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Abstract — Incandescent materials emit optical radiation that can cause cataracts, especially in industrial
processes. This risk must be assessed to help employers choose an effective means of protecting workers.
Where possible, this is done by software simulation. Otherwise, near-infrared irradiance must be measured
at the worker’s eye. Since radiometers and spectroradiometers are too expensive for most preventers, a novel
and virtually free method has been proposed. Using a photograph, it assesses irradiance by summing the
irradiance corresponding to each pixel representing the opaque glowing materials in the image. Pixel
irradiance is evaluated from the radiance of the colored body whose temperature and emissivity correspond
to the pixel color, weighted by the geometric configuration associated with the pixel in the camera
perspective. The first principle — converting pixel color to radiance — was the subject of a first paper. This
paper presents the second principle: calculating irradiance at the eye from pixel radiance. This method is
accurate enough to assess cataract risk, thereby helping employers to protect workers. An easy and

inexpensive way to calibrate the camera is under investigation in view to making it widespread.
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1 Introduction

Industrial workers are at risk for skin burns and thermal
damage to the retina and to the cornea (cataracts). This is due to
visible and infrared optical radiation emitted by incandescent
materials, typically in the 800 to 1,300°C range.

The European Union has set occupational daily limits
(European Union, 2006) for the average occupational irradiance
E g from infrared radiation (IR). It is expressed in equation (1.1)
where E(}) is the spectral irradiance at the eye.

3000nm
[ E;ox
A=T780

Epg = (1.1)

Dailg E limits depend on exposure time #:1.8E4.1~**W/m?
if £ < 10’s, 100 W/m® otherwise.

As explained in a previous paper (Deniel, 2024), the
CatRayon freeware (INRS, 2018) evaluates an exposure
situation in the form ofrisk indices: such an index is the ratio of
an exposure in a wavelength range to its daily limit.

*Corresponding author: jean-marc.deniel@inrs.fr

Software simulation cannot assess certain exposure sit-
uations. In these cases, it is necessary to measure IR irradiance at
the worker’s eye, which requires expensive equipment. To avoid
this pitfall a novel method has been presented (Deniel, 2024),
that is affordable for most preventers.

This method considers a color camera picture as a matrix of
pixel colors, where each pixel p corresponds to a direction in
space from the camera’s point of view. It is based on two
principles shown in the flowchart in Figure 1, explained in the
previous and present papers respectively.

The first is illustrated in the right part of Figure 1. It
assumes that a colored body with spectral emissivity m().) at a
given temperature 7 can represent the radiance of an
incandescent opaque material. This B(m,T A) radiance follows
equation (1.2), where / is the Planck constant, c is the speed of
light in the vacuum, and £ is the Boltzmann constant.

2hc? 1
B(m,T,)) = e *exp(ﬂ)fl
I3

s« m(L) (1.2)

The previous paper (Deniel, 2024) explains how to convert
the color of any pixel p corresponding to a glowing opaque
material into a spectral emissivity m,(1) and a temperature 7,
then into B(m,T,, ).
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Fig. 1. Scheme of cataract risk assessment from an image with incandescent opaque materials.

The second principle is illustrated in the left and bottom
parts of Figure 1. First, each pixel p is considered as a
rectangular window corresponding to a solid angle, which is
projected onto the sensor plane as a form factor ff,. The
characteristics of the camera perspective are used to compute
M (also called configuration factor) (Howell et al., 2021).

Then the incident IR irradiance through the solid angle
corresponding to pixel p is simply 7 * ff, * B (m,, T, 1).

Finally, Ej is the sum of the irradiance from all pixels
corresponding to incandescent materials and not too dark.

As risk indices from exposure to IR usually vary from tens
to hundreds, such an estimation does not require the accuracy
of radiometry. In such situations, even a+50% Ez estimation
would be useful to obtain information on the risk and lead
employers to investigate and prevent workers from being
subject to cataracts. This paper presents the use of the ff,
geometry terms in order to compute £z, and the influence of
image resolution and noise on E;; appraisal, compared to
measured and theoretical irradiance.

2 Materials and method

The equipment to compare the estimated and measured
irradiance are exactly the same as that used in (Deniel, 2024).
As illustrated in Figure 2, the camera and the spectroradi-
ometer had to be placed close to each other, in front of the
INRS furnace.

