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Summary: 
This report discusses the design process that was undertaken to produce an electro-mechanical 
‘Gizmo’. A ‘Gizmo’ is a device that combines mechanics, electronics, computer programming and 
modern manufacturing to create an engaging physical interaction. The specific Gizmo that is 
discussed in this report is Colin the cyclist, a miniature cyclist who pedals faster the louder you cheer 
him on. 
 
Introduction and inspiration: 
The initial brief given for the project was very broad in terms of its scope, allowing for many paths 
to be taken at the initial stages of the project. There were a few elements that were necessary to 
include in the final design such as the integration of machine elements (bearings, gears, linkages), 
microcontroller programming and feedback control. With all of these in mind, it was then necessary 
to decide how all of these components could be combined to create an interesting, fun and 
engaging physical interaction. Instead of immediately jumping to a final design, it was necessary to 
think more about the interaction itself rather than the engineering components that would 
eventually make it up.  

There were a few sources of inspiration that led to the 
final design of Colin the cyclist. The first was the desire 
to replicate human motion. Fascinated by the Random 
International ‘A Study for Fifteen Points’ project, I 
wanted to somehow emulate human movement in a 
similar way in my design. When considering motion 
such as walking, running and swimming, some seemed 
unfeasible to accurately recreate using mechanical 
components given the time frame and maximum 
project size (300mm x 300mm x 300mm). The cycling 
motion on the other hand was a good compromise 
between viability and technical difficulty.  

 

Figure 1; A Study for Fifteen points 
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Another feature that I wanted to include was a physical interaction involving 
something other than hands or fingers. Many projects of this nature involve 
tactility to perform the interaction and influence the system. I wanted each 
user to have a somewhat different experience with the Gizmo depending 
on their input to the sensors. It was decided that audio would be the input 
that would influence the system to result in some output, which each user 
could easily differentiate using their vocal cords to change the frequency 
and amplitude of their signal. This idea is inspired by arcade punching 
machines, where each user has different punching strengths (input) and 
their high score (output) is different as a result. 
 
This leads to the final feature that I wanted to include, also inspired by 
arcade machines, which is to give each user some visual-numerical feedback 
depending on the way they interact with the Gizmo. This would encourage people to ask their 
friends to also interact to see how they would match up. The aim is that when people interact in 
groups, the excitement of the interaction is shared and magnified, in comparison to individual 
interactions. 
 
Once all these separate features were decided on, it was then necessary to bring them together to 
create a functioning gizmo. The concept that was initially chosen was a mechanical cyclist, who 
cannot actually move forward, but instead his legs cycle, driving his crank set and rear wheel, and 
he will cycle faster the louder you cheer him on. To include the arcade game aspect, it was decided 
to introduce an OLED display that would display your high score as you are playing, to have another 
visual indication of how your audio input influences the system. 
 
Initial designs: 
Some initial sketches and models were made 
to help visualise the size and layout of the 
gizmo, as well as the technical aspects. The 
rough layout of the microphone, screen and 
button can be seen in figure 3, while the size 
and 3D form can be seen in figure 4.  It was at 
this stage when I also decided to add a ‘scene’ 
such as trees and hills on the model to create 
a miniature world for the user to also interact 
with. It was also decided that the Gizmo would 
be made out of laser cut acrylic (for the parts 
which could be modelled as flat sheets) and the rest of the components would be 3D printed. 
Materials such as wood were avoided to maintain consistency with the retro arcade aesthetic. 
 
Research and analysis: 
When deciding how to replicate the human cycling motion with a mechanism, it was first necessary 
to analyse how a human pedals. This was done by watching videos to see the maximum height of 
the knee during a pedal revolution, as well as the angles between the upper and lower parts of the 
leg. Some anthropometric data was used initially to get an idea of lengths of thighs relative to 
calves, however it was not particularly useful given the scale of the model. 

