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Abstract. This paper proposes a novel method for three-dimensional (3D) temperature measurement using
light field colorimetric thermometry, aiming to overcome the challenges associated with the intricate system
structure and the limited availability of 3D information in traditional radiation temperature measurement
methods. Firstly, the correlation between corresponding image points and the positions of 3D object in the light
field image system is analyzed using the ray tracing method. The 3D position acquisition model and the
light field colorimetric thermometry model are established, enabling simultaneous acquisition of the spatial
coordinates and radiometric information of the 3D object. Then, the light field camera radiation calibration
experiment was conducted, and the 3D temperature field will be obtained by employing colorimetric thermom-
etry for each corresponding image point of the same object point. Finally, the experiment employed a light field
camera for temperature measurement and reconstruction of candle flames. The accuracy of the temperature
measurement is 3.31%, thus confirming the feasibility and effectiveness of the proposed method.

Keywords: Temperature measurement, Optical field imaging, Colorimetric thermometry, 3D reconstruction,
Radiometric calibration.

1 Introduction

The radiometric thermometry technology, characterized by
its fast response speed, high upper limit of temperature
measurement, and wide dynamic range, holds great poten-
tial for various applications in the field of temperature mea-
surement [1–3]. The traditional single camera system, while
simple in structure and easy to implement, faces challenges
in acquiring and reconstructing 3D spatial information of
the radiation field. The camera array thermometry system
[4] involves the arrangement of multiple cameras at various
locations and angles around the temperature field, enabling
simultaneous imaging to capture radiation images from
multiple perspectives. This system offers the benefit of supe-
rior spatial resolution; however, it is characterized by high
system complexity and challenging calibration.

Light field imaging technology [5–7] encompasses the
acquisition and data processing of optical fields. By incorpo-
rating a microlens array (MLA) onto the optical path of a
conventional camera, it becomes feasible to capture the
complete optical radiation information in a single image.
Through data processing techniques such as transformation
and integration, the position, direction, radiation spectrum,
and other pertinent information of the 3D object can be

calculated. This innovative approach presents a novel
concept for 3D temperature field measurement, with the
potential to surpass the limitations of point and surface
temperature measurements and achieve breakthroughs in
3D temperature measurement.

In recent years, numerous scholars have conducted
research on methods for measuring and reconstructing 3D
radiation temperature. Daniel et al. [8] proposed a spectral
measurement method utilizing curve fitting techniques to
accurately measure the temperature of a target within the
range of 800–1200 K. Hertz and Faris [9] employed the prin-
ciples of spectroscopy to simultaneously capture radiation
projections of the transient fireball temperature field from
multiple directions. They further integrated the MART
algorithm to achieve a two-dimensional reconstruction of
the radiation intensity. Bheemul et al. [10] employed three
CCD cameras to simultaneously capture target emission
intensity projections in three directions, enabling quantita-
tive reconstruction of gas radiation properties. Upton et al.
[11] developed a 12-direction high-temperature fireball
radiation intensity acquisition system based on six CCD
cameras, facilitating 3D reconstruction of the radiation
field. Floyd et al. [12] utilized an experimental circular table
with 5 CCDs positioned at 36� intervals, allowing for simul-
taneous projection of light field information in 2 directions
onto one CCD. Consequently, projection information in* Corresponding authors: yuanying@xidian.edu.cn
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10 directions could be obtained simultaneously, achieving
high spatial and temporal resolution 3D reconstruction of
the turbulent impulsive temperature field. Ishino et al.
[13] constructed an emission spectral tomography device
with 40 projection acquisition directions, equipped with
40 imaging lenses, enabling 3D reconstruction of the pro-
pane temperature field. Furthermore, Ishino and Ohiwa
[14] stacked the imaging lenses into 4 layers, resulting in a
device with 158 imaging lenses, a number that set a world
Guinness record, and further enhancing the reconstruction
accuracy of the transient combustion field. Sun et al. [15]
propose a novel geometric calibration method for focused
light field cameras to accurately track the paths of flame
radiance and reconstruct the 3D temperature distribution
of a flame. Huang et al. [16] introduce a reconstruction
technique for determining the 3D temperature distribution
and radiative properties of participating media using the
multi-spectral light-field imaging technique. Yuan et al.
[17] and Li et al. [18] simplify the reconstruction process
by simulating the light field imaging of nonuniform temper-
ature distributions using a previously developed multi-focus
plenoptic camera model. The aforementioned research
achievements have laid a solid foundation for the study of
light field colorimetric temperature measurement method
in this paper.

