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ABSTRACT 

Automation in manufacturing leads to produce faster but it also increases level of 

information and relationship between parts. That makes more dificult to manage the work of 

operators in the manufacture chain to keep productivity high. Furthermore, manual assembly 

still plays a vital role in most of the factories all over the world. Hence the importance of 

implementing an efficient Decision Support System which helps operators to make right 

decisions. This project approaches to the design of a device to get information to operators. 

The project belongs to the University of Skövde and it is carried out in cooperation with Volvo 

Cars.  

In the first stages of the project diverse information is gathered through the literature review 

and market research. Literature review approaches to manufacturing organization, mobile 

information in manual assembly and ergonomics. Market research inquire about handheld 

devices. Also requirements from operators and environment are adressed. Next stages focus 

on the generation of ideas to hand in the information to operators. Diverse methodology was 

used such as brainwriting or morphological chart, leading to three different concepts. The 

PNI method was employed to select the best one. It consists of using handheld devices 

against paper sheets or wider screens. Then, three kind of handheld devices were thought. 

Moodboards and brainwritings were employed to explore shapes and functions. They were 

presented to coordinators in the factory and one of them was selected to be further 

developed. Mockups of different sizes were constructed and more drawings specified the 

dimensions in order to build a CAD model. The final product is small to be easily carried with 

a wide screen and a stylus to facilitate interaction. Battery ensures withstanding work shifts 

and components are designed to favor maintenance tasks. The final product was built using 

CAD software and printed on 3D.  Materials, manufacturing methods and technology have 

been reviewed to ensure viability. Finally, last chapters discuss about diverse topics 

concerning this project such as ethical, enviromental or economical  issues. Further work is 

proposed, too.   
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1. INTRODUCTION 

Commercial products are the last result of large processes that usually go unnoticed. 

However, success highly depends on these processes, so companies often state as a priority 

target to achieve better proficiency. Due to the constant development of technologies, much 

of the efforts focus on the implementation of new machines which automate tasks. 

Automation has led to faster and cheaper production, but it also has increased the amount 

of information affecting operators in daily decisions.  

A Decision Support System (DSS) is an interactive, computer-based system that aids users in 

judgment and choice of activities through providing information (Druzdzel & Flynn, 2002). 

The aim of using DSS in manufacture chains is to manage more effectively the work of 

operators. 

1.1 PROBLEM DESCRIPTION 

Especially in the case of car manufacturing, running the production system optimally is often 

difficult due to its size and complexity. One major reason for this is the difficulty for workers 

to decide and select the correct activity to perform at a given moment. In addition, what 

might be a good operator decision for a certain production situation could turn out be a bad 

decision under other production goals.  

Traditionally, paper sheets have told operators the instructions in assembly tasks. Paper 

sheets use to be printed massively every morning. If last minute changes occur, managers 

need to inform operators or operators need to decide by themselves since new papers 

cannot be printed till next morning. This method is slow and obsolet. Also new 

environmental demands claim paper-free factories (Liljesson & Haglund, 2007). A DSS could 

improve this situation since operators could be more qualified to making right decisions by 

themselves as well as digital displays would replace paper sheets. 

1.2 BACKGROUND OF THE PROJECT 

The Volvo Car Corporation is one of the car industry’s strongest brands, with a long and 

proud history of world-leading innovations (Volvo Cars Corporation, 2012). Although Volvo 

Cars has manufacturing in Belgium and Asia, the major part of the production takes place in 
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Sweden. The main plant is in in Gothenburg where car assembly is performed. In Skövde, 

engines are made by the company division Volvo Car Engines (VCE).  

This project belongs to University of Skövde in collaboration with VCE. It takes part of the 

challenge of designing an efficient DSS which provides operators the right information in 

assembly tasks within the Skövde plant. The mission of designing a DSS has been divided in 

different projects. The first of them tries to develop a suitable language to withstand the 

programing issues. Also, two design student research about the Graphical User Interface 

(GUI) and how the information should be presented. Finally, this project focuses on 

information carriers trying to develop a device that supports the graphical interface.   

1.3 AIM 

The aim of this project is to develop an efficient physical device which let hand in the right 

information to the right operator at the right time, and also let operators interact with the 

system and get answers from it. The result will be evaluated into a real environment at the 

Skövde plant, so this project ends with the construction of a demo. To develop an efficient 

device, the project will take into account the limitations of the workspace, human 

ergonomics and possible manners of interaction human-device. 

1.4 LIMITATIONS 

The implementation of DSS is aimed at 2017, so available technology has to be considered in 

the development of the device. Taking this apart, there are no constraints about technical 

features or design issues of the final result. There are also no limitations about costs. With 

respect to the field, this project will focus on the development of the device regardless 

programing or interface issues, as well as the construction of the corresponding report to 

come up with the proper discussion and conclusions. 
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2. LITERATURE REVIEW 

This chapter aims to gather information about the theoretical framework and previous 

researches. It was necessary to have a basic understanding of all the fields regarding 

environment and user. Therefore, this chapter has been divided into three separate areas: 

2.1 new manufacturing techniques, 2.2 mobile information in manual assembly and 2.3 

physical ergonomics. Into New Manufacturing Techniques the project meet with the more 

wide and generic environment trying to understand the importance and function of DSS in 

factories. Within Mobile Information in Manual Assembly the project approaches to features 

of the information and topics concerning mobile information terminals. Finally, what the 

product needs to be validated in terms of ergonomics is checked in the section Physical 

Ergonomics. 

2.1 NEW MANUFACTURING TECHNIQUES 

As mentioned in the introduction, automation tends to increase levels of information, so 

both employees and production methods have to adapt to new challenges.  In fact, 

University of Skövde leads a program which aims to approach to Web-based collaborative 

manufacturing. Collaborative manufacturing has emerged as the norm of manufacturing in 

distributed environment. The dynamic environment requires an adaptive system 

architecture that enables distributed planning, dynamic scheduling, real time monitoring and 

remote control (Wang, 2008). These kinds of environments are characterized by complex 

relationships between large varieties of parts, what is known as complexity. According to 

Fässberg et al. (2011), by managing complexity it is possible to achieve high efficiency even 

though when flexibility is high. A case of implementation is Cimplicity from GE Intelligent 

Platforms. It consists of a DSS which allows users to view their factory´s operational 

processes through an XML-based WebView screen (GE Intelligent Platform, 2012). 

Otherwise, diverse Vinnova-founded research-projects are conducted from 2009 to face 

complexity from a proactive perspective. Proactive means to distinguish individuals from the 

pack, granting them more prominence and ability to make decision (Fasth et al., 2009). 

Expected outcomes are new models and methods to manage complexity depending on skills 

and competences of staff (Gullander et al. 2011). A good example of the proactive 
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implementation is the BMW’s Leipzig assembly plant where multi-discipline teams allow 

operators to organize themselves and decide which member takes responsibility for which 

functions each day (Kochan, 2006). Especially in proactive approaches to manage 

complexity, DSS become decisive. 

2.2 MOBILE INFORMATION IN MANUAL ASSEMBLY 

As mentioned, complexity involves large amount of relationships between parts. This means 

much information constantly emerging in the shop floor. Otherwise, tasks performed in a 

factory trend to require wide workspaces. The result is that much information or triggers go 

unnoticed by workers. Mobile information sources such as handheld devices could improve 

this situation placing triggers and instructions close to the operator. 

Studies conducted by Thorvald (2011), in which diverse operators performed assembly tasks 

with the aid of stationary or mobile information sources, showed that mobile sources result 

in better quality production than stationary ones. The fact is operators are more likely to 

attend information continuously if it is close or the cost associated to gathering it is low, 

bridging the stimulus-response gap (Thorvald, 2011). Nonetheless, information could not be 

effective if triggers are confused or simply they are missed. Susi (2005) define triggers as 

“something that prompts an activity, something that tells you that you need to do 

something”. Mobile information aids operators since triggers became highly visible. 

Regarding triggers themselves, they should be clear to avoid ambiguity and they should be 

distinguishable so the operator does not need to look for it. Moreover, the overuse of 

triggers could result in a quite stressful environment to operators. Specifically in the 

assembly line, triggers only should be used when parts differs from the norm or have a 

history of previous errors (Fässberg & Nordin, 2010).  

In order to implement the theoretical framework into the real factory floor, the MyCar 

project (MyCar, 2006) was pioneer using iPhones as information sources to present 

instructions to operators. Results show that mobility of handheld devices makes information 

always available (Fässberg & Nordin, 2010) (figure 1). In the automotive case, technicians’ 

need for new skills and information is constantly increasing. It is impossible for technicians 

to know everything about every vehicle so this kind of devices really improves the situation 

(Volvo IT, 2011). Moreover, the personnel can always connect and collaborate with each 
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other in order to promote proactive behavior. It is proved that too rigid boundaries between 

the community of assembly operators and the community of production engineers result in 

poor quality instructions and inability to negotiate (Liljesson & Haglund, 2007). It just means 

frustration for operators that see how their requests or suggestions are neglected. Providing 

workers in the shop floor of communication tools to connect directly with production 

engineers will improve the quality of the instructions as a product quality influencing factor. 

