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ABSTRACT 

Ergonomics is of growing concern for many producing companies. Both the ergonomics of the 

intended user and the ergonomics concerning the handling and assembling of the product. The 

increased interest in ergonomics and simulation software to be able to prevent problems before 

they are realised, has led to the development of several ergonomics simulation software. A software 

called Intelligently Moving Manikins (IMMA) is currently being developed by Chalmers University, 

Fraunhofer-Chalmers Centre (FCC) and the University of Skövde. This is done in collaboration with 

the Swedish vehicle industry, among others Scania CV AB. Before the launch of the software in 

the fall of 2016, it had to be examined how ready the software was. 

The aims of this project was to: evaluate IMMA according to the needs at Scania and why Scania 

should implement it, suggest improvements of the software, and evaluate the Scania Ergonomic 

Standard (SES) to be implemented in IMMA.  

A literature review was made to broaden the knowledge of different areas. Areas that were 

researched were: the ergonomics standards used at Scania, what usability is, the available features 

in IMMA, and other ergonomics simulation software such as Jack.  

The meaning of exploring other software was to find the benefits that these software had in 

comparison to IMMA and vice versa. Some areas where IMMA was found to lack functions were 

that IMMA had no fully implemented ergonomics standard to evaluate by, that it was not possible 

to instruct the manikin to walk, and that the usability was in need of improvements. 

In addition to comparing IMMA to other similar software, four cases were simulated in IMMA. 

The cases simulated were cases with problems within ergonomics at Scania. The difficulties and 

problems, which arose during the simulations led to suggested improvements of the software. No 

solution to ergonomic problems were developed in this project. 

Deeper comparisons of the work procedures used in Jack and IMMA were made by simulating 

two of the cases in both software. These comparisons led to suggested improvements of IMMA. 

For the launch, one of the ergonomics standards used at Scania was to be implemented in the 

software. The standard chosen by Scania was SES Design. This project discussed the benefits and 

drawbacks of choosing this standard versus the other Scania standards for implementation. It was 

also examined what needed to be developed in the software to be able to fully implement the 

standard. When investigating the standard to implement, the evaluation module was also analysed. 

Suggestions of improvements of the evaluation module, with increased usability and an added 

function were made. These suggestions were discussed in meetings at FCC in Gothenburg. 

The conclusion of the project was a priority list with the suggested improvements which were 

developed during the project. The improvements came from the case studies, studies of other 

software and the standard evaluation studies.  
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SAMMANFATTNING 

Ergonomi har blivit ett växande intresse för producerande företag. Inte bara ergonomin för den 

tänkta slutanvändaren, utan även för arbetarna som hanterar detaljen under dess produktion och 

transport. Det ökade intresset för ergonomi och simuleringsverktyg som kan förebygga problem 

innan de har uppstått, har lett till att flertalet ergonomisimuleringsprogram har utvecklats. Ett 

simuleringsprogram kallat Intelligently Moving Manikins (IMMA) är under utveckling av Chalmers 

Universitet, Fraunhofer-Chalmers Centre (FCC) och Högskolan i Skövde. Detta program tas fram i 

samarbete med företag inom den svenska fordonsindustrin, bland andra Scania CV AB. Innan 

lanseringen till hösten 2016, behövde det undersökas hur pass redo programmet är.  

Målen med detta examensarbete var att: utvärdera IMMA enligt behoven som ses på Scania och 

varför Scania borde införa programmet, föreslå förbättringar av programmet och utvärdera Scania 

Ergonomi Standarden (SES) som ska implementeras i IMMA.  

En litteraturstudie gjordes för att bredda kunskapen inom olika områden. Områden som 

undersöktes var: ergonomistandarder som används på Scania, vad användbarhet är, de tillgängliga 

funktionerna i IMMA och andra ergonomisimuleringsprogram som exempelvis Jack. 

Anledningen till att undersöka andra simuleringsprogram var att hitta fördelar med dessa i 

jämförelse med IMMA och vice versa. Några områden som det observerades att IMMA var sämre 

på var att det inte fanns någon fullständig utvärderingsstandard implementerad i programmet, att 

det inte gick att instruera manikinen till att gå, samt att användbarheten behövde förbättras. 

Utöver att IMMA jämfördes med andra ergonomisimuleringsprogram, gjordes även fyra fallstudier. 

Fallstudierna som simulerades i IMMA fokuserade på ergonomiska problem som finns på Scania. 

Svårigheterna och problemen som uppstod vid dessa simuleringar ledde till att flertalet 

förbättringsförslag togs fram. Inga lösningar på ergonomiska problem togs fram under arbetet. 

Djupare analyser utfördes då arbetsmetoderna i Jack och IMMA jämfördes. Två av de fall som 

simulerades i IMMA simulerades även i Jack. Dessa jämförelser ledde till ytterligare 

förbättringsförslag i IMMA. 

Inför lanseringen ska en av ergonomistandarderna som används på Scania införas i programmet. 

Standarden som valdes av Scania var SES Konstruktion. I detta arbete diskuterades fördelarna och 

nackdelarna med att införa denna standard över de andra. Det undersöktes också vad som behövde 

utvecklas i programmet för att kunna införa standarden till fullo. Då införandet av standarden 

undersöktes, analyserades även utvärderingsmodulen i IMMA där det ergonomiska resultatet 

presentaras. Förslag på förbättringar av utvärderingsmodulen togs fram, med ökad användbarhet 

och extra funktioner. Dessa förslag diskuterades sedan vid möten på FCC i Göteborg.  

Slutsatsen av detta projekt var en prioriteringslista över de förslag som har tagits fram under 

projektets gång. Förbättringarna genererades ifrån fallstudierna, studierna av andra simulerings-

program och utvärderingen av standarden och dess utvärderingsmodul. 

 

Nyckelord: DHM verktyg, ergonomistandard, skriptmetod, användbarhet, fallstudie  
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1 INTRODUCTION 

This chapter introduces the project work with a short description of the background, purpose, delimitations and 

methodology used.    

1.1 Background 
Ergonomics is the interaction between a human’s physical and mental condition and an 

environment in which the human will interact (Linder, 2015). An environment may not be suitable 

for all humans, since everybody has different conditions. This should not impede them from 

carrying the same kind of tasks. Therefore, facilities and resources need to be adaptable to a variety 

of humans in order to be ergonomic. What a taller person can perform without injury at work may 

hurt a shorter person. A taller person may not be able to reach tools because of too big hands. 

Injuries can result in absence and rehabilitation of workers, which can lead to extra costs for a 

company and a life-time injury for the worker. Therefore, an ergonomic environment is something 

to strive for in a company.  

Various ergonomics standards and regulations have been made to facilitate the development of an 

ergonomic environment. These standards could contain restrictions in dimensions such as height, 

width and weight of facilities and resources. Restrictions in areas such as noise, vibration and vision 

do also need to be taken into account to improve the ergonomics (Bohgard, et al., 2010).  

Furthermore, various simulation software for ergonomics evaluation have been developed, where 

humans can be evaluated at different working postures and interactions. These software are called 

Digital Human Modelling (DHM) software. DHM software have been developed to involve 

ergonomics at an earlier stage of a product and production development process, and to decrease 

the number of errors and physical prototypes. A lot of money and time can be saved, which 

encourages the development of DHM software (Rosenqvist & Falck, 2012).  

Scania CV AB has had a human oriented production for a long time, where the human’s wellbeing 

is becoming more and more important. Scania uses both industrial methods and DHM software 

for ergonomics evaluations. The problems that Scania faces today are that the DHM software in 

use are to labour-consuming to work with properly. This makes the results highly subjective and 

will also vary between uses. To increase the efficiency and consistency of the work with ergonomics, 

Scania is in need of a software with better developed usability.  

A new DHM software is being developed by Chalmers University, Fraunhofer-Chalmers Centre (FCC) 

and the University of Skövde. This is done in collaboration with the Swedish vehicle industry, 

among others Scania. The software developed goes by the name Intelligently Moving Manikin 

(IMMA). IMMA integrates a path planning software, which finds a collision free way of assembling 

a part, with the human’s biomechanical limitations. With advanced mathematical modelling, IMMA 

can evaluate activities regarding their ergonomic feasibility. 
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IMMA was developed to make ergonomics simulation more user friendly and make the simulation 

software accessible for non-experts to use. The development of IMMA started in 2009 (Högberg, 

2013). In the fall of 2016 the software is planned to be introduced to the market. Before launching 

it, the software needs to be tested and evaluated so that as many flaws as possible can be corrected. 

Also, what ergonomics standards that should be used in IMMA had to be decided. 

1.2 Problem Description 
A need for a better, more user friendly and repeatable DHM software exists and IMMA was 

developed to fill these purposes. With the commercial launch date close at hand, thorough testing 

is needed to sort out the problems with the software and to highlight Scania’s needs regarding its 

functions.  

Furthermore, Scania had the option to implement one of their own ergonomics standard in IMMA. 

The chosen standard is called Scania Ergonomic Standard (SES) Design, and it had to be evaluated 

how this standard would be implemented in IMMA.  

1.3 Aims 
The purpose of this project is to increase the usability of IMMA in order to make it more user 

friendly than other software used at Scania today, and to adapt its functions to Scania’s needs. 

The aims of this project work is to: 

 Evaluate IMMA according to needs at Scania. 

 Evaluate why Scania should implement IMMA. 

 Suggest improvements of the functions in IMMA. 

 Evaluate the benefits and drawbacks with an implementation of the chosen ergonomic 

standard, SES Design. 

 Evaluate how SES Design is to be implemented in IMMA.  

1.4 Delimitations 

 A solution to the ergonomic problems in the cases will not be made. 

 Only cases at Scania in Södertälje, Sweden, will be evaluated. 

 Since there is no complete standard available in the software, no complete final results of 

the simulations will be available.  

 No verification of the ergonomic evaluation will be made. 

 No validity evaluation of the chosen standard will be made, only how it will be implemented 

in IMMA.  
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1.5 Method  
A comparison was made between IMMA and four other DHM software: RAMSIS, DELMIA, Jack 

and EMA. This was done in order to see the benefits and drawbacks that IMMA has today, and to 

understand why IMMA should be used at Scania. The comparison was made by sending out 

questionnaires to five people, each experienced with one of the software. Four of the people were 

working in the vehicle industry and one person was educating in the software. The questionnaire 

had a total of 18 questions which regarded: the possibility to evaluate ergonomics automatically, 

the handling of a family of manikins, how the manikin is controlled or instructed, and if the 

software is provided with any built in functions such as the handling of flexible materials or forces.  

In order to analyse the usability and functions of IMMA, and how it would suit Scania, cases from 

Scania were simulated in the software. A literature review of usability was first made in order to 

have a base of criteria that the cases could be compared to.  

Several cases that were related to ergonomic problems at Scania were found. These cases were then 

evaluated to see which ones would be most suitable to simulate in IMMA, and four cases were 

chosen. Before the cases could be simulated, a training in the software was needed at FCC. The 

cases were simulated in two versions: IMMA T13 and T14. The T14 version was used only in one 

of the cases since it required the handling of flexible material. The cases are examples of manual 

assemblies in a production environment. Two of the cases, which were from the product design 

stage, where assemblies on a bumper cover. The other two cases simulated in IMMA were from 

running production lines; one from the front axis assembly and one from the engine assembly.  

The two cases concerning the bumper cover were also simulated in Jack 8.2.  Jack was known to 

have high usability, and a comparison was therefore made between Jack and IMMA. It was mainly 

the work procedure that was to be compared.  

To evaluate how the chosen Scania ergonomic standard SES Design was to be implemented, a 

literature review was made together with a course taken on the standard. This gave basic 

understanding of what aspects from Scania that would be of importance when implementing the 

standard in IMMA. Suggested improvements of an implementation of the standard were made 

considering the usability criteria, together with functions desired by Scania.  
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2 LITERATURE REVIEW 

This chapter explains relevant definitions and background studies, made to increase the knowledge and understanding 

of: ergonomic standards, usability, the benefits and drawbacks of DHM software, IMMA, and other DHM 

software. 

2.1 Ergonomic standards and evaluations used at Scania 
There are various standards available to evaluate ergonomics. There are two SES standards used at 

Scania today called SES Design and SES Assembly. Also, an ergonomic standard called Risk 

management Assessment tool for Manual handling Proactively (RAMP) has recently been implemented by 

Scania, among others. All three standards are presented below. 

2.1.1 SES Design 
The SES Design standard has its roots in Belastningsergonomisk Utvärderingsmall Saab (BUMS), a strain 

evaluation template developed at SAAB Automobile AB. BUMS has been altered to better fit the 

conditions at Scania. SES Design is to be used when evaluating items in the design stage, and not 

in manufacturing lines already constructed and implemented. The standard only looks at individual 

assemblies and not whole tact times.  

SES Design is divided into three parts. The first part is Product Design, which is an assessment for a 

part in the development process. The aim is to reach the best design solution regarding ergonomics 

and brings up things such as a parts weight and its surface quality. The second part regards Work 

Condition. In this section, the work for an operator to assemble the item is assessed. The work 

conditions can be evaluated by either a digital or physical test assembly. Here, the tact time or 

repetitions is not included since it is not yet defined exactly at what station the assembly will take 

place or how the station itself, will be designed. Therefore it is not possible to know how much 

time it takes to fetch and move around in the station. The third part is Manual Material Handling. It 

is mainly aimed at logisticians who handle the items by supplying them to the designated area 

(Fröidh, et al., 2015b).  

2.1.2 SES Assembly 
Similar to SES Design, SES Assembly also has its origin in BUMS and has been adapted to 

conditions at Scania. SES Assembly is intended to be used to identify potential ergonomic risks in 

a production flow already implemented in a factory. It is a tool for guiding strain ergonomic 

evaluations of work cycles or stations in the assembly process. This evaluation tool is aimed for 

assembly line work or repetitive work tasks with a tact time of up to approximately ten minutes. 

Repetition of the same movement can lead to long-term injuries (Fröidh, et al., 2015a).  

The standard is a tool with 20 points to evaluate. These points evaluate work posture, wrist postures 

and clearance for hand and tool, among others. The evaluation is made for all operations in a tact 

time performed by an operator. Furthermore, an evaluation is based on a person of medium height 

between 165-185 cm. Little or no evaluation is being made of several different people performing 

the same task.  
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It is not taken into account that variations of the product that is assembled may affect the tasks 

performed at the position. When studying the work performed at the position only one variation 

is evaluated according to the points in the standard. For instance, on one engine type there might 

be an extra screw that needs to be entered which is not present at another engine, but the evaluation 

is based on the same engine being assembled. In reality, the variation would make the strain on the 

body from the assembly work different.  

2.1.3 RAMP 
RAMP was developed at KTH for identification and assessment of risk factors that involves 

manual handling, which includes lifting, pulling or pushing a load manually. The target groups for 

RAMP are the manufacturing and logistics industries (Lind, 2015).  

RAMP could be used to evaluate tasks such as: packaging, filling machines with materials, and 

loading and unloading materials for transportation (Rose, 2014). The assessment tool takes into 

account both heavy and prolonged loading, and should be based on an average working day instead 

of only a specific operation sequence. RAMP is made to evaluate sequences longer than 10 minutes 

and evaluates, for example, how long time in total during a day an operator is bending his/her head 

forward. RAMP takes into account a variation of work tasks, and identifies problems that would 

not have been seen if only looking at a specific operation.  

2.2 Usability 
Many software developers struggle with making complicated functions into user friendly software. 

No matter how great a function may be, the function’s potential will never be fully appreciated or 

used if the intended user fights when applying it. The intention for IMMA is to become a user 

friendly and effective software. In order for it to become such a software, the software needs to 

embody certain usability aspects.  

There are many definitions of what usability is and what it means. According to ISO/DIS 9241-

210, usability is defined as: 

“[…] the extent to which a system, product or service can be used by specified users to achieve 

specified goals with effectiveness, efficiency and satisfaction in a specified context of use” 

 (ISO, 2010) 

Usability can be tested by user trials. Tests of usability are task and performance orientated, and 

are performed one person at a time, so that users do not influence each other. Usability is often 

broken down into several parameters which can be tested. The five criteria mostly referred to are 

learnability, efficiency, memorability, error and satisfaction (Nielsen, 1993). Some also mention 

effectiveness when speaking of usability (Thurow, 2014). The six parameters of usability, which 

can be seen in Figure 1, are explained separately below.  
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Figure 1.The six usability factors. 

 Learnability – refers to the ease of which a user completes a task the first time. One example 

of good learnability is symbols/words on buttons which are self-explanatory, so that the 

user easily can understand their function and what to do next to complete the task. 

Learnability is often measured by the time it takes for a user to perform a certain task the 

first time. 

 Efficiency – concerns how fast a user can perform a task after having learned it. For 

example, how fast or how many steps it took for a user to complete the task. 

 Memorability – refers to how fast a user can remember how to perform a task after a time 

of not performing it. For example how easily the user can recall the steps to perform a task 

after coming back from leave. 

 Errors – refers to how many errors the user makes when performing a task and how easy 

it is to correct the errors when they occur. Errors can also be measured in how severe the 

error is and how often the same type of error occur. For example, if the user repeatedly 

clicks on a button when they mean to click on the one beside it, it reflects badly on the 

usability of the software. 

 Satisfaction – refers to how pleasant the user experience is when performing a task or using 

the software. It is also connected to how quick and easy the task has been to perform for 

the user. For example if the user found it quick and easy to do a task he/she will often be 

more satisfied. Whether or not the user would recommend it to other users also says a lot 

of the user satisfaction.  

 Effectiveness – concerns if the user is able to perform the task that he/she desires to 

perform, e.g. did the user complete the task or did he/she abandon it. One can also look 

at how accurate the task was completed.  

To achieve high usability, these criteria are important to recognise and to think of when developing 

user interfaces. It is also important to test usability with several intended users when the software 

or interface is in its developing stages so that improvements can be done.   

UsabilityLearnability

Efficiency

Memorability Error

Satisfaction

Effectiveness
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2.3 Benefits and drawbacks with DHM software 
Improvements in ergonomics have shown to increase the quality outcome and productivity of 

products produced manually, and thus saving money for a company (Eklund, 1995). This benefit 

has been an argument for why ergonomics should be improved, except the benefits given for the 

employee’s well-being. To make it easier to improve ergonomics, especially at an early stage DHM 

software have been developed. 

DHM software are used to evaluate the ergonomic features of a product, environment or process. 

The evaluations are made using manikins that are developed with a focus on anthropometrics and 

biomechanics. These virtual humans can be situated in virtual environments, and the interaction 

between the manikin, product and environment can then be evaluated according to ergonomics 

standards. By this, results like reachability, grade of injury and range of vision can be perceived and 

evaluated, making it easier to develop an ergonomic environment. 

Most DHM software have been developed in close contact with the vehicle industry and thus have 

similar features and functions. The reason for the vehicle industry being so forward in this area is 

for the presence of funds and the increasingly growing competition in the market (National 

Research Council, 2002). Some benefits and drawbacks with using simulation software are 

presented below. 

Some benefits with simulation software: 

 Proactive ergonomics measures: Today, most ergonomics measures are made at already 

existent workstations, where employees have complained to have injuries, and where quality 

and productivity errors have been seen (Falck & Rosenqvist, 2012).  By using DHM software 

at an early stage of the product and production development process, the errors could be 

prevented earlier and the number of prototypes could be reduced. 

 Reduction of physical prototypes: By testing virtual prototypes with simulation software, the 

number of physical prototypes could be reduced. This could in turn reduce the time needed 

for tests. Instead of measuring dimensions and postures of employees in factories, or waiting 

for material to build physical prototypes, the products/environments could be tested directly 

in a simulation software. Decreasing the number of physical prototypes could also allow more 

space in the facilities for other activities (Mujber, et al., 2004).  

 Reduction of costs: The use of simulation software at an early stage reduces costs. This since 

material and manufacturing of physical prototypes are no longer needed, and since the quality 

and productivity errors are reduced. Virtual software can therefore allow more solutions to be 

tested at less cost and time (Rosenqvist & Falck, 2012). 

