
Detection of Moving Optical Objects

Item Type text; Proceedings

Authors Burczewski, R. M.; Mohanty, N. C.

Publisher International Foundation for Telemetering

Journal International Telemetering Conference Proceedings

Rights Copyright © International Foundation for Telemetering

Download date 24/05/2023 08:02:04

Link to Item http://hdl.handle.net/10150/609804

http://hdl.handle.net/10150/609804


DETECTION OF MOVING OPTICAL OBJECTS

R. M. Burczewski, N. C. Mohanty
Rockwell International

Downey, California 90241

ABSTRACT

This paper deals with the detection of a moving optical object in the presence of
background, sensor or star and other noise. The algorithms are derived to estimate noise
statistics, and its extrapolation, signal statistics, and the criterion for detecting the moving
objects. The performance of the algorithm has also been derived.

I.  INTRODUCTION

The detection of star or other static optical objects relative to the earth has been done
by focusing the light onto a sensitive surface such as photoelectric emitter and counting the
number of emissions from the region. The background noise spectrum has been taken as
constant and has been described by Gaussian distribution. The presence of atmospheric
turbulence and telescope jitter contribute additional noise. The spectrum of the noise
changes with time. The detection of the moving optical objects causes further problems.
The receiver does not know a priori the position, velocity and direction of the object.

Harris(5), Helstrom(4) and Cunningham, et al(2), among others, have considered the
problem of detecting optical signals. We will treat all static optical objects, including stars,
in the field of view as noise. The noise field is not homogenous and its statistics change
with time. The number of photons emitted due to stars and background noise is quite large.
The moving optical object generates an additional amount of photons in one of the cells in
the focal plane and its position changes cell-to-cell during the period of observation. The
path of the moving object is a straight-line or straight-line-like. In the following section, a
model of the signal field and binary detection problem will be described. In Section 3 noise
statistics will be computed. The noise statistics can be extrapolated. Section 4 will cover
the detection algorithm. The performance of the algorithm will be described in Section 5.



II.  STATEMENT OF THE PROBLEM

The field of view is divided into M2 cells, where M is the number of rows (columns) in
a square mosaic focal plane. Let the duration of each exposure be ) and number of
exposures be N. The output of the i, jth cell in the focal plane at the time t = k is given by
V(i,j,k), 1 # i, j # M, 1 # k # N.

The output of the cell may be due to the background, sensor or star noise S(i,j,k) in the
absence of the moving optical object, i.e.,

V(i,j.k) = S(i,j,k), 1 # i, j # M, 1 # k # N (1)

in the absence of the moving target. The moving optical object will appear as a point
source in each frame, i.e.,

T(i,j,k) = a(k), if i = m1 k, j = m2m1 k + m3, 1 # k # N
= 0 elsewhere.

where m1, m2, m3 can take integer value or zero. The output of the i,jth cell at time t = k in
the presence of the moving target is given by

V(i,j,k) = T(i,j,k) + S(i,l,k), 1 # i, j # M, 1 # k # N. (2)

Since the number of photons due to star (bright) is usually large, the distribution of S(i,j,k)
is of Gaussian distribution and its mean is non-zero and its covariance is not a diagonal
matrix. The mean and the covariance are not known a priori, so also the values of m1, m2,
m3. The intensity function a(k), 1 # k # N of the moving target is also random. The
purpose of this paper is to derive an algorithm to detect the moving object in the presence
of the noise and to track the path of the moving object.

III.  MEASUREMENT OF NOISE

Most of the time the telescope observes the star and the telescope is adjusted to the
field of the view such that stars appear stationary in the field of view. The amount of the
time and the number of cells lit by the moving optical object are very small. So most of the
time, the output of cells is due to the background, sensor or star noise.

Denote

[S(k) = [S(1,1,k) ... S(M,1,k), ... S(M,M,k)] /1 # k # N



where ‘/’ stands for transpose and S(k) of dimension M2, 1 # k # N. The mean of the noise

(3)

Denote
Y(k) = S(k) - S̄, 1 # k # N

and define

Y = [Y(l), Y(2), ..., Y(N)] /

as a vector of dimension M2N. The covariance of the noise

RS = E Y Y /

where E is the expectation operator.

(4)

where

   1# K # N-1, 1 # i, j, R, m # M

It can be seen that
R(-K) = R(K) / (5)



From (4) and (5), the covariance matrix of the noise

(6)

where each R(K), 1 # K # N-1 is a block matrix of order M2 x M2

Denote

The inverse of the covariance matrix, the information matrix, is given by

(7)

where

E = D = B / A-1 B / 

F = A-1 B



The recursive inversion of the block matrix can be done utilizing algorithm proposed in
Refs. (1) and (5). Because of nonstationary-like statistics of the noise, the mean, the
covariance and its inverse have to be computed each time before processing the data for
the detection of the presence of the moving object. However, some algorithm may be
derived to extrapolate the mean and covariance statistics(8),(7).