Finally, the device can be identified and easily tracked which enables constant networking. 

 

Figure 1. Mobile information source to get instructions to operators (Fässberg & Nordin, 2010) 

Regarding available hardware, smartphones are becoming powerful computing platforms, 

rivaling desktop and laptop in terms of computing power. Furthermore, user acceptance and 

relatively low price play in their favor (Petrassi, 2010). However, smartphones could present 

obvious weakness against the specific environmental conditions of the factory floor. Into this 

field, features such as ruggedness, adaptation to gloves, grip or the right size, have a great 

impact in right operation and cost maintenance. Approximately 80% of consumer-grade 

devices used in industrial environments are replaced within the first three years after 

implementation. Rugged mobile computers will last four to five years or more, with a failure 

rate lower than 3% (Datalogic Mobile, 2008). In addition, need of long life batteries, barcode 

readers or RFID lectors can definitely tip the balance in favor of specific built PDAs. Designing 
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and building a specific mobile terminal and the required software will produce exactly what 

Product Management requests and Engineering specifies. (QSI Corporation, 2007).  

Just related to mobile terminals and software possibilities, technologies such as Augmented 

Reality (AR) emerge strongly as possible applications to improve mobile information sources. 

Augmented reality attempts to integrate virtual information/models, such as computer 

graphics, text, sounds and other modalities, into the physical environment so that the users 

can perceive the information as existing in real-time (Azuma et al. 2001). Humans trend to 

memorize information more effectively when it is placed close to his reference (Thorvald, 

2011). Augmented reality could grant triggers a frame of reference in the real world.  

To sum up, operators’ needs of information are evident while the company will benefit from 

their capacity to face problems by their selves. The key is to allow operators to receive 

information independently of spatial positioning (Thorvald, 2011). 

2.3 PHYSICAL ERGONOMICS 

Ergonomics could be defined as the science of fitting the job to the worker and the product 

to the user (Pheasant, 1999). Some authors make differentiations between ergonomics and 

human factors: The word ergonomics implies the study of man at work while the word 

human factor implies the study of man in relation to equipment and environment (Salvendy, 

1985). However, they are often treated as a whole as in this report will be. Ergonomics is not 

an exact science but it usually provides engineers of a great variety of methodologies, check 

lists and basic rules for application in real designs. For instance, how big and wide handy 

objects should be or how to distribute them into the workspace, inter alia, are matters 

clearly specified in most of the bibliography. Moreover, since ergonomics tries to fit objects 

and environments with humans, large anthropometry studies have been made to provide 

designers of empirical data. The result is a set of charts widely used in product development.  

The last is closely related to the field of user-centered design. Pheasant (1999) set up the 

principle of user-centered design as follow: if an object, a system or an environment is 

intended for human use, then its design should be based upon the physical and mental 

characteristics of its human users. Therefore, it seems obvious the user should be involved in 

the process of product development when designing for usability (Gulliksen et al., 2003) 

Feedback from users reduces misunderstandings and improves the quality. User 
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involvement is important especially at the early stages of design (Koivunen 1994). Interviews 

and observations among others methods usually provides interesting information. As 

defined by Gould and Lewis, (1985), there are four basic steps for user-centered design: 

Know your users, incorporate the current knowledge of the users in the early information 

stage of design, confront the user repeatedly with early prototypes for evaluation purpose 

and redesign as often as necessary. 
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3. PRE STUDIES 

This chapter resumes first approaches to current solutions and problem requirements. 

Section 3.1 Market research offers an overview of mobile terminals currently available. In 

3.2 User request, requirements from users are addressed. Others performing rules and 

routines of the DSS are stated in 3.3 Performance of the DSS, as the result of a visit to the 

factory plant of Skövde. Finally, other requests bring topics form the literature review. A 

complete list with the requirements can be seen in Appendix 1. 

3.1 MARKET RESEACH 

Presently, handheld devices relay fixed computers in factories all over the world. They fit 

better new manufacturing methods. Market offers many different terminals. In order to 

approach these devices, a comparison chart was made between most popular ruggedized 

PDAs, smartphones or tablets (appendix 1). The chart shows that capabilities and 

specifications of industrial devices and smartphones are nearly the same. Main differences 

lie in the housing design to provide extra protection. Also buttons use to vary. The chart was 

often checked during the development of the final product. 

3.2 USER REQUESTS 

There was no possibility of direct contact with operators, what really limited the work of 

designers. Furthermore, there was no possibility of interviewing the staff through 

transferring written questions. However, operators were aware of the collaboration of Volvo 

with the University of Skövde to develop a DSS, so their requests were sent to us through 

coordinators in the factory. They can be listed as follow: 

- Readable display in sunlight and darkness. Good angle of view, contrast, resolution… 

- Adaptability to gloves. Key spacing in keyboards. 

- Comfortable, not a burden for operators. Easy to keep if it is not needed. 

- If batteries, long durability. 

- Easy to clean or prevent dirty. 

Unfortunately, feedback from users was not available till the end and presentation of the 

project, so it is included in section 8.1 - further work. 
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3.3 PERFORMANCE OF THE DSS 

There was a chance to visit the factory plant of Skövde in order to meet the environment in 

which the device would work. The visit to the factory stated a few requirements and 

performing rules that were set by agreement between the members of the GUI project and 

this.  

Firstly, devices will be placed at the entrance. Devices will be numbered to be identified in 

repairing or substitution issues. However there will not be personal assignations of the 

devices to the operators so every device can work at every workstation. There will be 

enough devices to cover two work shifts, that is, double of devices than people working in 

one shift. In that way, reliefs will be easier and every device will be charging one shift and 

working another. Then operators will login a personal user session stating by voice name and 

surname. By this manner, operators can be tracked if needed through following their 

devices. Operators will also state the workstation they are addressed so instantly a set of 

instructions, news and objectives will be downloaded from the local network. Devices will 

have enough memory to run applications, but personal settings and other kind of 

information will be stored in separate servers. 

Once working, connectivity between devices would be an essential requirement. According 

to Per Liljesson and Henrik Haglund, avoiding communication barriers between the different 

working groups in the factory would increase efficiency, cooperation and satisfaction of 

employees. Therefore, the device must also support voice and video call, so a front camera 

becomes necessary. Also a rear camera will be incorporated to identify barcodes and attach 

detailed pictures of rejected pieces to inspections forms. Regarding instructions, they will be 

displayed mainly on the screen but also speakers or headphones can be used. In the case of 

headphones, they will be wireless to aid users’ mobility. Other kinds of information such as 

message notification or alarms will be noticed though LED lights, sounds and vibration. 

Especially, lights will be used in low degree of importance messages and vibration in most 

critical cases. According to Precision Microdrives (2012), designers and users alike argue that 

vibration alerting is an excellent way to notify operators of an event. Moreover, vibration 

can also be used to transmit feedback when touching the screen. Finally, at the end of the 

work shift the device returns to the “charging room”. A “sleeping mode” will be selected to 

leave the device there.  
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In summary: 

- Devices are placed in the entrance, in double quantity than operators.  

- Good connectivity is needed since instructions and personal settings are stored in the 

local network and downloaded after personal login. 

- Devices must let tracking. 

- Devices must support video and voice call, as well as image and video capture, 

vibration alerting and sounds and light display. 

3.4 OTHER REQUESTS 

Some personal requests were stated. They come from the literature review in chapter 2 and 

they bring into play knowledge from designer. They are: 

- Increase spatial range of information 

- Increase temporal range of information 

- Attend triggers to notify product variant, alarms, etc 

- Easy interaction, intuitive, design for user 
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4. IDEA GENERATION & CONCEPT SELECTION 

The aim of this project is coming up with some kind of device to hand in the information to 

operators. Therefore, first step was coming up with the best way to get that information to 

the workstations. Chapter 4 starts by generating ideas to maintain workers and workstations 

close to the information at every moment. Brainstorming was used to elaborate a list with 

different ideas and possibilities. They were sorted into a Morphological Chart to come up 

with three concepts. Methods and concepts can be read in 4.1 Idea Generation. Then, one of 

the three concepts was selected to be further developed. Positive-Negative-Interesting chart 

(PNI) was the method used in the selection. Also the concept selected was closer 

approached through brainwritings and goal-fulfillment charts to explore ergonomics and 

usability issues. Both PNI and further approach are addressed in 4.2 Concept Selection. 

4.1 IDEA GENERATION 

Brainstorming is a popular tool that helps to generate creative solutions to a problem. It 

consists of proposing ideas that can be crafted into original solutions or sparking still more 

ideas (Mindtools, 2012a). In this case, brainstorming was used to list the possible variations 

of the DSS regarding areas such as “handing instructions”, “displaying instructions” or 

“feedback from operators”. The information obtained was sorted into a morphological chart. 

