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Glossary 

Public Transport Authorities, PTAs are responsible for the public transport. In Sweden it is 

usually a county transport company. 

AB Storstockholms lokaltrafik, SL is a PTA responsible for the public transport in 

Stockholm´s County.  

Luleå lokaltrafik, LLT is a PTA responsible for the public transport in Luleå city.  

Traffic operators manage the public transport on behalf of the PTAs. 

The Swedish Bus and Coach Federation, BR is an organisation representing the professional 

bus and coach industry in Sweden. 

The Swedish Public Transport Association is an organisation for PTAs in Sweden. They also 

have members who are suppliers and consultants to the industry. 



 

 

Abstract 

Scania is a leading producer of trucks, buses, industrial engines and marine engines. The 

thesis treats the subject accessibility on city buses. 

In the current situation customers choose layouts and equipment of the buses on their own. 

Scania wants to acquire knowledge of the customer needs so that they are able to 

recommend a more accessible layout for a high and low passenger flow. The layout shall 

include dimensioning and placement of doors, seats, handrails, equipment and areas for 

people with reduced mobility.  

To learn more about accessibility on city buses a literature study was made. The study 

included causes for mobility reduction, available aids, knowledge about Scania´s buses, how 

Public Transport Authorities work with accessibility and legal requirements for bus 

construction. Interviews, observations and benchmarking were also made to see how 

accessible current buses are and how they could be improved to ease travelling for people 

with reduced mobility.  

The gathered information showed that nearly 8 % of the population in Sweden today live with 

some form of mobility reduction. Legal requirements about accessibility state that everyone 

shall be able to travel with public transport vehicles despite disability. In reality passengers 

with reduced mobility face a number of problems when travelling by bus.  

Many current ramps do not meet the legal requirements on slopes when folded out against a 

kerb. Problems with infrastructure and traffic in the inner city of big cities often lead to the bus 

not getting to the stop which means the ramp has to be folded out against ground. This gives 

an even larger slope that is harder for wheelchair users to access.  

At the wheelchair area a side support is required in buses without legal demands on safety 

belts. Some of the current side supports are folded down which is good in the aspect that 

they are not in the way when not in use. However this solution is sometimes difficult for 

people with reduced mobility in the upper body to use, as it requires large joint angles. There 

are also many permanent solutions that could be in the way when accessing the area.  

For buses without legal requirements on seat belts there are no requirements on fastening 

systems for wheelchair users. Since there are people in wheelchair that also have mobility 

reduction in the upper body and could have difficulty holding on to the handholds at the area, 

a fastening system would however be a good solution.  

In current layouts there are sometimes problems accessing the wheelchair area depending 

on how the door is placed relative to it. Wheelchair passengers describe it as having to make 

an unnatural turn. From the new version of Buss 2010, a document for recommendations 

from the bus business in Sweden, there are requirements on having larger space between 

seats, four strollers and priority seats on low floor. This means that new layouts have to be 

modified to meet these aspects. For the operators that manage the public traffic in Sweden it 

would be desirable with standard layouts suitable for different intensity of passenger flow, 

since they work in different areas around the country.  



 

 

Creative methods were used for concepts development of layouts and equipment. Ideation 

and evaluation sessions were held with two different groups from Scania in Sweden and 

Poland.  

Two new layouts were created, one for high and one for low passenger flow. Since the 

requirements on accessibility are the same despite passenger flow intensity the accessibility 

adjustments are the same for the different layouts. Some common aspects were that the 

front and middle door would be close to each other with the priority seats in between for less 

walking distance and that the wheelchair would be placed in a suitable position to the middle 

door for easy access. The layouts also required walker space next to reserved seats so the 

passengers would not have to leave it to access seats further away like in the current 

situation. The layout for high passenger flow has more standing area on the side of the 

gangway to prevent people from blocking access to seats during dense traffic. The layout for 

low passenger flow has more seats and a smaller pram area to avoid having standing 

passengers.  

A new concept for a ramp was developed with a lower slope than the legal requirement for 

more easy access of the bus. To achieve this, the ramp begins to slope inside the bus. This 

means that the extension needed for a lower slope does not have to be as long outside the 

bus. A side support was created that is easier for the passenger to fold out than current 

solutions. The support is also adjustable to fit a larger variety of users. A fastening system in 

form of a belt solution was also created that would be easier for wheelchair users to handle 

on their own.  

My recommendation to Scania is to propose the concepts for layouts, boarding device and 

side support to their clients as they are more adapted to people with reduced mobility as well 

as to different passenger flow intensity. The fastening system is not recommended for 

continued development as there are doubts whether it really exist a need for it.   
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1. Introduction 

Each year in Sweden about 1.2 billion trips are made by public transportation. Nearly 45 % of 

those trips are by bus in city or local traffic.  

1.1 Background 

In year 1979 the first laws about an accessible public traffic were stated. Since then the 

requirements on accessibility have increased. The bus business and other organisations 

work continuously to make the public transportation more available for everyone. One 

manufacturer in Sweden who delivers buses with equipment for increased accessibility is 

Scania. 

Scania was founded 1891 in Södertälje, by the name Vagnsaktiebolaget (Vabis). The 

company at first manufactured railway wagons, but later became a leading producer of 

trucks, buses, industrial engines and marine engines. Scania currently operates in 

approximately 100 countries and have over 35 000 employees. The department of research 

and development is concentrated in Södertälje and employ about 2 900 people.    

Scania´s first bus was manufactured in 1911, when Vabis was united with 

Maskinfabriksaktiebolaget Scania to meet the competition in Europe. Today Scania 

manufactures city, intercity and tourist buses. 

In the current situation customers choose layouts and equipment of the buses freely. Scania 

wants to acquire knowledge of which aspects control the choices they make about door 

configuration, seating layout and disability equipment. They also wish to know to what extent 

the buses are adjusted to passengers with reduced mobility. This so Scania can change their 

way of working from being order-driven to having sufficient competence to understand and 

be able to recommend their customers a suitable solution based on their needs and 

preferences. This applies to the interior layout, equipment level, disability solutions and door 

configuration that best meet the requirements. 

1.2 Aim and objective 

The aim of the project is to explore how well adapted current city buses are to people with 

reduced mobility and how Scania can increase the accessibility. Analysis shall also show 

how these changes affect the passenger flow.  

Objective of the thesis is to create concepts for accessible standard layouts for high and low 

passenger flow. Layouts shall include location and dimension of passenger seats, priority 

seats, wheelchair area and pram seats. The concepts shall also contain door configuration, 

step-in heights at service doors, handrails and handholds. To make buses more accessible, 

concepts for new equipment shall be presented that will ease travelling for people with 

disabilities.  
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1.3 Boundaries 

The thesis continues for 20 weeks and includes 30 credit points. Boundaries are set up so 

the work of the project corresponds to these points: 

o The bus types which will be studied are Scania´s city buses OmniCity and OmniLink. 

The work only covers single deck vehicles of class I. 

o The thesis only treats the front low-floor area and not the space behind the second 

door position of the bus. This so the solutions are implementable on both bus types. 

o The work is limited to only treat the Swedish market. Needs for high and low 

passenger flow will be explored. Cities studied shall be Stockholm and Luleå. 

o  Layout will only be created for a passenger flow direction where passengers enter at 

the front and exit at the middle or back. Passengers with wheelchair, walker or pram 

enter and exit at the middle door.  

o The accessibility adjustment will be focused in relation to passengers with mobility 

reduction, and no other types of disabilities. 

o Concepts will not include detail construction or how to implement solutions in floor 

construction or electrical integration. 

o No studies of the driver’s area will be made. 

o The work does not include design of stop buttons. 

o Materials and manufacturing costs will not be treated in the thesis. 

o Colours of the interior are not taken into consideration. The clients make the choice of 

carpets and fabrics.  
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2. Methodology and implementation 

The thesis was performed through systematically planned work. Methods used were carefully 

selected and adapted to the different tasks in the project.  

2.1 Project planning 

A project plan should be a living document to follow through a project. It is created before the 

work begins to make sure that each necessary tasks of the project is scheduled before 

deadline. A common type of schedule used for project planning is a Gantt chart. The chart is 

two dimensioned where the y-axis represents the tasks in the project and the x-axis 

represents the time. Every task has a horizontal line with a start and stop date so it is easy 

keeping track of whether the project is on schedule. The method is normally used in early 

stages of a project (Johannesson et al. 2004). 

Before the study began a project plan was made stating background, aim, objectives and 

boundaries of the project. To reach the objectives a mapping of necessary elements was 

made. For time planning a Gantt chart with a so called 4-1 schedule was used, where parts 

of the project is planned the first four weeks, and the fifth week is a buffer week. The buffer 

week is a chance to finish parts that was not done on time before starting something new. If 

everything goes according to plan the time should be used for compilations and 

documentation. If needed the week could also be used for planning the next tasks. The 

necessary elements were placed along the time line of the chart. The total time consumption 

was divided on the different phases using estimations (Appendix 1). 

2.2 Literature study 

A literature study was performed to gather information about the related subject and all the 

necessary background needed for the task. Studies were made in Scania´s archives to gain 

knowledge about their city buses. The study included bus types, definitions, layouts, 

equipment and customer choices. A study over earlier research regarding accessibility in 

public transport was done to get background information about current situation. When 

designing for people with reduced mobility it is also important to know what causes the 

disorders and how the persons are affected. To get more information a study over illnesses, 

injuries, symptoms and consequences was performed. It also included aids that increase 

mobility and their dimensions. Information about anthropometry and ergonomics was also 

gathered to be able to adjust the solutions to humans. A study of legal requirements for bus 

design and recommendations from the bus business was made and summarized. To know 

which persons had an interest in how buses are designed a mapping was made and 

categorized. 
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2.3 Problem identification 

To identify problems quantitative or qualitative methods are often used. Surveys, interviews 

and observations are three types of common approaches. 

2.3.1 Interviews 

Interviews can be done for an amount of reasons to gather subjective information. Often they 

are performed to get a grip on the current situation concerning a subject. With interviews a 

more qualitative basis is gathered than information from surveys. There are different kinds of 

interviews: structured, semi structured and unstructured. Structured interviews have 

pre-designed questions to which the answers are categorized. The questions are clearly 

formulated and leave no opportunities to redirections. The questions in semi structured 

interviews are also pre-designed but have open-ended possibilities. This gives an opportunity 

for the attendants to tell their opinions about the same issues. Unstructured interviews 

contain different topics and depending on the answers the following question is adjusted 

(Bohgard et al. 2008). 

Interviews were held with groups having an interest for how buses are designed. For 

interested parties who had a clear picture of the current situation and which requirements 

they have on the buses, semi-structured interviews were used. A variety of predetermined 

questions were asked and depending on answer more questions were added. This was 

made for more reflection about the subject. Unstructured interviews were made with interest 

groups where more information was needed about written documents and to learn more 

about which aspects that controls the customer´s choice of layouts when ordering buses. 

Some interviews that were meant to be semi-structured also ended up to be unstructured, 

because the interviewee did not have the answers to the questions. 

2.3.2 Observations 

Observations are made to study people’s actions and behaviour. By observing people, 

problems that do not appear in interviews are often found. People do not always know about 

some problems they have, because humans are good at adjusting to situations. Some tasks 

can be difficult to perform because of deficient design, but after a while become easier 

because people find ways to work around the problem (M7016T Creative concept 

development 2011).  

The observations of the thesis were made during a working day. Studies were performed in 

both Stockholm and Luleå to see how problems vary depending on passenger flow intensity. 

The study was focused on the problems people encounter and how they deal with the 

situation. The study was performed in a natural environment inside the vehicles and at bus 

stops.  
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2.4 Description and analysis of current situation  

A description and analysis of the current situation was created to find problem areas which 

needed to be improved. All the information gained from earlier studies, tests, interviews and 

observations was compiled and analysed. A mapping of current wheelchair dimensions was 

made. The dimensions were compared to the measurement of the reserved area in the 

buses.  

A description and analysis of future situation was also done to be aware of how upcoming 

changes could affect the solutions. The analysis of the current and future situation was the 

base for the ideation and concept development.  

2.5 Specification of requirements and preferences 

A requirement list establishes what should be achieved as a result in a product development 

process. The resulting content shall be identified as requirements or preferences. 

Requirements must be fulfilled at all circumstances, if not, the solution is unacceptable. 

Preferences should be considered whenever possible. They must not be fulfilled but can give 

a more valuable product when satisfied. A requirement list based on subsystems can often 

be more useful (Johanesson et al.  2004). 

In the project two requirement lists were made, one for general layout and the other for areas 

and equipment for people with reduced mobility. Each list was divided into subgroups for 

different areas and products. Contents were marked as legal requirements, recommended 

requirements or preferences.  

2.6 Benchmarking 

Benchmarking is a term used for when a company compare their activity in relations to the 

industry. There are different kinds of approaches. Internal benchmarking means that the 

company is comparing their products or services to each other. When the company 

compares themselves to others in the same industry it is called competition benchmarking. 

When a company focuses on external companies in other industries it is called function 

benchmarking (Johansson 2005). 

A competition benchmarking was used where solutions from other bus manufactures were 

studied. An internet based image research was made to discover different solutions for 

ramps, wheelchair areas, back support for wheelchairs, handholds, priority seats and general 

layouts. Manufactures studied were Volvo, Mercedes Benz, MAN, Yutong, Temsa, Solaris, 

Higer, Irizar, LAZ and KMB. 

2.7 Concept development with creative methods 

After analysing which problems people with reduced mobility meet when travelling by bus 

subjects for development to increase accessibility were listed. The subjects were categorized 

into products or layouts. For products new solutions for equipment were created. Layouts 

concerned placement of current and new equipment.  
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Brainstorming was used for ideation. Brainstorming is a common tool used for ideation in all 

types of businesses. The aim is to create a quantity of ideas to a stated problem. The 

brainstorm session often contains between 5-20 persons including one facilitator. To make 

the session as efficient as possible there are some important rules to follow: 

o All forms of criticism are forbidden 

o Go for quantity 

o Encourage unusual and wild ideas  

o Build or others ideas  

o Jump back and forth between old and new ideas 

o Be visual      

(Kelley et al. 2001) 

A session was held in Sweden with a group of seven people working with product 

management, management of technical product range, certifications, structure and layouts, 

Swedish product market, product planning and market introduction. The group used the 

creative method brainstorming for all subjects under the category products, to create new 

ideas on how to solve identified problems from the analysis. The group was presented each 

product separate and together brainstormed ideas with post-it´s on how to solve the problem. 

When all categories had been processed, the group together brainstormed on other solutions 

on how to increase accessibility.  

A variant of brainstorming was also used to create layouts for buses with the new ideas. 

Pre-designed seats and priority seats were placed in empty layouts where the group 

members drew other areas and equipment. This way each member could work more freely 

with their ideas. The group later described their layout and their thoughts on how to solve 

different problems.  

The ideas from the ideation session were gathered and some ideas were chosen for further 

development and evaluation (Appendix 9). From these ideas concepts were created for 

different kinds of equipment and layouts. The ideas rejected were due to they were out of 

boundaries for the project, to complicated or too time demanding and in need of manual help 

from another person.  

The concepts were presented to a group at Scania in Poland working with layouts and 

customer orders. Each concept was evaluated with sweet spots/weak spots which is a 

method used for finding strengths and weaknesses of concepts (Törlind 2011). It is a good 

way to discover flaws and avoid them by making changes before continuing with a solution. If 

some part of the idea has a lot of benefits it can be added on another idea if possible. 

Besides discovering strengths and weaknesses the group also discussed how to improve the 

ideas. Some new concepts were later created from these ideas. Previous and new concepts 

were later evaluated in Sweden using the same method. 
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Concepts for products in different categories were evaluated with weighting of criteria and 

credit point calculation. Weighting of criteria is a method used to evaluate preferences 

relative to each other. Preferences from the requirement list are placed in a matrix where 

each subject is compared against the others and a value is given depending on importance. 

If one preference is considered more important it is given value 2 and if less important value 

0. If the importance is equal each item is given value 1. When all preferences are valued a 

weight factor in percent can be calculated (Johannesson et al. 2004). Weighting of criteria is 

usually combined with the method credit point calculation to rate solutions. A rating scale 

with even numbers is selected where concepts are evaluated on how well they meet 

preferences from the requirement list. The value multiplies with the weight factor for a partial 

credit point. Partial values are summarized to obtain a total value of each requirement 

(Johannesson et al. 2004). 

In the thesis the preferences for each subject were compared against each other and given a 

value. Preferences concerning personal safety and accessibility were considered more 

important and comfort less important. 

The solutions were then analysed on how well they met each preference. The ideas were 

rated on a scale from 1-4 point where: 

1. Meets the preference poorly or not at all 

2. Meets the preference  

3. Meets the preference well 

4. Meets the preference very well 

To get a final score the given points were multiplied with the corresponding weight, and then 

summarized. The three solutions with the highest credit point were compared to each other 

and other aspects like time effort and simplicity were taken into consideration. Based on 

those criteria one final solution was chosen from each category for further development. 

The layouts were evaluated from different aspects. Taken into consideration were how each 

reserved area were placed relative to doors for boarding and alighting, how placements of 

walkers would affect the gangway and space around passenger seats, how placement of 

areas would affect the passenger flow, how standing areas would affect the space around 

passenger seats and how placement of the doors would affect easy access for passengers. 

The layouts for a high and low passenger flow that best met all these aspects were chosen 

for further development. 

All selected solutions were dimensioned so they met all requirements from the specification. 

The equipment was designed and positioned to ease access, management and security for 

the user. Layouts were dimensioned and equipped to meet the legal requirements and also 

to ease access for passengers with reduced mobility.  

The solutions were after further development digitally constructed and visualized in the CAD 

software CATIA V5.  
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2.8 Physical models 

Physical models are built to test a concept or a process. They are used to verify design, 

surfaces, shape, volume, ergonomics, function and packaging function, to use for product 

presentation and as support for decision making. The aim is to increase knowledge, predict 

errors, achieve a higher quality on the final result and minimize the time to a finished product. 

There are different kinds of physical models. Sketch models are made in an early stage 

during ideation, are a complement to 2D sketches and used as a visual aid. A mock-up is a 

simple model that only partially works. It is used to test space, range and visibility. It is often 

used in work studies, for teaching demonstration, promotion and design evaluation. A user 

experience model is a model with the aim to study one or a few functions. Some commonly 

tested functions are strength, torque, weight, movements and ergonomics. A visual model is 

used to capture the final product´s appearance and form. It shall look real but does not have 

to be functional. Visual models are used at presentations, visualizations and decision 

making. A prototype is used for final tests of the concept. It shall be an accurate copy 

regarding function, components, material, weight etc. The aim of a prototype is to find flaws 

before mass production. The model shall look and work as the final product (D0003A 

Modelling and presentation technique 2008).  

Mock-up models were built to test access to the wheelchair space. The free area from the 

door for boarding and alighting and the area on the reserved space were marked out with 

tape. Test with a manual wheelchair accessing the area and positioning on the space were 

made with a test group of six persons. 

A user experience model was made for one of the product concepts to test the function and 

make sure that the new solution eased handling for the user. Tests concerned the reach, 

grip, angles, size of the section and form.  

2.9 Evaluation of final solutions 

After digital construction and prototyping the final solutions were analysed. The solutions 

were compared to the current solutions to determine if the new concepts will increase 

accessibility for people with reduced mobility. The details of the concepts were analysed to 

see how well they would solve the stated problems and if the changes would have any 

negative effects.  After evaluation and analysis conclusions were drawn for each category.  

2.10 Recommendation 

Recommendations to Scania about which solutions are most suitable for high and low 

passenger flow were written. The recommendation also included products that will increase 

the accessibility on their city buses. A list of future work that needs to be done before 

implementing the solutions was also stated.  
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3. Theory 

When designing buses it is important to have knowledge about many different aspects. Most 

important is to be aware of the legal requirements, but to understand them it is necessary to 

clarify the different definitions used.  

3.1 Definitions 

For vehicles having the capacity of carrying more than 22 passengers, there are three 

different types of classes: class I, II and III. Class I vehicles are designed to carry standing 

passengers. The vehicles should be equipped with seating and standing areas for a frequent 

passenger flow. 

Low-floor vehicles are vehicles which have an area without steps. This area must cover at 

least 35 % of the area available for standing passengers. The area must also be accessible 

by at least one service door. 

A service door is a door normally used for entrance and exit by passengers with the driver 

seated. 

A gangway is an area providing access for passengers from any seat, row of seats or 

wheelchair area to any other seat, row of seats, passage to service doors, wheelchair area, 

intercommunication staircase and any space for standing passengers. 

Passengers are people other than drivers or members of the staff. Passengers with reduced 

mobility are passengers with difficulty using public transports due to physical obstacles. It 

includes for example wheelchair users, people of small stature, people with absence of 

limbs, elderly people, pregnant women and people travelling with children. 

Priority seats are seats with more space intended for passengers with reduced mobility. 

A kneeling system is a system which totally or partially lowers and lifts the vehicle body 

relative to normal position. 

Lifts are systems or devices with a platform which can be raised and lowered to provide 

passenger access from ground level into the vehicle. Ramps are devices that bridge gaps 

between vehicle and the ground. These devices are intended for helping wheelchair users to 

access the bus (United Nations 2010). 

Slopes are in the document of legal requirements for bus design, ECE-R 107, expressed as 

a percentage where 100 % corresponds to 45 °. To express the percentage as an angle 

equation 1 is used. 

α = arctan (% slope/100)       (1) 

If an angle is expressed as a ratio, for example 1:n, then equation 2 shall be used. 

α = arctan (1/n)                     (2) 
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3.2 Scania´s city buses 

Scania Omni has two types of city buses, OmniCity mainly for inner city traffic and OmniLink 

for when inner city lines connects to suburbs or farther. Each bus type comes in different 

models with either a rigid or an articulated body. 

3.2.1 Scania OmniCity 

Scania OmniCity is a low-floor bus adjusted for dense city traffic. The floor is low and flat 

without any obstacles (figure 1) which provide a fast passenger flow. To enable having low 

floor throughout the bus, the engine is transversely fitted behind the rearmost axle. OmniCity 

also has a full side kneeling system providing fast and simple enter and exit, but also higher 

accessibility for people with reduced mobility. OmniCity is a class I vehicle and is available in 

three different models: Basic, Articulated and Double deck. Basic and Double deck have a 

rigid body with two axles, while the articulated model has two sections of rigid bodies with 

three axels (Scania 2011). Double deck is not available for left-hand traffic. The models for 

right-hand traffic are available in the length 10.9, 12.0 or 18.0 m.  

 

Figure 1. OmniCity with low floor throughout the bus. 

3.2.2 Scania OmniLink 

Scania OmniLink is a bus adjusted for both city and suburban traffic. The floor is low at the 

front and higher after the middle service door (figure 2). This solution provides a fast flow in 

the front and a seating comfort with good view in the back of the bus. The engine for 

OmniLink is longitudinally installed behind the rearmost axle. This model also has a full-side 

kneeling integrated into the electric system. OmniLink can be registered as class I or class II 

vehicles. OmniLink is available in two different models: Basic and Articulated. Basic has a 

rigid body with two or three axles, while the articulated model has two sections of rigid bodies 

with three axles (Scania 2011). The models for right-hand traffic are available in the length 

12.0, 12.7, 13.7, 14.6, 14.8 or 18.1 m. OmniLink is more common in Sweden than OmniCity. 
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Figure 2. OmniLink with low floor at the front of the bus. 

3.2.3 Layout and dimensions 

The height of the bus varies depending on ventilation, fuel system and engine. The width of 

both bus types is 2.55 m. The distance from the bus front to behind the middle door has a 

length that varies between about 5.7 m and 8.1 m for the different models. This space should 

fit priority seating and a special area for prams and a wheelchair. Depending on bus length 

and door configuration customers choose between different layouts with variable placing and 

number of seats. 

Step-in heights to access the bus are about 0.32 m at front and 0.34 m at the middle door. 

The bus could be equipped with a kneeling system that either lowers at front on the side of 

the service doors, at the whole side of the service doors or horizontal on both sides. The bus 

usually only kneels at front right wheel for buses in Sweden. In that case a step height at 

front of 0.25 m is possible.  

