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Abstract

Introduction. The malfunction of removable load-handling devices (RLHD) poses significant production risks. That is
why research in this field is relevant. The problem has often become a topic of scientific investigation. The authors
propose using artificial intelligence more extensively to monitor the state of RLHD. This paper presents a study on how
to improve the machine vision model to better identify the absence of locks on RLHD hooks. A probable occurrence of
such an issue in production is noted. A storage and monitoring system for RLHD condition is proposed. The aim of this
study is to demonstrate the potential for further training of neural networks to significantly enhance the efficiency of
RLHD monitoring, ensuring their safe use.

Materials and Methods. The work is based on the results of a survey conducted at the LLC “KZ Rostselmash” plant
from 2022 to 2023, involving 144 RLHD. Mathematical statistics methods were used to process the data. A neural
network model previously trained using the YOLO computer vision algorithm was studied. It was retrained taking into
account the norms of the rejection of RLHD, specified in federal rules and standards. Images of RLHD with defects and
missing parts were collected from these sources and used to create a training database. The database was expanded by
augmentation. The Roboflow platform was used for work.

Results. The array of images used for further training of the neural network was divided into three samples:
training (88%), validation (8%) and test (4%). These samples were used to train and validate its results. The training
was completed after 260 epochs, with a steady increase in accuracy. The neural network model of computer vision
obtained in this way automatically detected a common defect in the RLHD hook — the absence of a lock. Its
performance was assessed using three indicators: average accuracy (94%), prediction accuracy (88.8%) and
response (89.2%). The neural network could receive images from a video camera in real-time and recognize hook
defects. During the RLHD inspection at the Rostselmash plant, a grab for lifting engines was found to have all three
hooks defective — without locks. To avoid such situations, at the end of work, it was recommended to place the RLHD
on a special stand equipped with a microcontroller device that could monitor for a number of potential issues using
radio frequency identification.

Discussion and Conclusion. The main goal of this proposed solution is to detect and address signs of non-compliance
with the established standards. This task can be implemented in facilities that use lifting equipment. In this case, the
timely noticed RLHD defects will allow preventing production incidents. As a result, material damage can be reduced
and injury statistics improved.

Keywords: monitoring the condition of removable load-handling devices, rejection of load-handling devices, defects
of hooks for cargo work
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Hcnoab3oBanne HCKYCCTBEHHOI0 HHTEJLIEKTA ISl KOHTPOJIS HA1eKHOCTH ChbeMHbIX
rPy303aXBAaTHBIX MPUCIOCO0JICeHUIT

B.B. Ereasckuii =, H.H. Hukosaes"™', E.B. Ereabckas = D<), A.A. Koporkuii
JloHCKOM rocyAapCTBEHHBIN TEXHUYECKUI yHUBEpcUTeT, Poccuiickas denepanus
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AHHOTaNUs

Beeoenue. HencrpaBHOCTh CHEMHBIX Tpy303axBaTHBIX npucriocobnennii (CI'TI) co3maer 3HAaYUMBIE PON3BOACTBEHHEBIE
pHUCKH. DTHM 00YCIIOBJICHA aKTyaJbHOCTh MCCIIEIOBaHUI B TJaHHOM HarpasjieHuH. [Ipobiiema 4acTo CTaHOBUTCS TEMOU
HayYHBIX W3BICKAaHWH. ABTOpPHI MpEATaraloT MIMPE HCIOIb30BaTh WCKYCCTBEHHBIH HHTEIUIEKT Ui MOHHWTOPHHTA
cocrostuust CI'TI. B mpexacraBieHHON paboTe MOKa3aHO, KaK yCOBEPUICHCTBOBATH MOJEIb MAIIMHHOTO 3PEHHsS IS
JYYIIETO BBIABICHHUS OTCYTCTBHA 3aMKOB Ha kpiokax CITI. OTMedeHa BEpOATHOCTH WIMPOKOTO PACIPOCTPAHEHHS
mpo0iemMbl B IPON3BOJICTBEHHOM npakTuke. [Ipemnoxkena cxema creHaa xpaHeHus: U kKoutpoist coctostaust CI'TL. ens
HCCIIEIOBAaHUA — IPOJEMOHCTPUPOBATH BO3MOKHOCTH IOOOYYEHHsS HEHpOCeTH Ui CYIIECTBEHHOTO ITOBBIIICHHMS
s dexruBHOCTH KOHTpOst CI'TI, oOecrieunBaromnero 6€30MacHOCTh UX MPUMEHEHHSI.