Morphological chart consists of writing as many attributes as possible about different 

characteristics of a theme on each column of a table. Then one entry of each column is 

selected trying to make interesting combinations (Mindtools, 2012b). Morphological chart of 

this project can be seen on Table 1. Feasible entries were combined to generate three 

concepts prone to be implemented in a real factory. They are presented in next paragraphs. 
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Table 1. Morphological chart. 

1. 2. 3. 

HANDING INSTRUCTIONS DISPLAYING INSTRUCTIONS  FEEDBACK FROM 

OPERATORS 

A: Flash memory  A: Printing papers on the 

workstation by operators 

themselves 

A: Paper form 

B: Wired connection  B: Screens on the wall B: Electronic Form 

C: Wireless connection 

(local connection, user 

account, etc) 

C: Screens over the 

manufacture chain 

C: Mark on assembly 

unit/piece 

D: Internet (Email, Dropbox, 

etc) 

D: Little screens on the tables, 

platforms or shelves. 

D: Display an alarm or 

warning in supervisors’ 

devices/screens 

 E: Handheld devices  

 F: Voice display through 

headphones or speakers  

 

Concept 1 

Concept 1 was born through analyzing table 1. It was noticed that some entries of the same 

columns in the morphological chart are also compatibles between them, and they can be 

combined to enrich the result even more. So, concept 1 merges all the entries from column 

1 with A-B-F from column 2 and A-B from column 3. The idea is to upgrade workstations by 

providing informatics tools and technologies with several applications. Then, the workstation 

would be qualified to face different problems or supporting the implementation of new 

manufacturing methods. In order to make information available from different positions, 

wider screens were considered. They would be placed high in a wall to favor visibility. 

Headphones would be used to alert the operator if the screen requires his attention. A 

remote control would allow interaction with the screen (figure 2).  
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Figure 2. Wider screens with remote control combined with headphones instructions. 

Concept 2 

Concept 2 combines B-C-C in the morphological chart. It consists of substituting directly 

paper sheets by electronic displays. A set of screens fixed just over the manufacture chain 

would show at every moment the instructions corresponding to the assembly unit which 

arrives to the workstation (figure 3). RFID technology or barcode lecture could be used to 

coordinate the information in the screen with the pieces on the conveyors that pass through 

the workstation. Screens would be accessed through remote controls or keypads close to 

the operator. 
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Figure 3. Screens in the production line 

Concept 3 

The idea of concept 3 is using handheld devices. C-E-B from morphological chart were 

combined. Handheld devices would connect the local network to download instructions and 

information when it is needed. Feedback would be made through electronic forms. In order 

to favor hand-free operation, handheld devices could be attached to the operator’s body as 

well as to shelves or tables. They need to be easily carried and easily accessed (figure 4).  

 

Figure 4. Handheld devices to be carried by operators. 
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4.2 CONCEPT SELECTION 

Positive-Negative-Interesting (PNI) was used to select one of the previous concepts. PNI 

consists of write down positive, negatives and interesting aspects of taking an action 

(mindtools, 2012c). In this case, the three concepts were analyzed through this method, 

scored and compared to select the best one. Analysis of positives and negatives aspects was 

made through checking the specifications in chapter 3. According to their relevance, each 

aspect was scored ranging from 1 to 5. Therefore, as can be read in table 2, concept 1 needs 

wide spaces to be implemented, but spaces in the factory floor are often quite tight. 

Furthermore there are several workstations with no wall available. Concept 2 supposes 

removing paper sheets from the manufacture chain, but information action space and 

temporal range, as well as triggers, are still poor. Finally, concept 3 really improves the 

situation. Also handheld devices can adapt to different demands and staff’s needs. It has 

been selected as winning concept. 

Table 2. PNI selection. 

PNI-Chart Concepts 

1 2 3 

Positive -Flexibility to solve a 

wide range of problems 

(2) 

-No batteries (3) 

- Fewer shocks and 

drops for the display (2) 

-Hand-free (5) 

-Relative low cost (1) 

-Hand-free (5) 

- Flexibility to solve a 

wide range of 

problems (2) 

-Hand-free (4) 

-Spatial and temporal 

range of information, 

as well as triggers, is 

improved (5) 

Negative -Big space needed for 

implementation (5) 

-Limited visual range (4) 

-Costs issues (2) 

-Action space of 

information and temporal 

range are still limited, as 

well as triggers (5) 

 

-Drops and shocks (3)  

-Ergonomic issues can 

result difficult to 

satisfy (3) 

-Power supply could 

be difficult to solve (2) 

Interesting -Good infrastructure for 

solving problems and 

implement new stuff 

 -The operator choose 

where the display fits 

better depending on 

the situation 

∑ + 12 6 11 

- 11 5 8 

Result +1 +1 +3 
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Development of the concept selected 

The wining concept was further developed through focusing on how devices would be held 

and carried. It was mentioned that devices would be attached to the operators’ body as well 

as to shelves or tables. Therefore, positions on the body and mechanisms to attach the 

device were explored though brainwriting. Brainwriting is similar to brainstorming but ideas 

are drown to have a closer approach than just writhing (mindtools, 2012d). Brainwriting 

about positions in the body is shown in figure 5. Ideas proposed were discussed and scored 

into a goal-fulfillment chart. The goal-fulfillment chart allows compare between different 

options through two criteria to select the one which is closer to both requirements. The 

chart used here faces ergonomic against the goal of making the screen visible and easily 

accessed (figure 5). The result was that position 4 (on the forearm) offers comfort and good 

visibility. Just size and weigh need to be carefully reviewed to not become the device a 

burden for users. Also position 7 (on the belt) is ergonomically right although screen remains 

hidden. Positions 1 and 2 (HMDs) were rejected since they do not meet ergonomic 

requirements. 

 

Figure 5. Ergonomic research to carry the handheld device. 
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Then, the possibility of attaching the device to tables and shelves was checked. A 

brainwriting with different kind of foots, magnets, suckers and mechanisms for the device 

can be seen in figure 6. The Goal-fulfillment chart evaluates the aim of providing effective 

mechanisms (x-axis) while been feasible (y-axis) (figure 6). Drawing number 11 of the 

brainstorming got the best punctuation. It consists of using a multi-function element to work 

as a foot and clip the device on the belt too. It will be further assessed in the option 1 of 

chapter 5. However, after evaluating and discussing the ideas proposed, the final decision 

was to include just a simple foot to work over flat surfaces. The reason is that it is simple and 

feasible while versatile. The simple foot will be implemented in option 3 of chapter 5. 

 

Figure 6. Mechanism brainwriting to attach the device to different places and goal-fulfillment chart. 

To sum up, nexts stages of the project will focus on developing a handheld device which can 

be carried on the arm with an armband, as well as attached to the belt or kept just in the 

pocket. Also it will stand up over flat surfaces. Finally, the idea of using a foot that works as a 

fastener to clip the device on the belt will be further explored.  
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5. PRODUCT DEVELOPMENT 

Chapter 5 addresses the development of a handheld device to meet the idea exposed at the 

end of the previous chapter. Three options of mobile terminals with different features were 

considered. They come from brainwritings of previous chapters or moodboards made to get 

inspiration. They are closer approached in 4.1 Generation of Options. The three options were 

presented to coordinators in the factory who discussed and helped to choose one of them 

for further development. Reasons and criteria for selection can be read on 4.2. Option 

Selection. Finally, some mockups were constructed in order to approach to the device’s size. 

In addition, more drawings were made to specify the shape and allow the construction of 

the CAD model. It is assessed in 4.3 Further Development.  

4.1 GENERATION OF OPTIONS 

Option 1 directly comes from drawing 11 in figure 6. That idea was combined with the wish 

of designing a device to fit accurately the forearm, leading to a mobile terminal with arched 

shape. In order to come up with more options, some moodboards were made. Moodboards 

are a kind of poster that collects images related to a topic with the aim of promoting 

creativity of designers. Moodboards of this project gather information about new and 

innovative products, PDAs constructions or scenarios (figure 7). The idea in the second 

option comes from the moodboard at left in figure 7, when some falters were discovered in 

current double-screen devices. For instance, they are unfolded through hinges so they do 

not remain collinear when opened. Also the bezel is too gross. Finally, Option 3 was born 

through trying to improve constructions of current mobile terminals, which usually have too 

many pieces. Moodboard placed up at right in the figure 7 was the trigger of the idea. Design 

For Assembly guidelines (DFA) were applied to reduce parts and improve usability. Also 

requirements from chapter 3 and factories’ environments were carefully checked looking for 

matching the device’s features with this scenario. The three options are presented and 

further explained below. 
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Figure 7. Some moodboards made for this project 

Option 1 

The idea from drawing 11 in figure 6 was explored again through brainwriting. It was merged 

with the wish of designing a device to fit accurately the forearm. Ergonomic was the main 

field here. The result is a mobile terminal with arched shape that incorporates a tab to work 

as foot but also as a clip to allow attaching the device to the belt (figure 8). The same tab 

would be used to clip the mobile terminal on a very thin bracelet in the arm. 



