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Situation

Robots were first created in very basic forms for factories to speed up 
production. Robots were noted for the ability to work non -stop and work with 
the same accuracy and precision for hours on end. There were suited to 
repetitive labor, where humans would tire or reduce their quality output.

However robot arms have been stuck on a basic form of rigid lengths with joints 
either side. This is because they are large and are created for a specific job. 
However as robotics evolve; scientists are turning to robots for all types of jobs 
ranging from mars exploration to performing surgery. Robot designs are no 
longer confined to the standard designs; they are being designed to be flexible 
and versatile.  I intend to join the many organisations that are developing 
robotic technologies.

Project Brief

Robotics is a very large part of engineering, and in some 
respects is a whole subject on its own. 

I am concerned about robotic arms in particular for my project, 
and I want to create a new type of robotic arm which is 
versatile and cheap.

Initial Specification

ÅThe robot arm must be different from all standard designs.
ÅThe arm must be safe to use and be around.
ÅThe arm needs to be relatively simple to use.
ÅThe arm needs to be capable of providing useful feedback to the 
user.
ÅThe arm must be highly versatile.
ÅThe arm needs to be small.
ÅThe arm must be cheap to buy and have low maintenance. 
ÅThe arm must use a reasonable amount of power.

Analysis of Problem

Assembly robots in a car factory
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Pert chart

I have produced this pert chart as a guide to the path I will take on this project
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Rechargeable

Rechargeable batteries have been around for quite a while now. They 
can be used in anything; they are good for their economy and are 
available at a reasonable price. However their power outputs arenôt as 
high as the Lithium ion batteries.
But now new kinds of rechargeable battery are available called 
ñRechargeable Advancedò, their power output is very close to the 
Lithium ion batteries. They are now also being used in high drain 
devices, because they can be reused for over 1000 charges. Also 
improved charges are now boasting charge times of 80minutes. Also 
they are available in many different shapes and sizes. Rechargeable 
batteries lose 1% of their power per day if not used. They are suited to 
being used almost constantly (i.e. devices that are constantly on).  

Lithium ion

Lithium ion batteries are the latest in battery 
technology; they are compact, light and offer 
high power outputs. They can also be 
recharged. Lithium ion batteries are already 
being used in high drain products such as 
digital cameras and mp3 players. Now they 
are widely available in most electronics stores, 
however they are more expensive than other 
batteries.

Engine power

In the same way as cars, their power is developed via their 
engine. The electricity comes via an alternator connected to 
the engine. With recent model technology there are now 
available small nitro engines. These have been used by 
modelers for years in their RC cars boats and planes and 
can propel their cars up to 60mph. These engines do not 
lack power. I propose that rather than use it for direct drive 
and power, that I hook it up to a generator to power all the 
electrics plus electric motors. This is a good set up because 
the engines are small and very powerful, this means that 
they can produce the electricity on demand when there is a 
high output needed.   

Alkaline

Alkaline batteries have been available for a very long 
time now; they are a good, cheap, reliable source of 
power. They are available in a range of sizes to suit my 
project. 
Also available are high power alkaline batteries, such 
as Duracellôs ñM3ò range. They have high capacity and 
are advertises as leading the class in duration

Lithium Polymer

These are the next step after lithium ion. Also from the modeling 
world, loved by modelers because of their light weight and incredible 
power output, some being able to output a constant 30A for 20 
minutes.

However they are extremely temperamental. They need to be 
charged very carefully with a special charger. They can not be 
discharged below a voltage or they could be damaged. Also if 
discharged too fast then it could swell and explode. The batteries 
are susceptible to combust if not used correctly. As a result they are 
expensive. But if used properly the value is worth it as it will 
consistently deliver power for a long time. 

Conclusions

Power sources and batteries especially have been developed enormously over the past 10 
years. New power technologies like lithium - ion and lithium polymer batteries were developed 
and improvements to existing systems such as alkaline batteries. The engine idea is very 
interesting and has real potential for ñon demandò power delivery.

The only power source I can exclude now are the alkaline batteries, the power demands of 
my project would mean regularly replacing the batteries which could be expensive. All of the 
other batteries listed above would be suitable, but the final decision will depend on the 
direction I go with the case design later on the project. Also the engine idea needs serious 
consideration, if chosen it would be a totally new idea and it would need my time to develop 
it and make it work. So perhaps it would not be wise to be developing a new power system in 
addition to the project.

