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Abstract 
This bachelor thesis report is the result of a project commissioned by Hiab AB and 

conducted as the final stage of the Bachelor Programme in Industrial Design 

Engineering, at the Department of Business Administration, Technology and Social 

Sciences at Luleå University of Technology. The objective of this bachelor’s thesis is to 

present general ergonomic guidelines for a redesign of a loader crane high seat and to 

provide a conceptual design for a joystick console that makes it possible to use 

electronic joysticks on the high seat. 

The background for this project is that Hiab AB in Hudiksvall intend to improve cost-

efficiency in the manufacturing and assembly of loader cranes that are delivered with a 

high seat. Hiab intends to facilitate the assembly by switching from mechanical control 

levers on the hydraulic valves to electronic controlling of valves, using electronic 

joysticks and a wiring harness to be able to move the valves down to the base of the 

crane. Hiab expects this to lessen the costs of assembly and allow standardization 

between different types of cranes. New ergonomics issues arise with this transition and 

the vulnerability of electronic equipment to water and road salt poses a significant 

obstacle. 

The final concept utilizes aspects of the shape of Hiab’s new remote control hand unit 

that has mini joysticks. The main reason is to capitalize on the positive results from 

already executed studies on its ergonomics and usability. The suggestion for protection 

is a simple screw cap, cheap to manufacture and likely to be durable. 
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1 Introduction 
 Background 1.1

A loader crane is a crane usually fitted on commercial vehicles, such as trucks and 

trailers, with a significant residual load carrying capability. Loader cranes are used for 

loading and unloading as well as other duties, such as reaching places hard to get at to 

perform maintenance work. Present day loader cranes are manoeuvred either from the 

ground with a remote control hand unit, with levers on the crane base, or from an 

operator’s seat mounted on the column. The latter is called a high seat and is the subject 

matter of this bachelor’s thesis. 

Hiab AB in Hudiksvall, manufacturers of loader cranes, forestry cranes and recycling 

cranes, intend to improve cost-efficiency in the manufacturing and assembly of the 

portion of their loader cranes that are delivered with a high seat. 

Today, the valves for the actuating hydraulic pressure is controlled with levers mounted 

directly on the valves in front of the crane operator. The hydraulic flow from the truck’s 

power take-off is transferred to the valves through hydraulic pipes mounted on the 

column. The main issue with the current design is that the assembly of the hydraulic 

pipes is complicated and time consuming. Many hydraulic pipes with high precision 

bends are expensive and it is difficult to mount all eight on the column in a quick and 

easy way. Hiab intends to facilitate the assembly by switching from mechanical control 

of the valves to electronic, using electronic joysticks and a wiring harness to be able to 

move the valves down to the base of the crane. Hiab expects this re-design to lessen the 

costs of assembly and allow standardization between different types of cranes. 

Current ergonomic issues are also a motif for renewing the high seat design and 

motivate a repositioning of the valves. Getting rid of the problems related to the valve 

positioning through changing type of controls will, though, lead to new ergonomic issues 

that must be dealt with.  

One important consideration when beginning to use electronic components is its 

relative sensitivity to outdoor conditions. Since electronic equipment is susceptible to 

corrosion, the design of the joystick console must take into consideration the 

environmental exposure during transport and at standstill.  

 Objective 1.2

The objective of this bachelor’s thesis is to present general ergonomic guidelines for the 

operator environment and a specific design for the joystick console. The ergonomic 

guidelines are presented in the form of a summation of relevant notions from the 

literature, and in the form of a summary of suggested dimensions. The joystick console 
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design is presented as a concept design, motivated by the help of the design process. A 

suggestion on how to use a prototype to further define dimensions is also presented. 

The results have also been put forward at a presentation for mentor, examiner and 

others at LTU as well as at a presentation at the client company. 

 Question statement 1.3

Questions to be answered are: 

- How to design an ergonomically correct and well protected joystick console? 

- What measurements and other recommendations does the literature speak of for 

seated work? 

- How should a prototype be designed, to test the ergonomics of the high seat? 

 Limitation of thesis work 1.4

The duration of this bachelor’s thesis work is ten weeks (15 hp), which allows only for 

brief immersion in each aspect of the design process and literature study. 

The design process for the joystick console is limited to only produce a conceptual 

design –dimensions, material selection and other in-detail design tasks will be excluded. 

The fact that the crane is generally operated only shorter periods dispersed over the 

entire work day will allow limitations as to what degree the high seat needs to be 

ergonomically optimized. The focus is therefore, in some aspects, to avoid discomfort 

and promote precision steering, taking no consideration for the health risks of long time 

use.  

The ergonomic dimensioning propositions are based on literature, where the majority of 

the sources reference the western male 5th-95th percentile. Where available, values 

intended for women may represent a consideration of the shorter Japanese user 

population. 

Ergonomic guidelines for positioning and use of finger joints are not be covered, only a 

summary of general advice is presented. 

There is an alternative solution to the initial problem; instead of mounting electronic 

joysticks on the high seat, it is possible that a mounting arm for the recently developed 

version of their XSDrive remote control hand unit might be an inexpensive solution. This 

alternative has not been evaluated or developed further in this project. 

Which kind of joystick to use, a palm grip joystick or a mini joystick, is only briefly 

investigated. Many factors point at mini joysticks being favorable in many applications, 

but no explicit evaluation of how fitting it would be to use such in this exact context is 

conducted. 



3 

2 Literature review 
All dimensions presented in this chapter are summarized in Figure 26 and Figure 25 in 

Chapter 5. They are also appended as Appendix C and Appendix D. 

 Anthropometrics 2.1

Anthropometric data is taken from previous publications. Generally when taking the 

ergonomic aspect into account, measurements are chosen based on the 5th-95th 

percentile range. That is the same as the middle 90% of the user population. Still, the 

remaining 10% should not be subjected to discomfort or safety issues. 