Some drawbacks with simulation software are: 

 A virtual world does not equal reality: One needs to remember that virtual software never fully 

represent the reality with today’s knowledge and technology. Even if the software says that 

one operation is ergonomic, it can still cause injury to a worker if some essential aspects are 

missing (Caliskan & Khalid, 2015). 
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 Lack of models and data: CAD models may not always be available for simulation, as well as 

dimensions needed such as weight, force and size. It is especially a lack of 3D-models of 

locations and production systems that may lead to difficulties (Sundin & Sjöberg, 2004). This 

has been found to still be a problem at Scania today. 

 Lack of competence: Using simulation software may require experts in both the software and 

ergonomics, in order to get results efficiently (Sundin & Sjöberg, 2004).   

2.4 IMMA 
IMMA is a DHM software which was developed at FCC in collaboration with the Swedish vehicle 

industry. The project of developing the simulation software started in 2009. The software ensures 

that the manikin moves in a biomechanically acceptable way. Since IMMA is meant to be 

incorporated in IPS, which is used in industry to plan paths for parts to be assembled by, the 

addition of IMMA will be a minor update of the existing IT-system landscape for those who already 

employ the IPS software (Hanson, et al., 2014).  

The aim with IMMA is to create a more user-friendly DHM software, which is intended to be used 

even by non-experts both in the ergonomic and simulation fields. The interface of the software 

was developed in cooperation with cognitive experts and the gaming industry (Hanson, et al., 2011).  

2.4.1 IPS  
When IMMA is ready to be launched, it is supposed to be fully integrated in IPS. IPS is developed 

at FCC and has seven branches: Cable Simulation, Path Planner, Robot Optimization, Virtual Paint 

– Spray, Virtual Paint – Sealing, IMMA and IBOFlow (Fraunhofer-Chalmers Centre, 2016). The 

cable simulator and the path planner are highly relevant to be used in combination with IMMA. 

This to make sure that all parts are ergonomically friendly to assemble for the human doing the 

work. The other software mentioned above are more used when robots are involved.  

IPS Cable Simulation – is a software which can handle the simulation of flexible material.  In the 

virtual world the deformation, forces and moments on cables and hoses can be calculated and 

analysed. Through this software, cable length can be optimized and their motions can be evaluated. 

Different material properties can be tested, such as stretching stiffness, bending stiffness, torsion 

stiffness and length density (Fraunhofer-Chalmers Centre, 2016).  

IPS Path Planner – is a software which enables the user to virtually verify that the assembly and 

disassembly of a part is geometrically possible to perform. The path for assembly that the software 

develops is collision free. A verification which before used to be a time consuming work with a 

trial and error approach now only takes a few minutes with the use of the path planner software 

(Fraunhofer-Chalmers Centre, 2016).  

The software developed on the IPS platform have in common that they reduce the needs for 

physical prototypes and shorten lead times. IMMA will be an addition which looks at the human 

aspects of production. It will help in forming the workplace to suit the human conditions for a 

sustainable work environment for the worker.   
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2.4.2 Features in IMMA 
A simulation can be generated by using the different features in the software. The first step consists 

of loading the objects and the object path into IMMA. The objects are the parts that the manikin 

need to handle or make allowances for when performing the task. The object path is the path from 

an objects start position to the assembled, end position. For instance in a scenario where a light 

console is to be assembled into the bumper: the bumper assembly would be one of the objects, the 

light console would be the another object and the path from the light console’s starting position to 

its assembled position would be the object path. An illustration of this can be seen in Figure 2.  

 

Figure 2. An example of objects and an object path in IMMA, here showing a light console and the bumper as objects and the object 
path by which the light console is assembled. 

The manikin 

In order to simulate the ergonomics a manikin is used. The manikin in itself consists of an interior 

biomechanical model and an outer skin model which represents a human. Its interior is built up by 

82 bone segments and 162 joints which enable the manikin movements. Each segment has mass, 

centre of gravity and adjustable length (Hanson, et al., 2014). The predefined manikin family in 

IMMA is based on the Swedish male and female population (Caliskan & Khalid, 2015) and can be 

seen in Figure 3. However, in order to properly reflect the variety of the population in question or 

to study the impact of different factors, a family can be created by specifying anthropometric key 

variables, such as shoulder height or tibial height. 

 

Figure 3. The default family in IMMA which have variations in height and weight. The manikins are named James and Jessica. 
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Inverse kinematics is used to generate the motions of the manikin. This means that the end effector, 

in this case the manikin’s hand/hands which interacts with the object, controls the positioning of 

the rest of the joints. According to the hands positions and constraints, the rest of the body need 

to conform to them. Certain constraints such as possible joint angles and body geometry are built 

into the manikin. Other constraints come from the geometry of the environment, the object 

handled, and the weight of the object. The software has an embedded comfort function, which 

seeks to optimize the comfort for the manikin while following the constraints and performing the 

motion. With this function, certain joint angles, high joint moments and high contact forces are 

penalized. In order to keep the manikin in balance the external forces and torques need to be zero. 

This is taken care of by an algorithm in the software which makes sure that the posture of the 

manikin is realistic and balanced (Bohlin, et al., 2012). The manikin is allowed to deviate from the 

assembly path to some extent, in order to improve ergonomics, but the part still needs to have a 

collision free path (Hanson, et al., 2014).  

Handgrip 

Handgrips are used to define how the manikin should handle the object. For this, contact points 

or grip positions on the object need to be defined (Hanson, et al., 2011). One starts by defining 

where on the object the grip should be positioned, this can be revised later if the initial position is 

unsatisfactory. After setting the contact point, the posture of the hand, or grip type, need to be 

defined. Here the choice of using the right or left hand is made. There are eleven different grip 

types, predefined in the software, for example a tip pinch grip or a cylindrical power grip as seen 

in Figure 4. 

 
Figure 4. Examples of grip types in the grip library. To the left is a Tip Pinch and to the right is a Cylindrical Power Grip. 

When a grip type has been chosen, it needs to be set how open or closed the hand should be. This 

so that the grip will fit naturally at the intended grip position. One can also define if the hand 

should be completely fixed or if it should have one or several degrees of freedom. For example 

one can chose if the manikins hand should be able to have radial/ulnar deviation, pronate/supinate 

or extend/flex. These six different freedoms are gathered in three functions in IMMA, since they 

are opposing pairs. The freedoms can be seen in Figure 5 from left to right. 

 

Figure 5. The different freedoms that can be locked or unlocked in the grip editor in IMMA. (Hand model: Malin Idoffsson, 
Photographer: Elma Basic) 
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Other than these freedoms one can also regulate if the grip point should be flexible. For instance, 

if the hand should be able to grasp at various heights on a bar in order to find a more comfortable 

stance. This is particularly useful when a whole family is to grab the same part and can therefore 

grip at a height which is most comfortable for each manikin in the family, if the part so allows. The 

different functions are connected to the coordinate system of the grip point and can be seen in 

Figure 6 below.  

 
Figure 6. Showing when different constraints are unlocked. 

In this scenario, the manikin is to grip a screw on the engine. By unlocking the function named 

Side, the manikin is free to grip anywhere on the grip points x-axis, as seen in the picture to the left 

above. By unlocking the function Up/Down, the manikin may grip along the y-axis as seen in the 

middle picture. By unlocking Forward/Backward, the manikin may grip along the z-axis, as seen in 

the picture to the right. Here, it is not a valuable function since the screwhead is only possible to 

grip at the defined position, however, it is for illustration of the functions only 

Path 

One also have to define paths for which the part can be assembled by. The object path is the 

collision free path that was generated in IPS Assembly (Hanson, et al., 2011). An object path does 

not have to be generated beforehand, it can be created in IMMA. However the path created in 

IMMA is only a linear interpolation between two positions which does not avoid collisions. In the 

future, when IMMA is fully integrated into IPS, the IPS Path Planner will be used to create all paths 

for the objects. The way to create movements of objects in IMMA is to generate a linear path 

between its start and end position. 

Language 

When the grip points and paths have been created, they can be used in IMMA´s script function. 

The script called Language Operation Editor can be used to instruct the manikin, or a whole family 

of manikins simultaneously, what instructions to carry out. The instructions can be such things as 

Push, Get or Operate. In the Language Instruction Viewer-window (LIV-window) an instruction is set 

and by which hand it should be executed. If multiple grips for the same hand on the same object 

has been defined, it is possible to choose which one is to be used for that specific task. Depending 

on what type of motion that is chosen, it is also possible to select a certain path that should be 

followed by the object or a reference point to which it should be moved. However, these paths 

and reference points need to have been defined in previous steps, to be able to utilize them in the 

instruction language.  
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The LIV-window will automatically show what choices which have to or can be made next, 

depending on the input given earlier in the language window. For instance, if a Get command is 

chosen, it has to be chosen what object to get and by which grip on that object it should be grasped. 

Furthermore, it has to be specified what to do with the object when it has been gripped. Figure 7 

shows the LIV-window step-by-step, when certain choices are made. 

 

Figure 7. The Language Instruction Viewer automatically updates the choices depending on the inputs it gets from the user. 

The instructions created in the LIV-window can then be used to form operations. Operations can 

contain one or multiple instructions to be carried out by the manikin. These operations can then 

be ordered in a desired arrangement and simulated either all together or individually. By gathering 

the instructions in operations, the manikin can utilize the dual path function. This function enables 

the manikin to carry out two instructions at the same time. 

The language used in IMMA, is a high level instruction language. As mentioned before the manikin 

is instructed to perform certain tasks through the language. These tasks are then automatically 

broken down into the specific motions that the manikin need to perform in order to execute the 

task. The time it takes to execute the whole task is then calculated (Mårdberg, et al., 2014). To do 

this IMMA utilises Sequential Activity and Methods Analysis (SAM). SAM is a form of Predetermined 

Motion Time System (PMTS) which is a measurement technique to determine the time it takes. It 

consists of a database over basic human motions and the related time it takes to perform these 

motions. (Caliskan & Khalid, 2015). 

Results 

When the simulation is finished the ergonomic evaluation of the simulated tasks can be viewed. 

The evaluation is based on the segments that are saved by simulating the motions of the manikin. 

All actions that the manikin performs in the scene are saved as segments built up by frames in the 

recorder, which can be seen in Figure 8.  

 

Figure 8. The recorder field, with the saved frames and segments, which are what the ergonomic evaluation is based on.  
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The evaluation is based on all the frames which are saved in the field. In the example above, there 

are 5 frames in segment 16. By using the arrows to the right one can jump between different 

segments and by using the slider to the very left, one can replay the segments. The red X is used to 

delete unwanted segments. For example, if the user manually instructs the manikin to grasp a grip 

and then uses Language to grasp the same grip, the action will be appear twice in the saved segments, 

once from the manual grasp and once from when the Language was used. To be sure to only 

evaluate the actions and performed instructions that are intended to be evaluated, all other 

segments need to be deleted from the recorder. 

The results are presented as shown in Figure 9. The points for evaluation are based on the SES 

Assembly standard from Scania. The evaluation is only available in Swedish today. 

 

Figure 9. The ergonomic evaluation sheet produced by IMMA. The green square at the bottom is the total evaluation. 

Currently only the points with coloured squares have a functioning implementation in IMMA, but 

work is being done to improve the number of functions. The evaluation is based on the traffic light 

colours where green is ok, yellow should be evaluated further and red needs to be improved.  

2.4.3 Projects to be implemented in IMMA  
IMMA is to be developed even further, with new functions in the future. The projects that are 

being developed today are to be implemented in IMMA when finished. Two of these projects are 

presented below.  

3D-SILVER 

3Decision-making Support using Information in Layout Visualization and Ergonomics Representation (3D-

SILVER) is a project which aims to combine the use of point clouds of a scanned factory with 

ergonomic analysis and layout software. By combining the technologies the hope is that they will 

come to better use in the industry. 
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The point cloud scan will provide an accurate and current model of the existing factory. The 

manikin will then be placed in the point cloud environment so that an ergonomic assessment can 

be made of the workplace. Through combining the accurate scanned environment, new CAD 

models and the model of a human the simulations performed in this environment will be realistic 

and the evaluations more reality based. The assemblers working conditions will be in centre of the 

development of new factory layouts. This will provide both an effective reality based workplace as 

well as a workplace adapted for the human in it (Johansson, 2015).  

The project also aims to develop the manikin so that it will be able to walk. In the current version 

of the software the IMMA-manikin glides across the floor. 

CROMM 

The project Creation of Muscle Manikins (CROMM) ambition is to create muscles for the IMMA 

manikin. As of now the IMMA manikin, as mentioned, consists of a skeleton and joints. With the 

addition of muscles the hope is to create a more comprehensive software for evaluating ergonomics.  

In contrast to most DHM software this project digs deeper into simulating the strains in muscles 

and soft ligaments, which are common problems for industry workers. The project aims to use the 

same algorithms to simulate the flexible muscles, as the ones used for IPS Cable Simulation, when 

the characteristics of cables and muscles are the same (Hanson, 2012).  

2.5 DHM software available today 
There are various DHM software available on the market today. Below, four of the most used 

software are presented. Six areas (family, manikin movements, script method, hand grips, built-in 

functions and standards) are explained for each software, which are compared to IMMA in chapter 

3. The six areas are presented as a summary from questionnaires that were sent to and answered 

by five workers with experience of the respective software. The full replies regarding each software 

can be read in Appendix 1.  

2.5.1 RAMSIS  
RAMSIS has mostly been developed for evaluations of the car interiors and has enhanced functions 

for reachability, vision and sitting-comfort, among others. The software is not appropriate for 

simulation of production planning since it has not been developed for that purpose (Polasek, et al., 

2015). RAMSIS is available both as a stand-alone software and as a plug-in to the CAD software 

CATIA. RAMSIS is today used at Scania to evaluate the comfort of the car interior. 

 Family: RAMSIS allows the user to simulate a variation of manikins in the software, but is 

limited to simulate only one manikin at a time. The manikin family cannot be created in the 

software but in a companion software called BodyBuilder. The created manikin family can be 

imported in RAMSIS. The anthropometrical key-variables of the family can be controlled for 

three variables: height, corpulence and sitting height.  
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 Manikin movements: The manikin is controlled by a posture prediction analysis where the user 

has to define certain inputs in order to position the manikin, but it is limited to seating postures. 

The software does not have a prediction for standing postures. The manikin can also be 

manually adjusted by the joints in the body. When a posture prediction has been made, there 

is no saving function. Each time the file is opened in RAMSIS one has to re-define the posture, 

which also makes it difficult to share the work with other employees.  

 Script method: There is no script method available in RAMSIS to instruct the manikin to walk 

from one point to another, or to move an object in the same way. But it is possible to instruct 

the manikin to get an object.  

 Hand grips: There are predefined grips available to use in RAMSIS, and the software can also 

make the manikin grasp an object on its own with extra commands. 

 Built-in functions: It is possible to control the Viewpoint for the manikin in numerous ways, 

which is one of the most developed functions in RAMSIS today.  

 Standards: There are many standards available for evaluation in the software.  

2.5.2 Jack  
Jack is suitable for simulations of production planning, and has developed simulation functions 

with high usability. Jack is available as a stand-alone software but can also be integrated with, among 

others, Process Simulate (Siemens Product Lifecycle Management, 2011).  The manikin in Jack can 

handle various things such as balance, walking and lifting (Siemens, 2015). The functions available 

in the stand-alone and the integrated version may differ.  

 Family: Jack can handle a variety of manikins, but it cannot simulate a whole family operating 

the same task at the same time.  

 Manikin movements: The manikin is able to find the most comfortable body posture by itself. 

The joints does not always need to be altered in order to position the manikin in desired 

postures. The manikin can avoid collisions with itself and objects.   

 Script method: The manikin can be instructed to walk from one point to another, get an object 

and also to move an object from one position to another.  

 Hand grips: The manikin can decide on a fitting grip on an object on its own. If the automated 

grip is unrealistic, there is a predefined grip library that can help the user to change the grip.  

 Built-in functions: It is possible to direct the manikin to look at certain points in the scene. 

The software can also handle forces which the manikin will push with.  

 Standards: There are various standards available, which can be visible both in the software and 

exported to be available outside the software.  

2.5.3 DELMIA – Virtual Human 
DELMIA has an application that has been developed for simulations of the ergonomics in 

production planning. The software is used at Scania today for ergonomic evaluations with SES 

Design, but has shown poor usability. 

 Family: Families of manikins cannot be made in DELMIA. There are four different manikins 

to choose between, and these cannot be simulated at the same time. Also, anthropometrical 

key-variables cannot be specified for the manikins.  
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 Manikin movements: One large disadvantage with DELMIA is that the manikin cannot find 

the most comfortable body posture by itself. The manikin has to be manually placed in 

postures and positions by manipulation of the joints, which makes the ergonomic evaluation 

inconsistent between users. The manikin can also not avoid collision with objects or itself. 

Furthermore, the manipulated postures may be unrealistic, which makes it difficult for the user 

to fully trust the results.  

 Script method: The manikin is able to move an object, but it cannot get an object or walk from 

one position with automatic script instructions.  

 Hand grips: The manikin can be instructed to hold with different grips by a predefined grip 

library. The manikin can, however, not decide a grip on an object on its own.   

 Built-in functions: It is possible to control where the manikin should look. The software can, 

however, not handle soft material or forces.  

 Standards: The available standard in DELMIA at Scania is SES Assembly, which is not used 

by the users. The users would prefer if SES Design was implemented instead. Therefore, all 

evaluations are made in an Excel sheet outside of the software, where the user uses the 

predefined posture of the manikin only to look at. The user then fills in the evaluation by hand 

in the Excel sheet.  

2.5.4 EMA  
EMA has been developed to analyse ergonomic conditions such as body postures, manual load 

handling and action forces in production. It has also been developed to analyse the productivity of 

production, for example to find the most efficient walk ways. The software also uses the Methods 

Time Measurements- (MTM) standard to estimate a production time (Fritzsche, et al., 2014).  

 Family: It is possible to specify anthropometrical key-variables for each manikin separately. 

Also, more than one manikin can be simulated at the same time, but only by simulating various 

tasks for each manikin.  

 Manikin movements: The manikin can automatically find the most ergonomic posture, and 

the joints are usually not altered to position the manikin.  The manikin can, furthermore, avoid 

collisions with itself and objects. The objects that are desired to be avoided need to be marked 

as objects.  

 Script method: The manikin is able to move an object from a predefined start and end position.  

 Hand grips: Predefined handgrips are available in the software, which can be used for each 

manikin. The manikin can, however, not decide a fitting grip on an object. 

 Built-in functions: It is possible to control what the manikin looks at and also to define forces 

and loads. The software cannot handle flexible materials.  
 Standards: This software is used at, for example, Volkswagen which among other uses 

Ergonomic Assessment Worksheet (EAWS) as an evaluation standard. The result of the evaluation 

is presented in the software, and the presented evaluation sheets can also be exported from 

the software.   
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3 IMMA COMPARED TO FOUR DHM SOFTWARE 

In order to understand why IMMA should be used at Scania, or even replace one of the already used software, a 

comparison was made of what benefits IMMA would have over the others. The comparison was also made to see 

what functions IMMA is lacking, and to see where IMMA would stand on the market when released. A summary 

of the gathered information in chapter 2.5 is presented below together with conclusions. 

3.1 IMMA compared to RAMSIS and DELMIA 
Both RAMSIS and DELMIA are used at Scania today to evaluate ergonomics. RAMSIS is mostly 

used to evaluate the interior of the car, while DELMIA is used for the same purpose as IMMA will 

be used; for production planning evaluations such as assemblies. A comparison between the three 

software can be seen in Table 1.  

Table 1. The functions in RAMSIS and DELMIA compared to IMMA for six areas. 

