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Foreword

Peter Kuhlang
Dear Reader!

The 18th edition of the “MTM-Schriften Industrial Engineering” series highlights the
digitalization of MTM methods with a focus on the design of productive and ergonomic
work in production and logistics.

Among the most significant areas of responsibility established in the founding docu-
ment of the MTM Institute are the ongoing development of MTM to expand its applica-
tion, building networks, improving the prerequisites for application requirements, and
public relations for the (work]) scientific discourse and broader (popular) scientific im-
pact. In line with this tradition, the "MTM-Schriften Industrial Engineering" series pro-
vides a platform to publish both application-oriented and theoretical work in the field of
Industrial Engineering in a citable format.

The non-periodically published releases focus on the field of "Industrial Engineering" in
a closer and broader sense, specifically related to MTM. They address new and further
developments, practical applications in established and emerging fields, as well as theo-
retical insights and aspects to establish and disseminate MTM.

In the present edition of the series, the contribution of MTM to the development of work
management in the context of digitalization is described. Specifically, in this context,
MTM methods for designing productive and ergonomically sound work in the fields of
production and logistics are discussed. In addition to introducing the MTM process
building block systems MTM-LOG® (Logistics) and MTM-HWD® (Human Work Design),
as well as ergonomic assessment using EAWS®, a major focus is on digital work design
using MTMmotion®. This includes a specific examination of deriving MTM-UAS® and
MTM-HWD® analyses from interface data. Finally, future developments in data capture
using motion capturing and the derivation of MTM-analyses are outlined.

Finally, we categorize the automated application of MTM within a broader, future-ori-
ented context.

Peter Kuhlang, October 2023

CEO MTM ASSOCIATION e. V. and Deutsche MTM-Gesellschaft mbH
Head of MTM Institute



1 Work design in production and logistics

Costs are a key target figure for companies in national or international competition. A
relevant portion of these costs are labor costs, especially if the work is characterized by
a high portion of manual work. Evaluating the temporal aspects of these processes serves
a dual purpose: it aids in assessing capacity demands and, simultaneously, it serves as a
tool to uncover opportunities for enhancement, ultimately facilitating the purposeful de-
sign of human work.

There are various methods for the temporal description, assessment, and analysis of
work processes. Well-known methods include REFA time study?!, MTM? or Work Factor3.
Each of these methods has its strengths and weaknesses. One of the significant ad-
vantages of MTM methods is the person-independent description of work processes. Dif-
ferent execution speeds, for example, are not considered, allowing for an objective eval-
uation of work content. Different MTM systems exist for various application areas, with
the most well-known and widely used system worldwide being the MTM process building
block system MTM-UAS® (MTM Universal Analyzing System).4

In addition to the consideration of time, ergonomics is becoming increasingly important
in all areas of human work. Well-designed work avoids excessive biomechanical stress,
maintains the health and performance of employees and promotes job satisfaction. Ho-
listic workstation design that takes ergonomic aspects into account is therefore becoming
increasingly important.>

To fulfill this tasks, companies usually use risk assessment methods, such as the "Ergo-
nomic Assessment Worksheet"® (EAWS®). The aim of these methods is to identify ergo-
nomic risks for employees in work systems. In addition, the assessment of risks due to
biomechanical loads is mandatory for companies in many European countries.

Temporal and ergonomic analyses of work processes are thus essential components of
work design. The analysis methods are used widely, especially in the areas of production
(for example, in the automotive industry and manufacturers of white goods) and logistics
(for example, logistics service providers and internal logistics), in which manual activities
sometimes make up a large portion of the work processes. Basic work activities, which
are currently the focus of labor policy efforts (keyword: last mile), can also be examined
using these analysis methods.”

cf. REFA, 1997

cf. Antis et al, 1969; Bokranz & Landau, 2012; Maynard et al, 1948
cf. Quick, 1960

cf. Bokranz & Landau, 2012; MTMA, 2019b

cf. MTMA, 2022

cf. Schaub et al., 2012

cf. Bovenschulte et al,, 2021
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Knowledge and methods of work management do not stand still, but evolve with the re-
quirements and general conditions.8 Significant current developments arise in particular
in the context of digitalization.? This issue of the series therefore describes in more detail
the development of work management against the backdrop of digitalization. Specifically,
MTM methods for designing productive and ergonomic work in the areas of production
and logistics are treated in this context. In addition to the presentation of the MTM pro-
cess building block systems MTM-LOG® (logistics) and MTM-HWD® (Human Work De-
sign) as well as the ergonomic assessment by means of EAWS®, the focus is on digital
work design using MTMmotion®. Here, the derivation of MTM-UAS® and MTM-HWD®
analyses from interface data is specifically considered. Finally, future developments in
the area of data acquisition using motion capturing and the derivation of MTM analyses
are outlined.

8 cf. Muhlbradt etal., 2018
9 cf. Benter & Neumann, 2023



2 Work design with MTM

Different methods of time determination are used in work design. One of the most tried-
and-tested is the MTM method, which allows processes to be evaluated in terms of time
as early as the planning phase; a very significant advantage in times of digital work de-
sign. The method has been developed and established primarily in the field of assembly
planning. However, the areas of application reach far beyond this. MTM works equally
well in logistics (MTM-LOG®). By combining it with ergonomic methods such as EAWS®,
workflows can also be evaluated ergonomically.

This chapter begins with an introductory discussion of the MTM process language and
the MTM process building block systems. Subsequently, it explains MTM in logistics, er-
gonomic work design with EAWS®, and the human-centered approach, MTM-HWD®
(Human Work Design).

2.1 The MTM Process Language

Especially in times of digitalization, the planning, modelling and design of productive and
ergonomic work is based on methodical and software-supported models. Work systems
and workflows are modelled using individual (model) elements and contain descriptions
and evaluations of productive and ergonomic aspects. The process language MTM as a
model of the workflow in the work system model acts as a translator of digitally gener-
ated data (e.g. motion capturing, 3D simulation) and enables a reproducible workflow
description and evaluation and thus an understanding of human and machine motion se-
quences.10

2.1.1 The work system model

In the field of science, various models are used to represent systems. One well-known
model in ergonomics and work science is the Work System Model, composed of elements
such as work task, human, workflow, equipment, workplace, work environment, input,
output, as well as their system boundaries and parameters.!! The element "workflow"
represents "the temporal and logical interaction of humans and work or material re-
sources in the transformation of input into output."12 The pursuit of a comprehensible
and reproducible description of how these system elements interact is particularly im-
portant for designing workflows based on productivity and ergonomics. This requires a
defined approach to capture, document, and evaluate workflows. To achieve this, process
languages like MTM, value stream mapping, or flowchart analysis are applied, each with
its characteristic notations.

10 cf. Kuhlang, 2018
11 cf. Schmauder et al., 2014, p. 23
12 cf. Bokranz & Landau, 2006, p. 777



2.1.2 The MTM Process Building Block and the MTM Workflow Model

The notation of the MTM process language is characterized by its own syntax and seman-
tics. Syntax refers to the “elements/symbols/characters used and their representation,
as well as the applicable arrangement rules." Semantics, on the other hand, pertains to
the "meaning of the elements/symbols/characters.” This provides not only a vocabulary
but also a form of grammar that enables the creation of comprehensible process descrip-
tions, often in the form of line analysis, using MTM process building blocks.13 The MTM
process building blocks of the MTM process language are clearly defined in terms of their
permitted use.14

The notation of the MTM process building block is characterized by twelve language ele-
ments and their assignment to an application-neutral and an application-specific part
(see Figure 1).

MTM Process Building Block

application-neutral application-specific

Start

Target time
Influencing Factor Add. Attributes

Application rules

Figure 1: Language elements of the MTM process building block systems*®

The application-neutral part of a (single) MTM process building block (e.g. with the code
R2A) is defined once during its development. The MTM process building block R2A de-
scribes a reach motion of the fingers or the hand to a certain point. The language element
"influencing factor" is assigned the motion length, the motion case and the type of motion
course during Reach. The specific MTM process building block R2A covers a maximum
movement of 2 cm either to an object on which the other hand is resting or which is in
the other hand or always at a precisely defined location (e.g., button on a machine). Lim-
itations ofan MTM process building block are the clearly defined events "Start" and "End".
An MTM process building block gets its name (description) from the language element
"sequence"” or the process. This in turn represents the scope of action of an MTM process
building block. Depending on its granularity (hierarchic level; see Figure 3), this scope of
action can range from a single finger or hand movement to an entire assembly process.16

13 cf. Bokranz & Landau, 2012
14 cf. Fischer et al., 2015, p. 95
15 cf. Bokranz & Landau, 2012
16 cf. Finsterbusch & Kuhlang, 2017



In addition to these descriptive language elements, the development of the MTM process
building blocks included the assignment of evaluative language elements (e.g. the "stand-
ard time"). An R2A was assigned a standard time value of 2 TMU (Time Measurement
Unit), based on a globally uniform reference performance: the MTM standard norm per-
formance.

However, the application-neutral part of the MTM process building block only becomes
concrete when the MTM process building block is used, i.e., it is completed by the appli-
cation-specific part. For example, the language element “Factor” is determined by the
quantity and frequency of occurrence in the specific workflow. Multiplying the factor by
the standard time results in the target time (more precisely: the language element "target
time").

In summary, an MTM process building block is a sequence that has been defined accord-
ing to its content and its use, and to which a time standard applies.1”

The connection of the application-neutral part with the application-specific part of an
MTM process building block specifies the (work) content as well as the use of the process
building block and represents a line in the MTM forms in the MTM typical process de-
scription (the MTM analysis). Taking into account the applicable application rules, this
linking of the two parts is repeated and finally a description and evaluation (modeling)
of a defined work content or an entire workflow is created. This resulting model of the
workflow - the work method - follows the notation of the MTM process language and is
now described as an MTM process building block or an “MTM analysis" (see Figure 2).

MTM Process Building Block

MTM Process Building Block

Start Process
Designation MTM Process Building Block

Code MTM Process Building Block Jarget time
Content -

Influencing Facto E———
=l lately MTM Process Building Block Add. Attributes
Ende

Application rules

MTM Process Building Block

Figure 2: Workflow model according to MTM*8

17 cf. Bokranz & Landau, 2012, p. 386
18 cf. Finsterbusch et al., 2017



In this publication, as in everyday use, a distinction is made between the terms "MTM
process building block" and "process building block". For this reason, this distinction will
be differentiated in the following.

Necessary prerequisites for MTM process building blocks are an intrinsic temporal eval-
uation based on a defined reference performance - specifically, the MTM standard per-
formance - as well as the fulfillment of quality requirements and quality characteristics
for MTM process building blocks or systems (stability, validity, economic efficiency).1° It
is sufficient that their application-neutral part can be found on MTM data cards of MTM
process building block systems.

The term "process building block” (without the prefix "MTM") is generally used as a ge-
neric term for "a defined work content". More specifically, in the case of process building
blocks, the language elements shown in Figure 1 are often not fully defined. Another char-
acteristic is that process building blocks (without "MTM" as a prefix) are often based on
other reference performances and often do not have an intrinsic temporal evaluation.