Pheasant (1996) describes four sets of constraints that are present in most cases of 

anthropometric problems, hence also a basis for a considerable portion of ergonomics 

recommendations. All suggested data that follows fall under these considerations. The 

four cardinal constraints of anthropometrics are clearance, reach, posture and strength. 

Clearance: A one-way constraint that determines the minimum dimensions of objects 

or distances. That means to design for all but the largest 5% of the 

population, i.e. the 95th percentile, the rest of the population consequently 

accommodated. 

Reach: A one-way constraint that determines the maximum dimensions of objects 

or distances. That means to design for all but the smallest 5% of the 

population, i.e. the 5th percentile, the rest of the population consequently 

accommodated. 

Posture: The working posture is determined partly by the relationship between body 

dimensions and workstation dimensions, partly by the individual’s 

preferences. The posture affect how and which muscles work to stabilize 

the body when still or moving limbs. 

Strength: A one-way constraint, where the limiting user is the weakest. May be a two-

way constraint in cases where accidental operation of a control has severely 

undesirable consequences. 

 Recommendations for seated work 2.2

This section will cover a set of relevant general as well as seating specific 

recommendations for working postures based on recommendations in Arbete och teknik 

på människans villkor (Bohgard et al., 2008). The same source also mentions a couple of 

important advice for joystick interfaces. The rest of the chapter will expand on some of 

these recommendations, as well as introduce some other relevant ergonomics topics 

and data. 

General recommendations: 
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 Allow variation in posture as much as possible. 

 Avoid postures with back or head bent forward. 

 Aim at keeping the upper arms close to the body. 

 Avoid twisted or asymmetrical postures. 

 Avoid postures where joints are in their extreme positions for a longer period of 

time. 

 Avoid high pressures on vulnerable soft tissue when using supports. In general, 

distribution of force over a larger area gives less discomfort. 

Recommendations specific for seated work: 

 The angle between the seat pan and the backrest should be 100-120°. 

 The backrest should follow the curvature of the spine. 

 There should be a backrest for resting, even when it is not used during work. 

 The chair must not impede necessary movement. 

 The chair should allow different sitting postures. 

Recommendations specific for joysticks: 

 Hand manoeuvred controls that are supposed to be manoeuvred quickly should 

be placed below elbow height. 

 Keep the wrist in its natural position as much as possible. 

 Posture 2.3

Grieve and Pheasant (1982) define postural stress as the mechanical load on the body 

caused by the physical work exercised to uphold the posture of spine and head as well 

as keeping limbs in the desired position. This stress is static and can result in fatigue if 

there are no suitable supports when demands on posture and positions are high. A good 

posture in the entire body gives better stability, which promotes both precision and 

strength. Boghard (2008) stresses that it is especially important to uphold the lumbar 

curvature of the spine, the bend in the low of your back, when seated. This should be 

achieved without significant muscle activity. Keeping a good lumbar curvature 

automatically promotes healthy curvature of the entire spine. 
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Figure 1 – Natural curvature of the spine to the left, harmful posture on the right.  

The posture is dictated by a combination of seat angle, back rest angle, arm support and 

other points of support, as well as how the individual chooses to sit. 

 Backrest 2.4

A backrest should be present even if used only for short periods. It is also important for 

stability when operating hand or foot controls, counteracting forces exerted on the 

controls. 

A medium-level backrest is suggested where support of the upper back and shoulder 

regions is desired, as may be the case when using high precision hand controls. 500 mm 

is a non-precise estimation of an appropriate backrest height (Pheasant, 1996), enough 

to support comfortable force exertion on controls. If the crane operator must turn 

around often to see better, this might be too high and lead to strain in neck and 

shoulders when the operator can only turn his head and not the entire torso. 

To enable a healthy curvature of the spine, the gap between the backrest and the seat 

surface should be between 152 and 190 mm for men and between 127 and 190 for 

women. Croney and VanCott et al. (1971, 1972) mentions 95° to 115° as a preferable 

angle from the seat surface. The surface should be slightly convex (Croney, 1971). 

The backrest must not be too wide, as it then might obstruct arm movements. Alexander 

(1986) suggests a 330 mm maximum width, for elbow clearance. 

 Seat pan 2.5

When choosing the height of the seat and having comfort as a criterion, we are 

constrained by the shortest user. If the seat pan is too high, pressure on the underside of 

the thigh will cause discomfort (Pheasant, 1996). Pheasant (ibid.) suggests that the 

height of the seat should be no greater than 400 mm. This might lead to discomfort for a 

taller person, but in this case we generally design for the shorter population if it has no 

LUMBAR CURVATURE 

THORACIC CURVATURE 

CERVICAL CURVATURE 

SACRUM CURVATURE 
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effect on safety or efficiency. Croney (1971) suggests a fixed seat height for men to be 

419 mm and for women 387 mm. A good compromise might be around 406 mm. A 

proposed range for adjustable seat height is from 356 mm to 483 mm. 

A seat depth range of adaption between 323 mm to 483 mm should, according to Croney 

(1971), accommodate for the majority of men and women. VanCott et al. (1972) 

recommends a set seat depth of 380 mm. A too long seat pan will cause pressure on the 

underside of the thigh at the bend of the knee, and force the user to move forward on the 

seat. This may render the backrest superfluous and may counteract a good working 

posture. As another result, controls may become too close and the functionality of 

supports such as armrests may be impeded or altogether lost. For a harder seat, it is 

even more important that the front end has a sloping contour to avoid large pressures 

on the back of the thigh. If the crane operator needs to be very mobile, a relatively short 

seat pan is to prefer. 

Croney (1971) recommends the angle of the seat surface to be between 0° and 5° to 

promote a healthy curvature of the spine. 

