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ABSTRACT  

This project aims to design and construct a 3D CAD model of a humanoid robot head; this 

means the mechanisms that simulate the motions of the neck, the eyes and the eyelids. The 

project was developed in collaboration with Cognition and Interaction Laboratory at the 

University of Skövde. 

From the literature review, it was found that most of the humanoid robots at the market are able 

to perform neck movements. The problem is that the neck motions today are not smooth as 

human neck and the movements of face details, such as the eyes and the mouth, are less 

developed. Only robots created for interaction research between human and robots allows for 

face expressions. However, the rest of the bodies of such robots are not as well developed as the 

face. The conclusion is that there is no humanoid robot that presents a full expression face and a 

well-developed body. 

This project presents new mechanical concepts for how to provide smooth humanoid neck 

motions as well as how to show expressions of the robots face. Three parts of the humanoid 

heads: the neck, the eyes and the eyelids were investigated. By examining different mechanical 

concepts used today two types of mechanisms were found: parallel and serial. In the neck the 

serial mechanism was chosen because the motion obtained is smoother. The eyes and the 

eyelids were designed with a serial mechanism due to the limitations of the space in the head. 

The three parts were built in to a 3D CAD program in order to test the entire head mechanism. 

This results in a head mechanism that enables smooth motion of the neck and provides enough 

degrees of freedom to simulate feelings due to eye expressions. 
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1. Introduction 

This chapter is an introduction about the aim of the project and contains brief information 
about the history of robotics. It includes information about the company for which this 
project has been carried out. 

1.1 Background 

Humans have always been interested in the concept of “artificial intelligence” (AI), which 

includes theories concerning the area of development of a robot that looks like a human being 

(Angelo, 2007). According to Russell and Norvig (1995, p.5) AI is “the art of creating machines 

that perform functions that require intelligence when performed by people”. The applications of 

AI are widely varied. It is commonly used in the field of heavy industry and space, finances, 

computer science, aviation, weather forecast and swarm intelligence (Pilgrim, 2011). One 

important perspective of AI is creating intelligent systems and systems that can act as human in 

order to investigate the cognitive development. These systems usually consist of complex robots 

that simulate human body motions as well as intelligent systems that enable interaction between 

human and robot.  

The first time that robots appeared in our society, they were associated with something abstract 

and unreal. In 1921: R.U.R. (Rossum's Universal Robots), a theater play by the Czech writer 

Karel Çapek features the first mention of the “word” robot, from the Czech word “robota”, 

meaning ’forced labor’. Later, the science fiction writer Isaac Asimov was the first to use the 

word ‘robotics’ to describe the technology of robots and predict the rise of a powerful robot 

industry. In 1963, the first artificial robotic arm controlled by a computer was designed. In the 

1970s the robot industry started its rapid growth, with a new robot or company entering the 

market every month. To sum up, there was a science fiction period until 1940 and now we are in 

the industrial applications period (Sheeran, 2003). 

Gupta (2007, p.266) described the robot as “an automated multifunctional manipulator that 

works by energy to perform a variety of tasks”. Today there are a lot of different types of robots. 

In the industry for example, the use of robots has increased due to the more standardized 

production line. By this the efficiency has improved.  One category of robots is so called 

“humanoids” (humanoid robots), which are machines that resemble humans and aims to imitate 

human behaviors (Bekey, 2005). These robots are commonly used as research tools aiming to 

understand human being and behavior. They are particularly used in the area of human 

cognition science which is a field focusing on the process of gaining knowledge through 

sensory information with the purpose of obtaining motor and perceptual skills. This information 

is useful to develop computational models of human behavior (Thagard, 2005).  
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1.2 Cognition & Interaction Lab (COIN) 

The project was developed in collaboration with Cognition and Interaction Laboratory (COIN). 

COIN is part of a research group that belongs to the Informatics Research Center at the 

University of Skövde. The group is focused on embodied / situated / distributed cognition in 

natural and artificial cognitive systems. Concretely, COIN studies the sensorimotor interaction 

between cognitive agents (humans, animals, robots) and their environments and the social 

interaction between humans and robots. Finally, for the investigation of human interaction, an 

amount of different information technology such as particularly decision support systems and 

computer games are used. 

1.3 About the Challenge 

COIN intends to construct a humanoid robot for research in human behavior. Today, the 

university lacks a research platform within this area. This causes limitations in the context of 

experimenting with humanoid robots inner and external design. The present study intends to fill 

part of the gap of current missing design developing a mechanism to move the humanoid neck, 

eyes and eyelids, which achieves smooth motions and the enough degrees of freedom (DOF) to 

express feelings. 

 COIN has started a project which aims to develop a robot with the measures of a four year old 

child (see figure 1). 

 

Figure 1 The measurements of a 4 years old child (Tilley, 2004) 

 

This study, which is part of a project, aims to design a mechanical concept that enables smooth 

neck, eyes and eyelids motions. A common problem causing restrictions in human interaction 
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research is the fact that most robots do not allow enough motion of the neck, the eyes and the 

eyelids and/or the motions are not smooth enough to use them for human interaction.  

This project will be important since even though the world of robots and their technologies are 

something that currently is under development, there are many issues about robotics that have 

not been solved yet. For instance, performing a humanoid robot with a well-developed body and 

enough details on its face to express feelings could be an advance. A new inner mechanism 

presenting smooth motions and face expression may be a step forward in the progress. 

1.4 Aim  

The aim of the current project is to design and present a 3D CAD model of the inner mechanical 

structure of a robot head. This means that motion mechanisms of the neck, eyes and eyelids has 

to be developed. The new mechanism should be simple and efficient and enable smooth 

movements (particular in the neck) in three directions. 

1.5 Limitations 

The constraints of the project are as follows. 1) The mechanism should be simple in regard to 

the engine, 2) able to accomplish smooth motions, 3) neck and eye motions limited to 3 DOF 

and eyelid motions limited to 4 DOF. The electronic part of the robot (the intelligence) is not 

included, i.e. the programming part of the robot. The rest of the project, which means, the other 

parts of the humanoid robot body and external presentation, will further be developed by COIN. 
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2. Theory Background  

This chapter explains some important aspects to have into account in the design of the 
mechanisms. There is a study of the humanoids robots available today, robots head, 
anatomy data of the human neck, eyes and eyelids and types of mechanisms used. 

