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Novel Approach to Intelligent Video
Surveillance System Illumination Measurement
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Abstract— Intelligent Video Surveillance Systems (IVSS)
have been increasingly utilized as a tool to ensure security in
growing amount of applications. The percentages of the areas
which are covered through Video Surveillance Systems are
continuously increasing. The various evaluation techniques are
utilized in order to manage their effectiveness. The comparison study
of lighting measurement possibilities are provided in this research
paper. For the purposes of this experiment the case study of real
IVSS design was realized. So the results were measured in
environmental conditions equivalent to central climate zone.
Magnitude and reason of such measurement is discussed in the
initiate part. The second part is aimed to presentation of methods and
instruments utilized for measurement. The particular results obtained
within the two case studies are provided in final section, where two
methods of measurement were utilized.

Keywords— Intelligent Video Surveillance System evaluation,
illumination measurement methods, comparison study, evaluation,
Image functional properties.

I. INTRODUCTION

NE of the key functional properties of Intelligent Video

Surveillance System (IVSS) is their image acquisition
capability. Although the IVSS effectiveness is influenced by
complex variety of factors, the most important are lighting
conditions within the scene exposed. This fact is obvious even
from camera working principle. The Image Acquisition
properties of the cameras are continuously increased by the
IVSS manufacturers on one hand, but the effectiveness of the
IVSS could be increased throughout the exact specification of
influencing conditions on the other hand.
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Figure 1: Image Interpretation Algorithms utilization

Moreover, Image Acquisition is an initial step within the
image capturing process which means, that all next steps are
influenced by the quality of input signal generated under
particular conditions applied. Final scheme exposed scene
lighting conditions could be managed even within IVSS
design process, where two approaches could be utilized:

- Empirical (based on “know how” of particular system
designer),

- Exact (based on measurable values).
Appropriate assessment of lighting conditions is closely
related also to intrinsic and extrinsic calibration of the camera.

The Image Interpretation Algorithms are utilized in order to
increase evidence value of image sequence captured by the
system. These functions are well known as an Automatic
Exposure Adjustment tools. Although particular research
papers discussed evaluation of the Image Acquisition process
[1], the majority were aimed to evaluation of overall
architecture of the system [2], including all functional blocks
such as Image Acquisition, Connections, Image Processing,
Activity and data management, connections with other
systems, the system and data integrity.
Content of this research paper is logicaly divided into four
chapters. In the initial chapter the incident and reflected
lighting intensity measurement methods are described in
detail. The description of measuring instruments is provided in
next chapter and the results taken from two case studies are
presented in final chapter of this research paper.

1. EXPOSED SCENE LIGHTING CHARACTERISTICS
MEASUREMENT METHODS

Three approaches to the lighting intensity measurement are
utilized for the purposes of IVSS proposal procedure.
- Incident illumination intensity measurement,
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- Reflected illumination intensity measurement,

- Histogram expertise technique.

Measurement of lighting is sophisticated engine to the
exposure conditions establishment process. In case of IVSS it
is necessary to divide exposed area to partial block. Advantage
of this solution consists in establishment of concrete lighting
level in particular partial block of the scene and its monitoring
within the day. There is possible to settle severity of the scene
exposed in light of the dynamic range, which is important
parameter for equipment solution. Illumination is a
photometric magnitude which is defined as a luminous flux
incident on particular surface. Its base value is Lux. The
illumination intensity is in virtue of following equation:

E = @ = I_ (1)
AS r?

Where [E] = Lux (IX), - luminous flux, - is exposed area, | —
luminance, r- range between surface and source of
illumination.