Design of an information carrier device for a DSS                                5. PRODUCT DEVELOPMENT 

20 

 

 

Figure 8. The arched device to adapt the arm, with a tab to stand up, or clip on the belt and forearm. 

In order to come up with the right bend radius, some graphics were made. Drawings were 

constructed based on the data of the Swedish population anthropometric from 

Antropometri.se. Drawings represent the forearm measures of the 5% and 95% of men and 

women rates. Charts show how well different radius, lengths or slopes fit each of the arms 

represented (figure 9). Measures chosen try to satisfy the different arms. Measures are 

110mm of length, 10 degrees of slope, 60mm radius for the upper arc, and 40mm for the 

lower one. 
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Figure 9. Ergonomic approach to come up with the right measures to satisfy a wide range of arms. 

Finally, some mockups were built to test measures. They also try different shapes and 

concepts such as the no-bezel screen (figure 10). 



Design of an information carrier device for a DSS                                5. PRODUCT DEVELOPMENT 

22 

 

 

Figure 10. Mockups constructed to test measures. 

Option 2 

The second option comes from moodboards in figure 7. It consists of a dual-screen device 

that can be folded to adapt to different needs (figure 11). This option tries a new folding 

mechanism substituting hinges by rails while the bezel around the display has been reduced. 

The two screens are overlapped when folded, so just one is used. If unfold, screens remain 

collinear doubling size. The idea is to display videos, drawings and other kind of helping 

tutorials in a wider space, but not being a problem when they are not required. The 

elongated shape when folded really fits the arm.  



Design of an information carrier device for a DSS                                5. PRODUCT DEVELOPMENT 

23 

 

 

  

Figure 11. The double screen device. 

Option 3 

Finally, the third option tries to reduce number of parts and improve adaptation to factories 

respect to current PDAs and mobile terminals. A DFA study was made with different models. 

One of the reasons why mobile phones falter in industrial environments is they do not 

present good capabilities to be repaired or change pieces. DFA principles can help to take 

the advantage respect to current handheld devices and smartphones. Also a good DFA 

approach makes more feasible to produce the device in small batches. Conclusions were: 

- Screen and front case can be merged. 

- The back case would be the main and bigger part to which the other pieces are 

assembled. 

- The protection case would be integrated in the basic structure of the mobile terminal 

to work as a whole. 

- All electronic components will be attached to only one board.  

Otherwise, requirements and scenario were checked again and conclusions were: 

- Stylus should be included. It should be wide enough to operate with gloves. 

- A wide battery to withstand work shifts becomes necessary. It needs to be easily 

accessed. 

- Size need to be relatively small to allow easy transportation while screen may be 

wide enough to ensure visibility and touching with gloves. 

- A simple foot as stated in chapter 4 will be included. 
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- Landscape design to work in the arm is desirable as stated in chapter 4. 

DFA conclusions were combined with requirements resulting on a PDA as in figure 12. It is 

small to be easily carried everywhere. Buttons in the front view are removed and the frame 

reduced to maximize the screen size. The stylus and battery are well integrated in the back 

part. A specific cover enables a quick access to the battery box. Construction of the device is 

extremely simplified to allow an easy changeability of the pieces in order to improve 

maintenance issues.  Furthermore, front camera, buttons, stylus or connections are thought 

to not trouble in landscape mode. Also the right bottom corner is chamfered to create a 

visual reference which aids to positioning the device in the right way since it will works in 

different orientations (figure 12).  

 

 

Figure 12. The small PDA specially designed to meet industrial environments and requirements of this project. 
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4.2 OPTION SELECTION 

The three options were presented to coordinators in the factory in order to discuss which 

one should be further developed. Option 1 faces the wish to create something really 

comfortable to be carried on the forearm.  However, the PDA on this position is prone to be 

hit and the screen remains not protected with this option. Also the tab is likely to be broken 

when pried while functioning as a clip. Regarding option 2, it needs a mechanism that will 

wear out over time, compromising durability and maintenance. The third option was 

selected as winning. It is a specialized design to fit a concrete environment: the factory. At 

the same time, it is versatile to be used by a wide variety of staff. The three options look to 

the future through an honest estimation of available technology, but specially the last one is 

close to be manufactured in the short term. 

4.3 FURTHER DEVELOPMENT 

In order to allow the construction of a virtual 3D model, further development of the option 

selected was needed. Size and shape were specified. Regarding sizes, the whole dimensions 

of the final device highly depends on how big is the display. Therefore, first step in the 

development of the product was choosing the most suitable display size. Three mockups 

were constructed to be tested with screens of 3.7’’, 4’’ and 4.3’’ measured in diagonal (figure 

13). The evaluation of the mockups was made through checking again the main 

requirements involving the display size: “energy consumption”, “handling” and “touching 

with gloves” (table 3). 3.7’’ was the closest size to the requirements. Energy consumption 

and handling play on its favor but also touching was good even with gloves if using wide 

icons. Models tested were constructed using 16:9 proportions. Trend is that latest 

multimedia contents are made to fit these proportions. They also fit perfectly with the 

presentation of the instructions in landscape mode because of the stretched appearance.  
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Figure 13. The three mockups that were constructed and evaluated in order to choose the right display size. 

 

Table 3. Evaluation of the three mockups constructed in order to choose the right display size. 

 Energy 

consumption 

Handling Touching with 

gloves 

 

3.7’’ 4 4.5 3 11.5 

4’’ 3 3.5 4 10.5 

4.3’’ 2 2 5 9 

 

After that, the outlines of the frame were constructed based on sketches of figure 12 and 

the chosen display of 3.7’’. Geometrical reasons were applied to create harmony. The display 

was drawn first and the frame constructed around using computer software as can be seen 

in the figure 14. Advantages of using software to draw the main views of the model are that 

dimensions keep always available just clicking them with the mouse of the computer. 

 



Design of an information carrier device for a DSS                                5. PRODUCT DEVELOPMENT 

27 

 

 

Figure 14. Outlines of the frame’s shape answer to geometrical reasons to create harmony. 

Using previous information and drawings of figure 14, the CAD model was built. It is 

presented in chapter 6 with all the specific features. Furthermore, guidelines for 

manufacturing were assessed to ensure production quality and viability. Also current 

technology was checked to support functions of the device. It can be read in chapter 6 too. 

Wristband development 

The PDA from option 3 is small to favor positioning the device on the arm without resulting 

bulky or cumbersome. Thereby, the armband becomes an essential element for a right 

demonstration of use. Products in the market were checked. Also some science fiction 

concepts resulted inspiring. Time constricts did not allow a long development for the 

armband but information gathered was reflected in some drawings. They led to the result in 

figure 15. The bracelet has been positioned close to the wrist since the small size of the PDA 

doesn´t need a wider surface to be supported; wrist is as wide as the device itself. The 

wristband is made in leather and elastic fabric which are friendly touch materials. It adjusts 

through the elasticity of fabric and a zip. Auto-adjustable systems such as a velcro were 

discarded because of their bulkiness, so different sizes are recommended. In order to come 

up with right measures, a sampling was done with 10 men and 10 women. Wrist and middle-

forearm circumferences were checked. The same method could be used with employees in 

the factory. Data from the sampling is shown in the figure 16. Three sizes have been created 

and their measures are shown in the figure 17. This figure also shows four small elastic strips 

that were added to the leather to improve adjustment. The real model construed for the 
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demonstration can be seen on figure 18. The result of the demonstration and comments 

from operators are addressed in section 8.1. Further Work.  

 

Figure 15. The final concept of the wristband. 

 

Figure 16. Sampling with 20 men and women to come up with three wristband’s sizes. 
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Figure 17. Top view of the wristband extended. The measures of the three sizes are shown. Also small elastics strips have 

been added to the leather to improve adjustment. 

 

Figure 18. Real wristband model for demonstration of use. 
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6. THE FINAL PRODUCT 

In this chapter, the handheld device developed is presented through four statements: 6.1 

Design features describes physical and design characteristics. 6.2 Materials and 

manufacturing approaches to materials choice as well as manufacturing methods. Then, 6.3 

Design for Manufacturing and Assembly makes a review of the guidelines assessed to 

support real production. Finally, 6.4 Technical overview addresses technology choice and 

discusses capabilities of current technologies. The final model was printed on plastic with a 

3D-printer. The result and other testing models can be seen on appendix 4. 

6.1 DESIGN FEATURES 

The final product combines versatility with function and specialization. At the same time it is 

close to reality while looking to future concepts with the small size. Figure 19 shows the final 

result. Product´s features are discussed below. 

 

Figure 19. Final Product 

Size 

It is difficult to predict what lies ahead, but it is clear that electronic components tend to be 

smaller. What first impresses of the device developed here is its small size, even when the 

screen is wide (3.7’’). The idea was to dispense with all that was not strictly necessary in the 
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front view, so the frame is quite adjusted to the display size. Final measures are 90.4 x 55.6 x 

11.8 mm (including the protection cover). 