2.1 Humanoid robots 

Today there are many different humanoid robots available at the market (see figure 2). Maybe 

one of the most famous one is ASIMO, manufactured by Honda, which was the first robot able 

to climb stairs and to run. This robot can be programmed to develop a great variety of 

movements and also to be operated by voice and hand signal. ASIMO has 26 degrees of 

freedom (DOF) and is 120 cm in height (Bekey, 2005). 

Sony engineers created the 58 cm tall robot Qrio, which is able to make several movements, for 

instance, walking, jogging, and throwing a ball (Geppert, 2004). The purpose of this robot was 

to achieve interaction and to entertain people.  

The ICub project was developed at several European universities and the purpose of this 

humanoid robot was to study human cognition and artificial intelligence. ICub’s facial 

expressions have been gotten through light-emitting diode (LED) technology. The robot has the 

dimensions of a child of a three and a half year child (Beira, 2008). 

Another humanoid robot is PINO, designed as a low-cost humanoid robot in order to be used at 

the RoboCup Soccer Humanoid League. Its innovative external design as well as its ability to 

play with a ball was enough to make him a star. Several toys were produced resembling PINO, 

including plush dolls, figures, and a toy robot (Yamasaki et al., 2002). 

The NAO robotics platform came with three different motion designs, namely 14, 21 or 25 

DOF. An academic edition for research and educational purposes is currently available at some 

universities whilst other edition has been publicly distributed (Gouaillier et al., 2008). 

The next step towards efficient robot was the HRP-4, the humanoid robot performed at AIST 

(Japan’s National Institute of Advanced Industrial Science & Technology) and Kawada 

Industries. The HRP-4 has an appearance that resembles a thin athlete.  The HRP-4 measure is 

150 cm in height and weighs only 39 kg. This makes it to the smallest and lightest robot in the 

HRP family (Pfeifer et al., 2011). 
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Figure 2 From left to right and from top to down: ASIMO, ICub, NAO, HRP-4, PINO and Quio, 

 

2.2 Robots heads 

Depending on the purpose of the humanoid robot, the design of the head will be more or less 

important. If the robot is developed as a toy, the expressions of the head are not as important as 

in robots used for human interaction with robots. Cognitive robotics is the specialization of 

robotics that is concerned with providing the robot with intelligent behavior giving it the ability 

to learn and reason about how to behave towards complex goals in different environments 

(Jefferies and Yeap, 2007). With this in mind, the most important movements of the head are 

those of the neck, the eyes, the eyelids, the mouth and the eyebrows. Even though all these 

motions are important, all are not necessary in order to show expressions and feelings. In the 

studies of humanoid robots described in section 2.1, many different motions were found but the 

most common was the motion of neck. Table 1 shows which of the robots described in section 

2.1 has motions of the neck, the eyes and the eyelids. A high proportion of them have just neck 

movement. Only ICub has eye and eyelid motions because it was designed for human cognition 

and AI studies. 

Table 1 Comparison of eyes neck and eyelid motions of humanoid robots  

 ASIMO Qrio PINO ICub NAO HRH-4 

Eye Motion    X   

Neck Motion X X X X X X 

Eyelids Motion    X   
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The review of humanoid platforms gave that the robot-human interaction seems to be focused 

on the head. Two interesting examples are Kismet and MDS by Cynthia Breazeal (see figure 3). 

The face motions of these robots express feelings and allow for interaction between the machine 

and the human. Their mechanisms are complex systems enabling several DOF. Concretely, 

Kismet has 15 DOF and 19 DOF in the neck and the face for MDS robot (Breazeal, 2012). The 

aim of these types of robots is also to break the human fear of humanoid robots by creating kind 

and charming faces. 

 

Figure 3 The figure shows Kismet on the left and MSD on the right 

Facial expressions provide information about cognitive activity, personality and affective states 

(Donato et al, 1999). Facial expressions of the humanoid robot are of deep importance since 

these give the robot a “personality”. In accordance with COIN, the eye and the eyelids 

expressions are enough to simulate the feelings. However, adding the mouth and the eyebrows 

the robot could express more feelings, so these features could be considered for further 

developed. 

2.3 Anatomical Data 

A study of the human anatomy was performed in order to understand the human motions in the 

neck, the eyes and the eyelids. The data of DOF and angles achieved were necessary in order to 

specify the robot motions. 

2.3.1 The Neck 

The human neck has a complex musculoskeletal structure with seven vertebrae and more than 

twenty muscles. The neck has two important functions: a static function which controls the head 

and a dynamic function which is to achieve movement of the neck moving the cervical spine 

(Hall-Craggs, 1995).  

There are three main movements of the neck; neck flexion dorsal and ventral, neck flexion right 

and left, and neck rotation right and left (see figure 4). Table 2 shows the average rotation angle 

of the head (Tilley, 2004). 
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Figure 4 Neck movement (Jeeverajan, 2008) 

Table 2 Measures angular rotation  

 Average 

Ventral flexion 60º 

Dorsal flexion 60º 

Right-left flexion 54º 

Right-left rotation 60º 

2.3.2 The Eyes 

The most important movement of the eyes occurs around two axes, the vertical and the 

horizontal axes, each passing through the center of the sphere. The fastest movement in the eyes 

is called saccade, a voluntary movement used to look towards various areas of the environment 

in order to facilitate the gathering of information (Hall-Craggs, 1995). 

The maximum speed that eyes can achieve is about 1000º/s. There are six muscles in the orbit 

attached to the eyeball and one to the upper lid (see figure 5 and 6). The types of motions are 

divided into three groups; duction (involves only one eye), versiones (two eyes moving in the 

same directions) and vergences (two eyes moving in opposite directions) (Hall-Craggs, 1995). 

