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Best detection wavelength bands selection method based
on multispectral radiation difference
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Abstract: In low SNR cases, the distinction between spatial point-target and interferences like decoys is
still a very difficult problem, especial between the satellites target and mooring decoys. At that time
decoys have the same orbit and similar shape with the spatial target, so that only could be used to
distinguish the target is the radiation difference. However it is not easy to extract the multi-spectral
radiation which is influenced by the detection distance and observation angle. In this paper, based on the
characteristics that target and interferences like decoys and noise have different radiation intensity and
radiation changing frequency, the concept of the equivalent blackbody temperature in several bands
(EBTSB) was built. Then the calculation model of EBTSB was designed, which could effectively reduce
the interference of the space environment and fully showed the radiation differences between point-target
and interferences like decoys. Under noises interference, this model would produce calculation error, and
different bands combinations had different error transmission capacity. In order to make error minimum,
the best detection bands need to be determined. In this paper, the best detection dual-bands and the best
detection multi-bands were obtained by calculating the trend of error with the band parameters under
noises interference. By analyzing the results of the simulation experiments, the best detection dual-band
will have 20% advantage and the best detection multi-bands will further reduce error 20%, which prove
the correctness of the conclusions of this paper.
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0 Introduction

After years of research on target detection, many
methods have been developed. These include background
suppression, track detection, hypothesis testing and
spectral analysis. The most serious problem is to
effectively distinguish between the target and decoys
and noise™?, In 1993, R. Haberstroh showed that light
objects produced a higher brightness frequency than
heavier objects due to both their light weight and their
eccentric weight distribution®. In 1998, G. L. Silberman
concluded that light objects were different from
heavier objects not only in brightness frequency but
also in brightness value!”. Both papers present an idea
to distinguish the target from decoys, stars, noise and
so on. Both focus on the energy variation of the
target in each band, and ignore the spectral
relationships, which in our opinion better shows the
properties of target. In this paper, the concept of
equivalent blackbody temperature is presented to
describe the multispectral correlation of the target, and
then the principles of the best dual-bands and the
in  multi-bands are obtained

combination through

analyzing the measuring accuracy.

1 Concept of the equivalent blackbody
temperature in several bands

The spatial target consists of many units which have
different emissivity, reflectivity, thermal-conductivity
coefficient and mass. The radiative behavior of the
whole target is calculated by integrating the radiation

from all units. So the radiation of the target is

influenced by the rotation of the target, heat
conduction, solar radiation and so on®>7,

The whole radiation of the target is as follow.

M,= 26 M. (&, Yas S, Wn) (1)

Where M, is the whole radiation exitance of the
target. M, is the radiation exitance of unit n. &, is the
emissivity of the unit n. v, is the reflectivity of the
unit n. &, is the thermal-conductivity coefficient of the
unit n, and w, is the mass of the unit n.

It is clear that the accumulation of the target
radiation can not be completed accurately from all
units, thus we hope to find a blackbody whose
radiation approximately equals the whole radiation of
the spatial target in several bands. The blackbody is
defined as the equivalent blackbody of the target in
several bands, and the temperature of the blackbody is
EBTSB of the target.

According to Eq.(1) the EBTSB of the target is
influenced by the radiant exitance of each unit, thus
the EBTSB can describe the status of the target, and
then show the radiation characteristic of the target. So
we can utilize the radiation difference for identifying
the target.

2 Measuring method of EBTSB in
dual-bands

According to the Planck’s law of radiation, the
radiant exitance ratio of the blackbody whose EBTSB
is T, between Band One(a;~a;+b;) and Band Two(a,~
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' a,th,) is and x,(t) is the energy of the noise in Band One.
Fﬂ*bi C, ~ After B,(T,t) is obtained, we use R(T) to calculate
_Ki(T) — Ta A A[exp(c/ATy)-1 . .
B= K;ETZ; - [aﬁbg [ p((: AT -] (2) T, 1t is clear that the difference between T and the
1 )N .
a  A*e A[exp(C/ATg)-1] correct EBTSB (T.) shows the measuring accuracy of

We establish the R (T) curve according to the
relationship between EBTSB and the ratio B. Figure 1
shows the R(T) of the blackbody in 5-8um and 10-16p.m.
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Fig.1 R(T) curve

According to R(T) curve, the calculation process of
the EBTSB is as follow.