This paper proposes a 3D temperature field measure-
ment method based on light field colorimetric thermometry.
Themathematical relationship between the spatial positions
of 3D object and corresponding image points of elemental
images array (EIA) in the integral imaging system was the-
oretically analyzed. Corresponding image points refers to
multiple points on the focal plane that are generated by a
point in the object space being captured by the MLA in
an integral imaging system. These different corresponding
image points capture the light field information of the same
3D objects from different angles, thus earning the name cor-
responding image points. Additionally, the 3D temperature
distribution of the object was calculated by combining col-
orimetric temperature measurement with optical field imag-
ing system parameters. The rest of the paper is organized as
follows. The theoretical analysis of colorimetric temperature

measurement with light field camera is derived in Section 2.
Section 3 introduces the blackbody radiation calibration
principle of the light field camera and gives the experimental
calibration results. Experimental results are given in
Sections 4 and 5 concludes this paper.

2 Principle of light field imaging colorimetric
temperature measurement

2.1 Principles of 3D information acquisition in light field
imaging

Light field imaging incorporates an MLA between the main
lens and the image sensor, enabling the projection of light
from various directions of the object onto the image sensor,
thereby generating an EIA. This technique allows for the
capture of single-view images of objects from multiple per-
spectives, thereby providing a ray recording and acquisition
technology that offers enhanced dimensions and a more
comprehensive information representation. This paper uses
a focused light field camera to obtain passive 3D information
and radiation information. As shown in Figure 1 is the sche-
matic diagram of the 3D information acquisition of the
focused light field camera. In contrast to conventional light
field cameras, the MLA of a focused light field camera is
positioned away from the image plane of the main lens.
The image plane of the main lens, which is not captured
by the image sensor, is referred to as the virtual image plane.
This virtual image plane is the conjugate plane of the object
plane with respect to the main lens, while the CCD plane of
the image sensor is situated at the position of the virtual
image plane in relation to the conjugate plane of the
MLA. Therefore, the imaging process of a focused light field
camera can be divided into two distinct and separate imag-
ing processes. The first process involves the imaging of the
object plane in relation to the main lens, while the second
process involves the imaging of the virtual image plane in
relation to the MLA. By employing this approach, focused
light field cameras are able to effectively reduce directional
sampling and enhance the resolution of spatial sampling.

Figure 1. Schematic diagram of 3D information acquisition technology of focused light field camera.
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In Figure 1, the x–y–z 3D coordinate system is estab-
lished with the coordinate origin O as the center. The point
A1 in 3D space is projected through the main lens and MLA
to obtain an EIA. Among them, L1 represents the distance
from the object point to the main lens, L2 represents the dis-
tance from the main lens to the virtual image plane, L3 rep-
resents the distance from the virtual object point A2 to the
lens array, and L4 represents the distance from the element
image array to the lens array. L1 and L2 are conjugate to
the main lens, while L3 and L4 are conjugate to the MLA.
The focal length of the main lens array is denoted as fmain,
and the focal length of the MLA is denoted as fMLA. D(m, n)
represents the sub lens located at (m, n)th in the MLA.
Image (m, n) represents the elemental image corresponding
to D(m, n). For point A1, it is projected from D(m, n)
to Image (m, n) at point A3(m, n), and the set of all
A3(m, n) in the element image array is defined as the image
point of A1 with the same name.