 

Since RAMSIS is mostly used for evaluating the interior of a car and not production environments,  

a comparison with IMMA was not further made. It is, however, still interesting to look at the 

benefits of RAMSIS to get inspiration of what IMMA could improve.  

From the questionnaire, it was shown that DELMIA had poor functionality in 12 of the 18 points 

evaluated and therefore has more disadvantages compared to IMMA. It is especially the low 

usability of DELMIA that makes it difficult to work with the software. The simulator has to alter 

each joint of the manikin to position it, which makes the work inconsistent between users. Also, 

since the posture of the manikin is set only by the user, the posture can be wrong resulting in 

unrealistic results. Because of the low usability, the software is mostly used for static analyses at 

Scania. Also, since the wrong Scania ergonomic standard is implemented in DELMIA today, the 

simulator has to fill in the evaluation by hand outside the software.  

Since IMMA proved to have better functionalities than DELMIA, IMMA should be considered as 

a better choice than DELMIA. Another advantage with using IMMA is that Scania has been part 

of the development process of the software, which has made it possible to add extra functions that 

are of importance to the company.  

RAMSIS DELMIA IMMA

Possibility to simulate family x - x

Possibility to simulate family simultaneously - - x

Possibility to define anthropometrical key-variables x - x

Manikin positioned in most ergonomic posture by software x - x

Manikin avoides collision with itself x - x

Manikin avoides collision with objects x - x

Script method available to instruct manikin to walk from A to B - - *

Script method available to instruct manikin to get an object x - x

Manikin moves an object from predefined start and end position - x x

Predefined grips available in software x x x

Manikin decides fitting grips by itself x - -

Possibility to handle flexible materials (e.g. cables) - - x

Possibility to control what the manikin is looking at x x x

Possibility to define forces on manikin - - -

Possibility to perform an ergonomic evaluation x x *

Possibility to add other standard for evaluation - x x

Evaluation result presented in software x - x

Possibility to export evaluation result x x *

Built-in 

functions

Standards

Family

Manikin 

movements

Script 

method

Hand grips
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3.2 IMMA compared to Jack and EMA 
Jack and EMA are not used at Scania today, but were compared to IMMA since both software are 

relatively highly developed today for simulations of production planning. A comparison could give 

inspiration of what IMMA could improve and to see how IMMA would stand on the market against 

two of the larger competitors. The comparison can be seen in Table 2.  

Table 2. The functions in Jack and EMA compared to IMMA for six areas. 

 

The comparison showed that IMMA has potential. As mentioned before, Scania has the benefit of 

being a part of the development process of IMMA to influence it with further functions needed. 

Another benefit with using IMMA is that it will be a part of IPS, which will make it possible to 

define collision free paths and to use flexible materials together with ergonomic evaluations. Also, 

IMMA has the benefit of being able to simulate a variation of manikins simultaneously.   

Five disadvantages with IMMA compared to Jack and EMA, found through the questionnaire, are: 

1. There is no script method to instruct the manikin to walk. 

2. There is no function where the manikin can decide a fitting grip on its own. 

3. It is not possible to define forces on manikin.  

4. There is yet no fully implemented ergonomics standard to use. 

5. It is not possible to export the evaluation results. 

As can be seen in the comparison, three out of the five points above are in the development stage. 

The first point is being developed today in the 3D-SILVER project, and should be possible to do 

in IMMA in the future. The second point is further discussed in chapter 5.3, where IMMA is further 

compared to Jack. The third, fourth and fifth point is further discussed in chapter 6, where 

ergonomic standards and the currently developed evaluation module in IMMA are further 

evaluated.  

JACK EMA IMMA

Possibility to simulate family - x x

Possibility to simulate family simultaneously - - x

Possibility to define anthropometrical key-variables x x x

Manikin positioned in most ergonomic posture by software x x x

Manikin avoides collision with itself x x x

Manikin avoides collision with objects x x x

Script method available to instruct manikin to walk from A to B x - *

Script method available to instruct manikin to get an object x - x

Manikin moves an object from predefined start and end position x x x

Predefined grips available in software x x x

Manikin decides fitting grips by itself x - -

Possibility to handle flexible materials (e.g. cables) - - x

Possibility to control what the manikin is looking at x x x

Possibility to define forces on manikin x x -

Possibility to perform an ergonomic evaluation x x *

Possibility to add other standard for evaluation x x x

Evaluation result presented in software x x x

Possibility to export evaluation result x x *

x Available    - Not available    * In development

Standards

Family

Manikin 

movements

Script 

method

Hand grips

Built-in 

functions
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4 CASES IN IMMA 

Cases were found at Scania and simulated in IMMA to evaluate the software. The versions available were IMMA 

0.2 T13 and T14, which the observations and evaluations are based on. T13 was used in all cases except case 2, 

where T14 was used. In cases where it is known that functions are incomplete or unavailable in the version used, it 

is pointed out. A case selection and four cases simulated are presented below with suggested improvements.  

4.1 Case selection 
Cases where ergonomic problems could appear at assemblies were needed to be found in order to 

have something to simulate in IMMA. When searching for cases, several areas at Scania Södertälje 

were considered. This to get an overview of where and what type of ergonomic problems could 

appear. Problems were found within the design development stage, the physical factories at manual 

assemblies, and within logistics. It was noticed that there were numerous ergonomic problems 

within all factories and areas at Scania. All cases found could not be simulated in this project. This 

since they were too many and not all cases could be evaluated the way IMMA is developed so far.  

One of the most important criteria for selecting cases was that CAD models would be available for 

objects that were to be simulated. Some cases were therefore rejected because of a lack of CAD 

models. Another case was rejected since it required two operators lifting a bed, which IMMA could 

not simulate since it cannot handle two operators working together in a proper way.  

Another case that was rejected was a logistics case where an operator would gather different parts 

from shelves. One of the reasons for not choosing this case was that it would require a more 

advanced walking ability of the manikin, which has not yet been developed. The second reason was 

that CAD models of all objects were not available, such as shelves, pallets and carriages, which 

would require extra work that would not contribute anything to the analysis of IMMA. However, 

this brings an important discussion for the future where it is desired that whole factories are 

simulated. Then there would be a need for CAD models of all objects necessary for assembly and 

logistics that are not designed by the company itself.  

Four cases were chosen to be simulated. The process of how these cases were simulated are 

presented separately below. Each case brings up larger problems that appeared with suggested 

improvements. More general problems are presented in chapter 4.6. Since no full standard was 

implemented in IMMA, no results were available and were therefore not evaluated for any of the 

cases. An analysis of the evaluation module with the future implemented standard is presented in 

chapter 6.  

4.2 Case 1: Bumper cover – assembly of two screws  
In this case, two screws were to be assembled from below on a bumper cover. The main steps for 

the assembly were to:  

1. Fasten one screw in point 1 by hand, see Figure 10. 

2. Use a tool (screwdriver) to tighten the screw.  

3. Walk closer to point 2, also seen in Figure 10. 

4. Fasten one screw in point 2 by hand. 

5. Use a tool to tighten the screw. 
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Figure 10. Bumper cover showing where two screws were to be assembled. 

A similar case had previously been analysed by Scania in DELMIA, where an analysis of the 

assembly at point 1 was made. The procedure to do this was to manually position each joint of the 

manikin into a desired static posture, as seen in Figure 11. The static image was then used as a 

reference for evaluation with the ergonomic standard SES Design. The evaluation with SES Design 

was made manually outside of the simulation software. 

 

Figure 11. A screw assembly on a bumper cover made in DELMIA. 

A simulation video of the whole assembly sequence from DELMIA was available for this case, 

which was used as a reference when simulating in IMMA.  

4.2.1 Simulation in IMMA 
A step by step description of how the case was made in IMMA is described below, along with faced 

problems. The steps are divided into two parts: Preparing simulation and Language. Because of the 

faced problems, the case could not be completed in IMMA. 

Preparing simulation 

1. First, a manikin, bumper cover, screws and a screwdriver were imported in the scene. The 

bumper cover was placed according to the height used at real assemblies at Scania. The tool 

and screw positions were estimated and influenced by the DELMIA case.  

The screws were not real CAD models of screws, but small rectangular objects used so that 

the manikin would have an object to grasp. An exact size of the screws was not necessary since 

no ergonomic evaluation would be made, only the handling of the objects was interesting.  
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2. After this, grip points on the screws (1 and 2) and the tool (3 and 4) were placed, see red dots 

in Figure 12. At this step, the first complication with IMMA appeared.  

 

Figure 12. Imported manikin, tool and bumper cover with grip points (red) attached. 

Problem:  

 The constraint of moving a hand up/down along an object was desired to be removed 

for the grip points at the tool. This was preferred so that the manikin would be able to 

grasp wherever it wanted along the tool. By doing this, the grip could be more comfortable 

for the manikin, which would make the case more realistic.  

The problem that appeared when removing the constraint, was that there were no 

limitations on how far up or down the hand was allowed to move from the grip point. 

Because of this, the manikin would hold in the air instead of the tool. Figure 13 shows a 

variation of manikins grasping the tool at different heights, where some chose to grasp in 

the air. To avoid this unrealistic grip the constraint was turned back on, which forced all 

manikins in a family to hold on the same spot. 

 

Figure 13. The left picture is showing a grip with all constrains selected. The right picture is showing a grip with the 
up/down constraint removed. 

3. After this, a path was made for the tool by setting a start and end position, see Figure 14. In 

the end position, the tool end was not placed directly in the screw hole since the tool end in 

reality was longer. Paths were also made for the two screws with the same procedure.  
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Figure 14. Start and end position of the tool, placed to create a path. 

4. It was then desired to alter the Viewpoint in order to make the manikin look at what it 

assembled, which was not straight forward to do. 

Problem:  

 The manikin is created to look through material when a Viewpoint is selected. Since it 

was desired that the manikin would bend under the bumper cover to see what it assembled, 

the Viewpoints had to be converted into vectors. This would force the manikin to look 

in the z-direction. The direction of the vectors then had to be rotated so that the z-

direction would face the manikin in the desired positions, which was found out after 

several tries since these functions are hidden in the scene tree. These steps are illustrated 

in Figure 15 for point 1.   

 

 
Figure 15. Illustrations showing the steps needed to make the manikin look underneath an object. 

Language 

5. The next step was to simulate all assembly operations in the Language function. An operation 

had to be made where the manikin would stand in front of the bumper cover and bend down 

to grasp point 1. At the same time, the manikin would have to look at the point it grasped 

through the selected Viewpoint, which was found difficult.  

Problems:  

 Since a Viewpoint could not be converted into a vector and rotated in a desired direction 

in Language, this had to be done manually in the scene tree as a first step. This was found 

problematic since one had to jump between the Language window and the scene tree. 

Also, when the Viewpoint was deselected and then selected again, all configurations that 

had been previously done disappeared, so the Viewpoint had to be converted and rotated 

for each time it was to be used.  
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 It was noticed that depending on the chosen start posture, the manikin would perform 

the task differently, which may give different posture analysis. When a neutral standing 

position was chosen in front of the bumper cover to grasp point 1, the manikin would 

not bend its legs to get a more natural posture, see Figure 16.  

 

Figure 16. Manikin starting from a neutral standing start posture, and then grasping. 

When a bent start posture was chosen, the result would end up like in Figure 17, which 

gave a more natural posture for the assembly.   

 

Figure 17. Manikin starting from a bent start posture, and then grasping. 

In the DELMIA case, the manikin had been positioned in a kneeling posture manually by 

moving its joints. Since there were no starting postures which would make the manikin 

kneel in IMMA, and the only way of making the manikin kneel, would be with manual 

modifications in the joints, this posture was not tried to replicate. To manually position 

the manikin with the joints was not straightforward to do the way IMMA is built up today. 

Since the goal with IMMA is to be user-friendly, this solution was not chosen.  

A neutral start posture for this assembly would be more natural to use, which was 

therefore chosen for this case. This since it was desired that IMMA by itself would choose 

the most comfortable posture for the manikin, starting from a posture which would be 

most similar to what an operator would have in a real factory.  

6. After this, it was desired to make the manikin grasp the tool and move it to the end position. 

This was done in language by using the created path and grip points, but had difficulties.  

Problem: 

 When using a neutral start posture, it was difficult to make the manikin grasp the tool 

with both hands. A solution to this problem could have been to add “dummy”-grip points, 

to lead the manikin with small steps closer to the different positions. This solution was 

found to be too complicated for this type of assembly. 
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The start posture was therefore changed to a bent start posture, which made the manikin 

perform the tasks without complications. The steps can be seen in Figure 18, showing 

how the manikin first grasps the tool with its right hand, positions the tool in the screw 

hole and then grasps the tool with the second hand.  

 

Figure 18. The manikin grasping the tool with its right hand, following its path and then grasping with its left hand.  

7. The manikin then had to move over to point 2 to make the same operations as in point 1.  

Problem: 

 When instructing the manikin to grasp point 2 directly from the above posture, the 

manikin would not move by itself to reach the goal. It was therefore not possible to 

automatically move the manikin to point 2 without any large workarounds. The case could 

therefore not be completed further from here.  

A solution to this problem could have been to add “dummy”-grip points in between point 

1 and 2, to lead the manikin closer to point 2. Even if “dummy”-grips where to be placed, 

the same type of problems as for point 1 would appear since the sequence would be the 

same. To simulate the bending and tightning at point 2 would therefore not give any new 

operations to analyse. 

4.2.2 Suggested improvements of IMMA 
The faced problems discussed are presented below with suggested improvements.  

 To have an option where the user can adjust how much a hand is allowed to move from a 

selected grip point.  

A solution to this could be to have an option where the user manually can decide how far 

from the grip point the hand is allowed to move. In Figure 19, the current constraints in 

the Grip Editor window can be seen together with the created grip in the scene.  

 

Figure 19. The Grip Editor as it is developed today together with the grip point created in the scene. 
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A suggestion is to add extra functions in the Grip Editor window, where the user already 

can alter the constraints on a grip point. The extra function will only improve the ability to 

further specify the constraint in the movement, see illustration in Figure 20. If the constrain 

is marked, no movement will be allowed in that direction. If it is unmarked, the user can 

change the limitations to desired ranges. To allow the user to see how far the changed 

limitation is reaching, markings could be added in the scene, also illustrated in the figure 

below to the right. 

  

Figure 20. A suggested improvement of the Grip Editor, where the user can decide how far from the grip point the hand is 
allowed to move, which is also illustrated in the scene. 

An optimal solution would, however, be that the manikin itself could calculate when it no 

longer is holding on to an object. 

 To increase the usability of how a Viewpoint is altered. 

A new simulator would find it difficult to control the manikin with a Viewpoint. This since 

it is difficult not only to find the functions where it can be reconfigured, but because once 

found, it is difficult to understand what direction of the vector that should be altered. Once 

the user has found out that it is the z-direction that has to be rotated, it is also difficult to 

control it.   

A solution to this could be to have clear buttons which would activate the Viewpoint, and 

an arrow on the Viewpoint showing at what direction the manikin is looking.  

 To be able to save a reconfigured Viewpoint and use it in Language.  

It would be preferred to be able to save the changed vector direction of the Viewpoint, 

which is not possible today. Also, that the same changed Viewpoint can be used directly in 

Language.  

 

 Problem with using a neutral start posture. 

No solutions where suggested for this point since it sometimes is desired to use different 

start postures in order to get different evaluations. A solution for this case could be to use 

an easier shortcut than “dummy”-grip points, so that a neutral start posture still could have 

be used instead of having to choose a bent start posture. A solution for “dummy”-grip 

points can be read in the next step below. 

 

 

 

 



28 
 

 To be able to place the manikin anywhere in the scene and that it by itself can find a natural 

path to reach the destination. 

A suggestion is to introduce reference points to the manikin, which would be placed instead 

of “dummy”-grip points. It could function like a via point which the user would place if 

the manikin is unable to reach its goal properly. A via point would be a point which the 

manikin would have to pass before it reaches its goal. If this function was to be introduced, 

it should be placed as a logical step in the process, easy for the user to find.  

 

And optimal solution to this would be if the manikin itself could find a collision free walk 

path, instead of placing via points. This function may hopefully work when 3D-SILVER is 

implemented in IMMA in the future.  

4.3 Case 2: Bumper cover – assembly of connector 
When installing the light console in the bumper, the power cord in the back of the console needs 

to be connected to the power outlet in the bumper. This needs to be done in a tight space behind 

the console, see Figure 21. 

 

Figure 21. The contact which needs to be assembled is located in a tight space behind the light console. 

The left contact is the cord that comes from the light console and the right contact is the power 

outlet which it needs to be connected to. In Figure 21, one can see that the power outlet comes 

through a blue pipe. This makes it less flexible to manoeuvre and constrains the ways to assemble 

the two contacts. The contact coming from the light, however, has a longer cable, which gives it 

more flexibility. The operations involved in this assembly are listed below: 

1. Grip the contact coming from the light console. 

2. Grip the power outlet. 

3. Assemble the two contacts. 

4.3.1 Simulation in IMMA 
When simulating this case, an add-on which can handle flexible cables was used. This version of 

the software is named IMMA 0.2 T14. The add-on is not planned to be implemented and released 

for IMMA until the fall of 2017. When it is implemented it is meant to have the same functionality 

as the cable module in IPS. However, the version that was available when the simulation was 

performed made it necessary for simplifications to be made.  
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Preparing simulation 

1. When importing a file into IMMA, the object becomes a dead object which cannot be 

manipulated in any way, only moved in space. So when importing the file which has the whole 

bumper, light console and cables in it, they become one rigid body. If the cables are separately 

imported in IMMA and deleted from the assembly in IPS, they become separate objects which 

can be moved in relation to each other. However, they still remain rigid and there is no way 

of making the geometries flexible in IMMA the way that it works in IPS at the moment. Since 

everything imported into IMMA becomes rigid bodies, the first thing that needed to be done 

was to delete the cables from the assembly file with the use of IPS.  

 

2. The following step was to import the bumper cover, without the cables, in the scene. It was 

placed at the specified height which is the same height as for the case with the two screws 

mentioned earlier. This height is in order to facilitate other assemblies going on at the same 

time.  

 

3. IMMA versions of cables were made to resemble the cables from the original model regarding 

length and placement, see Figure 22. The transparency function proved useful when placing 

the objects in the tight space, see Figure 23. 

 

Figure 22. Before and after the original cables were exchanged for IMMA-versions of cables. 

Problems: 

 Since no length of the original cable was specified, the IMMA cable was made to visually 

resemble the model of the original cable. However, the length was hard to resemble on 

the first try and required multiple cables to be done in order to get an acceptable length. 

It was also found that the cables can be stretched into impossible lengths. A cable may 

have some possibility to be stretched, but not infinite. This made it more difficult to place 

and determine a suitable length of the cable.  

Instead of having to create new cables each time, it would be better to be able to configure 

the one already created.  

 When positioning the left cable, there was a need to use a clip to fixate it at its second 

fastening point, see Figure 23. 
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Figure 23. To the left is the second fastening point of the real cable model. To the right, the IMMA-version of a cable is 
shown fastened with a clip at the second fastening point. 

When adding a clip to the cable you place it at a suitable position on the cable. However, 

if the position needs to be revised, there is no way of repositioning the clip on the cable. 

The only way of getting around the problem is to delete the clip that was placed and try 

and position the next clip better than the first one.  

 Another problem that rose while positioning the cables, was that the cables do not have 

any regard for other geometries in the scene. The cables do not avoid collision by bending 

or flexing when it comes into contact with the rigid geometries, it simply goes through 

them. The only way of getting around this is by positioning clips on the cable where it 

wants to go through other objects. As mentioned before, the clips were used to fixate the 

cable in position, and by fixating the cable it loses much of its flexibility. For this case no 

extra clips were used to keep it from going through geometries. However, in the 

integration with IPS, the cable will deflect from other geometries. 