Mamepuanst u memoost. Pabora 6azupyercs Ha aktax obcienoanus 144 CI'TI Ha 3aBoge OO0 «K3 «Pocrcempmanm»y»
B 2022-2023 rr. Marepuansl 06pabaTbBaINCh METOAaMH MaTeMaTHYeCKON CTaTHCTHKH. MccenoBanack HelipoceTeBas
MOJIeNb, IPEIBAPUTEIHHO O0yUCHHAS MO alropuTMy KoMmmbioTepHOro 3perns YOLO. Ee mooOyunnm ¢ yuyeTrom HOpM
opakoBkn CITI, 3adukcupoBaHHBIX B (QelnepalibHBIX IpaBWIaX M CcTaHAaprax. M3 3THX HMCTOYHUKOB B3SUIH
m3ob6pakenus CI'TI ¢ gedekramut 1 OTCYTCTBYIOIIMMU dIIEMEHTaMH U cpopMupoBanu 6a3y st nooOydeHus cet. basy
pacuIMpHiIM METOIOM ayrMeHTauun. [ paboTel ncrons3oBany miardpopmy Roboflow.

Pe3ynomamul uccnedoeanus. MaccuB M300paxeHHH g JTOOOYYeHHS HEHPOCETH pa3feliyii Ha TPHU BBIOOPKH:
oOyugaronryro (88 %), mposepounyto (8 %) u tectoByio (4 %). [lo HUM npoBoAMIM 00yUYEHHE U BEPUPHUIIUPOBATH €TO
pe3ynbpratel. O0ydeHne 3aBepmmiioch 3a 260 3mox mpu cTaOWIBPHOM YBEIHYCHHH TOYHOCTH paboThl. [lomyuennas
TaKUM 00pa3oM HeipoceTeBast MOJIENIb KOMIIBIOTEPHOTO 3pEHUsI aBTOMAaTHYECKH OOHAPY>KMUBAET YacTO BCTPEYAIOIIUICsS
nedpexr kproka CITI — otcyrctBue 3amka. KadecTBOo ee pabOTHl ONEHWIM 1O TpPeM IOKa3aTeNsAM: CpEemHssA
To4yHOCTh (94 %), TouHOCTH TMpenackasanus (88,8 %) m orkmmk (89,2 %). HelipoceTb MOXeT B pexHMe peabHOTO
BpPEMEHH NOIy4aTh N300pakeHre ¢ BUACOKaMephl M pacto3HaBaTh aAedekT kproka. Ilpu obcnenoBanmu CI'TI Ha 3aBose
«Pocrcenpmarn» OOHApYKMIM SKCIUTyaTHPYeMbId 3axBaT JUIs IMOJbeMa JBUrareied, y KOTOpPOTrO Bce TPH KpIOKa
OKa3anch NePEeKTHBIMH — 0e3 3aMKOB. J[I MCKITIOYCHHS TaKMX CHUTYaIlldil M0 OKOHYAaHUHM PabOTHI Iesecoo0pa3Ho
pasmemiars CI'TI Ha crienuanbHOM CTEHZIE C MHKPOKOHTPOJUICPHBIM YCTPOHCTBOM, KOTOPOE OTCIIEAWT HAIWYUE pPsaa
npo0JIeM ¢ IIOMOIIBIO PaIHOYaCTOTHOM NICHTH()UKALIIH.