[f MTM process building blocks are nested or used at different levels to describe and eval-
uate workflows or work content, and if clear rules and design principles (e.g., principles
of aggregation) are followed, this approach is the basis for the development and applica-
tion of industry-neutral and company-specific (MTM) process building block systems.20

2.1.3 The MTM Process Building Block Systems

Since 1948, a large number of MTM process building block systems were developed for
various industries and sectors (mass production, serial production, single/job shop pro-
duction), tasks(shopfloor, quality, office) and purposes (design, evaluation of physical
loads, time determination). The following application-neutral MTM process building
block systems are available:

19 cf. Bokranz & Landau, 2012, p. 394
20 cf. Kuhlang et al,, 2017, p.98



Work operation 6

MTM- MTM- MTM-
. - UAS® — LOG® —————— MEK® —
Operations 5 ¢ %
sequence 3 z MTM- MTM-
S HWD® — sSD°® svs (1] sw |[] | sve ([
(8]
Operationsstep 4 §% MTM-0S
£o | 1 |
MV MZW
Basic operation 3 Gvs Gvs GVE
Motion sequence 2 A BW MTM-2@
Basicmotion 1 Mo || MTM-10
Process type 1 / Mass 2 / Serial
Method level high medium low

Figure 3: Systematics of the (application-neutral) MTM process building block systems?!

Table 1: Legend MTM process building block systems

MTM process building block systems

MTM-VI MTM-Sichtprifen /MTM Visual Inspection
MTM-1© MTM-1 (Basic System)
MTM-HW D® Human Work Design (HWD) A HWD -Aktionen (HWD Actions)

MV HWD -Modellierungsvorlagen (HWD Modelling Templates)
MTM-SD® Standard-Data (SD) BW SD-Basiswerte (SD Basic Values)

MZwW SD-Mehrzweckwerte (SD MultiPurpose Values)
MTM-2© MTM-2
MTM-UAS® Universal Anlayzing System (UAS) GVS UAS-Grundvorgédnge Serie (UAS Basic Operations Series)

SvVs UAS-Standardvorgénge Serie (UAS Standard Operations Series)
MTM-LOG® MTM-Logistik /MTM Logistics SVL Standardvorgénge Logistik (Standard O perations Logistics)
MTM-0S MTM-Office-System
MTM-MEK® MTM for Single and Job Shop Production (MEK) GVE MEK-Grundvorgénge Einzelfertigung/Kleinserie (M EK Basic O perations Single)

SVE MEK-Standardvorgénge Einzelfertigung/Kleinserie (MEK Standard Operations Single)

The MTM process building block system is described as the sum of MTM process building
blocks of a uniform hierarchy level or a uniform level of detail and with the same devel-
opment basis, with which a consistent design of human motions or simple cognitive de-
cisions is possible. The totality or overall structure of all (industry-neutral and company-
specific) MTM process building block systems is described as the "systematics of MTM
process building block systems" (see Figure 3).22

The process type or method level, which relates to the opportunity for routine develop-
ment and the degree of individual operator method variation, determines the accuracy of
the process description using MTM. The individual operator method variation, in turn,
depends on the degree of practice - low practice results in high individual operator

21 cf. Kuhlang, 2018
2z cf. Kuhlang, 2018



method variation. The opportunity for routine development, in turn, depends on the fre-
quency of repetition, which is influenced by cycle duration and the number of variations,
as well as the work design and thus the degree of control of a motion.

MTM-1® (the MTM basic system) was the basis for the development and application of
further modular systems. It was developed for manufacturing operations with a high re-
petitive character and short workflows, as typically found in mass production.

MTM-2® and MTM-SD® are designed for use in high volume or batch production. Typical
areas of application are for example, supplier plants for vehicle construction or the elec-
trical and electronics production. The MTM process building block system MTM-HWD®
covers cycle times in the range of 30 to 120 seconds. Like MTM-1®, it is mainly used in
mass production. A decisive difference to MTM-1® is that design measures are not only
shown and identified under the aspect of productivity, but also under the aspect of ergo-
nomics (based on the EAWS®).23

The MTM process building block system MTM-UAS® is based on the characteristic fea-
tures of batch production and is primarily used for analyses in companies and supplier
plants for vehicle construction, aircraft, appliance, electrical and electronics production
and logistics industries. The field of application of MTM-MEK® (MTM for single and job
shop production) is already clear from the explanation of the abbreviation. Typical appli-
cation areas include machinery and steel construction companies, plant construction, air-
craft manufacturing, as well as maintenance and repair, logistics, and setup and conver-
sion work. In the MTM process building block systems MTM-UAS® and MTM-MEK®,
standard operations for typical activities such as fasten, surface treatment, clamp and
loosen, inspect or measure and assemble standard parts have been developed through
aggregation.24

For the design, improvement and quantification of administrative business processes, an
MTM process building block system has also been developed: the MTM Office system. It
is suitable for determining the execution time of work tasks for planned activities. The
system is mainly used in service companies, administrations or in the indirect areas of
industrial companies. The MTM process building block system MTM for Visual Inspection
is used for the planning, design and time evaluation of visual inspection activities that
depend on human judgement and decision making. It also enables the rational selection
of visual tools such as magnifiers, microscopes and monitors, as well as the design and
evaluation of visual inspection activities using these tools. Typical areas of application
include companies with a significant portion of visual inspection activities, such as visual

control of soldering locations, painted surfaces, components or traces on printed circuit
boards.2>

23 cf. MTMA, 2019a
24 cf. MTMA, 2019a
25 cf. MTMA, 2019a



For the correct application of MTM process building block systems, training is required
(see training.mtm.org).

The MTM process building block system MTM-LOG® (MTM Logistics), which is described
in detail below, is available especially for use in intralogistics.

2.2 MTM in Logistics

For logistics companies and smaller to medium-sized businesses, modern labor manage-
ment in terms of systematic productivity management, modern work measurement, and
the use of labor and time management methods has generally not been a significant focus.
However, to accurately represent current time consumption and identify bottlenecks,
time data plays a crucial role. It helps assess what their own processes (intralogistics,
production, or assembly) can actually achieve.

Methods of time measurement are used for various tasks in areas such as tender manage-
ment, logistics, process management, lean management, improvement management, and
work planning. These tasks include designing efficient and ergonomically friendly work
systems, processes, and value streams, identifying bottlenecks, determining cycle or
transport times, optimizing physical strain, and calculating the impact of improvement
ideas.?% In recent years, the application of the MTM method has gained even more signif-
icance, particularly due to steadily increasing logistics costs.

On the one hand, the increased costs result from the high organizational, technical and
personnel requirements that are placed on cross-company logistics today. On the other
hand, the lack of precision in the consideration of logistical processes in which people are
involved in the operative business makes it difficult to adhere to the planned and speci-
fied costs. This is exactly where the use of MTM - especially the MTM process building
block systems MTM Logistics (MTM-LOG®) - can make a significant contribution to the
design and improvement of logistics processes.

2.2.1 MTM Logistics Data

In general, MTM logistics data is used to describe and design various task areas men-
tioned above. These tasks include a high quantity of activities related to picking, trans-
portation, as well as packaging and inspection, which are considered basic work (see Fig-
ure 4). The typical processes of intralogistics, which can vary in complexity, are described
as standard operations in the field of logistics.2”

26 cf. MTMA, 2022
27 cf. Sunk et al.,, 2014
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Figure 4: Typical application areas of MTM logistics data in intralogistics

MTM logistics data are mainly used to evaluate logistics processes and work systems in

terms of time and ergonomics depending on influencing factors, variables and para
ters. They are also used to evaluate existing and, above all, non-existing processes

me-
in a

targeted and fact-based manner, to plan and increase productivity, and to determine the

necessary personnel requirements (see Figure 5).28
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Figure 5: Goals of MTM application in logistics
The following general conditions apply to the use of MTM Logistics data:

o The usual work tasks are job-related. Some of them are repetition with a high
frequency, so employees have the opportunity for routine training.

o Employees are provided with the appropriate work and transportation equip-
ment for their jobs.

o The workstations are designed according to the range of work tasks.2°

28 cf. Kuhlang & Neumann, 2023
29 cf. MTMA, 2019c



These conditions typically characterize the method level or process type of serial produc-
tion and intralogistics processes or activities. This is why MTM logistics data is based on
the basic operations of the MTM process building block systems MTM-UAS®.30

In practice, standard operations for handling and transport are of particular importance.

2.2.2 Handling of parts, cartons, containers

The standard operations Handling of Parts, Cartons, Containers are MTM process build-
ing blocks for the evaluation of standard operations with commercially available
transport units that are frequently used in practice. The MTM process building blocks
exist for the handling of parts, containers and cartons, for the opening and/or closing of
packages, and for the associated information processing. Handling takes into account the
number and frequency of variable Body Motions (Walk, Stoop, Sit and Stand) and the
picking up, place aside at the point of use, and depositing of tools (equipment) with sup-
plementary values.

The MTM process building blocks for handling parts, containers and cartons cover com-
mon work tasks that fall within the scope of basic work. They can be used to describe all
the motions required to reposition, exchange or refill a container, carton or part from one
location to another. For example, the quantity and weight of the objects to be handled, as
well as their size, play a role in the correctly description of the workflow at hand.

The processes "Open packaging” and "Close packaging" already describe their content.
They include all logistics-related tasks necessary to access items within containers or seal
them using required tools and materials. The determining factors are the type of packag-
ing, (i.e. folding carton, bag, or lattice box) and whether it has covers, lids, or intermediate
trays.

Using the MTM logistics data card "Handling - Close Packaging”, this section provides a
straightforward application example. To demonstrate, let us take a pre-filled cardboard
box measuring 30 x 25 x 20 cm and place it on a workbench. The parts within the box are
then covered with a lid and sealed with two adhesive strips as shown in Figure 6.

23 MAAR S
R R

Figure 6: Example case: Close packaging

30 cf. MTMA, 2019b



From the analysis of the close packaging example case (see Figure 7), it is evident that the
coding SBFA for establishing and shutting a folding carton, with a maximum size of 30 x
30 x 30 cm, possesses a time value of 215 TMU (Time Measurement Unit, where 1 TMU
is equal to 0.036 seconds), equaling approx. 7.7 seconds.

The insertion of the lid is described by the code SADA and the sealing of the box with the
adhesive tape by the SBZA. SADA allows 60 TMU (approx. 2.2 seconds), while the time
value allotted for the SBZA (110 TMU) is doubled for the use of two adhesive strips,
amounting to 220 TMU (approx. 7.9 seconds). The total time analyzed with MTM (basic
time tg) for this small application example is 495 TMU, or approx. 17.8 seconds.

