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ABSTRACT

In 2019, the Institute for Occupational Safety &tehlth (IFA) conducted a proof of concept of a cearteased
assistance system designed by a saw manufactimercamera system is designed to trigger a safe wtatn a
hand approaches the hazardous area in a dangesgu$avdetect a hand and track its movement, soétigaused
that employs artificial intelligence (Al) to exaneirtamera images for the presence of human handse Bne
currently no suitable standards for the assessofesision-based protective devices using Al tecbggl Due to
the Al component the system was therefore not asdeas a protective device, but as an assistarstensy
Assistance systems can help to gain experience thghuse of Al technology The examination of the Al
component therefore followed four basic princidiasrisk mitigation of Al-systems.

1WHY IST THE INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH (IFA)
CONCERNED WITH THE PROTECTION OF SLIDING TABLE SAWS?

Serious accidents occur time and again on sliditdetsaws and circular table saws in general, asatgps
typically work with their hands very close to thensblade. The safety guard required by standardsioh saws
is the safety hood. On the one hand, this hoodeseag protection against sawdust and wood dusthwdre
extracted from underneath. It also shields the Bksle above the material to be sawn from contatt thie
operator. Unfortunately, this protective deviceiten not adjusted correctly, resulting in sericnjaries to the
hands. According to the German Social Accident diasce Institution for the woodworking and metalwingk
industries (BGHM), a total of 177 accidents occdrom circular table saws in the commercial seceiwben
2014 and 2017 in Germany [1].

2HOW CAN A SLIDING TABLE SAW BE ADDITIONALLY SAFEGUARDED?

Since there is a high accident rate despite comgiavith the normative requirements, but at theeséime
modern systems, e.g. those that pursue an Al-bggmwach, are not available at the safety level pfotective
device, the aim is to further reduce the accidam® by means of additional technical equipmentcadted
assistance systems. This approach does not regpddety functions required by standards, but insteses an
additional function that does not currently conitédto risk reduction in accordance with DIN EN 132100.
This article explains the classification of an Added camera system as an assistance system as welfunction
and testing of such systems using the exampleeddltting table saw.

3WHAT ISAN ASSISTANCE SYSTEM?

With the GS-BAU-70 "Principles for the testing andrtification of safety-relevant assistance systems
machinery and commercial vehicles" [2], Germanbesties of the DGUV Test network, including the |Fave

developed a test principle for assistance systémis. test principle describes the following defimit of an

assistance system:

"An assistance system is a support system for ugestationary and mobile machinery that providesssistive
function for operating tasks or is intended to deusct errors and misconduct in operating tasks."



As not all assistance systems have the same algettie following classes of assistance systemdefired:

- Class A assistance system
A class A assistance system is an information systéh an indirect effect.

- Class B assistance system
A class B assistance system is a warning systeim avitindirect effect, which delivers a
warning with particular emphasis..

— Class C assistance system
A class C assistance system is an assistance systiera direct effect that can be overridden
by the user if required by the application. Suchsystem actively intervenes in a
minimizing/limiting manner, makes a suggestiondotion to the user if necessary and is not
part of the risk reduction strategy.

— Class D assistance system
A class D assistance system is a semi-automatadnsywith a direct effect that can be
overridden by the user if required by the applmatiSuch a system actively intervenes in a
minimizing/limiting manner, is part of the risk nection strategy and can, for example, take
over part of the operating task.

- Class E assistance system
A class E assistance system is a fully-automatstesy with a direct effect that cannot be
overridden by the user.

The Al-based assistance system presented below esaanple can be assigned to class C. It has et éffect,
initiates a safe state when activated, but at éineestime makes no contribution to risk reductiome Pprotective
device required by the standard, the protectivedh@ostill present. This system therefore doesraplace the
existing protective device but provides additioprdtection for the operator.

4 FUNCTION OF THE AI-BASED ASSISTANCE SYSTEM

The camera system presented as an example caer@tsafe state when a hand approaches the danmgerTo

detect a hand, the manufacturer has developed a@ftthat uses artificial intelligence (Al) to exammicamera
images for the presence of human hands. As sotlrea recognizes a hand in the camera image shaoving

towards the saw blade and thus diagnoses a dargggitoation, the saw blade is lowered under thekwatsle in

a fraction of a second to prevent contact betwersnams and the saw blade. From this safe statepdlchine can
be returned to working condition within a short ¢irand work can continue without damaging the siidable

saw or the material being processed.

4

Figure 1. lllustration of an Al-based assistance systenaaiiding table saw. © Andreas Metzner Fotografie



In operational practice, a so-called start-up g®sipng other measures, ensures that the systetiofusiceliably.

After starting the machine, it must recognize Hwdhds of the operator, otherwise the machine'soézde cannot
be started.