 

 The original connectors are much longer than the clips that are attached to the flexible 

IMMA-cable. This means that the clips cannot fully represent the contacts which the 

manikin would hold. What would have been preferable here is either to be able to 

manipulate the clips geometry so that they better represent the connectors, or to be able 

to replace the clips with the actual connectors in the original model. However, that is not 

possible to do today. The clips were positioned farther apart in the position where they 

are considered as assembled, in order to better represent both the flexible part of the cable 

and the rigid connector. The placement can be seen in the right picture of Figure 22. As 

mentioned in a point before, with IPS Cable Simulation the actual model of the cable will 

be awakened and therefore the connectors will be as the ones which the cable is designed 

with. 

 

4. In the next step grip points were defined on the two clips of the cables. One grip point for the 

left hand on the left connector and one for the right hand on the right connector. 

Problems: 

 When the manikin was to grasp the grip, it was unable to perform the grasp because it 

required a “shorter step size”. This meant that the path from the start position to the desired 

position was obstructed in a way so that a straight path was not possible to calculate. The 

solution to this was to create “dummy”-grips.  
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5. Two paths were created, one for each movable clip on the cables. The starting position for the 

left cable was set to be at an arbitrary position in the empty space behind the light console, so 

the manikin needs to reach down and pick it up. The starting position for the right cable was 

set to be in a slightly downwards angle, to have it like it was hanging from its fixed point. The 

starting positions can be seen in Figure 24. The path for the manikin to follow the object was 

then calculated by using the follow path command which calculates the manikins movements 

to be able to follow the object in its path.  

 

Figure 24. The starting positions for the two clips. 

Language 

6. At this point it was time to create the simulation by using the Language function in IMMA. 

By using Language, the manikin can be told to perform a set of instructions in a row, instead 

of having to instruct it step by step. It is also possible to have simultaneous movements. For 

example, having both the left and the right connector move toward each other at the same 

time by using the Dual Path function. 

 

7. Next, a family was created to follow the same instructions that were defined for the first 

manikin. This is where the language part of the simulation is effectual. By changing the family 

in the case, one can try several different families, but still use the same grips, paths and 

constraints that were defined by using the first manikin.  

Problem: 

 All manikins were not able to follow through the instructions in the tight space where the 

assembly was specified by the user to take place. Maybe this had to do with the position 

that the manikins were instructed to assemble the two connectors at. Since this is decided 

by the user, the position might not be the best one. Both cables are flexible, therefore it 

would have been preferable to have the software choose an appropriate position to 

perform the assembly at. This to eliminate the user factor of the simulation and to have 

the optimal comfort for the manikin when performing the assembly.  

4.3.2 Suggested improvements 
The problems in simulating this case were many. Most of them can probably be related to the tight 

space where the assembly was to take place and to the attributes of the cable. Below follows 

suggested improvements that may do this kind of simulation easier to handle.  
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 To be able to configure the cable after its creation  

When a cable has been created, it would be preferred to be able to change the name of it 

after creation. This is possible for geometries and grips. It should also be possible to 

configure the input for the cable after its creation, in the same way as for grips. This would 

be helpful when you find that the cable that you created was too long or to short or to try 

with different material. 

Before      After 

 

Figure 25. To be able to find a configure option for the cable by right clicking on the cable in the tree. 

 To be able to reposition a fastening clip on the cable if the placement of it was not optimal 

when first created. 

As for the improvement of the cable itself, it would have been valuable to be able to have 

a configure alternative for the clips. The clips were often placed at the wrong position 

when they were first created and it required several tries to get a satisfying placement. 

Therefore, it would have been valuable to have a way to correct the mistake easily by 

having a configure alternative. This instead of having to delete and insert a new clip to get 

it right. An alternative would be to be able to manipulate the cable segment into the 

position that was desired (this is not possible since the only way of manipulating the cable 

is by moving the clips which are fastened to it) and then placing the clip at the right 

position. 

 

 To have IMMA realise that if two geometries are flexible, the assembly may be moved in 

the space limited by, in this case, the length of the cables and the comfort of the manikin. 

In the case with cables, both of the connectors were flexible. An improvement for this 

case would have been that the software would realise that these cables both are flexible 

and can be assembled anywhere in the space which is in range for the connectors and 

their cables. The only thing that the simulator should have to do is to define an end 

position relative each other for the two connectors and not have to place them in relation 

to the rest of the geometries in the scene. It would be valuable if the software would be 

able to do this, by using the length of the cables as limitations.  

By using the software’s comfort function it should find the most comfortable position 

for the manikin to assemble them by and still keep within the limits of the cable 

geometries. In this case, that might have meant that the assembly could have been possible 

to perform by more manikins. By having the assembly take place further away from other 

geometries it could give more space for the hands to work. The picture below illustrates 

the spheres were the two cables can reach and in the area that the spheres overlap the 

assembly can take place.  
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Figure 26. The picture shows the possible freedoms of each cable. The volume which the two spheres share is where the 
assembly could take place. 

By having the software calculate where the optimal place would be to perform such an 

assembly, it takes away the variation created by the user and gives a more accurate result 

every time. 

 To be able to place the manikin anywhere in the scene and that it by itself can find a 

natural path to reach the destination. 

Same as for Case 1.  

When IMMA is integrated into IPS, many of the problems encountered will not be problems, 

therefore no suggestions of how these features are to be improved have been developed. 

Furthermore, the cables in the IPS Cable Simulation software are awakened CAD models which 

are able to bend around objects, which directly addresses some of the problems presented with the 

simulation.  

4.4 Case 3: Front axis – assembly of yoke 
In order to be able to transport the front axis along the assembly line, it hangs on a carrier. To 

facilitate the interface between the axis and the carrier a yoke is used. The yoke is assembled on the 

axis and then the yoke is hanged on the carrier. The yoke and the axis can be seen in Figure 27. 

 

Figure 27. The blue yoke is assembled on the front axis. 

 



34 
 

The operations involved in this assembly are listed below: 

1. Fetch the yoke from the material facade. 

2. Carry the yoke from the facade, around a dividing wall, to the axis. 

3. Place the yoke onto the axis. 

4. Hold the yoke until it has been fastened by additional worker.  

There are three different variants of yokes assembled at this station, depending on which type of 

axis it is supposed to be fitted to. However, the one that was simulated was the assembly of the 

heaviest yoke which weighs 17 kg. When the yoke is placed in the material facade it hangs on a 

rack which it needs to be lifted of. The placement of the axis was at a fixed height during the 

assembly of the yoke. 

4.4.1 Simulation in IMMA 
A description of the steps taken to develop the simulation for this case can be seen below together 

with the encountered problems.   

Preparing simulation 

1. All information and measurements of distances between the objects on the actual line, were 

gathered in a pre-research stage. The distances between the relevant objects were documented 

to be used for the simulation. At the position on the line there is a dividing wall which also 

needs to be included in the simulation. Since no CAD model existed of the dividing wall the 

first thing to do was to create the wall in IPS. 

  

2. All geometries were imported into IMMA. The geometries were placed according to the 

measurements made on the actual position on line. The yoke is placed at the height and 

position of which it hangs on the rack in the facade. The rack was not modelled since it was 

considered sufficient to place the yoke at correct height and position, in order to simulate the 

task. 

 

3. Grip points on the yoke were created. The grips were placed such as had been observed on 

assembly workers when visiting the actual assembly area. 

Problem: 

 When the constraints on the hands, flexion, pronation and radial, were unlocked in the 

grip editor, the manikin gripped the yoke in an unnatural manner. The manikin chose to 

bend the wrist on both hands so that the wrist were in an non neutral position. The wrist 

is normally most comfortable when it is relatively neutral in the joint.  

 

Figure 28. The left picture shows when all constraints were locked and to the right, the hand constraints have been unlocked. 
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After contact with the developers, this revealed to be a weakness in the lifting calculations 

of the software. The software does not recalculate the lever arms of the grips when a 

second grip is placed on the same object. In this case, each hand held half the weight of 

the yoke, independent of each other. This led to the manikin being forced to react to the 

torque of the yoke and bends its wrist. Since the manikin is bending its wrists in this 

manor, which a human would not, it leads to the ergonomic evaluation being unrealistic.   

The wrist constraints remained locked for the continuous of the simulation in order to 

facilitate a more natural wrist posture.  

4. A path for the yoke was created. The full path, from material facade to assembly point, needed 

to be broken down into several sections in order to get the yoke to be able to pass around the 

wall in the simulation.  

 

Figure 29. The paths created to get the yoke from the material facade to its assembled position on the axis. 

Problems: 

 The manikin always fits itself to the object while trying to achieve the most comfortable 

posture for itself. In this case where the real human is free to carry at any height which 

he/she feels suitable, it would have been preferable for the object to be fitted to the 

manikin instead. This to ensure the most comfort for the manikin as possible. As it is 

today the user decides at which height the yoke should be carried. This gives room for 

user diversity and it can also give unrealistic evaluations, since a human would carry 

objects at a suitable height for them. Now an arbitrary height of the yoke which looked 

comfortable for the manikin needed to be set in the paths of the yoke. However, this 

height is only adapted to suit one manikin.  

 

 When developing the paths needed for this simulation, there is a need for the manikin to 

turn holding the yoke when the yoke has been lifted from the rack, Figure 30.  

 

Figure 30. The manikin is simultaneously turning and gliding along the floor to follow the path of the yoke. 
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In real life a human would probably turn and then walk in the correct direction. The turn 

would happen in the first one or two steps while moving in the right direction, then move 

straight in the direction chosen and avoid moving sideways.  

To solve this problem the path from facing the rack and moving to the end of the wall 

were split in two paths. The first path turned the object and manikin in the travelling 

direction and the second path transported them along the wall, which can be seen in 

Figure 31.  

 

Figure 31. The corrected path along the wall, where the manikin turns first and transports after turning. 

Language  

5. The created grips and paths were then used together in Language.  

Problem: 

 When using the language the manikin behaved strangely in the seam when one path is 

finished and the next one starts. The manikin shimmied to the right a little, which can be 

seen in the middle picture in Figure 32. 

 

 

Figure 32. The manikin shimmies to the right in the seams between the created paths. 

When instructing the manikin through the use of Language, the manikin always releases 

its grips when an instruction is finished. Therefore when there is a need to follow multiple 

paths after one another, which means that one needs to create multiple Get and Follow-

instructions for each separate path individually, the manikin needs to re-grasp every time. 

The manikin shimmies to the right since she grasps with her right hand first before she 

grasps with the left. However, this is a problem because there was a need to split the full 

path into several shorter ones in order to get the yoke to move around the wall and not 

through it. If a path had been created in IPS Path Planner, where nonlinear paths can be 

made, this might not have been an issue.  
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6. A family was imported and the simulation, using the instructions created previously in 

Language, was run again.  

When simulating with the family it became more obvious that there is a need for the comfort 

function to be able to be prioritized over the path of the object. In Figure 33, the original, the 

shortest and the tallest manikin have been presented.  

 

Figure 33. The difference in posture for the manikins of different height in the family. From the left: the original, the shortest 
and the tallest manikin in the created family. 

The original manikin, to the left, is the one which the height of the yoke was fitted to. In 

the middle the short female manikin is bending her arms more to facilitate carrying the 

yoke at the specified height. To the right the tall male is bending his knees to reach the 

yoke. Note that he is not walking, but forced to bend his knees in this angle to be able to 

reach the yoke and glides statically in this position over the floor. 

4.4.2 Suggested Improvements 
Suggested improvements for the problems encountered in the case are presented below. 

 To have the manikin decide the most comfortable grasp for both hands at the same time.  

The software needs to be able to recalculate the first grip and posture to regard a second 

grip being grasped on the same object. Thereby cancelling the torque felt separately by the 

hands. In this case, that would mean that the torque which made the wrists bend would be 

cancelled by the other hand holding the yoke up.   

 

 To be able to have the object conform to the manikin’s comfort rather than the manikin 

fit itself to the path of the object.  

When an object is to be carried from one place to another, with no restrictions of how it 

should be carried, it would be preferable if the manikin’s comfort function was prioritized 

before the path of the object. People of different height will carry things at a position which 

is comfortable for them. If the manikin were in charge, the comfort function would decide 

how best to carry the yoke and not have to adapt to follow the path of the yoke, but rather 

have the yoke adapt to the path of the manikin. 
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A possible improvement of this situation could be to add a new function in Language. The 

user can instruct the manikin to Get an object and then to Carry it to a reference point 

created in the simulation window.  

When the Carry-function is activated, the software should be told to prioritize the comfort 

of the manikin over how the object is positioned. The grip constraints should still be in 

effect to regulate how the object is positioned. The manikin posture could be based on the 

neutral position and be changed from there to facilitate the carrying of the object, without 

colliding with the object or the surroundings.  

 

 To be able to have a manikin which turns in the right direction before moving in the 

direction.  

When defining start and end position for paths created in IMMA, the travelling and turning 

happens at the same time. However, when a longer distance is to be travelled, the logical 

thing for the manikin would be to turn first. How long this distance needs to be for this to 

imply is unclear. Furthermore, simultaneous turning and travelling may be valuable in some 

simulations, however, not in this case. This point is somewhat connected to the human 

comfort coming before the object path, which can be read in a point above. 

The software needs to be further developed to handle natural human behaviour. Since the 

walking ability of the manikin is to be improved with the 3D-SILVER project, this may not 

be an issue after its implementation. However, the software needs to be developed so that 

it would rather turn the manikin in the right direction before moving in that direction, if 

the situation so allows. If the situation does not allow this, then corrective measures needs 

to be easily located when the error occurs, which could entail the ability to choose to 

prioritize the manikin movement before the movement of the object. 

 To be able to instruct the manikin to follow several paths after one another, without having 

to use multiple Get-functions when an object has already been gotten.  

When there is a need to follow multiple paths after one another using the same grips on an 

object, it would be preferable to not have to create multiple instructions. However, this 

type of function requires that the paths have connecting end and start positions of the 

object in order to not have a simulation that jumps between positions.  

To reduce the number of instructions that need to be created when multiple paths need to 

be followed after one another, it would be valuable to be able to add them after one another 

in the same instruction. It would also be a valuable function in order to reduce the steps 

that need to be taken to build a simulation. This would probably also have solved the 

problem with the shimmying manikin. 

Another alternative would be to have a Hold-on function so that if the manikin is instructed 

to Get the same object using the same grips, in instructions that follow one another no re-

getting is needed.  
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4.5 Case 4: Engine – disassembly of main bearing cap 
In this case, screws for five main bearing caps on an engine were to be disassembled by a heavy 

main bearing loosener. The main steps are presented below and illustrated step by step in Figure 

34.  

1. Get the main bearing loosener. 

2. Move the main bearing loosener to the engine. 

3. Loosen the screws from the five main bearing caps.  

There were two screws at each main bearing cap, which the main bearing loosener could disassemble at the 

same time. The tool had to be moved up and down between the main bearing caps.  

4. Move the main bearing loosener back from the engine.  

 

Figure 34. Main steps for the disassembly of screws on the main bearing caps. 

The main ergonomic problem regarding this case was the movement of the main bearing loosener 

between the positions. The tool was both big and heavy to pull, push, lift and lower, which had 

caused injury to the workers. Both the tool and engine could be adjusted in height to suit the 

worker’s height, in order to improve the ergonomics. The whole tact time of the station had been 

analysed with SES Assembly, which resulted in a green end result.  

Since the main ergonomic problem was the heavy movement of the main bearing loosener, forces 

were needed to be added in the simulation to get a more credible result. Unfortunately, these kind 

of forces could not be defined in IMMA. The movements and handling of the tool could, however, 

still be simulated. The case was therefore chosen to examine how the manikin would handle the 

movements.  

4.5.1 Simulation in IMMA 
The simulation made in IMMA is described below step by step, together with faced problems. 

Preparing simulation 

1. First, a pre-research was made to gather information about the positions of the objects. The 

maximum and minimum height of both the tool and engine was measured in the physical 

factory, together with the distance between the two objects.  

 

2. After the pre-research, a manikin, engine and main bearing loosener was imported in the scene 

and positioned according to the measurements. A wall was added to represent shelves and 

other material that were standing in the way of the tool in the physical factory. Without the 

wall as an obstacle, the manikin would be able to move more freely and comfortably, resulting 

in a wrong tool handling.  
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3. Grip points and paths were then added on the tool, as seen in Figure 2. The three grip points 

are marked as 1, 2 and 3. The first grip point was added to make the manikin get the main 

bearing loosener and move it away from the wall. The second and third point was added to 

make the manikin move the loosener closer to the engine and to operate.  

 

 

Figure 35. Three grip points added on the main bearing loosener. 

Problem: 

 In reality, the engine and main bearing loosener could be adjusted in height to increase 

the ergonomic condition for a specific worker. In IMMA, a manikin can adjust itself to 

suit an object, but there is no function where the object can adjust itself to suit the manikin. 

Since it was not possible to make the engine and main bearing loosener adjust themselves 

according to the height of the manikin, the conditions had to be simulated differently.  

It was therefore tested to remove the up/down constraint in the grip points placed on the 

tool. By doing this, the manikin would be able to make a grip in the air, pretending to 

hold the tool at another height. Since no range limit could be set on how far up and down 

the hand was allowed to move, the manikin would place its hand at heights that would 

not have been possible in reality. Figure 36 shows the maximum (yellow) and minimum 

(white) height of the main bearing loosener, together with the grasps made by a manikin 

family. Here it can be seen that most manikins chose to make grasps below the minimum 

level. However, the engine could also be adjusted in height which would be even more 

difficult to imitate in this simulation.  

 

Figure 36. A variety of manikins grasping at different heights since the up/down constraint has been unlocked.  

Therefore, a mid-height of the main bearing loosener and engine, and a mid-size of the 

manikin was chosen, and a whole manikin family was not tested. If more variations of 

manikins were to be tested, the height of the engine and tool would have to be modified 

for each manikin. This would be time consuming and result in an inconvenient usage of 

the software.   
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4. The manikin was chosen to look at the tool during the simulation since it was the tool that the 

manikin would operate with. When the observation of the assembly was made in the physical 

factory, it was seen that the workers mostly looked at the tool and could perform the 

disassembly of screws without looking at the engine for a longer time. The Viewpoint was 

therefore chosen not to be modified, but used with the default settings.  

 

5. The next step was to create paths for the tool. This was done by placing the tool at start and 

end positions, which generated linear paths. Paths were made for bringing the tool to the 

engine, moving the tool up and down between each main bearing cap, and moving the tool 

back from the engine. The paths can be seen in Figure 37. 

 

Figure 37. The created paths for the main bearing loosener combined. 

Language 

6. When all preparations had been made, the simulation sequence could be put together in 

Language. No problems appeared with having the manikin follow the tool’s path. However, it 

was found to be difficult to make the manikin change grip position on the tool from grip 1 to 

grip 2 and 3.  

Problem:  

 The steps required to move the tool to the engine are illustrated in Figure 38, showing 

five positions of the sequence. Position two and three shows grip 1, where the manikin 

grasps with the right hand. Position four and five shows grip 2 and 3, where the manikin 

grasps with the left and right hand respectively.  

 
Figure 38. The manikin grasping the tool and following its paths towards the engine. 
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To grasp the tool and move it from position one to three, and four to five was done 

without difficulties. There was, however, a problem to move the manikin from position 

three to four, where the manikin had to walk around the tool to avoid collision. Since the 

manikin had difficulties to walk around the tool by itself, it resulted in unrealistic grasps 

as shown in Figure 39.  

 

Figure 39. The manikin having difficulties grasping the tool in a realistic way.  

To avoid this problem, two “dummy”-grip points were placed around the tool. This 

would force the manikin to grasp in the air or at other objects with an easier reach, and 

lead the manikin around to the desired goal. The result is illustrated in Figure 40, where 

the manikin first grasps the wall and then in the air closer to the tool. 

 

Figure 40. Using ”dummy”-grip points to lead the manikin round the tool. 

A walk around like this is both illogical and unnecessary complicated. By not being able 

to move the manikin around objects in a more natural way may confuse users of IMMA, 

since it is not a user friendly way of doing a simulation. Also, it was difficult to understand 

that the problem could be solved by this solution. 