Depending on model the bus can have a different numbers of doors. The basic models can 

have three positions for service doors and the articulated four. For every door position the 

customer can choose between single or double doors. Front doors usually open inwards and 

other doors outwards. The dimension of the doors varies depending on type and position 

(table 1). 

Table 1. Dimensions of doors on Scania´s city buses. 

Position Door type Width, mm 

Front Single 790 

Front Single 950 

Front Double 1 390 

Middle Single 1 010 

Middle Double 1 350 

Rear Single 880 

Rear Double 1 350 
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3.3 Physical disabilities 

Physical disability is total or partial impairment of bodily capability compared to the average 

population. Diseases are common reasons for mobility reduction. Two large groups of 

diseases which can affect mobility are neurological and rheumatic. According to the Central 

bureau of statistics, SCB, 7.7 % of the population in Sweden 2010 have some form of 

mobility reduction. Statistics also show that 4.7 % are suffering from severe mobility loss. 

Reduction of mobility increases distinctly with higher age where more than 50 % of the 

population over 85 years old are affected (figure 3). Numbers in the statistics are random 

samples forming a 95 % confidence interval. 

 

Figure 3. The population in Sweden with reduction and severe reduction of mobility due to age (SCB 2011). 

3.3.1 Neurological diseases  

Diseases affecting central, autonomic or peripheral nervous system are called neurological 

diseases (Appendix 2). Some types of neurological diseases that can affect mobility are 

stroke, cerebral pares, multiple sclerosis, amyotrophic lateral sclerosis, Parkinson´s disease, 

spinal cord injuries, muscle diseases and encephalitis. These diseases have various 

symptoms such as paralysation, numbness, balance disorders, spasticity in muscles, power 

reduction in limbs, slowed movements, shaking, cramps and loss of sensation. A lot of 

people with these diseases are in need of a wheelchair. Body parts affected are different 

depending on disease and person. Paralysation could affect the whole body in some cases. 

Cerebral pares or muscle diseases could be congenital while stroke, multiple sclerosis and 

amyotrophic lateral sclerosis are examples of diseases that occur later in life. The most 

common reason for reduction of physical mobility in Sweden is stroke (Skåne University 

hospital 2005).  
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3.3.2 Rheumatic diseases 

About one million Swedes have some form of rheumatism or rheumatic symptoms. There are 

close to a 100 types of rheumatic diagnose. These diseases mainly affect joints, muscles 

and bones (Reumatikerförbundet s.a.). Symptoms could be pain, stiffness, lowered joint 

function, swelling in joints, decreased movement and inflammation.  

Common affected body parts are hands, feet, knees, hips, the back, the jaw and in some 

cases the whole body, depending on type of rheumatic disease (Appendix 2). The most 

common diagnosis is osteoarthritis which over 25 % of the population older than 55 years 

suffer from in some form (Netdoktor 2007).  

3.4 Accessibility 

Accessibility is a term used to describe the degree to which a product, service or 

environment is available to everyone. There are different kinds of accessibilities such as 

physical, social, psychological, organisational and economical. In year 1979 the first law 

about accessible public transport for people with functional disorders was written 

(Creutzer 2010). 

Accessibility for people with reduced mobility mostly refers to them being able to transfer 

themselves safely in environments. Achieving that depends on how environments are 

designed. It should be possible to transfer without passing large slopes, stairs, tight 

passages and heavy doors (Handisam 2008). 

3.4.1 Physical aids 

The aim of physical aids is to ease everyday life for people with physical disabilities. 

Depending on form of mobility reduction and to what extent the mobility is reduced, there are 

different types of aids to use. 

A wheelchair is a transportation aid for people with reduced mobility in feet, legs, hip or back. 

Wheelchairs can be manoeuvred manually or electrically. People with temporary damages 

like bone fractures or permanent paralysation from waist down often use manually-operated 

wheelchairs. People with more severe damage affecting larger areas of the body are in need 

of electrically-operated wheelchairs. Electrically-operated wheelchairs are often larger and 

need more space. Scooters can also count as a wheelchair if they meet certain 

requirements. A difference with scooters is that they are not meant for use in other vehicles. 

People using scooters cannot travel with public buses because of safety reasons. Scooters 

do not have the stability that is required and can injure passengers in case of an accident 

(Salén et al. 2008). 

For people having difficulty standing and walking, equipment like walkers can ease 

movement. Walkers often have a seat for the user to sit and rest. Some walkers can be 

folded. Other equipment like canes or crutches is alternatives to ease walking for people with 

less severe injuries. 
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To access buildings, vehicles and other height differences, common equipment is ramps and 

lifts. Ramps are often used for accessing city buses with low-floor areas, while lifts are more 

common for long distance buses with higher floor level. Ramps can either be permanent, 

modular or portable. Buses usually have modular ramps but can also be equipped with 

portable ones. Modular ramps offer a flexible solution at a lower cost than permanent ones. 

Modular ramps can, depending on material and construction, be basically permanent or 

altered and mobile. Portable ramps are often used for destinations not adjusted for access of 

wheelchairs. These ramps are compact and often foldable or collapsible. Portable ramps 

vary a lot in cost and durability (Wheelchair ramps and lifts 2011). 

3.5 Ergonomic design for humans 

When designing products, it is important to adjust them after human’s physical and 

psychological limitations to receive usability, avoid stress or injuries and achieve comfort 

which gives user value. 

3.5.1 Anthropometry 

Anthropometry is measuring of humans. In modern design anthropometrics have an 

important role where it is useful for design, product development and work environments 

(University of Skövde 2011). Anthropometry is divided into different percentiles showing the 

variety of people with a certain measurement. 5th percentile shows that 5 % have a 

measurement up to the given length. 95th percentile shows that 95 % have a measurement 

up to the given length. 50th percentile is the medium measurement for the length. 

Anthropometric dimensions are measured either on body parts or reaching distances 

(figure 4). 
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Figure 4. Example of anthropometric dimensions (Panero et al. 1979). 

The anthropometric measurements used in this thesis are data from military studies in USA. 

Studies were made on thousands of people and the data is based on share of 50 % men and 

50 % women (Bernard et al. 2003). All measurements are stated in millimetres. Some values 

are particularly important to study when designing buses. These are measurements 

concerning ability to reach and grasp handles (table 2). 

Table 2. Anthropometric measurements in millimetres (Bernard et al. 2003). 

 Population Percentiles, 50/50 

Males/Females 

Measurements 5th 50th 95th 

Forward functional reach, shoulder to pinch 575 650 745 

Functional overhead reach 1 880 2 045 2 208 

Elbow-to-fist length 319 367 411 

Grip width, inside diameter 38 45 57 

Popliteal height 386 426 478 

Buttocks-to-popliteal length 438 490 536 

Shoulder breadth 363 423 478 

Hip breadth 324 368 415 

Foot length 226 253 284 
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3.5.2 Level differences 

Ramps should have a slope less than 4.75 ° so that wheelchair users are able to use them 

without excessive effort. If there is not enough space to have a low-sloped ramp or if the 

slope exceeds 15 ° using power equipment is recommended over manual handling. 

Stairs should have a step height and depth between 165 mm and 240 mm. Width of a stair 

should be at least 560 mm (Bernard et al. 2003). 

3.5.3 Manual handling and physical loads 

Manual handling means mainly movements of loads by people using muscle power. It 

includes lifting, putting down, pushing, pulling, rolling, carrying, holding or supporting an 

object. Employers are supposed to minimize the risks of injury caused by manual handling. If 

possible it should completely be avoided. Heavy manual handling increases risk of 

overloading in particular the lumbar spine but also shoulder and arm. 

There are different types of physical loads. Single high loads like for example heavy lifting 

can cause urgent overload. In some postures even the weight of a person’s body parts can 

cause high loading (figure 5). Working with a large bending, twisting or extension can cause 

loads that are directly unsuitable, when the joints are loaded in or near its outer locations. If 

bending, twisting or extending is combined in the same work position the risk of being injured 

increases significantly.  

 

Figure 5. Working postures that causes high loads (Work Environment Authority 1998). 

Depending on an objects weight and how far from the body it is lifted, different maximum 

loads are recommended (figure 6). The green area shows loads that are acceptable for lifting 

where no one or only a few persons are in risk of getting injuries. The yellow area means that 

a significant number of persons are in risk of getting injuries as a cause of the load. The red 

area represents loads that are unsuitable. For this area a large amount of persons or 

everyone exposed to these loads are in risk of getting injuries (Work Environment Authority 

1998).  
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Figure 6. Model for evaluation of manual lifting (Work Environment Authority 1998). 

3.5.4 Design of handles 

The optimal profile of a handle varies depending on the task. Circular profiles are good for 

rotating movements and are most comfortable since no part of the hand is exposed to higher 

pressure. Oval profiles are often preferred as they give a better grip than round profiles. 

Rectangular and triangular profiles should be avoided as edges could hurt the user’s hands. 

The length of a handle is also important for comfort. The end of short handles could cut into 

the users hand and cause injuries.  

Surfaces should be adjusted to the task. Smoother surfaces are more comfortable while a 

patterned surface gives higher friction and better grip (Björing 2003). 

There are different types of grips. A power grip means that the hand squeezes an object with 

all fingers enclosing it and includes cylindrical, spherical and palmar grip. A power grip is 

often used when grasping objects with a diameter of at least 30 mm. When the size of an 

object increases the grip strength decreases. A pinch grip means that the thumb and the 

distal joints of the fingers hold an object. The strength of the grip depends on in which 

position the hand is relative to the forearm. With the hand in natural position, that is in line 

with the wrist the maximum strength is possible (Bernard et al. 2003). 
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3.6 Legal requirements for bus construction 

ECE-Regulation No.107 contains legal requirements about bus construction (United Nations 

2010). The requirements in the thesis only concerns class I vehicles. 

3.6.1 Doors  

At least two doors must be installed in a vehicle, whereof at least one shall be a service door.  

A double service door counts as two doors. The number of service doors decides how many 

passengers are allowed in the vehicle (table 3). 

Table 3. Amount of passengers allowed for different numbers of service doors (United Nations 2010). 

Number of service doors Number of passengers 

One 9-45 

Two 46-70 

Three 71-100 

Four or more 100< 

Service doors must be placed on the side of the vehicle closest to side of the road. At least 

two service doors must be separated with a minimum of 40 % of the passenger 

compartments length for a single deck bus. Distance is measured in the centre of the door 

area. In case of a double door, distance is measured between doors. Slopes of floor in the 

access passage shall be maximum 5 % which correspond to 2.86 °. 

First step at a service doors must have a height not exceeding 340 mm. Height of first steps 

shall be maximum 250 mm for at least one service door measured from the ground. An 

alternative is two service doors instead with a maximum step height of 270 mm. To achieve 

the requirements of 250 mm or 270 mm a kneeling system or retractable steps may be used. 

Height of a step is measured in the middle of the width of outer edge and from ground level. 

Slopes of a step must be maximum 5 % which correspond to 2.86 ° (United Nations 2010). 

3.6.2 Gangways 

Gangway clearance should be designed to allow free passage of a gauging device (figure 7). 

Folding and laterally sliding seats are not allowed in gangways. Slopes of gangways shall not 

exceed 8 % which correspond to 4.57 °. Transition from lower gangway to a seating area is 

not a step, but the vertical distance must not be larger than 350 mm (United Nations 2010). 
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Figure 7. Test device for required measurements of gangways (United Nations 2010). 

3.6.3 Seats 

Minimum width of seat cushions is 400 mm. The available space sideways for each seating 

position is 500 mm for individual seats and 450 mm for rows of seats. Depth of seat cushions 

shall be 350 mm and height between 400 mm and 500 mm above the floor. The height shall 

be measured at the highest point on the cushion. If seats face the same direction the 

distance between them shall be at least 650 mm measured 620 mm above floor level. If 

seats face each other the distance shall be at least 1 300 mm measured across the highest 

point of the seat cushion. For seats placed behind other rigid structure than a seat there are 

special minimum measurements of clear space (figure 8). Seats facing gangway or placed 

behind other seats must have clear foot space with a depth of at least 300 mm. 
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Figure 8. Space for seats behind a partition or other rigid structure than a seat (United Nations 2010). 

Vehicles must have at least four priority seats. Seats folding out of the way when not in use 

cannot count as priority seats. Priority seats shall be either forward or rearward facing and 

placed near a service door for boarding and alighting. There shall be enough space for a 

guide dog under or next to at least one priority seat. This space cannot be a part of the 

gangway. On the side of seats next to the gangway, armrests shall be placed. These 

armrests shall be easy to move when accessing the seats. If seats are placed facing each 

other, one armrest can be replaced with a vertical stanchion, provided the seat is easy to 

access and the occupant is kept securely. Priority seats must have a width of 440 mm and 

height between 400 mm and 500 mm above the floor. Slopes of the foot area shall not 

exceed 8 % which correspond to 4.57 ° (United Nations 2010). 

3.6.4 Handrails, handholds and handles 

Handrails and handholds shall be designed enabling passengers to grasp them easily and 

firmly. Handrails shall not have sharp ends or in other ways have a design admitting risk of 

injury to passengers. Minimum length of handrails are 100 mm and diameter of the section 

shall be between 20 mm and 45 mm. Handrails on doors and seats can have a section of at 

least 15 mm provided that one other dimension is of at least 25 mm. The free space between 

a handrail or handhold and vehicle shall normally be at least 40 mm at majority of its length. 

For handrails or handholds placed on doors or seats the minimum free space shall be 

35 mm. Handrails or handholds must be provided in an enough amount for standing 

passengers. A testing device with an arm length of 605 mm shall be able to reach at least 

two handrails or handholds when turning around its vertical axle (figure 9). 
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Figure 9. Testing device for placement of handholds (United Nations 2010). 

Straphangers can count as handholds provided they are held in their position by suitable 

means. Handrails and handholds shall be placed between 800 mm and 1 950 mm above 

floor level. For every position of standing passenger at least one reachable handle shall be 

placed at maximum of 1 500 mm above floor level. All areas which can be occupied by 

standing passengers next to walls not separated by seats shall be provided with horizontal 

handrails. Height of these shall be between 800 mm and 1 500 mm above floor level. 

Every door opening shall be provided with handrails or handholds on each side. For double 

doors the requirement can be fulfilled by fitting one central stanchion or handrail. Handrails 

and handholds placed at service doors must have a grasping point available for passengers 

standing on the ground while entering the vehicle. These handrails and handholds shall be 

placed between 800 mm and 1 100 mm above ground level and not more than 400 mm 

inwards from outer edge of the first step. 

A handrail shall be placed from at least one service door to priority seats. The door must be 

suited for boarding and alighting. Height of the handrail shall be between 800 mm and 

900 mm measured above the floor. A break in the handrail is only allowed if it is necessary 

for accessing a seat located on the wheelhouse, a wheelchair area, a staircase, an access 

passage or a gangway. In case of a break it shall not exceed 1 050 mm, and a vertical 

handrail must be provided on minimum one side of the break. Handrails or handholds shall 

be placed near priority seats to ease entrance and exits to the seats. Design shall admit an 

easy grasp for passengers (United Nations 2010). 
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3.6.5 Wheelchair area  

Wheelchair areas shall have minimum measurements of 750 mm x 1 300 mm. The 

dimensions of the wheelchair area shall be parallel to the plane of the vehicles compartment. 

If the wheelchair is placed forward in the travel direction maximum slope in any direction is 

5 % which correspond to 2.86 °. If the wheelchair is placed rearward, slopes shall not exceed 

8 % which correspond to 4.57 °, provided that it is upwards from front of the vehicle and 

rearwards. Vehicles designed to carry wheelchair users must also have at least one service 

door through which the wheelchair can pass. All doors providing access for wheelchairs must 

have a minimum width of 900 mm. A wheelchair with reference dimensions (figure 10) shall 

be able to easily transfer from outside of the vehicle to its reserved area inside the bus. 

 

Figure 10. Dimensions for a reference wheelchair (United Nations 2010). 

Folded seats may be placed in wheelchair areas provided they do not intrude into the 

wheelchair space when not in use. Demountable seats may also be placed in wheelchair 

areas as long as they are easily removed by a crew member. 

Vehicles designed to carry wheelchairs forward facing shall be equipped with a system, 

capable of restraining wheelchair and passenger. If the vehicle is not equipped with a 

restraint system, wheelchairs shall be placed rearward in the travel direction. Wheelchairs 

shall then be supported by a backrest (figure 11). Wheelchairs shall be placed with one 

longitudinal side against the wall of the vehicle. Backrests shall be designed for the 

wheelchair to rest against it, to prevent it from tipping. 
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Figure 11. Example of a backrest for wheelchairs travelling rearwards (United Nations 2010). 

The area shall also be equipped with handrails or handholds fitted to allow wheelchair 

passengers to grasp when travelling rearwards. Handrails or handholds shall be placed on 

both sides of the wheelchair. On the side not placed against a wall, the handrail or handhold 

shall be retractable. Handrails or handholds fitted against the wall shall not intrude more than 

90 mm vertically in the wheelchair space and shall be placed at a minimum height of 850 mm 

above floor level (United Nations 2010). 

3.6.6 Boarding devices 

Wheelchair lifts shall be able to operate only while the vehicle is standing still. The platform 

shall be at least 800 mm wide and 1 200 mm long.  

Wheelchair ramps shall be able to operate only while the vehicle is standing still. Edges of 

ramps must have a minimum radius of 2.5 mm and corners shall be rounded with a minimum 

radius of 5 mm. Ramps must have a usable surface of at least 800 mm width. If a ramp, 

when ready for use, has a length of over 1 200 mm, it must be fitted with a device to avoid 

passengers from rolling off the sides. 

Maximum slope of the ramp when folded out on a kerb of 150 mm in height shall be 12 % 

which correspond to 6.84 °. If the ramp is folded out on ground level, a maximum allowed 

slope is 36 % which correspond to 19.80 °. As a help to achieve these requirements, vehicles 

may be equipped with a kneeling system.  

Ramps can be operated either manually or electrically. Portable ramps shall be secured 

when in use. When not in use they shall be provided with a suitable position where it can be 

safely stowed (United Nations 2010). 
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3.7 Bus and coach common functional requirements for buses 

Buss 2010 is a document that contains recommendations in addition to the legal 

requirements in interest of the passengers, the bus industry mutually agreed about. The aim 

with this document is to be a standard in procurement of bus traffic in Sweden (The Swedish 

Public Transport Association et al. 2010). The recommendations for the thesis only concerns 

class I vehicles. 

3.7.1 Doors and floor 

Door configuration for buses shall be adjusted to the traffic area where the bus is active. This 

does not mean they should not be qualified to drive in other areas. All buses of rigid models 

shall have at least two doorways and articulated models at least three doorways. 

Recommendation is to have one more door then required. 

Buses with low floor shall have a floor construction making it possible for passengers in 

wheelchair with measurements according to ECE-R107 to enter through front and middle 

door. This means that the floor shall be free of height differences and have enough space 

between wheelhouses to fit a wheelchair with reference dimensions according to ECE-R107.  

Seating layout in the low-floor area shall be flexible so buses can be adjusted depending on 

which entrance wheelchair passengers use (The Swedish Public Transport Association et al. 

2010).  

3.7.2 Seats 

Seats placed in same direction shall have a distance of at least 680 mm measured from front 

side of backrest to rear side of the seat ahead. This distance shall be measured at 620 mm 

above floor level (figure 12). Seats shall be placed so every passenger has a good view 

outside the bus (The Swedish Public Transport Association et al. 2010). 

 

 

Figure 12. Description on how distance between seats placed in same direction shall be measured (The Swedish 

Public Transport Association et al. 2010). 
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3.7.3 Wheelchair and pram area 

Wheelchair areas shall fulfil requirements according to ECE-R107, annex 8. For class I 

buses where there is no legal demand for seat belts, wheelchairs shall be placed rearwards 

in the travel direction. The area must also contain a side protection with certain 

measurements (figure 13). 

 

Figure 13. Dimensions and location for equipment at wheelchair areas (The Swedish Public Transport Association 

et al. 2010). 

Vehicles longer than 11.5 m shall have at least three pram seats and shorter buses shall 

have at least two pram seats. In both cases at least two of them shall be placed on the low-

floor area. The buses shall also be equipped with straps to attach prams, preventing them 

from overturning. A standard width for prams is 600 mm. Pram areas can be a part of a 

wheelchair area (The Swedish Public Transport Association et al. 2010). 

3.7.4 Boarding devices 

From designated entrances wheelchair passengers should by themselves be able to get to 

the reserved area. From this area they shall also be able to leave through the middle exit 

(The Swedish Public Transport Association et al. 2010).
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4. Description of current situation  

According to LLT´s annual report 3.9 million trips were made with local bus transportation in 

Luleå year 2010. Luleå city has a population of 46 607 people. This means the amount of 

trips per resident is 0.23 trips per day (LLT 2011). 

In Stockholm the amount travelling with public transport is much larger. According to a report 

from SL the amount of trips per resident in the inner city by bus is 0.95 a day. The report also 

shows that only 35 % of the seats are occupied per day (SL 2011).  

4.1 Accessibility adaptations on current buses in traffic 

Equipment for people with reduced mobility on buses varies between different cities. The 

organisation The Swedish Public Transport Association has mapped current disability 

adaptations among transport authorities in Sweden. 

The survey shows that accessibility work has progressed further in cities than rural areas. 

Some transport authorities have come a long way with low-floor buses and installed disability 

equipment. Skånetrafiken, Blekingetrafiken, Länstrafiken i Västerbotten, Länstrafiken i 

Jämtlands län, Hallandstrafiken and X-trafik have city buses which all of them are of low-floor 

type. Karlstadsbuss, Värmlandstrafik and Länstrafiken Sörmland have low floor at the 

entrance for 100 % of their city buses. All these buses are equipped with a wheelchair area 

and ramp (Eklund et al. 2011). The survey shows that Stockholm and Luleå still have some 

work to do before all their buses are equipped with low floor area, boarding device and 

wheelchair area (table 4).  

Table 4. Mapping of accessibility adaptations on buses in Stockholm and Luleå (Eklund et al. 2011). 

Accessibility adaptations on city buses 

 Stockholm Luleå 

Low-floor areas 89 % 72 % 

   Low floor throughout the bus 27 % 17 % 

   Low floor at the front 62 % 55 % 

Boarding devices 88 % 43 % 

   Ramp 87 % 43 % 

   Lift 1 % 0 % 

Wheelchair area 100 % 86 % 

 

4.2 Perceived accessibility for people travelling with reduced mobility 

2009-2010 the organisation Riks-Stroke did a survey on how accessible public buses are for 

people who survived a stroke. Of 822 people who participated in the survey the average age 

was 70.6 years. Participants had 12-28 month after the stroke, documented permanent 

disabilities, where nearly 97 % suffered from reduced mobility. 65 % of them used 
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wheelchairs, 32 % walkers, 22 % used canes or crutches, 4.5 % other equipment and 10 % 

did not use any kind of aid. 50 % also stated they needed an escort for transportations 

outside the home. Some of them used multiple aids, therefore the high total percent.  

The survey showed that only 21 % had travelled with bus during the last year. 45 % of those 

who had not travelled had a need or a wish to do so. Most of these did not travel because of 

physical obstacles. According to 88 % the greatest perceived problem was entering and 

getting off the bus. 84 % also perceived problems with getting to and from the bus stop.  

According to those who had travelled by bus during the last year the greatest problem was 

moving inside the vehicle, but also difficulty getting on and off the bus was common. Physical 

problems were more common when travelling by bus than other transportations.  

The amount travelling by bus varied a lot depending on city size. It was much more common 

for people in bigger cities to travel by bus. 

At the end of the survey participants were able to write open answers about what they 

wished to improve about travelling. Most common answer was improved entering and exiting 

the bus. They also wishes more help from the bus-crew and more adjusted driving for people 

with a functional disorder, for example not driving off until passengers are seated 

(Riks-Stroke 2010). 

4.3 Travelling by city bus with wheelchair or walker 

Current minimum measurement of a wheelchair area is 750 x 1 300 mm. To be able to 

access that area wheelchairs have to have a length of not more than 1 200 mm and a width 

of 700 mm (Salén et al. 2008). A mapping of available wheelchairs in Sweden shows that the 

dimensions of wheelchairs can vary a lot (Appendix 3). Wheelchairs that are electrically 

operated have a length up to 1 460 mm and a width up to 730 mm. Manually operated 

wheelchairs have a length up to1 260 mm and a width up to 820 mm.  