Nonetheless, the equation before is usable only if the lighting
incident vertically on the surface, but this case is not so
common. More frequent is other case, when the lighting

incident angle-wised randomly. Then is in virtue of following
equation:

E_ | cczsa @)
r

Where & - randomly wised angle of lighting incident.
Considering equations above is obvious, that illumination
intensity is depended on range between source and illuminated
object and on the lighting incident angle. Common
illumination levels are illustrated via next table 1:
Table 1: Common real-life illumination levels
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0,1 Overcast moon illumination

0,001 Common stars illumination

Low stars illumination

0,0001

Alternative method of lighting characteristic is reflected
illumination intensity measurement. Instead of incident
illumination intensity, where the lighting beams coming on
surface are gathered for measurement, in case of reflected
illumination intensity are the lighting beams reflected from
surface utilized and evaluated. This method has several
advantages, but also similar number of disadvantages. Main
advantage consist in their ability to take into account the
reflection characteristic of materials which are situated in
exposed scenery. The lower accuracy of measurement is then
disadvantage on the other hand. Both of introduced methods
are usable before the IVSS’s design itself, nonetheless the last
one, the histogram expertise is based on revision of existing
camera views. Core contribution of lighting characteristic is to
specify dynamic range severity of the scene. The difference
between the lightest and the darkest point within the image.
The absolute magnitude is defined through this relationship,
whereas the total amount of lighting occurring on the image
sensor is described. The maximal amount of shades, which
image sensor could recognize is then defined as a contrast
value. Borders of image sensor are stated by capacity of each
photo-sensitive cell and also the noise generated. The
exposure value are established in EV magnitudes as a
difference of the lightest EV in opposite to the darkest EV.

I11.  MEASUREMENT INSTRUMENTS DESCRIPTION

Two types of measurement instruments were used within
the experiment. The first one is a representative of lux meter
category Sonel LXP 1. The second instrument which were
used is able to measure incident and also the reflected
illumination, this capabilities are at disposal by expose meter
Sekonic LITEMASTER L-478DR. Technical parameter of
each are illustrated via tables 2 and 3.

Direct sunlight . .
100,000 Irect Sunng Table 2: Digital Luxmetr Sonel LXP 1 technical
50 000 Sunny weather specification
5000 Overcast Display_ Multifunctional LCD
High quality illuminated surface etc Measuring scales 400,0 Ix 40,00 fc
500 ot Y ' 4000 Ix 400,0 fc
. - . : 40,00 kiIx 4000 fc
300 Minimal illumination needed for reading 400.0 KIx 40,00 kfc
100 Insufficiently illuminated surface Measuring rate 1,3 Ix/sec
; A f Interrelations (lux / fc) 1 Ix =0,09190304 fc
Day ill tion of aisl '
60 ay illumination of aisles 1 fe = 1076391 Ix
15 Quality illuminated streets at night time fc = foot candle
10 Evenfall Internal memory 99 measuring results
5 c illuminati f off-street Data logger 16000 values
ommon Hiumination ot oft-stree Supply voltage 9 V (accumulator)
2 Minimal security illumination Dimensions 170 x 80 x 40 mm
1 Sunset Weight 390 g
0,3 Full moon
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Table 3: Sekonic LITEMASTER L-478DR technical
specification

Measuring methods Incident | Reflected

Special functions Brightness difference | Memory

Lighting measuring Ambient | Flash

Measuring scale (EV) -27,9/+55,8EV

Sensitivity 3- 409 600 1SO (1/3EV)

Iris /0,5 - f/161,2

Exposure time 30min - 1/64000 sec.

Frame per sec 1 a7 1000 fps

Aperture angle 1-358°

Candela/m2 1,0-980 000

Supply voltage 2x AAA Accumulator
Dimensions 57x140x26mm
Weight 130¢g

IV. IVSS LIGHTING CHARACTERISTIC MEASUREMENT CASE
STUDY

Incident and reflected illumination intensity is influenced by
several aspects:

- weather conditions within the scene (overcast, semi-
bright, bright weather),

- time of measurement (three hours interval between
single measurements),

- camera position considering sun position (sunrise,
sunset),

- considering shadows (dropped by buildings or trees)

- positioning and timing of artificial lighting.