This section employs the ray tracing method to thor-
oughly analyze the correlation between pixels sharing the
same name. The coordinates of point A1 are denoted as
A1(XA1,YA1, ZA1), while the coordinates of the virtual point
A2 are represented as A2(XA2, YA2, ZA2). The optical center
coordinates of the (m, n)th microlens, denoted as D(m, n),
within the MLA are given by (XD(m, n), YD(m, n), ZD (m, n)).
Furthermore, the coordinates of the corresponding
homonymous image points A3(m, n) of object point A1
and virtual object point A2 in the element image corre-
sponding to D(m, n) are expressed as (XA3 (m, n), YA3 (m, n),
ZA3 (m, n)). The microlens is considered to be a square lens,
with adjacent microlenses spaced p apart in the MLA.
Based on the imaging equation of the main lens, the rela-
tionship between A1, O, and A2 can be described as follows:

XO � XA1

XA2 � XO
¼ ZO � ZA1

ZA2 � ZO
¼ L1

L2
¼ b1;

YO � YA1

YA2 � YO
¼ Zo � ZA1

ZA2 � ZO
¼ L1

L2
¼ b1;

1
ZO � ZA1

þ 1
ZA2 � ZO

¼ 1
fmain

;

8>>>>>>><
>>>>>>>:

ð1Þ

where b1 = L1/L2 represents the magnification of the
main lens.

According to the lens imaging equation, the coordinate
relationship between A2, D(m, n), and A3(m, n) is:

XDðm;nÞ � XA2

XA3ðm;nÞ � XDðm;nÞ
¼ ZDðm;nÞ � ZA2

ZA3ðm;nÞ � ZDðm;nÞ
¼ L3

L4
¼ b2;

YDðm;nÞ � YA2

YA3ðm;nÞ � YDðm;nÞ
¼ ZDðm;nÞ � ZA2

ZA3ðm;nÞ � ZDðm;nÞ
¼ L3

L4
¼ b2;

1
ZA3ðm;nÞ � ZDðm;nÞ

þ 1
ZDðm;nÞ � ZA2

¼ 1
fMLA

;

8>>>>>>><
>>>>>>>:

ð2Þ
where b2 = L3/L4 represents the magnification of the
MLA.

For periodically arranged MLA, the relationship
between the optical center coordinates of D(m, n) and
D (m+ i, n+ j) within the MLA can be expressed as follows:

XDðmþi;nþjÞ ¼ XDðm;nÞ þ i � p;

YDðmþi;nþjÞ ¼ YDðm;nÞ þ j � p;

ZDðmþi;nþjÞ ¼ ZDðm;nÞ:

8><
>: ð3Þ

The aforementioned equation represents the correlation
between the optical center coordinates of any two micro-
lenses within an MLA. By using equations (1)–(3), the coor-
dinates of the corresponding pixel points A3(m, n) and
A3(m + i, n + j) formed by two sub lenses D(m, n) and
D(m + i, n + j) can be derived as follows:

XA3ðm;nÞ ¼ XDðm;nÞ � XA2

b2
þ XDðm;nÞ;

XA3ðmþi;nþjÞ ¼ XDðmþi;nþjÞ � XA2

b2
þ XDðmþi;nþjÞ:

8>><
>>:

ð4Þ

By simultaneously solving equations (3) and (4), the rela-
tionship between any two corresponding image points can
be obtained:

XA3ðm;nÞ ¼ XA3ðmþi;nþjÞ � ip� ð1þ 1=b2Þ;
YA3ðm;nÞ ¼ YA3ðmþi;nþjÞ � jp� ð1þ 1=b2Þ:

�
ð5Þ

When i = 1 and j = 1, the relationship between two corre-
sponding image points obtained by adjacent lenses passing
through the origin O can be derived as follows:

XA3ðmþ1;nþ1Þ ¼ XA3ðm;nÞ þ p� ð1þ 1=b2Þ;
YA3ðmþ1;nþ1Þ ¼ YA3ðm;nÞ þ p� ð1þ 1=b2Þ;

�
ð6Þ

where XA3(m, n) and XA3(m+1, n+1) represent the coordi-
nates of the corresponding image points A3(m,n) and
A3(m+1,n+1), respectively. By simultaneously solving
equations (2)–(6), the coordinates of the virtual object
point A2 can be obtained.

