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The paper presents the Mechatronic System for 
Environmental Medical Rehabilitation RELIVE 
project. The design and execution of this system is 
achieved firstly by designing and manufacturing the 
scale RELIVE Experimental Model used is to develop 
and upgrade the actual model (RELIVE) and to be 
able to present it to the public in a minimalist manner 
in case of release on the market of the product. 
RELIVE project promotes the use of commercially 
available equipment for building its rehabilitation 
mechatronic complex and, in that way, making it 
marketable. The project’s main goal is to realize an 
artificial habitat, created using new, innovative 
technologies to increase the efficiency of physio-
neuromotor rehabilitation and to stimulate the 
adaptation to natural environment conditions. The 
results obtained are the ones pursued by our goals. 
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The prosthetic hand has failed to modernize with the 
remainder of most medical technological 
breakthroughs. Furthermore, what is available is 
undesirable and unaffordable to most, which presents 
an issue for a high number of recipients that require the 
appendage. The solution to this is to utilise a new 
technology; 3D printing, whilst feeding off the positives 
of open source material now available on the internet. 
Taking ideas from past designs and going against the 
modus operandi, the team could agglutinate the useful 
and admired characteristics – based on market research 
– and eliminate some of the more unfavourable 
properties in the process without becoming too quixotic. 
The results are ongoing, as the project is still in 
operation. However, as the team work towards the 
deadline with assiduous detail, more tweaks and new 
ideas fuel the path to amelioration. An early conclusion 
would suggest that the details within the document, and 
the design itself, very much possess the potential to 
achieve all the objectives set by the team. 
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The main aim of the project is to create a new space 
for people to enjoy their break in an outdoor 
environment. This place has to be created by using a 
parametric design process, so that we can use all the 
space we have at our disposal. Grashopper is going to 
be used mainly for this project, being one of the best 
softwares solution in the industry. In this article we 
will focus on the parametric desing methods in 
regards to urban furniture. The documentation it is the 
most important because everything depends on it when 
referring to the parametric process of design. For our 
site we will be using agent based design to emulate the 
system and to be able to divide the space properly. 
Based on the results of this study the project group 
made a plan for the area and designed the outdoor 
furniture with the help of the parametric solution. 
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ABSTRACT: The paper presents the Mechatronic System for Environmental Medical Rehabilitation 
RELIVE project. The design and execution of this system is achieved firstly by designing and 
manufacturing the scale RELIVE Experimental Model used is to develop and upgrade the actual model 
(RELIVE) and to be able to present it to the public in a minimalist manner in case of release on the 
market of the product. RELIVE project promotes the use of commercially available equipment for 
building its rehabilitation mechatronic complex and, in that way, making it marketable. The project’s 
main goal is to realize an artificial habitat, created using new, innovative technologies to increase the 
efficiency of physio-neuromotor rehabilitation and to stimulate the adaptation to natural environment 
conditions. The results obtained are the ones pursued by our goals. 
 

KEY WORDS: RELIVE, mechatronic system, medical rehabilitation, simulation. 

 
1. INTRODUCTION 

The project is the design and production of a scale 
RELIVE MODEL (RM) that simulates the RELIVE 
system. RELIVE (Fig.1.) aims to obtain a complete life 
simulator, in identical conditions as environmental ones, 
with the advantage of constant monitoring and safety 
conditions. The medical approach is new, by safely using 
the concept of active motion in a controlled environment 
identical, as per components and complexity, with the real 
patient's living environment. To achieve this goal, the 
project generates new technical solutions (mechanicals, 
command and control, software) and medical ones 
(medical rehabilitation). The objectives of RM are to 
improve, update and present to the public the product in 
case of release on the market. 

The project was realised in partnership between 
University Politechnica of Bucharest (as Project 
Coordinator) and other four partners from which the main 
one is Elias Emergency University Hospital – EEUH (as 
beneficiary) and other tree small, medium and large 
commercial Romanian enterprises. 

EEUH was established in 1936 as part of the 
bequest of Jacques Elias, a well-known businessman and 
intellectual, to the Romanian Academy. At the same time, 
Elias Emergency University Hospital established a 
partnership with the Emergency University Hospital in 
Bucharest. Elias Emergency University Hospital is a 
public healthcare services institution. 

 

 

The project was financed by Romanian Government and 
the cost was of one million euros. 

 
 

 
Fig. 1. RELIVE System 
 

2. STATE-OF-THE-ART 

Mobility impairments are among the most common 
consequences of strokes. Material and social costs are 
very high and, most of the time, patient’s life changes 
dramatically. 
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Current status and innovation envisaged by the RELIVE 
project are overviewed on composition of the 
rehabilitation cell, derivation of the robot control 
programs, addressing standards. 

 

3. THE STUDY AND ANALYSIS OF THE 
SYSTEM – DESIGN METHODOLOGY 

This chapter presents the main design steps of the 
RELIVE Experimental Model. 

3.1. Version I 

The first version’s design is represented in Fig.2. below: 

 

 

 

 

 

 

 

 

 

 
Fig.2. Version I Design 

 
The moving parts are guided by wheels actuated by a 
system of motors transferring movement by cables. 
The cables were replaced by a system of pulleys and belts 
and at the beginning the system of wheels were kept (Fig.3, 
Fig.4.): 

 

 
Fig. 3. Sledge 

 

 
Fig. 4. Sledge Mounted on Mechanism 

 

The two pulleys are coupled by a shaft to create the same 
rotation at the same time. The moving part will   translate 
simultaneously without angle of deviation caused by 
differing coordination. Just one motor will create one 
movement. 

 

 

3.2. Version II 

The second version’s design is represented in 
Fig.5. as shown below: 

 

 
 

Fig. 5. Version II Design 
 
Considering   that   the   printing   should  have dimensions  
of 180 (L).180(W ).( 200 (H) mm, it was decided to 
simplify the system. 
The system of wheels did not provide enough support 
therefore it was replaced it by a system of slide (Fig.6.). 

Fig. 6. Slide Guide LLMHS 7 TA SKF 

The frame was simplified in order to obtain 
one part for the 3D printing and reduce 
consumption of material (Fig.7). 

 

 
 

Fig. 7. Version II Frame 
 
 
 



 

 TEHNOLOGIA INOVATIVĂ – Revista „Construcţia de maşini” nr. 3- 4 / 2017                             7   

3.3. Version III 

The third version’s design was the final design is 
represented in Fig.8. and in Fig.9. a) and Fig.9. b) is 
represented the pulleys system from two different views: 

 

 
Fig. 8. Version III Design 

 

 

Fig. 9. a) Pulleys Adjustment In 

4. MODEL MANUFACTURING 

A miniature motor was found to work in reference to 
the calculations shown below. 

To be sure of the parameters of the motors, the 
friction of the slide was calculated. 

Firstly, the frame was printed (Fig.10.): 
 

 

Fig. 10. Printed Frame 

It was found that to calculate the friction it should be 
over-estimated to 5% although it is 3% of the weight in 
most cases. 

In the CAD the weight of the system was estimated 
using ABS materials for most of the components. For the 
printing the material used was Z-Ultrat (Ref) being more 
resistant than ABS but with approximately same weight. 