 Armrests 2.6

The shoulders and neck are extra susceptible to muscle fatigue caused by static work, 

which is often considered the first threshold to injury (Pheasant, 1996). Since our arms 

represent as much as one tenth of our total weight, static lifting of the upper arm 

outwards or forwards must be avoided (Boghard, 2008). The shoulder musculature will 

also be statically activated in cases of precision hand movements without support of the 

wrist or forearm. Thus, when using joysticks, armrests may be essential both for 

precision and prevention of muscle fatigue in the back, shoulders and neck. Also the 

presence of vibrations and sudden jolts calls for extra support, to alleviate the stabilizer 

muscles and prevent unintentional operation. 

The armrest should only engage the fleshy part of the forearm, resting the bony parts of 

the elbow on the armrest may harm the sensitive ulnar nerve that runs over the joint. 

Therefore, a distance of some 100 mm to the backrest is preferred. 

When levers of any kind are used for precision work and continuous adjustments, it is of 

importance which limb segment to support (Kroemer et al., 2001). For large hand 

movements, the support should be on the elbow. For small hand movements also the 

forearm needs support. For finger movements the wrist needs support, in some cases 

also the palm and the fingers not engaging the control. 

Also in the case of armrests, one must design for the smaller segment of the population. 

An armrest that is somewhat lower than sitting elbow height is according to Haslegrave 

et al. (2005) preferable to one that is higher, if a relaxed posture is to be achieved. An 

armrest 200-250 mm above the seat surface is generally considered suitable. For 

adjustable armrests, Croney (1971) recommends a range between 190 mm and 254 mm 

and a fixed height is suggested to be between 203 and 216 mm. 
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According to Hansson (1992), the least straining elbow angle when using controls is 

100-110°. Bohgard et al. (2008) conveys, as mentioned earlier, a related notion that the 

forearm should be below the elbow when talking about using controls with quick 

movements. 

The natural, relaxed position of the forearms is somewhat inclined inwards over the lap 

(Engström, 2002). The usual position with the armrests pointing straight forward may 

lead to muscular fatigue. See Figure 2 for a rough idea of where controls should be 

placed in the horizontal plane according to Kroemer (2011) and Figure 3 for an 

illustration of how an open angled and somewhat inclined armrest position might look. 

 

Figure 2 – Preferred and regular workspace for hands. Location of controls. (Kroemer, 2011, ilo.org) 

 

Figure 3 – An illustration of how an open angled and somewhat inclined armrest position might look. 

(Illustration based on, Bohgard et al., Engström, Hansson and Kroemer (2008, 2002, 1992, 2011)) 
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 Hand position 2.7

Extreme wrist angles have been identified as a risk factor for different types of wrist 

injuries. If the joints of the arm, hand or fingers are in an extreme position over a longer 

period of time, it can lead to inflammation in muscles and ligaments (Boghard, 2008). 

Having the joints close to their neutral position for the majority of the working period 

lets the joint capsule and the muscles around the joint relax, and the appropriate 

cartilage takes up the load (Hansson, 1992). 

When the wrist is in a non-neutral position, the mechanical loading on the tendons will 

be increased, which may lead to development of conditions like tenosynovitis, carpal 

tunnel syndrome, and other work related musculo-skeletal disorders attributable to 

over-use (Pheasant, 1996). 

Jonsson et al. (1977) defines the “functional hand position” for manual work as the 

pencil grip position seen in Figure 4.  

 

Figure 4 – Pencil grip.  

This is the working position that is closest to the natural hand position that is obtained 

when relaxing the muscles, e.g. when laying your hands on your lap. See Figure 5 for a 

natural hand position. Johnsson (1977) describes the natural hand position as follows:  

 The forearm is in a position right between pronation and supination 

 The wrist is in a position somewhere between radial flexion and ulnar flexion 

 The wrist is flexed 30-40° in the dorsal direction 

 The thumb makes a close to continuous line with the forearm 

 The thumb is slightly flexed and opposed 

 The other four fingers are slightly flexed.  

Mallmin et al. (2004) adds that it is recommended that the wrist is in line with the 

forearm. See Figure 5 for illustration of the neutral hand position and Figure 6, Figure 7 

and Figure 8 for kinematics terminology. 
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Figure 5 – Approximation of natural hand position.  

 

Figure 6 – Supination (left) and pronation (right) of the wrist. Visualization based on Bohgard et al. (2008) 

and Palastanga et al. (1990).  

 

Figure 7 – Extension (left) and flexion (right) of the wrist. Visualization based on Bohgard et al. (2008) and 

Palastanga et al. (1990).  

 

Figure 8 – Radial deviation (left) and ulnar deviation (right) of the wrist. Visualization based on Bohgard et al. 

(2008) and Palastanga et al. (1990).  



10 

This is the position in which the hand can exert the greatest power on an object held 

within a grip. This is because tendons and muscles connected to the fingers are 

shortened when the wrist is out of the neutral position, and their capacity to generate 

tension is diminished (Pheasant, 1996). This means that the support surfaces for arm, 

palm and fingers must promote a neutral hand position to enable precision operation of 

the crane. 

 Clearance 2.8

For clearance, the limiting users are the largest. Thus, dimensions for clearance are in 

the literature based on the anthropometry of the 95th percentile. 

Haslegrave et al. (2005) suggests that a minimum distance from back of the seat to the 

tip of the toe should be 795 mm and that the distance to an object at knee height must be 

no less than 660 mm.  

For the distance between armrests, there is a weigh-off between giving room enough for 

people of wider girth, and keeping them close enough not to lose their function as 

supports. Croney (1971) suggests a 483 mm distance between armrests. 

According to Kroemer et al. (2001), the clearance around the handle of a joystick should 

be 65 mm along its entire length. It must be noted that this source concerns only palm 

grip joysticks, but the point that is made that big hands or bulky clothes may impede 

usability must always be taken into consideration when designing and testing a concept.  

 Hand control ergonomics 2.9

Most joysticks in the trade are of the palm grip type, but mini joysticks are breaking 

ground. An issue related to the length of the joystick is what Galer (1987) calls control 

gearing – the ratio between the movement of the control and the movement of the 

controlled element. A problem related to this sensitivity is that what you win in accuracy 

by letting large movements of the control result in relatively small movements of the 

controlled object, you lose in greater time required for each task.  