(1) After the detection bands are determined, we
establish R(T) curve according to Eq.(2);

(2) After getting the target radiation energy from
detection system at time t, in each band, we calculate
the ratio B(t,) in dual-bands;

(3) Calculating the EBTSB corresponding to B(to)
by interpolation methods.

3 Influence of noise on the measuring
accuracy of EBTSB

Here we consider how noise affects the accuracy
of measurement of EBTSB.
3.1 Two variables defined to describe the measuring

accuracy of EBTSB

Eq.(2) is the ideal radiation ratio without noise
or error. So under noises interference, we propose a
new function to replace B(T,t), which is as follow.

_ Gy(t) _ Ky(T)+xy(t)
BUTO=500) ™ Kol #1000 ®)
Gi()=Ka(T)+x:(t)  Go(t)=Ka(T)+xs(1) (4)

Where G,(t) is the receiving energy on the detector in
Band One, Ky(T) is the energy of the target in Band One,

the temperature. Two variables are defined to describe
the measuring accuracy of EBTSB.

(1) Error between the mean of the temperature
sequence and the correct temperature(EMTCT) is

AT=E(T)-T. (5)

Where E(f) is the mathematical expectation of T sequence.
(2) Distribution range of the temperature sequence
around the center (RTAC) is

o=V D(T) (6)

Where D(f) is the variance of T sequence.

EMTCT means the inherent measurement error
with noise after the selection of the detecting bands.
Hence if we want to detect a target whose correct
EBTSB is T, the expected temperature should be T+AT.

RTAC means the distribution
calculated temperatures sequence around the center

range of the

after the selection of the detecting bands. That is to
say, if we want to detect a target whose correct
EBTSB is T., the temperature to be detected should
be T.+AT, and the standard variance of temperature
sequence is or.
3.2 Calculation of EMTCT and RTAC

After the target and the detection bands are
determined, Ky(T) and K,(T) are known. Because x,(t)
and x,(t) are independent random sequences with identical
distribution, G,(t) and G,(t) are also independent random
sequences, but their mathematical
different.

expectations are

Because linear interpolation is used to calculate

the temperature T, AT is estimated as VR (M -{E[B,(M]-
B(T)}and oy as |1/R'(T)|-{D[B.(T)]}"2

Thus, once we get E[B,(T)], D[B.(T)] and R'(T),
AT and o will be calculated.

EB(MI=E| g4y |<EG.01-E| ooy | @)
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-EG.(D)]| Eel(t)} (8)

D[Bn(T)]=E[Gi(t>]E{

1
G, (1)
The noises in high-speed infrared detectors are
thermal noise and shot noise, which are spectrally
"white". Thermal noise is dominant®l. So the noise
components in an infrared detector are zero mean
Gaussian white noise. Under these circumstances, the
probability density functions of x;, (t) and x, (t) are
Gaussian, with a theoretical range of integration from
—wo~+o, It is clear that (-o~+o) is ineffective and
then the range of integration needs to be adjusted to
represent a real physical situation. We take a range of
integration, IR =(-40 ~40), and the new probability
density function becomes
1 X
0.9999- 0\/27 |25 |
Then, E[B,(T)]-B(T)=

KO || emmam 'px(x’dx‘ﬁ} (10)

_| KMo
DIBMI= |, 1 hycye P00

Px(X)= (9)

[ JIR%}X%MX)W r (11)

After the bands are selected to detect the spatial
point target, R’(T) is unique and its equation is
oy | Ka(T) }'z Ky(T) | KiK'
R'(M [Kz(T) Ky(T) ( Ki K ) (12)

. _ 1 —
Flna"y, AT—ﬁ'Q(T,t) oT—

1
ﬁ‘ - VH(T,t) (13)

Where,
f(T)=K,'/K-K;' /K, (14)

QTH= | M(T.D-p(x)dx-1 (15)

/ 0.2 \
H(T,t):(l*’F
1/

| MET0)-pu(x) -

[ M(T.0-pu)dx? (16)
_K(T)
M= i) &)

4 Best detection dual-bands

According to Eq.(13), AT and oy are influenced
by Ki(T), Ky(T), K{'/K;, K,'/K; and o. o is the standard

variance of detector noise, so o is constant when the
type of detector and the bands are determined. The
remaining five variables are T (the temperature of the
target), a,(the initial wavelength of Band One), by(the
bandwidth of Band One), a, (the initial wavelength of
Band Two), b,(the bandwidth of Band Two). Finally the
influencing factors are focused on T, a,;, by, a; and b,.
4.1 Trends of EMTCT and RTAC

The relationships are calculated between AT, oy
and ay;, by, a, b, according to Eq.(13).