The total mass of the moving elements was found to 
be of a weight of 160g and over-estimated to 200g. The 
calculations made are (Fig.11.): 

 

 

 
 

Fig. 9. b) Pulleys Adjustment Out 
 
In the final version, the systems of pulleys-belt with four 
pulleys were chosen. One is linked with the motor and 
creates the movement. The one in the oblong hole has the 
goal of adjustment due to the fact after many uses of the 
system the belt will relax and not create the link properly. 
Therefore, the positions of the pulleys have to be adjusted 
to tighten the belt. 
The two bottom pulleys are sustained by the small bearings 
in the frame. The pulleys are  rotated by a miniature motor. 
On the opposite side the two pulleys are mounted in the 
frame with a screw nut, moreover there is a space between 
the nut and a circlip to let the pulley operate. 

Fig. 11. Torque Motor Calculation 

W  m  g  0.2  9.81  2 N   (1)
 

Ffriction = 5/100 2N  Fjo int  0.11 N  (2)
 
T   Ffriction 5 pulley  5.5 104 Nm  (3)
Tmotor 2 105 Nm    (4) 
 

Tmotor is the value of Maximum efficiency torque 
that the motor can operate at before the shaft stalls.  
The value obtained from the RM System calculation falls 
below this value therefore motor MM28 is sufficient. 
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Finally, the components were printed and assembled 
according to the final design version (figures 12 and 13). 

 

 

Fig. 12. Printed Slides 

 
 

 

Fig. 13. Assembly 

 

5. CONCLUSION 

To conclude the evolution of the model it ends with 
the version III because it provides the most functional and 
well looking design. This model provides the most reliable 
and smooth movement of the model parts in order to 
explain working principle of the whole system. As for 
future work, the whole system will have autonomous 
motion in X and Y direction as shown in the real RELIVE 
system. Therefore, the customer and the patient will be 
able to better understand the manner in which they will 
participate in the movement of the system. Moreover, they 
will be able to take the most out of the system which will 
lead to fast, harmless and effective rehabilitation of a 
patient. 

In the future the RELIVE system needs a 
modification in order to minimalize the weight of moving 
elements, due to that the system will obtain higher 
accuracy and will be less prone to failure. To obtain it, 
simulations will be performed to visualize how the whole 
system can be operated while all motors and heavy 
elements will be removed from moving elements. All 
movement and forces will be translated, to make the whole 
system functioning properly, via set of belts, pulleys and 
chains. The whole set of movement must be preserved 
with the same or higher accuracy, velocity and acceleration 
as at the current system. 
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7. ANNOTATIONS 

W - Resultant weight of the moving part 
m - Total mass of the moving part 
g - Gravitation acceleration 
Ffriction - Total friction 
Fjoint – Friction of slide guide 
rpulley – Radius of the pulley 
Tmotor - Maximum efficiency torque 
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ABSTRACT: The prosthetic hand has failed to modernize with the remainder of most medical technological 
breakthroughs. Furthermore, what is available is undesirable and unaffordable to most, which presents an issue 
for a high number of recipients that require the appendage. The solution to this is to utilise a new technology; 3D 
printing, whilst feeding off the positives of open source material now available on the internet. Taking ideas from 
past designs and going against the modus operandi, the team could agglutinate the useful and admired 
characteristics – based on market research – and eliminate some of the more unfavourable properties in the process 
without becoming too quixotic. The results are ongoing, as the project is still in operation. However, as the team 
work towards the deadline with assiduous detail, more tweaks and new ideas fuel the path to amelioration. An 
early conclusion would suggest that the details within the document, and the design itself, very much possess the 
potential to achieve all the objectives set by the team. 

 
KEYWORDS: technology, prosthetic hand, research, medical domain 
 
 

1. INTRODUCTION 

The aim of the project was to design, construct and 
test a prosthetic hand that responds to human action 
– touching and shaking hands. The idea is that the 
design, which is completely open source, can be 
modified by any other engineers to suit the medical 
needs of the individual who requires the artificial 
appendage. The new design builds upon the common 
method of electrically actuated hands, whilst 
improving the negative design aspects of current 
models: bulky, heavy, expensive and aesthetically 
unappealing. To achieve these objectives, most of the 
prosthetic was created using a 3D printed filament; 
substantially reducing costs and the need for 
outsourcing all components. All of which began on 
03/03/2017 and was to be completed by 07/06/2017. 

Limited only by budget and timescale, the project 
was undergone by a research team consisting of 4 
multinational and multidisciplinary students – 
offering experience from mechanical and industrial 
design engineers. Each student provided a different 
perspective on how to meet the project objectives and 
come to the final solution, due to the varied 

knowledge and socio-cultural backgrounds; of which 
resulted in a congregation of new ideas and 
techniques. 

2. DESIGN SPECIFICATION 

Using the Mojo 3D by Stratasys to print all plastic 
components of the product, we could place a limit 
on the dimensions of the largest printed piece – 
the palm. As the palm was the largest individual 
section, it was to provide the basis for the fingers, 
thumb and wrist; which would stay relative to its 
size, whilst remaining true to the research on 
anthropometrics. Based on the 112.7 mm3 
working area within the printer, the team agreed 
upon the following dimensions: 

 

- Size (mm) 

Maximum height of 
palm 

110 

Maximum finger length 90 
Wrist length 60 

Component wall 
thickness 

3 

       Figure 1. Principal dimensions   
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Each dimension is the idealised approximation of what 
is possible by the printer; 1 printing layer amounts to 
0.178mm, which in turn amounts to 56 layers at 
9.968mm (closest value to 10mm). However, these 
differences are too miniscule to have any effect on the 
strength of the design, and can be considered 
negligible. 

3. INITIAL RESEARCH 

Staying precise to the mechanics of the product, it 
was important to gather the necessary and detailed 
research into the way prosthetic hands operate. The 
basic principle of the prosthetic appendage is to help 
the recipient achieve the common everyday tasks 
that they would usually accomplish without the 
disability. To effectively collect all vital 
information, the following members were tasked 
with finding the accompanying information: 

3.1 TYPES OF DESIGN 

Before a type of design could be pursued by the 
team, sufficient information was gathered on 3 types 
of actuation: pneumatic, hydraulic and electric. 

3.1.1. PNEUMATIC ACTUATION 

Works by pressurising air through a series of sealed 
chambers to contract and retract the hand in a 
clasping motion. In the most common designs, each 
finger and thumb represent the hollow chamber 
which the air is fed into; desired pressures are 
attained using a series of pressure relief valves, 
negating the use of sensors to maintain gripping 
force. Pressurised with an air compressor, and power 
by a small DC motor. To obtain a more intricate 
distribution of freedom for each finger and thumb, 
valves are placed at the entrance to each chamber – 
operated by a closed-loop control system. 

 

Figure 2. 3D printed Soft Robotic Hand, 201), 
developed by Rob Scharff, Delft University of 

Technology 

 
 
 
 

 
3.1.2. HYDRAULIC ACTUATION 

Like the pneumatic design, hydraulic builds on the same 
principle apart from using a fluid instead of a gas. 

 

 
Figure 3. Hydraulic ExoHand, 2017, developed 

by Festo 
 

3.1.3. ELECTRICAL ACTUATION 

Works using motors to transfer electrical energy 
from a power source to mechanical work, pulling on 
cables that replicate muscle tendons to open and 
close each finger. The most common and favoured 
method of actuation – the hand can be powered 
multiple ways depending on design and purpose. As 
only 1 motor is required for one distribution of 
freedom, the most basic design (opening and closing 
the entire hand) needs only 1 DC motor: the fingers 
contract as the motor pulls the cable, and retract 
when the direction is changed. And, building on that 
principle, each distribution of freedom requires 1 
motor; for example, 1 for each finger movement and 
2 for the thumb would require 6 motors. This makes 
electrical actuation unique to the other types, as with 
multiple sources of power we can conduct multiple 
finger and hand movements with greater ease. 