Small movements, on the other hand, make it easier to design for support and stability, 

which is necessary for precision steering and for counteracting effects of sudden jolts. If 

the deflection of a control is small and its resistance low, the muscle strain is often 

lessened. A recommended span for forces required to maneuver finger-maneuvered 

controls is 2-5 N (Löfroth et al., 2003). On the other hand, as Ekelund and Cederqvists 

(1998) notes from their study, a too low resistance will impede precision.  

In their comparative study between two handle sizes at two different gains, Hoozemans 

et al. (2006) concludes that task performance and productivity improves when using a 

joystick with a shorter handle and when working at a higher gain, while physical load 

decreases or remains the same. They add that performance may be increased further by 

optimizing joystick gain settings in relation to the task, the joystick used and the user 

preferences. 
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Hand controls, such as joysticks, are according to Kroemer (2011) to be preferred over 

foot-operated controls in cases that require small force and fine adjustment. Bohgard et 

al. (2008) adds that using foot pedals severely limits the possibility of variation of 

seating position. There is also the negative aspect that the pedals on the high seats take 

both positive and negative input, i.e. go both ways. This demands a constant muscle 

strain if the pedals move easily, since you can’t relax and put all the weight on the heels 

when not using the functions, and demands high muscle strain in the entire body if the 

pedals need a larger force to move. All the same, pedals may be to prefer over a too large 

amount of functions controlled by hand. 

 Mapping 2.10

One relevant design principle for the user interface is Norman’s mapping (2002) – the 

relationship between controls and their effects. Mapping is about how position or 

movement of controls corresponds to the position or direction of movement of objects 

controlled (ibid.). The concept of mapping is much relevant to the ease of learning, but 

may also improve the speed and performance of a skilled operator. 

In the case of joysticks, it is often possible to discern in what direction to hold and move 

the joystick by the shape of the joystick or the joystick console in the same way as the 

shape of the handle of a hammer informs how it should be held and used. 
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3 Methodology 
The project was carried out at the Hiab office in Hudiksvall. The project started with a 

benchmarking of the present interface and the context wherein it is used. A brief 

interview with a user aided this phase. Thereafter, a literature study and a concept 

design process are executed. 

 Thesis outline 3.1

A benchmarking was conducted where information on the interface and context was 

collected, chiefly from Hiab personnel. This information was necessary for an 

understanding of the context and to get inspiration for fitting solutions. It was also a 

valuable basis for the requirements specification. 

For the general ergonomic guidelines, literature on the subject was consulted and data 

for the 5th-95th percentile was used. 

The concept generation and development phases adhered to a methodology called 

morphological analysis, meaning that solutions for different sub-problems where 

produced, evaluated and developed, then fused to one whole concept. This is 

appropriate for this kind of design, where there is no one correct solution. 

Numerous rough drafts for the components of the joystick console were created. They 

were washed down to two interesting solutions for the hand support design and four 

solutions as to how to protect the joystick from environmental exposure. These were 

evaluated and merged into one final concept. 

Over the duration of the project, most time was spent on concept generation and 

literature studies, and some benchmarking was conducted throughout the entire 

project. 

 Benchmarking 3.2

A thorough questioning of people at the Hiab R&D departments was executed to get an 

initial overview. The most important aspects of the product and prerequisites are 

presented in Chapter 4, including a brief description of the layout and controls as well as 

a summary of a previous evaluation of the high seat. Also an evaluation of a new remote 

control hand unit design that may be of interest has been reviewed. 

A meeting with a crane operator was arranged as well, where an inspection of the crane 

also took place. General questions about his experiences with the high seat were 

answered. 
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 Literature review 3.3

The literature review covers relevant ergonomics topics such as posture and 

anthropometrics. Anthropometric data is taken from previous publications, were 

measurements are generally based on the 5th-95th percentile (Pheasant, 1996). 

 Requirements specification 3.4

The requirement specification is the decision basis that the design must adhere to 

(Liedholm, 1999) Additional requests that may add to the customer value are of varying 

subjective importance. For this particular design process, the suggested requests are 

ranked rather intuitively. In a design setting, there should be no mention of solutions as 

to how the demands and wishes could be fulfilled (Bohgard et al., 2008). 

One way to approach defining the requirements is to determine what expectations 

interested parties have (Bohgard et al., 2008). The obvious group of interest in this case 

is the users, but also the requirements of different internal organizational entities of the 

company are of considerable significance. Boghard (ibid.) suggest that the requirements 

of each interested party is sought by analyzing the life cycle of the product, commonly 

divided into development, manufacturing, distribution, use and elimination. The 

boundaries of this project will allow consideration of only parts of the life cycle, thus the 

focus is narrowed to manufacturing and use. The sources of chosen requirements are 

interviews and literature on the subject, as well as subjective assessments by the author. 

 Concept development process 3.5

The joystick console concept should incorporate thought-out designs for hand support 

and joystick protection. Since there are a set of sub-problems to be solved, i.e. 

ergonomics resp. protection, the development process is divided accordingly. A 

morphological analysis may, as Johannesson (2004) suggests, be useful to facilitate a 

systematic development and fusion of several partial solutions into one final complete 

concept. The foundation of a morphological approach is to first focus on feature specific 

partial solutions, evaluate and compare them to each other, and only then proceed to 

combine the most promising into more complex concepts. An advantage of this 

approach is that no sub-problem runs the risk of being overlooked. 

The concepts are discussed with Hiab personnel, and based on their views and how well 

the concepts correspond to the requirements specification, intermediate solutions are 

chosen and a final concept developed. 



 

15 

4 Benchmarking 
To get an understanding of the context and to get inspiration for fitting solutions, a 

benchmarking process was conducted. If not else stated, the information is gathered 

from Hiab personnel, mainly from the R&D departments and the marketing department. 

 Functions and controls 4.1

Below are pictures of crane operators operating their cranes from high seats. 