XA2 ¼ XDðm;nÞ � pðXA3ðm;nÞ �XDðm;nÞÞ
XA3ðmþ1;nþ1Þ � XA3ðm;nÞ � p

;

YA2 ¼ YDðm;nÞ � pðYA3ðm;nÞ � YDðm;nÞÞ
YA3ðmþ1;nþ1Þ � YA3ðm;nÞ � p

;

ZA2 ¼ ZDðm;nÞ þ fMLAðZA3ðm;nÞ � ZDðm;nÞÞ
fMLA þ ZDðm;nÞ � ZA3ðm;nÞ

;

8>>>>>>>><
>>>>>>>>:

ð7Þ

where the coordinates (XA3(m, n), YA3(m, n), ZA3(m, n)) of
A3(m, n) and the coordinates (XA3(m+1, n+1), YA3(m+1, n+1),
ZA3(m+1, n+1)) of A3(m + 1, n + 1) can be obtained by
extracting the corresponding elements from the image
array. The parameters p and L4 can be directly measured.
Given the specified focal point coordinates XD(m, n) and
YD(m, n) of D(m, n), the spatial coordinates (XA1,
YA1, ZA1) of object point A1 can be obtained by simultane-
ously solving equation (1).

XA1 ¼ XO þ fmainðXA2 �XOÞ
fmain þ ZO � ZA2

;

YA1 ¼ YO þ fmainðYA2 � YOÞ
fmain þ ZO � ZA2

;

ZA1 ¼ ZO þ fmainðZA2 � ZOÞ
fmain þ ZO � ZA2

:

8>>>>>>><
>>>>>>>:

8
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Based on the aforementioned analysis, it can be inferred
that the acquisition of the spatial coordinates of object
point A1 can be achieved by obtaining the focal length of
the light field camera system, the spacing between micro-
lenses in the MLA (p), and the distance from the image
array to the MLA. This facilitates the implementation of
3D shape acquisition through light field imaging.

2.2 Principle of 3D temperature field colorimetric
temperature measurement

In order to measure the 3D temperature distribution of the
object’s surface, a colorimetric temperature measurement
method is employed for each corresponding pixel on the
light field image sensor. According to Planck’s law, the
equation for the spectral radiance of non-blackbody radia-
tion is as follows:

Lk ¼ C 1

pk5
eðk;TÞ eC2=kT � 1

� ��1
; ð9Þ

where e(k,T) < 1 represents the emissivity of non-
blackbody spectral radiation. Lk is the spectral radiance
at wavelength k. T is the blackbody temperature value.
C1 = 3.7418 � 10�16 W � m2 and C2 = 1.4388 �
10�2 m � K are the first and second radiation constants,
respectively. When the temperature of an object changes,
the peak wavelength of the object’s spectral radiance also
changes accordingly. The higher the temperature, the
smaller the peak wavelength. When T is less than
3000 K, that is, C2/kT significantly greater than 1, equa-
tion (9) can be simplified as:

Lk ¼ C 1

pk5
eðk;TÞe�C2=kT : ð10Þ

The peak spectral radiance increases with the temperature,
and the peak spectral radiance of a certain temperature can
only be detected within specific wavelength bands. The
wavelength range of the CCD sensor is 380–780 nm, with
red, green, and blue as the three primary colors. In com-
puter graphics, the primary colors R, G, and B of a single
pixel are represented by values ranging from 0 to 255. By
combining different brightness values of the R, G, and B
primary colors in specific proportions, any desired bright-
ness value L can be achieved.

L ¼ l Rð Þ þ l Gð Þ þ l Bð Þ; ð11Þ
where l(R), l(G), l(B) represent the brightness values of
the three primary colors. The range of binary grayscale
values is [0,1]. Assuming the spectral response function
of the visible light CCD sensor in the light field is denoted
as Y(k), the grayscale value of the light field image can be
represented as H, which can be defined as follows:

H ¼ 1
4
� glt � 2a

f 0

� �2
�
Z 780

380
KT kð ÞL k;Tð ÞY kð Þdk; ð12Þ

where g represents the conversion coefficient between the
input current of the CCD and the grayscale value of the
image; l denotes photoelectric conversion coefficient of

the CCD sensor; a is the conversion coefficient between
the output voltage of the photosensitive unit and the
image grayscale value; t represents the integration time
of the camera; a is the aperture of the light field camera;
f denotes focal length; KT(k) represents the optical trans-
mittance of the main lens of the light field camera; L(k,T)
represents the radiance value of the CCD image sensor. At
a specific wavelength k, KT(k) undergoes minimal changes
and is generally considered as a constant. Therefore, equa-
tion (12) can be rewritten as:

