0
Spatial Resolution 512 x 512 512 x 512

Field of View( ® x °) 100 x 100 100 x 100
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Fig. 8. Infrared Imaging Results Captured Using a FLIR
Camera and Contour Representation
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2. Measurements
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Table 2. Number of flame pixels by distance

Distance DUA RZ

(m) Band 1 Band 2

50 3 27 14 123
100 2 10 5 28
150 1 5 2 21
200 - - 1 9
250 - - 1 8
300 - - 1 2
350 - - 1 1
400 - - 1 1

3. Results
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Table 3. Distance Estimation Results in DUA

Table 4. Distance Estimation Results in RZ

Stat Transform MAE RMSE Stat Transform MAE RMSE

Ratio 19.02 22.54 Ratio 94.09 106.87
N Diff 0.25 0.26 . Diff 96.42 108.60
ax NormDiff 17.99 21.62 um NormDiff 85.64 99.06
LogRatio 18.35 21.94 LogRatio 87.63 100.70
Ratio 1.46 155 Ratio 9957 114.40
Diff 0.23 0.24 Diff 83.08 99.23
FLR (ours) I ormDiff 4.99 533 Mean NormDiff 99.89 114.54
LogRatio 4.10 4.37 LogRatio 99.82 114.51
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4. Physical analysis of regression parameters
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Fig. 9. Performance Comparison of Different Radiance
Extraction Methods in RZ
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Table 5. Regression Coefficients in DUA

Transform a I3 RMSE [m]
Ratio -97.10 306.47 1.55
Diff -0.0181 200.58 0.24
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