 

Figure 4. Finger mouvement, by Zhe Xu 
and Emanuel Todorove, University of 

Washington, 2016 
 

3.2. KEY DIFFERENCES 

Despite all 3 designs achieving the same result, there 
are some fundamental differences in their operation 
and the benefits that each type provides. Whilst 
pneumatic and hydraulic operate faster than electric 
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– in addition to saving energy in the process – they 
are prone to leaks and require frequent maintenance: 
compressors  require  changing,  resulting  in  a less 
cost effective product. Furthermore, as the electric 
model provides the most aesthetically pleasing 
design (all components can be concealed within the 
casing) many recipients prefer it; opposed to 
pneumatic and hydraulic, in which all pressurised 
cables protrude the appendage. On the other hand, 
hydraulic can operate at greater pressures than the 
other models, although the delivered forces are 
superfluous to the requirements of the prosthesis. 
Hydraulic also weighs the most, which makes it an 
undesirable option to children or amputees that do 
not possess the necessary strength to use it. 

4. RATIONALE ON CHOSEN DESIGN 

It was vital to decide as a team which method of 
actuation was suitable for the product; achieved 
using a design matrix. The chosen design was based 
on a group analysis of the most important factors that 
must be considered for each type: 

Safety (10) – a crucial aspect of the product, it is 
important to put the recipient’s safety as our top 
priority. 

Cost (9) – the second most important factor; the 
budget is non-negotiable and is one of the few limits 
placed upon the project. It is essential to lower the 
costs of the appendage as much as possible as to 
make the finished product available to a great 
volume of recipients. 

Energy efficiency (8) – as most current designs are 
not particularly energy efficient, the team thought it 
was imperative to improve upon this factor in the 
new design as to offer something better than what is 
widely available. 

Manufacturing capability (8) – it is necessary to first be 
able base the design around what it physically 

possible to construct; taking our tools and technical 
experience into consideration. 

Durability (8) – the appendage must be made to last 
for the benefit of the customer and the design team, 
as the brand must come with a degree of reputation 
to ensure the recipients know the quality of our 
product. 

Lifespan (8) – it is essential that the product is made 
to last, however the expectation of a plastic device 
used throughout a person’s daily life is that 
eventually it will fail due to fatigue. Material choice 
will compensate this issue, although some designs 
tend to have greater lifespans than others. 

Maintenance (8) – throughout the products lifespan 
there will be necessary maintenance checks and 
improvements, however the extent to this process in 
terms of time and resources is independent to the 
method of actuation. 

Aesthetics (7) – the least important factor in the 
process yet still an extremely relevant one, aesthetics 
is a factor that has a large impact on sales and 
whether the recipient wishes to wear the device. 

4.1. DESIGN MATRIX 

The factors were placed into a design matrix, where 
they were multiplied by the rating agreed upon by 
the group. For example, safety was given a factor 
rating of 10 and pneumatic was given a 4 for safety 
on a scale of 1 to 10 (1 being the worst, 10 the best); 
the total rating is then 40. Each design was rated on 
each factor and the sum of each was compared – the 
higher the number the better the overall design in 
relation to our objective. 

 
 

Factor Importance Pneumatic Hydraulic Electrical 

Safety 10 4 3 9 

Cost 9 6 6 5 
Electrical 
efficiency 

8 7 7 5 

Manufacturing 
capability 

8 7 7 9 

Durability 8 5 4 8 

Lifespan 8 7 6 9 

Maintenance 8 4 4 8 

Aesthetics 7 5 5 9 

Total - 369 343 510 
Figure 5. Rating factors in matrix 



 

 TEHNOLOGIA INOVATIVĂ – Revista „Construcţia de maşini” nr. 3-4 / 2017 11    

 
 

4.2. MATRIX EVALUATION 

Ranking 2nd on the matrix, pneumatic received high 
scores in electrical efficiency, manufacturing 
capability and product lifespan. In terms of electrical 
efficiency, the only use for electrical energy is the 
small motor which powers the compressor and the 
control system (if incorporated into the design); in 
comparison to electrical actuation, which requires 
more energy as it contains more electrical 
components. In relation to manufacturing capability, 
the team is more than capable of dealing with the 
pneumatic technology – as 2 members have 
experience in this line of work. And, for lifespan, the 
pressurised substance (air) does not operate at high 
enough pressures to be considered corrosive to the 
inner tubes and chambers of the prosthesis, giving it 
a higher rating than hydraulic; which does contain a 
pressurised corrosive substance. The pneumatic 
design failed to score high on factors such as safety, 
durability and maintenance – due to the protruding 
pressurised tubes and their prone to leakage. 

Last on the scale was the hydraulic design, which 
failed to score high in areas such as safety, durability 
and maintenance for the same reason as pneumatic. 
The design is less safe than pneumatic as unlike air, 
the level of pressurised water necessary to grip 
objects with the hand could damage the recipient if 
they were to fail. And, like pneumatic, the hydraulic 
design is as efficient – its most desirable factor – as 
electrical energy is only needed for few components. 

The type of actuation that scored the highest on the 
matrix was the electrical, which can be seen on the 
graph as holding a greater share awarded points. 
This is due to its high scores in safety, 
manufacturing capability, lifespan and aesthetics. 
The design scored high in safety due to its lack of 
hazardous components, unlike the other 2 which are 
prone to leaks and failure which can cause damage. 
All electrical components are safely placed into the 
wrist or the palm of the design, secure from contact 
with the recipient; in case of failure, the product 
would simply stop working. In relation to 
manufacturing capability, all team members have 
access to all the necessary equipment and are 
experienced in working with electronics, 2 have 
further studied the use of control systems that is 
essential in its operation. And, as all components can 
be stored within the prosthetic, the aesthetics of the 
product is limited only by the designer’s imagination 
– scoring it the highest of the 3. However, the 
method of actuation failed to score as high as the 
others in the cost and electrical efficiency factors. 
This is due to the initial high price in outsourcing 

electrical components, and the need to power them 
to active movement in the appendage. 

 
Matrix Total 

 
 
 
 
 
 
 
 
 
 
 
 

343 
 

Pneumatic Hydraulic Electrical 
 

Figure 6. Matrix Total 

4.3. DESIGN JUSTIFICATION 

Based on the results of the design matrix and the in- 
depth analysis conducted by the research team, the 
chosen method of actuation was electrical. As 
previously stated, electrical holds more benefits than 
the other choices – which is why its universally the 
most favoured design for prosthetics. It has 
negatives such as efficiency and initial cost, however 
that is an aspect that can be improved upon by the 
team: a more efficient design and saving costs by 3D 
printing most of the components. 

5. MARKET RESEARCH 

Prior to any decisions by the group on which 
direction to take the product, research was 
conducted into the prosthetic hand market to 
discover what exact qualities the recipients were 
looking for in an appendage. 

 

HAND INJURIES ACCOUNT FOR 1 IN 3 
INJURIES AT WORK IN THE U.S. 

 

 
 

Figure 7. Percentage of hand injuries 

33% 

67% 
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The human hand is an important tool in everyday life 
and its loss can cause severe psychotic problems for 
those so unfortunate, as amputees lose the ability to 
use body language gestures and their will to 
physically express instinctive emotions. In the US, 
there are 61,100 people with this issue, making it the 
most common amputation. Moreover, in the EU, 
57% of all upper body amputations are transradial. 
For the most part, the cause of the amputation is due 
to ill health: infection, tumours, and cardiovascular 
problems. Although, a minute portion are attributed 
to traumatic accidents – less than 0.1% in the EU 
occur in the workplace. 