 

Figure 5 Eye diagram front view (Komogortse and Jayarathna, 2008) 
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Figure 6 Eye diagram side view (Komogortse and Jayarathna, 2008) 

 

The average angles in the eyes are 35º maximum eye rotations left and right, and 25º maximum 

eye rotations up and 25º down (Tilley, 2004).  

2.3.3 The Eyelids 

The eyelids have reflex movement, an involuntary movement resulting from a sensory stimulus. 

While closing the eyes, only the upper lid is used (see figure 7); the lower does not move. One 

important feature is that the muscles are in constant tension, which means that the force required 

in these muscles is to keep them open (Hall-Craggs, 1995). 

 

Figure 7 The upper muscle of the eyelid permits to close the eye (Moses, 2012) 

 

2.4 Actuators Mechanisms 

In order to provide the robot with neck, eye and eyelid motions, the robot needed a mechanism 

device which allows movements of around the axis. To execute a mechanism that resembles a 

human, it was of importance to include aspects such as the dimensions of the head as well as the 

motions speed of the human neck, eyes and eyelids. There are two main types of mechanical 

mechanisms for getting rotations to the robot: the parallel mechanism, where the actuators are 
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positioned in parallel to each other, and the serial mechanism, where the actuators are in serial 

position (see figure 8). 

        

Figure 8 From the left to the right Stewart Platform picture which represent the parallel mechanism (Gough-Stewart 
Platform, 2009.) and serial mechanism consisting of three motors (Force limiting devices, 2011) 

 

A good example of a parallel mechanism is the “Stewart Platform”, very commonly used in 

flight simulation devises. This platform uses a type of parallel mechanism which connects two 

bases through six identical legs. Each leg comprises a prismatic actuator with two universal 

joints at the ends. The special arrangement of the axes of the universal joints provides the 

necessary constraint that keeps the orientation of the mobile platform constant. The mechanism 

has 6 DOF, this means rotation and linear motions through the three axes (Lee et al., 2003). In 

serial mechanism the actuators are positioned in line and every actuator is in the direction of 

their axis. By this, the mechanism could have as many actuators as the DOF requires. A 

problem with such mechanism is that only mechanic actuators can be used. Such actuators 

provide not smooth motions that are not good in the simulation of human motions. The 

advantage of a parallel mechanism is the possibility of using pneumatic motors. These enable 

smoother movements and are better for the simulation of the human motions. 
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3. Method: Development process 

This chapter is about the methodology followed during the process of the design and the 
description of the steps developed along the process. 

3.1 The Front-End Process 

Every design development should follow certain steps. Ulrich and Eppinger (2008) suggest the 

Front-End Process, which consists of ten steps to include in a project (see figure 9). The process 

explains that each activity starts when the previous one has finished. However, some 

information can appear later and might give some feedback about parts of the project that one 

has already finished. The steps in the design process are the following. 

 

 

Figure 9 Front-End Process steps (Ulrich and Eppinger, 2008) 

 

1 Identifying customer needs 

Understanding consumers’ demand and needs is a key step to begin the design process. The 

customers are a really important part of the process, and all the information they could provide 

will be relevant (Ulrich and Eppinger, 2008). In this project, the final customer is COIN. 

Therefore, throughout the entire project a constant communication was carried out with COIN.   

2 Establishing target specifications 

Defining specifications clearly is of deep importance, as well as the accomplishment of a pre-

study about the market; what the market offers today and what are the differences between the 

products. The specifications help to define how far the project reaches and what the limits are 

(Ulrich and Eppinger, 2008). At the beginning of this project, the specifications were 

established. However, there is a specific section in every part of the project referring to the 

specifications (see sections 4.1, 5.1 and 6.1).  
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3 Concept generation 

In the concept generation the aim is to achieve as many solutions as possible. This activity 

includes searches, creativity methods and a systematic exploration of the solutions. Each 

concept should be represented by a brief description and a sketch (Ulrich and Eppinger, 2008). 

In this project, the process was divided into three major parts -neck, eyes and eyelids- so in each 

part a concept generation is developed (see sections 4.3, 5.3 and 6.3). 

4 Concept selection 

The concept selection is a way to evaluate and select concepts for further investigation and 

development (Ulrich and Eppinger, 2008). A good method is Positive, Negative and Interesting 

Chart (PNI), which consists of making a chart and evaluating each concept trying to find the 

PNI points for each concept (see sections 4.5). 

5 Concept testing 

In order to verify that the customer’s needs have been met, concept testing is relevant. A proper 

way to develop this activity is by performing 3D CAD models to examine the viability of the 

concepts (Ulrich and Eppinger, 2008). In this project, a CAD model was developed to verify 

that the concepts proposed (the mechanisms of the head) is accurate and works properly. For 

accomplish this, the software ProEngineer was used. 

6 Setting final specifications 

This step is to ensure that all the specifications previously described have been met (Ulrich and 

Eppinger, 2008). According to this, the outcome concepts of mechanism were developed 

followed by a review of the specifications (see section 7.2). 

7 Project planning 

This activity is to create a detailed development schedule and to devise a strategy to minimize 

times and find the resources needed (Ulrich and Eppinger, 2008). In the present project, a Gantt 

chart was performed in the start up of the project, in order to control times and makes the 

process efficient. 

8 Economic analysis 

There is financial support for the new product (Ulrich and Eppinger, 2008). In this project an 

analysis of the development and manufacturing costs was performed. This part was made to 

estimate the costs of manufacturing the final eye, neck and eyelid mechanisms (see chapter 8). 
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9 Benchmarking of competitive products 

An understanding of competitive products is important for successful positioning of the product 

in the market (Ulrich and Eppinger, 2008). This activity was made at the beginning of the 

current project in order to analyze the current market (see section 2.1). 