A mapping of the dimension of walkers was also made (Appendix 3). The mapping showed 

that the length of common walkers is up to 720 mm and the width up to 720 mm. Some 

models are however foldable and then have a width from 195 mm. Other measurements 

except for the ones in the mapping could also be available.  

Scania have both electrically and manually operated ramps. The handhold on the manual 

ramp is placed in the middle so the operator is able to reach it. Tests showed that it required 

strength of 18 kg to fold out the ramp.  

When Scania certifies city buses a kneeling system is used on the whole right side to meet 

the requirements for maximum slope of the wheelchair ramps. A kneeling system is optional 

for buses and in Sweden most buses only use kneeling on the front right side. If the ramp is 

used with front side kneeling, a longitudinal slope occurs that could create a gap. The front 

side kneeling does not get a low enough height at the middle to meet the legal requirement 

for slopes.  
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Measurements were made on one of Scania´s current city buses which had a ramp with the 

length 1 129 mm. The slope against ground was 16.4 °. If the ramp folds out against a 150 

mm kerb the slope is 8.6 °.  

Test in a bus with an area fitting two prams was made with a manual wheelchair from the 

manufacture Etac. The door was aligning the end of the area. The wheelchair was easier to 

position forward in the travel direction. However the area was still difficult to access. To place 

the wheelchair rearwards demanded some turns before the placement was correct. 

In the current situation a safety belt is sometimes installed at the area for rear faced 

wheelchairs. This belt is meant to fasten the wheelchair and not the user. There is however 

no information about this at the areas. 

4.4 Interviews 

The interviews with the interest groups (Appendix 4) revealed shortcomings of the current 

equipment and accessibility. They focused on different areas and problems but some issues 

most of them agreed needed further development (Appendix 5). 

4.4.1 Public Transport Authorities, PTAs 

PTAs are responsible for the public transport in Sweden.   

SL is in charge of the local public transport in Stockholm. They follow the document Bus 

2010, which they are involved in developing, and legal requirements in the bus directive. 

They require higher accessibility on their buses and also have their own demands. 

SL requires lower step height at service doors and on elevated platforms inside the bus than 

the requirements in Buss 2010. They want more space between seats then written in Bus 

2010. They also want the seating height to be closer to 50 cm at all seats, but most important 

at the priority seats.  

They want space for more prams, but not too much at the same area. If an area is 

dimensioned for four prams, it could instead become a problem for the one furthers away 

from the service door to get out. 

The layout of the bus should not be to open, because standing passengers have to be able 

to hold on to something during travel. 

The gangway does not have to be wide enough to fit wheelchairs, walkers and prams, 

because they always use the middle service door at SL´s buses. 

SL work together with Västtrafik and Skånetrafiken to increase accessibility. In addition to 

accessibility equipment SL also have a service where passengers can order escort during 

travel. 

LLT is in charge of local public transportation in Luleå. They follow documents Bus 2010 and 

bus directive. This city is much smaller than Stockholm and therefore has different needs 
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when it comes to public buses. Buses in Luleå are seldom full, so it is not important to have 

as much seats. To them it is more important with easy access, more space between seats 

and a wider gangway. They do not require as much space for wheelchairs, walkers and 

prams, as it is less common. 

Because of the cold climate in Luleå, LLT only want single doors at two positions, at front 

and middle. The intensity of the passenger flow is also significantly less than in for example 

Stockholm, so two single doors is enough for the traffic situation. 

In the current situation all of LLT´s buses in traffic have at least low floor at the front. Some 

new buses have low floor throughout the vehicle.  

4.4.2 Operators of traffic 

Nobina, Arriva and Keolis are three of Sweden´s largest operators for public transportation. 

They operate the traffic in Stockholm and many other locations around the country. 

Keolis has a standard from which they adapt the layout depending on the requirements from 

the PTAs. The standard is basically to have as many front faced seats as possible. However 

they rather have rear faced seats on the wheelhouse than not having the seats at all when 

the total number of seats is important. Depending on which area the bus operate the 

requirements of the layout and door configuration varies. Usually areas with more dense 

traffic have double doors at front and middle, while for areas with fewer passengers the front 

door is replaced with a single door.  

Nobina is interested in having a standard layout that is suitable for all kinds of traffic since 

they operate many different areas in Sweden. They wish to be able to transfer buses 

between different locations. 

Arriva also had an interest in some form of a standard layout. They believe it would facilitate 

their work. 

4.4.3 Organisations for passengers 

Resenärsforum is an organisation for public transport users. The organisation focuses on 

taking care of passengers´ interests. They have some additional demands for city traffic. 

They require wider gangways and more space around seats.  

According to them there are large problems for wheelchair users to access buses. Problems 

are mainly due to traffic situation and vehicles not being able to reach bus stops. Because of 

this Resenärsforum think today´s ramps are not good enough. 

They also criticize priority seats, because passengers do not realize these seats are mainly 

for persons with reduced mobility. They think it must be shown more clearly than with the 

current signs. 
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Resenärsforum also have higher demands on comfort. They think passengers should have 

same comfort in buses as in cars. Design and placement of handles is also important to 

make it more comfortable for standing passengers. 

4.4.4 Organisations for functionally disabled and elderly 

Delaktighet Handlingskraft Rörelsefrihet, DHR, is an organisation for persons with functional 

disabilities. Their interest lies primarily in design of wheelchair area and access to buses. 

They require ramps with smaller inclination as it is difficult for wheelchairs to access buses 

today. The angle should be at most 4.76 ° but preferably closer to 2.86 °.For people in 

electric wheelchairs it is easier as they get “a push”, but for manually operated wheelchairs 

an escort is often needed. They also want ramps that they can control by themselves. Today 

help is needed from another person to access the bus. One problem today is that electric 

ramps do not always work, because of gravel and ice that gets stuck in the system. 

Another problem is getting to the wheelchair area. To place the back of the wheelchair in 

travel direction they often have to make an unnatural turn. Fending turns is also more difficult 

when travelling backwards. But if the wheelchair is placed forwards it has to be fixed which is 

really hard for many wheelchair users to do on their own with the equipment available today. 

DHR also wish passages and wheelchair areas that are free from obstacles. It is a lot harder 

getting to the area if there are handles in the way. Folding seats placed next to wheelchair 

areas are really good when travelling with an assistant. 

Regarding priority seats, their thoughts are that they should be placed near service 

entrances and have more clear information about which passengers they are intended for. 

Handisam is the authority for disability policy coordination and work to accelerate progress 

towards a society accessible for everyone despite of disability. According to Handisam a 

problem with public transport is that many old buses still are in traffic. Older buses are often 

not adapted for people with reduced mobility. This leads to passengers having to guess if 

they can travel with the bus or not.  

National Pensioners´ Organisation, PRO, is an organisation for elderly. Their interest lies 

primarily in design of priority areas and access to buses. Many elderly have difficulty walking 

so it is very important where handles are placed. To access buses, they need a handle at the 

entrance to grasp. When getting to and from their seats it is also important they have 

something to hold on to all the way. Since a lot of elderly have reduced mobility they need 

extra space at priority areas and a handle nearby facilitating sitting down and rising from the 

seats. Access is a big concern and it is important that step heights are not too large.  

4.4.5 Other interest groups 

The Swedish Public Transport Association is a trade association for local and regional 

transport. The organisation includes transport authorities responsible for public transport in 

Sweden. Samtrafiken is an organisation working for easier and better public transportation. 
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The Swedish Public Transport Association and Samtrafiken agree that today´s ramps have 

problems with gravel jamming the system. There is also a problem with increasing size of 

wheelchairs making it even harder to travel by bus. Samtrafiken also thinks signs at priority 

seats need to be clearer. 

The Swedish Bus and Coach Federation, BR, represents the bus and coach industry in 

Sweden. BR has together with The Swedish Public Transport Association developed the 

document Buss 2010 that contains requirements and recommendations for design of buses. 

According to BR most PTAs follow the recommendations from Buss 2010, but make their 

own additions. 

4.4.6 Wheelchair users 

Anders who uses a manual wheelchair thought the biggest problem with travelling by bus 

was when he travelled alone since he needs help from another person entering the vehicle. 

Since most ramps are of manual type it requires someone folding them out by hand. The bus 

drivers often helps, but sometimes he has to depend on some other passenger to help him 

fold it out.  

4.5 Observations 

Discovered during observations in Stockholm was that when traffic is really dense people 

with reduced mobility avoid travelling by bus. Nearly no elderly were seen during these 

hours. No one using canes, crutches or walkers was spotted on buses until 1 pm when rush 

was over. After 1 pm a lot of elderly with or without aids where suddenly travelling. Still, no 

passengers using wheelchair were seen. Priority seats were sometimes difficult to access 

because they were occupied by passengers with normal mobility. An old lady also missed 

the priority area at first. A lot of parents with prams missed the bus, because the areas were 

full. Most often they were filled with other prams but at a few times other people blocked 

these areas (Appendix 6). 

Discovered during the observations in Luleå was that most passengers preferred to sit at the 

back of the bus. Almost everyone with normal mobility chose to occupy ordinary seats before 

the priority seats. People travelling with visible mobility reduction were very rare. A number of 

elderly with and without difficulty moving travelled by bus, but no one using any kind of aid 

was seen. Where elderly choose to sit varied. Most of them sat at the front of the bus on the 

priority seats and some on ordinary seats. In other cases a few decided to sit at the back of 

the bus close to the middle door. The buses were half full on most distances and in some 

cases almost empty. The buses were equipped with a horizontal rail placed at the wall on the 

wheelchair area containing a height of about 1 500 mm (Appendix 6).  

4.6 Benchmarking 

There are different types of commonly used ramps on city buses. Some of them are 

manually operated and are either folded out from the floor or from the side behind the door 

inside the bus (Appendix 7). Other ramps are electrically operated by the driver. The main 
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differences between ramps are dimensions but there is also a variation in materials. Some 

ramps are just long enough to close the gap between the bus and kerb. Ramps folded out of 

the floor are sometimes double jointed (figure 14). 

 

Figure 14. Example of a double jointed ramp (Indiamart 2011). 

Wheelchair areas vary a lot between different buses (Appendix 7). Most buses have one 

combined wheelchair and pram area. Other buses have separate areas and some have 

more than one wheelchair area. Dimensioning also varies a lot. On most buses wheelchair 

areas are placed straight in front of service doors but in some cases on the side of the door. 

Wheelchairs are placed rear, front or side faced. The areas are equipped with or without a 

backrest. Most buses in Sweden have rear faced wheelchair areas. Backrests are often 

similar in shape and size but some have a combined folded seat (figure 15). The angle of the 

backrest also varies. Handholds for wheelchair users to grasp are of different shape and 

construction. Scania uses foldable handholds on the side facing the gangway, but a lot of 

other manufactures have fixed handholds instead. On a number of buses there are only 

handholds placed on one side of the wheelchair and in a few cases none. 
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Figure 15. Back support for wheelchair with a foldable seat. Photo: Linnea Sandqvist. 

Priority seats look almost the same for most vehicles. Placement and direction vary between 

different buses. The largest difference is how the seats are marked (Appendix 7). Some 

buses have really clear markings on chairs that are easy to understand while others do not 

have any markings. One marking that was very clear and easy to understand was seats with 

head support in an intense colour, different from the others. The head support was also 

equipped with symbols. Placement and design for handholds at these seats also vary a lot.
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5. Description of future situation 

In the near future some changes might affect how the layouts of buses will look. Changes 

could affect both requirements on accessibility and passenger flow intensity. 

5.1 New version of Buss 2010 

A new version of Buss 2010 is under contract and is expected to take effect in the near 

future.  

The up-coming version of Buss 2010 requires a seating height above the floor of 

450-500 mm. The seats shall preferably be closer to 500 mm especially for priority seats. 

Maximum 50 % of the seats can be placed on elevated platforms higher than 250 mm above 

the gangway. All elevated platforms have to be at least 120 mm higher than the gangway. 

All priority seats shall be fitted in the low-floor area. Minimum distance between priority seats 

shall be at least 780 mm if they are placed in same direction. If priority seats instead are 

placed facing each other the distance must not be less than 1 500 mm. This distance is 

measured at 620 mm above floor level. 

5.2 The Swedish doubling project 

Year 2008 the public transport business presented their ambition to the ministry of industry 

about increasing their market share. The aim of the project is to contribute to a growth and 

regional development, minimize the environmental damages from traffic, improve the safety 

and decrease the congestion on roads as well as to create a more equal transport system. 

The goal is to double the public transportation in Sweden by year 2020. Later year 2008 they 

presented the action plan to reach the goal. The project includes changes of the 

infrastructure, security, safety, accessibility, environmental aspects, payment systems, 

information systems, taxes and laws (The Swedish Public Transport Association s.a). 

5.3 New law for public transport 

1 January 2012 a new law applies for the local and regional public transport. The current 

PTAs that are responsible for public traffic will be replaced with regional PTAs. They will be 

in charge of regional security programs and public service.  

With the new law traffic operators will be able to establish commercial public transport all 

over the country. They must however provide information about their traffic services in a 

common system (Sveriges Riksdag 2010). 
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6. Analysis and problem determination 

The information gathered from the literature study, interviews and observations was analysed 

and current problems were identified. 

The survey made by The Swedish Public Transport Association showed that Stockholm and 

Luleå still had more accessibility adaptations to do before 100 % of their buses are equipped 

with boarding devices, low-floor areas and wheelchair area. This could partly be explained by 

older buses still being in traffic. They both have plans on continued work for more accessible 

traffic. Since the survey from The Swedish Public Transport Association where made, all 

local buses in Luleå have at least low floor at the front according to interviews. SL, which are 

responsible for the public traffic in Stockholm works together with Västtrafik and 

Skånetrafiken to increase accessibility. In addition to accessibility equipment SL also have a 

service where passengers can order escort during travel. 

A comparison of the required minimum measurement for a wheelchair area and the 

dimensions from the mapping of wheelchairs in Sweden showed that many of the 

wheelchairs used today are not able to fit in the reserved space. Electrically operated 

wheelchairs have problems with both length and width while manually operated mainly have 

problem with width.  

The anthropometric measurements were compared to the legal requirements and 

recommendations from Buss 2010. Legal requirements states, from every standing position a 

test gauge with an arm length 605 mm shall be able to reach two handrails or handholds. To 

adapt the bus to a larger amount of the population the arm length of the gauge should be at a 

length of 575 mm. Handrails and handholds shall be placed on a height of maximum 1 950 

mm. The 5th percentile cannot reach them if they are placed at that height, but the 

requirements also state that from every standing position the passenger shall also reach one 

more handrail or handhold. The other handrail must be placed at a height under 1 500 mm 

according to legal requirements, which means that more than 95 % of the population are able 

to reach it. The elbow-to-fist length determines the suitable length of the side support at the 

wheelchair area. If 90 % of the users shall be able to grasp it the length should be adapted 

for arm length between 319 mm to 411 mm. The section of the handrails and handholds 

should be adjusted to the anthropometric measurements of the grip width. The maximum 

width should be 38 mm so that 95 % of the population shall have a power grip. 

Buss 2010 requires a height of seat cushions of at least 450 mm, but preferably closer to 

500 mm. SL also wish to have seat height closer to 500 mm. More than 95 % of the 

population have a popliteal height under 500 mm, but higher seat cushions are easier to rise 

from. For this reason and the requirements from the bus business a height of 500 mm should 

be more important. The depth of a seat cushion shall according to ECE-R107 be at least 350 

mm, which is suitable from an ergonomic perspective. More than 95 % can sit with their back 

against the back rest. The free horizontal space for the width of seats is 500 mm for single 

seats and 450 mm for rows of seats. The 95th percentile has a shoulder breadth of 478 mm. 

Since a larger space around seats would affect the width of the gangway, this measurement 



43 

 

is disregarded. The minimum width of a seat cushion is 400 mm for ordinary seats and 440 

mm for priority seats. The hip breadth for the 95th percentile is 415 mm. Since the free space 

around seats is wider than 440 mm, the same model of ordinary seats and priority seats will 

be used whenever possible. The free foot space in front of seats shall be 300 mm, which is 

enough to fit more than 95 % of the population´s feet.  

How accessible buses are for people with walkers depend on if these passengers should 

pass through the front or middle door. The width of a gangway shall be at least 450 mm at 

floor level. At floor level walkers are the widest. No walkers from the mapping, except those 

who are foldable can pass through the minimum width (Appendix 3). If the bus is equipped 

with double seats on both sides of the gangway most walkers cannot access buses at the 

front door. Entrance from the middle door and seating at pram and wheelchair area is 

possible for every type of walker. Important to remember is that foldable seats do not count 

as priority seats. If the passenger is going to sit at reserved seats they have to leave the 

walker at the wheelchair area in most current buses. This could be a problem as these 

people have difficulty walking without it. Most buses today do not have fixed chairs at 

wheelchair areas, or place for a walker at priority seats, which means that no area is really 

adapted for this group. In Stockholm walker passengers access buses through the middle 

door and travel for free so they do not have to leave their walker in the middle to pay at front. 

This does however not solve the problems with seating. In Luleå passengers travelling with a 

walker access buses through the middle door unless they have a walker that fits in the 

gangway. All passengers have to pay at front of the bus, which means that those with a 

walker that is not foldable have to leave it in the middle and get to the front without it.  

Having a low slope on ramps eases access a lot for wheelchair users. Important to 

remember is that if the ramp is too long it could be a problem to get on if the sidewalk is not 

deep enough. If a wheelchair is 1 200 mm long the space available behind the ramp need to 

have the same length. To meet the requirements of maximum slope current ramps have to 

be long if a kneeling system does not lower the middle entrance. Manual long ramps are 

heavy and non-ergonomic to handle. With the handhold placed in the middle the operator is 

able to reach it but it gives a shorter lever and the users still has to use their back to fold it 

out. The back is not only loaded during lift of the ramp but also when lowering it to the 

ground. According to the test it required a force of 18 kg to fold out the ramp. Loads of those 

weights should be avoided according to the Work Environment Authority since the object is 

at a distance of more than 45 cm from the body during the lift. The person must also assume 

a bent and wristed posture that makes the situation even worse. The person operating the 

ramp is in risk of being affected by overload and injuries. 

Since most buses in Sweden are not equipped with a whole-side kneeling system, the slope 

of the ramp is steeper than the legal requirement. This means that most of the ramps on 

Scania´s city buses in traffic do not in reality meet the requirements. 

The measurement of one of Scania´s current ramps in a bus without kneeling system 

showed a slope against ground of 16.38 °, which is an approved legal value, but not 

recommended according to ergonomic aspects. When the ramp was folded out against a 

150 mm kerb the slope was 8.59 °, which is not approved according to ECE-R107.  
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The tests to position a wheelchair in a real bus with an area fitting two prams showed that it 

was difficult. It was especially problematic when placing the wheelchair in rearward direction. 

The tests were made with a manual wheelchair, and positioning was possible. The 

wheelchair was however not very big. Larger wheelchairs would probably be more difficult to 

position at the area. The tests also showed that the space in front of the wheelchair, relative 

to its position during travel, has a large impact on to how easy the placement is.  

According to interviews the side support is sometimes in the way when accessing the 

wheelchair area. Side supports that can be folded away are often not. A reason could be that 

many of the current solutions are difficult to manage for the user. The most common of 

Scania´s side supports, which is a foldable armrest, has a rectangular profile which is not 

optimal for graspable objects. Many buses have stationary side supports at the wheelchair 

area. Some of them could be in the way for both the wheelchair user when accessing the 

area and also standing passengers. Others are not in the way so much but does not extend 

very far in the area, which raises questions if they would prevent the wheelchair from tipping 

in case of an emergency.  

The belt for fastening the wheelchair is for some users difficult to reach since many of 

passengers have reduced mobility in arms and back. Fastening the belt behind the back of 

the user makes it even more difficult.  

Discovered during observation in Stockholm was that many people with normal mobility 

chose to sit at the priority areas despite that many other areas were available. People with 

reduced mobility also missed the seats. This could occur because it is not shown clearly 

enough that they are priority seats. This was also confirmed from the interviews and seems 

to be a common problem. ECE-R107 requires signs that mark the priority area. Design of 

these places should be clearer than just the signs (Appendix 6). 

The observations in Luleå showed that many passengers choose to sit at the rear of the bus. 

A reason could be that people are not depended on timing different transportations and 

therefore does not have to sit close to a door for fast alighting. Most people only travel by 

one bus and are not in the same hurry as in larger cities. There are also seldom any traffic 

jams causing delays. The priority areas were among the last seats to be occupied by people 

with normal mobility. In all cases those seats were equipped with a horizontal rail, which 

could be a reason as it shows clearer that they are different from other seats. Noticed was 

that the amount of passengers travelling with reduced mobility was much less than in 

Stockholm. That no one was seen with any kind of aid could be an effect of difficulty 

travelling alone when they are paying customers and have to transfer to the front of the bus 

by themselves. This is difficult when in need of a walker and nearly impossible with 

wheelchair. Elderly people were however often seen on buses. The buses were equipped 

with a horizontal rail placed at the wall on the wheelchair area with a height of about 1 500 

mm which is too high for the wheelchair user to grasp without a unsuitable posture 

(Appendix 6).  
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Some of the changes in the new version of Buss 2010 will affect the result in this project. The 

result has to fulfil the requirements, otherwise the solutions might not be possible to 

implement when the project is finished.  

The Swedish doubling project could affect requirements on accessibility and high passenger 

flow. With a doubling of the amount of passengers it will lead to more buses in traffic and 

more crowded buses during rush hours. To double the public transport it is more important 

that the buses are adjusted to everyone being able to travel without any complications.  

The new law for public transportation could lead to higher comfort in vehicles when it will 

become more competition between traffic operators. Different operators could offer different 

kind of service to their customers. The new law could also lead to some operators offering 

more accessible vehicles as a service to people who experience difficulty travelling to get a 

market share.  
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7. Concept development 

New concepts were created for boarding devices for wheelchair users, side supports, 

fastening systems, other equipment and layouts (Appendix 9). 

7.1 Specification of requirements and preferences 

The specification of requirements and preferences (Appendix 8) compiles legal requirements 

for bus design, recommendations from Buss 2010 and preferences from interest 

organisations, ergonomic studies and design aspects. It shall be used as a checklist while 

designing concepts. All legal requirements marked with LR are demands concepts must fulfil 

according to ECE-R107. Recommendations from the document Buss 2010 marked with R 

must be fulfilled for new buses in Sweden. Requirements marked with a P, are preferences 

that gives concepts more value if fulfilled. The specification is divided in two separate tables, 

one for general requirements and one for requirements on accessibility for passengers with 

reduced mobility. 

The specification for general areas is divided into four subcategories containing requirements 

for seats, handrails and handholds, entrances and exit as well as gangways.   

The specification with adjustments for people with reduced mobility is divided into three 

subcategories containing requirements for priority areas, wheelchair and pram area as well 

as entrance and exit. 

7.2 Boarding device for wheelchair users 

Boarding devices shall ease entering and exiting the vehicle for passengers traveling in 

wheelchairs.  

7.2.1 Proposed solutions 

All solutions for boarding devices are manoeuvred electrically by seated driver or by user. 

Two of the solutions for boarding devices have an entrance and exit dedicated only for 

wheelchair users. The door is located next to reserved area. For the combined door and 

ramp the door is folded down from the top creating a ramp (figure 16). The ramp is equipped 

with side support preventing the wheelchair from rolling off the sides. The side supports can 

be used as handrails for standing passengers. For the combined lift and wheelchair area the 

floor is folded out as a lift against the ground where the wheelchair can enter. The lift is 

moved back inside the bus where the area is equipped with a backrest and side support.  

With this solution the user does not need to make any turns or locating inside the bus.  
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Figure 16. Proposed boarding devices for wheelchair users. 