We had to compare the irradiance measured with the
spectroradiometer and the irradiance estimated from camera
images taken at the same distance from the optical radiation
sources. While measuring the distance from the source opening
to the spectroradiometer optics is easy, measuring the distance

from sources opening to the camera optical center is not
straightforward. Figure 3 shows the arbitrary reference point
on the camera body, at which we placed the spectroradiometer
optics, at distance Z from the source opening. We determined a
Zy=-7.33 cm distance offset along the camera view axis,
between the reference point on the camera body and the
opening of a pinhole approximation of the camera lens. We
could verify that Z4Z, successfully matched up the objects
seen in the pictures with their virtual projection in the camera
perspective.

The far field assumption that irradiance varies as the inverse
squared distance, applies when the irradiance distance exceeds 5
times the size of the light source (see DilLaura et al., 2011a
Fig. 9-3 p. 389). In the case of our blackbody, error on irradiance
will be+7% at 97mm, +£2% at 172mm and neglictible at
492mm. This assumption allowed comparison of the method
with the measured irradiances scaled by z

(Z+Z0)*
2.1 Pixel form factor calculation

The second principle of the proposed method is to sum the
IR irradiance of each p pixel, as expressed in equation (2.1).

Eir = JTfop * Birp

pixelp

(2.1)

This technique is called hemicube in realistic image
synthesis (Cohen and Greenberg, 1985) when five planes are
considered (see Fig. 4a). In our case, just one plane must be
considered; it is called the hemiplane method (Sillion and
Puech 1989) (see Fig. 4b).
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Fig. 2. Measurement conditions in front of the INRS metal furnace: in the front, the AvaSpec NIR256-2.5TEC spectroradiometer is protected by
a survival blanket; in the rear, its optics and the camera face the furnace opening. Note that a pipe reduces the spectroradiometer measurement
field to approximately the furnace opening.

% Camera field of view.. -~~~
Sensor plane | el _ _
~LejiEi =1 Camera Zoptical axis
_ .+~ TGanera optical center
LN et e - L Optical radiation
e T~ , | source opening

Z distance from camera ~ ~ . -
body to source opening =~

Fig. 3. . Z, distance offset from a reference point on the camera body to the camera optical center.

Considering each pixel p a rectangle, its ff, form factor  method (Carré, 1998, pp. 67-68) (see Fig. 5b) based on the
corresponds to a rectangle-based solid angle w,, asillustratedin ~ Nusselt analogy (see Fig. 10.3 in DiLaura et al, 2011b,
Figure 5a. p. 10.7).

Several methods can be used to exactly compute ff,, (Cohen In this method, polygonal surfaces in space are projected
and Greenberg 1985). We used the straightforward Carre  on a unitary disc of center O. A polygon is a series of [4B]
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Fig. 4. (a) Form factor analogies used in the hemicube - picture from (Cohen and Greenberg 1985) - and (b) the hemiplane (Sillion and Puech

1989) methods.
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Fig. 5. (a) Geometry of the form factor ff, associated with a pixel p in a picture. (b) Carre (Carré 1998) method (picture from this thesis) to

compute ff,,.

edges in trigonometric order. The projections of 4 and B on the
unitary sphere are denoted A’ and B’. Then 4’ and B’ are
projected on the unitary disc as A” and B” respectively. O, A”
and B” form a portion of the disc. Its 45 area can be positive or
negative, as given in equations (2.2) where N 4p is the normal
to sensor and N,p is the normal to the (0,4’,B’) plane.

0 3 — —
Sz = arccosOA .OB * N5 .N gec
— —
. 04° 0B (2.2)
Nup = — —
|| 0A°OB I

Finally, pixel p form factor ff, is the sum of the successive
%jf For example, in Figure 5, the form factor associated with
polygon ABC is = 2” while successive edges projected areas are

denoted S1, S2 and —S3, such that S=S1 + S2-S3.

3 Results

We analyzed pictures of our blackbody and metal furnace, to
estimate £ irradiance. In the same geometrical conditions, at Z
distance from the source opening, we measured spectral irradiance.

As explained before, it was scaled by 2—2)2 to account for the Z;

distance offset from Z to the camera optical center.

In the first case, the emissivity database was reduced to m
(A)=1. In the second case, it contained all the emissivity data
shown in (Deniel, 2024).

3.1 Estimated E;z vs measured irradiance and
theoretical blackbody irradiance

In front of our blackbody, we measured £, irradiance in the
range [1000; 2500 nm] with the AvaSpec NIR256-2.5TEC and
took pictures of the blackbody opening, at three Z distances
from it. £,, was corrected to account for the Z, distance offset.