Buttons and connections 

There are no buttons in the front view, just the touch interface. Up in the right side, two 

buttons are used for volume. When communication with the device is by voice, they will be 

very useful to increase or decrease sounds intensity without looking at the screen. Down in 

the right size is the button to use the camera. It is placed to be easily pushed with the device 

in landscape position (Appendix 4). Finally, before leave the device waiting for the next shift, 

a fourth button in the top turns the device into the “sleeping mode” while it is charged. 

Regarding connections, a microUSB slot is placed in the bottom. Figure 20 shows buttons 

and connections described. 

 

Figure 20. Buttons and connections. 

Stand up! 

One of the most visible features is the foot to keep the device standing up (figure 21). This 

will be especially useful for operators who works seated or fixed to a specific position since 

they can leave the device somewhere close to them. 
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Figure 21. Stand up position 

Stylus 

The unit comes with a stylus. Although some of the staff has their own tools to interact with 

the touchscreens all over the factory, it was a priority to provide the device with its own. The 

reason is given the chance of using it to people who do not carry one.  

 “The Energized PDA”  

Together with the stylus, the battery is the other oversized element of the device. To achieve 

a right industrial tool, battery life need to be especially long. Even when technology tends to 

reduce size, a wide space is reserved to this element. The battery used corresponds to a real 

model from BYD with measures 39x60x6.5 mm. More battery specifications are discussed in 

6.4. Otherwise, the device in the factory will be programmed to allow change of battery 

without turning off or losing information. 

A device for long: changeability and other specifications 

This product aims to reduce maintenance costs. Even when devices are ruggedized, 

components need to be changed over time, and some current products falter here. For the 

device developed, all the pieces can be interchanged. At the same time, number of pieces is 

reduced to the essential. For instance, screen and front case are merged in one reaping the 

qualities of new glasses. The front case is assembled directly with the back one, so just two 
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pieces form the main cavity. To facilitate the battery change, a battery cover fits with the 

back case (figure 22).  

 

Figure 22. Front case, back case and battery cover. 

In order to protect corners and edges, as well as improve the grip, a protection case is used. 

It is integrated with the basic structure of the device to work as a whole. There was no 

possibility of testing different shapes and materials. Anyway, materials are discussed in 6.2, 

and two different shapes were designed (figure 23). Both two leave free the space to access 

the battery. Thick is 0.8 mm. 

 

Figure 23. Two protection cases were designed 
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Inside the device, electronic components will be encapsulated to maximize changeability of 

pieces. The idea is all of them will be attached to the same unit, so users can pick it up to 

place in other cases. The capsule will be pierced to allow connections with the display, 

touchscreen, USB and others, so users just need to unlink connections to perform the 

change (figure 24). Anyway, the capsule can be opened to access components individually. 

This concept may be further developed by experts in the field. However, the idea of 

attaching all the electronic components to the same board, encapsulated or not, can be 

easily achieved.  

 

Figure 24. Encapsulated electronic components to maximize changeability of pieces. Connections will be performed 

through piercing the capsule. 

The foot was finally mounted over the battery cover. It remains closed thanks to its bottom 

edge fits with the raised edge of the battery cover (figure 25). When opened, it has a fence 

to not excess the right opening angle (figure 26). The foot is designed to be forced-fit on the 

hinge, so it also can be changed if broken or damaged. It is 1mm thick.  
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Figure 25. The foot was finally mounted over the battery cover, the detail shows the raised edge used to maintain the 

foot in the horizontal position. 

 

Figure 26. Section of the foot mechanism with a fence to constrict the movement. 

The stylus can be changed if needed too (figure 27). Its section is an oval 6x4 mm, and its 

length is up to 80 mm when extended.  
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Figure 27. The stylus is extensible and wide enough to works with gloves. 

Assembly and disassembly 

There are no screws in the device. Assembly of the front case with the back case is made 

through quick fasteners (figure 28). To facilitate the disassembly, the stylus is used to pray by 

inserting the tab in the slot (figure 29). 

 

Figure 28. Screws has been replaced by quick fasteners. 
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Figure 29. The stylus helps to disassemble the screen and back case. 

The capsule with the electronic components just fit on the back case. In the same way, the 

display is embedded into the device. Figure 30 shows the result. 

 

Figure 30. The display and the capsule with the electronic components just fit accurately within the device (real aspect of 

the pieces has been modified for a better understanding). 

The battery cover uses an intuitive rails system to close and open. A rounded protrusion is 

used to maintain the cover closed (figure 31). 
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Figure 31. An intuitive rails system is used to open and close the battery cover. 

Colors 

Parts with functions such as the stylus, buttons or the foot, are highlighted with different 

colors. It is a way of making them visible and easily founds. Different combinations of colors 

were tried (figure 32). Model 1 was chosen. It answers the wish of using blue, which is close 

to the identity of Volvo, combining with withe and clear colors that make easy reading in the 

display. 
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Figure 32. Different combinations of colors that were tried. 

Signs and communication 

In order to aid users to operate with the device, some icons and signs are included. They are 

shown in the figure 33. They warn the existence of connections, illustrate how to use the 

stylus to disassemble pieces, or give instructions to use buttons. 

 

Figure 33. Icons used in the device. 

A led in the front case aims to show the device status to users through diverse colors. Just 

besides, other data is also included such as the Volvo date of birth (1927) while it works as 

speakers too. Furthermore, the name of Volvo is printed in the screen since the device is 
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other job tool provided by the company such as the overalls and t-shirts are. All of them are 

shown in the figure 34. 

 

Figure 34. Led, name and date of birth of Volvo on the front case. 

Identity 

It is desired to give the product its own identity to create differentiation from others Volvo 

tools. “Mate” has been chosen as name to identify this product. Mate means friend or 

companion, but also assistant or subordinate when referring to naval hierarchy. The name is 

placed on the back case (figure 35). Also numbers were included to distinguish different 

devices in logistic operations such as repairs, counts, orders, distribution and tracking. 

Numbers are in the protection case so they are visible when taking the device from the 

charging room at the entrance. 
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Figure 35. “Mate” logo on the back case. 

6.2 MATERIALS AND MANUFACTURING 

Material selection is part of the design process due to different materials can carry quite 

different results. In the present case, plastic will be used in the back case, stylus, foot, 

battery cover and protection case, and glass in the front case.  

Regarding housings design, thermoplastics are the most popular and suitable choice. They 

combine long polymer chains alternating with monomer units, and they can also incorporate 

filler materials in form of powder or micro fibers. These insertions improve strength, 

stiffness and lubricity (Substech, 2012). They can fulfill almost any requirements by the 

addition of chemicals to change their properties.  A popular specific thermoplastic used in 

phone housing is Acrylonitrile Butadiene Styrene (ABS), which is easily colored and resistant 

to impacts. It is relatively easy to mold into complex shapes and usually associated to low 

costs and mass production. ABS is the choice to manufacture the back case, battery cover, 

foot and stylus. Regarding the protection case, Thermoplastic Polyurethane (TPU) fits 

specifications. The aim is to protect corners, edges and screen by using an impact absorbing 

material which adds grip and good feeling. TPU is a thermoplastic elastomer made of linear 

polymeric chains in block structures combining hard and soft segments (Substech, 2012). 

Presently, protective cases are shown in a broad variety of materials that range from soft 
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silicone rubber to hard polycarbonate plastic. Silicone rubber offers soft grip and prevent the 

device falls from slippery surfaces, but they get dirty and loose over time. Hard cases, are 

quite good shock resistant and prevent dirty from sticking, but they are hard to mount and 

slippery. TPU is chosen because of its middle properties. Finally, Polycarbonate can be used 

to wrap the PCB. It is a rigid plastic extremely shock resistant. Polycarbonate can be 

manufactured in 0.3mm thick layers and lower (Goodfellow, 2012). 

Respect to the front case, extremely resistant glasses have recently come up thanks to new 

chemical strengthening processes. For instance, Gorilla Glass by Corning has become very 

popular, not only by its resistance, but also for its capabilities to be implemented in 

touchscreens. Its strength is due to a hot bath of molten salt at a temperature of 

approximately 400°C, in which smaller sodium ions leave the glass, and larger potassium ions 

from the salt bath replace them. These larger ions are pressed together when the glass 

cools, producing a layer of compressive stress on the surface of the glass (Corning, 2012). 

Gorilla Glass is the choice to manufacture the front case.  

Regarding production methods, cases and housings are traditionally made through plastic 

injection molding. Especially little pieces with small details and low tolerances use this 

manufacturing process.  Plastic Injection Molding consists of forming parts through the 

injection and compression of liquid polymer into molds that replicate the negative of the 

part (figure 36). Advantages are lower restrictions in the molding design than other process 

such as metal foundry, because there are no castings troughs and input channels. Thanks to 

thermoplastic properties, these molds also let thinner walls. Consequently, fluid in short 

distances reduces internal stresses. Nevertheless, cooling process need to be carefully 

treated to not solidify walls before parts inside (Malloy, 1994).  
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Figure 36. Injection molding process scheme. (SubsTech, 2012) 

Nearly identical process can be used in glass products manufacturing. It basically follow four 

stages: mix of raw materials which usually are silica sand, limestone, feldspar and borax, 

fusion through heating, molding by ceramic or metal pieces and finally, postproduction or 

external treatments to reduce stresses. (CNMA, 1999). The glass foundry process has been 

highly developed to achieve extreme level of details and quality, opening also the range of 

products that can be made in this way.  Very different shapes and complicated products are 

supported (figure 37). Furthermore, with the introduction of 3D software the process can be 

speeded up because of the facilities to directly build the molds (Rosato et al., 2000). Finally, 

Table 4 summarizes the choice of materials and manufacturing methods. 