H ¼ A
Z 780

380
L k;Tð ÞY kð Þdk A ¼ 1

4
� glt � 2a

f 0

� �2
: ð13Þ

According to the spectral response functions associated
with the R, G, and B channels of the visible light CCD
image sensor, the correlation between the grayscale values
of the three primary color signals and the temperature of
the measured object can be derived as follows:

R ¼ A
Z 780

380
L k;Tð Þr kð Þdk;

G ¼ A
Z 780

380
Lðk;TÞgðkÞdk

B ¼ A
Z 780

380
L k;Tð Þb kð Þdk;

8>>>>>>>><
>>>>>>>>:

; ð14Þ

where r(k), g(k), b(k) represent the spectral response func-
tions of R, G, and B channels. The optical field colorimet-
ric temperature measurement method involves comparing
the spectral radiance values at two wavelengths. The
expression for this method is as follows:

L1ðk1;T 1Þ
L1ðk2;T 1Þ ¼

Lðk1;TC Þ
Lðk2;TC Þ ; ð15Þ

where T1 represents the actual temperature of the non-
blackbody thermal radiation material, and Tc represents
the temperature of the blackbody. By combining equation
(10) with the expression for color temperature (15), the
temperature of the object point corresponding to any
pixel of light field image can be determined as follows:

T ¼
C 2

1
k2

� 1
k1

� �

ln
Lðk1;TÞ
Lðk2;TÞ � ln

eðk1;TÞ
eðk2;TÞ � 5 ln

k2
k1

; ð16Þ

where L(k1, T) and L(k2, T) represent the monochromatic
radiance at different wavelengths. For substances
that can be considered equivalent to gray body, their
spectral emissivity remains relatively constant within a
narrow band range of the same spectrum. Therefore, it
is reasonable to assume that the spectral emissivity
expression for gray body is 0. The CCD colorimetric tem-
perature measurement model does not require precise
measurement of emissivity. Instead, it utilizes the emissiv-
ity ratio at two wavelengths to eliminate uncertainties
arising from unknown variables, such as the measure-
ment environment. Based on this assumption, the CCD
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colorimetric temperature measurement equation for a
gray body is as follows:

T ¼
C 2

1
k2

� 1
k1

� �

ln
Lðk1;TÞ
Lðk2;TÞ � 5 ln

k2
k1

: ð17Þ

This method acquires 3D information of object points
through light field imaging and utilizes the colorimetric
temperature measurement method to obtain radiation field
temperature information. By capturing both the 3D posi-
tion information of the target object in a single shot and
the radiation temperature information, it overcomes the
limitations of existing technologies that necessitate multiple
measurements from different perspectives to obtain both
position and radiation information of the same target. This
approach offers the advantages of 3D imaging and multi-
spectral detection, while maintaining a simple system struc-
ture and convenient data sampling.

3 Spectral radiation calibration of light field
camera

A blackbody can serve as a standard radiation source for
calibrating the flame radiation temperature. By employing
a light field camera to capture a light field image of a black-
body with a known temperature, the radiance values
received by each pixel in the image and the temperature
values of the blackbody can be related through equation
(10) based on Planck’s law. Subsequently, the grayscale
value of the image can be fitted with the corresponding
radiance value at that temperature, thereby enabling the
calibration of the image sensor of the light field camera
for radiation measurements.

This paper utilizes a Raytrix R8 focused field camera for
data acquisition. The Raytrix R8 image sensor’s R, G, and
B channels have response wavelengths of 610 nm, 530 nm,
and 460 nm, respectively. The experiment used the
Lumasense M360 standard blackbody, which features a
cavity made of graphite tube targets. The blackbody has
an effective emissivity of 1.0 and can measure temperatures
ranging from 5 �C to 1200 �C. Radiation calibration exper-
iments are conducted under dark conditions without any
illumination to eliminate the potential influence of stray
light. As depicted in Figure 2, the light field camera is posi-
tioned directly in front of the central cavity of the black-
body at the distance of 370 mm.

