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ABSTRACT ®

The qualitysitest of photovoltaic power plants by infrared imaging under operational conditions has been
great importanee in recent years. The objects emit electromagnetic waves that cover the continuous spectrum,
and accerding to Planck's law, any object with absolute temperatures above zero (-273 ° C), emits energy
which depends on the temperature of the object. Thermal cameras record the temperature and assign a suitable
colorito each pixel. A color model is a mathematical model which defines any color in terms of its coordinates
in three dimensions or three axes in this space. In this research, a photovoltaic polycrystalline module was
introduced and the current, voltage, and thermal image of the module were collected throughout the day and
different color spaces were extracted from the thermal images. After statistical analysis, a *, G, L * and R
parameters were found to have the highest correlation with the output power of the photovoltaic module. After
examining different equations for determining the output power of the module with respect to the thermal image
parameters, found that a * was correlated with the output power of the photovoltaic module by presented 3rd
order equation and correlation coefficient of 0.928.
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Table 1. Photowaltaic module Technical Data

QO
Peak power(Pmax) N 10(W)
Maximum Power Current(Imp) 0.55(A)
Maximum Power Voltage(Vmp) 9 18.00(V)
Shot Circuit Current(lsc) N 0.61(A)
Open Circuit Voltage(\Voc) 21.6(V)
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Table 2. FLIR One Pro Specifications.

Certifications
Operating temperature

Non-operating temperature
Size

Weight

Mechanical shock
Thermal and visual cameras with MSX
Thermal sensor

Thermal resolution

Visual resolution

HFOV / VFOV

Frame rate

Focus

Scene dynamic range

Accuracy

Thermal sensitivity (MRTD)

Emissivity settings

MFi (iOS version), RoHS, CE/FCC, CEC-BC, EN61233
0°C-35°C(32°Fto 95 °F),

battery charging 0 °C to 30 °C (32 °F to 86 °F)

-20 °C to 60 °C (-4 °F to 140 °F)

68mm W x34mm H x14mm D (2.7in x 1.3in x .6in)
36.59

Drop from 1.8m (5.9ft)

Pixel size 12uM, 8 — 14uM spectral range

160x120 N
1440x1080 >
55°+1°/43°x1°

8.7Hz xS

Fixed 15cm — Infinity AN

-20 °C t0 400 °C (-4 °F to 752 °R)
+3 °C (5.4 °F) or 5%, typical Perc‘\ent of the difference
between ambient and scene tempefature. Applicable 60s

after start-up when the unit iswithin 15 °C to 35 °C (59 °F to 95

°F) O

and the scene is within 5,°C to 120 °C (41 °F to 248 °F)
150mK ~

Matte: 95%, SemisMatte: 80%, Semi-Glossy: 60%,

Glossy: 30% Rqﬂécted background temperature is 22 °C (72 °F)
Shutter Automatic/anual
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Figure 2. An example of thermal images of photovoltaic module separated from background
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Table 3. The correlation between color parameters and module output power

N

correlation parameter

0.704 R

-0.755 G '

-0.545 B <

-0.723 L
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Table 4. Correlation coefficient of different equ@ations for a * and module output power

S
R? Model
0.608 N\ Linear
0.469 N Logarithmic
0.281 ) Inverse
0.876 3 Quadratic
0.928 Cubic
0.611 Compound
0.472 ¥ Power
0.611 S Growth
0.611 Exponential
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Table 5. Cubic equations extracted for selected parameters and module output power
R? model parameter
0.761 y=0.634x-4.182x%+4.354x3 R
0.888 y=-0.4.832x+13.656%2-9.760x° G
0.799 y=-4.845x+13.422x%-9.474x3 L

0.928 y=3.874x-11.559x%+8.630x° a
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