Research Power
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Wireless communications

Bluetooth and Zigbee

Bluetooth and Zigbee are both forms of short range radio based systems. They were both designed to create a free short range net work for 
electronic devices to communicate with each other. The better established version is Bluetooth which has been around for a fe w y ears now 
and is used in a wide range of application such as wireless keyboards and data transfer between mobile phones. Zigbee is a ne wer arrival 
and was developed by a coalition of companies who wanted to also create a free short range network between electronic devices . T he 
advantage of Zigbee over Bluetooth is that it uses less power and also is smaller in size. 

Zigbee

On device that provides Zigbee communication is the Xbee radio 
module by Maxstream. It operates a 2.4 GHz frequency and the 
pro version has a range of 100m. The Xbee can be programmed 
through a serial interface circuit by a computer. It is compatible 
with the popular microprocessor series PICAXE, this allows a wide 
verity of functions to be preformed with it. 

The Xbee module is very easy to use especially in conjunction 
with a PICAXE system. The Xbee can be programmed with its 
own number for identification allowing it to select which 
messages are intended for it, in a similar way to Ethernet.     

Bluetooth

Bluetooth modules are available to buy one 
such model by LINKMATIK. It has a fast data 
rate of 50Kbits/s and a large range of 100m. It 
is self running and needs no commands to run; 
it can pair up with other Bluetooth devices such 
as PDAôs or mobile phones. It has data 
encryption and PIN for secure data transfer.

However it is significantly more expensive that 
the Xbee system.   

This is the Xbee starter development pack from Revolution education one of the PICAXE system suppliers. This kit 
provides everything for a total novice to learn and understand how to use the Xbee system. Itôs coupled with the 
PICAXE system providing basic demonstrations of the use and functionality of the system. 

The PICAXE program compiler also has an ñXbee wizardò function which allows the settings of the Xbee itself to be 
set easily.

Xbee development kit. 

Screenshot of the Xbee wizard  

AM and FM

To the right is an AM transmitter and receiver, this transmitter has a range of 50 meters, which a good 
distance. The signals can also be coded, that gives me many different signal combinations which I can use 
to control different things, such as the outputs. There is also an FM radio available. This is a lot simpler 
than the Xbee and Linkmatik and it has a very low data transfer rate and it would not be suited to carry a 
lot of information. 

Conclusions 

The simpler AM and FM radios are cheap, very easy to use and I have worked with them in previous projects. However for this a ppl ication 
they are out of their league, they have a very small data transfer capability and do not integrate well with any type of proc essor.

The Xbee and Bluetooth options are more appealing they have an impressive data transfer rate and they both would be compatibl e w ith a 
PICAXE processor. The Xbee has the upper hand though it is considerably less expensive than a Bluetooth system and defiantly easier to 
integrate, thanks to the PICAXE system.
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Processing

In any system information and data is being transferred and translated and outputted. It is the job of the processing unit 
to handle the responsibility of making sure everything is doing what it is supposed to, orchestrating the whole system.

In my project there is potential for a lot of complex operation and multiple devices working together. The processor that cou ld control all of this is a PICAXE. The PICAXE system 
was first released by revolution education, during the microchip revolution. This is a type of microcontroller, currently wel l e stablished in industry it replaces the traditional CMOS 
and TTL integrated circuits like logic gates. 

Microcontrollers are new electronic ósingle chip computersô that are rapidly being introduced into industry and education. The óPICAXEô system is an extremely powerful, yet low 
cost, microcontroller programming system, and it is very easy to use and understand. 

The PICAXE is designed to bring microcontrollers into education; they are very easy to use and easy to understand. They demon str ate a very wide rage of operations; they have 
onboard memory which can be programmed via the free programming software and come in four sizes. Their specifications are sho wn in the table below. PICAXE have recently 
released new X1 and X2 version of the 28 and 40 chips. These have a very large memory and USB connectivity among other improv eme nts.

Conclusions

The PICAXE system is very impressive. Relatively new in 
the microprocessor world it has so much to offer. It has 
a lot of features and is extremely easy to use and 
understand. The serial data capability is very appealing 
and would make ICôs communicating with each other 
very easy. 