In addition, blackbody radiance is assumed to be
homogeneous and diffuse. In this case, as explained in
(DiLaura et al., 2011b, 10.3.2), and indicated before, the far
field approximation allows the simple calculation of E,,
irradiance, when the “five times rule” is respected. In this case,
the light source can be considered as a point when irradiance
distance exceeds 5 times the size of the source. Then,
irradiance at distance d varies as inverse squared d, multiplied
by the black body intensity that is 7772 times its radiance. This
explains the 7% o factor in equation (3.1) below.

For cons1stency, 4 18 limited to the £, wavelength range,
as in equation (3.1), while a theoretical Ejz,, value is
calculated by expanding this equation over [780; 3,000 nm].
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Table 1. Exposure to our blackbody at various Z+Z, distances: theoretical £, and measured E,, irradiance on [1,000; 2,500nm], and estimated
by theory Ejg ., and CatRayon Ejp cr> and camera picture analysis Eg . on [780; 3,000nm]. At 800 celsius and 97 and 492 mm measurements
failed. At 1,100 celsius and 97 mm the camera and the blackbody were a little misaligned. They were too misaligned at 1,200 celsius and

172 mm.
Black body Distance Z + Z, S e E ()0 SO E(3)On
temperature theory measured theory by CR® by camera
setting YAVA Ey, E, Erg Erck’ Eirpei
°C mm W/m,
800 97 209 —* 344 368 300
172 67 39 109 108 96
492 8 — * 13 13 12
900 97 381 341 589 579 527
172 122 101 187 185 175
492 15 12 23 22 22
1,000 97 644 571 944 928 811
172 207 174 299 198 220
492 25 20 37 36 32
1,100 97 1,023 918 1,433 1,410 863**
172 328 292 455 452 343
492 40 33 55 56 47
1,200 97 1,542 1,348 2,083 2,050 1,886
172 495 440 661 657 — Rk
492 61 49 81 81 73
1,300 97 2,231 2,089 2,922 2,876 2,711
172 716 692 927 922 846
492 88 74 113 112 102
Table 2. Comparison of E,, measured and £ estimated irradiance in
E o~ ﬁ 25000m 3 2 N 1 o 31 front of our metal furnace. NB: at 1140 °C, pixels corresponding to the
th =T 42 31000 p exp (k/i_cT) —1 (3.1) heating coils are overexposed: their red channel is saturated.
In Table 1, Temp. setting Focusing dist. E, Er
°C mm W/m?

— over [1,000; 2,500 nm], we compare E,;, and E,, irradiance,

— over [780; 3,000 nm], we compare theoretical Ej, 800 1,051 399 377
irradiance and estimations by CatRayon( Ejzcg’) and 900 1,026 785 984
picture analysis (Eg, pic)- 1,000 998 1,453 1,797

1,100 1,150 1,924 1,820
1,140 1,143 2,685 2,690%

3.2 Estimated vs measured irradiance from the metal
furnace

As shown in Figure 2 the camera and the optics were
positioned next to each other in front of the furnace opening. A
pipe reduced the spectroradiometer optics field of measure-
ment to limit £, irradiance from the surrounding. The
conditions of measurement and camera shots were those
described in (Deniel, 2024).

The furnace opening is not a clear virtual frontier as in the
case of the blackbody. That is why we considered the focus
distance on the nearest samples inside the furnace. We

(Z-20)’ between 1.131

estimated an irradiance correction factor =

and 1.1524.

Table 2 shows the comparison of irradiance between E,,
measured over [1,000; 2,500 nm] and £ evaluated by picture
analysis over [780; 3,000 nm].

3.3 Picture definition vs irradiance estimation

It is possible to retrieve camera pictures in definitions equal
and lower than that of the sensor. This may be advantageous in
terms of memory space consumption and the number of
pictures retrieved and analyzed per second. However, there is a
loss in precision, each pixel being associated with a wider solid
angle and hue changing especially along the edges and shape of
the items.
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Table 3. Picture definition effects on the sum of form factors and the irradiance estimation. Only p pixels corresponding to incandescent

materials are considered here.

Definition Difference with 4,640x3,472 px

Width Height prfp Enr A prfp A Epr

px px st W/m?