IV.  MAXIMUM LIKELIHOOD DETECTION

We have N frames (exposures). Each frame has M2 element. We would like to test
whether the moving target is present in the measurements, i.e.,

V(K) = T(K) + S(K), 1 # K # N

when target is present or

V(K) = S(K), 1 # K # N

when the moving object is absent. The conditional density of the data V(K), 1 # K # N,
when target is absent is given by

(8)

The signal vector (target/object) is associated with illumination intensity a(K), 1 # K # N,
position parameters m1, m2, m3. Let us assume that illumination intensity is uniform and its
average is given by a. In the absence of the noise, the target will be lit in one cell out of M2

cell at any time. Define T = [T(l) T(2) ... T(N)] 
/ where T(K) is a vector of dimension M2

elements with all zeros except a in on e place 1 # K # N. T is a vector of M2N dimensions
with only N non-zero elements. The location of N non-zero elements in M2N elements is
of significant importance in deriving detection algorithm. The number of signal target
patterns depends on the number of combinations of N non-zero elements in M2N elements
with one non-zero element in M2 elements (in one frame). Let T(j) represent a particular
target vector, where j corresponds to specific location of N non-zero element, 1 # j # J,
where J is the total number of signal vector. The conditional density of the observed data
in the presence of a signal (target) and the noise is given by

(9)

Use of (8) and (9) will yield sufficient statistics,

z(j) = (V-S̄)1 RS
-1 T(j) 1 # j # J (10)



Each of Z(j) is compared with the threshold. If any of Z(j) exceeds the threshold, then the
presence of the optical object is declared and the signal pattern is identified wherever such
exceedance occurs. If a single target is present, only one such exceedance will occur. In
that case, maximum of Z(j) is compared with the threshold(6), i.e.,

(11)

The detection scheme is shown in Figure 1.

Therefore, the algorithm consists of

1. Compute mean (Equation 3)

2. Compute inverse covariance (Equation 7)

3. Generate signal pattern TJ 1 # j # M

4. Store RS
-1 T(J) 1 # j # J

5. Subtract mean S̄ from the observation vector V

6. Correlate (5) with (4) for each j

7. Find maximum of (6)

8. Compare (7) with a given threshold

9. (a) If > [(8)] $ threshold, then optical object is present
(b) Find for which J, (7), is maximum

10. Flag out T(j)



Figure 1.  Implementation of Detection Scheme

V.  PERFORMANCE

The sufficient statistics given in Equation (11) can be written as

(12)

where
T(j) = RS g

(j) 1 # j # J

Let
>j = (v-S̄, g(j)) (13)

When moving target is absent,

>j = (S - S̄, g(j)) 1# j # J (14)

The >j is a Gaussian random variable with zero mean and variance

F2 >j = [T(j), RS
-1  T(j)] 1 # j # J (15)

when the moving optical object Is present

>j  = (T(j) + S - S̄, g(j)) (16)



Then >j is also a Gaussian random variable when the optical object is present, 1 # j # J.
Its mean

E >j = (T(j), Rn
-1 T(j)) (17)

n
and its variance

F2  >j = [T (j), k RS
-1 T(j)] 1 # j # J (18)

Define

It can be shown that probability density function of >,

(19)

where

Equation (19), (15) and (16) will yield conditional density of @ when optical object
is not present.

(20)

Cj = 2B (Tj ) / RS
-1 T(j)

Threshold can be computed from (2),

(21)

The conditional density of > when optical target is present is obtained from (19), (17), and
(18).

(22)



The probability of detection is given by

(23)

VI.  DISCUSSION

The complexity of the detector is due to the presence of a large number of correlators
and followed by a comparator. The detector will be complicated further if the intensity of
illumination is a random process. Low intensity will hurt the probability of detection
because signal-to-noise ratio becomes low. To enhance the signal-to-noise ratio, the field
of view shall be segmented to small array of elements. Kalman filters will be implemented
to estimate the position of the target and the number of signals to be generated can thus be
reduced.

REFERENCES

1. H. Akaike, “Block Toeplitz Matrix Inversion, Siam J. Appl Math, Vol. 24, No. 2,
Mar. 1973, pp.234-241.

2. D. Cunningham, R. Laramore and E. Barrett, “Detection in Image Dependent Noise,”
EEE Trans on Information Theory, Sept. 1976, pp.603-610.

3. J. L. Harris, “Resolving Power and Decision Theory,” Journal of Optical Society of
America, May 1964, pp.606-641.

4. C. W. Helstrom, “Detection and Restoration of Incoherent Objects by a Background
Limited Optical System,”Journal of Optical Society of America, February 1969,
pp.164-175.

5. H. Justice, “The Szego Recursion Relation and Inverses of Positive Definite Toeplitz
Matrices,” Siam J. Math Anal, May 1974, pp.503-508.

6. N. C. Mohanty, “Detection of Randomly Moving Target,” Rockwell Internal Memo,
Rockwell International, Downey, California, June 1977.

7. A. Papoulis, “A New Algorithm in Spectral Analyses and Band Limited
Extrapolation,” IEEE Trans Circuits and Systems, Sept. 1975, pp.735-742.

8. R. G. Wiley, “On an Iterative Technique for Recovery of Band Limited Signals,”
Proc. of the IEEE, April 1978, pp.522-523.