Close packaging 4LH T™MU
Folding carton <30 x 30 x 30 cm SBFA
(each side with 2
iaide and <50 x 50 x 50 cm SBFB
2 outside flaps) < 80 x 80 x 80 cm SBFC
< 30 x 30 cm SBLA
Flaps single or in pairs < 50 x 50 cm SBLB
(all cartons) < 80 x 80 cm SBLC
Close flap SBLV
Containers = 30 om SBZA
(Set up and :lj';:g;\",‘;ertrlp @y |zs0em sBzB 145
close) s ~
< 80cm SBZC 170 b
Description Code Factor T™MU
<30 x 30 x 30 cm SBBA 155
Incl. get and aside
< 50 x 50 x 50 cm SBBB 250 BoXx asse
Foil bag Ziploc closure SBBC 45 sealing SBFA 1 215
Closure Pressure closure SBBD 75
Adhesive strip SBBE 120 Lid SADA 1 60
Set-up* SBGA 535 .
Lattice box/folding box esive
9 [ Close SBGS 175 Adhesiv SBZA 2 220
<30 x 30 cm SADA 60
Cover/ <50 x 50 cm SADB 90 495
Intermediate layer = =
< 80 x 80 cm SADC 115
Wrapping paper/ <30 x 30 cm SAEA 95
Covers Foil > 30 x 30 cm SAEB 125
6 wrappings* SAPA 1275
By hand "
. Per additional wrapping* SAPB 155
Stretching pallet
6 wrappings* SAPC 1730
Mechanical — .
Per additional wrapping* SAPD 180

Figure 7: Analysis for the example case close packaging

2.2.3 Transport with Forklifts, Pallet Trucks and Cranes

The standard operation for transportation encompass all the required MTM process
building blocks for evaluating standard procedures using commonly used transport ve-
hicles or transport carts in practice. These processes take into account various operating
conditions and equipment configurations, along with relevant safety regulations. In addi-
tion to the general MTM process building blocks, there are specific operations steps and
sequences for transportation, as well as additional data for other transport equipment
and cranes.

The general MTM process building blocks are general and apply the same method for
every MTM process building block, regardless of the type of vehicle. Technical term ab-
breviations are adequately explained upon their initial usage. These blocks comprise pro-

cesses such as "Start and shut down the motors", "Put on and place aside the seat belt" or
"Pull and loosen the parking brake".

The forklift operation steps and operation sequences pertain to the types of vehicles:
forklift trucks, reach forklift trucks, and pallet trucks, with a distinction made for the lat-



ter between walk-behind and rider pallet trucks. The operation steps reflect transporta-
tion movements, for example such as "driving," "lifting/lowering," or "placing pallet into
or removing from racks location." The operation sequences result from condensing and
statistically weighting standard operations and encompass all typical driving options for
Get and Place of pallets, containers, or similar transport aids using forklifts. Through de-
tailed descriptions of these processes within the operation sequences, different transport
methods, vehicle configurations, and performances can be depicted transparently and
analyzed safely and with sufficient precision.

To better understand what has been explained, we will now describe the analysis of a
simple example case using the logistics process building blocks of Forklift Operations
Steps and Operations Sequences. A forklift truck is used to pick up a pallet from a height of
2.5 meters and place it on the ground over a distance of 100 meters (including 2 curves)
(see Figure 8). For the sake of simplicity, it is assumed here that the operator is already
seated on the forklift truck with the seat belt fastened and the transmission engaged.

Start

Forklift truck ll

———————

Total Path: 100 m

Curve Curve

Figure 8: Example case 2: Standard Operations Transport

As seen in Figure 9, the data cads Forklifts Operation Steps and Forklifts Operation Se-
quences are used for the analysis. To Get and Place the pallet, the corresponding code
(SACAFM) is taken from the Forklifts Operation Sequences data card. There are 1,080 TMU
provided for this work step, which is approx. 38.9 seconds. Driving 100 meters (including
2 turns) with the forklift truck is read from the Forklifts Operations Steps data card. One
meter of driving is represented by the code SFISF, which has a time value of 13 TMU. This
is multiplied by 100, giving a total time of 1,300 TMU, or 46.8 seconds, for the travel time.
Turning corresponds to the code SFKSF, which is multiplied by a factor of two, giving a
time of 32 TMU (approx. 1.2 seconds). According to MTM, the entire sequence requires
2,410 TMU, or approx. 86.9 seconds (basic time tg).
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Figure 9: Analysis of standard operations Transport for example case 23!

Other means of transport” includes electric tractors, hand pallet trucks and transport
carts, which are listed on separate data cards with their various influencing factors and
their impact on travel time.

On the one hand, the crane data provides data for crane types that are frequently encoun-
tered in practice (monorail crane, bridge crane and column jib crane). On the other hand,
the available building block architecture provides a good starting point for building your
own custom crane data.

There are other logistics process building blocks, for example such as “Information pro-
cessing", which can be used to describe other logistics activities. Process Information rep-
resents all the activities necessary to collect, process, and input information. Processes
such as reading, writing or scanning data can be found here.

2.2.4 Areas of Application in Industry

How the MTM process building blocks of MTM logistics data are used in logistics practice
is illustrated by the following examples.

Spare parts logistics
Volkswagen AG's Original Parts Center, or OTC for short, ensures the supply of spare
parts to various companies around the world. Due to the variety of packaging, quantities,

31 MTMA, 2019¢



weights and storage types, this is a great challenge for technology, organization and em-
ployees. With the introduction of the MTM-UAS® and MTM-LOG® process building block
systems, it was possible to analyze all assigned workstations and map them transparently
in a VW logistics system developed in-house. The resulting improvements in the logistics
workstations and processes led to an average increase in productivity of ten percent to
an ergonomic design of the workstations.

Contract logistics

The Solutions Engineering department of the German Kuehne + Nagel organization is re-
sponsible for planning and resource costing of new customer business in contract logis-
tics. For this purpose, standard times based partly on MTM logistics data and partly on
empirical values (time records) were used and planned. In addition, selected work-
stations in the manual picking area were examined and improved with regard to physical
stress during handling and repositioning of loads. The resulting time catalog for resource
calculation and an internal company data card with additions for load weights and pos-
tures were made available to Kiihne + Nagel for future repositioning of their logistics so-
lutions.

Tender calculation

Another example is the MTM application at Miiller - LILA LOGISTIK. In its own logistics
service centers, the company offers, among other things, the pre-assembly or assembly
of assemblies and components. For the planning and calculation of an offer concept for a
company in the automotive industry, planning data values for the pre-assembly of the
selected products or product families were determined with MTM-UAS®. On the one
hand, this leads to a valid data basis for the preparation of the quotation and on the other
hand to an increased transparency of the processes. Another benefit is the identification
of waste. In the course of the project, for example, ideas were generated on how to avoid
multiple handling or how to arrange components, jigs, fixtures and tools in a process-
oriented manner. In addition, design potential was identified in the provision of materials
at the workstation.

Process time catalog for logistics activities

The project undertaken by DB Schenker aimed to create a custom process time catalog
and standardize process times. The outcome was a dependable database that serves as a
foundation for planning future approaches. The focus was on warehouse processes - from
goods receiving to issuance - drawing from existing MTM logistics data and time modules
at DB Schenker. The outcome comprised of process-neutral time modules which are em-
ployed based on the level of aggregation, for enhancing processes or for planning and
costing. The developed process time catalog facilitates swifter and more precise work -
both during analysis and planning. Subsequently, this results in increased planning and
investment security in the long run.



Price and resource calculation

The project at TechnoCargo Logistik, a logistics service provider of the Vaillant Group,
focused on standardizing price calculations. The cost structure was set prior to the pro-
ject using the open-book method in collaboration with Vaillant Group employees. Never-
theless, the prices did not accurately account for the individual expenses of personnel and
equipment in each area. Upon commencing the project, an analysis and documentation of
all processes, ranging from the goods receiving of various heating, ventilation, and air-
conditioning units, accessories, and spare parts, to the production and control of spare
parts and goods issue, were conducted and documented via MTM. As a result, a novel
pricing logic was created, and the implementation of a new process and effort calculation
model resulted in enhanced capacity planning and cost prediction. Another positive out-
come was a improved understanding of processes and a comprehensive identification of
potential savings. The continuous comparison of prices along the supply chain enables a
precise demonstration of the cost per package or pallet, thereby showcasing the process
accuracy.

The MTM process building block system MTM-LOG® can make a substantive contribution
to enhancing logistics processes. Through meticulous assessment and planning of work-
flows, firms can optimize their processes. The scope of this applies to several areas of
application, including spare parts logistics, contract logistics, tender costing, and process
time catalogs. To enhance the implementation of MTM in logistics, developers are creat-
ing MTM reference processes that chart out standardized workflows, allowing for quicker
evaluation. Integrating MTM into logistics processes presents a road to streamlining pro-
cedures and boosting profitability.

2.2.5 Outlook MTM Reference Processes Logistics

To facilitate the evaluation of logistical matters with greater ease and speed, the MTM
RPLs, also known as MTM Reference Processes Logistics, are a fitting solution. A brief
explanation of these reference processes is provided below.

The reference processes outline generalized criteria for goods receiving (such as unload-
ing trucks), storing cargo units, performing tasks in supermarkets, and selecting orders
(for example including loading route trains), as well as packing or repacking activities,
conveyor supply by route trains and material return, and finally, for dispensing goods
(such as loading trucks with full-load carriers from collection points). They are based on
standardized reference processes that combine MTM-UAS® and MTM logistics data to en-
sure the neutrality and reliability of the results.

The assessment of logistics processes is expedited and simplified due to the fact that, un-
like with MTM logistics data, the application of this concept requires minimal MTM
knowledge or training. The simplified approach involves querying variables that impact
the process, such as distances (driving and walking), average speeds, and parameters like



transport weights and load units. These variables are then combined with reference pro-
cesses to calculate both time and ergonomic loads. This enables flexible responses to sud-
den process changes, including fluctuations in quantity, daily personnel requirements de-
termination, and also give hints for potential improvement identification.

In general, the reference procedures pertain to the management of goods, encompassing
goods reception, storage, retrieval, transportation, and release - in essence, the complete
intralogistics process in a facility or warehouse.

When designing work processes, it is imperative to consider not only productivity but
also ergonomic factors.

2.3 Ergonomic work design with EAWS”’

Connections between ergonomics and method design with MTM exist specifically in the
design, arrangement and dimensioning of parts, the work area, workstation and other
elements that directly impact the workflow.

MTM, in particular the MTM process building block systems MTM-1® and MTM-HWD®,
aid in identifying value creation and waste by considering a large quantity of time-rele-
vant influencing factors. This process leads to optimized product and process design.32 A
largely waste-free work process with a low target time demonstrates effective process
design. Process design is enhanced by identifying influencing factors, beginning with
product design, such as the simplification of the positioning created by the designer, fol-
lowed by workstation design, which reduces motion length, and logistics design, which
improves gripping conditions during part removal.33

High-quality ergonomic design is necessary for long-term efficient and error-free work.
Therefore, consciously designing for two-handed work and avoiding unnecessary biome-
chanical stress and necessary load changes are essential elements of good work design.
An optimal layout can be achieved through avoiding excessive walking distances and bet-
ter part arrangements, as well as minimizing stress, such as additional stooping.34

In summary, effective work management necessitates a holistic approach to the design of
human work.3° This requires a foundational focus on ergonomics assessment using
EAWS® and, for further advancement, the most up-to-date process building block system
MTM-HWD®.36

The EAWS® enables the identification of ergonomic deficiencies, not only in existing work
systems, but also in the early stages of product development process, thereby reducing
health risks. It is the sole procedure that records various stress types and integrates them

32 ¢f. MTMA, 2019a
33 cf. Kuhlang, 2018
34 cf. Kuhlang, 2018
35 cf. Schlick et al., 2010
36 cf. Kuhlang, 2018



into complete stress. The load on the entire body is defined by the risk areas of posture,
action forces and load handling. Furthermore, EAWS® assesses the impact on the upper
limbs from highly repetitive activities.3” These types of stress are documented and ana-
lyzed across five categories within EAWS® (see Figure 10).

