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Advanced Gas Monitoring System for Smart Industrial Safety

= B E Lx
Motohiro ASANO

25
RE, TV NDORESBGEICLDIER - AKER
PIIBEERORENESINTWDS, e, RFTUHE
HXBDIRICED, TV MNRLEHDETIEEE B -5
TW3, CDfe®, BEEEENEELTWVWSAI- 0T
EERAUCEEZEFRZDIAN—MEIcKD, RDTEDHE
ROHESY, 77V NPEOEHBEFENERILT D
EZEBEUCEBENERILLTETVS,
JAZAZI/IILAE, BEIMEREEAFTRILY— -
EEFMTHRERREE (LT, NEDO) OXERATIH
g - OMRY bR ERDA VT L — N ZO
VU h&EULT, 2018FELDENFEDEET, HEK
FEHICALFBICLZ 7TV MERICRIT B2 HARA/RD
HKEEFEORRIDORAREED T NS,
RENSHEBUTELRANAZZFERUICARATHR
{ERAMTICAIZEBAEDLESZZET, BAWRUBYRN
DAMZE XD IEREICIEET 2 AT LADOHRZED TE T,
EEBREERE A AREKYI 2L —yavicE Iy
Tal—yavElR MAEAWND I ETHERYICAIZE
BHEEDHDIENTE ., e, BEHHETILEE—
Yy ZHATTILD2TEDAIZB W ETILEER L
B E TR, E—hY Y 7HAOETILT, &
BERHEEERENIE SN,
SERIGERFOAIFEMT, B/ 1 XCxdd20/(R
FEDELEZRD, 72V NTORIZED D I & T,
RRAEOEWYRTAICEEFZ, IhSDEFEEESD,
EERTDAN—MbicEB IS EZBiEL TV,

H A B OEx
Takashi MORIMOTO

N AN EHEF*
Mikako KIUCHI

Abstract

In recent years, there are concerns about the occurrences
of explosions, fire and destructive accidents due to the age
deterioration of plants. In addition, difficulty of conducting a
proper maintenance is increasing by the retirement of skilled
workers. For these reasons, smart industrial safety based on
Al, IoT led by The Ministry of Economy, Trade and Industry, is
invigorating activities not only acquiring safety and security
but also strengthening the international competitiveness of
plant companies

Konica Minolta is working on a research to accelerate
detection and identification of gas leaks using Al, together
with Kobe University. This is a research and development/
demonstration project for the social implementation of arti-
ficial intelligence technology under the auspices of NEDO (New
Energy and Industrial Technology Development Organization)
with a five-year plan from 2018.

Combining Al with our unique gas visualization technol-
ogy using infrared cameras, we have been developing a sys-
tem that can more accurately identify the leak source and
flow direction of gas. By using both real and simulated
images based on gas-fluid simulations, we were able to train
Al models efficiently. We examined two Al models and found
that models that output heatmap yielded highly accurate
estimation results.

Konica Minolta willimprove the robustness of Al and verify
it in actual plants to make the system highly practical and
contribute to the industrial safety.
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Fig. 1 Experimental imaging system for gas leak (left) and simulated pip-
ing equipment (right).
Experimental imaging system was constructed to verify the valid-

ity of both Al model and gas leak image generated by fluid simu-
lation and collect the Al training data.
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Fig. 2 Actual image of gas leak (left) and cross-sectional view of 3D sim-
ulation (right).
Image from the developed three-dimensional fluid simulation is
shown on the right. The simulation has been successful as similar
fluctuations shapes are observed compared with the actual
image on the left.

Fig. 3 Comparison of extracted images of gas fluctuation component
for actual (left) and simulated (right) images.
By comparing the extracted images of gas fluctuation compo-
nents, it was confirmed that the simulation was adequate.
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Fig. 4 Gas simulation image for training Al models.
Multiple 2D gas image data was generated by converting simu-
lated 3D image into 2D image according to the viewpoints.
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Input: Output:
Gas signal images + The coordinate position (X, Y)
(16 frames, 3.2 sec.) on the image of the gas leak source
+ The flow velocity (Z) in the depth
direction with respect to the image

> 3D CNN
I S TRt T
Time

Fig.5 Al model of numerical output values.
Input/output of the developed Al model is shown. The input is a
gas image consisting of multiple frames. The Al model, which is a
3D convolutional neural network (3D CNN), outputs coordinate
positions (X, Y) on the image of the gas leak source and the flow
velocity in the depth direction (Z) .

Input: Output:
Gas signal images + The coordinate position (X, Y)
(16 frames, 3.2 sec.) on the image of the gas leak source
+ The flow velocity (Z) in the depth
direction with respect to the image

> 3D CNN
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Fig. 6 Al model of heatmap output.
Input/output of developed Al model is shown. We worked on Al

model for heatmap output to increase accuracy of inference. It
shows probability distribution as a heatmap, and outputs the
maximum value.

The coordinate with maximum
probability value is used as
the prediction result

Fig. 7 Example of heatmap.
Probability of leak source is given to each coordinate. The coordi-
nate that has maximum pixel value is inferred as a gas leak source
position.

Table 1 Error evaluation of two Al models.
Accuracy of inferring coordinate positions (X, Y) of gas leak in
the image is increased using heatmap output model. Flow
velocity in the depth direction (Z) can also be inferred.

Numerical output  Heatmap output

Al model Al model
Position of gas leak source
X mean error 10.39 pix 4.0 pix
Y mean error 7.35 pix 4.6 pix
Flow velocity in the depth direction
Z mean error 89 pix/sec 14.8 pix/sec
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Goal Solution for the plant safety issues Future Global competitiveness

« Position detection
of hazardous gas leak

« Cross-industry platform
for sharing incident information
+ Advanced data « Efficient safety operation
processing by « Increase productivity é‘:
combination with Lo
3D modeling
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Fig. 8 NEDO Project Goal.
In NEDO project, we will contribute to the industrial safety by
developing a system that maintains and manages plants at a high

ol
oo

able{came

level, without stopping operation, with limited human and finan-
cial resources.
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Fig. 9 Gasoline experiment.
Gasoline vaporizes significant amount of gas. Although its spe-
cific weight is heavier than air, it was raised up by the wind.

Fig. 10 Kerosene experiment.
Kerosene was captured clearly in the image although amount of
vaporizing gas is less than gasoline. Its specific weight is heavier
than gasoline and staying close to the ground was observed.

Fig. 11 Lubricant oil experiment.

We could not capture lubrication oil as a gas image as vaporiza-
tion was not identified at least in the image.
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