 

Figure 37: Products from glass molding (http://www.castglassforms.com/foundrywork.html) 
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Table 4. Material selection and manufacturing methods. 

Part Material Manufacturing method 

Back case, battery cover, 

foot and stylus 

ABS Plastic Injection Molding 

Front case Gorilla Glass by Corning Glass Injection Molding 

Protection case TPU Plastic Injection Molding 

 

6.3 DESIGN FOR MANUFACTURING AND ASSEMBLY (DFMA) 

DFMA principles help to design in the right way to accomplish production viability while 

improving usage features. Design for manufacturing (DFM) and Design for assembly (DFA) 

are assessed below.  

DFA review 

Distinguishable DFA principles in the final model are:  

First part large and wide: This means that the assembly should have a main part bigger than 

the rest to make the model more stable. The main part need to be clearly distinguished so 

the rest of parts assembly to it. In this model, the back case is bigger and all the other pieces 

are assembled to it (figure 38). 

 

Figure 38. Explode view. 
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Multiple functions into single part: The stylus is used to disassembly the cases so extra tools 

and screwdrivers are not required to access inside. Also this principle was applied merging 

front case and screen to minimize number of pieces. 

Allow assembly in open spaces: There is no difficulty access to any part. There are no special 

assemblies or fastener into the device. Furthermore, only quick fasteners have been used. 

Standardize to reduce part: microUSB (universal charger) was used as only wired connection. 

It addresses both connectivity and charging solutions. 

Distinguish similar parts by color code: Parts with functions such as the foot and the stylus 

are painted in different colors to be clearly distinguished. Also other signals like the arrow in 

the battery cover and buttons all around the model use different colors. 

DFM review 

In order to make feasible real production, DFM guidelines were assessed. Results were: 

Regular thickness: It is recommended that thickness should be the same along the walls of 

the products to avoid some areas solidify before than others. Also it is recommended to 

range wall thickness between 0.5 and 2mm. If changes on thickness walls cannot be avoided, 

they should be progressive, in a proportion of 3:1. Finally, changes in thickness have to be 

designed to lead the liquid into the mold from thicker areas to thinner ones (GE Plastics, 

2012).   

In this project, thickness analysis of the bottom case shows a very thick wall on the left side. 

It was the part to contact the ground in the standup position. Extra thickness was removed. 

Also the PCB box supporters were revealed as zones where plastic could not solidify 

correctly. These blocks were replaced by two ribs each one. Finally, where thicker walls were 

required such as the edges in which the screen fits, the transition was done gradually. In 

addition, liquid will flow from thicker areas (top edges) to thinner ones (bottom) (figure 39). 
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Figure 39. Changes made in the back case to achieve an optimum section thickness. Exterior walls (in green) are 1 mm 

thick except of the upper area which is 1.5mm wide to provide a right contact surface with the screen when they are 

assembled. Interior walls (in blue) are 0.5 mm thick. 

Regarding the front case, the analysis results into a thicker area around the hole for the 

display. This platform is used to constrict the display inside. The solution was to remove the 

platform, leaving only the corners so the display will be constricted anyway (figure 40). 

 

Figure 40. Changes made in the screen case in order to reduce unnecessary thicker walls. The screen case is 1mm thick 

except of the boundaries, 1.5mm wide, to adjust with the back case. 
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Finally, the battery cover analysis revealed that the border used to push and open was very 

gross. Ribs were used against solid material. Also chamfers in the proportion of 3:1 avoid 

some sudden changes in section (figure 41).  

 

Figure 41. Solution given to the battery cover in order to avoiding extremely gross areas. 

Undercuts overview: Undercuts refer to parts or surfaces which impede the piece to be 

extracted from the mold after the plastic injection. There were some modifications after the 

undercuts analysis. For instance, the hinge for the foot in the battery cover had a protrusion 

that would cause the mold getting stuck when releasing. Thanks to the hole in the hinge to 

introduce the fence of the foot, this surface can be achieved through unmolding in the 

opposite direction (figure 42). 
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Figure 42. In the battery cover, the undercut was solved by introducing the core into the cavity through the hole in the 

figure, and unmolding in the opposite direction. 

The hole in the back case to introduce the stylus was also designed to avoid undercuts, so 

core and cavity can be separated correctly (figure 43). 

 

Figure 43. The design of the hole in the back case to introduce the stylus avoids undercuts. 
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Holes for buttons were also thought to be included in the mold shape so they don´t need to 

be performed afterward. The solution given was to approximate them to the edge (figure 

44).  

 

Figure 44. Holes for buttons can be performed in the molding process, preventing from unnecessary post manufacturing 

tasks. 

However, regarding fasteners, best solution involve a two steps process to achieve the right 

shape. Due to their recessed surface, fasteners would impede the mold ejection and there is 

no possibility of piercing the casing to implement a solution in a similar way as was done for 

the battery cover. So the mold needs to be prepared to reproduce an open shape, easy to 

unmold, and then cutting the excessed material. Figure 45 shown different examples of 

preparation of the model`s fasteners to be molded, where post manufacturing is required. 
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Figure 45. Fasteners in the model would be achieved through cutting excessed material after the injection molding 

process. 

Draft angles to release the molds: Drafts are required to separate the model from the core 

and cavity when plastic is solidified. There was no problem to fix the parting line and give 

exit angles ranging between 0.5 degrees on ribs and 1 degree on walls. Analysis of the back 

case can be seen on figure 46. 
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Figure 46. Draft analysis of the back case. 

Furthermore, edges and corners were rounded to avoid stresses and facilitate material flow. 

Finally, core and cavity of the front case were simulated using Solidworks. Figure 47 shows 

the result. 

 

Figure 47. Core, cavity and front case. 
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6.4 TECHNICAL OVERVIEW 

It is difficult to predict what lies ahead but it seems clear that new products will come up 

with smaller sizes and improved capabilities. Here are discussed latest technologies available 

for handheld terminals. Thinking on a future implementation, these technologies should be 

updated. 

Display 

The display is the physical component which produces the images. TFT LCD is the most 

popular technology in the present world market. For instance, the iPhone uses it. LCD means 

Liquid Crystal Display and it works through the transmittance and control of electricity to 

adjust the state of liquid crystal. They become different colors and change into the shape of 

numbers and letters. (Samsung Electronics, 2012). TFT means Thin Film Transistor and it is an 

active matrix technology where each individual pixel is controlled by one to four transistors. 

Typically one transistor is used for each of the RGB color channels (QSI Corporation, 2007). 

The latest generation in LCD technology is Super-LCD (SLCD) from Japan Display which offers 

approximately five times better power management than earlier LCD panels and wider 

viewing angles (Ionescu, 2010) (figure 48). 

 

Figure 48. HTC Desire’s 3,7’’ SLCD display module (http://www.dbx.com.cn/Category/HTC-LCD-92) 

To compete against LCDs, Active Matrix Organic LED (AMOLED) is emerging strongly in 

recent years. Samsung leads this sector with its Super AMOLED Plus technology. Main 

disadvantage of AMOLED is power consumption when using white background. Looking for 

the most suitable solution for this project, LCD would be preferable. In the factory floor, 

most of the rugged devices use TFT LCD (appendix 1). 
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Regarding size, it was stated as 3.7’’ with 16:9 proportions in chapter 5. That is quite related 

to the resolution of the screen. Resolution specifies the number of pixels that can be 

displayed along the long and wide axes of the display. The MHL standard by MHL 

Consortium proposes qHD (960 pixels x540 pixels) as the new resolution for handheld device 

in 16:9 proportions. It ensures 300 pixels per inch in a 3.7’’ display, what it is a perfect 

resolution to meet any GUI requirements. Respect to thickness 1mm thick display will be 

used. It is a normal size nowadays but it exists even thinner displays, such us the 0.82mm 

ones, launched by Samsung in 2006 (Gohring, 2006). 

The choice 

1mm thick 3.7’’ TFT LCD display, with proportions of 16:9 and qHD resolution, have been 

considered to design the device.  