4.5.2 Suggested improvements of IMMA 
Suggested improvement for the problems encountered are presented below. 

 To be able to define push/pull/lift/lower forces needed to move objects.  

One solution to this could be to have the option to define a force in the Grip editor when 

creating a grip. If a force is chosen to be created, one should be able to change the direction 

of the force in the scene. The direction could for example be changed by showing an arrow 

in the scene, illustrated in Figure 41, which the user could move manually. The force could 

also be visible in the scene tree when created, to show the user at what grips a force has 

been placed.  
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Figure 41. Suggested solution to how forces could be added 

 To be able to define a range on how far an object is allowed to be moved by a manikin. 

Because of the unnatural movement and handling of the tool, it would be preferred if the 

manikin by itself could chose the positioning of an object to increase its comfortability. 

Similar to Case 3, there should be a carrying function. The difference with this case is that 

the manikin itself does not hold the weight of the tool in its hands, but is only 

pulling/pushing/lifting/lowering it, since the weight is held up by a gantry. The tool also 

has limitations in the movements, since it is connected to the gantry. The tool can therefore 

not be rotated in any direction, and can only be moved in the x, y and z direction in limited 

ranges.  

A suggested solution to this problem is to use a similar range function as for the grips in 

Case 1. The user should be able to define if the object should be constrained in any 

direction or rotation, and ranges should be possible to define. The range area for the tool 

could be presented with a reachability area in the scene, see Figure 42, to give the user a 

confirmation.  

 

Figure 42. A rectangular box illustrating the movement range of the main bearing loosener in xyz-direction  

This reachability area could perhaps be defined when creating a path, but the manikin 

should be able to control the object, and not the opposite. The manikin should choose the 

most comfortable way to move the tool from point A to B. Since the tool is lifted up by a 

gantry, the manikin should not be impacted by the weight of the tool, but only by the force 

needed to push it. 
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To later simulate this function could, however, be problematic for a whole family, where 

each manikin would have to position the tool at different heights. Either, all but one 

manikin, would hold the tool in the air, or replicas of the object would be needed for each 

manikin. 

An optimal solution for this would, however, be that the whole gantry with the beams were 

placed as objects in the scene, connected to one another. The beams would then 

automatically limit the movement of the tool when the manikin is pushing it from one 

point to another.  

 To be able to place the manikin anywhere in the scene and that it by itself can find a natural 

path to reach the destination. 

Same as for Case 1.  

4.6 Common suggested improvements 
Additional possible improvements to encountered difficulties are presented below. The six usability 

criteria were taken into account when giving suggestions. The improvements are divided into 

different areas according to what they are associated with. 

Handgrip 

 To introduce a Re-grasp function.  

When a user would like to edit the position and orientation of a grip, it would be useful to 

have a re-grasp function. The re-grasp function would recalculate the manikins stance and 

position to suit the new conditions of the grip. The manikin should be able to re-grasp an 

object without the user first having to release and then grasp the same grip again. This to 

reduce the amount of clicking and steps to create a simulation. To first have to release and 

then grasp a point again is tedious. 

Movement of Manikin 

 To be able to place the manikin anywhere in the scene. 

If the manikin is placed too far away from an object that is to be grasped, the software usually 

says “One or more manikins failed to reach the goal, please try with shorter step size”. One therefore has 

to solve this problem by manually placing the manikin closer to the working point. It would 

be preferable to be able to place a manikin anywhere in the scene, and it should by itself walk 

closer to perform the chosen operation. 

Viewpoint 

 To have the manikin look at a Viewpoint when it has been moved, when Live-mode is not 

activated. 

When one presses ”Look at” (to make the manikin look at a certain Viewpoint), the manikin 

does not move its head or the blue vision cone to the selected view point, if Live mode is not 

activated. However, when inserting or activating a new parameter which the manikin should 

consider, the visual confirmation of this, even when Live-mode is not activated, is important. 

In Figure 43, the Viewpoint of the object has been moved as marked, and it can be seen that 

the manikin is not looking at this Viewpoint when chosen. It would have been preferred if the 

manikin moved its head so that one can be certain that the right Viewpoint has been activated.   
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Figure 43. The Viewpoint has been moved, but the manikin does not change its stance to confirm the changed parameter. 

Extra functions 

 To be able to use more than one manikin at the same time to move an object.  

This entails having separate instructions for each manikin. Since dual path is possible to do 

today in Language, a dual path for two manikins does not seem too farfetched. The manikins 

are subordinate to the object which they are moving together, they only react or fit themselves 

to the movement of the object. This improvement comes from the fact that one of the found 

cases was not possible to do since it required two manikins working together.  

 

 To be able to use the ctrl+alt+right click on objects as well as on manikins in order to place 

them in level with the floor.  

The side of the bounding box which is oriented closest to the floor should be placed so that 

the object comes in level with the floor, when using this command. When importing an object 

it would also be preferred that the bottom part of the bounding box is placed in level with the 

floor, instead of random above or below the floor.  

 To have the software ask if the user wants to save the scene before quitting. 

When the user clicks to close the software, the software should ask if the user wants to export 

before quitting. If the last thing that the user did was to export the current scene, then the 

software does not have to ask. This would be a useful help in order to prevent data and work 

being lost and to improve the usability of the software. 

Usability  

 To have the Collision Avoidance function already activated when the software is started. 

Collision Avoidance should be automatically active when IMMA starts. To click in this box 

has been forgotten numerous times when starting or restarting the software. The result of that 

have been that the manikin moves through objects when gripping and manoeuvring in the 

scene and the user need to reposition and start again. This has been a request by various people.  

 

 To be able to use a function like ctrl+z/”Undo” to go back to the previous step.  

This function has been requested by numerous users. It would be easier to use IMMA if one 

could regret faults with ctrl+z. It would be easier to regret errors as well. As the software is 

built up today, one has to redo the work instead, which makes the software inefficient.  
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 The mesh should follow the biomechanical skeleton better in order not to confuse the user. 

Sometimes, it does not look like the manikin is looking at the object with its eyes. This is 

according to one of the developers because the mesh does not fully follow the biomechanical 

skeleton. The calculations will be correct, but the user may be confused because of the visual 

faults. The user may doubt the validity of the software, so this is something that should be 

improved. In Figure 44 one can see how the manikin is instructed to look at the Viewpoint, 

but the eyebeam is coming from his forehead.   

 

Figure 44. The manikin's mesh does not fully follow the biomechanical skeleton. The eyebeam is coming from the manikin's 
forehead instead of its eyes. 

 Improvements of the Grip Editor  

The current Grip Editor can be seen in Figure 45. 

 

 

Figure 45. The Grip Editor as it today. 
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There should be added pictures of ”closed hand” and of ”support” hand in order to make 

them equal to the other grip types. The force absorption function of the support grip should 

also be more apparent. For example, by having a text beneath the grip saying “Support” and 

an arrow. It would also be preferred if the selected grip was marked, so that the user could get 

a visual confirmation of which grip has been chosen. E.g. a square around the chosen grip 

type. 

The section just below the section ”Percent from open to closed” has no title, which should 

be added. A suggested title is “Constraints”. There should also be an explanation under the 

title, for example: Unmark to unlock, so that one can understand what a mark in a box means. 

This section also has no explanation of what they mean. One needs to have knowledge in 

anthropometry to understand the constraints, which is not desirable. A solution for this could 

be to have a picture showing what the chosen constraints will give as a result.  

A suggestion of how these improvements may be incorporated into the Grip Editor can be 

seen in Figure 46. 

 

Figure 46. The Grip Editor with the suggested improvements. 

 To be able to see if a grip was grasped correctly or not in the tree. 

If a manikin is unable to grasp the grip it should not result in a green check mark in the tree, 

this sends the wrong signals. It could instead be a red mark that signals that the manikin’s hand 

is busy with this grip but was unable to grasp it. 
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Language 

 To require less clicking in order to develop a simulation with Language.  

Difficulties with Language in IMMA was that in order to create an instruction, excessive 

clicking was needed. For instance to right click on one of the boxes in the LIV-window, one 

first had to mark it by clicking on it. Another problem, which can be seen in the LIV-window 

is that the Create-button is located in close proximity to the Clear-button. The two names are 

quite similar and there is no distinct difference to mark the Create-buttons importance.  

 

 To have better consistency in how buttons are displayed. 

When comparing the LIV-window to the Language Operation Editor there is inconsistency 

in how the buttons are located and how they are visually displayed. In the LIV-window the 

words look like curtain menus and not like the buttons they are. They are also displayed in a 

row instead of being in a column as in the Language Operation Editor.  

 

 To have better consistency in the use of terminology and functions in Language and the Grip 

Editor. 

It was also found that there is inconsistency in the use of terminology for the hand constraints 

which can be set in the LIV-window, compared to how they are named in the Grip Editor. 

Another thing with these constraints was that they in Language do not automatically assume 

the settings that were set when the grip was created.  

 

 To be able to cancel a started simulation.  

To simulate was time consuming, even for shorter simulations. If the simulation was noticed 

to be wrong, there was no function available to cancel before the calculations were finished. 

The user therefore had to wait for the whole simulation to finish before being able to edit the 

errors. This was especially a drawback since all simulations are saved automatically as segments, 

which had to be deleted as well before proceeding.  
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5 TSB IN JACK COMPARED TO LANGUAGE IN IMMA  

In order to find further areas to improve in IMMA, two cases were also simulated in Jack. The reason for choosing 

Jack to compare with, was because it had been found that it had well developed usability and functions. Also since 

this software was available. The stand-alone version of Jack 8.2 was used. One of the major benefits with Jack is 

the usability when creating simulations. The script method used in Jack to create simulations is called Task 

Simulation Builder (TSB), which is Jack’s counterpart to Language in IMMA. First, the basic work procedure in 

Jack is presented. It is then followed by simulations of the two cases in the bumper cover. The benefits and drawbacks 

of Jack and IMMA are then compared, followed by suggested improvements of Language. 

5.1 Work procedure in Jack 
The basic operations of creating a simulation in Jack is described below.  

1. First a manikin and the relevant objects are imported and placed in a scene at desired 

positions. 

 

2. TSB is opened to perform the simulation in and a task is selected. 

 

3. The manikin is instructed to perform tasks by defining the required input in a logical order, 

see Figure 47. The software will automatically generate all movements and postures for the 

selected task inputs. This is done for every task separately.  

 

 

Figure 47. To instruct the manikin is very intuitive in Jack. The steps are in a logical order with clear instructions of what 
needs to be provided to the software for it to calculate the actions. 

If the user is not satisfied with the automatically generated posture, it can be changed by 

using the Change final posture function. The user is directed to the Human Control window 

seen in Figure 48, where one can for example change body postures, handgrips and joint 

angles.  
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Figure 48. The Human control window, where the final posture of the manikin can be changed.. 

One can also add walk via points and via postures as seen in Figure 49, to change the 

movement of the manikin.  

 

   

Figure 49. Some options provided by the software to alter the automatically calculated action of the manikin.  

4. All created actions are visually displayed and saved on a timeline where one can change 

their order and also edit the existing actions.  

 

5. The results are viewed. There are four types of results available for the user. Three of which 

are Excel-sheets with data on for example joint angles, torques and cumulative load. The 

fourth one is a link to a webpage which presents an evaluation of the simulated actions. 

This is the evaluation which will probably be most useful for a novice user since here the 

software makes suggestions of how the user should proceed.  
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5.2 Cases in Jack 
The two cases regarding the bumper cover were simulated in Jack. The reason for choosing these 

two cases was because these were cases that were directly connected to the design phase. Also, 

since these had been the most difficult cases to simulate with IMMA in a way that satisfied the user. 

5.2.1 Jack – Bumper cover (screws)  
When simulating the screw assembly on the bumper cover in Jack, similar problems as in IMMA 

appeared. The simulation is presented below in short steps. The same CAD models was used in 

Jack as in IMMA.  

1. After importing a manikin, bumper cover, small box (representing screw) and tool, TSB was 

opened. The start positions can be seen in Figure 50.  

 

Figure 50. A manikin, bumper cover and tool placed in a scene in Jack. 

2. The manikin was first instructed to grasp point 1 on the bumper cover, and to simultaneously 

look at what it assembled. Two problems appeared when simulating this. The first problem 

was concerning the automatically generated grasp on the screw, which resulted in an unnatural 

grasp. The grip therefore had to be altered manually.    

The second problem was that the manikin only would look through the bumper and grasp 

with the posture seen to the left in Figure 51. There was no function available to instruct the 

manikin to look below the bumper, and that the manikin then by itself would chose a suitable 

posture according to that. The final posture of the body therefore had to be changed manually 

by altering the joints, to make the manikin look at the assembly as seen to the right, also in 

Figure 51.  

 

Figure 51. The manikin to the left grasps, but is not looking directly at the point. The manikin to the right grasps and looks.  
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Since the manikin had to be manually positioned to look at the desired point, the manikin 

could no longer decide the most comfortable position. When manually positioning the 

manikin, various postures could be chosen to perform the same task. This could result in 

different posture analyses for each posture chosen, which makes the software inconsistent.  

 

3. The next step was to get the tool and move it to point 1. This was done by setting a start and 

end position of the tool, see Figure 52, and the manikin would follow the path with its grasp. 

 

  

Figure 52. A manikin grasping a tool by manual positioning, and then moves the tool to an end position.  

The problem that occurred with this was that it was difficult to make the manikin grasp the 

tool in a natural way with the automatic generate grasp. The grip was therefore manually 

positioned as for the screw. Another disadvantage with the way Jack is handling grips is that 

they are not saved on the objects. Each time the manikin is told to grasp an object, the grip 

has to be redefined.  

 

4. The manikin then had to put the tool back to its starting position. The grip had to be redefined 

for its start and end posture, so the same grips had to be defined numerous time.  

 

5. The next step was to make the manikin walk over to the second point, see Figure 53.  

 

 

Figure 53. Sequence of manikin walking to the other side of the bumper cover. 

Since Jack has an instruction which can make the manikin walk from one point to another, 

this was easily done. When instructing the manikin to walk from picture 1 to 3, the manikin 

would, however, make an unnatural walk around the bumper cover.  A so called Walk Via 

Point were therefore added to make the walk more realistic, which was a natural step to perform 

in the instructions. This made the problem easy to solve, which made the error not so 

problematic. 

 

6. The manikin then performed the same procedure as at point 1.  
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5.2.2 Jack – Bumper cover (connectors)  
The case has the same prerequisites as the case with the connectors simulated in IMMA. The 

difference that need to be mentioned is that there is no add-on for flexible cables available for Jack. 

Therefore the clips that was used as connectors in the IMMA case were also used here, but they 

were not connected to any cables. Below is a description of the work process to develop the 

simulation. The step-by-step way of giving instructions helped when instructing the manikin. 

1. A manikin and all objects were imported and placed in the scene. The clips were positioned in 

a similar position as in the IMMA case. 

 

Figure 54. Objects placed in the scene. The clips representing the contacts are behind the dim light console.  

2. In the TSB-window the manikin was then instructed to grasp the left clip. This did not work 

without first having to instruct the manikin to walk up to the bumper. In Jack there is no need 

to define the grip for the manikin, it grasps the instructed object automatically. However, the 

grip that the manikin took did not always look comfortable or did not facilitate the handling 

that the connector needed.  

When the manikin was instructed to get the clip inside the bumper it walked straight to it and 

ended up standing in the bumper. To solve the problem with the manikin going through other 

objects, the software helped by giving several options before the user approved and saved the 

action in the timeline. To edit the action via postures were used, one can be seen as the green 

manikin in Figure 55.  

 

Figure 55. The manikin was instructed to walk up to the bumper and it walked straight into it. This was revised with 
two via postures, one can be seen as the green manikin. 
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Furthermore, the end position also needed to be changed otherwise the manikin still ended up 

standing with its arm through the bumper. That was done also by a help option provided by 

the software called Change Final Posture. With this, the final posture was changed by 

manipulating the joints in the manikin’s wrist, elbow and grip. The simulation was previewed 

and saved, before moving on to the next task. 

 

3. When the manikin had gripped the clip it was time to position the clip for assembly, which 

meant to position it higher up. The object was moved into the end position which was desired, 

the software calculated the path and the manikins movement from this. However, also here 

the position that the manikin ended up in was unrealistic and needed to be altered by using 

Change Final Posture. 

 

4. Similar steps were taken when the manikin was instructed to grasp the right clip with its right 

hand. The functions Via Posture and Change Final Posture were used here as well. An addition in 

this step was the need to instruct the manikin to hold the position of the left hand, otherwise 

the manikin brought it down at resting position by its side. In Figure 56, the Via Postures can 

be seen as green manikins. Two via postures were needed to make the manikin avoid going 

through the bumper on its way to grab the clip. 

 

Figure 56. The Via Postures are illustrated as green manikins in the software. 

5. Next was to position the right clip for assembly, which was done by using the same function 

as before, Position. Also here there was a need to alter the final position and grip of the manikin.   

 

6. The final step was to have the manikin stand in a neutral position in front of the bumper. This 

was not possible to do without the manikin bringing the two clips with it in its hand. There is 

no release function available to make the manikin release the grip. However, this might be 

because of wrongful use of commands. Instead of using Position command, it should have been 

Put which makes the manikin automatically release the clips.  

5.3 Jack compared to IMMA  
Jack was compared to IMMA in order to see further benefits and drawbacks with IMMA. The 

work procedure was first compared after the cases had been simulated in both software. As can be 

seen in Figure 57, the procedure for simulation differs between the two software.  
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Figure 57. Work sequence of Jack and IMMA compared. 

Both Jack and IMMA start with an importation of objects and a manikin into a scene. The 

differences start right at the next step. When comparing how the script methods TSB and Language 

are used, it could be seen that everything is defined directly in TSB as a sequence in a timeline. In 

IMMA, all grips, Viewpoints and paths are defined outside of Language in a random sequence, and 

then put together into a sequential time-flow in Language. If a longer sequence is to be made with 

the procedure in IMMA, it may be difficult to create a simulation. It requires the user to think 

through the simulation twice. Once when all grips, paths and Viewpoints are created and again 

when they are all put together in Language. Whereas in Jack the grips and paths are created and 

used in the same action. 

Which work procedure that is ideal, depends on what parts are compared. It is more natural to 

simulate as a sequence in a timeline like in Jack, where the simulation is built up step by step in the 

right order. Even if the simulation is built up step by step, the user can still add steps in between 

the other steps if needed. Therefore, the user does not have to decide every step before opening 

TSB in Jack. It is also possible to add steps in between the created segments in IMMA, but it is not 

as clear and visual as in Jack, since the segments are all put together after each other, not separating 

one full action from the other. 

The usability of TSB is therefore well developed, where it is clear that the user is building up a 

timeline in blocks, see Figure 58. The software also suggests even further steps to proceed with 

when one is finished, which helps the user to simulate faster. The highly developed usability of 

TSB helps the user to easily understand how to use the software, how to proceed and how to solve 

problems.  
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Figure 58. TSB window showing action-buttons, timeline with blocks, guiding buttons and simulation window.  

The Walk Via Paths and Postures that can be added when creating simulations in Jack, helps the user 

to solve unwanted and unnatural movements of the manikin. Since these functions come like a 

natural step in TSB when previewing a created simulation, it helps the user to quickly correct errors. 

In IMMA, it is difficult to understand how to solve these kind of problems, since there is no guide 

or help to solve it.  

Another difference between Jack and IMMA is that the manikin in Jack by itself can choose the 

most comfortable grasp on an object only by selecting a point on it. This was found to be a lack in 

IMMA when comparing the software in chapter 3. However, the function in Jack was not useful 

in the two cases since it created unnatural grasps. To solve this, the grasps had to be altered 

manually for each time an object was to be grasped, which was found out to be more difficult to 

do than the way IMMA creates grips.  

