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A Study on the Construction Method of Artificial Intelligence
Training Data to Classify and Detect for Hazardous Chemicals

Yeon-Jin Kim®, Kap-Yong Choi’, Gyeong-Bae Kim’
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ABSTRACT

Recently, as the chemical industry develops, various chemical accidents are increasing. In order to respond
to the increasing number of chemical accidents, various studies are being conducted on hazardous chemical
accident response technology that incorporates artificial intelligence technology to detect chemical substances.
Video and image-based artificial intelligence hazardous chemical detection systems require a sufficient amount
of training data to enable accurate detecting of hazardous chemicals in accidents. However, due to the risk of

hazardous chemicals, it is difficult to construct data, so currently, training data for artificial intelligence
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research for detecting hazardous chemicals is very insufficient. Therefore, this paper proposes a method of

constructing an artificial intelligence training dataset that reflects the characteristics of hazardous chemicals and

chemical accidents, such as the state of the material and the presence or absence of visual features. Following

the proposed training dataset construction method, about 200,000 training datasets for 9 types of hazardous

chemicals were constructed through collecting and securing raw data through self-experimentation of hazardous

chemical , data processing, and annotation of the training data. The constructed dataset was divided in a ratio

of 8:1:1 for training and validation and used training, validation, and test data. As a result of CNN-based

hazardous chemical detecting, an average hazardous chemical detecting accuracy of about 90% was obtained.

The detecting results are expected to provide an estimate of the accidental hazardous chemicals at the actual

chemical accidents, thereby supporting appropriate and rapid response to the accidental substances to on-site

firefighter.
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Table 1. Comparison of existing hazardous chemical datasets
Dataset Purpose Characteristic Format
Tox21 Toxicity prediction model Chemical Structure CSv
. . . e .. . Excel,
GHS Risk assessment of chemicals Chemical classification and labeling information PDF
Health risk lysis of
IRIS calth Tisk assessment ar'ld ANELYSIS © Health risk appraisal data Database
hazardous chemicals
GasVid Gas leak detection Methane gas emission video data Video
PubChem Research on rflea.lsurlng .51m11ar1ty 0.f chemicals Chemical molecular formula and molecular Database
and predicting environmental impact weight
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Table 2. Classification criteria of hazardous chemicals

Classification criteria

Solid, Liquid, Gas

No. Category

1 State

2 | Visual characteristics Presence, Absence

Combustible,

3 Combustion Noncombustible

4 Types of incidents Fire, Explosion, Leakage
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Table 3. Classification criteria according to the chara-
cteristics of hazardous chemicals

Visual
Combust| T f]
character Ofn us .yPeS © State Substance name
.. ion |incidents
istics
Sodium hydroxide,
Solid | Potassium nitrate,
Copper(II) chloride
Combust| Fire Thinner,
ible Kerosene,
Liquid Nitrobenzene,
Toluene,
Presence Methanol
Leakage| Gas LPG
Chlorine
G
a (Oxidizing)
Noncom ..
bustible Leakage | Liquid Mercury
Gas Nitric ?Cid,
Bromine
Combust| Fire - -
ible | Leakage| Liquid Ammonia
Absence Solid | Potassium fluoride
Noncom .. . .
bustible Leakage | Liquid Sulfuric acid
Gas Nitrogen
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32 Relefl2a A0l 47

AR E DL BT e
el A7 Sl ik 13X Se] A.as
u, A S 918 vjeke] shrelelel 4
Q1 szole), =S Folr] Sla] otk vlolei e
4ot AL ABA Fope] @loln, dizke] B

-

o=

1439



The Journal of Korean Institute of Communications and Information Sciences ’24-10 Vol.49 No.10

71e) e
o17] vzl fralstetEd Amagolt 24 49

A s Ao g s 549 5Ao] Tl
A i e, 1] =
QN9 A4S Fol QAElolEl S Hngieh Tet 2
2ol e 53 WAl e Bdo] o &
ol iR GG o] Hh-ole). Rt Sk o
A2 ko] FASPA UL E5%o] A1 o]

[l e]
onz splole = ARgslr]el HAabA] o2 75
7%
Limits

}
Low Quality /
Shaked video

gl 2. 2Rl S B9 Aol 2 e
Fig. 2. Raw data and limitations of online collection

Conditions Contents

Distance 1m, 2m, 3m etc.