Screen and touch technology 

Touch screens are the norm nowadays. They have been developed to become in a relatively 

cheap way of HMI and extremely versatile technology. There are many different touch 

technologies but just two of them suppose the 96% of the market’s screens: resistive and 

projected capacitive (MSR, 2011). Analog Resistive works though pressure recognition so it 

recognizes finger with and without gloves, and any kind of stylus. It is a low price technology 

that requires fewer calculations and hence low power consumption. However, screens are 

easily damaged when stuck or scratched (TI, 2012). Projected Capacitive (Mutual 

capacitance) works through changes in capacitance caused by finger in contact with the 

surface. It is currently used in most of the market’s smartphones. The surface is made in 

glass so optical properties and performance are well above the rest. It is high durable and 

unaffected by debris (TI, 2012).  This technology was often rejected in industrial 

environments because it did not recognize stylus or gloves. Nevertheless, screen 

manufacturers already developed technologies such as the High Signal to Noise Ratio (SNR) 

which enables the use of gloves and any kind of stylus in Projected Capacitive (Wang and 

Blankenship, 2011). There are also many capacitive stylus and gloves to work with capacitive 

screen. Regarding emerging technologies, the most interesting for the case of this project is 

Acoustic Pulse Recognition. It recognizes any kind of object, very durable and transparent, 

and resistant to scratches. Also calculations are very simple. The con is the impossibility of 



Design of an information carrier device for a DSS  6. THE FINAL PRODUCT 

54 

 

“touch and hold”. For instance, Elo Touch Systems or Touch-International manufacture these 

kinds of screens for rugged devices to be used in industrial environments (figure 49).  

 

Figure 49. Acoustic Pulse Recognition screen from Elo TouchSystems 

Both projected capacitive and acoustic pulse screens can acquire any shape since they are 

made in glass. If Gorilla Glass is used, it can be produced in thicknesses ranging from 0.5 mm 

to 2 mm (Corning, 2012). 

The choice 

Projected capacitive touchscreen is the choice due to it aims to be the only technology of the 

future. The screen will be 1mm thick made in Gorilla Glass.  

Battery 

Currently, Lithium-ion batteries are used worldwide in the area of mobile phones. Other 

technologies start growing but they really need been further developed. Li-ion batteries 

suppose a kind of cheap, light and relatively environmentally friendly way of storage energy 

due to polluting metals such as cadmium or mercury can be suppressed in their 

construction. Regarding manufacturers, BYD is probably the biggest company supplying to 

Nokia, Samsung or LG inter alia. BYD offers a wide range of products with different 

characteristics. For this project, the model LP663960AU of BYD’s catalogue has been taken 

as reference (BYD, 2012). It measures 60mm long, 39mm wide and 6.5 mm deep, and it has 

1820 mAh as normal capacity.  

The choice 

1820 mAh Li-ion battery from BYD. Measures are 60x39x6.5mm. 
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Connectivity 

For long, Universal Serial Bus (USB) has been the most popular way of wired connectivity 

between devices. Furthermore, since the Open Mobile Terminal Platform (OMTP) approved 

micro-USB as universal charger connection in 2009, manufacturers are encouraged to adopt 

connectivity based on Micro-USB technology (OMTP, 2009). Latest generation of USB is the 

3.0 which means higher speed and improved performance respect to predecessors (USB IF, 

2012) (figure 50). 

  

Figure 50. MicroUSB 3.0 (http://www.ids-imaging.de) 

Regarding wireless connectivity, all of them use to be radio frequency (RF) based 

technologies and three different ranges can be distinguished depending on the scope of the 

connectivity area.  Firstly, Wireless Personal Area Network (WPAN) is a network for 

interconnecting devices into a short range often around 10 meters maximum. The most 

extended technology in WPAN is Bluetooth, which is regulated though the standard IEEE 

802.15 and operates in the 2.4 GHz frequency band. The most recent version of Bluetooth is 

the 4.0 which decreases energy consumption and improves data transfer respect to previous 

generations (Bluetooth, 2012). It will be used to connect to headphones. Secondly, Wireless 

Local Area Network (WLAN) refers to wide connectivity areas such as the whole factory 

floor. This kind of connection is trending to be performed though Wi-Fi, which is regulated 

by the standards IEEE 802.11 a/b/g/n. As Bluetooth, it operates in the 2.4GHZ frequency 

band but latest version 802.11n also uses the 5.1GHz band. Wi-Fi has been successfully 

implemented in factories thanks to switch networking technologies that ensure the signal is 

getting through to the monitor receiver by retransmitting it several times if needed (Citrano, 

2012). The Wi-Fi network support transference of voice, video and data to enable employees 

contact instantly to others to work smarter and collaborate.  It also allows them access to 

web-based applications and business information. In addition, Wi-Fi let manufacturers to 
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achieve real-time visibility into every part of the supply chain and perform the operators 

tracking. For future implementation, Ultra Wide Band technology (UWB) can achieve low 

cost and low power than Bluetooth or Wi-Fi, besides using an extremely wide RF band of 

7GHz to transmit more data in the same time.  

Finally, Wireless Wide Area Network (WWAN) concerns a far greater range in data network. 

It follows the IEEE 802.16 specifications. In this field, the Fourth Generation Partnership 

Project’s technologies and regulations (4GPP or 4G) are starting to operate worldwide. 

However, this kind of connection will be dispensable in the product developed on this 

project due to it needs a commercial carrier’s data network to be performed. The device 

developed is seen as an operational tool to provide information that perfectly can be 

storaged in local servers accessed through the local network. Regarding SIM card, it is not 

needed since the information stored in the “Subscriber Identity Module” is about user 

identity or network authorization. Figure 51 shows an example of a chip to perform diverse 

kinds of connections. 

 

Figure 51. WL1283 WiLink 7.0 Chipset from Texas Instruments which supports 802.11 a/b/g/n, Bluetooth 3.0 and GPS 

(http://www.chipworks.com) 

The choice 

MicroUSB 3.0 as wired connection and charging, Bluetooth 4.0 to connect with wireless 

headphones, and Wi-Fi to connect with the factory network and perform tracking.  
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Radio Frequency Identification (RFID) 

Regarding RF data transferring, RFID needs a mention apart. It is a way of identify goods and 

pieces along the supply chain. It works through the communication between a tag in the 

good and a reader which displays information. RFID is involved in the organization system of 

many factories so it would result of great interest to enable the device of this project 

working as RFID signals reader. At present time, RFID reader chips are really tinny. For 

instance, Samsung has developed a chip of 6.5 x 6.5 mm with very low power consumption 

(850mW) (Nystedt, 2007) (figure 52). 

 

Figure 52. Samsung’s RFID Reader Chip with a surface size of 42.5 mm2 

The choice 

42.5 mm
2
 RFID chip from Samsung 

Physical Inputs/Outputs 

Apart of the connections, the device must be able to produce sounds and recognize voice, 

vibrate, display lights and making photos and video. All this requires specific hardware such 

as cameras or microphones. Starting by vibration, brushed coin vibration motors are 

constructed specifically to be used in handheld devices and similar applications. The 

vibration motor rotor consists of two 'voice coils' and a small mass integrated into a flat 

plastic disc. The motor vibrates when rotates due to the built in off-centered eccentric mass. 

Respect to microphones, they use to be around 4x3x1mm (figure 53) and they include 

capabilities such as noise cancellation (ACC Technologies, 2012). To display sound, speakers 
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will be used. They can be rounded, rectangular, or oval shaped, depending on the specific 

application which also determines materials chosen. Their size can be miniaturized to a few 

mm long and wide. Also headphones are supported through the Bluetooth connection. 

 

Figure 53. Mobile terminal’s microphone (AAC Technologies, 2012) 

Finally, the camera should be used to capture images and video. It consists of a compact 

module integrated in the phone in many different ways. The Samsung Galaxy Nexus suppose 

an example of camera integration for slim devices because the camera’s components are 

spread off in a planar way to reduce thickness (figure 54). This camera, manufactured by 

Samsung, has 5 megapixels and it is optimized for low light conditions (Samsung Electronics, 

2010b). Moreover, new OV8825 8Mpx camera chips from Omnivision can be integrated in an 

8.5 x 8.5mm module with a height of 4.7mm (Omnivision, 2012). In this project, a resolution 

of 5Mpx rear camera and 1.3 to 3Mpx front camera could meet requirements so physical 

size can even decrease respect to Omnivision’s module. 

 

Figure 54. 5 Mpx Samsung Galaxy Nexus’ camera (http://www.ifixit.com/Teardown/Samsung-Galaxy-Nexus-

Teardown/7182/2) 

The choice 

Any vibration DC Motor, micrhophone and speakers. 5Mpx back camera and 3Mpx front 

camera. 
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7. RESULTS 

To sum up, the final results consists of a handheld device to be carried on the pocket, on the 

belt or on the arm with a wristband. It also stands up over flat surfaces. It is designed to 

meet factory’s requirements through supporting gloves, improving handy and favoring 

resistance and maintenance issues. During this project, tests were carried out as often as 

possible through the construction of mockups to compare and discuss. Also real 

manufacturing guidelines as well as capabilities of current technologies have been assessed. 

A poster was created to show in brief the work made (figure 55). 