The prevalent issue with the prosthetic hand is that 
large portion of amputees choose not to use their 
appendage, due to its poor cosmetic appearance and 
low functionality – a recent study found that 
somewhere between 30% and 50% of recipients 
refuse to use their prosthesis based on these issues. 

5.1. PAST DESIGNS 

To better accustom the team with what else was 
available on the market, we took inspiration from the 
following designs, shown in Figure 4. All the 
designs were open source, however none of the CAD 
files were used in our new design. 

 
Name Pictures Types of Files Potential Actuation Finger Movement Comments DoF 

 
 
 
 
 
 
Inmoov  

 
 
 
 
 
Stl, STEP 

 
 
 
 
 
Servos(5) 

 
 
 
 
Cables, independent 
movement for each finger 

 
 
Servos out of the 
hand (in the arm), 
mechanics parts, 
slow movement 

 
 
 
 
1 each finger 
and 2 thumb 

 
 
 
 
 

Hookhand 

  
 
 
 
 
Stl 

 
 
 
 
5 servos with rolled 
cables. 

 
 
Cables and servos for 
actuating, memory shape 
plastic for returing to 
original shape. 

Good way to join 
the parts of the 
finger using 
memory shape 
plastic instead of 
elastic cables. 

 
 
 
 
1 for each 
finger 

 
 
 
 
 
FlexyHand 

  
 
 
 
STP, STEP 

 
Fingers open Frictionless 

1 motor required   automatically, no return   articulation and to 
close all tendons or springs adaptive grip on 
fingers needed irregular objects 

 
 
 
1 for each 
finger 

 
 
 
 
Raptor 

  
 

 
Stl 

No actuator, 
cables, wrist 

movement closes 
fingers 

 
 

 
Grasping motion 

Wires are 
uncovered over the 
palm, no need 
actuators 

 

 
1 for each 
finger 

 
 
 
 
 
 
 
 
 
 

 
Tact 

  
 
 
 
 
 
 
 
 
 
no files 

 
 
 
 
 
 
5 scap 16 
Coreless DC 
Gear motor with 
rolled metal 
cables. 

Interesting mechanism, that 
needs little movement to 
actuate 
every finger. 

 
 
 
 
 
 
 
 

All the motors 
inside the palm. 

 
 
 
 
 
 
 
 
1 for each 
finger and 2 for 
the thumb 

 
 
 
 
 
 

Prosthetic 
hand 

  
 
 
 
 
 
 
STEP 

 
 
 
 
 
 
 
Cables 

 
 
 
 
 

Fingers are moved by 
shoulder abduction, no 
actuators 

 
 
 
 
 
 

Operated 
manually 

 
 
 
 
 
 

1 for each 
finger, 

 
 
 
 
 
 

 
Mechanic 
hand 

  
 
 
 
 
 

 
STEP 

 
 
 
 
 
 

 
Cables 

 
 
 
 

 
Cables to actuate by 
shoulder harness worn by 
the amputee 

 
 
 
 
 

 
Good finger 
movement 

 
 
 
 
 

 
1 for each 
finger 

Figure 8. Actuation analyse for mechanic hand mouvement 
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Favoured most by the team in terms of aesthetics 
was the first design by InMoov. It is also the most 
professional looking and thorough tested design on 
the list, the mechanics are what is needed in the 
future of bionics due to its variability in human 
action. On simplicity of automation and 
functionality, the team showed interest in design 3 
by FlexyHand. Although it only has a single degree 
of freedom for its thumb, in contrast to InMoov’s 
two, it offers a good base point for further 
development. 

It is also important to mention the interested shown 
for the Tact design, as its ingenious method of 
mechanical function made the use of cabled 
obsolete, however we were unable to source the 
specialised screw motor to actuate the fingers. 

5.2. QUALITY/SUCCESS CRITERIA 

Functionality – Given the expectations and 
performances by other prosthetic hands on the 
market, the new design must remain fully functional, 
more efficient and save the recipient on cost in the 
process. Moreover, it is important that the product 
can function for a reasonable amount of time with 
low to no maintenance, as to maximise customer 
satisfaction of the device and to maintain comfort in 
its everyday use. Failure to do so will result in failure 
of the research team’s objectives. 

Maintainable – The product is designed in a manner 
which makes it simple to maintain and replace 
broken printable components. The palm is a single 
piece which can be cheaply and easily replaced 
when damaged, along with the fingers which can be 
detached and reattached in minutes if the spares are 
available. Likewise, the wrist can be opened to 
expose any faulty electrical components, a process 
that is simple and takes no expertise. Components 
under the most stress, cables and snap pins, must be 
supplied in spares as they are the most likely to fail 
under fatigue. The success of the appendage depends 
on the simplicity of maintaining the device, as 
anything too complicated is likely to fail. 

Co-operation – Co-operation is imperative for the 
success of the product as its essential to discover the 
needs of the individual and meet the general needs 
of recipients. It would be logical to partner with 
other engineers and medical professionals 
(including research and technology sharing) in the 
future when taking the prosthetic to the next design. 

Design 6 and 7, Prosthetic hand and Mechanic hand, 
were studied on their appearance and functionality 
as opposed to their methods of actuation. 
Particularly the fingers, as their frictionless closure 
helps to restrict the effects of fatigue on the joints. 

Lastly, Raptor helped to solve an easy solution to the 
snap pins to hold the joints, and HookHand to shape 
the palm. The inspiration of these designs can be 
easily recognised in the design. 

stage. To achieve our objectives in the long-term, 
this process will need to be revaluated along each 
step of co-operation. 

5.3. CONSIDERATIONS FOR NEW DESIGN 

In relation to the results gathered by the design 
matrix and the market research, the team proposed a 
list of potential design improvements to incorporate 
into the new prosthesis: 

 Lightweight and visually appealing 
 Easy to maintain 
 Remain cost effective 
 Efficient material selection (best suited for 

purpose) 
 Innovative sequence of electric 

components to cut back on energy 
demands 

6. ANTHROPOMETRICS 

Anthropometric data is the study into the 
measurement and proportional averages of the 
human body. This data proved useful for the 
prototype in establishing a basis for component sizes 
and how to attach the corresponding actuating parts 
in a common manner to the product. After the 
common sizes are modelled, it is simpler to adapt 
that model to the individual later. 

The following table represents a study by the DTI, 
2002, conducted into the hand anthropometry of 
men and women: 
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– Gender 5th 

percentile 
(mm) 

50th 

percentile 
(mm) 

95th 

percentile 
(mm) 

Hand length Male 173 – 175 178 – 189 205 – 209 
Female 159 – 160 167 – 174 189 – 191 

Palm length Male 98 107 116 
Female 89 97 105 

Thumb length Male 44 51 58 
Female 40 47 53 

Thumb breadth Male 11 – 12 23 26 – 27 
Female 10 – 14 20 – 21 24 

Index 
finger 
length 

Male 64 72 79 
Female 60 67 74 

Hand breadth Male 78 87 95 
Female 69 76 83 – 85 

 
Figure 9. Study by the DTI, 2002, conducted into the hand anthropometry of men and women 

 

The data presented above helped to create the measurements for our prosthesis in accordance with the printer’s 
specification. For example, the 50th percentile of the male hand stands at 107mm, whereas the printer’s cubic area of 
operation was 112.7mm; 110mm being the approximated midpoint. The excess also allowed room for post process 
sanding, which has the potential to remove 1mm to 2mm of material whilst remaining within the anthropometric range 
of measurements. Figure 5 below allows the reader to better understand the details of each set of dimensions: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 10. Hand anthropometry, 2015,by Forensic Science International Journal
 

 

7. MATERIALS 

Prior to the selection of the printing filament, sufficient research 
was conducted to find the best solution for the requirements; taking 
into consideration the budget and resource availability. The 
following materials were investigated: 
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Plastic filament Properties Strength Durability Printing 

temp ℃ 
Heated bed 

temp ℃ 
Acrylonitrile 

Butadiene 
Styrene (ABS) 

Durable, slightly flexible, easily 
extruded and lightweight. 