Page 1 Page 2 Page 3
(Section 0) (Section 1) (Section 2 & 3)
i e — |

— — ———— . . | I e . =71 L.

Data Header, Overall Body position / torso Action Forces, Manual
Result, Extra Points and arm posture Handling of Loads

Figure 10: EAWS® Worksheet3®

Upper Extremities

The evaluation starts with the collection of general and organizational data (e.g. cycle
time, analyst, analysis date, evaluated workstation). In Section 0 - Extra Points - the eval-
uation of extra points takes place, which are given for example for moving objects, for
poor accessibility of the workstation or for recoils, vibrations or impulses. In Section 1 -
Body Postures and Body Motions - the stress level is considered by the type of posture
(standing, sitting, squatting) in combination with the duration (based on cycle time). In
Section 2 - Action Forces - the load level is determined according to specific rules depend-
ing on the type of force, the type of grip or body position and the direction of the force.
The load duration or frequency (based on the cycle time) is also taken into account. In
Section 3 - Manual Load Handling - the stress level depends on the weight of the load to
be handled and the body posture during handling. It is also partially dependent on other
influencing factors such as the duration of holding or the distance during pulling or push-
ing. The duration of the load is calculated here based on the duration of the shift. In Sec-
tion 4 - Load on upper extremity due to (short) cyclic repetitive activities - the loading in-
tensity is determined by taking into account the force level, the type of grip, unfavorable
joint positions and any additional factors. The duration of the load is determined on the
one hand by the frequency of the movement and on the other hand by the duration of the
shift in combination with the work organization.3°

37 cf. Lavatelli et al., 2012; Schaub et al., 2012
38 cf. DMTMV, 2014
39 cf. Kuhlang, 2017



To determine the physical or biomechanical load of an activity, it is essential to consider
the duration or frequency of the load, as well as its level or intensity. The EAWS® index
for biomechanical stress - the "stress index" (R) - is calculated by multiplying the "stress
level" (intensity I) and "stress duration" (D). The EAWS® analysis determines a point
value for each section area, specifically the total body and upper extremities. These values
are evaluated using a traffic light scheme (green, yellow, red) as outlined in Directive
2006/42/EC.40

The load calculated from sections 0 to 3 is then assigned to the point value for the entire
body, while that of section 4 is assigned to the point value for the upper extremities. By
superimposing the loads, the result is obtained as both a point value and a color in the
traffic light scheme.

Holistic design is a critical objective in ergonomic work design throughout all stages of
product creation. EAWS® enables the identification of ergonomic deficiencies in the early
stages of product development, design, and planning, which helps avoid health risks from
the beginning. Additionally, EAWS® systematically records and evaluates pertinent influ-
ences on processes and work systems, which opens up the opportunity for a stronger
focus on people in work design. The standardized objective assessment provides con-
crete starting points for product and process improvements.4!

By combining the MTM basic system, MTM-1®, with ergonomics assessment, the new
MTM process building block system, MTM-HWD®, was developed. This system enables
the description and evaluation of workflows concerning both time and ergonomics.#? By
applying methods like EAWS® and MTM-HWD®, workstations, including basic work-
stations, can be designed with better ergonomics.

2.4 Temporal and ergonomic evaluation with Human Work Design

The MTM process building block system MTM-HWD® (Human Work Design) presents an
innovative method for linking workflow, time and ergonomics in an inseparable manner.

The name was selected based on the guiding principle of prioritizing people in the plan-
ning and design of work. A human-centered approach, which considers current produc-
tivity management requirements during digitalization, as well as stress-optimized design
for motion to preserve and improve human performance, must be considered. Today, er-
gonomic work design must go beyond reducing physical stress and embrace a stress-fo-
cused, employee-oriented approach that promotes healthy working and learning over an
extended working life amidst demographic changes. This is especially relevant in the con-
text of political debates and efforts to adapt the workplace to increasing average life ex-
pectancy. Properly applying MTM-HWD® can aid this objective.

40 cf, Schaub et al., 2012
41 cf. Kuhlang et al,, 2017
42 cf, Finsterbusch, 2016



2.4.1 MTM-HWD’-Actions

The MTM process building blocks of the MTM process building block systems can be di-
vided into hierarchic levels according to their granularity. The basic motions (MTM-1®)
form the lowest level, followed by the motion sequences (e.g. MTM-HWD® and MTM-
SD®), the basic operations (MTM-UAS® and MTM-MEK®) and other levels (e.g. standard
operations)#3. The composition of the contents is determined on the one hand by the logic
(sequence of contents) and on the other hand by the principles of building block aggre-
gation, i.e. the way in which MTM process building blocks are combined. For example, a
motion sequence typically consists of a sequence of up to three basic motions.#* Another
feature is that there is usually no summary of a hand-arm system motion with all body
motions.

MTM-HWD® uses a new kind of summarization. The basic motions (e.g. Walk, Bend,
Stoop) are not considered as fixed MTM process building block (time value), but as an
influencing factor with a defined scaling. As a result, the term motion sequence, as it is
commonly used for the MTM process building blocks of MTM-2® and MTM-SD®, could not
be used and thus the term MTM-HWD® actions was born.

Another feature of the MTM-HWD® actions is their English naming and thus the new ter-
minology. In the nomenclature of the MTM process building blocks, the term PLACING is
clearly defined. It is used in the MTM process building block systems MTM-2®, MTM-SD®
and MTM-UAS® and includes at least the basic motions Move and Position. However, the
English naming convention is different (MTM-2®: PUT, MTM-SD® and MTM-UAS®:
PLACE). The MTM process building block system MTM-HWD® also has a "Place" process
block, but in addition to Position and Move it also includes Release and possible Body
Motions. Therefore, this MTM-HWD® process building block does not have the same
name, but was given the description DEPOSIT. Figure 11 shows an overview of the MTM-
HWD® actions.

STANDARD ACTIONS COMPETION ACTIONS SUPPLEMENT ACTION

— OBTAIN | HOLD | PURPOSE
—{ RETRACT | WAIT |

— DEPOSITE | BALANCE |

— APPLY PRESSURE |

— MOVE LEG |

| CHECK |

Figure 11: The process building blocks of MTM-HWD® - The MTM-HWD® actions*

43 cf. Figure 3
44 cf, Bokranz & Landau, 2012
45 cf. Finsterbusch, 2015



DEPOSIT is one of the so-called MTM-HWD® standard actions (OBTAIN, DEPOSIT, RE-
TRACT, APPLY PRESSURE, CHECK and MOVE LEG). With these all time-limiting motions of
the human workflow part, as in previous MTM process building block systems can be de-
scribed. The "completion actions", which do not occur in previous MTM process building
block systems, allow for the first time a complete (100%) description of a work cycle from
the human perspective, as it is and must be taken into account in the evaluation of phys-
ical stress. Particularly noteworthy are the MTM process building blocks HOLD and WAIT,
which are used primarily to describe the human being during time-limiting work (pro-
cess time) of operating resources, and the process building block BALANCE, which is used
to describe the time portion of the cycle compensation time.

From this fact, a new MTM doctrine can be derived. For the first time, the MTM process
building block system no longer solely describes the activity time (tt) of a workflow, but
also includes the time components of the completion actions to fully describe the basic
time (tg). The supplement action PURPOSE is to use it when the underlying time for a mo-
tion sequence, a basic operation or a workflow has been collected using another MTM
system, in another form of description, or in a supplement technique (e.g. MTM for Visual
Inspection, time recording, comparison and estimation). This action becomes relevant
during the early industrialization stages of a product and when describing special work-
flow modeling.

Depending on their definition (Start, Content, End), influencing factors and standard time
values are assigned to each MTM-HWD® action. The application of said actions results in
the creation of workflow models (descriptions), which serve as the primary outcome of
an MTM-HWD® application. Subsequently, additional secondary results may be gener-
ated both partly and immanently. These are generated on the basis of algorithms (time
evaluation by means of the time classification scheme, eHPV evaluation, EAWS® evalua-
tion). A unique aspect of these algorithms is that a single factor determines multiple re-
sult factors. The algorithm selects the necessary input parameters from the description
to calculate the result variable(s).

This is illustrated by the influencing factor weight, which influences the target time on
the one hand and the load point value on the other. In addition, other influencing factors
(e.g. head posture) have been integrated, which are required for a comprehensive de-
scription of human beings but are not yet taken into account by current ergonomics as-
sessment methods (e.g. EAWS®). Process building blocks of the MTM process building
block system MTM-HWD® are structured in such a way that influencing factors can be
added in the future.

In summary, an MTM-HWD® analysis offers a minimum of three outcome measures sim-
ultaneous:

o afully comprehensive description of the workflow and the ergonomic anthropo-
metric parameters,
o atargettime and



o astress point value associated with a physical stress evaluation procedure.

Thus, comprehensive models of human workflow are created with MTM-HWD®,

2.4.2 Coding/pictograms

The use of pictograms in the MTM process building block system MTM-HWD® is an inno-
vative approach. To eliminate the complexity of coding, each influencing factor scale level
has been assigned a corresponding picture (see Figure 12). By doing so, the MTM process
building block system is now accessible to a wider range of users. The concept of using
symbols to describe human motion was introduced by Gilbreth, who developed the
Therbligs scheme. Accurate consideration was taken when creating the pictograms to en-
sure clarity and ease of understanding.

the pictograms are designed to be as gender-neutral as possible,
the person depicted is attired,

the detail to be described is in the foreground and

a consistent design is apparent with matching colors and hatchings.

o O O O

S

Figure 12: Influencing factor basic position - scaling standing, sitting, squatting, Kneel on One Knee, Kneel on
Both Knees, lying down

2.4.3 MTM-HWD® description form

The traditional method of MTM analysis preparation involves using a data card and anal-
ysis forms (001-005F) with paper and pencil. MTM-HWD® allows for the same approach,
but with a workflow description that is detailed on a form offered in three variations
(00A, 00M, 00E).

An MTM-HWD® analysis follows a book-like structure, with information presented in a
clear, logical sequence, from left to right. Three types of descriptions are utilized, includ-
ing the starting posture, sequence description, and ending posture. The starting and end-



ing postures indicate the body position at the beginning and end of each workflow, re-
spectively. Each influencing factor is marked with a pictogram if the posture differs from
the basic value, ensuring clear and objective language. A basic value was assigned to each
influencing factor, represented by a colored pictogram. The analysis lines detail the work-
flow (of the work method) and consist of general information about the object, hands (left
or right), and actions performed. Pictograms are utilized to illustrate the influencing fac-
tors of these actions, thereby describing movement execution and assumed postures. De-
pending on the chosen pictogram, the time values are summed and computed in order to
ascertain the intended duration.

2.4.4 How MTM-HWD® works - A practical example
The practical example presented below explains MTM-HWD® by initially outlining its de-
scription, followed by an evaluation of the method.

This example illustrates an assembly workstation where a single employee assembles
pumps to demonstrate MTM-HWD®. The subsequent steps of the assembly are omitted
from this example, and the following explanations pertain to the initial activity of the as-
sembly - Get and Place of the pump casing.

Figure 13 displays the workstation in plan view. The employee initiates the assessed task
in an upright standing position (see Figure 14, starting position). Initially, the employee
pivots towards the rear and acquires a casing from the material trolley (see Figure 14, to
the casing). Then, he places the casing in a fixture located at the assembly spot (s. Figure
14, casing to fixture).