The other three solutions for boarding devices are integrated in the floor construction. For the 

lift integrated in floor construction the floor lowers horizontal and for the ramp integrated in 

floor construction the floor slopes inside the vehicle when entering. Both solutions could be 

combined with an extension folded out under the devices to prevent gaps and for lower 

angle. The extendable sloped floor contains a permanent sloped floor with an extension that 

folds out underneath when entering the vehicle.
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7.2.2 Evaluation and choice of solution 

Comments from evaluation with Sweet spots/Weak spots about the boarding devices were 

that they creates easier access, that the user could travel without an assistant, how they 

would affect the passenger flow, about construction, complications and risks (Appendix 10). 

Some concerns also led to some of the preferences in the specification of requirements.  

When evaluating the preferences with weighting of criteria the ones considered most 

important were no gap between device and kerb over 15 mm and that it should be able to 

use despite sloping ground (Appendix 11). These were chosen for the reason if the solutions 

do not meet these preferences a wheelchair might have problems accessing the vehicle.  

When evaluating with credit point calculation the three solutions with the highest score were 

the combined lift and wheelchair area, the integrated ramp in floor construction and the 

extendable sloped floor (Appendix 12). The combined lift and wheelchair area was discarded 

because it is more time consuming than a ramp. Risk aspects when folding out the lift are 

also a concern when the floor area “disappears”. There is also a risk of injuries when folding 

the lift back at its position if someone is in the way. The extended sloped floor is very similar 

to a current solution with a permanent slope inside. Since the floor at service doors only can 

slope 2.86 °, the ramp has to be long to meet the requirements.  

The integrated ramp in floor construction with an extension is chosen for further development 

because if the ramp can start sloping inside the vehicle less space is needed for the 

extension outside to reach the same angle. It also had the highest credit point. 

7.2.3 Further development 

The ramp is constructed by three components (figure 17). The components are plates placed 

on different height levels aligning with each other. The top plate is mounted with joints 

connected to the floor inside the bus. The top plate is tilted down towards ground when in 

use. The two plates underneath creates an extension of 1 200 mm outside bus.  

The ramp can be used in three different ways with one, two or all three plates folded out. The 

first plate creates a lower in-step, without having to use a kneeling system. Combined with 

the second plate, it over build gaps between high kerbs and the vehicle. All the plates create 

a low sloped ramp when the height difference is larger. When only using the two first 

components, the third is folded inwards a bit. This prevents it from touching ground and 

thereby gives a lower height different when entering the ramp since the wheelchair does not 

have to roll up on double plates. 
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Figure 17. Three different ways to use the ramp system. 

The top plate has a length of 1 000 mm and a width of 1 200 mm to fit the area inside the 

door. The ramp could also be available in with the width of 1 000 mm to fit single doors. The 

plates have a thickness of 15 mm each which is the maximum allowed height on threshold 

for easy access with a wheelchair according to DHR if the edges are chamfered. The edges 

on the side of the extension where the plates meet are chamfered with an angle of 60 °. 

The driver operates the ramp electrically while seated. Sensors shall feel when the ramp 

touches the ground and stop automatically. To prevent accidents, the sensors also have to 

be activated and stop the ramp in case of other objects or persons getting in the way.  

7.2.4 Evaluation of chosen solution 

To make sure the ramp is approved a check against the specification was done 

(Appendix 13). 

The three components on the new solution with a thickness of 15 mm gives a slope of 8.4 ° 

to ground level and 4.5 ° folded out to a 150 mm kerb (Appendix 14). These values are lower 

than the legal requirements of 19.8 ° and 6.84 °. The new solution does not only give values 

that meet the legal requirements, but gives a lower slope closer to the preferences from 

DHR. Chamfered edges on the ramp components give a smoother transition between the 

plates. 

An extension of 1 200 mm gives a low slope without needing any installed side protection 

which would make the design more complicated. A longer extension would also require more 

space at the bus stop, which could also be a problem. Since the ramp gives a lower 



50 

 

step-height the solution could replace a kneeling system to meet the legal requirement. The 

width of 1 200 mm enables access for larger wheelchairs and also eases access to the area. 

7.3 Side support 

Side supports shall to prevent the wheelchair from tipping and give security for the user.  

7.3.1 Proposed solutions 

The two side supports folded down from the wall are graspable both in front and on the side 

by the passenger (figure 18). The solution can be either rigid or telescopic. The side support 

could be handled manually or electrically. If it is controlled electrically it could also be 

adjusted in height and depth to fit more passengers.  

Other solutions are telescopic circular side support combined with a handhold. The 

telescopic vertical half circle is pulled down from behind and is graspable at different heights. 

The telescopic horizontal half circle is graspable in front of the passenger. 

 

 

Figure 18. Proposed solutions for side supports at wheelchair area. 

The side support integrated in horizontal handrail is lowered down electrically by the user 

(figure 19). The up-folding side support is folded up from behind the user. When the support 

is in horizontal position it will automatically lock. The user unlocks the support with for 

example a button. The support is adjustable in height electrically. The telescopic rectangular 
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armrest is pulled out from behind the user. The passenger can grasp the side support at two 

different heights. The side support integrated in vertical handrail is folded down from behind 

by the user. The two solutions integrated in handrails could be used by standing passengers 

when no wheelchair is travelling. 

 

 

Figure 19. Proposed solutions for side supports at wheelchair area. 

7.3.2 Evaluation and choice of solution 

Comments from evaluation with Sweet spots/Weak spots about the solutions was about ease 

of handling, flexibility, occupied space when not in use, complicity and strength (Appendix 

10). Some concerns also led to some of the preferences in the specification of requirements.  

The preferences when using weighing of criteria considered most important for the side 

support were that it should be easy for user to grasp and manage (Appendix 11). If these 

preferences are not met the passengers could have difficulty using it at all.  

The side support integrated in horizontal handrail and the up-folding side support both had 

the highest credit point (Appendix 12). The side support integrated in vertical handrail had 

lower score because it is not adjustable in height. 

The side support integrated in horizontal handrail is more time demanding than the other 

solutions. The time it takes to adjust it back in height could lead to it not being done at all. 

Another concern is that standing passengers cannot use the handrail if they travel at the 

same time.  
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The solution for further development is the up-folding side support since it is flexible and 

easy to for the user to manage. 

7.3.3 Further development 

The side support is foldable with a joint that allows it to rotate around one axis. The joint is 

placed in line with the back support. The support is locked in down folded position to prevent 

it from moving while the vehicle is accelerating. A button placed underneath unlocks the 

support (figure 20). When the user has entered the area the support is pulled upwards 

manually. When the support reaches horizontal position it automatically locks. Before leaving 

the area the user unlock the support by pressing the button placed underneath the support.  

 

Figure 20. Button underneath the side support. 

When not in use the angle of the support is the same as the back support for minimum 

reaching distance and avoiding it being in the way when accessing the area. The side 

support shall be mounted on a vertical handrail behind the wheelchair area.  

The profile of the side support shall be circular for a smooth grip. The section shall have a 

diameter of 35 mm, which is the same diameter as the current handrails. The support has a 

length of 450 mm from the joint to the front section. The design is consistent with the 

handrails in the bus for a more unified impression.  

The side support can be adjusted between different angles to fit various wheelchair heights 

(figure 21). When folding up the support it stops when getting to the first position. To have a 

larger angle the button is pushed and the support is pulled upwards. When folding it back to 

vertical position the transition is variable. 
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Figure 21. Side support in two different positions. 

7.3.4 Evaluation of chosen solution 

The side support was evaluated against the specification of requirements to make sure the 

recommendations from Buss 2010 were met (Appendix 13). The support fulfilled all the 

aspects about dimensioning and placement that were stated in the document. 

The length of the side support fit a large variety of arms. The button for unlocking the support 

is placed at a place where the support is grasped when pulling it upwards. This way the user 

will feel the button and does not need to search for it. The support does not require any force 

folding it up or down.  

The placement of the joint eases reach without being in the way during enter and exit of the 

area. With the side support placed in front of the door when in use it has to be folded down 

before leaving the area for easy exit. This will make it easier for the next wheelchair or pram 

to enter the area without it being in the way. It is easier for the user to pull the side support 

up from underneath as it requires less mobility. It is also much easier when folding it down 

again as the user only has to push a button. The shape of the buttons for adjusting the height 

visualizes their function clearly. With a circular shape of the section the user can have same 

comfort no matter where which direction the user grasp it.  

The user experience model was mounted in a city bus and tested. Tests showed that placing 

the support in line with the back support did not make it easier to grasp it than if placed 

vertical. Since the back support only has an angle of 4 °, the different was not significant. The 

angles 30 °, 45 °, 60 °, 75 ° and 90 ° were tested to see which angle gave the best grip, the 

highest comfort and security during travel in up-folded position (table 5). 

 



54 

 

Table 5. Tests of angle on side support during travel. 

Angle Grip Comfort Security 

30 ° A bit difficult to reach 
Uncomfortable angle in 

the wrist 

Does not protect the 

wheelchair enough from 

tipping over 

45 ° 
Easy to reach from 

different heights 

Gives support to the 

handle but not the 

underarm 

Protects the wheelchair 

enough 

60 ° Easy to grip, good for 

different heights 

Comfortable grip, support 

for most of the underarm 

Feels more secure for 

user than lower angle 

75 ° Good grip Supports the underarm, 

The shoulder rises a bit 

Feels more secure for 

user than lower angle,  

90 ° 

The best grip, more on 

the same level as the 

handhold placed to the 

wall, less risk for 

unsuitable posture 

Supports the underarm, 

The shoulder rises a bit 

more than for 75 °, more 

comfortable for the wrist 

than the other angles. 

Feels more secure for 

user than lower angle, 

Could protect user less if 

placed to high relative to 

wheelchair dimensions 

 

Even if an angle of 90 ° raises the shoulder it felt secure and gave the most comfortable grip. 

Instead of adjusting the height, more than one angle could be available to fit heights and 

depending on how different users like to grip. In case of a smaller wheelchair the lower angle 

would be better and for larger wheelchairs 90 °.  

The support was mounted on different heights. At 780 mm above floor level the support was 

easiest to reach and felt most secure. At 600 mm it required bending the back a bit to reach it 

and more force since the supports was grasped closer to the joint for better reach which 

gives a smaller lever. It also felt less secure and the posture was worse because of the 

height difference between the support and handrails mounted on the wall. The most natural 

grip when placed on a height of 780 mm was about at the middle of the support. The button 

on the back should be placed with the centre at the middle and have a rectangular shape so 

it is adjusted to different arm length.  

The size of the section on 35 mm gave a good power grip and the circular form made it 

comfortable to grasp in different positions. The length was good since it is adjusted to many 

arm lengths and requires the user to fold it down before leaving the area. The support 

however affected the gangway a bit and should be moved closer to the wall.  

The angles between 60 ° and 90 ° showed good results from different aspects. Having a 

height under 780 mm felt less safe and was more difficult to reach. A height of 780 mm could 

protect smaller wheelchairs less, but if it has an angle the end of the support still gives 

protection.  

The final solution shall be mounted on a height of 780 mm and be adjustable in two angles, 

60 ° and 90 ° when in use.  
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7.4 Fastening system 

Fastening systems shall secure the wheelchair and user during travel.  

7.4.1 Proposed solutions 

The brake system fastens the wheelchair at the wheels (figure 22). The brakes are folded out 

from the floor. The buckles fasten the wheelchair at the back. The width of the brake system 

and buckles is adjustable electrically by the user. The wheel chocks are just as the brake 

system folded out from the floor. This solution locks the wheels from underneath instead of at 

the side. The magnetic backrest is a back support with integrated magnets holding the 

wheelchair back.  

 

Figure 22. Fastening systems for wheelchairs. 

The following solutions fasten both the wheelchair and user (figure 23). The first concept is a 

seatbelt with rigid mounts that eases the use for passengers as they do not have to bend. 

The second solution is a jumper folded down over the user. It is also equipped with 

handholds. The foldable rail is a concept that only works for a dedicated entrance where the 

user is placed on reserved area directly. To fasten the wheelchair and user a rail is folded 

down in front, similar to common rails used on rollercoasters.  
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Figure 23. Fastening systems for wheelchairs and users. 

7.4.2 Evaluation and choice of solution 

The solutions for the fastening systems were evaluated with Sweet spots/Weak spots on 

security, comfort, ease of handling, flexibility, risks and occupied space when not in use 

(Appendix 10).  

The preference considered most important for the fastening system when using weighting of 

criteria (Appendix 11) was that it should not be able to cause injury to user. Concerns about 

this for some of the solutions appeared during the first evaluation and it is an important 

aspect to consider. If any of the solutions easily causes accidents it should not be 

implemented. Other important preferences were that the user should be able to use the 

system without any help and also that it should be adapted for wheelchairs with different 

dimensions.  

The three solutions with highest credit point of the side supports were the brake system, the 

seat belt with rigid mounts and the jumper (Appendix 12). The seat belt with rigid mounts and 

jumper are better solutions since the brake system only fastens the wheelchair and not the 

user. 

For further development the seat belt with rigid mounts is chosen because it is more 

comfortable, takes less space and is easier to manage for people with reduced mobility in 

upper body than the jumper.  
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7.4.3 Further development 

The buckles on the fastening system are centred in front of the user (figure 24). The ends of 

the belt are behind the back support when not in use. When rolling rearwards against the 

wheelchair stop two buttons are pushed inwards. These buttons controls the mounts of the 

seatbelt that rotates and the ends are folded against the user. This could be achieved with 

for example a wire inside the rails that are tightened when the buttons are pushed. 

 

Figure 24. Digital visualization of fastening system. 

The cover around the belt is in a flexible material so it is bendable. Materials could for 

example be a polymer or leather. 

7.4.4 Evaluation of chosen solution 

Digital tests were made in CATIA V5 by placing a wheelchair on the area to analyse eventual 

problems. The tests showed that manually-operated wheelchairs, which have large wheels 

will prevent the belt from pushing forwards. Because of the required wheelchair stop the 

wheelchair does not lean against the back support which creates a gap behind the back of 

the wheelchair and the support.  

For wheelchairs with smaller wheels the final solution for a fastening system is easy for the 

passenger to use. The mobility in arms and back needed to manage the system is quite low 

since the ends are moved closer to the user without any hand force needed. No rotations or 

angle in the back is necessary with the fastening system. The users can with this solution 

fasten themselves on their own unlike some current solutions. 
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With the ends places behind the back support when not in use the system does not intrude 

into the reserved area that could be used by prams or standing passengers (figure 25).  

Many wheelchairs are equipped with a protection between the seat cushion and armrest, 

which could be in the way when fastening the belt. Since the cover around the ends shall be 

in a flexible material they should be able to use it anyway. 

7.5 Other equipment for increased accessibility 

Other equipment was created to ease travel for passengers with reduced mobility.  

7.5.1 Proposed solutions 

Since a lot of elderly people have difficulty to raise from ordinary seats the rising and sloping 

seat should help the user (figure 25). The idea is a priority seat where the cushion is 

adjustable in height and angle. The rotating plate ease placement of wheelchair. The idea is 

to place the rotating plate at the reserved area to avoid manual turns with the wheelchair 

which is sometimes complicated and time consuming. This could decrease space needed for 

placing wheelchair. 

  

Figure 25. Other solutions to increase accessibility. 

7.5.2 Evaluation and choice of solution 

The other solutions for increased accessibility were evaluated with Sweet spots/Weak spots 

on increased accessibility, comfort, complexness and functionality (Appendix 10). 

The solutions are not chosen for further development. The rising and sloping seat cushion is 

sorted out since a handhold would be a simpler and faster solution for the same objective. 

The rotating plate could be hard to implement when the wheelchair area is placed next to the 

wall. To fit in the area, the plate cannot be big, which could lead to the wheelchair not fitting 

with all wheels on the plate. The system could then be hard to manage for the user.  
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7.6 Layouts 

Early layouts were created (Appendix 9) and evaluated on placements and dimension of 

ordinary seats, priority seats, pram seats, walker seats and wheelchair area. The evaluation 

was a base for layouts adjusted to passenger flow.  

The evaluation group thought it was good to place chairs on wheelhouses when it enables 

more seats. They also thought it was good placing priority seats closer to the middle door. A 

dedicated wheelchair area could be good as long as it could be used for standing 

passengers when not occupied. Seats facing the gangway are good in such way that it gives 

more space for standing passengers in the gangway. If priority seats are placed at the 

wheelchair area the evaluation group thought that the area should be dimensioned for more 

than two prams. However they were sceptical about having a standing area next to priority 

seats.  

To ease travelling for people with reduced mobility it is important that they are placed close 

to doors for boarding and alighting. Areas for prams, wheelchair and walkers should be close 

to the middle door. Priority seats should be placed at an area between the front and middle 

door (figure 26).  

 

Figure 26. Suitable placement of reserved areas to enable close connection to entrance and exits. 

Since passengers travelling with a walker enter at another door than passengers with 

reduced mobility without an aid these areas could be separated. Seats for passengers with 

walkers do not have to be as close to the front door as the others. They also need more 

space for storing the walker during travel. Special walker seats could be created that are 

different from the ordinary priority seats. They do not need the same requirement on 

handholds to reserved area since the user has support by the walker.  
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7.6.1 Proposed solutions 

All concepts have a double door at the middle position. Double doors ease access for 

wheelchair passengers where a smaller turn radius is needed with a wider door opening. The 

door position in the middle is placed close to the front door to minimize walking distance for 

passengers with reduced mobility which enter at front and get off at middle. It is also placed 

in line with the back support to ease placement of wheelchair at reserved area, to avoid 

unnatural turns.  Four priority seats are placed between the two doors positions. There are 

room for three prams at the middle, or one pram and a rear faced wheelchair.  

All concepts for high passenger flow have double doors at the front position. In areas with 

high passenger flow double doors are more suitable, especially during rush hours.  

Layout 1 has two walker seats placed next to the reserved area for prams and wheelchair 

(figure 27). The passengers place their walker in front of them. This way they never have to 

take their hands of the walker. Since more people with walkers travel by bus in areas with 

higher passenger flow it is good to have more than one adapted seat.  

Layout 2 has one walker seat placed behind the middle door with a foldable seat next to it. At 

every priority seat there is also room for walkers. Many foldable seats give opportunity to sit 

down when less crowded. During rush a lot of standing space is available if seats are in 

up-folded position. The thought is to give a flexible solution for people with walkers, seated 

and standing passengers. 

Layout 3 has two walker seat placed on each side of the middle door. At the walker seat in 

front of the middle door there is a free space next to it so the walker will fit through the 

gangway. At the walker seat behind the door a foldable seat is instead placed next to it.  

 

Figure 27. Layouts for high passenger flow. 
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Layout 4 has a special walker seat placed behind the middle door. There is also space for 

two more walkers next to the priority seats (figure 28).  

Layout 5 has a walker seat placed next to the middle service door. A free area next to the 

seat enables space for a walker.  

Layout 6 has a walker seat before the middle door. The seat is facing the gangway and has 

space for a walker next to it.  

 

Figure 28. Layouts for high passenger flow. 

All concepts for low passenger flow have a single front door since a double door is not 

needed (figure 29). This door position has a unidirectional flow inwards and all customer 

have to stop to pay. A single door gives two extra seats at front.  

Layout 1 has a walker seat placed behind middle door position, close for boarding and 

alighting. The user places the walker next to the reserved seat. The area is equipped with a 

foldable seat that could be used by other passengers when not occupied.  

Layout 2 has two walker seats next to the reserved area for prams and wheelchair.  Since 

the area seldom is fully occupied in smaller cities a good solution is to combine this area for 

all three groups. The passengers place their walker in front of them. This way they never 

have to take their hands of the walker except for during payment.  

Layout 3 has a walker seat placed next to middle door position, close for boarding and 

alighting. The user places the walker next to the reserved seat. The clear space could also 

be used by standing passengers.  
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Layout 4 has space for a walker before the middle door next to a row of priority seats. The 

seats are equipped with a handrail for the passenger to grasp when transferring to their seat 

and during travel. Two more priority seats are placed on the other side of the gangway. All 

priority seats are placed rearwards. In the space for the walker a foldable seat is installed 

which could be used when the area is not occupied.  

 

Figure 29. Layouts for low passenger flow. 

7.6.2 Evaluation and choice of solutions 

The layouts were evaluated on accessibility to seats from doors and how the solutions affect 

the passenger flow. 

Walkers placed next to a seat could intrude in the gangway and disturb the passenger flow. 

More passengers travel with walkers in areas with high passenger flow, so it is good to have 

more than one reserved seat. For the walker seats placed between the two doors the user 

has to walk against the passenger flow direction, which could be a problem for areas with 

dense traffic. It could also be a problem with standing passengers blocking the access to 

priority seats. 

The best placement for walker users is to be seated next to the pram and wheelchair area 

with the walker in front of them. It facilitates easy access from the middle door where these 

passengers enter and exit. The door placement relative to the wheelchair area for easy 

access should be the same for high and low passenger flow since the problem with 

positioning is not determined by traffic.  
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A larger pram area is suitable for high passenger flow since the area also can be used for 

standing passengers during rush. Layout 2 for high passenger flow has space for many 

walkers that could be used by standing passengers when not in use. For layout 6 with the 

walker placed against the wall with a side faced seat next to it does not affect the gangway. It 

could however be uncomfortable for the user being seated sideways in cities with many 

accelerations and 90 ° corners.  

In cities with low passenger flow an area with space for three prams is seldom full, so it could 

be positive to combine these areas to avoid space not used. The seats could also be used by 

passengers with prams if not occupied. For layout 4 for low passenger flow the rail between 

the walker space and the seat helps the user to transfer to without the walker. Negative could 

be that the user walks against the flow, but it is probably not significant for areas with low 

passenger flow. 

The area for the wheelchair and prams shall according to Buss 2010 fit minimum three 

prams for buses longer than 11.5 m, which are most of Scania´s city buses. To have three 

prams at the same area also eases placement for the wheelchair. The basic models usually 

only have one area for prams, so if the solution should be able to implement on all buses 

three prams should be placed in the front of the vehicle. In areas with high passenger flow, 

more people carrying prams travel by bus than in areas with lower flow. However, if a bus 

needs to have more than three pram seats, it is better to have a longer bus with two separate 

areas. 

The best solutions are layout 1 for high passenger flow and layout 2 for low passenger flow. 

These layouts are very similar, except for the door configuration, foldable seats and the 

dimension of the wheelchair area.  

7.6.3 Further development 

All ordinary seats are of type Noco Flex with a seating width of 440 cm. Foldable seats are of 

type Noco Guide, which are more comfortable than ordinary foldable seats. All seats are 

placed at a height of 500 mm (Appendix 15). Step heights should be from 165-240 mm, 

measured from the ground, for at least one service door suited for boarding and alighting. 

The step height could be achieved with the new ramp system. All handrails shall have a 

section with a diameter of 35 mm. Foldable armrests shall be placed at priority and walker 

seats closest to the gangway. 

The layout for high passenger flow has double doors at both positions. Behind the drivers 

compartment two seats are placed on the front axle. The left side after the axle is reserved 

for people with reduced mobility. The first two rows are priority seats with horizontal handrails 

placed in front of them. Behind the priority seats a wheelchair and pram area is placed. At 

the end of the area two seats are fitted with space for walkers in front of them (figure 30). 

When not occupied the wheelchair and pram area could also be used by standing 

passengers. 
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Figure 30. Layout adjusted for high passenger flow. 

On the right side of the vehicle two rows of foldable seats facing each other are placed 

between the front axle and the middle door (figure 31). This gives a large area for standing 

passengers during rush hours where the driver should be able to lock the seats in up-folded 

position. After the middle door two ordinary seats are placed.  

 

Figure 31. Standing area with foldable seats. 
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Vertical handrails are placed were suitable at doors, on axles and behind seats. At standing 

areas horizontal rails are placed at the gangway with straphangers fitted. On the side next to 

the wall a horizontal rail is placed on the standing area with foldable seats. At the wheelchair 

and pram area a horizontal rail with 45 ° down sloped ends is placed (figure 32). The end 

next to the wheelchair area is suitable for the wheelchair user to grasp during travel. The end 

next to the walker seats are suitable for users when seating and rising.   

 

Figure 32. Handrail with sloping ends. 

For distances with high passenger flow the buses should be of type OmniCity which is more 

suitable for dense traffic.  

