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SOME CONTRIBUTIONS TO THE IMAGE ANALYSIS
IN AMBIENT PERTURBATIONS BY USING
AN INTEGRATED VIDEO SENSORS SYSTEM

Catalin SPULBER?

Abstract. The paper presents a fast evaluation method for the true performances of an
integrated video sensors system. The principle of the proposed method is based on the
analysis of main index of the images acquired using mechanical vibrations simulations. It
is assumed that the assessment of an EO/IR sensor system performance can be known in
poor mechanical ambient conditions, where the mechanical vibrations have an essential
contribution. It has been hypothesized (proven during the work) that the modulation
transfer function for two integrated video sensor systems (more neatly mounted or less

precise) differ slightly in laboratory conditions, but there are significant differences in
severe ambient conditions
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1. Introduction

An integrated video sensors system is an Electro-Optical/Infrared (EO/IR) system
which aims to provide the detection, the recognition or the identification (as
performance index) of an object of interest during the day or the night, sometime
fusing the information from the images acquired by each of their afferent
subsystems. The most commonly used sensors are CCD cameras / CMOS (EO)
and thermal cameras (IR).

The detection of an object of interest is very much influenced by mechanical
vibration from ambient, as shown in the graphic simulation from fig.1 using
MAVIISS 1.5 [1] and NV ThermIP 2009 software [2].

For the case of two EO/IR systems with the same architecture and the same
performances of its components, but in which one system has a less accurate
montage, the index of the picture quality is different (for example the Modulation
Transfer Function, abr.MTF); as a consequence, the observation distances differ
substantially if both systems are disturbed from the ambient (Figure 1).

It is very important to assess the effectiveness of an EO/IR system in different
conditions of use, especially in those conditions where the possible threats are
present and the ambient limits their operability.
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Fig. 1. The observation distances (detection, recognition, identification) in undisturbed ambient
(@), disturbed ambient only by the maximum variation ambient turbulence (b) and disturbed
ambient only by random vertical mechanical vibrations with 0.8 mrad angular amplitude (c).

One way of assessing the effectiveness of the EO/IR system, estimated in a
previous paper [3] is to measure the quality of the acquired image by this system
and simulate it in terms of atmospheric turbulence or low transmission as sever
ambient. Another way is to simulate the acquired image in terms of mechanical
vibrations of the EO/IR system, because the severity of testing in this case is
much higher than in the turbulent variations (Figure 2). So, concerning the figure
2, the IR system used has a focal distance f=500[mm], aperture diameter
D=125[mm], medium wavelength (A) =4[um]; the turbulence coeflicient for the
second image (b) is Cn2=10"2°[m??] and for the third image (c) is Cn2=10"12[m?"],
the amplitude (o) of the vibrations is 0.06 [mrad].

The quality picture indexes that estimates the performance of an EO/IR system
can be quantified, usually, by the Modulation Transfer Function (MTF) values,
the blur diagram and by the histogram distribution, too [4-16].For example, for
two pictures with different contrasts and, consequently, different histograms, the
histogram for high visibility covers a greater range of shades of grey, which
means that the picture has good contrast.
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The MTF analysis allows, in addition, the determination of the conditions of
growth and optimization of the image quality, as can be seen in fig.3-5 (relating to
the characteristics of the types of sensors EO / IR).

Fig. 2. Some comparative pictures concerning the influence of environmental severity:
a) picture of a scene in atmosphere without turbulence; b) the previous picture, simulated with
extreme turbulence (C,2=10"2[m?3]) and c) picture of the scene simulated with mechanical
random vibration amplitude, order pixel size EO systemuser (18um)

It can be seen that (fig.3-5), by increasing the quality of the optical lens there are
not spectacular results, but rather, by increasing the number of detection elements
(the MTF of the lens is more powerful than the MTF of the detection matrix).
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A way to determine the MTF values is the histogram analysis. Between the MTF
and histogram are many connexions. By means of the histogram analysis it can
obtain more information about fringes, besides the image contrast [4, 5].

2. The problematic

Two information types are important in the analysis of this paper:

a) For two systems EO / IR with the same components and features, but with
different accuracies of execution, if these systems can be differentiated by
analysing the acquired image quality of each system; to note that it is not known
which of the two systems is deficient as execution;
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b)For any EO / IR system, if the system behavior can be estimated for different

severe ambient conditions.