4,640 3,472 0.049252 1,797

2,320 1,736 0.048445 1,753 —64% —2.45%
1,160 868 0.047411 1,651 —3.74% —8.12%
580 434 0.046856 1,614 —4.87% —10.18%
290 271 0.046552 1,556 —5.48% —13.41%
145 109 0.046557 1,587 —5.47% —11.69%
73 55 0.047112 1,617 —4.35% —10.02%

73 X 55 px

73 X 55 px

4,640 X 3,472 px

290 x 217 px 4,640 X 3,472 px

Fig. 6. Top: pictures of our metal furnace with black line silhouettes in the highest and lowest resolutions tested in this paper. Bottom: estimated

temperatures at various image resolution, in false colors.

We explored definition effects on exposure assessment
through E;; difference and the sum of relevant pixel form
factors sum in the picture of the 1,000°C furnace. We reduced
picture definition from 4640x347px down to 73x55 px by
powers of two using Gimp 2.10 software (Spencer Kimball,
Peter Mattis, 2021 and The Gnome Project, 2021) and bicubic
interpolation (Rowe, 2018).

The results are compared to those of the original picture in
Table 3. The difference in evolution between the sum of the form
factors and irradiance seems mainly due to pixel color
interpolation influencing 7 temperature and m material estimation.

3.4 Combined effect of picture definition and item
silhouette on irradiance estimation

We studied definition effects on the irradiance estimation,
in the case where incandescent objects are not massive areas of

pixels in the picture. This may be the case of forged pieces for
example. Again, we used the 4,640x3,472px picture of our
metal furnace at 1,000°C. Black lines were added to this picture
to make its silhouette stand out more clearly, as illustrated in
Figure 6. In this figure, we show the method result in terms of
temperature estimation at various image resolution.

Table 4 should be read like Table 3, for the combined
effects of silhouette and resolution. In both tables, a decrease in
Eg and 3ff, is observed (Rz(Eﬁ;; E;2)=0.82): as shown in
Figure 6, lower resolution images show dark areas compared to
full resolution. Color of pixels in a lower resolution image
comes from mixing that of a higher resolution image. Then,
(gy/7; by/r,,) hue of these p pixels may not match any (m,; T,)
material and temperature in the hue-to-temperature and
material precomputed matrix (Deniel, 2024). In this case,
these p pixels are ignored in the E;z evaluation. In other case,
(gy/rp ;s bylr,) may correspond to (m,; T,) different from the full
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Table 4. Picture definition effects on form factors and irradiance estimation from cut-out silhouette. Only p pixels corresponding to

incandescent materials are considered here.

333

Definition Difference with 4,640x3,472 px
Width Height prfp Eir A Zp/.'fp A E
px px sr W/m?

4,640 3,472 0.032328 1,196 (original picture)

2,320 1,736 0.030887 1,119 —3.89% —6.44%
1,160 868 0.029056 1,030 —872% —13.88%
580 434 0.028038 979 —11.67% —18.14%
290 217 0.027737 945 —12.60% —20.99%
145 109 0.030471 1,024 —4.89% —14.38%
73 55 0.035891 1,122 +11.06% —6.19%

Table 5. Chromatic noise effect on %,/ f, and Ej estimation. The right columns shows the relative differences with the original picture.

Noise Difference with orig. pic.

*pffp Er A prfp AER
% sr W/m?

0.049255 1,832 (original picture)
2% 0.051889 2,822 5.35% 54.04%
5% 0.052241 2,588 6.06% 41.27%
10% 0.052596 2,513 6.78% 37.17%
15% 0.052654 2,470 6.90% 34.83%
20% 0.052602 2,406 6.80% 31.33%

resolution image. These phenomena explain the difference
between E ff, and Ep at full and lower resolutions in

P
Tables 3 and 4.

3.5 Chromatic noise in picture effects on irradiance
estimation

Sensor readings are necessarily noisy for several reasons
like sensor temperature and analogic-to-digital conversion
(Davenport et al., 2012; Zonios, 2010). Cameras can get hot
and affordable ones are not cooled. We assume that readout
noise influences pixels color, hence the irradiance estimation.

In the case of color cameras, this is called chromatic noise:
supernumerary counts appear independently on each pixel
color channel and alter its color. We showed in (Deniel, 2024)
that each m material at T temperature corresponds to (g/r; b/r)
coordinates in precomputed hue-to-exposure, 7 and m
matrices. As chromatic noise will distort these coordinates,
picture analysis accounts for the worst case in the + 0.02 x
+ 0.02 matrix area around (g/7, b/r).