The layout adjusted for low passenger flow has one single door at front and a double door at 

the middle position (figure 33). On the left side of the vehicle in the travel direction two 

ordinary seats are placed in front of the axle. After the axle two rows of seats are placed 

facing each other. Behind the seats a wheelchair and pram area is fitted. At the end of the 

area two foldable seats are placed with room for walkers in front of them. The seats should 

be able to fold down and be locked by the seated driver. The area has space for three prams 

when the walker seats are up-folded.  

On the right side of the vehicle in the travel direction a jumbo seat is placed next to the front 

door, which is a wider single seat. A row of double seats gives a more narrow access that 

could be difficult passing through with for example crutches. After the front axle the priority 

area is placed with two rows of seats facing each other. After the middle door a row of two 

ordinary seats are placed.  
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Figure 33. Layout adjusted for low passenger flow. 

Vertical handrails are placed were suitable at doors, on axles and behind seats. Between the 

priority seats an L-shaped handrail is fitted.  The priority seats next to the gangway are 

equipped with foldable armrests. The wheelchair area has a horizontal rail placed next to the 

gangway with straphangers fitted. On the side next to the wall a horizontal rail with 45 ° down 

folded ends is placed (figure 34).  

 

Figure 34. Folded seats at pram area. 
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7.6.4 Evaluation of chosen solutions 

The solutions meet the legal requirements, the new recommendations in the upcoming 

version of Buss 2010 (Appendix 13) and are better adjusted to people with mobility reduction. 

Previously buses were not adapted for people with walker or reduction of mobility in the 

upper body.  

All ordinary seats are of type Noco Flex which has a width of 440 mm. The requirement for 

ordinary seats are 400 mm, but since the free space for a seat has to be 500 mm for 

individual seats and 450 mm for row of seats there is no advantage to use smaller seats.  

Vertical handrails are better than smaller handholds since they are adjusted for people with 

different heights and could be grasped by more than one passenger, they do however 

require more space and are not suitable for all positions. At the wheelchair and pram area 

vertical rails could make it difficult to access. The horizontal rails are better since they are not 

in the way when accessing the area and more people are able to grasp them during travel.  

The middle of the horizontal rail with sloping ends is higher to be more adjusted to standing 

passengers and the ends to fit seated people with walkers or in wheelchairs. The walker 

users never have an angle over 45 ° when seated, during rise and in standing position to 

avoid unsuitable postures. The wheelchair user on the other side of the area is able to grip 

the rail at different heights and length because of the design. It is more adjusted to different 

arm length as well as arm heights and also requires a smaller angle in the wrist than with an 

ordinary horizontal rail.  

Equipping the rail next to the gangway with straphangers is a good solution as it could be 

placed at a higher point avoiding tall people getting injured.  

Buses in areas with high passenger flow are often crowded. During rush hours they are 

sometimes full so all passengers are not able to access the bus. Higher passenger flow 

requires faster enter and exit to avoid delays. The adjusted layout with two large areas for 

standing passengers gives a faster flow and prevents people from blocking the gangway. It 

would otherwise make it more difficult to alight from seats. In the inner city distances are 

short and high comfort is not as important, therefor seated areas can be replaced with 

standing areas.  

Between rush hours the buses are relatively empty so to maximize the number of seats is not 

that important.  

If the bus has fuel tanks placed behind the front axle, the priority seats have to be front faced 

instead with a horizontal rail between of them. The foldable seats on the right side cannot be 

placed at the same position either. In that case two ordinary seats could be placed rearwards 

on the axle.  

With a double door at front, two seats less are available next to the door. These seats are 

otherwise placed on a large height on the wheelhouse and not very attractive for passengers.  
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Buses in areas with low passenger flow are seldom full. During rush hour the buses are more 

crowded and some passengers have to stand, but often not many. Areas with low passenger 

flow are not in need of buses with large standing areas. The number of passengers travelling 

with prams, walkers and wheelchairs are also less. According to Buss 2010 buses over 11.5 

m must be equipped with three pram seats. However, it is rare that three passengers with 

prams travel on the same bus at the same time.  

By having foldable seats the area could be minimized and still be able to carry three prams 

when needed. Foldable seats that could be locked by the driver are also easier to reserve to 

the people who need them the most. If they are not occupied unless necessary it is much 

easier for wheelchairs to access the area since they have more space to use.  

Areas with low passenger flow are not in need of a double door at front either. By having a 

single door two more seats are available at front. The middle door should however still be 

double to ease access for passengers with a wheelchair and since the door also has 

entrance for prams and walker users. With both entrance and exit the flow needs to be faster 

through this door. 

By placing the priority seats on the right side of the vehicle the door gets a better position 

relative to the wheelchair area and eases access to the space avoiding unnatural turns.  

The horizontal handrail between the priority seats will ease rising for people with reduced 

mobility. The handrail gives support for passengers when transferring between the inner 

seats and the gangway. It also shows more clearly that the seats are priority seats.  

Areas with the same dimensions as the reserved areas for wheelchairs and prams were 

marked out on a non-sloping floor. A groups of six people tested entering and alighting the 

area from the marked door position. The group first tried to enter the area and place the back 

of the wheelchair against the correct position. They later entered the area and placed the 

back of the wheelchair the opposite direction, like many of current areas are placed relative 

to the door. This was made to test the how the free space in front of the user affected the 

access. 

Five of the test persons thought it was easier placing the wheelchair the correct way. One of 

them said the opposite way was easier even though he made more complicated turns and 

the time consumption was longer. A reason could be that he tried to enter the opposite way 

more times and by then got more used to the wheelchair. Most of the attendees also had 

problems with their feet sticking out over the line closest to the front when placing the 

wheelchair front faced. All users managed to place themselves within the smaller area for 

low passenger flow, and did not need the extra space for high passenger flow.  

The area is large so the attendees manage to place the wheelchair in both directions with 

more or less effort.



69 

 

8. Discussion and conclusions 

The aim of the project was to study how accessible current city buses were and how Scania 

could improve the accessibility based on public needs and how the changes would affect the 

passenger flow. The result of the project shows that the current buses are difficult to access 

and there are problems moving inside the vehicle. The result gives an amount of adjustments 

that could be implemented to increase accessibility.  

The objective of the thesis was to create complete layouts suitable for high and low 

passenger flow including proposed new solutions for equipment to increase accessibility for 

people with reduced mobility. The result shows layouts adapted for passenger flow of 

different intensity that will ease travelling for people with reduced mobility. The new solutions 

for the equipment ease access, management and increases security for the user. The 

conclusion is that the objectives of the project have been fulfilled.  

It was difficult to know exactly which tasks were necessary for the project before it started. 

Also estimating the time consumption for each task was hard. Adjustments had to be done 

during the project, but in the end the time plan was more or less followed correctly. If I would 

have changed something, it would have been given more time to concept development. One 

more ideation session with other people than from Scania would have been good. A group 

with people in wheelchair, people with walker, elderly and representatives from PTA´s and 

operators could give different ideas. 

I had a lot of help from Scania within different areas and resources but it was sometimes 

difficult managing for everyone involved to meet at the same time, as they worked in different 

groups with various projects. Working at the department at Scania in Södertälje was very 

helpful since it was much easier whenever running into complications. I always had access to 

help from employees with experience and expertise on the area.  

It was difficult finding information in Scania’s system since they have a lot of different 

programs and storages. In many cases information was not found documented and a lot of 

different people around the company had to answer various questions about different areas.  

When performing the internet based benchmarking it was difficult finding information about 

other bus manufacture´s solutions for accessibility. Most of the companies in the study did 

not have any information about it on their web pages. A few of them had pictures without any 

describing text, but besides those the most of the study had to be made by analysing 

pictures taken by private persons. Private sources could lead to some of the solutions being 

old and perhaps not solutions that manufactures use on current buses. A lot of the buses 

studied in the benchmarking did not fulfil legal requirements. Reasons could be that some 

buses are older than the requirements, and some travel in other parts of the world with 

different demands than in EU.  

When working with a lot of people the expectations vary from different directions. Satisfying 

everyone is nearly impossible, and it was hard knowing which direction to follow. The 
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expectations from my side from the beginning and the result in the end differ. In the 

beginning I entered the project with a more open mind, and the boundaries along the way 

lead to a more limited result then I expected. The most difficult thing in the project was 

probably to work creative and create new different concept with the boundaries and 

requirements in the projects. Except for the pre decided boundaries, legal requirements and 

requirements from Buss 2010 limited the concepts a lot. Trying to satisfy the customer’s 

needs and still be able to implement the solutions in Scania´s standard buses was really 

difficult which in the end led to some changes in the structure of the bus.  

It is important to remember that even if the focus is on people with reduced mobility the bus 

still needs to be designed for everyone. This is especially important if the goal for the 

doubling project shall be reached. If the thesis only concerned accessibility or passenger flow 

and did not need to take other aspects into consideration the solutions could have been 

completely different. In this case, when a bus needs to work in all kinds of situations and for 

all kinds of passengers compromises have to be made. The intensity of the passenger flow 

also varies between different hours and distances. There is no area in Sweden with dense 

traffic throughout the whole day, every day. No operator would probably be interested in 

having different buses for every kind of situation. This is why standard layouts would be very 

good to areas with general high and low passenger flow. 

The boundaries and the requirements from the Buss 2010, PTA´s and operators also restrict 

the possibilities of the layouts. A vehicle fitting three prams and a rear faced wheelchair is 

required according to Buss 2010. The easiest position to access the area with a wheelchair 

is if it is placed in front of the door for boarding and alighting. The positions for seats are very 

limited and also most of them have to be front faced. The length of the low floor, positions of 

axles and doors in Scania´s standard buses sets up large boundaries. In the end some 

changes had to be done to meet the new requirements which lead to the move of the middle 

door for low passenger flow.  

The final solutions will ease boarding, alighting and placement at area for wheelchair users 

because of the large space and door position. The new layouts also give the walker users 

seats near the entrance with space for the walker in front of them which they do not in the 

current situation. Passengers with reduced mobility without large aids will are placed near 

both the door for boarding and alighting to avoid long transfer distance inside the bus.  

As the new solutions will ease travel for people with reduced mobility it will also complicate 

the work for Scania. The new layout for low passenger flow requires a placement of the 

middle door that differs from Scania’s standard models. The requirements from Buss 2010 

about more space between seats leads to the same amount of seats are no longer possible 

between the doors. One row of seats less will be the consequence of the requirements. This 

will also lead to there being a gap between the sets and door or a lot more space in between 

seats. Even if the door keeps its position the access for wheelchair users to the reserved 

area will still be more difficult. If the bus is of type OmniCity without elevated platforms in the 

rear there is no problem since the wheelchair area could be moved backwards. However for 

small cities OmniLink is often preferred, which restricts the front of the bus. To have a better 

placement of the wheelchair area relative to the door position the low floor of the bus would 
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have to be elongated if the door is not moved. This would probably require even more work 

and a bigger cost. Since all PTA´s more or less follow the recommendations from Buss 2010 

Scania might be in need of creating new standards to meet the requirements.  

Some aspects were not taken into account when creating the layouts. The climate could for 

example affect the choice of door configuration. I north of Sweden the temperature is often 

under -20 °C during the winter. If the bus has maximum number of door positions with double 

doors the temperature inside the bus will drop instantly when they are opened. Both solutions 

for layout have a double door in the middle. During the interview with LLT they required only 

single doors at both positions. However during the observations all buses in the study had a 

double door at the middle, and the buses was quite new. A single door might be preferred in 

some areas, but are not recommended from accessibility aspects.  

For all solutions there is space for two rows of double seats behind the front wheelhouse. A 

single row could have been an option to minimize the distance between the front and middle 

door. This could however affect the back of the vehicle negative, when the distance between 

the middle and possible rear door will be longer. This will affect the passenger flow. Since 

two doors as mentioned earlier must be separated with 40 % of the vehicles length every bus 

must then also be equipped with a rear door if they are longer than 10.9 m, which is better for 

the passenger flow, but not preferred by everyone. If there is only one row of double seats in 

the front of the bus, all of them must be priority seats, and the risk of them being occupied by 

other passengers’ increases. This could therefore affect the accessibility if it leads to that 

passengers with reduced mobility have to transfer and sit in the rear of the vehicle. 

Guide dogs are today placed in the front of the vehicle. Many buses have an allergy zone at 

front. Since the thesis concern accessibility for people with reduced mobility this problem has 

not been focused on. But if people with guide dogs would be placed in the back of the bus, it 

would affect the accessibility for them if they still have to enter at the front door. Passengers 

with reduced vision should not have to transfer long distances in buses either.  

The direction of passenger flow affects the layout in the bus. Depending on where you enter 

and exit different solutions are necessary. In this study both cities had the same direction on 

passenger flow. A different layout is necessary if a wheelchair, walker of pram need to pass 

through the gangway. Since wheelchair users, walker users and people with prams have to 

pay at front in Luleå, it would be better for both accessibility and the passenger flow if they 

entered at front like traffic in Skåne. Since there is no adaption at most bus stops it requires 

ramps at both front and middle door. The easiest solution to ease travel for them would be if 

they could travel for free. A device could also be fitted at the middle door where the user 

manages the payment and a signal is sent to the driver. This could however be more 

expensive to implement than letting these users travel for free. In a small city people 

travelling with wheelchair or walker is not common.  

Luleå is no exception in this case. When studying some other PTA´s in smaller cities, most of 

them have boarding and alighting for wheelchairs and walkers at the middle entrance and 

these are paying customers. In some cities however the driver shall help these passengers 
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to do the payment. Passengers with prams are often also paying customers, which means 

they have to leave their pram at the reserved area while getting to the front to pay.  

The direction of the passenger flow for buses in Stockholm may not be the most optimized 

for dense traffic. In Gothenburg passengers can enter and exit at all door positions which 

give a better and faster flow in the bus. The layout could then be a lot different with more 

flexible areas.  

The layout for low passenger flow is very alike to the most common solution on buses. Some 

varieties of layouts were evaluated but in the end the conclusion was that the chosen layout 

was the best for low passenger flow. This means that the layouts used today are relatively 

optimized for the direction of passenger flow studied. This is perhaps the reason to why the 

layouts have not changed much through the years. Small adjustments could make them 

better, but with the stated requirements the choices are pretty limited.  

Ramps in general are preferred to have a slope of 2.86 °.The new ramp system will give a 

lower slope, but not near 2.86 °. This can probably only be achieved for buses if the floor 

height is decreased significantly or the bus stops are raised. A longer ramp to achieve this 

could instead affect the accessibility negatively, since there could be problems folding the 

ramp out on some bus stops when it requires a large area. The new ramp system is unlike 

current solutions more adapted to different situations because of its flexible components.  

Since most passengers with reduced mobility enter at front and exit at the middle it would be 

good for them if a similar system also was fitted at the front door. This system would only 

need the first component for lower step-in height as wheelchair users and walkers enter at 

the middle.  

Folding the side support upwards was much easier and demanded less mobility in the arm 

and shoulder to manage. The solution would probably ease manage for people with reduced 

mobility in the upper body that today can have difficulty with the current folding armrests. It is 

also better then the stationary side supports that can unease access to the reserved area if 

they are too big, and do not feel secure enough if they are too small.   

The angle of 4 ° for the support when not in use did however not make much difference 

concerning reachability. The support gets a bit closer to the user, but not significant.  

Fastening systems are not required for unbelted buses where the wheelchair is faced 

rearwards. They could however be used for higher stability and safety, especially if the 

passenger has lowered strength in arms and has difficult grasping handholds firmly during 

travel. A problem was that it might not work for manually-operated wheelchairs. There are 

also concerns if a fastening system really is necessary. The back support will prevent the 

wheelchair from tipping forwards relative to the travel direction, and the side support and wall 

will prevent it from tipping sideways. The risk is very small for the wheelchair to tip 

backwards in the bus, especially in city traffic with low speed limits.  

By having ramps and foldable seats controlled electrically by the driver, the passengers are 

still dependant by another person. Since the driver does not have to leave his seat problems 
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will probably not be common. It is important that the driver is aware of when he needs to help 

the passengers controlling these devices. Since the passengers enter at the middle a special 

signal would be good to send a message to the driver when they need help. On current 

buses there is a handicap button on the outside for the wheelchair user to push when the 

ramp is needed. There could be a button for when the seats are in need to be folded down 

and locked, which could be the same as the handicap signal on the outside or a button 

placed inside at the walker seats. The seat could also be controlled by the user with a button 

at next to the seats but then it is important that the seat will be folded up when the user leave 

the bus so it is not in the way when a wheelchair or pram enter the area.  

In the end, to reach an accessible community more than the buses have to be adapted. It is 

no point in making adapted buses if people cannot get to the bus stop. Municipalities, PTA´s, 

bus and aid manufactures all affect the accessibility of public transportation.
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9. Recommendation 

For areas with dense traffic my recommendation to Scania is to offer the adjusted layout for 

higher passenger flow which gives more space for standing passengers. For buses travelling 

in the inner city the best solution is to have the bus type OmniCity with low-floor throughout 

the bus.  

For areas with less traffic my recommendation to Scania is to offer the layout adjusted for low 

passenger flow which has more seats since standing is rare.  

The solutions for a ramp and side support needs to be constructed on a detail level including 

mounting. Standard components should be used whenever possible. A mechanical engineer 

should explore the possibility to implement the boarding device in the floor construction as a 

module. The construction should also include solutions on how to prevent jamming in the 

system. 

The boarding device and foldable seats are supposed to be electrically manoeuvred. An 

electrical engineer shall explore how to integrate these solutions in the electrical system. The 

solutions shall be manoeuvred by the driver from the compartment. This results in design 

work on the interface of dashboard. Mirrors or cameras might also be necessary for the 

driver to have a good view of the devices.  

Before making any kind of implementations a risk analysis should be done to prevent severe 

consequences. Choice of material shall also be decided and strength tests needs to be done. 

The solutions also have to be certificated. 

More tests with functional models should be made in case of further development, especially 

for the boarding device that was not tested in this project.  

Costs for new equipment and relocation of the middle door position needs to be calculated. 

The fastening system is not recommended to implement in city buses where there is no 

requirements. If a fastening system is needed for front faced wheelchairs Scania could in that 

case evaluate the fastening systems again.  
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Table 6. Gantt chart used for time planning in the thesis. 
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Neurological diseases  

Diseases affecting central, autonomic or peripheral nervous system are called neurological 

disorders. 

Stroke is the most common reason for reduction of physical mobility in Sweden. A stroke 

includes both cerebral infarction and cerebral haemorrhage. Common effects of stroke are 

paralysation, speech disorders, visual disturbances, numbness, balance disorders, change in 

consciousness and severe headache (Skåne University Hospital 2005). 

Cerebral pares, CP, is caused by damage in the part of brain controlling muscles. The 

disease is chronic but do not increase. CP is the most common reason for reduced mobility 

among children and youth. It occurs from before birth up to when a child is two years old. 

The most common symptom is paralysation. Spasticity often occurs in paralysed muscles, 

which means they are tense and unable to relax. Mainly affected muscles are those who 

bend joints in hands, feet, arms and legs. Other symptoms are for example involuntary 

movements and disorders of balance (Skåne University Hospital 2005). 

Multiple sclerosis, MS, is a disease in the central nervous system, CSN. Myelin that 

surrounds nerve fibres breaks down because of inflammation in the brain and spinal cord. 

Damage fibres lead to nerve impulses not being received as they should. Symptoms can be 

very different depending on person, but some common signs are sensory disturbances in 

arms or legs, visual defects in one eye, walking and balance disorder, power reduction in 

limb, fatigue, double vision, urinary problems and mood swings (Skåne University Hospital 

2005). 

Amyotrophic lateral sclerosis, ALS, is a disease attacking motor nerve cells in the brain and 

spinal cord, which are damaged and eventually destroyed. Symptoms are progressive 

weakness and volume reduction in muscles. It often starts in arms or legs, but later on 

spreads to a lot of different muscles in the body. People with ALS often have difficulty moving 

because of weakness in legs and feet, but also impaired balance. Twitches and spasms are 

common in affected muscles (Skåne University Hospital 2005). 

Parkinson´s disease is caused by damage of nerve cells in the brains dopamine system. 

Symptoms are shaking, often starting in one hand and arm. Eventually most people with 

Parkinson´s are affected by slowed movements, stiffness and balance problems (Skåne 

University Hospital 2005). 

Spinal cord injuries are caused either by a congenital spina bifida, fracture on the spinal cord 

or a result from tumour disease. There are nerve cells in the spinal cord sending out signals 

from the brain to muscles and reverse. If the spinal cord is damaged the signals is prevented 

from getting through. Depending on where the spinal cord is injured damages varies. For 

spina bifida symptoms are muscle weakness from the hernia down, difficulty learning to walk, 

deformations of bones, curvature on the spine, scoliosis, incontinence and disorders in hip, 

knees and ankles. Problems can be corrected or alleviated by operation and physical 
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exercise. Fracture on the spinal cord is divided into two types, paraplegia and tetraplegia. For 

paraplegia the injury is located below the neck. Both legs are often paralysed and possibly a 

part of the trunk. For tetraplegia the injury is located in the neck. Damage can be partial 

paralysation or a total loss of muscle control from the neck down. Depending on if the spinal 

cord is completely cut off or partially injured with some functioning nerve cells effects vary 

(Skåne University Hospital 2005). 

Muscle diseases attack muscles under a person’s volitional control, including impulse 

transmission from nerve to muscle. Result is weakness or fatigue in some or all muscles. 

Most common parts affected are the back, shoulder girdle, upper arms, pelvic girdle and 

thighs. There are different kinds of muscle diseases, which some of them are genetic. A 

number of diseases can lead to paralysation. None of the muscle diseases are curable, but 

some are treatable. Muscle dystrophy is caused by a genetic fault causing a defect in the 

muscles protein, which leads to muscles not being capable of repeating contractions. The 

most serious type is Duchene muscular dystrophy, where most affected need a wheelchair. 

Myasthenia is caused by inhibited impulse transfer from nerve to muscle. The most common 

type is myasthenia gravis, which result in abnormal fatigue and possible paralysation (Skåne 

University Hospital 2005). 

Rheumatic diseases 

About a million Swedes have some form of rheumatism or rheumatic symptoms. There are 

close to a 100 types of rheumatic diagnosis. These diseases mainly affect joints, muscles 

and bones. Many of the rheumatic diseases are inflammatory (Reumatikerförbundet s.a). 

The most common diagnosis is osteoarthritis. Over 25 % of the population older than 

55 years suffer from it in some form. It can occur at a lot of different places in the body. The 

most ordinary form is placed in finger joints. Other common areas affected are feet, knee 

joints, hip joints, the back, the jaw and sometimes the whole body. Symptoms of 

osteoarthritis are pain and stiffness in one or more joints. It increases under load and 

decreases at rest (Netdoktor 2007). 

Rheumatoid arthritis, RA, is a chronic joint disease affecting about 1 % of the population. For 

RA inflammation occurs mostly in smaller joints, and can cause damage on cartilage, bones, 

vessels, pericardium and pleural. Most common areas affected are joints in hands and feet. 

Symptoms are pain, stiffness and eventually lowered joint function (Netdoktor 2010). 

Ankylosing spondylitis (Bechterew´s disease), AS, often occurs between age of 15 and 30. 

Symptoms start with stiffness and pain in the back. Later on mobility can decrease and the 

affected can experience problems with stretching the back. Result can be decreased 

movement in the chest, which can lead to breathing problems. The disease can cause 

swelling in all joints as well as inflammation in tendons and muscular attachments. Another 

occurring symptom is inflammation in eyes (Netdoktor 2006).
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Table 7. Mapping of common electrically-operated wheelchairs in Sweden. 