★★ ★★ 210 – 
250 

50 – 100 

Polylactic Acid 
(PLA) 

Biodegradable, moderate strength 
and durability. 

★★ ★★ 180 – 
230 

N/A 

Polyamide 
(Nylon) 

High strength and flexibility, 
lightweight, wear resistant and non- 

soluble. 

★★★ ★★★ 220 – 
260 

50 – 100 

Polyethylene 
Trimethylene 
Terephthalate 

(PETT) 

Transparent, high strength, 
biocompatible, lightweight, impact 

resistant and flexible. 

★★★ ★★★ 235 – 
240 

N/A 

Polyethylene 
Terepthalate 
Glycol (PETG) 

Biocompatible, lightweight, high 
impact resistance and extremely 

durable. 

★★ ★★★ 220 – 
235 

N/A 

Polycarbonate 
(PC) 

Great strength and impact 
resistance, tough, can withstand 

high temperatures and tough. 

★★★ ★★★ 270 – 
310 

90 – 105 

Figure 11. Materials for printing filament 
 

ABS – a cheap thermoplastic, the filament offers the 
quality standard required in the design. However, 
ABS can produce intense and damaging fumes 
during the printing process and must be 
compensated for with the necessary ventilation 
equipment. 

PLA – the most favoured filament for unexperienced 
manufacturers, and common for food storage since 
its derived from natural materials like corn starch 
and sugar cane, PLA contains moderate durability 
and strength properties. However, the material 
possesses a high surface hardness and is prone to 
snapping at yielding stress due it its high level of 
brittleness. 

Nylon – very cost effective, the material contains 
high strength and durability properties (less brittle 
than ABS). However, the filament quickly absorbs 
humidity from the environment and should be 
protected from such an occurrence. Furthermore, 
some shrinkage is to be expected upon setting and 
must be compensated for in the design. 

PETT – as the material is transparent, the design 
possibilities are heightened; or consequently, could 
alienate potential customers as they might not want a 
robotic looking appendage. However, as the material 
is biocompatible, it makes for a good prosthetic 
filament. Also, like nylon, shrinkage is to be 
expected upon setting. 

PETG – with greater flexibility and durability than 
ABS, PETG seems a more favourable option. 
However, it is considerably more expensive and 
requires greater time and skill to print.  

The filament is also prone to deformation if exposed to 
humid environments, in addition to weakening when 
exposed to long periods of UV light. 

PC – offers the greatest strength and impact resistance 
properties out of the other filaments, PC can also 
withstand ambient temperatures of up to 100℃. 
However, the finished product shrinks when cooled, and 
requires an enclosed chamber for slow cooling – 
preventing warping and deformation. 

In addition to the above materials, the research team 
also considered the use of Shape Memory Polymers 
(SMPs). SMPs can change shape under the influence 
of an external stimuli: temperature, light, electricity, 
and magnetic fields. To achieve shape memory 
effects (SMEs), the polymer should have one 
transition point, such as glass transition temperature, 
crystal-melt transition, etc. To achieve triple or 
multi-shape changes in SMPs, two or more 
reversible transition points are needed, triple-shape 
memory structures can be achieved by fabricating 
the composites materials which have well-separated 
glass transitions points. 
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7.1. RATIONALE 

Based on the two project limitations – cost and time 
– it was not possible to use shape memory polymers, 
polycarbonate or PETG. SMPs require a large 
amount of time and resources to find the correct 
solution, which unfortunately the team did not 
possess; PC and PETG were out of budget. 
Moreover, PETT and nylon are particularly difficult 
to print and require extensive design tweaks and 
testing – taking up too much of the projects time 
scale. Nylon remains a reliable and cost effective 
material which could be used in future designs 
depending on time restrictions. Leaving only ABS 
and PLA: the materials are the cheapest and the most 
available printing filaments on the list. However, as 
PLA is too brittle to maintain the stresses acting on 
the product, it could not be considered in the design. 
Ultimately, it was ABS that satisfied all the 
necessary design characteristics with its properties. 

8. CAD DESIGN 

In accordance with the research gathered by the 
team, the following 3D designs were created on 
SolidWorks: 

 

 

Figure 12. 3D design in SolidWorks (1) 

 
The above design utilises the positive characteristics 
from the evaluated research data – easy to assemble, 
aesthetically pleasing and life like palm to create 
ambience with its user. 

 

Figure 13. 3D design in SolidWorks (2) 

Figure 13 shows the importance of the cable 
channels on the bottom of the palm, along with the 
connection to the wrist which is still in the 
developing stages. The channels will house an 
elastic cable that can contract and retracting the 
fingers and thumb. 

9. PRINTING 

Immediately after the design was finalised, the 
project moved to the printing stage; this was crucial 
to establish any errors in the design as to avoid time 
consuming corrections towards the deadline. 
Examples of printed components are shown below 
in figures 14 and 15: 

 

Figure 14. Examples of printed components (1) 
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Figure 15. Examples of printed components (2) 

11. FINGER ASSEMBLY AND 
FORCE TESTING 

The first prototype of the fingers after assembly is 
shown below: 

10. POST PROCESSING 

Prior to printing, some corrections were made, 
which was expected. The corrections were made in 
the workshop by the team, as opposed adapting the 
design, only to establish a solution and to avoid 
wasting more material by reprinting at this stage. 
Shown on figure 15 is the support structure that the 
printer uses when making the mould. Most of this

 
 
 
 

Figure 17. First prototype of the fingers 
 

11.1 FORCES 

 
 
 
 
 
 

superfluous material is disintegrated when exposed 
to Mojo’s support removing post printing solution, 
however not all of it separates from the ABS. As can 
be seen in figure 16: 

 

Figure 16. Material for printing solution 

To dispose of this excess material, some light 
sanding is required. 

In able to apply the necessary force by the motor to 
retract the fingers and thumb of the hand, a force test 
was conducted. The findings of said test were that 
each finger required approximately 4.91N to close, 
totalling at around 24.5N. However, to grip and hold 
objects, the force would need to be increased; around 
30N. An example of the test calculations can be seen 
below. 

11.12 CALCULATIONS 

As 1 finger required 0.5kg at gravity to close: 

𝐹 = 𝑚𝑎  

𝐹 = 0.5 𝑋 9.81  

𝐹 = 4.905𝑁  

As the same force was required for each finger and 
thumb: 

𝐹 = 𝐹𝑜𝑟𝑐𝑒 𝑜𝑓 1 𝑓𝑖𝑛𝑔𝑒𝑟 𝑋 5  

𝐹 = 4.905 𝑋 5 ;  𝐹 = 24.525𝑁 
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However, an additional newton of force was added 
for gripping: 

𝐹 = (4.905 + 1) 𝑋 5 
𝐹 = 29.525𝑁 

Gripping force ≅ 30𝑁 

12. NEXT STAGE 

As the project is still in the process of completion, 
there is still a lot of work remaining, in addition to 
some alterations. The appendage must be actuated 
electrically, which is currently ongoing, and some 
design tweaks are necessary to maximise the 
usability of the product. 