Obcyrycoenue u 3axntouenue. OCHOBHOE NpEAHA3HAYCHHE OIMCAHHOTO pEIICHHS — BBUIBICHHE W (DUKCArus
npusHakoB HecoorBeTcTBUs CITI TpeOyembiM HOpMaTuBaMm. 3ajada MOXKET OBITh pealn3oBaHa Ha OOBEKTaXx,
9KCIUTYaTHPYIOIIUX MOIBEMHBIE COOpYXeHHs. B aTom cimydae cBoeBpeMeHHO 3ameueHHBIe M3bsiHBI CI'TI mo3BomsT
IpeAynpexaaTh HNPOU3BOJICTBEHHbIE HHLUAEHTHL. B HMTOre MOXHO pPacCUMTHIBATH HA CHIDKCHHE MaTepHUalbHOTO
yiep6a 1 yiayqlieHHe CTATHCTHKY M0 TPaBMaTH3MY.

Ki1roueBble €j10Ba: KOHTPOJb COCTOSHUSI ChEMHBIX I'PYy303aXBAaTHBIX NPHCIOCOOJEHUH, OpakoBKa Ipy303aXBaTHBIX
TIPUCTIOCOOJICHUH, 1e(eKThI KPIOKOB JUII TPY30BBIX padoT

BuiaronapHocTu. ABTOpBI BBIPXXAIOT NPH3HATEIBHOCTh KOJUIETAaM — CIEHHUANACTaM Kadeapsl «OKCIUTyaTarys
TPAHCHOPTHBIX cUCTEM U noructuka» JI'TY 3a moMolp npu NOAr0TOBKE MaTEPUAIOB UCCIIEOBAHUS.

Juasn  uurupoBanusi. FErensckuit B.B., Huxonaes H.H., Erensckas E.B., Kopotkuit A.A. Hcnons3oBanue

HCKYCCTBEHHOI'O MHTEIUIEKTa AJIS KOHTPOJIS HAJEKHOCTH CheMHBIX I'PY303aXBaTHBIX NPUCTIOCOOICHUH. besonacrocmy
mexHo2eHHbIX U npupoonvix cucmem. 2024;8(2):57-67. https://doi.org/10.23947/2541-9129-2024-8-2-57-67
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Introduction. The sites where lifting cranes and other types of cranes are used are considered hazardous production
facilities (HPF)! and must comply with strict safety regulations. This includes safe operation of the equipment complex
and its elements, such as removable load-handling devices (RLHD). The health of this system depends to some extent
on human factors [1], and the risks associated with these operations can be reduced by introducing automation and
digital solutions.

HPF activities are under the supervision of the Federal Service for Environmental, Technological and Nuclear
Supervision (Rostechnadzor). At the same time, lifting structures and their associated equipment are exempt from regular
inspections?, and the condition of the equipment is monitored by relevant services within the operating enterprises [2].

Rostechnadzor publishes annual statistics on accidents and incidents, as well as conclusions based on the results of
its investigations®. These materials help us identify the main causes of accidents, particularly those related to the
monitoring of the condition of lifting devices. Some of the main causes include:

— absence of designated specialists responsible for the safe operation of lifting devices;

— admittance to work of personnel without appropriate qualifications;

— absence of job descriptions and production instructions at the facility;

—untimely scheduled inspections, repairs and technical inspections of lifting devices and equipment working in
conjunction with them.

Slingers use removable devices to hang loads from the hooks of lifting cranes or crane manipulators. The trouble-free
operation of the facility depends on the accuracy of these procedures.

Lifting structures should only be used in work projects or with technological maps, which include a mandatory
element — a cargo slinging scheme®. Before starting work, slingers, crane operators, and specialists responsible for safe
work production get familiar with the technological maps with provision of signature upon familiarization. The slinging
systems are posted at the work site.

The second important safety factor is the condition of the RLHD equipment. RLHD malfunctioning can lead to
falling of goods, lifting devices, or their components. Additionally, the stability of the lifting structure can be
compromised, which can result in material losses and injury to personnel.

Regulatory legal acts and job descriptions specify the requirements for continuous monitoring of the RLHD
condition. According to these documents:

— the slinger is responsible for daily monitoring of the RLHD condition, for which they are given time prior to
starting work>;

— at least once every 10 days, the specialist responsible for the safe operation of lifting structures monitors the
condition of slings. At least once a month, they also monitor grabs and traverses.