Electrically-operated wheelchairs 

Supplier Model Max length Max width 

Etac Balder fitness 1 130 640 

Etac Balder Liberty 1 000 650 

Handicare Yes Puma 1 100 650 

Invacare Alber Adventure 1 110 680 

Invacare Bora 1 210 620 

Invacare Dragon 1 050 625 

Invacare FDX 1 250 640 

Invacare Four X DL 1 000 695 

Invacare G40 Plus 1 180 670 

Invacare G50 1 240 700 

Invacare Kite 1 140 595 

Invacare Mirage 1 070 680 

Invacare Mistral 1 080 620 

Invacare Moover M85 1 100 640 

Invacare Moover M95 1 200 650 

Invacare Phoenix 1 040 703 

Invacare Storm 1 300 730 

Invacare Storm 3 1 100 630 

Invacare Storm 4 1 190 630 

Invacare Stream 1 030 640 

Invacare TDX SP 980 640 

Invacare Tornado 1 100 720 

Invacare Twister 1 090 640 

Invacare Typhoon 1 160 690 

Invacare Typhoon II 1 160 690 

Invacare Zephyr 1 200 690 

Permobil C300 1 200 620 

Permobil C350 1 170 625 

Permobil C400 1 185 620 

Permobil C500 1 225 675 

Permobil K300 PS Junior 1 080 620 

Permobil K450 MX 1 240 640 

Permobil M400 Corpus 3G  620 

Permobil X850 1 460 720 

Permobil Chairman 1 220 700 

Permobil Entra 1 350 610 

Permobil Hexior 1 040 590 

Permobil Street 1 180 630 

Permobil Trax 1 430 695 

Dimensions in the diagram are given in mm. Red markings are dimensions exceeding the reference measurements for a 

wheelchair according to ECE R107. Orange markings are measurements on the verge of a reference wheelchair. 
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Table 8. Mapping of common manually-operated wheelchairs in Sweden. 

Manually-operated wheelchairs 

Supplier Model Max length Max width 

Etac Art No information 655 

Etac Cross No information 670 

Etac Cross XL No information 810 

Etac Elite No information 670 

Etac Next No information 770 

Etac Next Comfort No information 695 

Etac Transit III No information 650 

Etac Twin No information 720 

Invacare Action 3 NG 1 000 660 

Invacare Fusion 940 743 

Invacare K-series G3 830 650 

Invacare Rea 150 1 110 780 

Invacare Rea 702 1 170 560 

Invacare Rea 703 1 160 600 

Invacare Rea Adapt 930 700 

Invacare Rea Assist 1 015 750 

Invacare Rea Azalea 1 020 820 

Invacare Rea Bellis 1 040 785 

Invacare Rea Comfort 1 190 745 

Invacare Rea Focus 1 195 725 

Invacare Rea Spinrea 1 040 695 

Invacare Rea Spinrea 2 1 150 710 

Invacare Rea Spinrea 3 1 150 705 

Invacare Rea Spinrea 4 1 170 705 

Invacare Rea Spin X 1 260 715 

Invacare The KSL 830 650 

Invacare XLT 2008 1 230 815 

Net Medical Dietz Caneo B 1 100 680 

Panthera S2 900 710 

Panthera S2 Large 950 710 

Panthera S2 Swing 900 660 

Panthera U2 870 660 

Panthera X 825 660 

Permobil Lifestand LS 1 080 690 

Dimensions in the diagram are given in mm. Red markings are dimensions exceeding the reference measurements for a 

wheelchair according to ECE R107. Orange markings are dimensions on the verge of a reference measurement. 



 

               3(3) 

 

Table 9. Mapping of common walkers in Sweden. 

Walkers 

Supplier Model Max length Max width Compressed width 

Etac Ono 660 590 - 

Varsam Let´s go 630 550 - 

Varsam Jazz 670 620 260 

Varsam Rollator 640 590 - 

Human Care Fellow Supreme 680 630 - 

Human Care Fellow Classic 690 690 - 

Human Care Carla 810 630 195 

Human Care Carl Oscar 820 720 260 

Human Care Rebel 750 720 250 

Human Care Parade 695 585 200 

Human Care Solo 700 630 240 

Human Care Svea GB 850 680 - 

Volaris S2/S3 No information 595 - 

Volaris S7 No information 590 - 

HandiShop Hawaii 680 610 - 

HandiShop Trinidad 580 660 250 

NetMedical Dietz Ligero No information 555 - 

NetMedical Dietz Ergo No information 615 - 

Hjälpmedelsbutiken Soprano 760 650 - 

Hjälpmedelsbutiken Melody 700 620 - 

Hjälpmedelsbutiken Futura No information 650 - 

Hjälpmedelsbutiken Legacy 680 590 - 

Dimensions in the diagram are given in mm. Red marked measurements are those which cannot access a gangway with 

minimum width of 450 mm. Green marking show those who can access a 450 mm gangway when folded. 
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When producing buses there are numerous groups and organisations that have an interest in 

how they are designed. Public Transport Authorities who are responsible for traffic have 

specific requirements and needs on accessibility, environmental aspects etcetera. 

Organisations for people with disabilities want an accessible traffic that works for everyone 

no matter what kind of functional reduction a person has. Passenger organisations wish an 

easy and comfortable public transport for all users. There are also other groups working for 

the interest of both bus industries and passengers. 

Public Transport Authorities  

AB Storstockholms lokaltrafik, SL, is a company, owned by Stockholm’s county council. SL 

supply all public transport in Stockholm´s County. They are responsible for the system of 

public transports and passengers getting value for their money. Passengers shall have 

access to a well-developed, available and reliable public transport. SL is responsible for 

overall planning, ordering and monitoring of traffic. They also carry responsibility for much of 

the infrastructure of public transport (SL 2011). 

Luleå lokaltrafik AB, LLT, is a municipal company that is part of Luleå council business. They 

are responsible for planning, marketing and execution of public transport by bus in Luleå. 

LLT provides regular services in Luleå city, personnel transportation to one of Luleå´s largest 

employer, school traffic and charter traffic in Luleå neighbourhood. In central Luleå, they also 

provide a service line for elderly and people with disabilities. A smaller bus, traffic the line 

which passes a number of nursing homes and two medical centres. This bus is equipped 

with aids to ease access for wheelchair and walker users (LLT s.a). 

Operators of traffic 

Keolis is one of the largest public transport operators in the world. They work to develop an 

attractive locally adjusted city traffic. Their goal is to double the number of people travelling 

by public transport (Keolis 2011). 

Nobina is the leading operator of public transport in Sweden. Almost 30 % of all trips is 

operated by Nobina. They traffic over 100 locations in Sweden (Nobina 2009).  

Arriva is one of the leading operators for public traffic in Europe. Arriva operates traffic for 

SL, Västtrafik, Skånetrafiken and others (Arriva 2011).  

Interest groups for passengers 

Resenärsforum is an organisation for public transport users. The organisation focuses on 

taking care of passenger’s interests. Their aim is to promote good development for public 

transport users by information distribution, debates and other forms of advocacy 

(Resenärsforum 2009). 

 

 



               

               2(2) 

 

Interest groups for elderly and people with disabilities 

Delaktighet Handlingskraft Rörelsefrihet, DHR is an organisation for people with reduced 

mobility. DHR has approximately 16 000 members, 170 departments and operate in 

21 districts. The organisation is democratic and politically and religiously independent. DHR 

works for a society where no one should be excluded from the right to work because of 

disability. Another important objective is to eliminate barriers in society (Andersson 2010). 

Handisam is the authority for disability policy coordination. Handisam is working to accelerate 

progress towards a society accessible for everyone despite of disability. They work along 

authorities, municipalities, counties and government with accessibility issues. They draw up 

guidelines and basis for governance of a more efficient disability process (Handisam 2008). 

National Pensioners´ Organisation, PRO, is an organisation for Sweden´s pensioners. They 

are currently the largest senior citizen organisation of 400 000 members. PRO have places 

where members can meet new friends and engage in various activities, but they also work to 

monitor the senior citizens interests in various social issues (PRO 2011). 

Other interest groups 

The Swedish Bus and Coach Federation, BR, is an organisation which represents the bus 

and coach industry in Sweden. The near 400 business members consist of over 20 000 

employees and 11 500 buses and coaches. The companies operate different kinds of bus 

services for example local as well as regional line traffic in and around cities, rural transport, 

school bus services, transports to and from airports, tourism services and charter traffic. 

Their vision is to actively create member benefits, with a focus on healthy development and 

provides conditions for strong profitability for their members. BR represents the member’s 

interests to parliament, government, businesses and other organisations (BR 2010). 

The Swedish Public Transport Association is a trade association for local and regional 

transport. The organisation includes transport authorities responsible for public transport in 

Sweden. The Swedish Public Transport Association works towards the goal of creating a 

doubling of public transport for a sustainable society. 

Since 1998 there are laws written on public transport should be accessible for everyone. The 

Swedish Public Transport Association works to enforce accessibility work forwards and has 

created the network MERIT, Meeting place for exchange of experience within the integrated 

transport. MERIT has subgroups: the vehicle group, the future group as well as wheelchair 

and walker group (The Swedish Public Transport Association s.a). 

Samtrafiken is working to tie together people, companies and ideas in the public sector to 

create improvements. Their primary goal is to form simple trips for passengers on a single 

ticket. They also have the goal of public transport being accessible for everyone regardless 

of disability. They work to provide advice for carriers on how they should integrate these 

issues in the business for an accessible transport solution (Samtrafiken 2008). 
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Public Transport Authorities 

Semi-structured interviews were performed with the Public Transport Authorities in 

Stockholm and Luleå to gather more information of their requirements on city buses. 

SL, Ylva Preutz Papantoni, accessibility coordinator 

1. Who determines the choice of design when purchasing buses in Stockholm? 

We have certain requirements for how buses should be designed but it is the 

operators who order the buses. They also have certain demands for the buses 

depending on where they travel. Our requirements are they have to fulfil legal 

demands from the bus directive and we also follow recommendations in Buss 2010. 

In addition we also have our own requirements for accessibility. Together with 

Västtrafik and Skånetrafiken we have worked for 1.5 years for increasing the 

accessibility. 

2. Which operators manage your bus traffic? 

Our operators are Arriva, Nobina and Keolis. 

3. Do the municipality or county have any participation in choice of bus design? 

Indirectly the traffic committee have a participation since it is they who in the end 

decides who will operate the traffic depending on which adjustments they have and 

so on. But they have no requirements on the buses. That part is up to us and the 

operators. 

4. Which requirements do you have except for the ones in the bus directive and 

Buss 2010? 

We require a lower step at service doors, lower elevated platforms (especially for 

buses with belt requirements) and more space between seats. We have requirements 

of 4 priority seats. We want all seats to be higher (closer to 50 cm). We also want 

clearer contrast markings. 

5. Which requirements do you have regarding passenger flow? 

We do not have any direct requirements on passenger flow. We do not specify doors. 

Often the amount and type of doors are result from other requirements. The operators 

make these decisions. What we to have are requirements on the number of seats on 

highways and amount of prams in city traffic. But it is not good with too many prams 

in the same area either. If you have four pram seats it can be difficult for the one 

farthest from the door getting out. The space in the bus shall not be to open either, 

because standing passengers must have somewhere to grasp.
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It is often not so much flexibility when it comes to placing of seats. Because of other 

requirements we have there are only few layouts to choose between. The gangway 

do not have to be wide enough for a wheelchair when they enter and exit through the 

middle door. All these passengers travel for free, so they do not have to get to the 

front of the bus and pay.  

6. Which are your requirements for disability equipment? 

We follow requirements in the bus directive and eventual recommendations in Buss 

2010. We have demands that all buses shall have low floor at the end of the year of 

2011.  

7. Which requirements do you have regarding comfort, safety and convenience on city 

buses? 

We have no requirements regarding comfort. The operators make the decisions on 

seat types and so on. In the city buses we does not have any seatbelts when we 

carry standing passengers. Regarding the simplicity we have modular buses which 

can be changed. For SL:s traffic we have entrance for wheelchairs, walkers and 

prams at the middle door, but the buses can because of the modular system change 

so they fit for Skånetrafiken where these passengers enter through the front door. 

LLT, Karin Näsberg, Operations manager 

1. What controls your choice of design, when ordering buses? 

We choose different standard solutions. We follow recommendations in Buss 2010 

regarding layouts, disability solutions and pram seats.  

2. Which requirements do you have regarding layout and how is the current situation? 

The passenger flow works well in out buses. We have close trips and buses are 

seldom full. Because of the climate we only have single doors at front and in the 

middle, no door at the back. At winter buses get cold inside immediately if we have 

three doors.  

The number of passenger seats is not that important when the buses seldom are full. 

It is more important that it is easy for passengers passing through the bus and that it 

is not too crowded. Location of seats is standard solutions. We have no city buses 

with seatbelts since our buses do not traffic high speed roads. 

We do not have high requirements on comfort in our buses since an average trip last 

for eight minutes. We have standard seats. However, we have more demands on the 

driver´s seat because they sit there for eight hours a day. 

There shall be simple for passengers transferring inside the buses, therefore low 

floor. Gangways shall not be to narrow either. 
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3. Which requirements do you have regarding equipment and accessibility for people 

with reduced mobility? How is the current situation? 

The accessibility mostly works pretty well. Our buses have wheelchair and pram 

seats. There are very few passengers who travel with wheelchair but we have ramps 

at the middle door. The wheelchair area is also equipped with a rear placed backrest 

and belt for fixing the wheelchair. Problems are often outside of the vehicle like 

getting to the bus stop. We have handrails at entrances and all the way through the 

bus for passengers to grasp. 

All our buses have a low-floor part. Most of them are higher behind the middle service 

door but the newer buses are low all the way through. 

We also have requirements on colouring of handrails and so on for interest of people 

with reduced visibility. 

4. What is most important to consider when designing buses according to you? 

The driver area is very important and also the bus being easy to access. We have 

high demands on environmental aspects both regarding fuel and recycling. 

5. Which amount of your passengers travel with some kind of mobility reduction? 

Not sure. Many elderly travel with our buses. Wheelchairs and prams are rare. 

Operators of traffic 

Unstructured interviews with Nobina, Arriva and Keolis that operate the traffic in Stockholm 

were performed to gather information about which aspects controls the choice of layout when 

ordering new buses.  

Keolis – Anna Forsberg, Fleet manager 

Keolis had a standard which they adapt the layout from depending on the requirements from 

the PTA´s. The standard is basically to have as many front faced seats possible. However 

the rather have rear faced seats on the wheelhouse than not having the seats at all when the 

total number of seats is important. The PTA´s can have different requirements depending on 

where which distances the bus should travel. For inner city traffic with high passenger flow 

the requirements are most often to have double doors at front and middle position. Areas 

with fewer passengers often instead have a single door at front and a double door in the 

middle.  



 

      4(12) 

 

Nobina – Johanna, Vehicle specification 

When it comes to choice of layout Nobina have to take into account a lot of requirements 

from the PTA´s. Important to Nobina is the comfort for passengers. They are interested in 

having a standard layout that is suitable for all kinds of traffic since they operate many 

different areas in Sweden. They wish to be able to transferring buses between different 

locations. 

Arriva – Tobias Ligneman, Head of press 

Arriva also had an interest in some form of a standard. They believe it would facilitate their 

work. They had a standard about 10 years ago. The needs are different depending on 

distance and time. There will soon exist a new law that state that all procured public traffic 

will disappear. This makes it possible for operators to compete with PTA´s. Different 

operators will probably offer their passengers varying solutions to their needs, for example 

free internet. To offer more accessible buses could be a competitive.  

Interest groups for passengers 

A semi-structured interview was held with an organisation for users of public transport to get 

more information about what passengers require when travelling by bus. 

Resenärsforum, Kurt Hultgren 

1. How is the current situation for passengers of public transport in Sweden´s cities? 

Pretty good, the biggest problem is outside the bus and it is accessibility in cities. 

There are cars parked at roads and it is difficult for buses getting around. They will 

often not get to the bus stop because of city environment. 

2. Does the passenger flow work well in city traffic? 

It works pretty decent. It depends on distance and which time of the day. Passengers 

with backpacks take up much space. It is often crowded on the bus, the gangway 

must not be to narrow and all buses should have a back door. 

3. How accessible are the buses for everyone? 

The current ramps are not enough, because buses do not always get to the bus 

stops. A lot of buses do not even have ramps installed. It often happens that 

wheelchair cannot get on the bus. 

Priority seats do not work either. The signs are under criticism. A sign picturing a sign 

of a man with a cane is not enough for people to understand the seats are mainly for 

people with reduced mobility. The signing must be clearer. In Paris subways they 

have obvious signs with clear text. 
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4. How easy is it to take the bus compared to other public transports? 

There is one problem with taking the bus. You never know for sure they will show up. 

Bus stops move and traffic is cancelled because of running competitions. There is a 

constant worry the bus is not coming. 

5. How is the comfort on buses and how important is it in city traffic? 

It is important even for short distances. Passengers want comfort and you shall have 

same requirements for buses as cars. When designing cars you constantly strive for 

higher comfort. 

For standing passengers the buses sway and bump a lot which is inconvenient. It 

works as long as they got somewhere to grasp but handrails is better than straps. 

6. Does it feel safe travelling by bus today? Why/Why not? 

It feels pretty safe. City buses often do not have seatbelts but it feels reasonably at 

low velocities. For longer distances at higher velocities you must have belts in all 

buses. 

7. Which improvements could be made to get more satisfied passengers? 

Passengers want reliability. It should be easy getting on and off the bus. The ride 

shall be comfortable. There should also be enough space for feet, purses and 

backpacks. 

8. Is public transport timely reliable? If not, what could be the reason? 

It often depends on traffic and not the bus. Public transportation fields are necessary. 

Parked cars are a big problem in the cities. 

9. Which parts of public transport by bus works less well today? 

The biggest problems are outside the buses. Ramp does not always work because of 

traffic. Information is unclear. There should be number plates on each side of the bus. 

There shall be information about next stop both visually and acoustically.  The sign 

should be visible at every position in the bus and the voice must be heard by 

everyone. You should hear a clear sound when you press the stop button. Signs for 

priority seats must also be clearer. 

10. What is most important to consider when designing buses according to you? 

It must be easy to enter and exit the bus. It shall not be too crowded. Information 

must be clear. There must be information about next bus stop on all buses. Feedback 

shall be clear. Visible placing of signs, clear contrasts and large letters is important. 
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Groups for elderly and people with disabilities 

Semi-structured interviews were made with an organisation for disabled and one for elderly 

to get a grip about the current situation and which improvements could be made. An 

unstructured interview were also held with another disability organisation who did not work 

much with questions concerning accessibility on buses but still had some information to give 

about the current situation. 

Delaktighet Handlingskraft Rörelsefrihet, DHR, Karolina Celinska, representative, 

communication and accessibility issues 

1. How is the current situation for wheelchair users when travelling by bus? 

It depends on where you travel. City traffic generally works pretty well. The problem is 

you usually are dependent by someone else. It does not always work well enough to 

travel on your own. It depends on how the bus is designed, which type of ramp is 

installed and what kind of wheelchair you use. It also depend on other passengers 

and if they leave space, but most of them usually do. 

2. How good are the existing ramps and what improvements could be made? 

The ramps work better for the ones with an electric wheelchair. The slope is too steep 

for most people with manual wheelchairs to access by them self. They often need 

someone to help them up. A problem with ramps is that they do not always work. 

Sometimes gravel get stuck in the system and during winter there is problem with ice. 

3. Which position relative to the travel direction do you prefer? 

It may be safer with the back in travel direction but it is much more difficult placing the 

wheelchair. You have to make an unnatural turn. While you travel and parry turns 

everything is backwards which make it more difficult especially when it is normally 

much harder for people in wheelchairs. It feels unnatural when everything is opposite. 

4. How well does the current fastenings work and what could be improved? 

On most buses there are no fastenings. On some there is a belt to the backrest but it 

is very seldom used. I do not know if it is because people do not see it or if it is too 

difficult to restrain. I myself do not use it. 

5. Where is the easiest location to access when travelling with a wheelchair? 

The easiest location is straight in from the door as long as there are no rails or other 

obstacles in the way. 
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6. Comments about dimensioning of the wheelchair area? 

How well the dimensioning is adjusted depend on if there are foldable seats at the 

area for example. Then the wheelchair cannot get as close to the wall. But the seats 

are really good if you have an assistant with you so they can be seated next to you 

and help. Dimensioning depend on where you travel. In Stockholm it is much space 

while in Uppsala it is more crowded and sometimes handrails in the way. That makes 

it much harder to place the wheelchair right. It is also harder getting in when there are 

prams at same area as the wheelchair. 

7. How well are current priority areas designed? 

It mostly works well. They most often get priority but a lot of people do not know who 

these seats are mainly for. Information is not clear enough. The best place for priority 

seats are near entrances. People with reduced mobility should not have to walk long 

distance through the bus. 

8. Which improvements could be made making it easier travelling by bus for people with 

reduced mobility? 

Automatic ramps are great. You should be able to travel without having a person with 

you. The slope of the ramp should also be less steep than the minimum requirement 

of 12 %. The slope is not low enough for easy access. Often the ground slopes to and 

the bus do not always get to the bus stop and then it is really hard getting on. Ramps 

should have a slope of 1:20 instead. 

9. Which is the most important aspect when designing buses according to you? 

The most important is to design them so people can travel by themselves. You should 

not have to be dependent on someone else. You should also strive for functional 

dimensions and not minimum dimensions. 

10. Do you have any numbers regarding how many people with reduced mobility 

travelling by bus? 

Not sure. There are not much statistics about that area. 

11. Other comments: 

The most important is reliability. To know which bus drives at what time and that it is 

correct. It is also important to be able to plan transitions so it do not turn out you can 

travel with the first bus but then get stuck because the next one is not adapted. It is 

important with clear information so you know which bus goes when. Now you can get 

information about a blue bus will come and they are often adapted for people with 

reduced mobility. But it would be great if you knew for example all blue buses are 

adapted and for red buses it could be more difficult. Then you would at least know 

you always are able to travel with blue buses. 
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Handisam, Sören Hansson 

The current problem for people in a wheelchair is older buses are not seldom adapted for 

them and they have no clue about which bus goes when. This means they have to guess 

they can travel with a bus and if they cannot they have to order special transportation. These 

situations are difficult for the wheelchair user and also cost society lot of money. 

Newer buses mostly work pretty well but it depends on the bus stop, the weather and so on. 

Current ramps work most times pretty well. City buses in Stockholm generally work well. 

Nothing is perfect and there are always improvements to do. But the biggest problem is there 

are lot of old buses still in traffic in Sweden. There are even some buses from the 

60th century. 

Handisam have no requirements for buses except they should fulfil the legal requirements.  

National Pensioners´ Organisation, PRO, Ulla-Britta Vinrot 

1. How do travelling by bus work for elderly at the current situation? 

Those who are used to travel certain distances and have good knowledge of which 

buses that go which time, it works pretty good. They often know if the bus has low 

floor and certain equipment. People not use to travelling by bus often worry if the bus 

will be adapted so the trip becomes easy.  

2. Which amount of elderly travel with public transport? 

Of those without a car it is a high proportion, about 70 % I think. For those with a car 

the number is much less. 

3. How well designed are current priority areas? 

On newer buses they are pretty well designed. 

4. How well does location of priority seats work? 

They tend to be located pretty good. Close to entrance and exits. 

5. Are dimensioning of priority seats enough? 

It depends on which bus you take. The seats should be wider than normal seats 

when older people often have wider hips. 

6. Is the seating height enough at priority areas so it eases seating and rising? 

It is better if the seats are a little higher but more important having a handle to grasp 

when getting up. 
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7. Other comments about design and location of handles at today´s priority seats? 

It works well in most buses. Most often it is enough handles holding on to. 

8. How well does it work travelling by bus with a walker? 

It works well at low-floor buses as long as it is not too much prams at the same time. 

9. How well does it work travelling by bus with a cane? 

It is easier to travel with a cane than walker but mostly it depends on other 

passengers if they leave space or not. The cane has to get in before the person. 

10. How well does it work travelling by bus with a wheelchair? 

There is a lot more work to do. It is difficult travel with wheelchair and many people 

cannot get transportation service either. Difficulty also depends on where you travel. 

11. Which improvements could be done to make it easier for elderly to travel by bus? 

It must be easy to access the bus, but then it must get close enough to the bus stop. 
There must be good handles to grasp when entering and also inside to seating areas. 
Priority seats must be located close to service doors. There must also be enough 
space so it is not too crowded. 

12. Which is the most important aspect when designing buses according to you? 

Low step into the bus, handles all way through the bus, slippery resistant floor at 
doors are three important aspects. 

