
Infrared Vision System for Spectral Monitoring of                                              
Dynamic Phenomena at 1000 fps:  application to combustion 

by M. Strojnik*, B. Bravo-Medina 

* Optics Research Center, Apdo. Postal 1-948, 37000 Leon, Gto., Mexico; mstrojnik@gmail.com 

Abstract 

For the last 15 years we have been studying initiation and propagation of rapidly evolving processes in IR and 
developing the instruments to capture the essential features of combustion phenomena. We present an IR optical 
experimental setup to capture two spectral images of the same scene. We apply this technique to flame analysis in the 
mid-IR to determine the combustion efficiency, as measured by the CO-gas production. 

1. Introduction (Arial, 9pt, bold)  

We are interested in exploring phenomena in 
our environment in IR spectral region. Wild fires, and 
more generally, all combustion processes are examples 
of natural phenomena that human brain is not capable 
of capturing and processing due to the rapidity of their 
evolution [1-3]. Figure 1 illustrates several examples of 
quasi-static combustion processes, indicating different 
spatial and spectral features. 

 

  
 

Fig. 1: Examples of quasi-static combustion processes, 
indicating different spatial and spectral features [4]. 

2. Combustion evolution in a controlled environment 

Within a stovetop burner, the flame spreads rather rapidly, propagating around full rim within a second.  
However, it may start at an arbitrary point in time after turn-on due to specific environmental conditions [5]. Figure 2 
presents visible and IR images of the ignition process in a gas-stove (produced by Mabe, a Mexican subsidiary of GE), 
initiated with an electrical spark. Among the challenges of the combustion measurements is the difference between the 
flame, as observed by a human visual system that detects colors within 0.4 to 0.8 micron visual spectral band, and in IR, 
where we record the increase in temperature that results as a consequence of the heat generated in combustion. 

 

 
 

Fig. 2: Visible and IR images of the ignition process in a stovetop burner (GE), initiated with an electrical spark [6]. 

3. Experimental techniques 

Two aspects of combustion are particularly challenging for implementing in experimental techniques.  The first 
one is in that combustion is a volume effect. Therefore, the generated radiation interacts with process by providing heat 
to accelerate it.  The calibration presents the second challenge: a comparison with a reference must be accomplished 
concurrently.  Figure 3, left, illustrates the phase measurement through the combustion volume, using a vectorial 
shearing interferometry, clearly delineating the primary combustion region. On the right, we observe two images of 
flames in different narrow spectral bands for relative comparison. 
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Fig. 1: Caption of a figure (Arial, 9 pt, centered, italic). 

 

2. Other headings as required (Arial, 9pt, bold) 

Further text: This is what the normal text looks like (Arial, 9 pt, justified). This is what the normal text looks like. 
This is what the normal text looks like. This is what the normal text looks like. 

New paragraph: This is what the normal text looks like (Arial, 9 pt, justified). This is what the normal text looks 
like.  

2.1 Subheading (Arial, 9pt, bold) 
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The surface of highest temperature is localized at those positions in space where the mixture meets the prescribed 
stoichiometric proportions.  The fuel to oxygen ratio is too high in the inner cone, and too low outside the hottest 
surface. 

 
 

3. Experimental setup 
 

We are interested in recording at an adequately rapid rate the evolution of fire, and playing back the images at a rate 
suitable for human observer to make design improvements.  The adequately rapid rate refers to the rate of fire 
propagation from the spark-plug chamber through the gas-feeding holes on the burner and is, in general, dependent on 
the type of fire and the amount of combustibles and oxygen.  Figure 3 presents the IR images of the ignition process of 
a gas stove initiated with an electrical spark.  In the first image, the spark initiated the combustion of the gas inside the 
ignition chamber.  In the second image, the amount of gas burning inside the chamber is increasing, as indicated by the 
large-diameter heated area (white in this photo).   
 

 

 

 
 

Fig. 3. Infrared images of the ignition process in a gas-stove, initiated with an electrical spark. 
 