13. CONCLUSION 

The progress at this stage is moving quick, and the 
team are confident that with the knowledge we have 
acquired over the course of the project; we possess 
the necessary skills to achieve our objectives. 
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15. ANOTATIONS 

F = Force 

m = mass 

a = acceleration (gravitational pull) 
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ABSTRACT 
The main aim of the project is to create a new space for people to enjoy their break in an outdoor 

environment. This place has to be created by using a parametric design process, so that we can use 
all the space we have at our disposal. Grashopper is going to be used mainly for this project, being 
one of the best softwares solution in the industry. In this article we will focus on the parametric 
desing methods in regards to urban furniture. The documentation it is the most important because 
everything depends on it when referring to the parametric process of design. For our site we will 
be using agent based design to emulate the system and to be able to divide the space properly. 
Based on the results of this study the project group made a plan for the area and designed the 
outdoor furniture with the help of the parametric solution. 

 
KEYWORDS: Industrial Design, Parametric design, Agent based design, Outdoor Furniture,  
Grashopper 

 
 

1. FAMILIARIZATION WITH THE 
TERM "PARAMETRIC DESIGN" 
AND ITS APPLICATIONS FOR THE 
PROPOSED SUBJECT. 

Parametric design is a process based on algorithmic 
thinking that enables the expression of parameters and 
rules which can be edited to manipulate or alter the end 
result. Even if today the term of ,,Parametric Design” 
is used for the computational aided systems only, way 
before the computer’s era, people used analog models 
to explore the parametric design space, Antoni Gaudi 
being one of them back in the 19th century. 
Architects and designers use computer-aided tools to 
visualize their ideas and build models of their own 
design. Unfortunately, the models are built in such a 
way that it make them difficult to  modify interactively. 
Parametric design software’s changed that and now 
you can use rules and equations to  define relationships 
between parameters. This is a big benefit because by 
changing a few parameters the model  will  react  and  
update  accordingly  and  in  a consisted manner 
because of the rules and equations already defined. 
The differences between parametric and non- 
parametric design are vast and are very important to 
be known. The downside of parametric design is that 
they do not provide any explicit information about 
geometry of the shape’s boundaries.  
 
 

 
 
 
 
 
 
This, in turn, leads to at least two widely acknowledged 
difficulties. Firstly, boundary evaluation may fail and 
secondly, the topological changes in the boundaries 
may invalidate boundary conditions or the solution 
procedure. 
However, the structure`s optimization is harder to be 
done in an non-parametric process, requiring some 
special softwares or plugins, while in a parametric 
process the structure is optimized from the beginning. 
 

 
 

Figure 1. Shape optimization of a connecting rod 
with TOSCA Structure 
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Another big difference between those two processes is the 
mass-customization in large scale production, witch is an 
advantage of parametric design. This is possible thanks to 
analytic and parametric design softwares. 
 

 
Figure 2. Parachair and Strees Diagram 

 
The Vessel Chair by Fishtnk happens to be a project of 
great success. The outcome is developed as a malleable 
algorithm applied to different  disciplines for material 
and structural optimization. 
 

 
Figure 3. Parametric design process made  

with Rhino and Grasshopper 
 

A mass-customization in large scale production is 
almost impossible to be done in an non-parametric 
process. 
Because of the vast possibilities of customization the 
products can be perfectly optimized for human 
interaction. Compared to standard processes of 
creation, the parametric process creates more 
ergonomic shapes. This is one of the greatest advantage 
that parametric design have as compared to the non-
parametric one. Based on full body scan you can use 
specialized software to create a custom shape, which 
should be perfectly adapted to that specific subject. The 
advantages of parametric design are very important and 
vast. Even the final form may mislead people into 
thinking that it is all about the form, when in   fact,   it   
is   not   true.   In   architecture   the term 
,,blobitecture” is referring to buildings which have 
organic shapes and are being created for their shape 
only. In parametric design the shape is a consequence 
of the process and not the purpose (meaning the 
optimization of the perfect form). 
The procedure of parameter design was proposed by 
Alexander in the post-war period, using the word 
"patterns".  

Patterns are used to shape decision values whose 
effectiveness is obvious through  experience, but are 
difficult to document. 
Christopher Alexander coined the concept of ,,pattern 
language”. He used it to refer to the normal problems 
of architectural and civil design. Its use went from the 
way to structure a city to how the windows had to be 
arranged in a room. The idea became popular thanks to 
his book A Pattern Language. Alexander gives the 
following definition of pattern: 
Each pattern describes a problem that occurs again and 
again in our environment, to then describe the core of 
the solution to that problem, so that this solution can be 
used more than a million times  without doing so even 
twice in the same way (Alexander, 1964). 
For several decades this system was used when 
teaching architecture, trying to reduce the complexity 
of a work, thus, its functional aspects (program  needs). 
It was a way of controlling the results, through grids 
with a system of relations between different units of 
use, avoiding overlapping areas, circulations, avoiding 
uncertainty. 
 

 
Figure 4. Ray and Maria Stata Center by Frank Gehry 

 
A similar procedure was zoning, which implied joining 
the premises of similar functions (diurnal, nocturnal, 
services, etc.) into independent, interrelated "zones". 
For James Coplien a good employer must meet the 
following requirements: 

It must solve a problem: the employers capture 
solutions, not only abstract principles or 
strategies; 

They are proven concepts: the bosses propose 
solutions that have been tested, not theories  or 
speculations; 

The solution is not obvious: most problem 
solving techniques (such as design methods) 
try to derive solutions based on basic 
principles. 

The best patterns generate a solution to a problem 
indirectly, a necessary approximation for the 
more complex design problems; 

Describe a relationship: employers should not 
describe modules, but it should describe 
deeper systems, structures, or mechanisms; 



 

TEHNOLOGIA INOVATIVĂ – Revista „Construcţia de maşini” nr. 3- 4 / 2017        21  
 

The employer must have an important human 
component: all software is for human comfort 
or quality of life; 

The best employers explicitly resort to aesthetics 
and utility. 

 
Figure 5. Programmatic sectional diagram of Busan 

Opera House 
 

Many patterns form a language. Just as words must 
have a grammatical and semantic relationship  between 
them to create a useful oral language, design patterns 
must be related to one another in order to form a pattern 
language. Alexander's work implies the idea that 
employers must be organized in logical structures or 
intuitive structures.  
The structure (hierarchical, iterative, etc.) may vary, 
depending on the topic. Each pattern must indicate its 
relationship with other patterns and with the language 
itself. Then, if we want to design parametrically a 
"circulation space", a definition of variables 
(parameters) and their measurable indicators, such as 
types of users, number of users, flows, size of flows, 
hours, where Follows the flow, etc., and according to 
these parameters and their different degrees, a shape is 
formed. 
 
Antonio Gaudí 
 
One of the first examples of use of parametric design 
was the inverted models of churches used by Antonio 
Gaudí. In its design of the Crypt of the Colonia Güell 
created an inverted model of loaded strings with bags 
with pellets to create complex vaulted ceilings and 
arcs. By adjusting the position of the weights or the 
length of the strings, Gaudi analysed how to alter the 
shape of each arc and also how this change influences 
the arcs connected to it. After completing the model, 
Gaudi      took      photographs      of     it      for    later 
study. 