The benefit with building up the simulation like in IMMA, is that all created grips, views and paths 

are saved and can be reused, which they are not in TSB. The drawback with IMMA compared to 

Jack is that there is no visual timeline and everything is defined as segments, see Figure 59, where 

one movement of the manikin can result in several segments. In Jack, one movement of the 

manikin is defined as only one block, and named according to what the action was, which makes 

it easier to handle the software and to get a better overview.  
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Figure 59. Language window and segment-section, showing how simulations are built up.  

Also, everything that is only tested in IMMA is saved as segments. If the simulation was wrong, 

one has to find and delete the right segments. In Jack, one can preview the steps in the simulation 

before saving it to the timeline, which differs right animation from wrong in a natural way. In Jack, 

the user can also edit already created blocks. This is not possible in IMMA, where the user has to 

delete the created segments and then redo the particular simulation. 

In Jack, there is no way of creating a simulation without the use of TSB. This gives the user only 

one option to create a simulation to evaluate. In most cases evaluated with IMMA, the whole 

simulation could actually be created without the use of Language due to the saved segments. The 

only thing that made it necessary to use Language was to be able to use the Dual Path-function 

where two instructions can be carried out at the same time. This possibility to create simulations 

in different ways may result in an inconsistent use for different users. However, a software which 

offers flexibility, may be preferred by some.  

The benefits with Jack compared to IMMA are: 

 Simulation is created in a logical sequence. 

 Has guiding step by step buttons to build up the simulation. 

 Actions can be previewed before added and saved to the timeline. 

 TSB suggests appropriate actions to continue with after one block is completed.  

 Easy to solve problems with clear buttons, for example Via postures. 

 Uses visual pictures to help user understand the function with each action.  

 Already created actions can be edited. 

 Calculations for simulation is not time consuming.  

 Intuitive to manually control the joints of the manikin.   

The benefits with IMMA compared to Jack are: 

 Grips, views and paths are saved and can be reused. 

 The movement of the manikin can be controlled with a Viewpoint vector. 

 Simulation of a whole family at the same time is possible. The grips and paths created for 

one manikin can be used for numerous manikins simultaneously.  
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5.4 Suggested improvements of Language 
Because of the disadvantages found with Language in IMMA, suggested improvements were 

developed of how to create a simulation. The suggested improvements were inspired from the 

benefits of Jack combined with the benefits already available in IMMA. Also, the six usability 

criteria were taken into account.  

One of the major problems with IMMA was that it was difficult to get an overview of the created 

simulation. A suggestion to this is to use blocks instead of segments for created actions, and to 

visualise this on a timeline. Each block should be named accordingly to what type of simulation it 

contains. For example, if the user has chosen to create a Get command, this could be written on 

the block. This would make it more intuitive for the user to understand what is to be simulated in 

each block, and in what order the simulation has been built. Also, the blocks should only be created 

if the user has saved it. Otherwise, the sequence would have to be either deleted or edited outside, 

which could require more work for the user. To give the simulator a chance to control if a 

simulation has been correctly built before it is saved, it would be preferred to have a preview button.  

Another major problem with IMMA was that it was difficult to understand how to create the 

instructions without having the help from a guiding manual. Since there are no guiding steps in the 

software telling the user in what order the simulation should be built, it could be difficult for a new 

user to understand how to even begin. A suggested solution to this could be to have clear guiding 

steps, which would instruct the user to create grips and paths only when necessary in a sequential 

flow. This could decrease the number of errors, and increase the efficiency and learnability. An 

illustration to the suggestions can be seen in Figure 60, where the user is guided step by step to 

create the relevant things for a chosen instruction. This would satisfy all the usability criteria. 

 
Figure 60. Suggested improvement of how to create a simulation with Language in IMMA. 

First, the user selects what instruction to create, for example a GET-FOLLOW command. As 

language is built up today, the user first has to select a GET command, and then one can choose 

between a MOVE, FOLLOW, or SUPPORT command. In the illustration above, these have been 

separated into several instruction, since the user still has to choose between one of the three.  
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The next step would then be to create grips. First, one has to choose what object the manikin is to 

grasp. The user could then define grips for the left and right hand respectively. One should be able 

to decide between already created grips on the object, or to create new grips with the already 

available Grip Editor. One should also be able to edit the selected/created grip. For example, if the 

user has chosen an already created grip but need to change the constraints, the user should be able 

to do so without having to recreate a new grip on the same position. The grips should then be 

possible to control, before added in the simulation, which is what the preview button above is 

representing. 

The user should also be able to edit the conditions on which the manikin should grasp the object. 

For example, to alter the Viewpoint which the manikin would look at while grasping, or to add via 

points instead of using “dummy”-grip points if the manikin was unable to grasp naturally. This is 

illustrated in Figure 61, where the Viewpoint’s location and direction has been selected to be 

altered. This solution would make it easier for the simulator to find these kind of settings, compared 

to where the settings for the Viewpoint are found today. 

 

Figure 61. A window where the simulator can alter the Viewpoint  

The third step in the GET-FOLLOW command would be to create a path. As for the grips, the 

user should be able to choose between already created paths or to create new ones. The path should 

also be possible to preview to give the user a confirmation before proceeding.  

When all steps are finished, the instruction should be saved on a timeline as a block to separate 

actions from each other, as illustrated in Figure 62. Here the user can choose what family to 

simulate, which will then be presented in the results. This so that the user can change between 

families without having to redo the whole simulation for each family. This would increase the 

satisfaction and reduce errors, which are two of the usability criteria. 

 

Figure 62. A GET-FOLLOW command saved in a timeline. 
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6 SCANIA ERGONOMICS STANDARD IN IMMA 

Scania had the option to implement a standard that would suit their work standards and requirements. For a start, 

only one standard was to be chosen. Since Scania has several ergonomic standards available, a decision of which one 

to choose had to be made. The selection was mainly between SES Design and SES Assembly, and Scania decided 

that SES Design would be the most suitable option for a start. Depending on what standard was chosen, different 

benefits and drawbacks would appear. An analysis of an implementation of the chosen standard was therefore made. 

Furthermore, improvements of the evaluation module in IMMA were suggested.  

6.1 Chosen standard by Scania 
The standard chosen to be implemented as a first step in IMMA was SES Design. SES Design is 

used by the designers to make a first assessment of the ergonomics regarding the part. The greatest 

benefit of having this standard in IMMA is that the digital software need to reflect the methods 

that are used at Scania today. The standard is currently used in the development process and would 

be a familiar evaluation for the initial users.  

As mentioned in the literature review, the standard is divided into three parts. The part that is most 

suitable to implement in IMMA is the second part (work condition), which reviews the work 

conditions regarding assembling the part. This part is about how a human interacts with an object 

and which postures are necessary for the human to work in, to be able to assemble the part. An 

evaluation of this part would greatly benefit from having a manikin test out the assembly and give 

ergonomic feedback of the procedure.  

The first part (product design) has more to do with the geometry itself and would not benefit from 

being assessed with the use of a manikin. For instance, an evaluation point in the first part is to 

assess the surface of the part. This entails assessing if the component has a smooth surface or if it 

has sharp edges which can lead to injuries when handling it. Such assessment is easily done by 

examining the model of the part.  

Regarding the third part of SES Design, which entails manual material handling, it is hardly used 

today. Some points can be assessed by using the second part of SES Design and other points are 

easily evaluated by examining the packaging of the component and does not require a manikin. The 

more prominent ergonomic assessment in logistics is the RAMP method. 

6.2 Implementation of other Scania standards in IMMA 
An implementation of SES Design in IMMA may solve errors at an early assembly planning phase, 

but other areas within the assembly, as discussed before, and logistics may still have ergonomic 

issues. Since the discussion today has been mostly between SES Design and SES Assembly, only 

these were evaluated. However, it is important to analyse other areas as well such as logistics, which 

also has large ergonomic issues. 

Four topics which argues for an implementation of additional standards in IMMA in the future are 

discussed below.  
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Ergonomics in the PD-process 

DHM software are meant to increase the proactive work in order to decrease the number of 

physical prototypes and errors. Because of this, the digital simulation software IMMA should use 

standards that are developed to be proactive. When looking at how the standards are used at Scania 

today, it could be seen that both SES Design and SES Assembly are used at a proactive stage.  

SES Design is one of the first ergonomic evaluations that are made in the Product Development (PD)-

process. Late in the process, when physical prototypes of the line has been built, SES Assembly is 

used as an evaluation tool. However, SES Assembly is today mostly used to evaluate current lines, 

to prevent ergonomic problems that has occurred from previous mistakes. 

An example of what has been discussed today is that SES Design part 1 (product design) will be 

used by the designers within the engine department at Scania. Additional departments at Scania 

have not been studied. Part 2 (work condition) will not be evaluated by the designer, but by a group 

who has more experience with production planning. This group will be in close contact with the 

designers, so that the designers can change errors before it is too late in the PD-process.  

Part 2 in SES Design can be seen as a light version of SES Assembly, and is used at this stage to 

prevent large errors in the assembly early. The reason for not using SES Assembly at this stage, is 

because the assembly sequence and layout is not yet decided, which is needed for SES Assembly. 

When all sequences are decided and physical prototypes have been built, SES Assembly is used to 

get a deeper evaluation of the ergonomics. Since SES Assembly also is used at a proactive stage, 

this tool should be considered suitable to be used in IMMA as well. Especially, since this could 

decrease the number of physical prototypes and hasten the work process.  

The production development process 

The production development process is a development of only assembly and logistics, where no 

design is changed. An example of a production development is when the tact time is planned to be 

decreased, and parts of the layout need to change for example. These type of development 

processes are more frequently preformed at Scania than the PD-process. Because of the frequent 

changes within these areas, the workers who plan assembly and logistics could also have an interests 

in using DHM software. The benefits of using IMMA for assembly and logistics planning at Scania 

(both in the PD- and production development process) should therefore be further investigated in 

the future. 

The development of IMMA 

IMMA has been developed to analyse full tacts, and not only parts of a sequence. With further 

development projects such as 3D-SILVER, IMMA will be even more adapted for assembly and 

logistics analyses. This is another argument for why these two areas also could be analysed in IMMA, 

and not only the design process. When the possibility to perform testing in more areas at an early 

stage arise, the opportunity should be utilized. This in order to use the software as it is developed 

to be used. Since these projects are not yet fully completed, this is something to investigate in the 

future.  
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Current production 

Even though both SES Design and Assembly were to be implemented in IMMA and used for 

analyses at a proactive stage, errors could still get through. Therefore, it would be preferred if 

already built plants also could be simulated in IMMA. Today, already built plants are mostly 

analysed by measuring forces by hand, clocking time, and observing postures and angles in person, 

which may result in incoherent results depending on who is observing. By using the standards in a 

digital test environment instead, the consistency could increase and the time needed for ergonomic 

evaluations could be decreased.  

6.3 Differences between SES Assembly and SES Design 
The fact that SES Design part two is chosen to be implemented in IMMA at a first stage will benefit 

the initial users. This part has many similarities with the SES Assembly standard, but the standards 

have some differences which may cause the SES Design standard to miss problems that SES 

Assembly would not. Below follows examples of where the standards have different views, which 

could cause problems. 

 The two standards differ when assessing the need to bend your neck when assembling a part. 

To the left in Figure 63 are the ranges in SES Assembly and to the right are the ranges in SES 

Design. 

 

Figure 63. Shows how the standards differ in ranges and evaluations for bending the neck when working. Note that both points are 
evaluated for bending more than five seconds continuously. 

In this point the SES Assembly standard has a lower tolerance for the degree of bending the 

neck forward than SES Design. With SES Design more allowances will be made when bending 

the neck forward. The reason for SES Design being more forgiving on this point is because it 

is difficult to estimate the exact neck posture this early in the design process, but it still gives 

a decent evaluation. However, SES Design is more strict on bending the neck sideways. 

Everything above 20° is discarded whereas it is graded yellow between 20-30° in SES 

Assembly.  

 

 When evaluating the number of repetitions with SES Design one looks at repetitions regarding 

the assembly of one object. Whereas SES Assembly reviews all similar repetitions at one 

position, which can entail several objects being assembled with the same type of motion. This 

can result in objects separately being declared green to assemble by SES Design. However, in 

combination SES Assembly could declare them as yellow or at worst red, depending on the 

tact time and rotation between positions on line. An example of calculations of this can be 

seen below. Figure 64 shows the two scales on repetitions. 
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Figure 64. The two different scales on repetitions. 

Example 

An item which has 3 repetitions of some sort in the assembly process, is to be assembled on 

the front axis line which has a tact time of 77 seconds and workers rotate every hour. This 

would be evaluated as green by SES Design. By SES Assembly it would mean a total repetition 

of 140 per hour, which is also green. However, if there is one other assembly at the same 

station, which also has 3 repetitions of the same sort as the first, that would result in 280 

repetitions/h, which would reward a yellow colour instead of a green. Objects can  separately 

be rewarded a green colour by SES Design. Nevertheless, if they are put together at the same 

station, SES Assembly will reward them the colour yellow together which would indicate a 

possible problem in the assembly. 

 In SES Design there are two points regarding Vertical height and Horizontal work area (reach) 

which could be translated to what in SES Assembly is regarded as the box. The box reaches 

from your shoulders to your knuckles when your arms are hanging by your sides; from elbow 

to elbow when your arms are stretch out horizontally to your sides; and from shoulder to 

knuckles when stretching your arms forward. If the work is less than 5% of the total tact time 

outside this box, the work position is evaluated as green. In Figure 65 the limits of each 

standard can be seen. 

 

Figure 65. The rules regarding the work area in the different standards. To the left is SES Assembly's box and to the right the 
fixed measurements in SES Design. 

Since the measurements in SES Design are fixed values, they might not be representative for 

an ergonomic work posture for all people. The box-concept which is used in SES Assembly 

is adapted for every individual being assessed. With the ability to evaluate families in IMMA, 

a more individual evaluation-approach may be preferred to having fixed measurements which 

take no regard to each person’s individual conditions.  

 Differences in range between the two standards can also be seen in the point which regards 

Climbing and Striding. The two variants of the point can be seen in Figure 66. 
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Figure 66. The two standards have different ranges when evaluating climbing and striding. 

The SES Design standard is much harsher than the SES Assembly standard in this area. 

Something which is only regarded as yellow with SES Assembly will be rewarded a Double 

Red Value by SES Design. This is a difference which will hinder all designs which requires the 

assembler to climb more than 1,2 m/min. 

 In the SES Design standard, the number of points which are allowed to be red for the 

evaluation to still have a total value of green are fewer (23% red points) than for what is ok in 

the SES Assembly standard (30% red points). Since that is the case, SES Design have a more 

strict total evaluation and SES Assembly is more forgiving. However, SES Design is meant to 

only look at separate geometry assemblies when assessing and when these separate assemblies 

with an allowed number of red points in SES Design are put together in one position, it may 

result in a position being deemed yellow or red with SES Assembly. 

6.4  Implementation of SES Design in IMMA 
Since SES Design is to be implemented in IMMA as a first Scania standard, an analysis of how it 

would be possible was made. 4 out of the 13 points of SES Design (work condition) had already 

been implemented in the evaluation in IMMA. This since these points are similar to four points in 

SES Assembly, which had already been implemented. These four points, see Figure 67, are 

concerning static work postures in the back, neck, shoulder/arm and wrist. However, the values in 

two of the points, back and neck, need to be revised since they are not the same for the two 

standards. Also, the two points shoulder/arm and wrist can be divided into two points respectively, 

where one point analyses the left hand and the other, the right hand. This to get a more detailed 

evaluation.  

 
Figure 67. 4 out of the 13 points of SES Design (work condition) that are already implemented in the evaluation in IMMA. 
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It then had to be examined whether or not an implementation of the resulting nine points from 

SES Design (work condition) would be possible or not. One of the developers of IMMA answered 

this question as seen in Appendix 2, and the reply for each point is presented and explained 

separately below, together with discussions. 

 Occurrence of work posture 

This point evaluates how comfortable a manikin works. It analyses whether the manikin stands, 

sits, bends or kneels. This function is tested today according to the developers, and will 

hopefully work for SES Design. 

 Vertical height 

This point is analysing how far the hand is allowed to move in vertical height, and has fixed 

limits as can be seen in Figure 68. The vertical height is measured from the floor. 

 

 

Figure 68. Point 3.2.6 in SES Design (work condition) showing fixed limits on vertical heights. 

The fixed ranges are related to body dimensions, and are used to get the variety of heights of 

different operators. These fixed ranges are used so that the person analysing manually would 

not have to use a variety of different humans, but could design the product according to the 

span.  

Since IMMA has families that can use their own dimensions as reference, fixed ranges would 

not be needed. Each manikin could measure its own position of the hand in height, and use 

their own knees and hips as reference to set limitations. This point is affected by how the 

manikin family looks like. It would be preferred that the manikins used represent the workers 

at Scania.  

 Horizontal work area (reach) 

This point is similar to Vertical height, but has fixed limitations of the hand in a horizontal 

direction. The same solution would be used for this point, where the manikin uses itself as a 

reference. This to allow analyses of families with a variety of dimensions.  

 Access, hidden assembly 

This point analyses whether the manikin needs to bend or walk around an object from where 

it is standing, in order to reach and preform the task. In order to analyse this point, a start 

position of the manikin would have to be defined.  

There is also an exception for this point which would need to be considered: The exception 

states that if the manikin can perform the task easily without having to look, the result is 

considered green (Fröidh, et al., 2015b). The user would have to define by itself if the manikin 

needs to look at what it preforms or not, in order to separate the exceptions.  

 Climbing and striding 

This function is not yet fully developed in IMMA, which is why it may take a while until it can 

be used for analysis. But when fully developed, it would make it possible to evaluate this point.  



67 
 

 Two-hand lift (Lifting torque)  

Would be possible to develop in IMMA if desired.  

 One-hand lifts (overhand grip) 

Would be possible to develop in IMMA if desired.  

 Push- Pull- Retardation forces – Whole body 

This point analyses if the operator needs to push/pull an object with its whole body. The point 

requires therefore that forces can be defined on the manikin in IMMA, and that it can separate 

forces used with a whole body or only parts of it.  

Additional forces have already been tested at a development stage in IMMA. By adding forces, 

the manikin may change posture when pushing with a large force than with a small, which may 

affect the final results in the evaluation. Since no customer has asked for this type of analysis, 

no full implementation has been made. This function could, however, be available if needed. 

Since it is one of the 13 points in SES Design, it is asked as a function by Scania.  

To separate forces made with the whole body and forces only used to push with, for example, 

a hand, the user would have to separate these manually. One suggestion would be that the user 

selects how the force is to be applied on the manikin when defining it.  

 Clearance for hands, fingers, components, or tools 

This point analyses how much space is available when approaching areas on an object for 

assembly. A function of measuring this is already available in IMMA today, and will be further 

improved when IMMA is implemented in IPS.  

If all 13 points are not available for evaluation, the result of SES Design will be incomplete. The 

result may therefore say that a design is approved, although it may not be so with a complete 

evaluation. It is therefore important to have all points in the evaluation, for Scania to get a decent 

use of IMMA. Today, it seems like all points can be developed for evaluation before release.  

6.5 Suggested improvements of the evaluation module 
How these 13 points of SES Design are to be presented in the evaluation module in IMMA, was 

also analysed. This analysis led to suggested improvements of the module. The focus of the 

improvements were to display at what task of the assembly the injuries occur, and to give the user 

the possibility to verify the result. The six usability criteria were also considered during the 

development. The initial suggestions were discussed at meetings with people involved in the 

development of IMMA. The views from these meeting can be read here. Also, the changes that 

were made to the initial proposals are presented. 

6.5.1 Issues with the current module 
When the standard to implement in IMMA was evaluated, the presentation of the ergonomic 

evaluation according to the standard was also analysed. Points for improvement of how the 

evaluation is presented today are stated below. The current evaluation sheet which presents an 

overview of the evaluation for a manikin family, can be seen in Figure 69. 
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Figure 69. The evaluation sheet of a family, which presents an overview of the ergonomics evaluation of a simulation. 

