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Abstract

Temperature estimation is used in various field’s of technology for
acquiring data related to temperature and drive the application or
process according to it. Today we have only few methods to determine
temperature of the object or body, but all of them are not accurate.
Therefore we need more precise methods of estimating and calculating
the temperature. Through this paper we present a low error method in
this paper better than the conventional methods of calculating
temperature, which will not only reduce the error but will provide a
right and concrete direction. We will take each object a blackbody
radiating at some temperature and calculate that temperature by finding
power spectrum.

Keywords: Tempearture estimation, quantum temperature, non-
contact temperature measurement.

1. Introduction
Temperature measurement from digital image comes under the colorimetry branch of
image processing, in which we deduce the temperature based on the color, intensity
etc. When we acquire an image we either get color image or monochromatic image
depending upon the instrument we are using.

A body radiates energy in the whole spectrum starting from low frequency of 102
Hz to 102* Hz, but the energy radiated may vary from band to band. Therefore we
don’t get all these band’s details in image from which we want to calculate
temperature as energy radiated is directly proportional to temperature.

Tr < Ep @



282 Rohit Rana & Harish Parthasarthy

Where s the total temperature of the body and is the total energy radiated by
body.

The signal  received by three color sensors (RED, BLUE, and GREEN) can be
written as

)

Where and is the spectral responsivity and spectral distribution.

To setup a system representing colors as linear combination of primary colors we
make a set of spectral distributions which represents primary color set and can
be written as

©)

Where  represents array and represents tristimulus values of
primary colors in 3-D space.

Therefore now signal s can be represented as follows

With

Now the above 3-D signal is converted in the 2-D color plane or chromaticity

diagram.

— (4)

With

From above equation (4) we can find out the X, Y co-ordinates in chromaticity
diagram or CIE and thus deduce the temperature.

Another method [2], suggest that instead of going with chromaticity diagram, just
get temperature values using contact type sensors in different kinds of burners which
generates different colors. Then put that data in MATLAB and do regression analysis
and curve fitting to get intermediate colors values. The main techniques which [2] talks
are following:

1. Analytic techniques

a) Least squares method

b) Polynomial method
2. Color segmentation approach
3. Regression analysis

Where is temperature,: , , are regression analysis coefficients: is Red,
Blue, Green

Fig. 1: Chromaticify diagram CIE[1]
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2. Shortcoming of Chromaticity Diagram, Data Fitting and

Regression Analysis
The main short coming was [1], [2] didn’t consider the input properly which was
frequency and wavelength dependent. They just considered the visible spectrum from
electromagnetic spectrum. The main heat producing waves were in infrared region,
cosmic and microwaves which contribute temperature of body a lot. For example if we
take blue LED and a blue STAR, they can’t have same temperature but we will get
same temperature through above techniques.

Finally, we can say that we need a new solution to above mentioned problem
which not only takes full spectrum inputs but can be used everywhere.

3. Temperature Estimation Using Image Processing with Quantum
Analysis
We know a perfect blackbody radiates electromagnetic radiation at a constant
temperature. According to Stefan-Boltzmann law, the power flux ¢ of a black body
radiation at temperature T is
¢ =oT* ()

Where o is constant and the planckian spectrum S(v, T) is given by

3
v
87Thc—3

SOT) =4 (6)

ekT—1

where h=planck constant, v=frequency, k=Boltzmann constant, T= Temperature
Now the power flux per unit frequency overall frequencies is given by

Jy s, 1) (7)

Suppose the body radiates according to the planckian spectrum S(v, T). Let x(t) is
the current induced in the photocell with zero mean and spectral density aS(v, T).The
output of an LTI filter with impulse response h(t) and additive noise w(t) is

y(&) =h@) *x(t) +w(t)t =0 (8)

Now y(t) is a measured signal. It’s a filtered and noise corrupted version, zero
mean stationary Gaussian process with spectral density

Sy(w) = [H(w)|? Sp(w, T) + S, (w) 9

w3

T2 c2 _ h
where Sy (w,T) = h—"— h = =
ekT —1
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We can find estimate of T by T, where §y (w) is the estimate of S}, (w) then it can
be written as
T = argmin f;:(Sy(w) — [H()|*S,(w,T) = S, (w))*dw  (10)

T is the temperature estimate based on least squares spectral matching. The
maximum likelihood temperature estimator of T based on signal matching involve
following:

1. find S, (w) = |[H(w)]? Sp(w, T) + Spe ()
2. find Ry, (z.T) = [* S, (w)efo™ 22
3. find Q(ty,t,) ty,t, € [0, To]

T, is the duration of measurement of y (")
So that

fOTO Q(t1,t2) Ry, (t; — t3, T)dt, = 8(t; — t3) ty, t; € [0,To] (11)

We can write Q(t,,t,:T) instead of Q(¢,, t,) and now we minimize it
(1) =2 Qty, t2: Ty (t)y(E)dtydt, + 57 loghn(T)  (12)

where {1,,(T)};—, are the eigen values of Q over [0, T,]
Equivalently, let {¢,,(t;T)}n=, and {u(t)};,=, the eigen functions (orthonormal
set).

Now the associated eigen values of R,,,(t; — t,, T) over [0, T,] is given by

Jy? Ryy(ty = £, ) (& Tdlty, = (T (613 T), £ € [0,To] (13)
Then finally

T = argming {3 Sy 1060 (N} + 2 Sy o ([ 0TV OdE) | (1)

=1 (T)

Thus we get the final equation through which we can find minimized error
temperature estimate.

4. Results and Comparison
Following (I11) method we are able to get very close temperature estimate of various
radiating sources. It is shown in the Fig. (2).Also the sun planckian spectrum is shown
in Fig. (2) after calculating the temperature from quantum model method compared
with theoretical temperature of sun.
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Table |
Image Measured Estimated Error%
Temperature | Temperature
Sun 5771 K 5838 K 1.16
Candle flame 1900 K 1978 K 4.10
Florescent Lamp 2800 K 2896 K 3.42
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Table (1) shows the comparison between the estimated temperature and theoretical
or predicted temperatures. From it we can see the error is very low and we can apply

this method on various objects.

5. Conclusion
In this paper we have shown a better method which take full radiated spectrum into
consideration and produce result based on that. It works better than the conventional
method and provides good insight of how things are working. This technique behaves
well in matlab and it’s easy to implement. Others methods can also be explored in this

field.

Energy density

5837 89325
5771.3975
2127 9744

Fig. 2: Showing sun image in colored and lumen image, temperature and plackian
spectrum of sun, error density in full electromagnetic spectrum.
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