 
Figure 6. An upside down force model of the Colònia 

Güell 
 
This method has all the properties of a parametric 
model: 

 The length of each chain, the weight of pellets 
and the location of the anchor  

 point of the same form the independent input 
parameters 

 Locations of the vertices of the points of the 
chains are the results of the model 

 The results are derived from the explicit 
functions, in this case the gravity and 
Newton's laws of motion. 

By modifying the individual input parameters of these 
Gaudí models, different versions of their model can  be 
generated. The model allows to obtain the  positions of 
the different structural elements (arcs, columns) from 
the shapes of the catenary curves resulting from the 
action of the gravity force on the pellets, without 
having to solve analytically the cumbersome and 
complex system of Parametric equations that 
represents it. 
When Gaudí used physical laws to speed up his 
calculation of parametric equations, Ivan Sutherland 
looked at the processing power of digital computers. 
Ivan Sutherland created an interactive computer-aided 
design program called Sketchpad. With a stylus, users 
could draw lines and arcs that could be related to each 
other using constraints. These limitations contained  all 
the essential properties of parametric equations. Users 
could experiment and explore different designs by 
altering the parameters of an entity and let Sketchpad 
do the calculations and redraw the geometry according 
to the constraints that were imposed. 
Recently there have been a large number of projects 
where parametric design was applied. From furniture 
pieces, like tables or chairs, to big buildings.  
Some examples could be the Kilden Performing Arts 
Center or the Aviva Stadium in Dublin, but let’s have 
a  closer look at a  few of the  newest designs and  how 
parametric design was used to determine or improve 
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the shape or decisions taken. 

Figure 7. Elbphilharmonie in Hamburg by Herzog & 
de Meuron 

 
This auditorium is composed by 10.000 acoustic panels 
which are aligned between walls roofs and balconies. 
Each of these panels has a million “cells” from variable 
dimensions which help to define the sound in this 
space. An algorithm determines the position of these 
10.000 panels, and the cells change according to the 
parameters given by the sound of music. 

 

Figure 8. Origami Pavilion by Tal Friedman 
 

For this pavilion there were used 8 aluminum sheets. 
Inspired by the traditional Origami (paper  folding) and 
using a parametric algorithm, they determined how this 
rigid material should be folded in order to obtain a self-
sustaining cover without seams. This allowed to take 
the most out of the material and challenge its 
properties, bring together the easily moldable paper 
technique to a rigid piece of aluminum. 

 

 
Figure 9. Smart Masonry by Zaarchitects 

 
3D printing has experienced a big increase over the last 
few years, and so has the 3D printing of buildings and 
bridges. Concrete printed buildings have the benefits of 
being cheap and fast to build. However, one of the 
downsides is its massive weight and lack of windows 
or openings for sun light. In this case they decided to 
challenge this problem by using parametric design for 
optimization of the printed walls. Basically, it 
calculates only the very most important structure 
needed and eliminates all material in-between that does 
not fulfill any relevant roll in the structure. In this way, 
they reduced by an incredible amount the quantity of 
concrete needed, they also obtained a lot  of air and 
light spaces in the walls (making them less massive) 
and reduced their weight. Furthermore, it allows them 
to play with organic shapes and patterns in order to 
obtain new and attractive landscapes. 

 

Figure 10. Endesa World Fab Codenser by 
MARGEN-LAB 

 
This structure in Barcelona is based on 
thermodynamics and bioclimatic transformation. The 
materials used are from natural and local origin and 
they form a basic shape, a regular icosahedron. With 
the influences of the environment like  temperature and 
humidity, these materials experience deformations. 
With an algorithm they determined a way to make these 
deformations useful according to when they occur. For 
instance, in summer they will provide more shadow 
while in winter we don’t need shadow. 
There is not so much information about failed 
parametric projects, this doesn’t mean that it never 
went  wrong. 
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It  means  that  there  is  not  so  much published about 
this fact. Probably because people are never proud of 
there mistakes. David Weisberg and Jami Shah 
claimed some critical facts  about parametric design. 
David Weisberg, the editor of the Engineering 
Automation Report, pointed out the fundamental 
problem with parametrics: 
“The problem with a pure parametric  design technique 
that is based upon regenerating the model from its 
history tree is that, as geometry is added, it is dependent 
upon geometry created earlier. This methodology has 
been described as a parent/child relationship, except 
that it can be many levels deep. If a parent level 
element is deleted or changed in certain ways it can 
have unexpected effects on child-level elements. In 
extreme cases (and sometimes in cases that were not 
particularly that extreme), the user was forced to totally 
recreate the model... Some people described designing 
with Pro/ENGINEER to be more similar to 
programming than to conventional engineering 
design.” 
Dr. Jami Shah wrote in 1991 an Assessment of Features 
Technology, for Computer-Aided Design, a journal 
targeted to people doing research in the field  of CAD. 
He made a list with the problems of the features: 
“There are no universally applicable methods for 
checking the validity of features. It is up to the person 
defining a feature to specify what is valid or invalid for 
a given feature.” 

 
Typical checks that need to be done are: compatibility 
of parent/dependent features, limits on dimension, and 
inadvertent interference with other features. In a study 
for CAM-I, Shah et al. enumerated the following types 
of feature interactions: 

 interaction that makes a feature nonfunctional; 
 non-generic feature(s) obtained from two or 

more generic ones; 
 feature parameters rendered obsolete; 
 nonstandard topology; 
 feature deleted by subtraction of larger feature; 
 feature deleted by addition of larger feature; 
 open feature becomes closed; 
 inadvertent interactions from modifications. 

 
The significant thing to be noted here is that, there are 
no universal methods for validating features. It’s left 
up to the user to figure out. And that process, as 
Weisberg tried to explain, is much too difficult. 
Since the beginning of Pro/E, there is a lot of progress, 
by PTC and other companies in the CAD industry, they 
improve the reliability and usability of parametric 
feature-based CAD software a lot. Yet, the problems 
that Weisberg and Shah identified still exist, and still 
get in the way of users being able to get the most from 
their software. 

With the aim to have a quick and effective idea of stuff 
we decided to create a portfolio of few existing 
furniture. In fact, the chosen photos are presented here 
as a better way to define in practice our points. 

 

Figure 11. Bench By Oleg Soroko 
 

Figure 12. Bike stand 
 
 

Figure 13. Structure 
 

Figure 14. Sound/Wind Braker 
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2. LOCATION ANALYSIS 

 
 

The existing location is an open space area covered 
mostly with grass and cement. The total space it’s more 
than 700 mp2 and containes 12 tall trees wich we will 
have to integrate in our design. The area has 3 entries, 
one from the near building and 2 other from the roads 
of the campus. The site is surrounded on 3 sides by the 
main building. On 2 sides are normal walls, but the 3rd 
is having an alveolar space which can be used as an 
roof. 

 
The following figures will show the area where the 
project is going to take place. Also the different  access 
points and measurments are shown in the images 
below. 

 
Figure 15. Location - image from satelite 

 

Figure 16. Location Photography 

 
 
 
 
 
 
 
 

Figure 17. Actual furniture 
 

Figure 18. Building cell - first face 
 

3. POINTS OF INTEREST. 
 

In the first 2 weeks our team has studied the location in 
order to collect data for the agent based design process. 
Based of this study we fond out how the site is used, by 
how many people and which are their main activities. 
Based on these information we have decided that this 
location needs to contain the following points of 
interest: 

Smoking area; 
Sitting area; 
Activity area; 
Bike stands. 