Other interest groups 

Semi-structured and unstructured interviews were held with organisations working to improve 

public transportation for both the bus industry and passengers. These interviews were made 

to get a grip of the current situation from an impartial point of view and to get more 

information about the document Buss 2010. 

The Swedish Bus and Coach Federation, BR, Lars Annerberg 

In the document Buss 2010, which BR has developed together with the organisation The 

Swedish Public Transport Association, requirements and recommendations for design of 

buses are gathered beyond requirements from bus regulation ECE-R107. Each contracting 

authority can choose whether to follow the recommendations or not. Most follow Buss 2010 

but make their own additions. BR has no other recommendations for bus design then those 

in Buss 2010.  
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The Swedish Public Transport Association, Peter Englund, accessibility 

1. Does the accessibility work well on buses in Sweden’s city traffic? 

It is very widely spread how well it works depending on where you are. At many 

places it works badly but Stockholm has come a long way. SL is probably best in 

class in terms of accessibility. 

2. How well does current ramps work? 

In general they work well. The problem with manual ramps is the driver has to leave 

his seat if passengers travel alone. Problems with automatic ramps are exposure to 

dirt, sand and ice which as a result they stop working. During winter they generally 

work poorly. 

3. How well adjusted are other equipment for wheelchair users? 

Passengers have to be able to grasp something during travel. It is very important 

there is a lateral support installed. This will prevent the wheelchair from tipping over. 

The problem with current fastening systems is there are no standard. Another 

problem is wheelchairs keeps getting larger to ease mobility for the users but it is 

often the opposite. They get problems getting on the bus and placing the wheelchair 

correctly at the reserved area. 

4. How well adjusted are current priority seats for people with reduced mobility? 

It works well. It depend on if other passengers leave space or not. 

5. Are location and amount of handrails sufficient to facilitate people with reduced 

mobility when transferring inside the bus? 

Yes. They are according to the bus regalement. 

6. What is the most important aspect when designing buses? 

You have to close the gap between bus and bus stop. Other important aspects are 

reliable ramps and clear contrasts. 
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Samtrafiken, Laila Berkhahn Lindholm, accessibility 

1. How is the current situation for people with reduced mobility when travelling by bus? 

It varies a lot depending on city and amount of low-floor vehicles they have. It also 

depends on education level of the driver, if they know how to drive towards bus stops 

to make it easier for passengers with reduced mobility. They have to stop at the right 

way and right distance. Some bus stops have markings for people with reduced 

vision that shows where the vehicle shall stop. 

2. How well does current wheelchair ramps work on city buses? 

They have to be used often otherwise gravel get stuck and they become difficult to 

handle. It work differently well depending on where the bus travel. 

3. How well adjusted are other equipment for wheelchair users? 

On newer buses the backrest is correctly placed relative to vehicle direction which is 

the basic requirement. It may still be difficult for some to travel because it can be 

sudden abrupt turns and sharp accelerations. Some have problems fixing the 

wheelchair with the belt equipped on some buses when they travel alone. Some 

cannot move their upper body but even if they can it is still often difficult. 

4. How well is the wheelchair area dimensioned? 

One need to remember the areas of a bus is limited and crowded and wheelchairs 

today are getting larger. Today´s scooters probably have difficulty travelling by bus 

when they have a large turning radius. For ordinary wheelchairs dimensioning is 

enough. 

5. How well adjusted are priority areas for people with reduced mobility? 

Priority areas work well as long as they are placed near entrance and exits which 
they most often are. Important is clear signing so other passengers know they should 
leave access for people with reduced mobility. 

6. What improvements can be made to make it easier for people with reduced mobility 
to travel by bus? 

The operators should invest more to educate bus drivers. They should know how to 
stop the bus to make it easier for people with disabilities. They should also know how 
to help people who travel without an assistant. It is important to inform other 
passengers to leave room for people with reduced mobility. This can be done with 
clearer signs. 
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Wheelchair users 

Semi structured interviews were held with wheelchair users to get a grip on how they 

experience travelling by bus.  

Anders Lissegårdh, Manually operated wheelchair 

1. Where do you usually travel by bus? 

In Stockholms inner city. 

2. Do you think it is easy to travel by bus? 

No, I cannot say it is easy. It depends on the situation. Travelling by bus can be both 

positive and negative. I need help from the driver folding out the ramp since I usually 

travel alone. How easy it is depends on if the driver help me or not. 

I prefer to travel by bus rather than other transportation, above ground.  

3. How well does the current ramp works? 

They can be pretty steep. Sometimes I need help from someone pushing me in. It 

depends on how deep the bus stop is. If I have a lot of space in front of the ramp I 

can get some speed when entering the ramp, and then it is easier. The ramps are 

most often of manual type. It was a long ago I saw an electric ramp.  

Earlier it was a problem with buses that could not get to the bus stops because of 

obstacles, but it works better today.  

4. How well designed are the wheelchair area on current buses? 

The ones in the inner city are better. The side supports is ok. It is good that they can 

be folded out of the way. I most often do not fold it down and use it during travel. Side 

supports that are fixed I do not see that often. The fastening belt I never use during 

travel.  

5. What are the biggest obstacles when travelling by bus? 

It is when I travel alone. The service could be a problem. The driver sometimes 

refuses to leave his seat. They come up with excuses not to help. It happens, but not 

too often. In most cases when it happens other passengers help me accessing the 

vehicle instead.  Some drivers are not even aware that the bus is equipped with a 

ramp.  
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Stockholm 

Observations in Stockholm were performed on a workday between 8 am to 4 pm. 

Areas 

Norrmalm, Östermalm, Kungsholmen, Södermalm, Liljeholmen, Årsta. 

General  

All buses had low floor at front of the bus some throughout, mainly in most central areas. 

Most buses had a special back rest for wheelchairs while others had a combined back rest 

with foldable seats. All buses were equipped with some kind of handhold at the wheelchair 

area but almost no bus had a safety belt for the wheelchair. The priority seats ranged from 

an amount of four up to eight. All buses observed had a manual wheelchair ramp. Most 

ramps were of the type in which a flap is folded out from the floor inside the door. One bus 

operating Liljeholmen instead had a ramp placed upright at the side of the door. All buses 

had service doors placed at three different positions regardless of whether it was a rigid bus 

or an articulated. OmniCity buses travelling through the thickest traffic had priority seats at 

low-floor areas. In other cases they were often placed on elevated platforms. 

Passengers 

Most passengers chose to pass the priority seats and move further back in the bus. 

However, this varied a lot. Sometimes the priority seats were the first ones taken even 

though people were fully functional. In the inner city a lot of people travelled with prams. The 

pram seats were often full so everyone could not enter so they and had to take another bus. 

At one time there were three pram seats but one more entered and blocked the gangway in 

front of the other prams. This led to her having to exit the bus and enter again whenever 

passengers were getting off. At one point one passenger with a pram barely fitted into the 

reserved area because of people sitting on the foldable seats and would not leave space. 

When traffic was thickest all passengers waiting at bus stops could not enter the bus 

because it was too crowded. 

Something noticed during these times was no passengers with reduced mobility were 

spotted on any bus. At around one a clock when traffic started to slow down a lot of elderly 

with canes, crutches and walkers suddenly showed up. Passengers with canes or crutches 

entered the bus through the front door and sat down at the priority seats most times. At one 

time a lot of priority seats were taken by healthy people even though there were many 

available seats back in the bus. One person also sat on the outer seat blocking another 

priority seat, but luckily for the elderly lady the bus had eight priority seats so she were able 

to sit at one of them. At another occasion an older lady with a cane missed the priority seats 

and took a seat after the middle door. She later spotted the priority seats and moved. By this 

time the bus had started moving and it looked difficult and wobbly. Because of properly 

placed handholds she could however manage getting to these seats. Another elderly lady 
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with a cane who seemed to have pretty difficult walking completely missed the bus because 

she did not get to the front door in time. 

People with walkers entered the bus through the middle door. It went relatively well for them 

to get on the bus when they had low floor. The only thing noticed was they had to lift the 

walker to cross the border between bus stop and vehicle. Inside the bus they took place at 

the foldable seats placed at pram and wheelchair area. One other thing noticed during 

observations was some people chose to stand even though there were available seats. 

Analysis 

Why an amount of passengers chose to sit at priority areas before other seats and an older 

lady with a cane missed the seats at first could be because of unclear information. Buses 

equipped with a handrail in front of priority seats less people with normal mobility occupied. 

The handrail may give clearer information these are different than others. A pretty clear 

pattern shows people with reduced mobility avoid travelling by bus during thick traffic. At 

these times buses are very crowded and there are people filling the gangway. It is probably 

pretty difficult passing the crowd getting to the priority seats if you have difficulty moving. It is 

also up to other passengers to leave space. For people with wheelchairs and walkers it is 

probably even more difficult since aids take up space. A real challenge must be for 

wheelchair users being able to turn around when they need a pretty large area. If this area is 

filled with other passengers it gets problematic. 

How easy it is to travel by bus depends a lot on bus driver and other passengers. If the bus 

start before passengers had the chance to sit down it becomes much more difficult being 

able getting to their seats, especially for those suffering from mobility reduction. Other 

passengers must also make room for people with disabilities at reserved areas. If people with 

difficulty moving must go far back in the bus to get a seat many of them would probably avoid 

travelling by bus. 

Luleå 

Observations in Luleå were performed on a weekday during daytime.  

Areas 

The inner city, Örnäset, Porsön, Hertsön, Bergviken, Björkskatan, Bergnäset, Kronan. 

General  

All buses were Scania OmniLink with the basic model. Every vehicle had one single door at 

front and double doors at the middle. No one of the buses had a rear door. The buses had 

four priority seats at the front of the vehicle facing each other with a horizontal rail placed 

between the seats. The vehicle had space to carry three prams. All of the buses had manual 

ramps. The wheelchair area was a part of the pram area and faced rearwards. The area was 
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equipped with a backrest and a foldable armrest on the side facing the gangway. A handrail 

was mounted on the side against the wall at a height of about 1 500 mm.  

Passengers 

Most passengers chose to sit at the back of the bus. In most cases the priority seats were left 

until the other rows of seats was taken by at least one passenger. A very few passengers 

with visible mobility reductions were travelling. A number of elderly choose to sit at the 

priority seats, but some rejected them if the front faced seats were occupied and chose to sit 

on ordinary front faced seats rather than the rear faced. A number of elderly also choose to 

sit at the seats just after the front or middle door. One elderly woman sitting after the front 

door occupies both seats when she sit in between. One elderly stopped at front an looked at 

the different seats and then chose to sit at the back instead. A number of elderly chose to sit 

at front of the bus on ordinary seats. They did however not seemed to have any problems 

moving. Only at one time a couple with a pram entered the bus. They parked the pram at the 

reserved area and sat down on foldable seats next to it. One teenage girl at one time also 

chose to sit at the foldable seats even though almost all of the seats in the bus were empty. 

In a few cases people with assumed normal mobility occupied the priority seats even though 

there were other seats available. 

Many passengers choose to sit at the seat next to the gangway and thereby also occupy the 

other seat. This was never a problem during the observations when no one of the buses was 

crowded. On most buses just over half of the seats were taken. 

A number of people with walkers and electric wheelchairs of type scooter were seen in the 

inner city, but no one travelling by bus.  

Analysis 

A reason why most passengers chose to sit at the back of the bus could be that in smaller 

cities people are not in the same hurry. They do not have the same need of being close to a 

door for fast alighting. The distances are short and to reach a destination a person have to 

make maximum one change of bus, presumed people lives in the city. Most people travel 

between their home and the inner city and in those cases only have to take one bus. A 

number of elderly chose to sit at seats near the doors even though they were placed on 

elevated platforms. A reason could be a fear of not being able to get off the bus in time if they 

have a bit to go. The reason why some of them chose to sit at the seats at front could be 

because they are used to sit there when the priority seats often in the past were placed 

there. Almost everyone with normal mobility chose not to sit at the priority area and a reason 

could be that the horizontal rail shows more clearly that the seats are mainly for people with 

disabilities.  

A handrail with a height of about 1 500 mm was placed at the wheelchair area, which is too 

high for the wheelchair user to grasp without an unsuitable posture.
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Ramps 

 

Figure 35. Ramps on buses from other manufactures (Higer 2011, Irizar 2010, LAZ 2010, BusesINgapore 2011, 

Indiamart 2011, Portaramp s.a).
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Wheelchair areas 

 

Figure 36. Wheelchair areas on buses from other manufactures (Higer 2011, LAZ 2010, MAN, BusesINgapore 

2011, Solaris 2009, Omnibuses 2008) 
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Wheelchair areas 

 

Figure 37. Wheelchair areas on buses from other manufactures (Plymothian transit 2011, Yutong 2010, Dublin 

bus stuff 2010). 
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Priority areas 

 

Figure 38. Priority areas on buses from other manufactures (KMB 2011, Wen Jie 2010, Solaris 2009, Mercedes 

Benz 2011). 
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Table 10. Specification of requirements and preferences for bus construction of general areas. 

 
Specification for interior design of class I buses, general 

passenger areas 
Created 

2011-07-06 

LR 
R 
P 

Requirements Source 

 Seats  

LR 
The height of a seat cushion shall be between 400 mm and 
500 mm above floor level. 

ECE-R107, Annex 3: 
7.7.8.3 

R 
The height of a seat cushion shall be between 450 mm and 
500 mm above floor level. The height shall preferably be 
closer to 500 mm. 

Upcoming version of 
Buss 2010 

LR The width of an seat cushion shall be at least 400 mm.  
ECE-R107, Annex 3: 

7.7.8.1.1.1 

LR 
There shall be an available space sideways with a width of at 
least 500 mm for individual seats and 450 mm for rows of 
seats. 

ECE-R107, Annex 3: 
7.7.8.1.2.1-
7.7.8.1.2.2 

LR 
Seats facing same direction shall have a distance in between 
of at least 650 mm measured at a height of 620 mm above 
floor level. 

ECE-R107, Annex 3: 
7.7.8.4.1 

R 
Seats facing same direction shall have a distance in between 
of at least 680 mm measured at a height of 620 mm above 
floor level. 

Buss 2010 

LR 
Seats facing each other shall have a distance in between of 
at least 1 300 mm measured across the highest point of the 
seat cushion. 

ECE-R107, Annex 3: 
7.7.8.4.3 

LR 

For seats placed behind other rigid bodies than a seat there 
shall be a clear space of at least 300 mm from a height of 
0-300 mm, 280 mm from a height of 300-620 mm and 
550 mm from a height of 620-850 mm (figure 8). 

ECE-R107, Annex 3: 
7.7.8.5.1 

LR 
For seats placed behind other seats or facing gangways there 
must be a foot space with at least a depth of 300 mm. 

ECE-R107, Annex 3: 
7.7.8.5.2 

R 
At least 50 % of all seats in the vehicle shall be placed at the 
same level as the gangway.  

Upcoming version of 
Buss 2010 

R 
If seats are placed on elevated platforms, the height of the 
platform must be between 120 mm and 250 mm. 

Upcoming version of 
Buss 2010 

R 
Seats shall be placed so every passenger has a good view 
outside of the vehicle. 

Buss 2010 

 Handrails and handholds  

LR 
Handrails and handholds must be provided in an enough 
amount for standing passengers. 

ECE-R107, Annex 3: 
7.11.2.1 

LR 
A test device with an arm length of 605 mm shall be able to 
reach a minimum of two handrails or handholds at every 
standing position in the bus.  

ECE-R107, Annex 3: 
7.11.2.1 
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P 
A test device with an arm length of 575 mm should be able to 
reach a minimum of two handrails or handholds at every 
standing position in the bus. 

Anthropometric 
measurements 

LR 
All handrails and handholds shall be placed of a height of 
800-1 950 mm above floor level. 

ECE-R107, Annex 3: 
7.11.2.2 

LR 
For every standing position at least one reachable handle 
shall be placed at maximum 1 500 mm above floor level. 

ECE-R107, Annex 3: 
7.11.2.4 

LR Handrails shall have a minimum length of 100 mm. 
ECE-R107, Annex 3: 

7.11.1.3 

LR 
Handrails and handholds not placed on doors or seats shall 
have a section with diameter between 20 mm and 45 mm. 

ECE-R107, Annex 3: 
7.11.1.3 

P 
Handrails and handholds not placed on doors or seats should 
have a section with diameter between  20 mm and 38 mm. 

Anthropometric 
measurements 

LR 
Handrails on doors or seats can have a section of 15 mm 
provided that one other dimension is at least 25 mm. 

ECE-R107, Annex 3: 
7.11.1.3 

LR 
Handrails, handholds and handles placed on doors or seats 
shall have a free space between handrail, handhold or handle 
and door or seat of at least 35 mm at majority of its length. 

ECE-R107, Annex 3: 
7.11.1.4 

LR 
Handrails or handholds placed on walls shall have a free 
space to vehicle of at least 40 mm at majority of its length. 

ECE-R107, Annex 3: 
7.11.1.4 

LR 
Every door opening must have handrails or handholds on 
each side of the door. For double doors it is allowed to 
replace these with one central stanchion or handrail. 

ECE-R107, Annex 3: 
7.11.3.1 

LR 

All handrails and handholds placed at service doors shall 
have a grasping point for passengers to reach from outside 
the vehicle. These handrails and handholds shall be placed at 
a height of 800-1 100 mm above ground and at a distance of 
no more than 400 mm inwards from the outer edge of first 
step. 

ECE-R107, Annex 3: 
7.11.3.2 

 Entrance and exit  

R The vehicle shall have at least two service doors. Buss 2010 

LR 
All service doors must be placed on right side of the vehicle 
relative to travel direction. 

ECE-R107, Annex 3: 
7.6.2.1 

LR Maximum slopes of floor at service doors are 2.86 °.  
ECE-R107, Annex 3: 

7.7.1.11 

LR 
First step at a service door shall have a maximum height of 
340 mm from ground level.  

ECE-R107, Annex 3: 
7.7.7 

 Gangways  

LR 

There shall be a free space for a test gauge to move through 
the gangway with a width of 450 mm from floor level up to 
900 mm vertically, and a width of 550 mm from a height of 
1 400-1 900 mm. Top of the area may be cut with a 30 ° 
angle starting 150 mm from middle of the top. Transitions of 
the space from 900-1 400 mm shall be linear (figure 7).  

ECE-R107, Annex 3: 
7.7.5 

LR 
The maximum vertical distance between a lowered gangway 
and a seated area shall be 350 mm. 

ECE-R107, Annex 3: 
7.7.7.1.1 
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Table 11. Table 10. Specification of requirements and preferences for bus construction of areas for people with 

reduced mobility. 

 
Specification for interior design of class I buses, areas 

for passengers with reduced mobility 

Created 2011-07-

06 

LR 

R 

P 

Requirements Source 

 Priority areas  

LR 

Vehicles shall be equipped with at least four priority seats. 

Seats that are folded out of the way when not in use does not 

count as priority seats. 

ECE-R107, Annex 3: 

7.7.8.5.3 

R At least four priority seats shall be placed on low floor. 
Upcoming version of 

Buss 2010 

LR 
All priority seats must be placed near at least one service 

door which can be used for boarding and alighting. 

ECE-R107, Annex 8: 

3.2.1 

P At least one priority seat should have space for a walker. 
Interviews, 

Observations 

LR 
All priority seats shall be placed either forward or rearward 

facing relative to travel direction of the bus. 

ECE-R107, Annex 8: 

3.2.1 

P 
Priority areas should be designed so it is clearly shown that 

the seats are mainly for people with reduced mobility. 

Interviews, 

Observations 

LR 
For at least one priority seat there must be a space for a 

guide dog. This space cannot be a part of the gangway. 

ECE-R107, Annex 8: 

3.2.2 

LR 

Armrests shall be placed between priority seats and the 

gangway. These armrests shall be easily moved when 

accessing the seats. If seats are facing each other one 

armrest may be replaced with a vertical stanchion, provided 

the seat is easily accessed and its occupant is kept securely. 

ECE-R107, Annex 8: 

3.2.3 

LR The minimum width of a priority seat cushion is 440 mm. 
ECE-R107, Annex 8: 

3.2.4 

R 

The minimum distance between priority seats placed facing 

same direction is 780 mm. Distance shall be measured at a 

height of 620 mm above floor level. 

Upcoming version of 

Buss 2010 

R 

The minimum distance between priority seats facing each 

other is 1 500 mm, measured at a height of 620 mm above 

floor level. 

Upcoming version of 

Buss 2010 

LR 

If objects intrude in priority areas, there shall be a clear 

vertical space of at least 230 mm in front of the seat cushion. 

If priority seats are facing a bulkhead there shall be a space 

of at least 300 mm in front of seat to an height of 1 200 mm. 

ECE-R107, Annex 8: 

3.2.7 
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LR 

A handrail shall be placed from at least one service door to 
priority seats. The handrail shall be placed on a height of 
800-900 mm above floor level. In case of a break it shall not 
be longer than 1 050 mm and a vertical handrail shall be 
placed on at least one side of the break. Breaks are only 
allowed if necessary to access seats located on a 
wheelhouse, wheelchair areas, staircases, access passages 
or gangways.  

ECE-R107, Annex 8: 
3.4.1 

LR 
Handrails or handholds shall be placed near every priority 
seat to ease entrance and exit to them. 
 
 
 

ECE-R107, Annex 8: 
3.4.2 

 Wheelchair and pram area  

R Wheelchairs shall be placed rearwards. Buss 2010 

LR 
Wheelchairs with reference dimensions shall be able to easily 
transfer to reserved wheelchair area.  

ECE-R107, Annex 8: 
3.6.4 

LR 
A wheelchair area must have minimum measurements of 
750 mm x 1 300 mm. Longitude of this area shall be parallel 
to longitude of the bus. 

ECE-R107, Annex 8: 
3.6.1 

P 
A wheelchair area should have minimum measurements of 
850 mm x 1 500 mm. Longitude of this area shall be parallel 
to longitude of the bus. 

Mapping of 
wheelchair 
dimensions 

LR 
Wheelchairs areas shall be equipped with a supporting 
backrest and handrails or handholds on both sides of the 
wheelchair.  

ECE-R107, 

R Backrests shall have an angle of no more than 4 °. Buss 2010 

LR 
Handrails and handholds at wheelchair areas fitted against 
the wall shall not intrude more than 90 mm over the vertical 
projection in the wheelchair space.  

ECE-R107, Annex 8: 
3.8.4.1.4 

LR 
Handrails and handholds at wheelchair areas fitted against 
the wall shall be placed at a height of at least 850 mm above 
floor level. 

ECE-R107, Annex 8: 
3.8.4.1.4 

LR Handholds not placed against the wall shall be retractable. ECE-R107 

LR 
If folded seats are placed in wheelchair areas they shall not 
intrude into the reserved space when not in use. 

ECE-R107, Annex 8: 
3.7.1 

LR 
If demountable seats are placed at wheelchair areas they 
shall be easily removed by a member of the crew. 

ECE-R107 Annex 8: 
3.7.2 

R 
A side support shall be placed between the wheelchair and 
gangway on reserved areas. Side supports shall have a 
height of maximum 780 mm and a length of 400-560 mm. 

Buss 2010 

R 
A wheelchair stop shall be placed against the back of the 
wheels at a height between 200 mm and 400 mm.  

Buss 2010 

R 
All buses with a length over 11.5 m shall have at least three 
pram seats. 

Buss 2010 

R 
All buses with a length under 11.5 m shall have at least two 
pram seats. 

Buss 2010 

R At least two pram seats shall be placed at low floor areas. Buss 2010 
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R 
For each pram seat in the bus there shall be a strap fitted for 
attachment preventing it from overturning. 

Buss 2010 

P 
The side protection should be easy to grasp by the 
wheelchair user at reserved area. 

Evaluations 

P 
The side protection should not be in the way of standing 
passengers when not in use. 

Evaluations 

P The side protection should fit different arm heights. Design for humans 

P 
The side protection should fit arm lengths from elbow to fist 
between 31.9 cm and 41.1 cm. 

Anthropometric 
measurements 

P The side protection should be easy for user to manage. Design for humans 

P 
Wheelchair areas should be equipped with a fastening 
system.   

Study of physical 
disabilities 

P 
The wheelchair user should be able to use fastening systems 
by themselves. 

Interviews 

P 
Fastening systems should not be in the way for standing 
passengers when not in use. 