10 Modeling and prototyping 

A prototype is always useful in order to show and understand the concept. By the use of a 3D 

model, it is easy to visualize the final concept. Although the 3D model is not a real model, it 

could be as helpful as a real one (Ulrich and Eppinger, 2008). In the present project, each 

outcome concept was represented by a 3D CAD model. Real models will be later made by 

COIN. 
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4. Neck Mechanism 

This chapter includes the development process of the neck mechanism. Initially in the 
process, the neck specifications were established. Then different types of actuators were 
described in order to choose one. After this, with the specifications and the actuators 
chosen the different options were developed and then each option was improved. Finally, 
there was an evaluation of the two concepts in order to choose the final solution. 

4.1 Specifications 

The neck mechanism should have three degrees of freedom. This since these are the main 

motions of the human neck and also, according to COIN, since these are considered to represent 

movements sufficient in humanoid research. They could be summarized into three motions: 

head pan, head tilt and head swing (see figure 10). 

 

Figure 10 From left to right pan, tilt and swing rotations. 

Since the neck base should withstand the weight of the mechanisms that go above, i.e., the eyes 

and eyelids mechanisms it was necessary to take weight of the head into consideration. It was 

assumed that the weight the neck had to support was approximately 500g in total. This value is 

based on the fact that the humanoid head had to include the eye and eyelid mechanisms, and 

consulting with an engineer, the approximate weight of these two mechanisms could be 500g. 

These mechanisms will be developed along this study, but the weight is assumed as an 

approximation, according with COIN.  

4.2 Actuators 

Two main factors, space and weight, are of importance to consider when designing the neck 

mechanism. The actuators and the pieces that make up the mechanism have to be small in order 

to be fixed inside the head; therefore, the first step is a search of the different options of 

actuators. 

Generally, actuators could be divided into three main categories: mechanic, hydraulic and 

pneumatic (see figure 11). The advantage of mechanics motors is the precision; this means the 

correctness of the motions. The problem is that mechanics motors need an electric motor which 

makes them larger. The minimum diameter is 10 mm and the typical structure is consisted of a 

cylinder, a rod and the electric motor, therefore the volume occupied is large. Hydraulics 
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cylinders are not as precise in motions as the mechanics actuator. The power is gained from 

pressurized hydraulic fluid, typically oil. These types of actuators are common in vehicles since 

they may generate huge force development. However, for small mechanisms the hydraulic 

system is too complex. Pneumatic cylinders work with the force of a fluid, as in hydraulic, in 

this case compressed air. They transform into kinetic energy as the air expands in an attempt to 

reach atmospheric pressure (Parr, 2008). Based on these facts and discussions with COIN, the 

pneumatic actuator was considered to be the one that met the specified criteria concerning the 

neck mechanism. The mechanism with pneumatic cylinders needs a compressor that provides 

compressed air to the cylinders. Therefore, the compressor could be installed in the humanoid 

thorax because, according with COIN, there is enough free space inside the thorax. A system of 

sensors is also necessary to detect the different forces in each cylinder in every moment in order 

to control the motions. 

 

Figure 11 From left to right: mechanic, pneumatic and hydraulic actuators 

Since an important criterion was that the actuator must be of s small dimension, the pneumatic 

cylinder proposed and also chosen was 10 mm diameter actuator from Parker, a company 

specialized in all types of actuators. This actuator was the smallest one found on the market. 

4.3 Designing options 

Since pneumatic actuators were considered the best alternative for the neck motion, this choice 

offers an opportunity to use a parallel mechanism. Such mechanism provides smoother motion, 

due to generate a continuous motion, than the serial mechanism does. Typically, robots use a 

serial mechanism since this required less space. However a parallel mechanism with small 

dimension is both innovative and effective. This since such a mechanism differs from typically 

mechanisms at the market and effective, as a consequence of attaining the required actions. In 

the proposed mechanism structure the actuators are positioned in a parallel way and will take 

into account that the neck must rotate through the three axes.  
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To come up with the possible solutions of the neck mechanism, a pre-study about how the 

parallel mechanism works was carried out. This mechanism has to have a flexible upper base 

and a rigid lower base. The geometric shape of the bases will be triangles because of the three 

rotations; every vertex of the triangle is connected by the actuators to the other triangle. The 

basic architecture consists of two tetrahedrons, one on the upper base and other in the lower 

base, joint with 2 DOF universal joints (see figure 12). (Merlet, 2006) 

 

Figure 12 Parallel mechanism architecture (Beira, 2008) 

Based on the architecture on figure 12 and requesting the simplest solutions, two mechanisms 

were developed. According to COIN two concepts were enough because of time constrains. If 

the time for this project had been longer more concepts should have been developed. For 

example, the development of some concepts of serial mechanisms could be interesting in order 

to compare both types of mechanisms (serial and parallel) and provide the best solution 

comparing the advantages and disadvantages of each one. Thus, two concepts for each type of 

mechanism, which means four concepts, would have been better than just two concepts in order 

to have more arguments when choosing between them the best solution. 

4.3.1 Three-actuator neck 

In this disposition there are two main parts. A lower base, which is a triangle fastened rigidly to 

the body structure and an upper moving base, a triangle which is going to move the head. On 

the lower base, there are three parts supporting the three cylinders in every vertex of the 

triangle, and each joint is able to rotate in two directions. The connection between the cylinders 

and the parts is through a screw. The rod of each cylinder is jointed to the upper flexible base 

with 3DOF universal joints. In the central part of the mechanism there is a cylinder fitted to the 

lower base and joints with 3 DOF to the upper base. The bottoms of the actuators are positioned 

below the lower base in order to reduce the height of the mechanism (see figure 13). The upper 

base is fixed to the chassis of the humanoid body. This type of mechanism achieves enough 

angles in the three directions to simulate human neck (see figure 14) and the volume occupied 

does not exceed the requirements.  



16 

 

 

Figure 13 3D Model of three-actuator neck 

 

    

Figure 14 From left to right head tilt, head swing and head pan 

4.3.2 Two-actuator neck 

The mechanism with two actuators consists of a rigid base fixed to the body structure and a 

flexible base which makes the motions possible. The upper and lower bases are united with a 

rigid cylinder fitted in the lower base and with a ball joint in the upper base. In order to avoid 

dead points, the actuators must have a certain angle in relation to the up base (see figure 15). 

