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Abstract In order to eliminate the influence of the location and number of spectral channels on the ranging accuracy
of the oxygen absorption attenuation passive ranging technology, we discuss the basic principle of passive ranging
technology based on oxygen absorption attenuation, and analyze the spectral line characteristics of oxygen A and B
absorption bands. For spectral channels in the shoulder of the absorption band, the Monte Carlo method is used to
analyze the influence of the position and the number of spectral channels and degree of fitting polynomial on the
accuracy of non-absorption baseline fitting according to the sum of error squares and the correlation between the non-
absorption baseline and the ideal baseline. For the spectral channels in the absorption band, the influence of the
absorption rates in different spectral channels on the measurement range and the ranging accuracy is analyzed.
Considering the real-time and precision of the system comprehensively, we find that each shoulder of the A
absorption band has one spectral channel, and single shoulder of the B absorption band has two spectral channels.
The location of spectral channels all should be chosen at the end of each shoulder near the absorption band. The
spectral channels in the absorption band can be flexibly selected according to the requirements on the measurement

rang and ranging accuracy. Therefore, if the complete spectral curve in the ranging waveband cannot be collected in

W BHI: 2017-05-12; W RSB HI: 2017-05-31
E&mB . BEAOHH4 (2016CI10)
BB/ ESERE1986—), 5 1+, k0, = 2N F 2 H bR R ES 5 6 0E 30T gk o D B B R O i A AR .

E-mail: yanzongqun@163.com

1001002-1



e ES Es i

one-time exposition, the monocular multispectral passive ranging system, using the fewer spectral channels and the
simplest linear fitting method, will not only ensure the ranging accuracy of the system, but also reduce the time
period of filter replacement and software calculation, and thus enhance the real-time performance of data acquisition
and calculation.

Key words  atmospheric optics; passive ranging; monocular multispectral system; spectral channel; oxygen absorption
band; baseline intensity
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Fig. 1 Corrected atmospheric total spectrum curve of oxygen A absorption band
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Fig. 2 Schematic of monocular multispectral system with three spectral channels for ranging
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Fig. 3 Ideal baseline and spectral intensity curve of target radiation after atmosphere attenuation
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Fig. 4 Distributions of (a) sum of error squares and (b) R? of non-absorbing baseline by linear fitting when N =1
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Table 1 Sum of error squares between ideal baseline and non-absorbing baselines by

different fitting polynomials with different fitting data

N Linear polynomial Quadratic polynomial  Cubic polynomial Quartic polynomial  Quintic polynomial
1 47.959
2 48.355 47.818 47.658
3 48.417 47.439 47.627 46.562 51.167
4 48.332 47.570 47.962 46.201 47.367
5 48.341 47.835 47.294 47.954 48.458
All data points 48.504 47.791 47.789 47.788 47.677
2 ARBEEIE S R FE 20U E AR RBOE L T A A A WG T
Table 2 Absorptivity of oxygen A band with non-absorbing baseline by different fitting polynomials with different fitting data
N Linear polynomial Quadratic polynomial  Cubic polynomial Quartic polynomial  Quintic polynomial
1 0.2215
2 0.2247 0.2203 0.2215
3 0.2251 0.2171 0.2192 0.2176 0.2463
4 0.2244 0.2182 0.2218 0.2066 0.2171
5 0.2245 0.2204 0.2163 0.2213 0.2253
All data points 0.2257 0.2200 0.2203 0.2201 0.2192
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Fig. 7 Difference of absorption coefficients in the oxygen A absorption band
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Table 3 Variance and sum of error squares between non-absorbing baseline and ideal baseline

Sum of error squares/variance

N Linear polynomial Quadratic polynomial Cubic polynomial Quartic polynomial

2 39.4996/0.0954

3 39.5432/0.0569 39.9073/0.0224

4 39.5629/0.0384 39.9112/0.0048 39.8993/0.0325

5 39.5747/0.0268 39.9105/0.0043 39.9001/0.0293 39.8674/0.1570
All data points 39.5997/0 39.8934/0 39.8523/0 39.7667/0
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Fig. 10 Distribution of sum of error squares of non-absorbing baseline by linear fitting when N =2
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