To measure the influence of noise on estimated irradiance,
we applied the Gimp RGB noise filter (The Gimp project, n.d.)
on the 1,000celsius metal furnace picture. Filter parameters are
“Independant RGB”, “Linear RGB” and “Gaussian distribu-
tion”. The filter level varied from 2% to 20%. Results are given
in the left part of Table 5: they consist of the sum of form
factors for all relevant pixels and to Ez. In the right part of the

table, they are compared to those associated with the original
picture.

As shown in the matrix exposed in the previous paper
(Deniel, 2024), g/r€[0.39;0.82] and b/r €[0.05;0.14]. Any
supernumerary count will tend to influence temperature
estimation:

— on the red channel, it will tend to underestimation,
— on the green and blue channel, it will tend to overestima-
tion.

Since the red counts exceed green counts, and green counts
exceed blue ones, and b/r range is the narrowest, any
supernumerary count will have the highest influence when
appearing on the blue channel, then on the green then on the
red. Noise appearing equally on the three color channels, it will
tend to overestimating material temperature, as shown in
Table 5. We can conclude that our method is conservative as
chromatic noise tends to overestimate the irradiance to which
workers are subjected.

4 Discussion

4.1 Consistency of irradiance between the black body
and the method proposed

First, it is important to evaluate the integral difference of
irradiance over [780; 3000 nm] (our method) and over [1000;
2500 nm] (measurements). Comparing columns E,, and Erg 4,
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Irradiance gain between By, and Egyy,

800 850 900 950 1000 1050 1100 1150 1200 1250 1300
Black body temperature (°C)

(a)

1.3E0

1.2E0

1.1E0
9.9E-11
8.9E-1
7.9E-1
6.9E-1
5.9E-1
4.9E-1

E (lambda) ("Wm-2.nm-1)

3.9E-1
2.9E-1
1.9E-1
8.7E-2

(b)

Fig. 7. Differences in irradiance from a blackbody: (a) theoretically as a gain by passing from [1,000; 2,500 nm] to [780; 3,000 nm] integral
wavelength range, (b) in practice as a loss due to air absorbency above 2,500 nm , as measured in front of a metal melting furnace at 1,200 °C

(image from CR).

in Table 1 shows that enlarging the wavelength range
contributes +28% to +65% to the theoretical irradiance, as
illustrated in Figure 7a. In practice, this difference is reduced
by strong air CO, and H,O absorption of [2,500; 3,00 nm]
radiations (AMETSOC, 2012), as illustrated in Figure 7b.
Differences in irradiance between columns in Table 1 are
given in Table 6. They should be assessed considering:

— the gain in irradiance when enlarging the irradiance
integration wavelength range,

— the loss in irradiance by air absorption, ignored in
calculations (Etln E[R,th> E[R,CRS, EIR,piC)-

Second, E IR,CRS and E g ,, are very close: both are based on
the blackbody model, and differ in the numerical integration of
form factors.

Third, it appears that measured irradiance E,, is under
theoretical irradiance Ejg,; by —20% to —3.4% (except at
800°C). The first reason is air absorbency, as described before.
A second reason is the misalignment of the spectroradiometer
and the black body. The third reason is the systematic lowering
of the ratio with distance to the black body: the spectroradi-
ometer cosine correction overestimates out of axis irradiance.

Fourth, as stated in Stephan-Boltzman law (Boltzmann,
1884), the total energy radiated by a black body is proportional
with 7%. What is the influence of &7 error on the estimated
blackbody temperature, hence on Ejg ., E; cr and E R pic ? AS
these depend on Planck’s integral limited to[1,000; 3,000 nm],
they will vary differently from it. For example at Z+Z, =97 mm,
Eir s and € g error on Eg 5 due to er are approximated as
follows:

Era(T 5.670E — 11 % T+ (R~ 1)

~ 4.1
R™ 8.440% + 43707 (R*~1) (“.1)

In Table 6, Eg s, — Ejr pic and ercolumns do not show such
a relationship. Then, we assume that the difference between
Ejg 4 and Epg ;- mainly comes from geometrical reasons like
the Z, value and misalignment.

Generally, irradiance from the blackbody and calculated by
picture analysis seems close enough to reality, given the need
for accuracy expressed in the introduction.