When clicking on a Tot-square for one of the manikins in Figure 69, further information regarding 

the evaluation of said manikin shows up as in Figure 70.  

 
Figure 70. Further information of the ergonomic evaluation of a manikin. 
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The first thing to mark was that it needed to be more clear that when clicking a Tot-square more 

information of the ergonomic evaluation would appear. Another thing which would help the user 

to interpret the results presented, is to have a legend of what the different coloured squares mean.  

It was found that even if a manikin was unable to perform an instruction, the manikin would still 

be evaluated and an ergonomic result would be presented. The result sheet should reflect that the 

manikin did not perform the given instruction and perhaps give a reason to why it were unable to 

follow through with the instructions.  

As a user, it would also be good to be able to see what the software has evaluated and to be able 

to find the situation where the problem occurred. When a point has been evaluated as yellow or 

red, the user needs to know what task the manikin was performing when the problematic situation 

occurred. In order to be able to improve the ergonomics of the situation the user needs to know 

what situation to correct.  

These points, which were found to be lacking in the evaluation today, together with other ideas 

from a usability perspective, were considered when developing an evaluation sheet with additional 

useful features.  

6.5.2 First suggestions 
Based on the points discussed previously, which regarded the clearness and ease of interpretation 

of the result, suggestions of improvements have been developed. For the first overview of the 

results, see Figure 71, much is the same as before. 

 
Figure 71. The overview window, improved with instructive texts, morphing cursor and an export function. 
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It has been made clear that the squares are clickable with the cursor changing into a hand when 

hovering above them. With an informative text at the top of the page it is even more clear that one 

can click on the squares. This improves both the learnability and the memorability from the 

usability criteria.   

There has also been inserted an export function to make it possible to have the results of the 

simulation in a type of report. This report could then be viewed by a person who does not have 

access to the IMMA software or just want the results of the evaluation. The exported evaluation 

should for example contain information regarding harmful body angles, what body parts of the 

family was most affected and possibly have scene pictures to visualize where the problems occurred.  

When a manikin was unable to perform the given instruction it should be reflected in this overview 

window. This could perhaps be visualized by having the coloured squares acquire a grey colour to 

signal that an evaluation could not be made.   

In the current version of the evaluation presentation, the Tot-square leads the user on to the next 

window where more detailed information regarding that specific manikin’s results appear, see 

Figure 72. This window has been improved with a legend which tells the user what the coloured 

squares mean. It has also been inserted what manikin it was, which generated this result, in the 

upper right corner. The points have also been changed into the chosen SES Design points, which 

are the actual points to be implemented in IMMA. 

 
Figure 72. The separate manikin result window, improved with a legend, instructive texts and a morphing cursor which leads to a new 

function. 
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A new feature to the results in the improved version was that more information is available when 

clicking on the squares in this manikin evaluation window. This information should also be 

accessed by clicking on the criteria squares in Figure 71. When clicking on one of these squares the 

user comes to a more detailed evaluation of that specific point for the specific manikin, which can 

be seen for the Back criteria in Figure 73. In this window the limitations of the specific point are 

stated. The software’s evaluation of the most severe situation is declared with a picture of when 

the situation occurred.  

 
Figure 73. A new feature of the evaluation where the user can view which limits the software has evaluated according to, what data the 

software has based the evaluation on and a picture of when the situation occurred. 

If the simulation has multiple occurrences where the manikin is in a harmful position for the same 

evaluation point, the occurrence which is deemed as most severe is to be prioritized to show. There 

can be occasions where considerations of a longer duration and a more severe angle need to be 

weighed against each other to decide which is more severe. For example if the manikin bends its 

back in a 46° angle for 10 seconds and at another instance bends the back in a 60° angle for 5.3 

seconds, these instances need to be decided which is most severe and should be presented. 

The intended benefits of having the software show where and when the problematic situation 

occurred is to help the user find what needs to be improved in the design in order to improve the 

ergonomics. This feature will hopefully increase the user satisfaction since the efficiency of solving 

the ergonomic problem will probably get better when the user is shown where improvements are 

needed. It is also intended for the user to be able to verify the evaluation made by the software by 

presenting what the evaluation is based on, both in numbers and by a picture. 
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In the SES Design standard there is a possibility to compare two alternatives to one another. This 

could perhaps be done by saving the results from two simulations and having a comparison 

function where the two simulations are regarded as alternative A and B. The results of alternative 

A and B are then presented next to one another. Examples of how that may look is presented in 

Figure 74. 

 

Figure 74. An example of how it may look when comparing results in the overview window and in the manikin window. 

For the window with more details of the evaluation, the example in Figure 75 has been developed. 

Two alternatives can be compared next to one another in the same window, which makes the 

results ordered and easy to compare.  

 

Figure 75. An example for how the window with more detailed information of the evaluated point for a specific manikin could look like.. 

These suggestions, except for the comparison examples, were then further discussed with people 

involved in the development of IMMA. 
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6.5.3 Development of ideas 
Since IMMA is developed together with multiple companies in the Swedish automotive industry, 

these companies are also involved in the development process. Other involved researchers and 

experts in ergonomics also participates in the development. The suggestions for the evaluation 

module were presented and discussed at the first of two meetings at FCC in Gothenburg. The 

point of the meetings was to find a common layout for presenting the results by standards used at 

the various companies. An IMMA standard for evaluation, which is developed by participants of 

the team, was also discussed at the meetings.  

The IMMA standard which is being made is developed for the companies which do not have an 

ergonomic standard of their own. This standard is focused on the strains in the different body parts, 

how many manikin would experience strain in which body parts. From this suggestion, the 

inspiration came to have a manikin which displays for how many manikins and at what body part 

the potential problems will occur in the overview window. This can be seen in Figure 76, where 

three out of ten manikins had problems with their right shoulder from the simulation and seven 

out of ten in the back.  

 
Figure 76. The improved overview window with a manikin which displays how many manikins had problems in which body part. 

Another thing which were discussed from the IMMA standard proposal, was that in the detailed 

window one wanted a report of how the manikin had moved between the different limits during 

the simulation. For example by having a graph of the simulation depicting when the manikin moved 

out and in between the different limitations, see Figure 77. A graph over this is already available in 

IMMA and that type of graph has been chosen to be a part of this window with a modification. 

The modification is that the user is supposed to be able to click in the graph to see other relevant 

situations to examine. In the example in Figure 77, the user may be interested in the situation where 

the other peaks happened and can click in the graph to view those instances as well. Otherwise this 

window was very well received by the group.  
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Figure 77. The detailed window with an added graph. 

At the second meeting further discussions regarding these suggestions were had. Further 

developments that were discussed can be read below.  

Discussions regarding how the picture were to be taken, so that no geometries would be in the way 

of the relevant view, were also had. The group agreed that transparent or completely see-through 

geometries would be the best option to explore. 

One thing which were pointed out as less than perfect in the SES version was that in the overview 

window, the criteria were hard to understand since they are only numbers. It becomes clear when 

the user clicks on the Tot-square what ergonomic evaluation point the numbers refer to. Maybe 

this should be more clear in the overview window as well or that the overview window and the 

manikin evaluation window could be merged.  

A discussions was also had around if the coloured squares were the most appropriate way of 

displaying the overview results. There was a suggestion having mini-manikins to display the results 

instead. These mini-manikins would represent each individual 

The development of the evaluation module continued on after this project had come to a 

conclusion. However, the final formation and layout of the module is not yet finished.  
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7 PRIORITY LIST OF SUGGESTED IMPROVEMENTS 

It was experienced that IMMA would need an update on its functions and usability, which led to 25 suggested 

improvements throughout the project work. To sort all suggested improvements from the case studies, the comparison 

with Jack and development of the evaluation module with SES Design, a priority list was made. The priority list 

was constructed after what improvements should be developed and implemented in IMMA first.  

7.1 Priority list 
This priority list is only priorities to have SES Design as a standards. If for example SES Assembly 

was to be used as a first standard, the priorities would differ.  

1. To improve the usability of the current level one and two in the evaluation module, and to 

add a third level. 

2. To develop functions which will make it possible to evaluate all points in SES Design. 

3. To introduce guiding steps and a timeline to improve the usability of Language. 

4. To be able to place the manikin anywhere in the scene and that it by itself can find a natural 

path to reach the destination. 

5. To have an option where the user can adjust how much a hand is allowed to move from a 

selected grip point.  

6. To be able to use a function like ctrl+z/”Undo” to go back to the previous step.  

7. To have IMMA realise that if two geometries are flexible, the assembly may be moved in 

the space limited by, in this case, the length of the cables and the comfort of the manikin. 

8. To have the manikin decide the most comfortable grasp for both hands at the same time. 

9. To be able to save a reconfigured Viewpoint and use it in Language.  

10. To increase the usability of how a Viewpoint is altered. 

11. To be able to have the object conform to the manikin’s comfort rather than the manikin 

fit itself to the path of the object.  

12. To be able to use more than one manikin at the same time to move an object.  

13. To have the Collision Avoidance function already activated when the software is started. 

14. To have the software ask if the user wants to save the scene before quitting. 

15. To be able to have a manikin which turns in the right direction before moving in the 

direction.  

16. To be able to define a range on how far an object is allowed to be moved by a manikin. 

17. To have the manikin look at a Viewpoint when it has been moved, even if Live-mode is 

not activated. 

18. The mesh should follow the biomechanical skeleton better in order not to confuse the user. 

19. To be able to configure the cable after its creation. 

20. To be able to reposition a fastening clip on the cable if the placement of it was not optimal 

when first created. 

21. Improvements of the Grip Editor  

22. To introduce a Re-grasp function.  

23. To be able to instruct the manikin to follow several paths after one another, without having 

to use multiple Get-functions when an object has already been gotten.  

24. To be able to use the ctrl+alt+right click on objects as well as on manikins in order to place 

them in level with the floor.  

25. To be able to see if a grip was grasped correctly or not in the tree. 
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7.2 Description of the chosen order of priority 
The most important point to improve was the usability of the evaluation module. The user needs 

to be able to interpret and utilize the results in a satisfying way. Without a logical presentation of 

the results, the user may not find them as useful as they might have been if they were presented in 

a better way. The user also need to be able to extract the information from the evaluation module 

that he/she needs in order to continue improving the ergonomics of the part.  

The second point on the list, which regards the possibility to evaluate all points of the SES Design 

standard, was valued as the second most important improvement to be made to the software. This 

because without having the functions needed to evaluate all the points in the standard, no complete 

evaluation can be made automatically. Without a complete evaluation, the software will only give 

partial results and the user needs to fill in the blanks.  

The third most important point was to make it easier for the user to create a simulation through 

the use of Language. A new user may have difficulties to create a simulation since the Language 

today is not intuitive or instructive. Therefore, this point has high priority in order to help the user 

to create a simulation to evaluate. However, it was regarded of lower importance than the first 

points because the user can create motions and activities which can be evaluated in the current 

Language.   

The fourth most important improvement was to be able to place the manikin anywhere in the 

scene and that the manikin still could follow the instructions without requiring shorter steps size 

for it to comply. This was ranked high because it was a problem in most cases evaluated. To 

improve this could get rid of the need to use “dummy”-grips, which was an illogical solution.  

The points which were regarded of lower importance than the first four, were so because the 

improvements had more to do with cases where SES Assembly would be more used rather than 

SES Design. The points were also ranked low if they did not hinder the successful creation of a 

simulation. The order of these points of lower importance is not very strict, however, the higher 

ranked points are important to solve at the earliest instant.   
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8 DISCUSSION 

A discussion about how the theses work has proceeded is discussed below. The conditions of simulating cases in 

IMMA and Jack are discussed, and how the status of IMMA looks today. 

Cases in IMMA 

The engine and the front axis case may not represent what is to be simulated by Scania in IMMA 

at an early stage. This since both cases would not be evaluated with the chosen standard SES Design, 

but would be evaluate with SES Assembly since they are not cases from the PD-process. Also, 

further functions would have to be implemented in IMMA before being able to evaluate these kind 

of cases. The reason for simulating two cases that were not of high importance today, was that it 

was not known what standard would be chosen to be used in IMMA until later in the project work.  

A benefit with simulating these two cases was, however, that it would bring up functions that could 

be of importance in the future. These functions are not at high priority today to be improved, but 

could be of high importance in the future. Especially since IMMA wants to compete on the market 

with, among others, Jack and EMA who already has developed more detailed assembly functions. 

Support was always available from the developers of IMMA when simulating. The support was 

frequently used throughout the project. Since the help was so frequently used, it was noticed that 

the software lacked both functions and usability. This brings up a discussion of how a beginner 

without this help would be able to use the software properly. This confirms even more that the 

usability of IMMA is in need of improvements.  

However, IMMA also has functions which the user may find useful. Other than its posture 

predicting abilities when handling objects, the software can adapt the posture of the manikin to fit 

a desired viewpoint. It is also easy to define how the manikin is to grasp objects and to produce a 

simple path for the object. 

To simulate cases might not have been the best way of evaluating what Scania’s needs with IMMA 

were. Here it might actually have been better to have interviews with the people doing ergonomics 

simulations at Scania today, to hear what they would like their DHM software to be able to do. 

Unfortunately, it was decided that SES Design was to be implemented after the case selection and 

simulations were made, and thus defining a more specific target group that is intended to use 

IMMA. If this had been known at the start of the project, only cases for SES Design would have 

been selected to represent the initial needs at Scania.  

Cases in Jack 

The cases simulated in Jack where made without any education in the software. This may result in 

unfair evaluations, where found flaws may actually not be flaws in the software, but due to a lack 

of knowledge. However, the point with simulating cases in Jack was mostly to evaluate its usability 

for beginners. If simulations where made wrongly, it could be due to a lack in the usability.  
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Questionnaires  

The questions and the replies given in the questionnaires may have been misinterpreted. This may 

have led to unfair comparisons of the DHM software. It was difficult to verify the answers, and 

therefore a deeper comparison was not made between some of the software.  

The most reliable answers are the ones regarding IMMA. This since simulations had been tested 

first hand and contact with the actual developers of the software was possible. Jack had also been 

tested first hand, but not as deeply as IMMA. Furthermore, we had not tested the software EMA, 

which is why it was less compared than Jack was to IMMA. Also, we had not simulated any cases 

in DELMIA or RAMSIS, but had had contact with experienced simulators in both software. Some 

of the questions had therefore been discussed beforehand, which could minimize the 

misinterpretations.  

In order to avoid the interpretation problem regarding the questionnaires, it might have been better 

to get first-hand experience in all of the compared software, as for Jack. However, investigating all 

of the software first-hand would have taken significant time for training and getting familiar with 

each software.  

Regarding the questionnaire itself, a discussion of whether or not the questions asked were the 

right questions and if our one-sided experience of IMMA has unintentionally angled the questions 

to the benefit of IMMA. Therefore, a more thorough investigation in what questions would be 

suitable to ask would have been preferable.   

SES Design in IMMA 

The two points One-hand lifts (overhand grip) and Clearance for hands, fingers, components, or tools in SES 

Design are evaluating both the left and right hand, and results in the worst scenario that happened 

for one of the hands. Since the points Shoulder, Arm – Static work posture > 5 sec. and Wrist – Static 

work posture > 5 sec. were divided into two points respectively for the left and right hand when 

implemented in IMMA, the same could be done for the first two mentioned points. This since it 

could give a more detailed evaluation. The reason for only having the shoulder/arm and wrist 

points divided in the suggested improvements, is because these had already been separated before 

when SES Assembly was implemented in the evaluation module. However, the first two mentioned 

points should also be evaluated if they should be divided for each hand or not.  

It seemed as all 13 points of SES Design could be developed for evaluation. One important 

discussion is whether all exceptions to the points will be ready when IMMA is to be released at a 

first stage. This is something that will have to be analysed in the future.  

Suggested improvements 

The suggested improvements were mainly focused on improving the usability of the software. To 

develop the top points in the priority list would satisfy the usability criteria. This would help IMMA 

to become more user friendly, as the goal with the software is. Also, some functions have been 

suggested in order to meet the needs at Scania, for example the functions needed for an 

implementation of SES Design.   
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IMMA’s status  

As non-experts in neither ergonomics nor simulation/IMMA, we experienced that IMMA would 

need an update on its usability. However, already today IMMA was considered better compared to 

DELMIA, which is the current DHM standard at Scania with the same purpose. Since, proposed 

usability improvements and company specific ergonomic assessment are already about to be 

improved, IMMA is getting closer to the competitive DHM software.  

Since cases from Scania has been simulated and an implementation of SES Design has been 

analysed, IMMA has been evaluated according to Scania. The functions required, especially for an 

implementation of SES Design, will mostly be developed to benefit Scania’s needs. Scania has been 

able to add inputs to IMMA, which means that the company could have a benefit using IMMA. 

Functions such as the handling of flexible materials and advanced calculations for collision free 

paths would be an advantage that the today used DHM software at Scania lack. When the usability 

of IMMA increases together with new functions and a fully implemented SES Design, relevant 

workers at Scania could benefit from using the software in their daily work.  

It is important not to forget what IMMA is developed to be used for in the future, where the 

manikin will have better walking abilities and where more detailed evaluations can be made. Scania 

will therefore have to evaluate further areas where it may be interesting to use IMMA. An 

implementation of more standards than SES Design in IMMA will also have to be prepared for. 
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9 FUTURE WORK 

In this chapter suggestions of what can be explored from this point on are presented. Things which were encountered 

during this project, but could not be explored further by the authors can be read here.  

The future works are: 

 Develop more study material for new users. IMMA needs to come with tutorials for the 

new users to learn to use the software. For the users who cannot attend any workshops to 

learn the functions of the software, tutorials for self-learning should be developed.  

 

 Evaluate how the manikin family should look like to represent the workforce at Scania. In 

order to test the ergonomics for manikins with the relevant anthropometrics, the manikin 

family need to represent the workers who are intended to perform the tasks in reality. 

Therefor research need to be done to collect relevant data of the workers at Scania. 

 

 Evaluate how SES Design is to be fully implemented in IMMA. It has to be decided, for 

example, what joints or angles that are to be measured in order to analyse the different SES 

points. Also, all exceptions of the points need to be taken into account. 

 

 Evaluate if ergonomics in logistics and assembly planning are desired to be simulated 

through IMMA at Scania. Investigate if there is a need for IMMA to be used both in the 

PD- and in the production development process at Scania. 

 

 If SES Assembly and RAMP is to be evaluated in IMMA, it needs to be evaluated how the 

implementation should be. What functions need to be developed in IMMA and what 

information does the software need to produce, in order to facilitate an evaluation with 

these standards.  

 

 Collect a library of common interiors and parts. If whole factories are to be simulated in 

the future of assembly and logistics, it would require CAD models of parts not created by 

the company, such as shelves, workbenches, tool cabinets and pallets. This would require 

investigation as to what things are important objects necessary for simulations.   
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APPENDIX 1 - QUESTIONNAIRES OF DHM SOFTWARE 

Questionnaires were sent out to users familiar with RAMSIS, Jack, DELMIA and EMA. The replies for each 

software can be read below. The questionnaires with RAMSIS and EMA are in English, and Jack and 

DELMIA in Swedish.  

RAMIS  

What ergonomic simulation tool do you use? RAMSIS in CATIAV5 (RICV5- ver.3840) 

1. Family 

a. Is it possible to create a manikin family in the software? 

Not in the RAMSIS software, but in a companion software called BodyBuilder. You can 

create as many individual manikins as you want. 

b. Is it possible to evaluate the whole family at the same time by only moving one manikin? 

No. You need to change the manikins (load it) 

c. Is it possible to specify how the family should vary by anthropometrical key-variables? 

Yes, BodyBuilder allows you to control 3 different variables: body height, corpulence and 

sitting height. 

 

2. Manikin movements 

a. Do you have to manipulate every joint of the manikin to position it into a desired 

posture? 

No. RAMSIS has a posture prediction analysis the position the manikin acc. to the 

constrains that the user input. But there is also the possibility to manually adjust the 

joints. 

b. Can the software find the most ergonomic body posture for the manikin by itself? 