Angle Horizontal angle 15°, 45°, 90°, 180° etc.

Method Outdoor scene, Indoor scene

FPS 30fps

Direct collection

Considerations
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Manager supervision

} Personal protectlve

equipment

Gas collectlon facmty

Diversity of data
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Table 5. List of 9 hazardous chemicals collected directly
through self-experimentation

Substance . | Types of Experiment
_ _ No. Combustion| . * ", State
A B =R F2 A e B3 8l name incidents type
Al A HoE| S A 5Al8le] ShgdlolElAl e 1 INitric acid Noncombu-| Leakage Liquid Leakage
:rLj;a‘]—Oﬂl;} B _‘L—,—oﬂ *’P: AR /] ET J o b}E} =z stible /Fire (Gas)
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Table 4. Diversity of raw data on hazardous chemicals 8 | Toluene |Combustiblel Fire | Liquid cre
q (Liquid)
Conditi Contents i
Oonditions onten 9 | Methanol |Combustible "% | Liquia| Fir
Density | Low, General, High [Fire (Liquid)

luminous
intensity

luminous range adjustment according to
outdoor/indoor scene
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Table 6. Annotation information of Hazardous chemicals
training data

Disviion Class(example)
T f . .
'yI.)es © Fire, Explosion, Leakage etc.
incidents
Informe.mon Flame, Smoke, Liquid
of object
Information Humidity(50%), Wind speed(3.4m/s),
of weather Temperatures(17°) etc.
Information Nitric acid, Bromine, Chlorine etc.
of substance
Information L
of Tocation Cheongju-si, Chungcheongbuk-do
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"version”: "5.3.0",
“flags”: {1,
"shapes”: [

{

"label”: "smoke”,
"points”: [
[
973.99968,
549.9997199999999

1234.99872,
712.9998
]
1,
“gruop_id”: null,
“description”: "
“shape_type”:
“flags”: {}

",om

rectangle”,

}
I
“imagePath”:
“.\\image\\hc04-y21-230828-001-00001.jpg”,
“imageData”: null,
“imageHeight”: 1080,
“imageWidth”: 1920,
"metadata”: {
“cam_index":
"distance”: "193.0",
“horizontal_angle”: "59.0",
“cam_location”: “right”,
"origin_video_name”: "MVI_6584.MP4",
“trimmed_video_name”: "hc04-y21-230828-
001.mp4”,
“fps”: 29.97,
"bit_rate”: 24,
“"photographer”: " d|gtal Aketadeind

", ulu

o
>

J
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Table 7. Example of hazardous chemical training dataset
according to incident type

Experimental - Types of
Training data Class
substance g incidents
. . Leakage
Nitric acid . Smoke
/Fire
Bromine m Leakage Smoke
Sodium Leakage
. K Flame
hydroxide /Fire
Potassium '
i Fire Flame
nitrate
. Leakage Flame
Thinner K
/Fire Smoke
Copper(IT
PP .( ) Leakage Flame
chloride
Chlorine Leakage Smoke
. Flame
Toluene Fire
Smoke
Leakage
Methanol . Flame
/Fire

12 b, falsetEd stgdole ofxeeld A3t
Fig. 5. Annotation results of Hazardous chemicals training
data
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F 2he 75, wele] AL ke Al W P
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(training loss), 7% <=4 (validation loss), &8 A E = #layer 7
(training accuracy), %1% % &% (validation accuracy) Dense(n)
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Table 8. AI hazardous chemical detection system envi-
ronments

Disviion Specification
oS Ubuntu 20.04.6 LTS
CPU Intel(R) Xeon(R) Silver 4210 CPU @ 2.20GHz
Memory | 94.0 GiB
GPU NVIDIA GeForce RTX 3090
E 9. ATA% delelse) 25
Table 9. Classification of Al datasets

Number of dataset
157,487 (80%)
19,687 (10%)
19,690 (10%)

Classification of dataset

train set

validation set

test set

o)
J8 6. Suud 7E
Fig. 6. Structure of training model
Training and validation loss
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Fig. 7. Loss and accuracy graph of training and

validation according to epochs
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