Due to the use of a pentagon diaphragm in the camera,
the smallest image unit captured is also a pentagon. This
leads to some gaps between the original light field images.
To avoid collecting invalid grayscale data, only the grays-
cale values within the pentagon area are read, and the aver-
age grayscale value is taken based on the recorded data.
When the exposure time set by the camera is deemed unrea-
sonable, it may lead to overexposure of the captured image,
thereby causing image distortion. To prevent overexposure
of the captured raw light field image, an exposure time of

0.3 ms was employed. In the dark calibration laboratory
at a room temperature of 22.5 �C, the blackbody calibration
temperature ranged from 800 �C to 1000 �C, with images of
the central cavity of the blackbody furnace being captured
at intervals of 50 �C, as shown in Figure 3.

Figure 4 shows three channel images of R, G, and B in
the center cavity of the blackbody. According to the colori-
metric temperature measurement model, it is essential to
extract multiple grayscale values of the R and G channels
from each color image within the central calibration area
of the blackbody. Subsequently, the average grayscale val-
ues of different temperature images under the two channels
are calculated, as illustrated in Table 1.

By utilizing the grayscale values presented in Table 1, it
is possible to establish a correlation between image grays-
cale values and radiation intensity through the following fit-
ting process:

I R ¼ �134660þ 1:07� 106 � Rþ 9:46� 107 � R2 � 4:61

�107 � R3;

I G ¼ �18173þ 1:59� 106 �G � 6:05� 106 �G2 þ 8:27

�106 �G3;

I B ¼ �17595þ 6:603� 105 � B � 1:69� 106 � B2 þ 1:91

�106 � B3;

ð18Þ
where R, G, and B represent the binary grayscale values
corresponding to the three channel images, while IR, IG
and IB represent the radiation intensity values correspond-
ing to the three channels. The colorimetric temperature
measurement equation for the optical field temperature
measurement system can be expressed as follows:

T ¼
C 2

1
kg

� 1
kr

� �

ln
I R
I g

� 5 ln
kg
kr

; ð19Þ

Figure 2. Photos of blackbody calibration device.
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Figure 3. Original light field image of the center of the blackbody furnace.

Figure 4. Three channel images of R, G, and B in the center cavity of the blackbody.

J. Eur. Opt. Society-Rapid Publ. 19, 44 (2023)6



where kr = 610 nm, kg = 530 nm. The colorimetric tem-
perature value of the light field temperature measurement
system can be directly obtained based on the grayscale
values of the R and G channel images.

4 Results and discussion

The light field imaging colorimetric temperature measure-
ment system comprises three main components: the main

lens, MLA and CCD sensors, and a computer image pro-
cessing system. As depicted in Figure 5, the light field tem-
perature measurement system captures the spectral
radiation brightness information of candle flames, converts
it into digital signals of flame images through the photoelec-
tric and analog-to-digital conversion processes of the light
field CCD sensor, and subsequently transmits these signals
to the computer image processing system using USB3.0
data technology, ultimately presenting the original flame
light field image. This system employs a main lens with a

Table 1. Grayscale values of the central cavity image of blackbody at different temperatures.

Temperature (℃) R G B

800 0.137 0.118 0.145
850 0.235 0.201 0.243
900 0.404 0.326 0.396
950 0.796 0.675 0.801
1000 0.992 0.902 0.977

Figure 5. Schematic diagram of candle flame temperature measurement experiment.

Figure 6. Light field imaging acquisition and reconstruction image: (a) original flame light field image, (b) R channel grayscale
image, (c) G channel grayscale image, (d) B channel grayscale image and (e) flame refocused color image.

J. Eur. Opt. Society-Rapid Publ. 19, 44 (2023) 7



short focal length of 35 mm and an aperture coefficient of
1.4. The F-number of the MLA is 2.8, and the single pixel
size of the CCD is 2.24 lm.

The candle was positioned at the distance of 300 mm
from the light field camera. To mitigate the impact of stray
visible light interference, the experiment was conducted in a
controlled laboratory environment with complete darkness
conditions. The impact of environmental stray light and
absorption effects on the results was found to be minimal.
The light field colorimetric thermometry method can also
be applied for long-distance measurements. However, it
requires the selection of a telephoto lens. When conducting
experimental measurements at long distances in outdoor
settings, it is important to consider the influence of environ-
mental stray light and atmospheric absorption effects in
order to improve measurement accuracy.