Assembly
station

Material

Tools
Employee

Workbench

Figure 13: Workstation layout



Starting Position to the casing Casing to fixture

Figure 14: Representation of the activity

2.4.5 Description of activities with MTM-HWD®

The MTM-HWD® is used to explain the assembly process in the following example. It is
important to note that not all influencing factors of the actions described in the example
are discussed within its context.

In principle, in MTM-HWD®, after defining the actions, the hands involved and the objects,
the isolated movements or activities are analyzed line by line by identifying the influenc-
ing factors or their characteristics. The analysis starts with the lower extremities and pro-
gresses to the trunk, head/neck, arms, weights, forces, and ultimately the hand. Corre-
sponding pictograms are selected to document the recorded information.

Actions and objects

When conducting the analysis, the initial step is to document the motions or activities -
referred to as actions - that the employee performs with their limbs and the objects uti-
lized in the procedure (see Table 2). In the example given, the workflow begins with one
motion towards the material trolley followed by simultaneously acquiring the pump
housing with both hands (Obtain). Subsequently, the employee conveys the casing to the
assembly location and deposits it there (Deposit). The parentheses in the second column
indicate which actions take place simultaneously. In the example, the employee consist-
ently uses both hands.



Table 2: Objects and actions

No. Description Object Action E)é::i‘:ity Ei{a:rseSin‘:iiy
1 Starting Position - - -

2 to the casing Part OBTAIN left Hand none
3 ( to the casing Part OBTAIN right Hand none
4 Gehduse vor Kdrper Part DEPOSIT left Hand none
5 ( Gehdause vor Kdérper Part DEPOSIT right Hand none
6 to upright Part DEPOSIT left Hand none
7 ( to upright Part DEPOSIT right Hand none
8 Casing into fixture Part DEPOSIT left Hand none
9 ( Gehause in Vorrichtung Part DEPOSIT right Hand none
10 Endhaltung = = = =

Other potential actions would be, for example, the examination of components (Check) or
the separation of two components (Retract). Tools, actuators, or transport means may
also be selected as objects for analysis. Additionally, activities that involve the use of only
one hand or foot of the employee can be analyzed.

One horizontal analysis line in MTM-HWD® represents a single action, indicating the de-
scription of one motion. When combined vertically, these single motion analyses provide
a description of the workflow, or work method.

For every action, the influencing factors and their characteristics are documented using
the corresponding pictograms. The following explanations explain this using the example
of analysis lines 1, 3 and 9 (see Table 3).

Influencing factors - lower extremities

The MTM-HWD® analysis starts by recording the initial posture of the observed person.
If the process starts with the action "Obtain”, the influencing factors of the "lower extrem-
ities" category should be described, specifically the influencing factor distance, execution
conditions and leg posture (see Table 3). The contributing factor of "stability" is denoted
as "stable."



Table 3: Influencing factors - lower extremities

/7 unhindered

-

step

. Execution ; . Leg Posture Leg Posture
No. Distance Conditions Basic Position (left) (right)
1 - /_7 unhindered M standing & extended & extended
3 1 1 Side step M standing & extended & extended

9 walking Walking :
2m 2 meters

/—; unhindered

-

M standing

& extended

& extended

The influencing factor distance describes the distance an employee travels before using
their arms or hands. For each characteristic such as walking, climbing steps, climbing, and
crawling, the user specifies either the quantity of meters, steps or rungs covered. In the
provided example, the employee first walks one step to the side to reach the casing, then
walks two meters to reach the workbench.

The influencing factor Execution Conditions describes the condition of the ground when
traveling the path and provides information about the required degree of control when
walking. In the assembly example, the conditions are favorable because the ground is
level and there are no obstacles in the way.

The influencing factor basic position determines the body’s position at the end of a mo-
tion, whether the employee is standing, sitting, kneeling or crouching. The influencing
factor leg posture then specifies whether each leg is extended or bent. In the example ac-
tivity, the employee begins with a standing position and maintains extended legs at the
end of each motion.

Influencing factors - trunk and head/neck

In the next phase of analysis, MTM-HWD® will examine the postures of the trunk, encom-
passing the influencing factors of trunk flexion, rotation, and tilt (see Table 4) as well as
head posture, which is not discussed in detail in this study.

Table 4: Influencing factors - trunk and head/neck

The influencing factors torso flexion, turn and tilt describe the posture of the upper body
at the end of a motion. For example, one can still perform walking, bending or a lateral

No Trunk body Trunk Body Trunk body
’ bending tilting rotation

. no Trunk Body M no Trunk body
1 /ﬁ excitement &:E) Tilting 1A rotation

3 B strongly bent @ Strong Trunk /V no Trunk body
forward Body tilting 1A rotation

i no Trunk Body “ M > no Trunk body
9 /K excitement &B Tilting /ﬁ rotation




inclination of the upper body. Trunk body bending indicates how far the upper body is
bent forward or backward, trunk body tilt indicates how much it is tilted to the side, and
trunk body rotation indicates how much the trunk is rotated compared to the hips or
whether a body turn is done using one or both feet. In the illustrated example, the em-
ployee's body starts in the neutral position, meaning the trunk is not flexed, rotated or
inclined. To accommodate the casing, he then strongly tilt and rotate the trunk and mov-
ing it back to the neutral position. The head posture is described in a similar manner,
capturing head flexion, rotation and inclination.

Influencing factors - arm and weight/force

After analyzing the posture of the trunk, the next step is to consider the arms as well as
the applied force or the carried weight (see Table 5). Subsequently, the right arm is ana-
lyzed here.

Table 5: Influencing factors - arm and weight/force

Upper Arm Posture

Hand Position

Arm Extention

Hand Posture

Weight / Force

Angle
th \ 0<x<20 °

)] below shoulder
E‘M height

Extention
~ 80%-<x

no force

Angle
= x>60 ° oder
/] x<0°

ng below shoulder

Extention
( ~ 40%<x<80%

No force

F Angl
B .

height
2] below shoulder
'['b height

| Extention
[ ~ 40%<x<80%

‘b Rotation to the

! r/ side

Weight: Weight
3,0 kg Casing: 3 kg

The influencing factor upper arm posture describes the deviation of the arm forward,
backward, or to the side. This deviation measures the displacement of the upper arm
away from the trunk. In the example, when the employee is picking up (Obtain) the casing,
they strongly deviate their right upper arm. When placing (Deposite) the casing in the
assembly fixture, the upper arm is not deviated as strongly.

The influencing factor hand position indicates the height of the hand relative to the shoul-
der, whether it is held below, at, or above shoulder height. In the example, the hand is
always positioned below shoulder height.

The influencing factor arm extension describes the distance of the hands from the shoul-
der joint. Possible expressions are close, partially extended, and fully extended. In the
starting position, the employee holds his right arm fully extended. During the two actions,
he then brings the arm into a partially extended positions.

Analogous to the trunk posture (see Table 4), the hand posture describes whether the
wrist is rotated, flexed or inclined in relation to the forearm. In the starting position and
when picking up the casing, it is in a neutral position, but when placing the casing, the
employee must tilt the right hand to the side.

For the temporal and ergonomic evaluation of the activity, it is not only the posture of the
body and limbs that is relevant but also the force that must be applied in that posture.



The influencing factor weight / force describes the load of the object to be handled or the
force that needs to be exerted. In the example, the employee does not apply force but only
delas with load weights, such as when transporting the casing (deposit) to the fixture.

Influencing factors - hand

In the MTM-HWD® method, the final step involves determining the motion of the hand.
This includes, in particular, the distance covered by the hand or arm. Other influencing
factors include the type of provision, placement accuracy, mounting position, joining con-
ditions, grasping movement and grasping type (see Table 6). The influencing factor vi-
bration occurs depending on the action and is consistently described as "none” in this
example.

Table 6: Influencing factors - by hand

Placement accuracy +
Installation Position

Grasping motion + Type
of grasping

1 B _ B \ open hand
o without object
| Encompass +
3 separate, - 4-Finger
.’ parabe : Encompass
. i e
9 10 ."' close placement, | m~~ \H/ZTSI:E spacing 4-Finger
\{Q / .- ! with alignment l 6 ] obstrucytion ) Encompass

The influencing factor distance class describes the distance traveled by the wrist when
picking up or placing an object. The user has different gradations of distances available.
In the example, after bending and rotating, the employee moves the hand out of the body
motion ten centimeters towards the casing. When placing the casing, he walks to the
workbench and then has to move the casing over ten centimeters to the fixture.

No. Distance Class Joining Condition

Y
o

([ {

The influencing factor provision describes the arrangement or position of the objects to
be grasped. In the example, the casing are provided separately, and they are not always
in the exactly the same location.

The influencing factors of placement accuracy, installation position and joining conditions
describe how precisely objects need to be placed, whether symmetry needs to be consid-
ered, and whether the shape, texture or weight require additional effort. When placing
the casing in the fixture, for example, the employee must fit the casing tightly with slight
pressure, requiring alignment of the casing with the fixture. Additionally, the housing ob-
structs the view of the fixture, and the distance between the grip position an the position-
ing point hinders task execution.

Finally, the influencing factors grasping motion and grasping type describe the position of
the fingers to gain control and hold the object. In the starting position, the employee ini-
tially has the fingers of the right hand open. To pick up the casing, he performs a gripping



motion and then maintains control over the casing with a 4-finger grip, that he continues
to use until the end of the joining process.

2.4.6 Evaluation of activities with MTM-HWD®

After all the influencing factors have been recorded line by line, the temporal evaluation
of the activities is automatically calculated. Table 7 shows the time assessment for the
example provided. It results in a time requirement of 53 TMU (approx. 1.9 seconds) for a
motion to the casing and 89 TMU (approx. 4.6 seconds) for transportation to the assembly
fixture. The entire process, considering all analysis lines, takes 183 TMU.

Table 7: Time rating

No. LOW?I: Trunk + _Arm + Hand Sum
Extremities Head/Neck Weight /Force
1
3 16 TMU 29 TMU 0 TMU 8 TMU 53 TMU
9 53 TMU 0 TMU 2 TMU 34 TMU 89 TMU

Simultaneously, the so-called ergonomics declaration is generated, both for each line and
for the entire workflow, essentially automatically in the background. Based on this, along
with the incorporation of organizational data from the work system (cycle time, shift du-
ration, break schedule), the ergonomics point value is calculated using one of the speci-
fied ergonomics assessment methods. The MTM ASSOCIATION e. V. typically employs
EAWS® for this purpose as a standard approach.

2.4.7 MTM-HWD’ at Miele & Cie. KG

In April 2015, an initial trial phase was conducted at an assembly line in the Miele & Cie.
KG plant in Giitersloh. “There were two primary reasons that motivated the company to
participate in this development project. Firstly, the management of the family-owned
company, Miele & Cie. KG, considers the health of its employees as a central management
responsibility. Secondly, the company recognized the challenge posed by the aging work-
force due to demographic changes, and the need to maintain productivity with an older
workforce. The company’s management anticipated that the application of the MTM pro-
cess building block system MTM-HWD®, would provide valuable insights into how ergo-
nomic work design and productivity development can be harmonized."46

By December 2017, the use of MTM-HWD® had evolved into a large-scale pilot applica-
tion in series assembly. Differences between the previous results of MTM-UAS® and

46 cf, Graute, 2016



EAWS® analyses were closely monitored. The comparison of the analysis results demon-
strated that the values only differed insignificantly from each other.

