772V MREDAVY—MMELZERIRT S
HAEBER AT LD

Optical Gas Imaging (OGI) Gas Leak Monitoring System for Plant Safety
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Abstract

Many petroleum and chemical plants in Japan and over-
seas today face the problems of aging facilities and a lack of
skilled workers, increasing the difficulty of conducting proper
maintenance. This has raised concerns about the occurrence
of large-scale accidents due to the leakage of flammable gas.

In response, we developed an optical gas imaging (OGI)
system using integrated visible and infrared (IR) light cam-
era units to remotely and constantly monitor the leakage of
flammable gas. The system connects up to eight IR camera
units in a network that can constantly monitor the exterior of
a large plant. When gas leaks occur in the monitored area, an
alarm is displayed on the system’s monitor along with an IR
image of the gas leak superimposed on a corresponding vis-
ible image of the same area.

By displaying the concentration length product, it is pos-
sible to easily recognize the scale of the gas leak. In our
system, gas diffusion can be detected with an IR camera as
infrared signal change. However, changes in an infrared sig-
nal due to gas are often smaller than the movement of solid
objects in the image area, changes in sunlight conditions,
and other local physical distractions. To identify the presence
of gas, we developed an image processing algorithm with
two important features.

First, because gas shows a characteristic temporal change
as it drifts with air movement, it can be distinguished from
changes in sunlight conditions. Second, because a change in
the concentration length product of gas is a spatially grad-
ual change, gas can be distinguished from the movement of
solid objects.

We conducted an evaluation of gas detection performance
in detecting a methane gas leak on a rainy day. This was a
challenge because of the slightness of the difference between
the background temperature and the temperature of the air.
While it was raining, the area in which gas could be detected
decreased. But when the rain stopped, that area rapidly
returned to original size. This confirmed the practicality of
the gas detection system.
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A Infrared light emitted
from background
IR camera
B Infrared light emitted  Infrared light attenuated
from background by absorption by gas
IR camera

Gas I

Infrared light emitted
from gas

Fig. 1 Visualization of gas using an infrared camera.

A: When no gas is present between the infrared camera and the
background, the infrared light provided by the background’s black-
body radiation reaches the infrared camera without interference.
B: When gas is present, the gas absorbs a portion of the infrared
light provided by the background’s black-body radiation. In addi-
tion, the gas itself emits infrared light, and these emissions reach
the infrared camera mingled.

As long as there is a difference in temperature between the back-
ground and the gas, the presence of the gas can be detected even
if the gas temperature equalizes with the ambient air tempera-
ture because the light absorption characteristics of gas and air are
different.
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Infrared image at Initial time point  Infrared image 6 seconds later,
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Fig. 2 The camera unit’s visible and infrared camera images of leaking gas.
A - A visible image was captured by a standard camera mounted
above the infrared camera.

B - Aninfrared image was captured by the infrared camera. In this
image, no gas was leaking.

C - This infrared image was captured six seconds after image B,
when gas was now leaking. The shade from clouds moving over-
head have decreased the temperature of the background. In the
green rectangle, the leaking gas is represented as a temperature
change, although it is far smaller than the change of the back-
ground temperature caused by drifting clouds, making it difficult
to identify the gas in the image. In the red ellipse, moving vehicles
are also represented as a temperature change.
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Fig. 3 Changes in detected pixel temperature with and without gas
leakage.
Pixel temperatures change differently with (light blue line) and
without (dark blue line) a gas leakage. Each pixel corresponds to
the pixel of the same color in Fig. 2. Note the fluctuation from 4 to
6 seconds: this pattern is characteristic of temperature changes
caused by fluctuations of air and is indicative of the presence of gas.

Fig. 4 Gas signal image.

As shown in Fig. 3, temperature changes that are characteristic of
gas indicate its presence and are then visualized. In the lower left,
leaking gas is visualized, while in the middle right, moving vehi-
cles are also visualized, but will be excluded later.
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Fig. 5 Estimating gas concentration length.
The absorbance of gas measurable by optical means is the gas
concentration length. By definition, the gas concentration length
is the product of the concentration of the gas multiplied by the
thickness of the gas. The concentration length can be calculated
from three temperatures: gas temperature, background tempera-
ture without gas, and background temperature with gas. The gas
concentration length is an indicator of the scale of a gas leak that
is measurable by the camera, and it also allows people, vehicles,
and other such solid, moving objects to be distinguished from gas
leaks. The temperature change of pixels where the gas is present
(light blue dot in Fig. 2) is shown here. As the gas diffuses into the
atmosphere, the temperature approximates the atmospheric tem-
perature. Because the measured air temperature here was lower
than the background temperature, the black dotted line indicates
background temperature in the absence of gas, and the red dot-
ted line indicates background temperature in the presence of gas.

Fig. 6 Gas concentration length image.

The calculation of the concentration length image shown here is
based on the method described in Fig. 5 with respect to Fig. 2.
Because of the gas concentration’s gradual spatial variation, the
gas is distinguishable from other input as indicated by the dis-
tribution of the gas concentration length. Note that the green
rectangle shows a smooth, spatial concentration length change
corresponding to that of gas suspended in the air. The red ellipse
shows a steep, spatial concentration length change caused by
moving vehicles, so that it is obvious that this concentration
length change was not created by leaking gas.
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Fig. 7 Gas superimposed image.
The infrared gas image is superimposed as a pseudo-color image

over the visible image (Image A in Fig. 2). Thus, the gas leakage
can be visually identified with ease.
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Fig. 8 A 24-hour field evaluation of the system’s ability to detect gas.
We conducted this evaluation on a rainy day, a condition in which
detection performance is low because of the slightness of the
temperature difference between the background and the air. The
percentage of the detectable area to the imaged area decreased
while it was raining, but rapidly rebounded when the rain stopped.
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Fig. 9 The gas detection camera unit, consisting of a visible image cam-
era and an IR camera mounted below it.
The camera unit is sealed so as not to spark an explosion in the
presence of gas.
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Fig. 10 The concept of data service business.
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