A. Illumination intensity effected by various conditions

Because of the similarity of results taken within the
particular levels of detail of the scene, the time of
measurement and weather conditions dependence were
utilized as main grading criteria. Measured results are
digestedly illustrated via following figures:
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Figure 2: Incident illumination intensity within a day
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Figure 3: Incident illumination within a night

Shape of the graph curve of reflected illumination intensity
does not differ considerably from the incident illumination
intensity curve, on the other hand differences in particular
values occurred, especially in case of reflected illumination
measurement in sunny weather. They differ only in the
measured values, which are reflected by light in the most of
cases, especially in sunny weather, which are much higher.
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Figure 4: Reflected illumination within a day

Where bright weather is represented by blue line, semi-bright
is represented by orange line and overcast is represented by
black line. Technical ways of interconnecting the individual
applications can be divided
into the following basic groups:

- hardware methods of integration,
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- software methods of integration [3].
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Fgure 3: Eeflected ilhumination within a night

From figures n.2, 3, 4, 5 is obvious, that characteristics of
incident and reflected illumination were not significantly
different. The most distinct aberrancy was investigated when
measurement was accomplished during sunny weather. In
these situations a value of reflected illumination was slightly
higher. It is important to mention, that the most significant
value differences were measured within a day. Form the
results is obvious, that the reflected illumination measurement
method is effective and more precise, when the highly
contrastive scene is investigated. When it is necessary to
measure dynamic range disposals, the reflected lighting
method is considerably useful, within the IVSS design
process. However, this comparison study is helpful mainly for
definition of measurement methods for complex [VSS
evaluation methodology, which should be proposed within the
thesis of the first author of the paper.

B. Ilumination intensity within particular level of detail

Cameras with various illumination intensity within
particular level of detail were utilized for purposes of this
measurement method. The particular ones were chosen based
on characteristics of scene exposed. The experiment was
realized for three levels of detail:

- observation (black curve),
- recognition (orange curve),
- identification (pink curve).
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Figure 6: Incident illumination intensity in particular levels of
detail in overcast day conditions

The individual charts we can see that at each level of detail
the illumination intensity varies. The difference in intensity is
caused by different amount of incident illumination into the
different levels of detail. For particular cameras the
identification level of detail is obscured by the roof and thus
there is no direct impact of solar radiation in the daytime sky.
Recognition level of detail is only partially covered by a roof.
Last observation level is exposed to direct sunlight.
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Figure 7: Incident illumination intensity in particular levels of
detail in semi-bright day conditions
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Figure 8: Incident illumination intensity in particular levels of ~ Figure 9: Incident illumination intensity in particular levels of
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On the charts with intensity at the night sky, however, we can

see that the individual curves are inverted. It is possible to 1,200
state that illumination value at the identification level of detail, 1,100
are greater than the intensity measured on recognition and 1,000
observation level of detail. It is caused by the placement of ’
artificial lighting on the covered part of the scene. The 900
observation level of detail area was the most distant from the 800
artificial lights illumination source, and therefore the ,
measured values were the lowest. 700 o
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Figure 10: Incident illumination intensity in particular levels
of detail in semi-bright night conditions
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Figure 11: Incident illumination intensity in particular levels
of detail in bright night conditions

Unlike the previous measurement method, where the value
at each level of detail were averaged, here the levels were
separated, because the plotted graphs would be distorted and
should not be valuable when selecting the type of camera.
Different intensities of light at different levels of detail could
be caused by overexposed or underexposed scene. Both
illumination intensity measurements method are capable to
improve the design or the evaluation process of 1SS and final
choice of cameras.

V. CONCLUSION

Well known methods of illumination level measurement
were utilized for purposes of IVSS design in this research
paper. Recent approaches and methods wused were
recapitulated in the first part of the paper and then the
specifications of methods used for the purposes of this
research were interpreted in detail. The description of
measurement tools were provided in next section. Finally the
main contribution is included in four sections, where the
results comparison study is provided and discussed. Larger
data pattern will be published in extended version of the paper.
Where the other measurement approaches will be provided.
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