In this chapter, an introduction to the MTM-HWD® (Human Work Design) process ele-
ment system, which links workflow, time, and ergonomics, was provided. The importance
of human-centered planning and work design in the era of digital and demographic
changes was emphasized. MTM-HWD® actions describe motions, with influencing factors
being more flexibly considered. Pictograms on the analysis form facilitate the coding pro-
cess. In practice, the MTM process building block system has been introduced, enabling
the integration of ergonomics and productivity.

How existing methods in work management can be integrated with modern digital tools
to enhance their application is presented in the following chapter.



3 Digital work design with
MTMmotion®

With the increasing digitization in work management and various technological and con-
ceptual advancements, it's becoming increasingly possible to digitally support or par-
tially automate analyses and planning.4” This offers significant benefits for businesses. In
particular, data-based and quality-assured work management is made considerably eas-
ier, even for small and medium-sized enterprises (SMEs) and international production
sites.

Digitalization affects all functions within a company, including work management. It
deals with the description and analysis of the productivity and employee health within
organizations. A systematic planning of work systems and methods remains the key to
achieving excellent productivity and humane working conditions in industrial processes,
even in the age of digitalization. While detailed planning often involves significant effort,
in the future, the use of digital technologies and tools will make the planning of human
work processes more efficient and detailed.48

3.1 Simulation analyses

The connection between the digital world and real human work is established, among
other things, by translating digitally available information, such as motion data from hu-
man simulation, motion capture, and VR systems, into accurate MTM analyses. This deri-
vation or representation in the form of simulation analyses is a key element for the robust
application of digital planning tools.

Simulation analyses describe and evaluate the digitally defined motion sequence (the in-
dividual operator method). In other words, "What you see (simulate, capture) is what you
get (describe)!" Thus, a simulation analysis describes processes that do not occur in real-
ity or the actual work process as captured or presented by digital tools. The link to human
work performance is established for these work processes by describing and evaluating
them in the form of an MTM analysis. This creates a connection to MTM standard perfor-
mance and earns the "Approved by MTM ASSOCIATION" seal. Simulation analyses are
converted into planning or production analyses through a formalized approval process
by MTM or IE experts. This transforms the simulated motion sequence or the executed
individual operator method into a consciously established, standardized work method.
It's important to note that this transition into coordinated (!) planning analyses must be
done intentionally. 4

47 cf. Benter & Neumann, 2023; Spitzhirn et al., 2022
48 cf. Kuhlang, 2019a
49 cf. Kuhlang, 2019, pp. 9-10; Kuhlang et al., 2020, p. 12



The following is an explanation of basic aspects regarding the processing of motion data
with MTMmotion®. Subsequently, a specific application example is provided to illustrate
the use of MTMmotion® interface data. The core of this chapter consists of the translation
of interface data into valid MTM-UAS® and MTM-HWD® analyses.>0

3.2 Technologies for processing motion data with MTMmotion®

Digital technologies are increasingly making their way into all aspects of the working
world. In the field of work design, this includes technologies that generate or capture hu-
man movement data and subsequently process it. These technologies include, among oth-
ers, human simulation>!, virtual reality52 and motion capture>3. These technologies are
particularly useful for purposefully designing human work when the observed work pro-
cesses are systematically evaluated in terms of time and ergonomics. Classic methods of
work design like MTM and EAWS® are well-suited for this purpose.

For instance, the software manufacturer imk Industrial Competence has developed a so-
lution to derive MTM-HWD® analyses from the simulation tool ema Work Designer and
evaluated it in collaboration with the MTM ASSOCIATION e. V.54 However, other technol-
ogy manufacturers are also interested in solutions to derive established methods of work
design. To ensure that these solutions provide valid, rule-compliant MTM analyses ("ap-
proved by MTM ASSOCIATION") and that all technologies have equal access to the MTM
process building block systems, MTMmotion® was developed. Figure 15 illustrates this
approach.

EAWS®

Human Simulation
Motion Data

Virtual Reality ()Q ,__ MTM-HWD®
Motion Data @d . m‘\\m\w\

= hSS“c'\“ _\
" MTM-UAS ®

MTM-1®

Motion Capture
. . Wiy
Motion Data MTMmotion® \’ J <

MTM-MEK®

Figure 15: MTMmotion® - technology-independent translation to MTM analysis

50 cf. Kuhlang et al., 2023

51 e.g.: ema Work Designer: cf. imk, 2023; Fritzsche et al.,, 2019
52 cf, LIVINGSOLIDS, 2023; halocline, 2023

53 e.g.: XSens: cf. Movella, 2023

54 cf. imk, 2023; Benter & Kuhlang, 2021



MTMmotion® was developed with the goal of serving as an interface (for all technologies)
through which human movement data is translated into accurate MTM analyses. By in-
corporating the MTM method in this way, technology users can systematically analyze
and design human workstations. It also contributes to the dissemination of MTM methods
and ensures their correct application, thereby fulfilling the statutory mission of the MTM
ASSOCIATION e. V..

3.3 Application Example

To explain the data in the interface and the translation into MTM analyses, the following
example workstation is used. In this example, a person assembles a washing machine
module, which consists of a component carrier, two pumps, several hoses and screws,
and other small parts. The assembly time for the entire workflow is approx. two minutes.
This article focuses on the final part, which is the attachment of the pumps with screws.5>

The complete workstation, including all the necessary process steps, was modeled in the
virtual reality (VR) software by the company LIVINGSOLIDS%6. This VR solution utilizes a
VR headset and handheld controllers. To record body motions, it also employs marker-
based cameras for motion capture.

Figure 16 shows several views of the software that where captured during its use. On the
bottom left is the test person with the VR components. Above this is the top view of the
workstation, while the right side shows the view of the test person. At the time shown, a
screw is being assembled using an electric rod screwdriver (see Figure 16, right image).

[’ - ) g v il

Figure 16: Views in the virtual reality tool of LIVINGSOLIDS

55 cf. Benter & Neumann, 2023
56 cf. LIVINGSOLIDS, 2023



3.4 Use of the MTMmotion® interface for the translation of VR mo-

tion data
To translate the data generated by the VR software, the MTMmotion® interface is used.
Essentially, it can be described as a kind of digital language for describing human work
processes. When valid data is supplied from the VR software to this interface, it can then
be translated into rule-compliant MTM analysis by the MTMmotion® algorithms (see
chapter 3.6). The structure of the interface is shown in Figure 17.

MTMmotion®

Virtual Reality Tool p—— @d — MTM analysis

object information eye motions
arm motions leg motions
body motions postures

Figure 17: Derivation of MTM analyses via MTMmotion®

The interface describes digital motion data in such a way that it is possible for digital tools
such as the VR solution from LIVINGSOLIDS to derive this data from their own data struc-
ture. It also contains all the information required to create valid MTM analyses. The data
structure is explained in chapter 3.5.The derivation of interface data varies between tech-
nologies because they use different data architectures. In the application example, the
algorithms for populating the interface were developed by LIVINGSOLIDS and validated
in collaboration with the MTM ASSOCIATION e. V..

Chapter 3.6 and 3.7 then explain the steps MTMmotion® performs in deriving an MTM-
UAS® and MTM-HWD® analysis. In addition, the analyses generated by the translation
algorithms are also presented.

3.5 MTMmotion® interface data

The interface consists of an object list and six motion channels that describe human work
processes. They are filled with all the necessary information to map the motions and pos-
tures of the person during the execution of tasks and the objects to be handled. The inter-
face is structured as follows:57

1.  Object List

57 cf. Benter & Neumann, 2023



Channel Body Motions
Channel Arm Motions
Channel Leg Motions
Channel Eye Motions
Channel Body Postures
Channel Arm Postures

Nt W

The object list enumerates the objects interacted with during the work task, along with
relevant properties such as weight and dimensions to provide a more detailed descrip-
tion of the objects. Channels two to five (body, arm, leg, eyes) describe all of the motions
of the person. The other two channels capture the posture of the person during the work
process. The two channels Object List and Arm Motions are the most relevant, as they
contain the key information about the manual work tasks. For the example workplace,
the object list consists of the objects screw and cordless screwdriver.

Table 8: MTMmotion® data: Object list

object ID object type |(weight [kg] dim[tla:;i?ns flexible
1 screw 0.02 5x12x12 no
2 screwdriver 1.2 150 x 50 x 80 no
3 hose 0.2 10 x 10 x 100 yes

To derive an MTM analysis, various object information is required (see Table 8). Various
values, such as the physical properties of weight, height, length, and width, can be speci-
fied for these objects. In general, the larger or heavier an object, the more challenging it
is to handle, and therefore, the MTM standard time is higher. Flexibility is another physical
property that can complicate object handling. The table presents the three objects used
in the steps of the process described: screws, hoses, and a screwdriver for assembling the
screws and hoses, along with a selection of key object information.

Table 9 shows the necessary information for the Arm Motions channel. An essential as-
pect of these Arm Motions is the type of movement (motion) with which the employee
performs their tasks. They can be distinguished by whether an object is obtained, moved,
used, or held or placed aside. Additionally, the motion type UseObject can be differenti-
ated further by the Usage Type, because for most objects there are different ways to use
the object. A screw for example could - at its point of use - be screwed in or inserted or
just placed on a screwdriver tip.



Table 9: MTMmotion® data: Arm Motions

time start t:::;: object ID side arm motion supply usage type

51.0 51.5 2 right ObtainObject separated -

. MoveObjectTo _ _
o3 558 % i OtherPosition
52.5 56.8 2 right HoldObject - -
52.6 53.6 1 left ObtainObject clustered -

MoveObjectTo

53.6 54.4 1 left PointOfUse - -
54.4 56.8 1 left UseObject - place

. MoveObjectTo _ _
56.8 57.8 2 right PointOfUse
57.8 61.7 2 right UseObject - screw in

At the example workstation, the test person first gets the separately hanging screwdriver
with his right hand and guides it into the main work area. The screwdriver is held while
a screw is removed from a container full of screws with the left hand. The screw is then
moved to the screwdriver (point of use) and placed on the screwdriver. Finally, the
screwdriver (with screw) is moved to its point of use (the pump) and the screw is
screwed in.

The Arm Motions are further specified by various additional influencing factors to de-
scribe the isolated movement in detail. For example, it is relevant which arm (side) per-
forms a motion. The start and end times of a movement are also important. This helps to
follow the chronological sequence of operations as well as to determine if arm motions
are simultaneously performed with movements of other body parts. In addition to the
influencing factors that are important for all Arm Motions, there is also motion specific
information, which is shown in Table 10. This article focuses on the main interface data.

Table 10: MTMmotion® data: Factors Influencing Arm Motions

Distance GraspType Supply Tolerance | Symmetry Force PrT(?:‘leess

Type numeric selection selection selection selection numeric numeric

Unit cm = = mm = Newton seconds
foomat | : : : : N

rsg;;g::/ optional optional optional optional optional optional | optional

The Distance represents the actual motion path traveled, which is usually curved, meas-
ured in centimeters. For hand movements, the measurement point for determining dis-
tance is typically the base knuckle of the index finger. For finger movements, the fingertip
is used as the measurement point. The GraspType describes the hand's posture when it
takes or releases control of an object. The Supply refers to the arrangement or position of
the object before it is picked up. The Supply differs in how an object is provided: at a fixed



location (e.g., a button), at a changing location for each work operation (e.g., tools), or
together with other objects of the same kind (e.g., screws).