Similar to the blackbody calibration experiment, a stan-
dardized exposure time of 0.3 ms was employed for the light

field camera. Figure 6a displays the original flame light field
image captured by the light field camera. The pentagonal
aperture of the main lens results in a corresponding pentag-
onal micro unit image projected onto the CCD sensor of the
camera through the MLA.

The measurement and reconstruction of flame tem-
perature field in this paper consists of the following three
steps:

Step 1: Capture the original light field image, as depicted
in Figure 6a. The original light field image encom-
passes the R, G, and B channels of the CCD
sensor.

Step 2: Utilizing the 3D information creation method out-
lined in Section 2.1, generate monochromatic 3D
reconstructed images for the R, G, and B channels
of the light field images. These images are depicted
in Figures 6b–6d. Subsequently, employ the RGB

Figure 7. Reconstruction results of flame temperature field: (a) plane distribution diagram of flame temperature field and (b) 3D
distribution diagram of flame temperature field.

Figure 8. (a) Thermocouple contact temperature measurement and (b) schematic diagram of 8 temperature point locations.

J. Eur. Opt. Society-Rapid Publ. 19, 44 (2023)8



color space model to fuse the individual channel
images of R, G, and B, resulting in the flame refo-
cused color image displayed in Figure 6e.

Step 3: By utilizing the grayscale values of the R and G
channels, in conjunction with the radiation cali-
bration equation (18) and the colorimetric tem-
perature measurement model, the temperature
values of each pixel within the flame image can
be derived. Figure 7a shows the plane distribution
of the flame temperature field, and Figure 7b
shows the 3D distribution of the flame tempera-
ture field. The flame temperature field underwent
isothermal layering treatment, with the layering
temperature aligning with the actual temperature
distribution of the flame. This alignment indicates
the rationality of reconstructing the temperature
field distribution.

To validate the accuracy of temperature measurements
obtained from the system, a thermocouple thermometer
with a temperature measurement accuracy of 0.2% was
employed to measure the contact temperature of the iden-
tical flame. Figure 8a illustrates the configuration of the
thermocouple flame temperature measurement device,
which comprises two components: a thermocouple instru-
ment and a thermocouple detection line. The detection line
consists of a total of 8 sub-lines, enabling simultaneous tem-
perature measurements at 8 different positions within the
flame. The measurement point’s position is depicted in
Figure 8b. Multiple measurements were conducted at each
temperature measurement point, and the average value was
considered as the actual temperature value for that specific
point. Table 2 presents a comparison between the recon-
structed flame temperature field and the measured data.
The maximum value observed in the flame colorimetric
temperature measurement method is 35 K. Furthermore,
the maximum rate of the colorimetric temperature values
measured by the system is 3.31%, thereby confirming the
accuracy of the colorimetric temperature measurement
model in comparison to the monochromatic temperature
measurement model.

5 Conclusion

In this work, we present a novel method for measuring the
3D temperature field using light field colorimetric thermom-
etry. This method enables the simultaneous acquisition of
both 3D position information and radiation temperature
data of the objects being measured. The mathematical rela-
tionship between the spatial positions of 3D object and cor-
responding image points of EIA in the integral imaging
system is theoretically analyzed. The 3D temperature distri-
bution of the object is calculated by combining colorimetric
temperature measurement with optical field imaging system
parameters. The effectiveness and feasibility of the pro-
posed method have been validated through experimental
verification. In response to the limitations identified in this
study, future research efforts will primarily concentrate on
addressing the following two areas: (1) the light field tem-
perature measurement method proposed in this study has
been investigated primarily for objects that exhibit charac-
teristics similar to gray bodies. The subsequent phase of
research will involve measuring and studying non-gray
objects, with the objective of establishing a temperature
measurement model suitable for such bodies. (2) While
the maximum error rate of the proposed light field temper-
ature measurement method in this paper is 3.31%, repre-
senting an improvement over traditional monochromatic
light field temperature measurement methods, there
remains significant scope for further advancements to
achieve high-precision 3D temperature measurement
systems.
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