The results of the inspections are recorded in the logbook of periodic inspections of removable lifting devices and containers.

The fulfillment of these requirements should exclude the possibility of using faulty, defective RLHD.

It is known from statistics and literature [2] that the accident rate at HPF depends on the qualifications of managers
and responsible specialists. Personnel with insufficient competencies [3] may neglect control, skip some stages, and
violate the rules of RLHD inspections and documentation of their results.

The correct use of artificial intelligence greatly enhances the effectiveness of RLHD control.

This article explores the potential of further training neural networks [4] in order to improve the accuracy of
monitoring the RLHD operational state. We propose introducing neural network-based computer vision
technologies [5] for monitoring the operability of hooks on removable load-handling devices.

This approach is in line with the National Strategy for the Development of Artificial Intelligence for the period up to 2030°.

The aim of this study is to explore the potential for further training of a neural network in order to enhance the capabilities
of machine vision for determining the RLHD suitability. The practical application of this proposed solution has the potential
to improve the efficiency of monitoring the RLHD status and, consequently, enhance the safety of their usage.

"On Industrial Safety of Hazardous Production Facilities. Federal Law No. 116-FZ dated 21.08.1997. Consultant Plus. URL:
http://www.consultant.ru/document/cons_doc LAW_15234/ (accessed: 18.03.2024). (In Russ.).

21d.

3 Rostechnadzor. Report on the Activities of the Federal Service for Environmental, Technological and Nuclear Supervision in 2022. URL:
https://www.gosnadzor.ru/public/annual_reports (accessed: 10.03.2024). (In Russ.).

* On the Approval of Federal Norms and Rules in the Field of Industrial Safety "Safety Rules for Hazardous Production Facilities where Lifting Structures
are Used". Rostechnadzor Order No. 461 dated 26.11.2020. Garant. URL: https://base.garant.ru/400165076/ (accessed: 10.03.2024). (In Russ.).

5 Standard  Instruction for Slingers on the Safe Production of Work by Lifting Machines (RD 10-107-96). Garant. URL:
https://base.garant.ru/3924623/ (accessed: 10.03.2024). (In Russ.).

® National ~Strategy for the Development of Artificial Intelligence for the Period up to 2030. Consultant Plus. URL:

https://www.consultant.ru/document/cons_doc LAW_335184/ (accessed: 10.03.2024). (In Russ.).
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Materials and Methods. Slings are designed to hook, strap and hold cargo on the hook of a lifting device [6].
Different methods of sling rejection are used, depending on the design of the sling and the material it is made from. The
standards for sling rejection are defined in relevant documents. The test methods are described in the state standards’.

Each sling must have a marking tag indicating the manufacturer, serial number, load capacity and test date. The
absence of a tag is unacceptable and is an indication of a defect. An important element of the RLHD and slings is a
hook with a mandatory locking device (hook lock) [7].

In preparing this article, we used mathematical statistics to analyze the results of a mass RLHD survey conducted at
the LLC “KZ “Rostselmash” plant in Novocherkassk in 2022 and 2023. The survey was conducted by specialists from
the engineering consulting center “Mys!””, which was affiliated with Novocherkassk State Technical University. The
results of the survey were compiled in the form acts — mandatory appendices to the passports of each RLHD. These
documents were the source materials of the presented scientific work (Fig. 1, 2).

= With violations

= Serviceable

Fig. 1. Ratio of serviceable and non-serviceable RLHD

= Frame (beam) defect
= Defect of slings and chains

= Hook defect
= Absence of a passport

= Other defects

Fig. 2. Proportion of RLHD with inconsistencies and defects

7GOST 33715-2015. Cranes. Non-Fixed Load-Lifting Attachments and Tare. Exploitation. Garant. URL: https://base.garant.ru/71684432/
(accessed: 10.03.2024). (In Russ.).
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According to the survey of 144 RLHD, three quarters of the devices did not meet the requirements of regulatory
documentation® (Fig. 1).