 
Following the study we have been able to determine 
what percentage of the people it is going to use each 
point of interest and at each hour. 

Figure19. Total amount of people in the area and    
the percentage of attraction of each interest point. 

 
The total amount of people in the area and the percentage 
of attraction of each interest point. 

Hours No. of 
people 

Bike 
stand 

Smoking 
area 

Activity 
area 

Sitting 
area 

8-10 20 30% 60% 5% 5% 
10-12 110 2% 60% 18% 20% 
12-14 90 2% 48% 20% 30% 
14-16 25 10% 70% 10% 10% 
16-18 5 10% 70% 10% 10% 
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For example: From 8 till 10 there are 20 people in our 
area. 30% of this people would be using  the  bike stand 
and 60% of them will be there only  for smoking, just 
10% of the people will be in the sitting or activity area. 

 
 
 
 
 
 
 
 

Figure 23. Requirements for furniture 
 

Figure 20. The amount of people coming to the 
area using Acces Point 1 

 
 

Acces Point 2 
Hours No. of people 
8-10 10 
10-12 5 
12-14 5 
14-16 5 
16-18 2 

Figure 21. The amount of people coming to the area 
using Acces Point 2 

 
 
 
 
 
 
 
 

 
Figure 22. The amount of people coming to the area 

using Acces Point 3 
 
 

4. DOCUMENTATION  
AND PROPOSED FUNCTIONS STUDY. 

 
In order to select the different elements for the project 
area, the next figure shows the dimensions and the area 
neccessary for those elements. Based on them we can 
create a basic 3d model to study their integration into 
space. Then we can calculate how many sitting places 
are and others function. 

Figure 24. Other required items 
 

In this phase of the project we will take in consideration 
other existing solutions and so we are going to create 
an inspiration board. This is a method designed to 
figure out what types of furniture we can add in our 
location, what other particularities are required and 
what problems we may encounter. 

 

Figure 25. Multifunctional type of bench 
 

The parametric design process it’s used frequently for 
different pieces of furniture, because of the variaty of 
parameters could be used to adapt the model for a 
perfectly ergonomic design. The process is helpful not 
only for the ergonomy of the product but also when you 
try to adapt a piece of furniture in a tortuous space. 

Item name No. 
of 
users 

Required 
dimension 
per user 

Space 
required 
per item 

Height 
of the 
item 

1. Bench 70 45x45 90x45 45|90 

2. Leaning 
wall 

15 45x30 90x30 70|90 

3. Lounge 
chair 

7 95x195 140x195 30|60 

4. Table 25 60x40 60x80 75 

Acces 
Hours No. of people 

8-10 15 
10-12 100 
12-14 80 
14-16 50 
16-18 10 

Item name No. of 
items 

Required 
dimension 
per user 

Space 
required 
per item 

Height 
 of the item 

5.Trash bin 
with astray 

8 Ø40 Ø40 110 

6.Bike stand 30 150x66 90x30 50 

7.Water 
fountain 

- Ø24 140x195 125 

Acces Point 3 
Hours No. of people 
8-10 20 
10-12 20 
12-14 10 
14-16 5 
16-18 2 
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Figure 26. Different types of multifunctional bench 

 

Figure 27. Examples of all possibilities of sitting 
 

Also a parametric bench can be adapted to form 
roof, a support for one`s legs and many other 
things, in this case a parametric bench can be a 
lounge chair. 

 

Figure 27. Multifunctional type of Lounge chair 
 

You can also use the Backrest of the bench for 
sound isolation or wind braker or you can use 
different parts of the bench for other purposes, 
like a bike stand or a flowerpot. 

Figure  28.  Parametrical  bench  combined  with a 
sound isolation wall 

 
Also, a lounge chair can be perfectly  ergonomic 
and may have multiple  purposes, for example a 
roof with a solar panel on it. 
The Central Park was looking for new trash bins 
in order to reduce rats, improve visitor`s safety, 
and increase sustainability. These coordinating 
bins all feature a twisting form that spirals to an 
opening size for the type of content it will accept 
- a larger opening for trash, and a smaller opening 
for bottles and cans. The cans are made from 30% 
recycled aluminum, so they will be more durable 
than the plastic cans they are replacing. 

 
 

Figure 29. Recycle trash bin - New York Park 
 

The cans were designed by Landor Associates, 
which particular attention to prevent overflow. 
When trash overflows, it attracts rats. The result 
is a really iconic form, designed to complement 
its surroundings, while encouraging recycling 
in the Park. 
Aluminum gives flexibility to design and 
resilience that wouldn’t have been achieved by 
any other material. The receptacles target the 
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specific needs of the park based on real data 
about what is discarded by the park’s 40 
million annual visitors: newspapers and 
magazines, bottles and cans, and all other 
waste. 
After installing the receptacles, Central Park 
saw a 35 percent increase in recycling—and a 
decrease in the number of rodents and pests. 
Strategic bin placement has allowed the park to 
cut down on the use of trucks to collect trash. 
Landor’s design for the trio of receptacles won 
an inaugural Product Design Lion at the 
Cannes Lions International Festival of 
Creativity. 

 

 

Figure 30. Recycle trash bin made by Bryant Park 
 
 

 

Figure 31. Exemple of articulated models which 
could transform 

 

 

Figure 32. Exemple of fountain combined with bench 

 

 
 

Figure 33. Vertical bike stand 
 
5. AGENT BASED DESIGN 

 
Agent based design (A.B.D.) is one of the elements of 
the computational model`s class, in computational 
science, that requires extensive computational 
resources to study the behavior of a complex system by 
computer simulation. This computational model is 
used to study the behaivior of a complex systems such 
as the human brain, social and economic organizations, 
ecosystems and a living cell. 
A.B.D. combines elements of game theory, complex 
systems, emergence, computational sociology, multi- 
agent systems, and evolutionary programming. 
A.B.D. it is used to study the action and iteraction of 
autonomous agents with the purpose of evaluating their 
effect on the system as a whole. Each agent evaluates 
individually its own situation and makes decisions on 
the basis of a set of rules. 
Even a simple agent-based model can exhibit complex 
behavior patterns and provide valuable information 
about the dynamics of the real-world system that it 
emulates. In addition, agents may be capable of 
evolving, allowing unanticipated behaviors to emerge. 
Sophisticated A.B.M. sometimes incorporates neural 
networks, evolutionary algorithms, or other learning 
techniques to allow realistic learning and adaptation. 

 
Most agent-based models are composed of: 

 
1. numerous agents specified at various scales  
        (typically referred to as agent-granularity); 
2. decision-making heuristics; 
3. learning rules or adaptive processes; 
4. an interaction topology; 
5. an environment. 

 
In order to apply such a complex system we need real 
data. In the first part of our project we have collected 
data. We habe studied the number of people which are 
using the site, their activities, how they are using   the 
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acces points and the dimensions of the site. We applyed 
the A.B.D. process for the worst case  scenario and for 
that we amplifiend the numbers of people. 

 

 

Figure 34. Agent paths 
 

The simulation is based on the amount of people at 
different hours and their activities at those hours. The 
result show us the parts of the site were they are not 
walking in. There, because it is not interferes with the 
agent’s walking path, we decided to put the furniture. 

 

Figure 35. Final optimized shapes 

5. CONCLUSIONS 
 

The benefits of A.B.M. over other modeling techniques 
can be captured in three statements: 

 
1. A.B.M. captures emergent phenomena; 
2. A.B.M. provides a natural description of a  
        system; 
3. A.B.M. is flexible. 
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