The tolerance describes the maximum #* deviation from the initial engagement point and
is used to specify the required placement accuracy. There are five different tolerance
ranges available, specified in millimeters. The Symmetry refers to the symmetry condi-
tions of the positioning process. There are two options of symmetry given to the user:
either the object does not need orientation for the positioning process (e.g.: placing a nail
on a wooden board) or it does need orientation (e.g., placing a screwdriver on a screw).

The Force describes the required effort to move or position one object. It represents the
physical force exerted by the body on the object to be moved or positioned. It is measured
in Newtons and can be entered by the user. The Process Time is the time of a specific pro-
cess that can be calculated through estimation, time study, or the use of self-activated
data collecting tools (e.g., time recording devices). It can represent the operating time of
a tool or a machine, such as the screwing process of a screwdriver or the pressing time of
a press. Process time is measured in seconds and is also an optional influencing factor.

3.6 Derivation of an MTM-UAS"® analysis

The translation of the interface data into a valid MTM analysis is the second aspect of
MTMmotion®, following the actual data. The translation follows the steps outlined below:
following procedure:>8

1. Validation of the input data

2.  Completion of the input data

3. Translation into MTM process building blocks
4.  Combination of different body parts

3.6.1 Validation of input data

In the first step, the input data provided by the VR software is validated. This involves
checking whether the data makes sense or if it contains logical errors. For instance, the
algorithm checks if the handling of objects follows a logically possible sequence. Figure
18 shows a part of the validation algorithm. The algorithm, for example, identifies an er-
ror if objects are being moved that were not picked up earlier. In such cases, the object
section that contains all movements with the same object in a specific order is deleted.

58 cf. Benter & Neumann, 2023
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Figure 18: Validation of object sections

Furthermore, it is ensured that handling an object does not end with an unauthorized
motion such as ObtainObject or MoveObjectToPointOfUse. These motions are only part of
a meaningful object handling when they are followed by other motions like UseObject. If
these motions are missing, the object section is deleted, and an error is reported. This can
be explained based on the Arm Motions in Table 9. If the fourth row were missing there
(time start: 52.6), the resulting sequence (cf. Table 11), the arm movement ObtainObject
would be missing during the handling of the screw (objectID 1). This leaves uncertainty
about how the screw was handled before the MoveObjectToPointOfUse motion (row 5,
time start: 53.6) because a meaningful sequence cannot begin with this motion. There-
fore, the remaining rows of object handling (lines 5-6) are deleted and not used for trans-
lation. Additionally, this deletion process is also logged.

Table 11: Missing Arm Motion for Screwdriver (objectID 1)

time start t::de object ID side arm motion
51.0 51.5 2 right ObtainObject
. MoveObjectTo
°1.5 X 2 right OtherPosition
52.5 56.8 2 right HoldObject
MoveObjectTo
53.6 54.4 1 left PointOfUse
54.4 56.8 1 left UseObject




There are additional queries by which the algorithm checks if the user-provided data is
consistent. However, this contribution is not intended to explain the entire algorithm but
rather focuses on a few examples to demonstrate how the translation works in general.

3.6.2 Completion of the input data

In the second step, the completion process, the input data is first checked for complete-
ness (see Figure 19). Although the interface can capture all the information relevant for
valid MTM analyses, it is not always necessary to fill in all the details. The interface dis-
tinguishes between required and optional influencing factors. Without the required data,
the algorithm is unable to create a rule-compliant MTM analysis. Optional influencing fac-
tors are used to describe the processes in as much detail as possible. The algorithm first
checks the object list. If an object is listed, that does not exist in the MTMmotion® object
catalog, it is replaced with a default object since the system cannot process object data it
is not familiar with. After that, missing information in all parts of the interface is filled
with default values. For example, the algorithm would add a predefined screw weight if
it was not provided by the VR tool. This step applies not only to object data but also to all
movements and postures in the interface. For all arm and leg movements except UseOb-
ject, the default distance is set to 40 centimeters, for instance. The standard distance for
UseObject is filled individually for each usage Type.

Check each object

Warning:
Object can not
be found in the
object catalog.

Object existsin unknown object
object catalogue/ mmmtloly 4 becomes "assembly
ObjectData? part"

Fill missing values in Information:
row with standard Missing values
values from object were filled with

catalog. standard values.

Are all optional
object values filled
out?

(Go to next step)

Figure 19: Validation of object information



3.6.3 Translation into MTM process building blocks
In the third step, the various motions are translated into MTM process building blocks. In
the case of MTM-UAS®, it is necessary to combine certain motions into basic operations.

However, each of these combined motions provides relevant data that is used to deter-
mine the correct MTM-UAS® code.

Table 12: Translation of the Arm Motions into an intermediate result with basic operations

time start t;Tde object ID side arm motion
51.0 51.5 2 right ObtainObject
. MoveObjectTo
e o 2 TEe OtherPosition
52.5 56.8 2 right HoldObject
MoveObjectTo
53.6 54.4 1 left PointOfUse
54.4 56.8 1 left UseObject

Therefore, the first step in translating to MTM-UAS® is to determine which motions cor-
respond to a basic operation. Table 12 shows the Arm Motions and the corresponding
basic operations (column 4).

Next, the influencing factors of the basic operations are derived from the input data. For
MTM-UAS®, the CaseOfGet and the CaseOfPlace are central factors. The CaseOfGet value
describes how an object is obtained. This can range from simply picking up an easy object
like a screwdriver to the more challenging task of picking up of a heavy 10 kg box. These
factors are calculated based on the entries int the object list and arm movement data. The
influencing factors CaseOfGet and CaseOfPlace for the application example are shown in
Table 12.

Finally, the influencing factors are used to derive the correct MTM-UAS® coding. A part of
the algorithm to achieve this step is depicted in Figure 20. Using the given influencing
factors for Get and Place the screw (Table 12, lines 4-6; CaseOfGet < 1 kg, difficult, and
CaseOfPlace is loose), the MTM-UAS® code AE* is derived.

3.6.4 Combination of different body parts

In the final step of the algorithm, the individual channels are compared to determine
whether they influence each other or whether motions can be performed simultaneously.
This can be explained well with the following example: If an Arm Motion immediately
follows a Body Motion, an MTM rule comes into play, stating that part of the Arm Motion
can be executed during the Body Motion, leaving a remaining motion length of the arm of



10 cm. The algorithm also checks the simultaneous executability of motions. In the appli-
cation example, it is checked whether the screw can be picked up and placed while the
other hand holds the cordless screwdriver. In this case, there is no conflict. However, if
the person were to screw in two screws simultaneously with both hands, the algorithm
would detect that certain MTM rules apply, and it would adjust the resulting analysis ac-
cordingly.

Determining Codes

with A*

CaseOfGet =
<1 kg, difficult

" -
empty/ |

approximately i

loose

v

(Go to next step)

Figure 20: Extract from the translation of Get and Place

3.6.5 The resulting MTM-UAS’ analysis

The result of these steps is a rule-compliant MTM-UAS® analysis that corresponds to the
data provided by the VR tool. In Table 13, the result for the example workstation can be
viewed. The analysis describes the assembly of the first two screws, resulting in a total
time of 275 TMU (approx. 10 seconds) for this specific work section.>?

To validate the results, a manual analysis based on the video, the objects used, and dis-
tances was conducted by an individual with extensive MTM knowledge. The comparison
demonstrated that the automatically generated analysis from the VR input data aligns
with the manually created analysis.

59 cf. Benter & Neumann, 2023



Table 13: Automatically generated MTM-UAS’ analysis

Description Code QxF TMU
Screwdriver into workspace HA2 1x1 45
Place screw AE2 1x1 55
Place screwdriver PC1 1x1 30
Process time screwdriver PTTMU 1 x 30 30
Place screw AE2 1x1 55
Place screwdriver PC1 1x1 30
Process time screwdriver PTTMU 1 x 30 30
Sum - - 275

3.7 Derivation of an MTM-HWD"® analysis

The MTMmotion® interface and its algorithms can be utilized to translate motion data
into various MTM analyses for different application areas. While MTM-UAS® is tradition-
ally used in serial production, MTM systems such as MTM-HWD® should be employed for
work systems with shorter cycle times (e.g. mass production).®® The use of MTMmotion®
to create valid MTM-HWD® analyses follows the same process steps as with MTM-UAS®.
This means that technology providers such as LIVINGSOLIDS can use the interface in the
same way. Furthermore, the translation algorithm also follows the same procedure (see
chapter 3.6). The first two steps are identical to those of MTM-UAS®, with the data being
validated and checked in the same manner. Steps three (see chapter 3.6.3) and four (see
chapter 3.6.4) are adjusted to MTM-HWD® to implement the system process modules and
system-specific rules.

3.7.1 Translation into basic actions

Unlike MTM-UAS®, the MTM-HWD® algorithm does not consolidate the input movements
into basic operations. Instead, they are translated into HWD actions (see Table 14). The
removal of the screw and its placement on the screwdriver (Table 14, lines 4-6) are trans-
lated into the basic operations "Get" and "Place".

Table 14: Translation of the Arm Motions into an intermediate result with basic operations

60 cf. MTMA, 2019a; MTMA, 2019b



object ID side arm motion Basic Action | GraspMotion CaseOfDeposit
2 right ObtainObject Obtain Grasp -
. MoveObjectTo . .
2 right OtherPosition Deposit = approximately B
2 right HoldObject no translatior - -
1 left ObtainObject Obtain Separate -
MoveObjectTo
1 left PointOfUse )
Deposit - close
1 left UseObject
- MoveObjectTo .
2 right PointOfUse Deposit - loose
2 right UseObject Hold = =

Since MTM-HWD® is a more detailed MTM process building block system than MTM-
UAS®, the algorithm processes more influencing factors. Most of them (e.g.: TypeOfGrasp)
are read directly from the interface data and translated accordingly. Only a few of them
are used subsequently to determine specific MTM-HWD® influencing factors, such as
GraspMotion or CaseOfDeposit. GraspMotion, for example is the equivalent of CaseOfGet in
the MTM-UAS® algorithm. It describes how the hand or fingers gain control over an object
before further moving it. GraspMotion is calculated based on object data, TypeOfGrasp and
Supply that were specified for the Arm Motion.

3.7.2 Combination of different body parts

The rules for combining different body parts in MTM-HWD® correspond to those used for
MTM-UAS®. As explained in point 3.6.4, the algorithm compares the channels with move-
ments to each other and checks if they influence each other. For instance, the MTM rule
fort the motion length of an Arm Motion to consider after a Body Motion is shown in Fig-
ure 21.

To determine the actual distance for an MTM-HWD® Process building block, the algo-
rithm checks each basic motion (originating in channel 2 or 3) for the existence of a Body
Motion (channel 1) directly preceding it. If this case occurs, the distance class for the
MTM-HWD® process building block is set to UpTo10 (corresponds to up to 10 cm). Oth-
erwise, the distance of the basic motion is to determine the distance range for each MTM-
HWD®action, as shown in Figure 21.