(1) The relationship between AT, ot and a;, b,
a, b,

Several trends of AT are illustrated in Figure 2-5
for targets with different EBTSB. AT
monotonically with a, and b, and
monotonically with b,. It should be noted that the

increases
decreases

relationship between AT and a, (as shown in Fig.4),
and the position of minimum AT is determined by the
temperature of target to be detected. The principle of
minimum AT is that a, and b; are set as small as
possible, and b, is set as large as possible. Finally a,
should be calculated according to Eq. (13) after the
target and the detecting bands are selected.
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Fig.2 Relationship between AT and a;
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Fig.3 Relationship between AT and b,
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4.2 Trend of RTAC

Figure 6 -9 show the relationships between oy
and a;, b, a,, b, for targets with different EBTSB. oy
decreases monotonically with a, and b,, and increases

after the first decrease with the increase of a; and b;.
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Fig.9 Relationship between o7 and b,

The principle of minimum oy is that a, and b,
are set as large as possible, and a;, b, should be
determined according to Eq.(13).

The best dual-bands are required in which o and
AT are minimum when detecting the spatial target.
Unfortunately the trends of AT are different from o,
so the main factor should firstly be determined, then
analyzed to calculate the best dual-bands. According
to the definitions of AT and oy, AT shows the inherent
error due to noise in measurement of the target, then
AT can be considered a part of system errors after the
target and the dual-bands are known. So oy is the
only factor to be considered to determine the best
dual-bands. In summary, the principle of the best
dual-bands firstly minimises o; through the analyses
of a, b, a, b, and then -consideration of the
minimization of AT follows. All things considered, the
best dual-bands include a, and b, should be as large
as possible, and a; and b, are determined according to
Eq.(13).

As an example, the best dual-bands are a;=4, b=
4, a,=13, b,=4 when detecting a 290 K target, AT=
0.4282, 0v=10.018.
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5 Best detection multi-bands

5.1 Measuring method of EBTSB in multi-bands

When multi-bands are used to detect the target,
AT and o7 should be further decreased.

There are two kinds of combinations of multi-
bands.

(1) The First method is pairwise combinations of
multi-bands, and each dual-band will produce an
EBTSB. So if M bands are used to detect the spatial
target, the quantity of EBTSB will be M(M-1)/2 by
pairwise combinations. The final EBTSB is the mean
value of the EBTSB sequence.

In this method, M(M-1)/2 dual-bands also produce
M(M-1)/2 AT and oy. It is clear that AT and oy values
are minimized by the best choice of bands. The
calculation of the final EBTSB will add other larger
AT and o7 into the best dual-bands. So the measuring
accuracy of the final EBTSB will increase in multi-
bands, and then this method is ineffective.

(2) The second method is the combination of
multi-bands into new dual-bands, and then the
measuring method in dual-bands can be used to
calculate EBTSB in multi-bands.

In this method, multi-bands are divided into two
groups, and the energies in the bands of each group
are superimposed according to proper rules. Each
group will be treated as a new band, and then the
additive energies in each group is the energy in the
new band. So Eq.(13) are used to calculate EBTSB,
AT and o7 in multi-bands. In this way it is possible to
significantly reduce the values of Q(T,t), H(T,t) and
1/f(T), therefore values of AT and o+ will also be
decreased, thus improving the measuring accuracy.

5.2 Trend analyses of Qu(T,t) and Hy(T,t)

Multi-bands are divided into new dual-bands, in
which the energies are as follows.

Gu(t)= i AKu(T)+ i Axu(T)

Gue(t)= 2 BK(T)+ 2 Bia(T) (18)

Where, Ky(T) is an integral part of the energies of target
in new Band One, and x;(T) is an integral part of the
energies of noises in new Band One. A; is the
combination coefficient of new Band One, and B; is
the combination coefficient of new Band Two.