The analysis of the distribution of defects and inconsistencies in regulatory documentation showed that the absence
of an RLHD passport was most common (more than 40% of cases). The most common technical flaw was a hook defect
(22% of cases). Defects in chains and slings accounted for 17% of recorded cases, and other defects accounted for 15%.
Structural defects amounted to 5%. These were flaws in special grips, pins, clamps, frames, beams, and traverses.

It is advisable to start the study with questions of monitoring the condition of hooks. In almost 100% of cases, their
defects were the absence or breakdown of the sling retainer (lock).

In [8], the possibilities of integrated risk assessment in the diagnosis of steel ropes using computer vision are
explored. This approach has become the basic one in the development of methods for quickly identifying
nonconformities and malfunctions of the RLHD. Devices that do not meet the required standards should not be
permitted to operate. To this end, technical control must be strengthened through a digital monitoring system equipped
with computer vision that can automatically detect visually identifiable malfunctions.

Based on the results of the comparative analysis, one of the computer vision algorithms was chosen — the pre-trained
YOLOVS open access neural network®. This was the latest version of a well-known model for real-time object detection
and image segmentation. It was based on the latest advances in deep learning and computer vision and had high
performance in terms of speed and accuracy. Due to its design features, it was suitable for various applications and adapted
easily to different hardware platforms. YOLOvVS identified many real-world objects: people, cars, computers, pieces of
furniture, etc. However, YOLOVS8 needed additional training to detect RLHD [9]. It was performed using the open online
service Roboflow?, which provided the user with tools to create a database of annotated images necessary for training the
YOLOv8 model. The service allowed you to upload and annotate images by specified classes, assign them to train,
validation and test samples [10].

Results. To retrain the network, unannotated images of hooks of different types, sizes and shapes with and without a
lock (Fig. 3) were used. These images were collected from various sources, including during the RLHD examination.

Fig. 3. Images of hooks without locks uploaded to the Roboflow service

The variety of hook images improved the quality of learning and subsequent recognition, significantly reduced the
number of errors of the pre-trained model [11].

At the next stage, the contours of the recognition objects were selected using the smart polygon tool and annotated
according to the hookWithLock (for hooks with a lock) and noLock (for hooks without a lock) classes (Fig. 4).

8 Introducing Ultralytics YOLOvS. Ultralytics. URL: https:/docs.ultralytics.com/ (accessed: 10.03.2024).
® Everything You Need to Build and Deploy Computer Vision Models. Roboflow. URL: https://roboflow.com/ (accessed: 10.03.2024).

Machine Building

61


https://docs.ultralytics.com/
https://roboflow.com/

https://bps-journal.ru

62

Egelsky VYV, et al. Use of Artificial Intelligence to Monitor the Reliability of Removable Load-Handling Devices

Annotation Editor

[ hookWithLock

Delete Save (Enter) I

1 hookWithLock -

Fig.

4. Annotating the image

The next stage in the additional training process for the neural network in Roboflow was augmentation, i.e.
increasing the sample size by converting images. Perspective, noises, turns, etc. were used for this purpose. As a result,

401 annotated images were obtained (Fig. 5)

401 Total Images

Dataset Split

TRAIN SET D

351 Images

View All Images =

VALID SET o TEST SET

33 Images 17 Images

Fig. 5. The result of annotation and augmentation

The resulting array of images was divided into train set, valid set and test set in the ratio of 88%, 8% and 4%,

respectively. Samples were used for network training and verification of learning outcomes [12].
The network trained and compared the results with a valid sample. At the same time, the accuracy of its work
steadily increased, and the training was completed in 260 epochs (Fig. 6).
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Fig. 6. Changes in the accuracy of computer vision neural network in the learning process

As a result, we obtained a neural network model of computer vision, which automatically detected a common
defect of the RLHD hook — the absence of a lock. The quality of its work was assessed by three indicators described
below (Fig. 7)

hook_lock/1 More Metrics Visualize
Model Type: Roboflow 3.0 Object Detection (Fast) mAP @ Precision @ Recall ®
Checkpoint: COCO 94.0% 88.8% | 89.2%

Fig. 7. Indicators of the quality of training of the resulting neural network
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1. Average precision value (mAP), equal to the average value of the average accuracy index for all classes in the
model. In this case, it was 94%.