 

Figure 9 – Operator in high seat (left) and operation of loader crane (right). (www.cargotec.com) 

Today, the valves for the actuating hydraulic pressure is controlled with two mechanical 

control levers directly mounted on the valves in front of the crane operator. The 

hydraulic flow from the truck power take-off is transferred to the valves through 

hydraulic pipes mounted on the column. The joysticks have two axes each, each axis 

carrying a function. All high seats also carry two “two-way” pedals that contribute with 

one additional functionality each. Placement of the components can be seen in Figure 10 

– Definition of high seat components (Photo by author)on the next page. 

The pedals and joysticks control six crane functions; slewing, first boom, second boom, 

extensions, extra and extra. Exactly what these functions do is not explained in this 

report. 
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Figure 10 – Definition of high seat components (Photo by author) 

A User Interface (UI) is placed on the high seat so that an emergency stop button is close 

at hand (see Figure 10). This UI component is present in one form or another in close 

proximity to all controls for the crane. On the UI, there are also buttons for “changing 

menus”, i.e. changing the functions for the controls, to get more functions available in 

total. 

 In-house situation analysis of high seat 4.2

A recent evaluation of the Hiab high seats, performed by the R&D department, has called 

to attention some issues related to ergonomics. Below is a summation of points relevant 

to this project. 

The analysis brings up that the placement of the valves and levers obstructs the view 

when doing lifts near the crane base, a conclusion made by others also and one strong 

motif for redesigning. 

Due to dimensional restraints on the total rotational radius of the crane, the high seat 

platforms must be kept short. As a result, the placement of the valves gives no room for 

the knees. The only adjustment function is sliding the seat back and forth. Even a person 

CONTROL LEVERS 

 GUARD RAIL 

 

VALVES 

SEAT 

HIGH SEAT PLATFORM 

PEDALS 

COLUMN 

UI 
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of normal length feels much cramped, also when the seat is slid all the way back. This 

forces an unnatural posture. 

The placement of the joysticks as it is today might lead to muscle fatigue in the back and 

neck, since there is no way of supporting the arms.  

An issue similar to the drawbacks of the hydraulic pipes is that the support legs are 

maneuvered with wires from the high seat. It is recommendable to take the opportunity 

to also find a new solution to this when changing high seat control system, since the 

wires are prone to breaking. 

 State of the Art 4.3

There are uncountable varieties of ergonomic and adjustable chairs on the market, but 

none seem to be appropriate for this application. All other manufacturers of loader 

cranes use some kind of mechanical control system on their high seats. The competitors 

observed at Bauma 2013 (see Figure 11 and Appendix A).have joysticks and valves 

placed at the sides of the seat, thus having no problem with obscured view or cramped 

leg-space. 

 

Figure 11 – Fassi high seat. (Photo by Mikael Eriksson.) 

The remote control hand units mentioned earlier, in Chapter 1.4, are becoming more 

common with all manufacturers of loader cranes. Today’s designs at Hiab hold six 

paddles and are usually carried with a strap around the neck or waist, see Figure 12. 
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Figure 12 – Remote control hand unit on the left, crane base mounted control unit with UI on the right. 

(www.cargotec.com) 

 XSDrive remote control hand unit 4.4

A new version of the XSDrive remote control hand unit has just been developed, that 

holds short joysticks instead of the previously standard six paddle configuration. A user 

test was conducted by Scandinfo Marketing Research (2012) on three prototypes, and 

the R&D department has chosen one of the designs and one of the tested joysticks. 

 

Figure 13 – XSDrive remote control hand unit with joysticks. (Photo by author) 

REMOTE CONTROL HAND UNIT 

UI 

BASE MOUNTED CONTROL UNIT 

http://www.cargotec.com/
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The chosen joystick type holds three functions with its two linear axes and one 

rotational. The chosen configuration of hand unit and joystick fulfills, according to the 

user test, the following: 

 Relaxed positioning of hands 

 Possible to vary hand positioning 

 Geometry acts as reference as to the directions of the operation axes 

 Sufficient clearance for gripping and moving the joystick 

One issue that came up that might be relevant for the joystick console application is the 

questionable protection from inadvertent operation. 

The study remarks that individual preferences and hand dimensions will lead to a 

diversity in hand positioning. Examples as follows. 

 

Figure 14 – Hand positions with one, two and three fingers outside the hoop. (Photos by Scandinfo) 

Therefore, the placement and shape of the joystick and hand rest must allow for changes 

a wide variety of hand positions. 

 Control system considerations 4.5

The IP69K grading is the prevalent quality measure for protection of electronic 

equipment, when talking to suppliers. The grading relate to the level of protection 

against fluid and solid ingress. This is not an appropriate measure for Hiab, instead they 

aim to prevent condensation inside the enclosure. They also have draining holes on such 

enclosures, to drain any build-up of moisture or fluids. On the hand units, the drains 

have Gore-Tex membranes that keep fluids out, but allow vapour to travel through. 

The joystick also needs protection from inadvertent manipulation when in stand-still. 

This because the sensors must be in the neutral position when starting up the system, 

since a calibration is made each time. 

The joysticks that Hiab uses are of the HALL type; instead of potentiometer tracks that 

may wear when the joystick is exposed to vibrations, the sensors are magnetic. This 

renders the vibrations aspect of the high seat environment irrelevant to this thesis work. 
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5 Results 
The results chapter may benefit from beginning with a recount of what will be solved 

simply by changing to electronic joysticks and moving the valves down to the crane 

base. Both the poor view and insufficient clearance will be remedied when switching to 

an electronic control system and the static work for holding up the arms to the levers 

will be fixed as the electronic joysticks are meant to be mounted on armrests at the side 

of the seat. The requirement that there should be no involuntary operation of the 

controls is already solved with a safety switch. 

 Interview 5.1

The interviewed crane operator from Lindbergs Skogstransport AB admits that he has 

no real complaints about the ergonomics of his high seat. He notes that he will pay for 

“good enough”, not looking for top notch, since he is both owner and driver of the crane.  