Evaluations 

P 
Fastening systems should be adapted to wheelchairs with 
different dimensions. 

Wheelchair 
dimensions 

P Fastening systems should be comfortable to user. Evaluations 

P Fastening systems should not be able to cause injury to user. Evaluations 

 Entrance and exit  

LR 
Height of the first step shall be maximum 250 mm measured 
from ground level, for at least one service door, alternatively 
two service doors with a first step of not more than 270 mm. 

ECE-R107, Annex 8: 
3.1 

P 
The height of the first step should be from 165-240 mm, 
measured from the ground, for at least one service door. 

Ergonomic 
recommendations 

LR 
At least one service door must be designed for access for 
wheelchairs with reference dimensions.  

ECE-R107, Annex 8: 
3.6.2 

LR 
Boarding devices shall only be able to operate while the 
vehicle is standing still. 

ECE-R107, Annex 8: 
3.11.3.1.1, 3.11.4.1 

P 
Boarding devices should be operated by the wheelchair 
passenger or seated driver. 

Ethnography 

LR 
A ramp must have a usable surface with a width of at least 
800 mm.  

ECE-R107: Annex 8: 
3.11.4.1.3 

LR 
Edges of a ramp must have a radius of at least 2.5 mm and 
the corners a radius of at least 5 mm. 

ECE-R107, Annex 8: 
3.11.4.1.2 

LR 
The maximum slope of a ramp while out folded against a kerb 
of a 150 mm height shall be 6.84 °. 

ECE-R107, Annex 8: 
3.11.4.1.3 

P 
The maximum slope of a boarding device while out folded 
against a kerb of 150 mm height should be 4.76 °, preferably 
closer to 2.86 °.  

Ergonomic 
recommendations 

and interviews 

LR 
The maximum slope of a ramp while out folded against the 
ground shall be 19.8 °. 

ECE-R107, Annex 8: 
3.11.4.1.3 
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P 
The maximum slope of a boarding device while out folded 
against the ground should be 15 °. If steeper, power 
equipment should be used instead of a manual handling. 

Ergonomic 
recommendations 

LR 
If a ramp has the length of over 1 200 mm when ready for use 
it must be equipped with a device to avoid the passenger 
from rolling of the sides. 

ECE-R107, Annex 8: 
3.11.4.1.4 

LR 
Portable ramps shall be secure in use and provided safe and 
suitable place when not in use. 

ECE-R107, Annex 8: 
3.11.4.1.7 

P 
There should not be a gap over 15 mm between boarding 
device and kerb. 

DHR 

P A boarding device should usable even if ground is sloping. Interviews 

P A boarding device should not affect passenger flow. Evaluations 
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Ideation 

Getting on and off the bus with wheelchair 

o Dedicated entrance and exit 

o The floor becomes a ramp 

o Electrical ramp integrated in floor construction 

o The floor becomes a lift lowering inside the bus 

o Integrated ramp in door 

o Double folded ramp 

o Washer system and heating coils to erase dirt and ice 

o Sloped hoop  

o Forks 

o Ramp with a winch pulling the wheelchair up  

o Travers in ceiling  

o Docking to the station 

o Ramp at bus stop 

o Ramp at bus stop activated by application 

o Bus host 

 

Side support and handholds 

o Foldable side support 

o Combined side support and handhold 

o Multiple handholds at different height 

o Handhold that can be raised and lowered 

o Side support and handhold that are graspable at multiple places 
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Fastening systems  

o Fastening with jumper 

o Standardized fastenings on wheelchair and in floor 

o Keep updated on Q-straint´s latest products 

o Fastening on ramp (triple door) 

o Magnet on backrest 

 

Other equipment 

o Rotating plate at wheelchair area 

o Dedicated area, entrance and exit 

o Seat that raises and slopes 

o Air cushion in seat 

 

First sorting out 

Getting on and off the bus with wheelchair 

 Dedicated entrance and exit 

 The floor becomes a ramp  

 Electrical ramp integrated in floor construction  

 The floor becomes a lift lowering inside the bus  

 Integrated ramp in door  

 Double folded ramp – could be applied to multiple solutions  

 Washer system and heating coils to erase dirt and ice – could be applied to multiple 

solutions  
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 Sloped hoop – To complicated  

 Forks – difficult when wheelchairs are designed very different, could also be unsafe  

 Ramp with a winch pulling the wheelchair up – Takes time and probably help from 

another  person fastening to wheelchair  

 Travers in ceiling – Takes much time and help from other person 

 Docking to the bus stop – The bus stop is out the boundaries to the project  

 Ramp at bus stop – The bus stop is out the boundaries to the project 

 Ramp at bus stop activated by application – The bus stop is out the boundaries to the 

project 

 Bus host– Out the boundaries to the project 

 

Fastening systems  

 Fastening with jumper 

 Keep updated on Q-straint´s latest products 

 Fastening on ramp or lift (triple door) 

 Magnet on backrest 

 Standardized fastenings on wheelchair and in floor 

Comment: How the wheelchair is constructed is not my area, I could instead try to 

make standard solutions to current wheelchair designs 

 

Side support and handholds 

 Foldable side support 

 Combined side support and handhold 

 Handhold that can be raised and lowered 

 Side support and handhold that are graspable at multiple places 

 Multiple handholds at different height 
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Other equipment 

 Rotating plate at wheelchair area 

 Dedicated area, entrance and exit 

 Seat that raises and slopes 

 Air cushion in seat 
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Figure 39. Early layouts for evaluation. 
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Figure 40. Early layouts from ideation in  Sweden.
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Figure 41. Early layout from ideation in Sweden. 
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Table 12. Evaluation of boarding devices with the method sweet spots/weak spots. 

Boarding devices for wheelchair users 

Combined lift and ramp 

Sweet spots Weak spots 

Really long To long 

Low slope Passengers have to move  

Operated by driver from seat The handrails will get dirty 

Comfortable for wheelchair user Could be heavy, special enforcement in 

structure 

Combined entrance and area The device could collide with equipment on the 

bus stop 

Wider door The solution requires sensors and  warning 

signals 

The entrance and exit flow is not effected High load on joints 

The flow inside the bus is not effected Less seats in the bus when adding an extra 

door 

Could be built in as a module, separated 

 

Only work if the sidewalk is has a large depth, 

otherwise the passenger have to roll down in 

the ditch 

Simple construction If there are double doors opened outwards 

placed next to wheelchair entrance they cannot 

open at the same time 

Combined lift and wheelchair area 

Sweet spots Weak spots 

Easy for the wheelchair user Complicated technically 

No turns needed Less seats 

Possible to have a smaller wheelchair area Difficult to evacuate the user in case of 

emergency 

Could be built as a module Mechanism for lifting 

Could have built-in fastenings Difficult to enter the device when the ground is 

sloping 

The area could also be used for standing 

passengers 

Could be heavy, special enforcement in 

structure 

 The area could become a dead space when 

not in use 

 If there are double door opened outwards 

placed next to wheelchair entrance they cannot 

open at the same time as the dedicated door 

since one of them will block it 
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Lift integrated in floor construction 

Sweet spots Weak spots 

Takes little space Gap 

Do not affect layout Could be jammed with gravel and dirt 

Fast Risk of tripping 

Manoeuvred by driver Requires changes in structure 

Comfortable for user, no force needed Difficult to find correct level 

Easy to implement Problems attaching mechanism 

Gap could be closed with combined out folding 

area 

Could affect passenger flow 

Possible to find the correct level  

Electrically manoeuvred  

Ramp integrated in floor construction 

Sweet spots Weak spots 

Cheaper and easier Step 

Not in need of huge ramp Problem with frame 

Takes little space Gap 

Quick Free height could be a problem 

Better from dirt perspective than lift Where will the mechanism fit? 

Do not need to have as large slope when it 

continues inside the vehicle 

Could be risk for passenger to trip 

 

The user does not need to wait for is to raise before 

accessing wheelchair area  

 

Do not need to built as much under like for the 

current ramp 

 

Extendable sloped floor 

Sweet spots Weak spots 

Simple Gravel 

Cheap Hard to make electrical 

Less length of ramp Step between floor and ramp 

Integrated in bus Need change of frame 

Less gravel than current ramp  

Electrically manoeuvred  Other comments: 

Could have slope over larger area to avoid a step Very similar to one current ramp 
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Table 13. Evaluation of side supports with the method sweet spots/weak spots. 

Side supports 

Side support and handhold folded down from the wall 

 
Sweet spots Weak spots 

Easy to use Gap 

Easy to design Quite big 

Prevents wheelchair from overturn Unsafe for children? 

Functional Not very adjustable 

Grip at front and side If something happens you hit it at front 

Takes up little space when not in use Could be to heavy 

  

New ideas:  

Adjustable front and back  

Adjustable up and down  

(could be tricky for user)  

Telescopic side support and handhold folded down from the wall 

 
Sweet spots Weak spots 

More adjustable than rigid solution Difficult to use 

Takes very little space when not in use More complicated to develop than rigid solution 

 Could have problems with parts getting stuck 

 Problems with strength 

 More expensive than rigid solution 

 Parts have to be able to lock, otherwise they 

could move during  travel 

 Difficult to get stability 

Telescopic vertical half circle 

Sweet spots Weak spots 

Quite invisible when not in use Complicated to solve an easy problem 

Takes little space Needs more space to hide 

Could be more stable for user? Problems with strength 

Easy to fold out In the way for standing passengers 

 Could cause accidents 

 Difficult to reach 

 Easy to hit your head 

 Problems with stability 

 Could be difficult to retract 
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Telescopic horizontal half circle 

Sweet spots Weak spots 

Easier than previous Complicated  

 No adjustable height 

 Not as good as traditional belt 

 Problems with weight 

 Difficult to get the strength 

 Difficult for larger wheelchairs 

Telescopic rectangular armrest 

Sweet spots Weak spots 

Do not take a lot of space Strength 

Graspable on two heights Stability 

Easy to manage Difficult for user to reach 

 Be able to lock 

 Will the passengers retract it after use? 

Side support integrated in vertical handrail 

Sweet spots Weak spots 

Invisible when not in use Not adjustable in height 

Could be used by standing passengers when up 

folded 

 

Side support integrated in horizontal handrail 

Sweet spots Weak spots 

Invisible when not in use Will users raise it before leaving area? 

Standing passengers can grasp it when not used 

by wheelchair  

Lowering and raising it could be quite time 

consuming. 
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Table 14. Evaluation of fastening systems with the method sweet spots/weak spots. 

Fastening systems 

Brake system 

 
Sweet spots Weak spots 

Adjustable for width Risky 

Takes little space Trip over brakes 

 Complicated 

New ideas: Large force needed 

Place brakes behind backrest Could be difficult finding anchors 

Place brakes from underneath, from each side of 

the wheels 

Are exposed to dirt when placed on floor 

Magnetic backrest 

Sweet spots Weak spots 

Hidden in backrest Can cause disturb pacemakers 

Takes no extra space If wheelchair is made in aluminium it needs to 

me modified with additional components 

Easy for passenger Problem with placement 

Easy to manoeuvre by user Generates heat 

 More power needed, special equipment 

New ideas: How do you know if it works when needed? 

Some mechanism controlled by magnet, for 

example a hook 

What could happen if it stop to work? 

 Neck jewellery could get stuck 

 Magnetic fields could affect electronics 

 Could the magnetic field destroy credit cards 

with magnetic strip? 

Buckles 

Sweet spots Weak spots 

Neat solution Could be uncomfortable in the back 

Easily manoeuvred by user Problems attaching only wheelchair and not 

user 

More stable fastening the wheelchair at a higher 

point 

User not attached 

Works for both front faced and rear faced 

wheelchairs 

Difficult to see where you attach them 

Should not take so much space  

The width of the wheelchair does not matter  

  

New idea:  

Attach at backside of wheels  
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Seat belt with rigid mounts 

Sweet spots Weak spots 

Cheap Difficult when positioning wheelchair 

Easy for user Could affect the gangway 

Adjustable with a roll or solution used on airplanes Difficult to adjust to prevent a loose area in 

front of user 

Everyone should be able to use it Could be in the way when not in use 

Buckle in the middle  

No need of electronics  

  

New idea:  

Belt gets pushed out when rolling back  

Jumper 

Sweet spots Weak spots 

Quite stable Difficult for different sizes 

Feels safe What happens if it stop to work? 

The users manage it by themselves Takes much space 

 Difficult to reach if manually manoeuvred 

 Not so comfortable 

 Difficult for different height 

Wheel locking folded out from the floor 

Sweet spots Weak spots 

Invisible when not in use Do not fasten wheelchair user, must be 

combined with other solution 

 Difficult for user to see if they attach it right 

 Could be a problem for different kinds of 

wheelchairs. Dimensions and placements on 

wheels varies a lot 

 Does probably not hold wheelchair on its place 

in case of vehicle crashing since nothing 

prevents it from raising upwards 

Foldable rail 

Sweet spots Weak spots 

Easy for user Only work for a solution where the wheelchair 

is lifted up direct to the area without making 

any turns. Otherwise the fastening will be in the 

way 
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Table 15. Evaluation of other equipment with the method sweet spots/weak spots. 

Other equipment for increased accessibility 

Rotating plate 

 
Sweet spots Weak spots 

Good for user Problems with dirt and ice jamming the 

mechanism 

Fastening integrated More space needed for mechanism 

Less space needed for area Speed not to fast 

Self manoeuvred  

Pretty easy to construct, no hinges  

Rising sloping seat cushion 

Sweet spots Weak spots 

Comfortable Will they know how to use it? 

Easier for elderly to rise Complicated 

Simple for everyone Weight differences 

Do not take large space More expensive and complicated than 

handhold 

 Problems if it get stuck 

 Difficult combining it with seatbelt 

 The seats gets more expensive than ordinary 
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Table 16. Weighting of criteria for boarding devices. 
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Table 17. Weighting of criteria for side supports. 
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Table 18. Weighting of criteria for fastening systems. 
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Table 19. Credit point calculation for boarding devices. 
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Table 20. Credit point calculation for side supports.  
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Table 21. Credit point calculation for side supports. 
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Table 22. Credit point calculation for fastening systems. 



 

                        5(5) 

 

Table 23. Credit point calculation for fastening systems. 
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Table 24. Check if the concepts meets the requirements from ECE-R107. 

 Specification for interior design of class I buses  

LR 

R 
Requirements Meets requirement 

 Seating areas  

LR 
The height of a seat cushion shall be between 400 mm and 500 mm 

above floor level.  
Yes 

LR The width of an seat cushion shall be at least 400 mm. Yes 

LR 
There shall be an available space sideways with a width of at least 

500 mm for individual seats and 450 mm for rows of seats. 
Yes 

LR 
Seats facing same direction shall have a distance in between of at 

least 650 mm measured at a height of 620 mm above floor level. 
Yes 

LR 
Seats facing each other shall have a distance in between of at least 

1 300 mm measured across the highest point of the seat cushion. 
Yes 

LR 

For seats placed behind other rigid bodies than a seat there shall 

be a clear space of at least 300 mm from a height of 0-300 mm, 280 

mm from a height of 300-620 mm and 550 mm from a height of 

620-850 mm. 

Yes 

LR 
For seats placed behind other seats or facing gangways there must 

be a foot space with at least a depth of 300 mm. 
Yes 

LR 

Vehicles shall be equipped with at least four priority seats. Seats 

that are folded out of the way when not in use does not count as 

priority seats. 

Yes 

LR 
All priority seats must be placed near at least one service door 

which can be used for boarding and alighting. 
Yes 

LR 
All priority seats shall be placed either forward or rearward facing 

relative to travel direction of the bus. 
Yes 

LR 
For at least one priority seat there must be a space for a guide dog. 

This space cannot be a part of the gangway. 
Yes 

LR 

Armrests shall be placed between priority seats and the gangway. 

These armrests shall be easily moved when accessing the seats. If 

seats are facing each other one armrest may be replaced with a 

vertical stanchion, provided the seat is easily accessed and its 

occupant is kept securely. 

Yes 

LR The minimum width of a priority seat cushion is 440 mm. Yes 

LR 

If objects intrude in priority areas, there shall be a clear vertical 

space of at least 230 mm in front of the seat cushion. If priority 

seats are facing a bulkhead there shall be a space of at least 300 

mm in front of seat to an height of 1 200 mm. 

Yes 

 Handrails and handholds  

LR 
Handrails and handholds must be provided in an enough amount 

for standing passengers. 
Yes 
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LR 

A test device with an arm length of 605 mm shall be able to reach a 

minimum of two handrails or handholds at every standing position in 

the bus.  

Yes 

LR 
All handrails and handholds shall be placed of a height of 800-1 950 

mm above floor level. 
Yes 

LR 
For every standing position at least one reachable handle shall be 

placed at maximum 1 500 mm above floor level. 
Yes 

LR Handrails shall have a minimum length of 100 mm. Yes 

LR 
Handrails and handholds not placed on doors or seats shall have a 

section with diameter between 20 mm and 45 mm. 
Yes 

LR 
Handrails on doors or seats can have a section of 15 mm provided 

that one other dimension is at least 25 mm. 
Yes 

LR 

Handrails, handholds and handles placed on doors or seats shall 

have a free space between handrail, handhold or handle and door 

or seat of at least 35 mm at majority of its length. 

Yes 

LR 
Handrails or handholds placed on walls shall have a free space to 

vehicle of at least 40 mm at majority of its length. 
Yes 

LR 

Every door opening must have handrails or handholds on each side 

of the door. For double doors it is allowed to replace these with one 

central stanchion or handrail. 

Yes 

LR 

All handrails and handholds placed at service doors shall have a 

grasping point for passengers to reach from outside the vehicle. 

These handrails and handholds shall be placed at a height of 800-

1 100 mm above ground and at a distance of no more than 400 mm 

inwards from the outer edge of first step. 

Yes 

LR 

A handrail shall be placed from at least one service door to priority 

seats. The handrail shall be placed on a height of 800-900 mm 

above floor level. In case of a break it shall not be longer than 1 050 

mm and a vertical handrail shall be placed on at least one side of 

the break. Breaks are only allowed if necessary to access seats 

located on a wheelhouse, wheelchair areas, staircases, access 

passages or gangways.  

Yes 

LR 
Handrails or handholds shall be placed near every priority seat to 

ease entrance and exit to them. 
Yes 

 Entrance and exit  

LR 
All service doors must be placed on right side of the vehicle relative 

to travel direction. 
Yes 

LR Maximum slopes of floor at service doors are 2.86 °.  Yes 

LR 
First step at a service door shall have a maximum height of 340 mm 

from ground level.  
Yes 

LR 

Height of the first step shall be maximum 250 mm measured from 

ground level, for at least one service door, alternatively two service 

doors with a first step of not more than 270 mm. 

Yes 

LR 
At least one service door must be designed for access for 
wheelchairs with reference dimensions.  

Yes 
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LR 
Boarding devices shall only be able to operate while the vehicle is 
standing still. 

Yes 

LR A ramp must have a usable surface with a width of at least 800 mm.  Yes 

LR 
Edges of a ramp must have a radius of at least 2.5 mm and the 
corners a radius of at least 5 mm. 

Yes 

LR 
The maximum slope of a ramp while out folded against a kerb of a 
150 mm height shall be 6.84 °. 

Yes 

LR 
The maximum slope of a ramp while out folded against the ground 
shall be 19.8 °. 

Yes 

LR 
If a ramp has the length of over 1 200 mm when ready for use it 
must be equipped with a device to avoid the passenger from rolling 
of the sides. 

Not relevant 

LR 
Portable ramps shall be secure in use and provided safe and 
suitable place when not in use. 

Not relevant 

 Gangways  

LR 

There shall be a free space for a test gauge to move through the 
gangway with a width of 450 mm from floor level up to 900 mm 
vertically, and a width of 550 mm from a height of 1 400-1 900 mm. 
Top of the area may be cut with a 30 ° angle starting 150 mm from 
middle of the top. Transitions of the space from 900-1 400 mm shall 
be linear.  

Yes 

LR 
The maximum vertical distance between a lowered gangway and a 
seated area shall be 350 mm. 

Not relevant 

 Wheelchair and pram area  

LR 
Wheelchairs with reference dimensions shall be able to easily 
transfer to reserved wheelchair area.  

Yes 

LR 
A wheelchair area must have minimum measurements of 750 mm x 
1 300 mm. Longitude of this area shall be parallel to longitude of the 
bus. 

Yes 

LR 
Wheelchairs areas shall be equipped with a supporting backrest 
and handrails or handholds on both sides of the wheelchair.  

Yes 

LR 
Handrails and handholds at wheelchair areas fitted against the wall 
shall not intrude more than 90 mm over the vertical projection in the 
wheelchair space.  

Yes 

LR 
Handrails and handholds at wheelchair areas fitted against the wall 
shall be placed at a height of at least 850 mm above floor level. 

Yes 

LR Handholds not placed against the wall shall be retractable. Yes 

LR 
If folded seats are placed in wheelchair areas they shall not intrude 
into the reserved space when not in use. 

Yes 

LR 
If demountable seats are placed at wheelchair areas they shall be 
easily removed by a member of the crew. 

Yes 
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Table 25. Check if the concepts meets the recommendations from Buss 2010. 

 Specification for interior design of class I buses  

LR 

R 
Requirements Meets requirement 

 Seating areas  

R 
The height of a seat cushion shall be between 450 mm and 500 mm 

above floor level. The height shall preferably be closer to 500 mm. 
Yes 

R 
Seats facing same direction shall have a distance in between of at 

least 680 mm measured at a height of 620 mm above floor level. 
Yes 

R 
At least 50 % of all seats in the vehicle shall be placed at the same 

level as the gangway.  
Yes 

R 
If seats are placed on elevated platforms, the height of the platform 

must be between 120 mm and 250 mm. 
Yes 

R 

At least 50 % of all seats in the vehicle shall be placed at the same 

level as the gangway. If seats are placed on elevated platforms, the 

height of the platform must be between 120 mm and 250 mm. 

Yes 

R 
Seats shall be placed so every passenger has a good view outside 

of the vehicle. 
Yes 

R At least four priority seats shall be placed on low floor. Yes 

R 

The minimum distance between priority seats placed facing same 

direction is 780 mm. Distance shall be measured at a height of 620 

mm above floor level. 

Yes 

R 
The minimum distance between priority seats facing each other is 

1 500 mm, measured at a height of 620 mm above floor level. 
Yes 

 Entrance and exit  

R The vehicle shall have at least two service doors. Yes 

 Wheelchair and pram area  

R Wheelchairs shall be placed rearwards. Yes 

R Backrests shall have an angle of no more than 4 °. Yes 

R 

A side support shall be placed between the wheelchair and 

gangway on reserved areas. Side supports shall have a height of 

maximum 780 mm and a length of 400-560 mm. 

Yes 

R 
A wheelchair stop shall be placed against the back of the wheels at 

a height between 200 mm and 400 mm.  
Yes 

R 
All buses with a length over 11.5 m shall have at least three pram 

seats. 
Yes 

R 
All buses with a length under 11.5 m shall have at least two pram 

seats. 
Yes 

R At least two pram seats shall be placed at low floor areas. Yes 

R 
For each pram seat in the bus there shall be a strap fitted for 

attachment preventing it from overturning. 
Yes 



 

Appendix 14. Calculations             1(1) 

 

Slope of ramp folded out against the ground 

Vertical height inside the bus: 368 mm 

Thickness of the ramp: 3 x 15 mm 

Vertical distance 368 mm – 45 mm = 323 mm 

Total length of the ramp: 2 200 mm 

 

Sin α = 323/2 200 

α = 8.4 ° = 14.8 % = 1:7 

 

Slope of ramp folded out against a 150 mm kerb 

Vertical height inside the bus relative to kerb: 218 mm 

Thickness of the ramp: 3 x 15 mm 

Vertical distance 218 mm – 45 mm = 173 mm 

Total length of the ramp: 2 200 mm 

 

Sin α = 173/2 200 

α = 4.5 ° = 7.9 % = 1:13 

 

 

 

 



 

Appendix 15. Layout drawings             1(2) 

 

 

Figure 42. Layout drawing for high passenger flow. 



 

         2(2) 

 

 

Figure 43. Layout drawing for low passenger flow. 