Dead points are positions of the mechanism in which there is no transmission of the movement. 

The architecture is similar to the three-actuator neck but uses just two actuators instead of three. 

This on the one hand makes the mechanism less expensive, there are only two actuators, but on 

the other hand, the rotations in the three directions are limited (see figure 16) and the volume 

used is large. Therefore, as a first estimation, the three-actuator neck option was more 

appropriate because of the limited dimensions available in the neck. 

 

Lower base 

Three actuators 

Rigid cylinder 
Upper base 
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Figure 15 3D Model of two-actuator neck 

 

   

Figure 16 From left to right head tilt, head swing and head pan 

 

4.4 Development of the options 

From the initially concepts developed (described in chapter 4.3), the two options were further 

developed in order to improve both mechanisms and trying to find the best solution. 

Both mechanisms were developed in a 3D CAD model in order to check that the whole 

mechanism works in a proper way and to not allow mistakes in the assembly pieces. The 

mechanisms were approved by a mechanical engineer and all the pieces may be manufactured.  

In the three-actuator neck (see section 4.3.1), the lower base was positioned at the end of the 

cylinder actuators because, in that way, the cylinders are completely fixed. Because of this, the 

central cylinder was increased in height. The position of the upper base in relation to the lower 

base at zero position was rotated 30º to the left. This means that when the humanoid neck has 

not rotated, the upper base is 30º rotated to the left in respect of the lower base.  

Upper base 

Two actuators 

Lower base 

Cylinder 

Ball joint 
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 The final dimensions for the mechanism are 138 x 195 x 128 mm (see figure 17). Maximum 

angles that this mechanism allows in the three directions are 60º for neck swings, 85º for neck 

pans and 30º for neck tilts (see figure 18).  

The whole mechanism is composed of 19 different pieces, described in appendix 1. All of the 

pieces are easy to manufacture and assemble, because for the assembly is not required the use of 

complex tools. Moreover, the mechanism is compact and meets the specifications for the three-

actuator neck. The materials recommended for the pieces are aluminum and plastic. All the 

pieces which fix the upper and the lower base with the actuators and the upper and lower base 

should be made of plastic since this is lightest material. The central cylinder and the axes should 

be made in aluminum because they are subjected to torsion forces, and the resistance of the 

aluminum is appropriate for these pieces.  

 

Figure 17 Final dimensions in mm of three-actuator mechanism 
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Figure 18 Angles in the three directions, swing, pan and tilt rotations 

The two-actuator neck was improved by adding joints that allows more angles. As in the first 

mechanism, the actuators and the cylinders were fixed by a 2 DOF joint. The upper base was 

also changed. The new one is the same as the one of the three-actuator neck. The final 

dimensions are 200 x 143 x 96 mm (see figure 19). The maximum angles in the three directions 

are 30º for neck swings, 25º for neck pans and 60º for neck tilts (see figure 20). The number of 

different pieces is the same as the above disposition, but now there are only two actuators. 

Compared to the three-actuator neck, this architecture is larger and the angles are smaller. 

 

Figure 19 Final dimensions in mm of two-actuator mechanism 

60º 

85º 

30º 
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Figure 20 Angles in the three directions, swing, pan and tilt rotations 
 

 

4.5 Concept selection 

For the purpose of selecting the best mechanism, a comparison table was performed. There are 

several appropriate methods to compare different concepts such as PNI (Positive, Negative and 

Interesting), Force Field Analysis or Risk Analysis. The chosen method is the PNI (Positive, 

Negative and Interesting), consisting of chart with three columns for each respective aspects 

(Mind tools, 2012). The choice of this method was because is easy to implement and provides 

good outcomes. However, it could be possible to use other methods or just compare the 

specifications of each concept in order to select the one that better meets the specifications. 

Table 3 shows the PNI made on three-actuator neck and Table 4 is for two-actuator neck. 

Table 3 PNI (three-actuator neck) 

Positive Negative Interesting 

Dimensions 

Angles 

Stability 

Nº pieces 

Three actuators Compact 

Easy to assemble 

Table 4 PNI (two-actuator neck) 

Positive Negative Interesting 

Two actuators 

Nº pieces 

Dimensions 

Smaller angles 

Easy to assemble 
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Both mechanism share some advantages such as the number of pieces required and that both are 

easy to assembly because both have the same architecture. However, each has a notable aspect. 

On one hand two-actuator neck needs just two actuators that mean less cost. But on the other 

hand, three-actuator neck achieves larger angles and the dimensions of the whole mechanism 

are smaller. 

After collecting all these data and discussing with COIN the chosen solution is three-actuator 

neck, because the purpose of simulating human neck required that the humanoid neck achieves 

the same angles as human. Even though the cost of the mechanism is higher with three 

actuators, this solution accomplishes better dimensions for the humanoid. 
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5. Eye mechanism 

The eye mechanism is developed along this chapter. The specifications are described 
followed by the actuators and camera chosen in order to conclude with the final 
presentation of the eye mechanism. 

5.1 Specifications 

The eyes of the robot have 3 DOF since it is considered to be enough for simulating the 

movements of human eyes. The eyes should be able to move in three directions: both eyes 

vertically, both eyes horizontally and both eyes horizontally but independent of each other (see 

figure 21). Each of these movements requires a separate motor. The motions of the eyes are 

important to express feelings and to provide intelligence to the robot. 

 

Figure 21 The three motions of the eyes 

 

5.2 Actuators and camera 

The major limitation of the eye mechanism is the available space. The eye and the eyelid 

mechanisms have to be inside the chassis of the head. Three actuators are needed only for the 

eyes. Therefore, the principal requirement is to find the smallest actuator on the market. The 

smallest mechanisms available today are the mechanisms used in radio control system (RCS) 

devices. There are a huge amount of companies which manufacture these devices. A servo 

motor which meets the specifications was found in a company called Futaba® RCS and 

Accessories (see figure 22). The motor is small (27.6 x 29.4 x 11 mm), cheap and light. 
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Figure 22 Servo motor S311 from Futaba (Futaba, 2012b) 

 

Servo motors are devices which work in a similar way as direct current motors. They are 

electric motors that can be controlled in speed and position. These motors are very useful in 

robotic as they are small and have huge power (Firoozian, 2009). 