The adjustment feature on his high seat – sliding back and forth – has not been used for 

a long time and is rusted to the one position he prefers. He prefers the idea of using a 

shorter joystick when presented with a short Scanreco mini joystick and a longer Parker 

joystick. The Scanreco joystick is of the model that is used on Hiab’s new XSDrive, as 

mentioned in Section 4.4. 

 Choice of joystick 5.2

The concepts will be designed for the Scanreco mini joystick, based on the arguments for 

using a short handle put forward in Section 2.9, and the wishes of the Control Systems 

Department. Also, a smaller joystick needs less material and volume to protect. 

A suggestion from the Control Systems Department is to use the same mini joystick 

model as in the new XSDrive. This is backed by positive feedback from the user test 

conducted by Scandinfo, see Section 4.4. Also, the Control Systems Department has 

experience with and confidence in using the Scanreco joystick as it is already tested in-

house and fulfills the demands on protection from environmental exposure. One 

additional factor that speaks for this specific model is that it is more expensive to buy 

components in small batches, making it more economical to buy more of the same that is 

already used.  

This joystick has three functions, as mentioned in the benchmarking chapter. One 

joystick on each side of the seat will give six functions. If more functions are needed, a 

suggestion is to use menus in the same way as on the hand units and User Interfaces; 

placing buttons either on the joystick console or the high seat UI to change the functions 

of the axes. This way the function for maneuvering the support legs may be incorporated 

in the new electronic control system, getting rid of the present wire mechanism. 
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 Requirements specification 5.3

From the benchmarking, interviews with internal and external sources and the literary 
review, a set of requirements on the high seat design have been defined. These 
requirements apply to both joystick console and the high seat in its entirety. Also 
requests that could add to the customer value have been summed up. 

5.3.1 Requirements 

The requirements chosen are: 

 Allow precision steering. 

 Cannot be operated inadvertently 

 No crush hazard 

 Safe and easy access to high seat 

 Minimize muscular force demand and working posture demand  

 Possible to use with gloves on 

 Control boxes, valves, etc. should not obstruct the view or movement of the 

operator 

 Resistant to high-way environment exposure  

5.3.2 Requests 

Requests based on interviews with employees at Hiab and Lindbergs Skogstransport AB 

are: 

 Adjustment features should not rust or otherwise lose function over time 

 A realistic price is more important than a sophisticated design 

 Compact design is preferential 

 No rattling 

Requests based on the literature study are: 

 Accommodate 5th-95th percentile 

 Easy operation of adjustment devices and other features 

One further characteristic related to expenditures is: 

 The joystick console concept should preferably accommodate different types of 

joysticks  

This last one is motivated by reduced development expenses when a concept for 

another joystick should be developed. 

These requests are weighted and ranked according to importance, see Appendix B. 

 Concept development 5.4

In this chapter, solutions for an ergonomic and well protected joystick console will be 

presented, divided into solutions for hand support and solutions for joystick protection. 
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The foundation of a morphological approach is to first focus on feature specific partial 

solutions, evaluate and compare them to each other, and only then proceed to combine 

the most promising into more complex concepts.  

Only a few selected will be presented here, giving an understanding of the development 

process and decision making. The illustrations are purely conceptual, intended only to 

give an idea of the intended function. 

5.4.1 Solutions for hand support 

The hand supports should give support to palm and fingers and preferably be 

adjustable. The hand support concepts cannot be evaluated according to the 

requirement specification, since they are in this stage yet not developed to that level of 

detail. Some of the requests will be applicable, though. 

5.4.1.1 Toroid 

The Toroid concept has a rotatable hand support to accommodate for different hand 

sizes and personal preferences.  

 

Figure 15 – Toroid concept 

This concept seems to fulfill only one request, that it has the potential to accommodate 

for a wide population. The drawbacks are many, most importantly that it might jam and 

become difficult to adjust. The adjustment function may be redesigned to reduce the risk 

of jamming – but moving parts still means more components, which means more 

expensive manufacturing and assembly. Also, it is not possible to make the support 

asymmetric to incorporate mapping.  

It may also be difficult to build a cover that does not get in the way of the adjustment 

function, without it becoming very bulky to give room for each possible position of the 

toroid. 
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5.4.1.2 Asymmetrical hoop 

Inspired by the XSDrive hand units, an asymmetrical hoop can offer purposefully shaped 

contact surfaces. Since there should be one joystick console on either side of the chair, 

one may decrease material handling and mould-making expenses by designing the unit 

symmetrical over the central plane. 

 

Figure 16 – Asymmetrical hoop concept 

If it is symmetrical, it loses some of the potential to be compact. This since there must be 

the same clearance all away around the joystick and then the unused side of the hoop 

will take up unnecessary space. As with the XSDrive hand unit, the possibilities for hand 

placement may be extensive. Since there are no moving parts, the longevity can be 

expected to be higher than that of the previous concept type. 

5.4.2 Solutions for protective cover 

The cover is supposed to protect against unnecessary exposure to water and dirt and 

also protect the joystick during high-pressure water cleaning. 

5.4.2.1 Flipping lid 

The solution is based on a cap that flips from beside the joystick console and locks with 

magnets or by other means in a closed position. The cap may be positioned so that it 

falls shut when the chair is tilted over, propelled by the momentum. It is opened 

manually. 

  

Figure 17 – Flipping lid concept 
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The concept does not fulfill all requirements, with the most important flaw being that 

that it may pose as a crush hazard. The cap may collect rubble and water when open. 

Also, the mechanism is sensitive to external force – the hinge may be exposed to large 

forces if leaned on. 

5.4.2.2 Sliding dome 

The solution is based on a cap that rotates from beneath the joystick console and locks 

with magnets or by other means in a closed position. The cap swivels shut when the 

chair is tilted over, propelled by the momentum. It is opened manually. 