After equations derivation,

1 .0uTt) om= fM%—T)‘-\/HM(T,t) (19)

M N
2 AK (T) 2 BKy'(T)
Where, fu(T)=—; -

Y AKA(T) X BKa(T)

(20)

QuT.)= [ Mu(T ) pater--pui-1 (21)

n

H(T.O=[2+N(T.01+ | My, (T,0) - P~ it~

2

| M 1) Pty paci, (22)
i BiK5(T)
Mu(T t)=——21 (23)
Z BiKy5(T)+ Z Bix5(T)
YA,
Ny(T,)=—2 — (24)
21, AiKﬁ(T)}

According to Eq.(19),
N N

(1) When Y, BKy(T) X, B; increasing, both Qu(T.t)
i i

and Hy(T,t) will decrease.

(2) When X, AKy(T)/\/ 2 A, increasing, Hu(T.t)
i=1 i

will decrease and Qu(T,t) doesn’t change.
That is to say when

> AkyM>\[ T A - KD,
i=1 i 1

i BiKy4(T)> i B+ Kxu(T) (25)

Qu(T,1)<Q(T,t) and Hy(T,t)<H(T,t).
Where, Ky(T) is the energy in Band One of dual-bands
and Ky (T) is the energy in Band Two of dual-bands.
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5.3 Trend analysis of 1/f(T)
The f(T) in dual-bands is

Ku' _ Ky’
fo(T) =41 - B 26
o(T) K K (26)

The f(T) in multi-bands is

iAiKu'(T) iBiKZj'(T)
fu(T)= i=1 _j=1

(27)

3

2. AKu(T) iBszj(T)

When Eg.(26) is satisfied 1/fy(T)<1/f,(T), then

-

> AKy(T) » Y BKy'(T) o
i=2 > j=2 <2 (28)
m 1 n K
AKy(T) 2 BKy(T)
i=2 j=2

Finally when Eq.(25) and (28) are satisfied, the
measuring accuracy in multi-bands is better than in
dual-bands.

To verify the analysis of this paper, our method
is applied to the detection of a 290 K target. The
results are given in Tab.1.

Tab.1l Measuring accuracy in several combinations

of multi-bands

First Second
Method in dual-bands _methoq .methoq
in multi- in multi-
bands bands
Detection 3-7, 3-7,
bands 3-7 3-7 4-8 4-8 4-8 4-8
combination 13-17 14-19 13-17 14-19 13-17, 13-17,
/pm 14-19  14-19
AT 0.3533 0.2932 0.4282 0.3518 0.3566  0.1784

o7 12.663 11.935 10.018 9.238 10.964 7.484

In Tab.1, the measuring accuracy of the second
method is the best, which has a 20% advantage than
the best dual-bands. The result of the first method is
poor and matches the analysis of paper well. The
measuring accuracies in four dual-bands also prove
the principle of the best dual-bands. All things
considered, the results in Tab.1 are in accordance
with the analyses of this paper.

6 Best quantity of the detection bands

From the result in Tab.1l, we know the best
detection multi-bands will reduce the error than the
best dual-bands, but how many bands will make the
error minimum and whether the more bands used, the
more minimum the error is.

Figure 10 shows the relationship between the
number of detection bands and AT and oy, from
which we know that in the initial period the number
of detection bands increased AT and oy decrease, but
with the number of detection bands increases to
certain extent AT and oy will not further decrease.
That is to say the increase of the number of detection
bands would not improve the measuring accuracy of
EBTSB, we need reasonably choose the number of
detection bands according to the characteristics of the
target detected.

—— AT (a)

1'021 2 3 4 5 68
Band number of K, /T
14.0
¥ ——AT (b)
——o0;
0.4 113.5
B
3 D
0‘2 - b 13.0
\4 v v v v tlZ 5
ob .
2 4 6 8

Band number of K,/T

Fig.10 Influence of the band number on AT and oy

7 Conclusions

In this paper we defined the concept of EBTSB
EBTSB, which can
interference of the

and calculation model of

effectively reduce the space
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environment and fully show the radiation differences
between point-target and inter ferences like decoys.
And then multispectral correlation of the target was
analyzed to get the best bands. The following
conclusions are reached:

(1) Different R(T) curves have different error
transfer ability, which can be minimum by selecting
the detection bands.

(2) The best dual-bands include a, and b, should
be as large as possible, and a; and b, are determined
according to Eq.(13).

(3) When Egs. (25), (28) are satisfied, the
measuring accuracy in multi-bands will be better than
in best dual-bands.

(4) Increase of the number of detection bands would
not improve the measuring accuracy of EBTSB, we need
reasonably choose the number of detection bands

according to the characteristics of the target detected.
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