2. Precision of prediction — showed how often the model's predictions turned out to be correct. The fixed level was 88.8%.

3. Recall — the percentage of successfully identified tags. It was 89.2%.

Such a neural network could receive a real-time image from any video camera and recognize a hook defect (Fig. 8)

Fig. 8. Work of a pre-trained neural network to detect hooks: a — with a lock; b — without a lock

This neural network was easily embedded in the program code in any programming language. This made it possible
to create a software product for automated assessment of the presence of RLHD defects and implement it into a
production digital system for monitoring the RLHD condition [13].

During the RLHD inspection at the LLC “KZ “Rostselmash™” plant, a PM-001501 grab was found. The device was
manufactured by the production company “Pod’em-master” and was designed for lifting engines of the Yaroslavl Motor
Plant. It could serve as an example of the operation of a faulty RLHD (Fig. 9).

Fig. 9. PM-001501 grab without locks on hooks
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As you can see, there were no mandatory locks on all three hooks. Nevertheless, the device was operated, which
posed risks to the life and health of personnel, as well as endangered the integrity of technical facilities. It was logical to
assume that such elements were in operation at many enterprises in Russia. To avoid such situations, the authors of this
article proposed to place the RLHD on a special stand at the end of the work (Fig. 10).

482 1,050

300 -
. 189
2 3
|oo

924

439

350 L350

241
5 _ 511
520

Fig. 10. Stand for storage and monitoring of the RLHD condition: 1 — stand; 2 — bracket with camera; 3 — box for RLHD
passport; 4 — electronic unit; 5 — base; 6 — hook pin; 7 — insulator; 8 — hanger; 9 — removable load-handling device

The stand was equipped with a microcontroller device that monitored the availability of the RLHD passport using an
RFID tag (radio frequency identification). In addition, it was used to determine the correct placement of hooks on the stand.
The tactile pins of the ESP32 controller were used for this purpose. When the hooks were positioned correctly, their condition
was recorded by a camera [14] mounted on the stand bracket. The resulting image was interpreted by a trained neural network
model of computer vision and a preliminary conclusion was drawn on the presence or absence of a defect [15].

Discussion and Conclusion. The proposed software and hardware solution is designed for automated assessment of
the condition of RLHD elements of operated lifting cranes. Using the potential of artificial intelligence improves the
quality and efficiency of monitoring. In particular, it allows timely identification of the lack of necessary elements and
defective indicators of the RLHD. This opens up the possibility of a significant reduction in accidents. Adequate
implementation of the proposed approach in production practice will also ensure informed decision-making regarding
extending the service life, admission to further operation or rejection of the RLHD.
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3asenennvlii 6k1A0 A8MOPO8:

B.B. Erenbcknii — MoAroTOBKa JaHHBIX ISl 00ydeHIs] HEHPOHHOU CETH.

H.H. HukomaeB — pa3paboTka METOIUKHN HCCIIEOBaHNUs, 00yueHe HEHPOHHOW CeTH.

E.B. Erenpckass — OIlCHKa COCTOSIHHS BOINpPOCa M AaKTyalbHOCTH HCCICIOBaHHA, y9acTHE B (HOPMHPOBAHUHU
HCXOJHOW KOHIICTIINH, 0(pOpMIICHHE pe3yTbTaTOB HCCIICIOBAHUS.

A.A. KopoTkuit — 00001IeHre pe3yIbTaTOB UCCICIOBAHUS, (OPMYIUPOBAHIE BEIBOIOB.

Konghnuxm unmepecos: aBTOpHI 3asBIISIOT 00 OTCYTCTBHU KOH(IIUKTa HHTEPECOB.
Bce asmopul npouumanu u 0006punu OKOHYAMeENbHBLIL BAPUAHM PYKONUCU.
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