  

Figure 18 – Sliding dome concept 

Since it may shorten the life-span of the joystick if the operator neglects to close the 

cover, a major advantage of this concept is that it self-closes. This self-closing 

mechanism, however, may be unreliable, since the momentum brought on by tilting the 

chair might not suffice if the movement is obstructed by debris or ice. If it starts to jam, 

it is difficult to clean or repair, and there must be some kind of drainage both through 

the joystick console and the dome, since they both collect water in the open 

configuration. 

One plus is that there are no lose parts and all parts are integrated into one item. That 

compactness might make assembly a complicated task, though. 

The ergonomics may be improved by changing the shape of the ridge that doubles as a 

hand support, as long as the contact with the cap is rotationally symmetrical. 
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Canvas cover 

A watertight canvas cover with drawstring, elastic band or the like. 

 

Figure 19 – Canvas cover concept 

A canvas cover could be cheap to manufacture and attach, and it may keep dirt and 

water away from more than just the joysticks if it is as large as suggested in the sketch. It 

might be perceived by the user as cumbersome to put in place. There is also a high risk 

that it may catch wind during transport, and even if it won’t, it will still be very much 

worn by daily use. Also, the cover might be prone to collect water and dirt when 

uncapped. 

5.4.2.3 Screw cap 

A cap that screws on the joystick console, fastened with a chain or some kind of cord. 

 

Figure 20 – Screw cap concept  

The simplicity might lead to low costs and the absence of a hinge is one less weak point. 

On the other hand, a chain or cord may break or over time wear down its attachment 

point. It is unlikely that the cap breaks lose during transport since it won’t catch wind, 

but the user might remove the cap altogether if it is perceived as a nuisance to handle. It 

might, for example, be hard to reach to screw the cap on and off when not seated. 



 

27 

  Final concept 5.5

A summarizing of the previous concept evaluations will lend support to a combination of 

the asymmetrical hoop hand support concept and the screw cap joystick protection 

concept. These are the concepts that best fulfill the requirements and requests stated in 

Section 5.3. 

The hand support design of the final concept lends its shape from the new XSDrive, since 

it has proven to be appreciated by users. The hoop will continue almost all the way 

round the joystick to protect the joystick, leaving room for extreme hand positioning. 

Also, the open space may be used for a display similar to those on the remote control 

hand units and for placing extra controls such as buttons. 

 

Figure 21 – Final concept: joystick console with screw cap. Open configuration (left) and closed (right). 

The thread should be designed so that there is only a short way to twist into locked 

position, so that the connecting strap may be short and the capping action quick. A 

suggested design of the “thread” may be inspired by the Bayonet mount or the Storz 

coupling design. 
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The resistance when screwing on the cap must not be as large as to be perceived as an 

inconvenience, nor weak enough to allow the cap to be unscrewed by vibrations during 

transport.  

To facilitate a quick and hassle-free operation of the cap, it is important to incorporate 

affordance in the design. A ridge on the cap, together with the shape and position of the 

strap mounting point, clearly indicates the end position for the turn when screwing on 

the cap, see Figure 21. The novice will quickly learn how to position the cap to engage 

the thread.  

The cap and the joystick console should have the same Gore-Tex membrane as the 

present hand units, to let vapor from condensation out. Since the cap may collect rain, 

snow and debris when uncapped, it might be advisable to design a way of attaching the 

cap in an appropriate angle during operation of the crane. 

 High seat design recommendations 5.6

This chapter consists of a summary of general ergonomic recommendations and graphic 

representations of recommended measurements for seated work 

5.6.1 General ergonomic recommendations 

Based on the theory covered in chapters 2.1 through 2.8, a list of ergonomic essentials is 

compiled below.  

What to strive after: 

 A posture that prevents fatigue from static work 

 Stability in wrist, counteracting forces applied on the control. 

 Stability in forearm, counteracting forces transmitted from the wrist 

 Stability in body, counteracting forces transmitted from the forearm. 

 No longer period of extreme deviation from neutral joint positions 

There are issues with the recommendation to keep the arms in a relaxed position, due to 

the bulkiness of a joystick console of any kind. As seen in Figure 12 and Figure 14 in 

Chapter 4, the operators position the hand unit far down, at hip level. To lay the hand 

unit in the lap when sitting on the high seat would seem to be an easy solution, but that 

would force the operator to lift his arms above the recommended position since the unit 

comes too high up (see Figure 22). The operator may have to bend his wrists to get the 

same grip on the joysticks as when standing. A similar issue may arise when placing 

joystick consoles according to the suggested arm position; the knees might not allow the 

desired position, see Figure 23. Also, keeping the armrests inclined over the lap will 

pose an obstacle when mounting the high seat. 
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Figure 22 – XSDrive on the lap 

 

Figure 23 – Collision between joystick console and 

thigh. 

Based on the pencil grip mentioned in Section 2.7, which according to Jonsson et al. 

(1977) is the main functional hand grip, and the so called neutral hand position 

(Pheasant, 1996), an ergonomically correct hand position may be expected to look 

something like suggested in Figure 27. Supports are present for fingers and palm, to 

alleviate the weight of the arm and counter the forces exerted on the control. 

 

Figure 24 – Suggested “joystick grip” for this application.  

The spontaneous placement of the hand when using an XSDrive hand unit (e.g. 

positioning as per Figure 14) differs from the suggested “joystick grip” above. It seems 

most test subjects prefer wrist angles that deviate from the neutral, which must be 

considered when designing and testing the armrest/joystick console configuration. 

If the backrest is redesigned, there should be a lumbar support added to promote a 

healthy posture. The height of the backrest depends on how mobile the crane operator 

needs to be – if he must occasionally turn around to see properly, a too high backrest 

will be in his way. 



 

30 

5.6.2 Recommended dimensions 

Figure 26 and Figure 25 are graphic representations of the suggestions from the 

literature for what dimensions to use to fulfill the ergonomics recommendations. Values 

in parentheses are suggestions for adjustability ranges and all dimensions are in 

millimeters. These renditions are also appended as Appendix C and Appendix D. 