 

 

 

 
 
 
 
Fig. 4.  Visible images of the ignition process in a gas-stove, initiated with an electrical spark.  They correspond to the 

images obtained with the IR camera, presented in Fig. 3.  While the visible image may appear more familiar as 
the flame is generally identified as the presence of fire detected by a human observer with temporal and 
spectral sensitivity of the human eye; the image in infrared indicates that the fire propagation to adjacent gas 
feeds is accomplished through the process of heating the air to the requisite temperature.   

 

Fig. 5.  The light emission of 
gasses involved in the 
combustion process in the 
extended range of the visible 
spectrum shows that the first 
significant and broad emission 
peak starts in near UV, 
generating blue light.  An 
equally important contribution in 
the near IR covers a broad 
interval after 800 nm, with a 
significant peak at 950 nm.   
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The surface of highest temperature is localized at those positions in space where the mixture meets the prescribed 
stoichiometric proportions.  The fuel to oxygen ratio is too high in the inner cone, and too low outside the hottest 
surface. 
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Fig. 3: Shearing interferometry (left [7]) outlines the primary flame, while spectroscopy identifies gases (right). 

4. Spatio-temporal evolution of flame 

The third, and potentially most challenging aspect of combustion measurements is in temporal evolution of the 
process. Even the stationary flames exhibit the so-called breathing, an oscillatory change in flame volume and intensity 
with time. In Figure 4, we display the temporal evolution of flame for combustion with low (left) and high (right) 
oxygenation during 1 second. 
 

 
 

Fig. 4: Twelve representative images illustrating the relative spatial combustion efficiency during initial 1s. Left panel 
indicates the case of low oxygenation, right panel that of high oxygenation. The color scale denotes 0 for pure CO (dark 
blue) and 1 pure CO2 (dark red). Air turbulence forms on top of flame in case of high oxygenation on the right [8].   
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These features include changes in the optical path 
induced by temperature, and pressure gradients, non-
uniform distribution of combustion products, and air 
and gas turbulence. 
 
Vectorial shearing interferometer has been described in 
several publications.7-10  Therefore, we will emphasize 
only a few of its special features that make it suitable 
for characterization of flames.  One great advantage of 
this instrument is that it is flexible, it allows control 
over the sensitivity, and its performance has been 
demonstrated in our laboratory.  The most interesting 
aspect of the vectorial shearing interferometer is that it 
finds the derivative of the wave front along the chosen 
direction.  The contour map of the flame is interpreted 
to correspond to the regions at the same temperature. 
 
 
4.1 Fringe density and orientation 
 
When a traditional interferometer has no test 
components in one of its arms, and the components are 
high quality and well-aligned, a completely white or a 
completely black fringe field is obtained. 
 
The situation is somewhat different in the case of the 
vectorial shearing interferometer.  When the object is 
illuminated with either a divergent or convergent light, 
the parallel, straight fringes are observed in the 
detection plane.  The fringe direction is controlled by 
the direction of displacement.  Our interferometer is set 
up so that displacement may be executed in chosen 
direction. 
 
Straight fringes may also be generated by introducing 
tilt in either vertical or horizontal direction.  Figures 7a 
and 8a show the horizontal and vertical straight fringes 
in the absence of flame.  When the flame is inserted, the 
corresponding fringe pattern is shown on the right, in 
parts 7b and 8b.  The function of fringes is to show 
clearly the zones in the flames.  The horizontal fringes 
are better to accentuate the edge effects.  However, the 
vertical fringes appear to be aligned along the edges.  
This permits the identification of features, such as 
ellipses and circles, outlined in Figure 4b. 
 
4.2 Continuous wave-front displacement  
 
Variable amount of shear acts as a fine edge 
enhancement.  This is illustrated in Figure 9, for three 
amounts of displacement.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a) Displacement magnitude barely visible. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (b) Displacement magnitude starting to be observable. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (c) Displacement magnitude less than 4 % FOV. 
 
Fig. 9. Variable amount of shear acts as a fine edge 

enhancement.
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