Yes. But only for seating postures and while performing the task ingress/egress a truck 

cab. The software does not have a prediction model for standing work.  

c. Can the manikin avoid collisions with itself? 

Yes, the software has a collision model. 

d. Can the manikin avoid collisions with objects? 

No, unless the user declare that this object is part of the posture prediction calculation, 

then yes. 

 

3. Script method  

a. Is there a script method to instruct the manikin to walk from point A to B? 

No. The software only calculates for seating postures and while performing the task 

ingress/egress a truck cab. 

b. Is there a script method to instruct the manikin to get an object? 

Yes. 

c. Can the manikin move an object from a predefined start and end position? 

No. But geometry can be attached to the manikin while calculating a posture prediction. 

 

4. Hand grips 

a. Are there any predefined grips that one can use  for the manikin? 

Yes. 

b. Is the manikin able to decide on a fitting grip on an object on its own? 

Yes. It requires some extra commands, but it is possible.  
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5. Built-in functions 

a. Can the software handle flexible materials (e.g. cables)? 

No. 

b. Is it possible to import environments/production systems developed in a different 

software?  

Yes 

c. Can one control what the manikin is looking at? 

Yes. Either by angle constraints or outside geometry. 

d. Is the software able to handle forces on the manikin? E.g. when the manikin is 

pushing/pulling. 

No. 

 

6. Standards 

a. Does the software perform any ergonomic evaluation? 

Yes. Listed below: 

 Maximum Force analysis 

 Several Different visibility analysis, such as Acuity analysis acc. to (ISO 

15008:2009) 

 Reach ability Analysis 

 Package occupation 

 Seat Belt Analysis 

 Discomfort assessment 

 NIOSH 

 REFA 

 Joint Capacity 

 NASA discomfort 

 

b. If yes, what standard is the software evaluating after? 

Other Standards built in: SAE J941, SAE J1052, ISO13564, ISO5006 

c. Is the built-in standard used? 

SAE J941, SAE J1052, ISO 15008:2009 

d. Is it possible to have the software evaluate according a standard of your choosing? 

No. 

e. Where is the evaluation presented? E.g. in the same software, in an Excel sheet… 

The Evaluation can be presented in: 

 CAD file containing the surfaces as a requirement (Same software CATIA+RAMSIS) 

 Technical drawing describing the surface as a requirement (Same software 

CATIA+RAMSIS) 

 Power point presenting the result when possible or necessary (Take pictures from 

CATIA+RAMSIS, paste into PPT) 

 Excel sheet and graph presenting the result when possible or necessary (Take 

values from RAMSIS and paste to Excel, later plot a graph) 

 Animation when possible or necessary (Either take several pictures from 

CATIA+RAMSIS ->Photoshop->Make animated gif) 

 RAMSIS has a video recorder 
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7. Open questions (motivate your answers) 

a. How much training is required to get going? (hours) 

Time affected also by CATIA skills, it is necessary to have it on-going. 

 Basic training (course provided by Human Solutions) 3-4 days. 

 Average user (3 – 4 months, using it at least 3 times a week) 

 Advanced user( 1-2 years experience, using it at least 3 times a week) 

b. What more would you like your software to be able to do? 

 Automatic Maximum force analysis and plot graph 

 Improve forward facing of manikin (which side to look as front) 

 Improvement of the visibility surfaces (today not good enough to close a volume, 

it has to be improved by hand) 

 It would be great to have VR glasses and see what the manikin can see 

c. What/which problems with the software do you experience as the biggest? 

 Lack of support from IT. (everything is done by RCDE) 

 Troublesome interaction between developers (Dassault and Human Solutions) 

cause long time to solve software problems. 

 Not so stable version (keeps crashing now and then) 

 Manikins are not interchangeable when it comes to gender (male and female 

manikins cannot be switched in the same file) 

 No memory of connections done on the posture prediction (have to do it again 

every re-start), also causes not being able to share work with others, from where 

you stopped. 

 problem while translating manikins( either with CATIA or RAMSIS) bugged after 

translation with CATIA 

 Not possible to share RAMSIS manikins without license 

d. Is there anything particularly positive with the software that you would like to lift up?  

 It is already inside CATIA, so no conversion (import/export) required. 

 Almost all measureable (objective) ergonomic evaluations can be performed with 

the software. 

 Really solid posture prediction tool 

 Easy/quick to use reachability tools 

 Does a lot of stuff faster than just with CATIA (Can find solutions faster) 

 Really good visibility tools 

 

Jack 

Vilket ergonomisimuleringssoftware använder du? Jack, stand-alone version 8.3 

  
1.       Familjer 

a. Finns det möjlighet att skapa manikin-familjer i softwaremet? 

Inte som standard. 

i TSB kan man byta den manikin som utför respektive uppgift och då räknas rörelserna 

om. Man behövr inte radera någon manikin utan definitionen görs för respektive task, 

task görs av en "worker" och jag tror man kan byta manikin för en "worker" och på så 

sätt ändra hela simuleringen. Det gick i äldre versioner, har inte testat i den senaste, men 

TSB utvecklas hela tiden.  
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När det gäller statiska possitioner är min erfarenhet är att man ibland kan ändra storlek 

på en manikin som har en arbetsställning, håller ett verktyg eller liknande men att det 

inte är helt stabilt. 

b. Går hela familjen att utvärdera samtidigt genom att endast styra en manikin i familjen? 

c. Kan man själv specificera antropometriska nyckelvariabler för hur familjen ska se ut? 

Det går, dock har de ändrat modell (utseedne uppbyggnad) så man gör det via en äldre 

modell som man kopierar (lite struligt ...) men normalt väljer man ur databaser. 

  

2.       Kroppsrörelse 

a. Måste man manipulera varje led för att ställa manikinen i önskad position? 

Nej 

b. Kan softwaremet själv hitta den mest ergonomiska kroppsställningen för manikinen? 

I viss mån, manikinen anpassar kroppsställningen efter pålagd kraft, dock endast vid 

automatisk possitionering. 

c. Kan manikinen undvika kollisioner med sig själv? 

Vid automatisk possisitonering.  

Det som kallas "Grasp" =manikinen sträcker sej och greppar angiven punkt/detalj. Gäller 

även vid användning av "task Simlation Builder" (TSB) som är ett verktyg för att skapa 

sekvenser av uppgifter (tasks) 

d. Kan manikinen undvika kollisioner med föremål? 

samma som c, dock är kollitionsdetekteringen av typen bounding box 

3.       Skript metod 

a. Finns det en skriptmetoder för att instruera  manikinen att gå från punkt A till B? 

b. Finns det en skriptmetoder för att instruera  manikinen att hämta ett objekt?  

c. Kan manikinen förflytta ett objekt mellan en fördefinierad start och slut punkt? 

Task simulation builder (TSB) gör detta 

4.       Handgrepp 

a. Finns det förbestämda handgrepp som man kan använda? 

Ja 

b. Kan manikinen själv bestämma ett lämpligt grepp på ett objekt? 

jag vid TSB 

  

5.       Inbyggda funktioner 

a. Kan softwaremet hantera mjuka material (tex kablar)?  

Nej 

b. Går det att importera miljöer/produktionssystem gjorda i annan softwarevara? 

Import i standard neutralformat, JT, IGS, STL mfl ej step 

c. Går det att definiera vart manikinen ska titta? 

Jag man kan låsa fokus till olika objekt och punkter  

d. Kan softwaremet hantera krafter på  manikinen? T.ex. att manikinen knuffar/drar 

Ja vid automatisk possitionering  

  

6.       Standarder 

a. Utför softwaremet någon form av ergonomiutvärdering? 

Ja 

b. Om ja, vilken inbyggd ergonomistandard har softwaremet?  

se bifogad pdf om ergonomianalsyen i Jack 

Finns även standards för utformning av innerutrymmen i fordon. 
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c. Används den inbyggda standarden?  

Hur menar ni ? 

d. Kan man lägga in andra önskade standarder i softwaremet? 

Man kan göra skript som har tillgång till i princip alla data från softwaremet och göra 

egna analyser, eller exportera data och analysera i t.ex. matlab 

e. Vart redovisas resultatet i softwaremet? T.ex. i softwaremet, i ett Excel ark 

Både ock 

  
7.       Öppna frågor 

a. Hur mycket träning behövs för att komma igång? (timmar) 

Träning för grundfunktioner en vecka.  

b. Vad önskar du mer att ditt ergonomisoftware skulle kunna göra? 

Bättre  

c. Vilket/vilka problem i softwaremet upplever du som störst? 

Repeterbarhet vid kroppsställningar och analysverktyg som inte är helt anpassade för 

datormanikin, t.ex. Rula som är väldigt svåranvänd beroende på att metoden egentligen 

inte är avsedd för datormanikiner. 

d. Finns det något annat positivt med softwaremet som du skulle vilja lyfta fram? 

Mycket bra verktyg för att snabbt testa produktideer, man kan bara genom att 

importera en modell och låta jack hantera den får en bra uppfattning om storlekar mm. 

 

DELMIA 

Vilket ergonomisimuleringssoftware använder du? DELMIA, version V5-6 2014 SP3 HF70 

1.       Familjer 

a. Finns det möjlighet att skapa manikin-familjer i softwaremet?  

Nja de finns 4st Manikiner man kan välja. 

b. Går hela familjen att utvärdera samtidigt genom att endast styra en manikin i familjen?  

Nej 

c. Kan man själv specificera antropometriska nyckelvariabler för hur familjen ska se ut?  

Nej 

 

2.       Kroppsrörelse 

a. Måste man manipulera varje led för att ställa manikinen i önskad position?  

JA 

b. Kan softwaremet själv hitta den mest ergonomiska kroppsställningen för manikinen?  

Nej 

c. Kan manikinen undvika kollisioner med sig själv?  

Nej 

d. Kan manikinen undvika kollisioner med föremål?  

Nej 

 

3.       Skript metod 

a. Finns det en skriptmetoder för att instruera  manikinen att gå från punkt A till B? Nej 

inte vad ja vet. 

b. Finns det en skriptmetoder för att instruera  manikinen att hämta ett objekt?   

Nej 
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c. Kan manikinen förflytta ett objekt mellan en fördefinierad start och slut punkt?  

Ja 

 

4.       Handgrepp 

a. Finns det förbestämda handgrepp som man kan använda? 

Ja 

b. Kan manikinen själv bestämma ett lämpligt grepp på ett objekt?  

Nej 

 

5.       Inbyggda funktioner 

a. Kan softwaremet hantera mjuka material (tex kablar)?  

Nej 

b. Går det att importera miljöer/produktionssystem gjorda i annan softwarevara?  

Vet ej tror inte det 

c. Går det att definiera vart manikinen ska titta?  

Ja 

d. Kan softwaremet hantera krafter på  manikinen? T.ex. att manikinen knuffar/drar  

Nej 

 

6.       Standarder 

a. Utför softwaremet någon form av ergonomiutvärdering?  

Ja 

b. Om ja, vilken inbyggd ergonomistandard har softwaremet?  

Scania SES std4324 

c. Används den inbyggda standarden?  

Nej den är fel aktig ve skulle behöva ha std4323  

d. Kan man lägga in andra önskade standarder i softwaremet?  

Ja  

e. Vart redovisas resultatet i softwaremet? T.ex. i softwaremet, i ett Excel ark  

Excel  

 

7.       Öppna frågor 

a. Hur mycket träning behövs för att komma igång? (timmar)  

svårt att säja men 25tim ca 

b. Vad önskar du mer att ditt ergonomisoftware skulle kunna göra?  

Att den tar hänsyn till kollisioner vid simulering, greppa efter formen på artikeln, få ut en 

SES rapport med bilder och värden, enligt Ses standard. Att man inte behöver skapa nya 

Manikiner utan man kan kopiera dom till nästa analys utan att de på verkar föregående 

analys. Hitta en perfekt position själv inkl med artikel, maskin, lyftverktyg.  Manikinen 

tar hänsyn till krafter, mjuka material, håller sig innanför gränsvärden för vad man kan 

vrida dra i kablar, p-rör. M. m. 

c. Vilket/vilka problem i softwaremet upplever du som störst?  

Att ge manikinen en naturlig och trovärdig position, lättare att jobba med, att den gör 

det den ska inte hittar på egna rörelse mönster för varje gång man kör den.  

d. Finns det något annat positivt med softwaremet som du skulle vilja lyfta fram?  

De som är positivt är att man kan få fram en tidig ergonomi analys. 
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EMA – Answer 1 

What ergonomic simulation tool do you use? EMA 

1.       Family 

a.       Is it possible to create a manikin family in the software? 

please explain. I’m not sure what you mean. 

b.      Is it possible to evaluate the whole family at the same time by only moving one 

manikin? 

it is possible to create simulations with more than one manikin. Every manikin can be 

altered. Simulations for different anthrompometrical key variables can be done, but only 

after altering the respective manikin. 

c.       Is it possible to specify how the family should vary by anthropometrical key-variables? 

see above 

 

2.       Manikin movements 

a.      Do you have to manipulate every joint of the manikin to position it into a desired 

posture? 

No, typically not. The manikin will automatically position itself in the most ergonomic 

posture. You only have to manipulate those positions that deviate from that optimal 

state. 

b.      Can the software find the most ergonomic body posture for the manikin by itself? 

yes, mostly. On standard postures the software will position the manikin in an optimal 

state. You can, however, manipulate the posture to put the manikin into an constraint 

posture. 

c.       Can the manikin avoid collisions with itself? 

yes, the manikin will never penetrate itself. 

d.      Can the manikin avoid collisions with objects? 

yes, but all objects need to be marked as objects that should be avoided. For complex 

geometry this is done by a bounding box, that you have to define. 

 

3.       Script method  

a.       Is there a script method to instruct the manikin to walk from point A to B? 

No, this is done by clicking in the 3D-space. You choose by click where the manikin 

should go to. 

b.      Is there a script method to instruct the manikin to get an object? 

No, same as above. 

c.       Can the manikin move an object from a predefined start and end position? 

yes. 

 

4.       Hand grips 

a.      Are there any predefined grips that one can use  for the manikin? 

Yes, you can choose between  

b.      Is the manikin able to decide on a fitting grip on an object on its own? 

No. 

 

5.       Built-in functions 

a.      Can the software handle flexible materials (e.g. cables)? 

No. 
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b.      Is it possible to import environments/productionsystems developed in a different 

software? 

yes, but the import function is limited to jt-files 

c.       Can one control what the manikin is looking at? 

yes 

d.      Is the software able to handle forces on the manikin? E.g. when the manikin is 

pushing/pulling. 

forces and loads can be manually claimed for defined processes. Only these forces and 

loads will then be considered for the ergonomic analysis. 

 

6.       Standards 

a.       Does the software perform any ergonomic evaluation? 

yes, the software can do EAWS and APSA evaluation. 

b.      If yes, what standard is the software evaluating after? 

see above 

c.       Is the built-in standard used? 

VW and VWN use the EAWS standard. Audi uses APSA. 

d.      Is it possible to have the software evaluate according a standard of your choosing? 

yes. 

e.      Where is the evaluation presented? E.g. in the same software, in an Excel sheet… 

the evaluation is done within the software an can be viewed within the software. There 

is, however, an export function for the evaluation sheets. 

 

7.       Open questions (motivate your answers) 

a.      How much training is required to get going? (hours) 

assuming experience with 3D modelling exists: 

for first simple simulations: 10 h 

For more complex simulations: 30h 

b.      What more would you like your software to be able to do? 

c.       What/which problems with the software do you experience as the biggest? 

import functions are not working properly at the moment. 

 

EMA – Answer 2 

What ergonomic simulation tool do you use? EMA 

1.       Family 

a.       Is it possible to create a manikin family in the software? 

No, there is only the possibility to choose defined manikins out of the library. 

b.      Is it possible to evaluate the whole family at the same time by only moving one 

manikin? 

No. 

c.       Is it possible to specify how the family should vary by anthropometrical key-variables? 

No.  

 

2.       Manikin movements 

a.      Do you have to manipulate every joint of the manikin to position it into a desired 

posture? 
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No, the movements are done automatically by the software. The user just gives 

commands, e.g. “take object”, “place object” 

b.      Can the software find the most ergonomic body posture for the manikin by itself? 

Yes. 

c.       Can the manikin avoid collisions with itself? 

Yes, this is done automatically.  

d.      Can the manikin avoid collisions with objects? 

Yes, if the objects has been defined as collision objects. 

 

3.       Script method  

a.       Is there a script method to instruct the manikin to walk from point A to B? 

The manikin walks automatically. But it is also possible to define the walk by giving the 

special command. 

b.      Is there a script method to instruct the manikin to get an object? 

Yes. See 2a) 

c.       Can the manikin move an object from a predefined start and end position? 

Yes. 

4.       Hand grips 

a.       Are there any predefined grips that one can use  for the manikin? 

Yes. The user can define the way of movement to reach an object, e.g. from top, right 

site, … 

b.      Is the manikin able to decide on a fitting grip on an object on its own? 

I am not sure. But I think there is a script as well as it exists for the best ergonomic 

posture. 

 

5.       Built-in functions 

a.      Can the software handle flexible materials (e.g. cables)? 

Not yet. I think the software company wants to implement this. 

b.      Is it possible to import environments/productionsystems developed in a different 

software? 

You can import files in the JT-format structured and without a structure. 

c.       Can one control what the manikin is looking at? 

Yes, there are the commands “Prove/read” and “look at”. 

d.      Is the software able to handle forces on the manikin? E.g. when the manikin is 

pushing/pulling. 

Yes, if the objects are given its weights by the user.  

 

6.       Standards 

a.      Does the software perform any ergonomic evaluation? 

Yes, this is the top aim of the software including the simulation. 

b.      If yes, what standard is the software evaluating after? 

There is a special EAWS Audi Standard used, called APSA (“Arbeitsplatz Struktur 

Analyse”). The other Volkswagen brands are using EAWS. 

c.       Is the built-in standard used? 

See 6b) 

d.      Is it possible to have the software evaluate according a standard of your choosing? 

Please define the question on a higher detail. 
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e.      Where is the evaluation presented? E.g. in the same software, in an Excel sheet… 

The results are presented directly in the software (ergonomic evaluation, Spaghetti 

diagram, Taktzeit-Diagramm), simulation. 

 

7.       Open questions (motivate your answers) 

a.     How much training is required to get going? (hours) 

This depends in the simulation. Simple pick up and place commands can be learned in a 

few hours. Complex situations and movement require more training. 

b.     What more would you like your software to be able to do? 

I cannot answer this question. I will forward this question to our users. 

c.      What/which problems with the software do you experience as the biggest? 

       I cannot answer this question. I will forward this question to our users. 

d.     Is there anything particularly positive with the software that you would like to lift up?  

I cannot answer this question. I will forward this question to our users. 
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APPENDIX 2 – E-MAIL REGARDING SES DESIGN 

One of the developers of IMMA was asked if a full implementation of SES Design in IMMA was possible or 

not. The answers are marked in blue below each SES Design point.  

 

SES Design – Work condition 

 

Occurrence of work posture 

Vi testar detta i EAWS implementationen just nu 

 

Vertical height & 3.2.7 Horizontal work area (reach) 

Är inte detta samma som arbetsområde som redan finns i IMMA? 

Access, hidden assembly 

Det skulle gå att lägga till men kräver att vi definerar en start arbetsposition. 

  

Climbing and striding 

Vi har inte detta färdigt ännu så en bra bit tills vi analyserar det. 

 Two-hand lift (Lifting torque)  

Skulle gå att få fram 

 One-hand lifts (overhand grip) 

Skulle gå att få fram 

Push- Pull- Retardation forces – Whole body 

Som vi diskuterat så kan krafter mätas på detta sätt idag men inte styras av vanliga användare. 

 

Clearance for hands, fingers, components, or tools 

Går nu men blir lättare i IMMA/IPS implementationen 

 