 

Figure 25 – Suggested dimensions, transverse view. Dimensions in mm. 



 

31 

 

 

 

 

 

 
Figure 26 – Suggested dimensions, lateral view. Dimensions in mm.  
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 Prototype design 5.7

Below are simple sketches on what factors to test for the armrest/joystick configuration.  

 

Figure 27 – All suggested axes of movement for a prototype for testing an armrest/joystick configuration 

The movement possibilities during testing should be, for joystick consoles as well as 

armrests, translation in the x-, y- and z-direction and rotation around two axes through 

each attachment point. 

It is preferable if also the mini joystick can be translated, tilted and rotated in relation to 

the hand support when doing test studies, see Figure 28. 

 

Figure 28 – Adjustability suggestions for joystick angle in relation hand support.  
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6 Discussion 
The project has delivered what was set out in the objective; it presents a set of general 

ergonomic guidelines for the high seat as well as a concept for an ergonomic and 

environment protected joystick console.  

 Methodology 6.1

The methodology has been very straightforward and uncomplicated, and that has been 

fitting for the size of this work. Some parts of the project, though, might have gained 

from a more systematic and thorough approach. This applies mainly to the concept 

generation phase, where a more creative initial phase might have been preferable, to get 

a greater variety of solutions to build on. The ones presented are of course not the only 

paths explored; they are the ones that after an initial concept generation seemed the 

most feasible to develop.  

 Results 6.2

Initially it could be assumed that a conventional, palm grip joystick would be preferable 

for this certain application, partly because of the idea that this would be less sensitive to 

jolts, partly because of the perception of the particular market as being conservative. 

Also, it is not easy to find unequivocal studies that shorter joysticks are always better, 

though they in the end seem to be preferable in this context based on both theory and 

company preferences. There is a risk, though, that the higher sensitivity of shorter 

joysticks may be a problem due to sudden jolts during operation. 

The literary review on ergonomics factors may have left out factors that are not 

apparent to be related to the high seat ergonomics, and some presented might in cases 

be perceived as outdated. Bodyspace (Haslegrave et al., 2005) is the most resent source 

for anthropometric data and suggestions for working place dimensions that is referred 

to in this work. Bodyspace gives apparent criticism against the old system where the 

anthropometric data where based on an upright sitting position with all major joints in 

90° angles, but in many cases that is what is available since most data collection was 

conducted some decades ago. 

It is regrettable that there was not enough time to model a 3-D solid or to produce a 

prototype of the joystick console. In any case, the work behind the concept may be of use 

as a starting point for further concept generation. Of specific importance would have 

been to test what position the joystick console should be, to give the most ergonomic set 

up. This since no suggested dimensions in this thesis, or otherwise easily accessible, will 

answer to how to incorporate the controls in this specific application. 
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It would have been valuable to be able to present recommendations as to what 

adjustment features to prioritize. If this had been reviewed early in the process, it might 

have helped narrowing down the work with the ergonomics guidelines immensely. 

Literature on ergonomics speak against using an XSDrive in the lap, but the way some 

crane operators hold their hands suggests that it is very much personal preferences that 

determine what hand positions are feasible. The work periods being short also makes it 

possible to upvalue temporary comfort in relation to long term ergonomics factors.
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7 Conclusion 
It seems that a short joystick is to prefer, both ergonomically and economically. A strong 

suggestion is, though, to contact users in the countries where the high seat is sold, to get 

an appraisal of how they feel about and what experiences they have from mini joysticks. 

It is also recommendable to test precision and efficiency of using a mini joystick in this 

exact context. 

It is important to take into consideration that the context in which the XSDrive is used is 

one of the factors that make it a good design; it cannot be expected that a design meant 

to be used while standing up can be translated without adjustments to a situation where 

crane operators must rest their arms at the side of their body, sitting down. If a 

prototype of the joystick console is built, its functionality and ergonomics must be tested 

in context. The angle and position of the joystick console and adjacent supports are as 

important as the actual design of the item itself and the dimensions of the rest of the 

high seat.  

The recommended dimensions taken from the literature might be considered out-dated, 

but they will serve as a good starting point for designing the high seat. As the 

dimensions of the entire seat configuration is much relevant for a comfortable and 

precise use of the joystick, it is recommended to not only test the joystick console and 

armrest in isolation. It might be cumbersome to cover the multitude of different possible 

adjustment settings, but a prototype for the entire operator environment is 

recommended. Decisions as to which adjustment features should be incorporated in the 

design must be taken with respect to cost calculations in relation to how much customer 

value they give, which calls for a survey of customer opinions, preferably in junction 

with user tests to get informed statements. 
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Appendix A 
Competition 
Photos of loader crane high seats at Bauma 2013, taken by Mikael Eriksson. 
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Appendix B 
Requests ranking 

 
A B C D E F G  

A. Cheap to manufacture   1 2 2 2 2 0 9 

B. Mechanisms for adjustments and protective gear should keep functional over time. 1   2 1 2 2 0 8 

C. The concept should preferably accommodate different types of joysticks  0 0   0 1 0 0 1 

D. Easy operation of adjustment devices and equipment protection gear 0 1 2   2 2 0 7 

E. No rattling 0 0 1 0   0 0 1 

F. Compact 0 0 2 0 2   0 4 

G. Accommodate 5th-95th percentile 2 2 2 2 2 2   12 
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Ranking of requested qualities 

1. Accommodate 5th-95th percentile 

2. Cheap to manufacture 

3. Mechanisms for adjustments and protective gear should keep functional over time. 

4. Easy operation of adjustment devices and equipment protection gear 

5. Compact design 

6. The concept should preferably accommodate different types of joysticks  

7. No rattling – An air of quality 
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Appendix C  

Suggested dimensions – Transverse view 
Dimensions in millimetres. 
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Appendix D 
Suggested dimensions – Lateral view 
Dimensions in millimetres. 
 

 