A camera has to be installed in each eye. The aim of the cameras is to record the vision of the 

robot. The dimensions of the cameras have to be in concordance with the volume of each eye 

ball. The chosen camera is from Toshiba (see figure 23). This is because it fits inside the eyeball 

(10 x 10 x 8 mm) and the resolution is high (1300 x 1040 pixel maximum resolution). 

 

 

Figure 23 CMOS camera fromToshiba (CMOS camera, 2009) 

 

5.3 Designing options 

The most appropriate architecture in the eye mechanism should be the smallest one possible, 

this since the space inside the head is limited. The main function of the eyes is to attach the 

cameras installed in the eyeball. A servo motor which moves both eyes in the horizontal axis 

and another servo motor in each eye moving around a vertical axis should serve as the basic 

structure for the eye mechanism. Therefore, under this basic architecture, the aim was to use a 

structure with these features and compact dimensions. A possibility is to use two structures: a 
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rigid assemblage which holds one servo motor for upward and downward motions and another 

one which fixes two motors for right and left motions (see figure 24). 

 

Figure 24 From the left to the right, the general motors position and the basic architecture 

 

5.4 Development of the options 

The process followed was to draw several sketches based on the architecture above. With the 

help of a 2D CAD program the idea of all sketches was drawn in order to test that there were no 

interference between the different pieces needed in the mechanism. Thus it was not necessary to 

choose between different sketches, because all the sketches were joined to form the final model. 

With the help of a mechanical engineer one solution was developed, just one solution because 

of the limitation of time.  

The solution was a fixed architecture between the two eyes and a moving part around it. 

Therefore, the final design of the eye mechanism is made up by two main parts, the fixed part 

and the moving part. The fixed part is a u-shaped with a transversal rotation axis. This clutches 

one servo motor which will move the eyes up and down. The moving part consists of two arms 

connected by an axis which goes though the fixed piece. The two arms have an overall 

rotational movement carried out by the servo motor fixed on the piece. Each arm has the 

function to hold one eyeball and one servo motor that is going to produce the right and left 

motions of the eyes. The transmission of motion from the motors to the moving axes is achieved 

by a steel cable. This cable has a z-shape and is commonly used in this type of movement, 

normally in radio control system devices. In the external actuators, the connection is planar and 

acts as a four-bar linkage; it consists of four bodies, called bars or links, connected in a loop by 

four joints. Generally, the joints are configured so the links move in parallel planes. However, 

the central actuator, which moves the eyes up and down, has a non-planar joint because, in this 

disposition, space is saved because it is necessary only 2 dimensions instead of 3 and in that 
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way the space required is smaller. The eyeball should have a space inside which will fix the 

camera. The assembly has 15 pieces in total. All the pieces should are made of aluminum, a 

material with good properties of stiffness and lightness. However, the eyeball could be made of 

plastic since it does not have to bear significant forces. The rest of the pieces (axes, cylinders 

and structures) are subjected to considerable forces and the dimensions of these pieces are too 

small to be made of plastic and guarantee good services. The final dimensions of the whole 

mechanism are 80 x 62 x 52 mm (see figure 25). This mechanism allows maximum 45º rotation 

both to the right and the left as well as 25º rotation to upwards and downwards on each side. 

According to Tilley (2004), human eye rotations are 35º maximum left and right, and 25º 

maximum up and down. Thereby, the mechanism attains the same motions as human eyes.  

 

Figure 25 The main dimensions in mm of the mechanism 
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6. Eyelid mechanism 

This chapter describes the design process of the eyelids mechanism. The specifications are 
described followed by the actuators chosen in order to conclude with the final presentation 
of the eyelid mechanism. 

6.1 Specifications 

The robot should have one up eyelid in each eye and the eyelid mechanism should have 4 DOF. 

The tilt motion and the swing motion in each eye. To achieve the motions two motors for each 

eyelid, 2 DOF in each direction, are necessary. Though the different movement of the eyelids 

(see figure 26), the robot is assumed (by the writer of the repot and COIN) to be able to express 

feelings. 

 

 

Figure 26 Some of the feelings that the robot could be able to express with the eyelid mechanism 

  

6.2 Actuators 

In order to move the eyelids, similar servo motors than the ones used in the eye concept (chapter 

5.2) are used, S3111 by Futaba. These motors are the smallest founded at the market and they 

have proper quality needed for the mechanism as it was explained in chapter 5.2. In addition, 
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the cheapest way is to have the same model of motor for all the mechanism. Due to the 

limitation of the space inside the head and having into account the eye mechanism, it is not 

possible to use another type of actuators for the eyelid mechanism, such as cylinders or bigger 

motors. 

6.3 Designing options 

The major limitation to design the eyelid mechanism is the free space in the head. In addition, 

the design is limited by the positions and the motions of the eye mechanism. The idea is to 

create a mechanism that works with a similar structure of the eye mechanism. Each eyelid has 

independent upwards/downwards and left/right movements, and in order to accomplish the 

whole mechanism, four actuators were needed (see figure 27). The easiest way to build a 

structure is by placing each servo motor in a rotation axis direction. In that way, the robot has 

planar four-bar linkage such as eyes mechanism. 