4.2 Consistency of irradiance between the furnace
measurements and the method proposed

The comparison in Table 2 shows that our method is
consistent with the measurements performed in front of the
metal furnace. As written in introduction, risk indices from IR
are usually tens or even hundreds. Despite IR air absorption
and the wavelength range difference between E,, and E, our
method is accurate enough to inform on the need to protect
against IR and choose the right protection. Nevertheless, a
number of observations should be made.

First, the method proposed is sensitive to camera
orientation, in the same way as a radiometer. Using a cross
in the viewfinder of the camera will help centering the
exposure evaluation on objects of interest.

Second, as seen in Table 3, the method proposed
underestimates E;z from the cut-out incandescent silhouettes
in inverse proportion to the picture definition. Thus, it should
capture pictures with the highest definition.

Third, measuring a physical quantity from a device
response relies on the established relationship between the two.
In our case, sensor linearity to observed radiance is the key. It is
absolutely necessary to make pixel levels proportional with
exposure time and the observed radiance. The first part of the
solution consists in bracketing (Halford, 2022) and analyzing
only pixel colors whose all channels lie within the sensor’s
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Table 6. Columns 3 and 4: difference between the observed and the calculated irradiances. Column 5: €7 error on estimated black body
temperature. Column 6: change in Ej ,, as a function of €7 and : misalignment effects.

Black body Difference passing Error on

Temp. Dist. Z+Z, from E,, from Ejg T estime Er

°C mm mm to £, to Eg pic er vSer
97 - —13%

800 172 —42% —12% +7% +35%
492 — -10%
97 —10% —11%

900 172 —17% —6% +4.8% 4+23%
492 —20% —4%
97 —11% —14%

1,000 172 —16% —27% +3.1% +15%
492 —20% —12%
97 —10% —40%

1,100 172 —11% —25% +2.8% +13%
492 —18% —15%
97 —13% —9%

1,200 172 —11% +2.3% +10%
492 —20% —9%
97 —6% —7%

1,300 172 —-3% —9% 42%, 19%
492 —16% —10%

linearity range. For example, CCD sensors are known to be
linear with observed radiance within [5%; 90%] of their
maximum value. This means [13; 229] counts for 8-bit sensors,
[205; 3,686] counts for 12-bit sensors. The second part of the
solution is to avoid picture treatments, by using RAW picture
data. Indeed, pictures at least undergo color balance or white
balance (Ramanath and Drew, 2014) and gamma correction
(Smith, 1995). Additional treatments tend to enhance pictures,
especially in smartphones.

5 Conclusion

The proposed color picture analysis method estimates
irradiance from incandescent opaque materials on
[780; 3,000 nm]. Our results show that the method is accurate
enough to provide information about the risks for workers of
being exposed to incandescent materials and to help employers
prevent risks of cataract.

This method requires a device already present in the pocket
of every preventer, making it virtually free. This may help to
prevention from cataracts in various industrial sectors.

Several perspectives are currently planned to make this
method genuinely usable in industry. For the method to become
available on smartphones, the following conditions are essential:

1 The camera requires an easy and cheap calibration method.
This is currently under investigation.

2 To ensure proper geometry conditions, especially in
smartphones, the method should account for more complex
lens models (Kolb et al., 1995) than a pinhole (Tomasi,
2015).

3 It must be usable with sensors having a low dynamic range,
for example through the use of bracketing techniques
(Halford, 2022).

In addition, the method’s usability will be improved by
reduced assessment time. Currently, analyzing a single
picture requires up to 20s on a laptop computer. As described
in this paper, the method performs simple operations on
matrices. Massively parallel computing by GPGPU (Tarditi et
al., 2006) seems the perfect way to process these data in
graphic cards and achieve real time processing. In addition to
ease of use, this technique may make it possible to assess
exposure at any moment over a period of time. This is
necessary to estimate doses of irradiance during some steps of
an industrial process (i.e., loading a furnace or forging a piece
of metal).

Lastly, it is interesting to investigate irradiance estimation
using incandescent glass picture analysis. Colored bodies
cannot represent incandescent glass for the following reasons:

— glass is glossy and even specular; it is not a perfect
absorber;

— light is not only emitted from surfaces, but from
everywhere inside;

— the temperature gradient from within a material to its
surface will change the intensity and the spectral
distribution of the radiations emitted;

— it is a both transparent and participatory medium.

Therefore, incandescent glass will need further investiga-
tion in terms of modeling and recognition, to protect workers in
the glass industry.
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