As the system can also recognize more than twoshianghe image, a second operator is also proteidadever,

to ensure that the additional person can work patteey should first test themselves manually engystem. The
hand detection tests are only used to check whétleepperator's hands can be recognized at thés fiimere is
no teach-in or online-learning of the system atima.

5 REQUIREMENTSFOR AN AI-BASED ASSISTANCE SYSTEM

To ensure that the individual assistance systemdifin correctly and to ensure a high level of @ctibn for the
operating personnel, the IFA works with the resfidasaccident insurance institution to developréguirements
for such non-normatively defined systems in theses.

If the system has an Al component, the possibilftpew hazards arising from the use of this techgimust be
ruled out. In order to achieve this, Al-specifiqpasts are relevant, which can influence the rdltgband
robustness of the Al system and therefore haveegtdimpact on the safety of the system.

Robustness is a new challenge in connection withyAtems, as these systems are used for very cotagles in
complex usage environments that involve a certagree of uncertainty. Deep neural networks poseticplarly
difficult challenge as they are both hard to expland sometimes exhibit unexpected behavior. Basethe
current technical, regulatory and normative chaméstics, four basic principles for risk mitigatican be derived
for Al systems, each of which is associated witlre&gponding measures.

1. Good engineering and data science practice
To ensure an adequate level of quality for an ASteyn, a development must be guided by

established basic practices. This includes adhésiagonsistent process that covers all phases
of the development of an Al system. In additioensuring a good development process, basic

practices also include the application of data itpuatandards and the use of programming
guidelines.

2. Application / interpretation of existing functionsdfety standards
Depending on the complexity of the chosen modealjvidual methods for avoiding and
reducing systematic errors during software deveknean be interpreted from the existing
standards (see, for example, [3], Annex A.2).

3. Mitigation of Al-specific risks through further maares
If hazards arise from specific risk categories imitlhe planned application of the Al system,
various specialized methods should be used presdptduring development in order to
minimize these Al-specific risks. Examples here lddoe robust training or explainability
methods. Often, the risk minimization achievedasyet sufficient or can only be quantified
to a limited extent, which is why the applicatiohtbese methods alone does not currently
meet the requirements for rigorous proof of safety.

4. Overall system protection and runtime monitoring
Even after applying certain measures during devetop to reduce Al-specific risks, Al
systems typically still exhibit certain amounts wficertainty in their predictions. If this
uncertainty is measured and quantified during matia measure of reliability can be
determined for an Al system. In addition to moddhted uncertainties, environmental
conditions can also contribute to the predictioha model not being reliable. For example, a
camera-based system for detecting people in thenabf sufficient lighting will predict with
high confidence that there is no person in itsfiefl vision. The safeguarding of such an Al
system should therefore be considered on a systdmlevel. In the example mentioned, a
classic brightness sensor could be used to cheakrédibility of the model with regard to this
particular possible error. If the overall uncertgiof the Al system is high, the principle of
safe failure should be applied. To do so, the systeuld fall back on a classic decision-maker,
for example, or switch to the safe state first eagliest a further check by a human.

6 FUNCTIONAL TESTSOF THE OVERALL SYSTEM

A further consideration in the evaluation of sushistance systems is functional testing, so-céllack box tests.
In such tests, the system is exposed to variotialisituations that are relevant in the applicatiod operational
practice and compliance with the expected systémavieur is checked. In the case of imaging Al-basedems,
the different factors influencing detection mustdogered in the initial situations. With regardh@nd detection
on a sliding table saw, for example, skin colokinssoiling, tattoos, lighting and the various pbks hand



positions are factors influencing detection. Thewablist is only a selection of influencing fact@msd is not a
representation of the complete test scenarios.

Figure 1. Factors influencing an Al-based hand detection

7RESULTSAND USE

A system with an Al component can already be cared as a suitable assistance system. In orderdtabsified
or assessed as a protective device, a systenidorgstable saws, for example, would require pribait all hands
— including those with large tattoos, for examplare detected with a very high probability in albnking
situations. At the same time, proof would haved@hlovided that situations in which the outputhaf Al is highly
uncertain are recognized so that the system carsafisch to the safe state in these cases. Acaptdithe current
state of expert discussion and standardisatias nibt yet possible to provide sufficient proof #osingle image-
based system when using artificial intelligence arathine learning. To further improve occupatidred/th and
safety, it makes sense to classify such systerssistance systems and thus provide additional gtiotefor the
operating personnel.

8 OUTLOOK

An adaptation of the system presented here as amp® on a sliding table saw to other machine tygres
applications is certainly conceivable. However, whransferring the system to other applications, ether saw
types, attention must be paid to the changed fraewonditions and influencing factors. The diffiere
environmental conditions and machine charactesidiave a major influence on detection and mustebe
evaluated.

-

9AWARDS

The system presented has been awarded the Gernwpddional Safety Award 2021 in the "Operational”
category. In November 2023, the International Sd8éeurity Association (ISSA) presented the manuifaec of
the system with the triennial Safety Award.
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