 

Figure 27 From left to right an elevation sketch of the disposition of the eyelids actuators to rotate around horizontal 
axis and a plan sketch of the rotations axes 

 

6.4 Development of the options 

The final structure is designed around the eye mechanism in order to stipulate the dimensions 

and the position of the pieces, the eye mechanism is placed as a reference in the center of the 

whole mechanism. The mechanisms have to be close to each other but no contact between them 

should ever be made. The composition is similar to the eye mechanism; a fixed part which 

supports the actuators for the rotation around the horizontal axis and a moving part which holds 

the actuators for the rotation around the other axis. The moving part is composed by two 

independent arms. The arms have a u-shape and are the place where the eyelids are fixed. For 

the purpose of making the mechanism similar to a head, a structure with u-shape with the 

dimensions of a 4-year old child head was added in the fixed part. The connection between the 

motors and the pieces is thought to be a steel cable, as in eyes mechanism, with a z-shape. The 

mechanism is 11 different pieces in total. All the pieces are in aluminum because, as in the eye 
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mechanism, the material has good properties of stiffness and lightness. The eyelids could be in 

plastic because it is easier to manufacture in plastic than aluminum. The final dimensions of all 

the mechanism are 124 x 109 x 53 mm (see figure 28). In this mechanism the maximum angles 

of rotation to upward and downward are 45º on each side and rotation to the left and the right 

45º on each side. Human eyelid only has up and down rotation to close the eyes, but with the 

rotation to the right and to the left, the robot is going to symbolize more feelings according to 

the opinion of COIN. 

 

Figure 28 The main total dimensions in mm of the eyelids mechanism 
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7. Final Model 

This chapter presents the final product with the eye, neck and eyelid mechanisms together. 
The whole mechanism is analyzed as an entire product in order to verify that all points in 
the specifications have been executed. 

7.1 Neck, eye and eyelid mechanism 

The final concept consists of a mechanism where the eye, neck and eyelid mechanisms are 

unitized. One piece was needed to connect the chassis of the eyelid to the neck. This piece has a 

u-shape and joins the eyelid mechanism with the neck mechanism with screws. The purpose of 

this piece is to connect and to give the robot the human head shape. Figure 29 and 30 depict 

some views of the final 3D model with the three mechanisms connected. The engineering 

drawings of all the pieces needed to build the mechanism are detailed in appendix 1. 

 

 

 

Figure 29 Eye and eyelid mechanism details 
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Figure 30 The whole head mechanism 

 

7.2 Motions 

7.2.1 The Neck 

The specifications in section 4.1 of the neck mechanism are 3 DOF. The motions accomplished 

in the mechanism are neck pan, neck tilt and neck swing, shown in figure 31. The neck rotates 

around the three axes.   
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Figure 31 All the positions of the neck 

 

7.2.2 The Eyes 

In the eye motions 3 DOF are defined in section 5.1. The motions performed in the mechanism 

are shown in figure 32. The eyes produce rotations around two axes, the vertical axis and the 

horizontal axis. In the vertical motion the eyes move together and in the horizontal rotation the 

eyes make a separate motion.  

 

 

 

Figure 32 The various positions of the eyes 

 

 



32 

 

7.2.3 The Eyelids 

For the eyelid motions 4 DOF are established in section 6.1. The motions achieved in the 

mechanism are shown in figure 33. The eyelid rotates around two axes, two vertical axes 

perpendicular between them. Every eyelid has an independent rotation around every axis. 

 

 

 

Figure 33 All the possible motions of the eyelids 

 

7.3 Physical data 

The dimensions of the whole mechanism are 138 x 305 x 128.5 mm. The total weight is 663.32 

g (see calculation in equation 1), given by: the weight of the plastic pieces, the weight of the 

aluminum pieces, the weight of the three cylinders and the weight of the servomotors. 

According to SolidWorks program, the weight of the aluminum and plastic pieces is 184.22 g. 

The weight of the Futaba servomotors is 6.3 g each unit (Futaba, 2012a). Finally, the weight of 

the pneumatic cylinders is 145 g per cylinder (Richland, 2011).  

Weight = 184.22 g + (6.3 g x 7 u) + (145 g x 3 u) = 663.32 g                                        (1) 
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The mass center is calculated in SolidWorks, and it is situated in a distance from the ground of 

105.91 mm. 

The principal axes of inertia and the moments of inertia (MOI) measured from the coordinate 

system (see figure 34) were calculated as follows in equations 2, 3 and 4 by SolidWorks, where 

I is the moment of inertia of the rotating part of each joint about the rotating axis. The results of 

the equations are given in a matrix shown in equation 5. 

��� � ��� � � ���	
� � � ����
�����                                         (2) 

��� � ��� � � ���	
� � � ����
�����                                          (3) 

��� � ��� � � ���	
� � � ����
�����                                          (4) 

 

���� ��� ������ ��� ������ ��� ���� =  �6273527.72	 �341799.59 �6721.92	�341799.59 500655.28	 500655.28	�6721.92	 500655.28	 6394993.45	!                  (5) 

 

Figure 34 Representations of the axes and the center of mass of all the mechanism 
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8. Economic analysis 

This chapter contains an estimation of the product costs taking into account the 
manufacturing costs. 

8.1 Financial Model 

The development of the head mechanism also was studied from the costs point of view. The 

cash outflows costs include spending on product and process development.  According to Ulrich 

and Eppinger (2008), economical success will be achieved when more cumulative inflows than 

cumulative outflows are generated. 

The financial model was built by taking into account the direct and indirect costs to manufacture 

the robot head mechanism. Bamber et al. (2007) wrote about direct and indirect costs. Direct 

costs are the costs that can be identified specifically with a part of the project or with an activity 

related directly with the project in a high level of accuracy. The main direct costs are material 

and labor costs. Indirect costs are those costs that are not identified specifically with the product 

but are important, however, to be taken into account when calculating the total costs. Examples 

of indirect costs are equipment, rentals and energy costs.  

According to Bamber et al. (2007), there is another classification for the costs: inventoriable 

product cost (direct cost) and period cost (design, marketing, distribution and customers 

services). 

 

8.2 Estimation of the costs 

The estimation of the projected costs to manufacture the mechanisms for the neck, the eye and 

the eyelid movements of the robot was calculated on the basis on direct costs. The estimation is 

useful to calculate possible deviations in the budget for future changes of the final product. 

Table 5 shows the total manufacturing cost of one prototype of the robot mechanism. When the 

manufacturing is just for one unit the material utilization rate is around 10%. Material utilization 

rate is a ratio between material purchased and material consumed. The calculations for direct 

and manufacturing costs were made under the assumption of needing 8 hours worked per unit, 

according to a mechanical engineer.  