 

Figure 55. Poster made at the end of the project to present the final product and sum up the work carried out 
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8. DISCUSSION 

This project reached a solution to get instructions to operators in the shoop-floor, as well as 

it would suposse a step forward to achieve paper-free factories. Moreover, the solution 

offered not only benefits operators. Production engineers, warehouse staff, logistic 

personnel and many other workers can take the advantage of it. However, to develop and 

implement an efficient DSS requires from a multidisciplinary team. As stated in chapter 1, 

this project does not focus on programming issues, but many of the topics concerning the 

DSS need of the coordination between programmers and designer. Furthermore, 

organization engineers will have much to do if a DSS is implented. This project simulated an 

specific environment described in chapter 3 – Performing of the DSS, in order to come up 

with a set of technic and physic requirements needed for the development of the device. In 

real implementations, other requirements could be added so some features could change. 

Moreover, there is not much written in this report about standard involved regarding 

ruggedness, but they were take into account as far as possible. Main standard involved 

consits of diverse resistance tests such as the MIL-STD 810G. It tests shock and vibration 

resistance and informs about humidity and temperature rates of working. Also IEC IP, which 

informs about sealing, is often checked by makers. Of course, there was no possibility of 

testing the product since it was not manufactured, but looking through products in the 

market and its specifications it may get an idea of how to meet standards. Into the 

comparison chart of appendix 1, some products are related with their standards. 

Otherwise, this project aims to approach to the factory of the future. IBM ensures in its 

popular ’next 5 in 5’ list that machines will be controlled by mind in 5 years (IBM, 2012). 

However, implementation is low, even more in a complex environment such us current 

factories. The estimation in this project is quite more honest, based on the development of 

smaller, cheaper and more efficient electronic components, as well as improved materials to 

ensure more resistant cases. 

Other important topic to discuss is the operator tracking. It is usually seen as privacity 

invasion by operators but it really answer to organization tasks. An efficient DSS may handle 

operators time scheduling and dynamics job rotational tools, what use to need the tracking 

of workers. The best way to face this problem is through transparency of the data. Neither 
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workers nor the company should have nothigh to hide. Especially by the part of the 

company, they need to be extremly clear with operators about how the informations is 

handled. 

Finally, ecological or economical issues plays in favor of the implementation of this kind of 

technology. Moving towards completely paper-free factories supposes another step to 

achieve better sustainability. According to Liljesson and Haglund (2007) each vehicle 

generates 325 sheets of instructions on average, and the cost of the printing alone (without 

distribution) is about 7 million SEK. They stated that acquisition of PC terminals to all 

assembly stations would not exceed the costs for the printing alone. Also distributing 

instructions digitally have ovious benefits both ecological and economical. Regarding the 

device itself, maintenance issues were really involved into the development process. Easy 

repairs and durability will save costs as well as raw material resources.  

8.1 FURTHER WORK 

This project really missed a closer approach to operators. When design for users, they need 

to be involved into the design process in order to allow testing and getting feedback. 

Unforunately, feedback came at the end of the project, but it leads to interesting discussions 

that can be adressed in a future work. 

For instance, regarding the model constructed using the interface of the GUI project 

(appendix 4), some operators commented about icons are too small for people with sight 

problems or too thick fingers. Solutions go through making a bigger screen or increase the 

size of icons. The 3.7’’ size chosen is justified through testing and it supposes the balance 

between wide screen and handy device. At my own, screen size is right if a different 

interface is used, with less and wider icons. The interface should maximize the space of the 

screen removing or hiding bezel and some indicators. 

Regarding the wristband, it was a topic quite commented, especially by operators. Most of 

them were skeptic of this concept but they recognized that it is quite comfortable and 

accessible for interaction. However, there were problems mounting and dismounting the 

wristband on the arm since only one size was simulated. More elasticity or a new kind of 

closure is needed. Also they use to wear jackets what impedes the normal use of the 

wristband. As a solution, the author recommends integrating the pocket to introduce the 
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device in the sleeve of operator’s clothes. A tape to fit the sleeve with the arm can be added. 

A real prototype is needed for testing.  

The third topic discussed was about manufacturing costs. Even though when there was no 

cost limitations, some people missed a closer approach to the price of manufacturing the 

final product. It would be interesting going further with that.   

Finally, the concept of using only one board supporting all the electronic components may 

be checked by experts in the field. If implemented, it also needs further development facing 

the design of printed circuits and position of components.   
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9. CONCLUSIONS 

To conclude this report, requirements has been checked again in order to compare with the 

solution given. 

- Readable display: technologies available were analyzed in 6.4. TFT LCD displays fulfilled 

expectation and they are easily acquired. They offers wide angle of view and contrast. In 

addition, LCD will work using qHD resolution, so the device can provide high quality images.  

- Adaptability to gloves: The screen size of 3.7’’ withstands the use of gloves. It was chosen 

after being tested in comparison with other sizes as it is discussed in 6.4. Also the stylus is 

wide enough to be used with gloves. It was designed as big as possible attending the space 

constricts. Then, the 3D model allowed testing and the result is positive. Furthermore, 

screen technologies compatible with finger gloved are discussed in 6.4. 

- Comfortable, not a burden: The device is small to be easily carried. Buttons from front view 

were removed and the frame size reduced. A comfortable wristband has been also thought 

to accompany the final product. 

- If batteries, long durability: A wide battery of 1820 mAH from BYD has been chosen to 

ensure long durability. It is discussed in 6.4.  

- Easy to clean: When the device become dirty or dust build up, the protection case can be 

easily disassembled to access edges and corners for cleaning. If any kind of silicon or glue 

gets stuck, or the case is seriously damaged, pieces are easily interchanged. 

- Good connectivity with the network: Wi-Fi has been chosen to connect devices with the 

network and also between them. Moreover, tracking may be performed through Wi-Fi. 

Capabilities of this technology are discussed in 6.4 

- Support video and voice call, image and video capture, vibration, sounds and light: The 

device incorporates front and rear camera, microphone and speakers, vibration DC motor 

and one led indicator in the front case. More specifications can be read in 6.4 

- Increase spatial and temporal range of information: by providing operators from handheld 

devices, information can be accessed from everywhere whenever is needed. To ensure 
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devices will be close to operators, a wristband has been proposed. Also the device can be 

carried in the pocket or into a standard belt holder. Finally it stands up over planar surfaces 

to fit operators who works seated.  

-Improve triggers: Vibration is an excellent trigger. Also sound display through speakers or 

headphones and the led indicator will alert operators.  

- Easy interaction: Colors, icons and signals give information about how to use the device. 

Otherwise, it is intuitive. Buttons are visible and easily understood, the foot and stylus are 

simple so they don´t need previous instructions and the same happens to access battery or 

remove the protection case.  
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APPENDIXES 

APPENDIX 1. MARKET RESEARCH-COMPARISON CHART. 

Devices selected for comparison were three rugged handheld operator terminals (AMREL 

DB6-1, ARCHIER FIELD PC, and Getac PS535F), a smart PDA (I-MATE ULTIMATE 7150), two 

handheld rugged tablets (MESA Rugged Notepad and Panasonic U1), one bigger rugged 

tablet (AMREL TABLET), and finally two well-known smartphones (iPhone 4S and Blackberry 

Bond).  

Table 5. Market mobile terminals comparison chart 
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APPENDIX 2. PRE STUDIES-REQUIREMENT LIST 

A list of requirements is offered here. They were scored according to 3 levels of relevance 

for the designer where 1 is the most relevant.  “Relevance” means requirements which 

require more effort to be achieved. 

Table 6. Requirement list 

User request 

 

Readable display  3 

Adaptability to gloves 1 

Comfortable, not a burden 1 

If batteries, long durability 3 

Easy to clean 2 

Performing requests 

Good connectivity with the network 3 

Support video and voice call, image and 

video capture, vibration, sounds and light. 

2 

Other requests 

Increase spatial range of information 1 

Increase temporal range of information 1 

Improve triggers 2 

Easy interaction 3 
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APPENDIX 3. OTHERS RENDERS AND DRAWINGS 

Some others render and features are shown below:  

 

Figure 56. The foot is thought to be forced fit on the back case. 

 

Figure 57. Numbers in the protection case to identify each Mate. 
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Figure 58. Display and capsule with electronic components are embedded accurately into the device, without using 

screws. 

 

Figure 59. The device would be charged after every work shift. 
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APPENDIX 4. PHYSIC MODELS 

The final model was printed on ABS with a 3D-printer to check real measures and features 

such as buttons, stylus and others. Also a second model was built for testing in which the 

interface of the GUI project was simulated. They are shown below: 

 

Figure 60. Front perspective of the ABS model. 

 

Figure 61. Back perspective of the ABS model. 
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Figure 62. Cavity for the battery. 

 

Figure 63. Battery cavity and stylus comparison with a Samsung 5230W. 

 

Figure 64. Handing the ABS model in landscape mode. 
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Figure 65. Handing the ABS model in portrait mode. 

 

Figure 66. Front perspective of the model built. 
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Figure 67. Back perspective of the model built. 

 

Figure 68. Number on the protection case. 



 

x 

 

 

Figure 69. Interacting with volume buttons. 

 

Figure 70. Using the camera. 

 

Figure 71. Interaction with the stylus while using gloves. 