Fill in Distance range for
each HWD action

yes—
|
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v
x=0 | 5<x<10 10<x <20
(0 =0 or empty) 0<I55 i

b))
«

Distance range = | Distancerange = | Distancerange = | Distance range = | Distance range =
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g The end P
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Figure 21: Determination of the distance class by considering body motions

3.7.3 The generated MTM-HWD® analysis

The automatically generated MTM-HWD® analysis also aligns with the input data. The
cordless screwdriver is first brought into the work area, then the first screw is placed on
the cordless screwdriver and subsequently screwed in. This is repeated for the second
screw. The entire process can be traced in Figure 22 using the "Description” column. The
pictograms support easy understanding of the analysis. For example, the "general set-
tings” column describes the object, the type of HWD action being performed, and which
hand handles the object. In the second row, it is shown, that the cordless screwdriver (a
tool) is picked up with the right hand. Additionally, the weight of the object and additional
forces can be captured in the MTM-HWD® analysis.

The influencing factors of the hand are listed in the "Hand" column, for example. Line 5
describes the placement motion of the screw onto the cordless screwdriver. This process
occurs over a distance of 40 cm, where the screw needs to be aligned before being placed
tightly onto the cordless screwdriver and then tightly secured in place. The process time
for the cordless screwdriver is found in row 6 in the "Process Time" column. Other im-
portant factors are "Quantity"” and "Frequency" which can be used to map the screwdriv-
ing of the second screw without creating additional analysis lines. Due to the repetition
of placing and screwing in a second screw onto the screwdriver, the quantity in line 4 and
5 is set to 2, and the frequency in line 6 and 7 is also set to 2. The MTM-HWD® analysis
includes additional influencing factors (e.g., lower extremities, trunk, or head) not shown
in Figure 22. The total time of the translated MTM-HWD® analysis is 262 TMU (approx.
9.5 seconds).
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Figure 22: Automatically generated MTM-HWD® analysis

Digital work design using MTMmotion® simplifies the analysis and planning of work pro-
cesses in labor management. The MTMmotion® interface acts as a link to translate human
movement data into valid MTM analyses. Technologies such as human simulation, virtual
reality and motion capture enable the targeted design of human work. The MTMmotion®
translation algorithm validates, completes and translates the data into MTM process
building blocks. These building blocks enable the generation of compliant MTM-1®, MTM-
HWD®, MTM-UAS® and MTM-MEK® analyses for various application areas. The analyses
generated automatically are consistent with those created manually and can serve as sim-
ulation analyses in the field of industrial engineering, particularly within the manufactur-
ing industry.

Especially with regard to the increasing internationalization of industrial production,
easy access to a common language for the analysis and design of work systems is crucial.



4 Current research projects

In addition to workflow planning, modern digital technologies are also making their way
into the analysis and optimization of existing workflows. For example, motion capture
technologies can be used to examine real workflows in order to identify weaknesses, in-
cluding insufficient capacities or ergonomic risks. Both factors contribute to increased
employee burden. Currently, the MTM ASSOCIATION e. V. is involved in two projects that
explore the use of motion capture technologies and their integration with the MTM meth-
odology.

4.1 Last Mile - Connecting Motion Capture with MTM

Currently, work in the service sector, particularly the parcel delivery and courier services
are undergoing a significant transformation. During the COVID-19 pandemic, the volume
of deliveries has increased significantly while the number of employees has remained
relatively stable. This has placed a high burden on delivery personnel, potentially leading
to overloads. Therefore, it is crucial to establish a scientific foundation for occupational
health and safety in this sector. MotionMiners GmbH and the MTM ASSOCIATION e. V. are
conducting a preliminary study, commissioned by the Federal Ministry of Labor and So-
cial Affairs (BMAS), to determine internal performance standards and load limits for em-
ployees in this industry.

The BMAS preliminary study focuses on the final chapter of the supply chain, known as
the "last mile," where items, including packages weighing over 30 kg, are loaded into de-
livery vehicles and delivered to end customers. In the preliminary study, the require-
ments of typical activities or process elements in parcel and composite delivery are iden-
tified and evaluated. The goal is to publish insights and data on service sector perfor-
mance, establish objectively justifiable performance parameters from an occupational
health and safety perspective, and thus facilitate sustainable improvements in delivery
and courier service processes.

For this purpose, real-time data is collected using motion sensors and subsequently eval-
uated with machine learning. These results are then linked or combined with MTM stand-
ard performance. The modeling of target processes is based on the MTM analysis using
MTM process building block systems like MTM-UAS® and MTM-LOG®. The evaluation of
ergonomic risk in delivery and courier service workflows is carried out using established
methods like EAWS® and LMM/KIM (Leitmerkmalmethode/Key Indicator Methode)

The developed integration of motion capture with MTM standard performance aims to
facilitate the cost-effective analysis of current processes in logistics operations and other
basic work domains. This approach allows for systematic comparisons with target pro-
cesses and the identification of weaknesses to ensure ergonomic work design.



4.2 Al and MTM: HAawAI research project

We are considering the connection between Al, specifically Machine Learning, and MTM
in the research projects such as Human-Centered Production Analysis of Manual Motion
Sequences using Motion Capturing and Artificial Intelligence (HAawAlI).

The project aims to automatically generate MTM-HWD® analyses from motion capture
data (see Figure 23). This will be achieved by processing this data through the MTMmo-
tion® interface and then outputting the derived MTM-HWD® analysis. An essential part
of the solution is the extraction of necessary information from the motion capture raw
data using machine learning (ML) methods.

Motion Capture-
Motion Data

—_— @d MTM-HWD®
Machine

Learning MTMmotion®
Algorithms

Figure 23: Approach in the research project HAawAl

By combining ML algorithms with MTMmotion®, the quality of Motion Capture analyses
is expected to be significantly improved, making it possible for the first time to automat-
ically derive valid MTM analyses from such data.



5 Classification and outlook

This publication concludes with an evaluation of our considerations and efforts regarding
the automated application of MTM within a broader, future-oriented context.

5.1 Work design and digitalization

“Time” has always been and remains a central control factor for businesses, as targeted
work design requires a temporal evaluation of processes. This fact can be traced back to
the beginnings of industrial engineering. Industrial engineers have been determining
times and using them as reference, evaluation, and planning metrics, both in the past and
today.

An essential, current, and ongoing development or trend is the digitization of the work
environment. The significance of time continues to grow in this context and will remain
significant in the future. Consequently, there is an increasing demand for accurately and
understandably determined (basic) time, particularly in digitally planned processes. This
demand for digitally planned work processes can arise for various reasons. Firstly, digi-
tally depicted human motion sequences no longer occur in their original form. This may
be due to the use of a motion capture suit or a VR headset during data capture, or the
movements being generated by computer algorithms (see Figure 24). As a result, typical
necessary operations, such as screwing operations, are not or only rudimentarily carried
out in digital planning. They are, ifincluded at all, merely indicated and are therefore only
conditionally comparable to real work processes. Secondly, digital work processes are no
longer experienced in a real way. For example, the sense of strain is lost because forces
are non-existent, and the weights of parts are not perceived when handling them.

These factors, coupled with the fact that no level of routine is established in the execution
of digital processes, make it difficult to assess performance when using digital planning
technologies. As a result, time standards such as MTM, which are based on a consistent
reference performance, become increasingly important and relevant for digital tools.



5.2 Development of MTMmotion®

The MTM ASSOCIATION e. V. provides tool /software developers and interested MTM us-
ers with MTMmotion®, a tool, that allows them to incorporate MTM time standards into
their software tools and applications.

One of the key reasons behind the development of MTMmotion® was that the implemen-
tation and quality of MTM analyses, whether manually entered or automatically gener-
ated, did not meet the quality standards in various software tools in numerous cases. This
had a negative impact on the proper dissemination and the image of the MTM methodol-

ogy.

This led to the necessity for us to provide accurate MTM analyses (compliant analyses in
the various MTM process building block systems) and to enable as many users as possible
to utilize the MTM analysis and its (basic) time. This includes, in particular, the field of
Al-driven applications. Furthermore, the compliant and hence high-quality integration of
MTM into different tools promotes the dissemination of MTM.

EAWS®

Human Simulation

Motion Data MTM-1®

Virtual Reality

et MTM-HWD®
Motion Data ‘N‘\\w\

Motion Capture 1 ) “) MTM-UAS ®
Motion Data W

MTM-MEK®

Figure 24: MTMmotion® motion data sources

5.3 Further development and future of MTMmotion®

In addition to integrating the MTM methodology into tools that capture or process human
movement data, the concept and structure of MTMmotion® offer further possibilities,
some of which are currently in progress and are outlined below.

One promising approach is to use the MTM language much earlier, even before the actual
execution of the movement. An example of this is the use of data from ERP systems or
design data to obtain comparable assessments for eHpU®! or PROKON®2. By processing

61 Engineered Hours per Unit
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information about components, assemblies, or tools, the MTM process language can be
integrated at an early stage.

Furthermore, it is possible to extract information from manufacturing documents such as
work plans or work instructions through machine learning, which can be further pro-
cessed with MTMmotion® and assigned to MTM analyses (see Figure 25).

Consistently thought through, the goal of digitally applying MTM should be to immedi-
ately - in real time - show a designer the impact of changes on the workflow and thus on
time and ergonomics at every step of the design process, and to show a work planner the
impact of changes at every step of the process.

Digital motion data MTM-1®

CAD-data
MTM-UAS®

@() MTM-HWD®

MTM-MEK®

component list/
object list

Work instructiory
work system
description

Design and resulting
process changes

Figure 25: MTMmotion® - possible additional data sources

5.4 View on Future Demand for MTM Training and Consultation

In the MTM community, it is understandable that there is an opinion that the considera-
tions outlined in MTMmotion® may create competition for our own business, especially
in MTM consulting. However, we, the MTM ASSOCIATION e. V. and the Deutsche MTM-
Gesellschaft mbH, have a different, modern, and forward-looking perspective on this mat-
ter.

We believe that the dissemination through digital tools will result in more MTM users
and practitioners, leading to an increased demand for the competencies of the MTM or-
ganization, ranging from research and education to software and consulting - especially
in the international market. Of course, the nature of the demand may change. The type
and extent of MTM training may be affected, as well as the demand for "typical" analysis
services. On the other hand, this could lead to an increased need for design and improve-
ment workshops.

Overall, we believe that our work, like that of all industrial engineers, will undergo fun-
damental changes due to digitization. We view this development for MTM primarily as an
opportunity and not as a risk.



5.5 Contribution to the Future Vision of Industrial Engineering

This way, MTM contributes to the future understanding of the work of our discipline.
Digitalization is intended to and will significantly influence the work of industrial engi-
neers and bring about a paradigm shift.

Intelligent and creative work design will take center stage. More efforts will be put into
exploring possible solutions, evaluating various alternatives digitally at an early stage,
and generating new ideas. The administrative aspects of the industrial engineer's work,
such as data management, as well as the "writing of MTM analyses," will be supported
and automated by technology, thereby taking a backseat.

We will continue to support this understanding of current and future developments with
our expertise, our own developments and products, as well as matching services - always
in the spirit of worldwide, uniform, and correct dissemination of MTM.
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