The data for the calculations were taken from different sources. The weight of the pieces in 

kilograms was calculated in SolidWorks program and the prices for these pieces were collected 

from CES EduPack Program. Direct labor data was obtained from Statistics Sweden (2011) and 

manufacturing overhead cost data from Beese (2006). 
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Table 5 Manufacturing costs (one unit) 

Direct material 

Plastic (16.2 SEK/Kg) ................................................................................................. 2.32 SEK 

Aluminum (16.8 SEK/Kg)  ......................................................................................... 0.61 SEK 

Brass (36.5 SEK/Kg)  ................................................................................................ 0.069 SEK 

Total material + Material not used (90%) ................................................................. 29.99 SEK 

Pneumatic cylinder (464.40 SEK/u)  ..................................................................... 1393.19 SEK 

Servo motors (175.26 SEK/u)  .............................................................................. 1226.82 SEK 

TOTAL DIRECT MATERIAL   ........................................................................ 2650.0 SEK 

Direct labor 

Metal moulders, welders, sheet-metal workers, structural-metal preparers and related workers 

(143.00 SEK/h) ....................................................................................................  1144.00 SEK 

TOTAL DIRECT LABOR ................................................................................ 1144.00 SEK 

Manufacturing overhead 

Enginery (263.63 SEK/h) .....................................................................................  2108.24 SEK 

TOTAL MANUFACTURING OVERHEAD .................................................  2108.24 SEK 

TOTAL COSTS  ................................................................................................. 5902.24 SEK 

 

In the case of constructing a large amount of units, for example, a production of 100 units, the 

number of worked hours needed would be less and the material utilization rate would be 

approximately 85%.  According to a mechanical engineer the number of hours with a 100 unit 

production are half, this means 4 hours per unit.  

In total, with a 100 unit production the costs are reduced by a 30%, as follows in Table 6. 
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Table 6 Manufacturing costs (100 units) 

Direct material 

Plastic (16.2 SEK/Kg) ................................................................................................  2.32 SEK 

Aluminum (16.8 SEK/Kg)  ......................................................................................... 0.61 SEK 

Brass (36.5 SEK/Kg)  ................................................................................................ 0.069 SEK 

Total material + Material not used (15%) ................................................................... 3.52 SEK 

Pneumatic cylinder (464.40 SEK/u) .....................................................................  1393.19 SEK 

Servo motors (175.26 SEK/u) ..............................................................................  1226.82 SEK 

TOTAL DIRECT MATERIAL  ....................................................................... 2623.53 SEK 

Direct labor 

 Metal moulders, welders, sheet-metal workers, structural-metal preparers and related workers 

(143.00 SEK/h) ......................................................................................................  572.00 SEK 

TOTAL DIRECT LABOR .................................................................................. 572.00 SEK 

Manufacturing overhead 

Enginery (263.63 SEK/h)  ..................................................................................... 1054.52 SEK 

TOTAL MANUFACTURING OVERHEAD .................................................. 1054.52 SEK 

TOTAL COSTS  ................................................................................................. 4250.05 SEK 
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9. Discussion and Recommendations 

This chapter analyzes the results of the project as well as the work process and the 
methods used in this project. Moreover, there are some recommendations for future and 
further works of the robot head. 

The aim of this project was described in section 1.4 as to design and present a 3D CAD model 

of the inner structure of a robot head i.e. to present the motion mechanism of the neck, eyes and 

eyelids in a simple and efficient way. The outcome from the project is one mechanism which in 

a simple way allows the motions with the required degrees of freedom given in the 

specifications. The mechanisms are presented by a 3D CAD model where all the movements 

were tested. The mechanism accomplishes enough motions to express feelings in order to be 

used as a prototype to research the interaction between human and robot. 

The process that followed, the so-called Front-End Process, has been efficient. All the steps 

described in section 3.1 have helped to carry out the project with satisfactory results. The use of 

the 3D CAD tool has been a big help to verify that the concepts achieve the movements 

specified and to make the design process easier. There was a rescheduling of the plan is some 

occasions due to the process was not divided into three sections at the beginning (neck, eyes and 

eyelids) and the neck part needed more time than initially expected. The division of the project 

was indispensable in order to carry out the design process and the report writing both at the 

same time. 

Due to the fact that this project belongs to a larger project that is going to be developed in the 

future, bellow listed points should be of necessary to consider. 

The neck mechanism consists of three actuators. The bottoms are fixed to the lower base at the 

end of each actuator. In that way the height of the neck is larger. Thus, the lower base should be 

installed inside the chassis of the robot’s body in order to decrease the height of the neck. 

The actuator chosen in the neck is pneumatic cylinder and this mechanism needs a compressor 

and system of sensors. In order to remove these two needed pieces, it could be possible choose 

the mechanic cylinders. It is necessary a mechanic actuator of 10 mm diameter and 35 mm 

stroke. Also to consider that it could be possible to change the height of the central column. 

In the eye mechanism, the actuator that allows the rotations upward and downward is not a 

planar four-link mechanism, and in this way the rotations are not as exact as in planar 

mechanism. However, it is possible to have a four-link mechanism holding the actuator in the 

position aligned with the axis of rotation and increasing the measures of the mechanism. 
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The actuators and servo motors for the mechanisms were chosen under the criteria of saving 

space. Nevertheless, there are other brands in the market where it will be possible to find other 

models of actuators cheaper. 

The material chosen for the pieces are aluminum and plastic due to the good physical properties. 

However, in order to decrease the costs could be possible study others materials. 

The calculations for the costs are just estimations. The data prices were taking from internet, but 

it will be possible to recalculate the estimations just changing the prices.  

The fact of adding more features in the face, such as the mouth and the eyebrows mechanisms 

could provide to the robot more DOF, this means more mechanisms to express feelings. 

With more time it could be considered think about other possibilities or changes in the concepts 

developed. 

In conclusion, the final model is a humanoid head with motions in the neck, the eyes and the 

eyelids. The humanoid head could be used to experiment and study the interaction between 

humans and robots. The robot has personality and is able to express feelings.  
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