The vibrations and the relative displacement produce a blurred image (fig. 6-7).

The mechanical vibration

affects the ability to resolve details. If the amplitude of

the vibrations is low, the images do not appear to have blurred edges; on the
contrary, if the amplitude is comparable with the image detail, the vibration
influence becomes significant. It can be seen as the mechanical random vibrations
were significantly higher importance than the turbulence (fig. 8).
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Fig. 6. The simulation of the mechanical random vibrations (for 3 different amplitudes: 200 pm;
130 um and 40 um; the size of the pixel of a matrix detection has 40 um. It is presented, too, the
afferent histograms of the three spots (the diffusion leads to blurring of the pictures).

g3

g0 4

734

70 4

G3 4

60 4

533 4

50 4

Intensities of picture {u.a)

45

20

40

&0

oo

20

40

&0

a0

— T T T T T T T 1
g0 1 1 1 1 1 200 220

Vibrations [am]

Fig. 7. The variation of average pixel intensity of the pictures from Figure 1.5 vs. the vibration
amplitude; it can see that as the amplitude is higher, as the signal intensity (expressed in arbitrary
units u.a. and given by the sharpness of the picture) is smaller.
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Fig. 8. The imagine of the USAF patterns (with the MTF afferent values) acquired using an IR
systemin normal ambient (a), with atmospheric turbulence (b and c) and only with mechanical
random vibrations (d). The IR systemhas the focal distance =500 [mm)], the aperture diameter

D=125 [mm] and medium wavelength (A) =4 [um]. The turbulence coefficient for the image b is
Ca2=10"°[m?] and for the c picture is C,2=10"2[m?°].

2. The approach, simulations and discussions

The work hypothesis is that the MTF variation between the two type of EO/IR
systems is indistinguishable  (practically) in normal ambient (laboratory
conditions), but it is important if the ambient has severe conditions. More, the
observation conditions became significant in these conditions (fig.9-10).

It is noteworthy also that in the undisturbed ambient conditions, under an precise
montage and in laboratory conditions (lack of vibration, air turbulence and
aerosols), any EO / IR with the same features and architecture (differentiated only
by the quality of the montage (i.e. more and less precise, respectively), offers
ovservation distances and MTF values better than in the case of a poor
execution,e.g. with optical misalignments (fig. 9-11).

By introducing mechanical vibrations (fig. 10-13) in the same laboratory
conditions, it can reduce the MTF, especially if the EO/IR system is deficient as
precision montage.

The analysis of the fig. 11-12 shows that the MTF varies more if the EO system
(with optical aberrations and defocused, so for a poor montage) is tested to
mechanical vibration; quantitatively it can write the following (related to this

054-0.14 | hopo6] = 741%]
figures): 0.54 :
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Fig. 9. The observation distances (detection, recognition, identification) in undisturbed ambient
(left) for a given IR systemwith optimal MTF and, respectively, with MTF decreased (right) by
10% for all amplitudes (which simulates a more poorly fitted).
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Fig. 11. The variation of the MTF for the same spatial frequency between 2-18 cy / mm with and
without mechanical vibrations, for an EO/IR systemwithout aberrations EO (left ) and,
respectively for a same systemwith optical aberrations and defocused (right).
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Fig. 13. The variation of the MTF for the same spatial frequency between 2-18 cy / mm with and
without mechanical vibrations, for an EO/IR systemwithout aberrations EO (left ) and in the case
of a same systemwith optical aberrations and defocused (right).

In the following relation for an EO/IR system [16]:
MTE, s = MTE, -MTE, -MTE_..-MTE_ MTE,_ MTF_ MTF,
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where
and o has spatial frequency units

In the above figures it can be seen that the mechanical perturbations (vibrations

and/or displacements) have a stronger effect for an image acquired than the
atmospheric turbulence.

To highlight how an EO/IR system evolves concerning the MTF values, tested
with mechanical vibrations at different amplitudes, it can use the rapport E:
1-R
E=——-100[%
R [%0] 3)
r_ MTR,
MTE

_2n% % (6% —o?) _20f2.Ac(cl+02) _20f2.20-Ac
=e =e ~e

= = ~

where:

(4)
in which 1 represents the status of the EO/IR system with the vibration amplitude

1, for example 6 pm, and 2 represents the status of the EO/IR system with the
vibration amplitude 2, for example 11 pm (Figure 14).
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Fig. 14. The MTF diagrams corresponding to the two values of the vibrations amplitudes
(6 microns and 11 pm, respectively), which means a difference Ac =5 pm.