A 28X1 Chip

18X and 28X1 Pinouts
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The joints in your arm, and your ability to move them, are called degrees of freedom. Your 
shoulder provides three degrees of freedom in itself; shoulder rotation and two plane shoulder 
flexion. The elbow adds a fourth and fifth degree of freedom: elbow flexion and rotation.
Robotic arms also have degrees of freedom. Bus instead of muscles, tendons joints and bones, 
robot arms are made from metal, plastic, motors, gears and other mechanical components.

This is a prosthetic human arm. In prosthetics they try 
to mimic natural movements totally. This arm hasnôt 
got quite the same joints as in a human arm, but is 
does have the same range of movement and will 
function exactly the same as a human arm.  

Robot arms are classed by the shape of the area that the end of 
the arm can reach. This accessible area is called the work 
envelope. 
The human arm has a nearly spherical work envelope. It can 
reach anything in arms length, within the inside ¾ of a sphere.
In robotics, such an arm would be said to have revolute 
coordinates. The other types of arm are polar, cylindrical and 
Cartesian coordinate.

Revolute coordinate

Revolute coordinate arms are modeled after a human arm, so 
they have many of the same capabilities. The design is 
somewhat different due to the complexity of the human 
shoulder joint.
A robotic shoulder joint is usually two different mechanisms. 
Shoulder rotation is achieved by rotating the whole arm at its 
base. Shoulder flex is achieved by tilting the upper arm section 
backwards and forwards. Elbow flex works in the same way as a 
human with a hinge joint moving the forearm up and down. 
Revolute arms are favored due to their mobility because of their 
similarity to a human arm. They are also suited to many 
applications, whereas the other designs are built for a certain 
purpose.  

In addition to trying to mimic movements in nature in robotics, there are 
some types of motion that are not found in nature and are purely 
mechanical such as rolling on tracks or extending an attachment. 

This is an example of a 
revolute coordinate arm, 
which is mimicking natural 
movement. However it can 
move in a track which is 
an unnatural movement. 

Work envelope of a revolute coordinate arm, 
same as human arm. 

Conclusions

In robotics there are both natural and unnatural movements. 
The decision on which to use will depend on what the intended 
use is. If itôs just for maximum maneuverability then any 
method will be considered to make the most maneuverable 
arm.  

Research Robot Motion
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Snakes

Snakes are a very mobile animal; they have 
evolved a specialised system that allows this. 
The key to snakesô agility is hundreds of 
vertebrae and ribs. Ventral scales, these 
specialised rectangular scales line the underside 
of a snake, corresponding directly with the 
number of ribs. The bottom edges of the 
ventral scales function like the tread on a tire, 
gripping the surface and propelling the snake 
forward.
Due to the structure of the snakesô vertebra it 
is extremely flexible, allowing the snake to 
negotiate the smallest of spaces.   

Human/mammal arm

The human arm is also very mobile; unlike 
the snake it is a series of different joints that 
have particular ranges of movement.

The shoulder is comprised of a ball and 
socket joint. A very mobile joint also found 
in the hip. It has two rotational axis and a 
hinge joint in both ïand + directions.

The elbow is a single hinge that only has a + 
displacement. 

The wrist is a very special type of ñjointò, itôs 
not a normal joint in that it is only two 
concave plates held together by tendons 
that just simply move over each other. This 
allows a great degree of flexibility in the 
wrist.

+ -+ 

+ -

+ -

Worms have a very specialised method of movement. Because they have no 
solid structure they canôt anchor muscles to a bone and use it to create 
movements. Instead they have two sets of muscles. Circular muscles are along 
the length of the body. Longitudinal muscles run down the length of the body 
horizontally. They work together by sending a wave of contractions along the 
body that slowly pulls the worm foreword. 

Worm anatomy   

Wrist bone structure

Research Animal Motion

Conclusion

Animals have evolved over millions of 
years to end up at their current motion 
solutions. Each method is tailored 
specifically to the species and its 
environment. Trying to mimic these 
natural movements can be very 
advantageous. In trying to mimic a 
snake, a robot cold possibly be 
designed to have excellent flexibility or 
trying to copy a ball and socket joint a 
robot will have an extremely agile 
joint.