We consider a significant variation for 6 = 1 ... 20 [um] and a variation between
the status 1 and status 2 as Ac =1 ... 5 [um]. The results are shown in fig. 15-16.
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Fig.15. The variation of the MTF difference with the spatial frequency fat different amplitudes o
[um] and different amplitude variations Ac [um] between them.

By the analysis of the following diagrams it can see that, as the observed object is
farther from the EO/IR system (the spatial frequency is higher), as the difference
between MTF is higher; also, the difference in amplitude of vibration increases
the difference between the MTF.

For the higher the vibration amplitude (o), the difference between the two MTFs
increases, so that under null vibration (without any ambient severity) there are
virtually differences between the MTF. The difference increases with the
increasing of the severity of the ambient.
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Fig. 16. Numerical simulations ofthe variation of the MTF with the o [um] and Ac [um]

4. Conclusions

for a fixed spatial frequency f.

41 Two EOI/IR systems with the same components and features, but with
different accuracies of execution can be differentiated by analyzing the acquired

image quality of each;

4.2 The behaviour of an EO/IR system can be estimated for different conditions of
an ambient, especially for mechanical random vibrations.



56 Catalin Spul ber

REFERENCES

[1] ***MAWVISS 15, Mtf-bAsed Visible Imaging and Infrared Systems Simulation, JCD
Publishing Company and Interactive Software-Integrated.

[2] ***NVThermIP 2009 software, Ontar Corporation.

[3] Spulber, C., A Fast Estimation of the EO/IR System Performances Using the Picture
Simulation in a Turbulent Atmosphere, Applied Mechanics and Materials Vol. 555, pp 737-744,
Jun 2014.

[4] Perry, Brian: Algorithm for MTF Estimation by Histogram Modelling of an Edge, Final
Thesis Report, Rochester Institute of Technology, October 2001,
https://www.cis.rit.edu/research/thesis/bs/2001/perry/title.html.

[5] Sanchez-Brea Luis Miguel, Quiroga, Juan Antonio, Garcia-Botella Angel, Bernabeu
Eusebio: Histogram-based method for contrast measurement, 10 August 2000 y Vol. 39, No. 23y
APPLIED OPTICS, pp. 4098-4106.

[6] YALMAN, Yildiray: A Histogram based Picture Quality Index, Przegl D Elektrotechniczny
(Electrical Review), ISSN 0033-2097, R. 88 NR 7a/2012.

[71 Reiter, Michael; Weill Daniel; Gusenbauerl, Christian; Erler Marco; Kuhn, Christoph;
Kasperl Stefan; Kastnerl Johann: Evaluation of a histogram-based picture quality measure for X-
ray computed tomography, ICT Conference 2014 — www.3dct.at.

[8] Hamid R. Sheikh, Alan C. Bovik: A Visual Information Fidelity Approach to Video Quality
Assessment, The First International Workshop on Video Processing and Quality Metrics for
Consumer Electronics, Scottsdale, AZ, Jan. 23-25, 2005.

[9] Beghdadi, A, lordache R: Picture quality assessment using the joint spatial/spatial-
frequency representation, EURASIP J. Appl. Signal Processing 2006, 2006.

[10] Yalman, Yildiray; Akar Feyzi; Erturk Ismail: Contemporary Approaches to the Histogram
Modification Based Data Hiding Techniques, ISBN 978-953-51-0840-5, Published: November 7,
2012.

[11] Narayanan, R. M.; Desetty M. K.; Reichenbach S. E.: Efect of spatial resolution on
information content characterization in remote sensing picturery based on classification accuracy,
Int.J. Remote Sensing, 2002, vol. 23, no. 3, 537-553.

[12] ***Shannon information capacity, http://www.imatest.com/docs/shannon/.

[13] Hamid Rahim Sheikh: Picture Information and Visual Quality, IEEE Transactions on
Picture Processing, XXXX 1.

[14] Nava, Rodrigo; Cristobal, Gabriel; Escalante-Ramirez Boris: Mutual information improves
picture fusion quality assessments SPIE Newsroom 10.1117/2.1200707.0824.

[15] Holst, Gerald C. Infrared Imaging Systems: Design, Analysis, Modelling, and Testing IX.