Figure 2; Arcade punching 
machine 

Figure 3; Sketched layout Figure 4; 3D cardboard model 

15cm 

20cm 
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To create a realistic ‘mini world’ and not allow the 
user to see how the cyclist was being driven, it 
was originally thought that building a facade to 
hide the motor would be effective. The initial idea 
was to have a belt and pulley system, half of which 
sat beneath a platform, and the other half 
extended above the top of the platform that the 
cyclist sits on. A shaft would then extend from the 
top of the belt and pulley system to the rear wheel 
of the bike, driving the bike’s gear train, and in 
turn the cyclist’s legs. A rough schematic for this 
can be seen in figure 5. After some consideration 
this plan was terminated. Given the size of the 
Gizmo, the transmission mechanism shown in 
figure 5 would not provide enough power transfer to the rear wheel. Another concern with this 
design is that creating the facade and passing a shaft through it was too complicated a way of 
performing a relatively simple task, especially given the project time frame. Instead it was decided 
that the motor would be mounted above the surface of the platform, directly driving from either 

the pedals or the rear cog. Some attempt would still 
be made to disguise the motor but using decorations 
and props instead of increasing the mechanical 
complexity to hide the motor out of sight.  
 
In terms of the mechanics for the bike itself, a 
Solidworks model was created for the interim review, 
to roughly see how the gear train, pedals and legs of 
the cyclist would work. This can be seen in figure 6, 
modelling the legs as simple linkages, fixing the hip 
joint to allow for rotation of the knee and ankle joints.  

 
When choosing a motor, some research was done on the average 
revolutions per minute of cyclists, to ensure that the motor purchased 
would provide a realistic enough speed for the wheels. Average 
RPMs of a professional cyclist are between 80-110 according to an 
online cycling blog [1], therefore a 230RPM 6V DC motor was chosen, 
providing more than enough RPM. The number of revolutions could 
then be adjusted using the duty cycle when programming the 
Arduino. 
 
It was also necessary to ensure the motor would provide enough torque to the system, allowing the 
legs and wheel to rotate freely and realistically. Although there is a datasheet available for the motor 
used, the DC motor is likely to be underpowered. This is because the data sheet assumes (torque 
at) maximum efficiency at no load speed, however when analysing most torque-speed curves this 
tends not to be the case. The data sheet also assumes transmission efficiency at 100% which is also 
unlikely. Therefore, some basic calculations were performed to find the torque of the motor, 
estimating some values that were unavailable. 

Figure 5; Hidden pulley system 

Figure 6; Initial bike mechanics schematic 

Figure 7; 6V DC geared motor 
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As shown in figure 8, the motor 
calculations performed estimate voltage 
and current to be 5V and 0.04A 
respectively, because an Arduino outputs 
a maximum of 5V and max current draw 
per pin is 40mA. RPM is estimated to be 
110 as that is the maximum desired 
speed for the cyclist. The efficiency is a 
combination of motor and transmission 
efficiency, each assumed to be 50%, 
producing a final torque of 173.4gcm.  
 
It was difficult to calculate whether this torque would be sufficient using engineering equations, as 
the mechanics for the rest of the system (driving from the pedal or the wheel etc.) had not been 
fully decided upon. However, once a prototype of the bike’s mechanism had been 3D modelled 
and uploaded into Markforged’s slicing software (Eiger), the total mass of all components to be 
driven by the motor was 2.63g. Given the order of magnitude of this value, it was decided that the 
torque from the 6V motor would be more than sufficient. Furthermore, given the lack of loading on 
the motor, it was very unlikely that there would be any increased current draw by the motor to 
overcome mechanical resistance. This eliminated the need for extra resistors and wiring to protect 
the microcontroller. 
 
Design decisions: 
In order to drive the wheel, crankset, legs etc. using the motor 
it was necessary to decide how the motor’s rotation would be 
transmitted to the system. Eventually it was narrowed down to 
two options, either to drive the system from the rear wheel or 
from the shaft that attaches to the pedals and the crankset. 
Both of these methods would involve using a coupler that 
attaches the shaft of the motor to either the rear wheel hub or 
the bottom bracket shaft. The benefit of attaching to the rear 
wheel is that you can have two legs moving on either side of 
the bike. Attaching to the bottom bracket shaft blocks the 
movement of the leg on that side. In the end the decision was 
made to mount the motor to the bottom bracket shaft as it is 
in the centre of the frame, keeping it stable during higher 
speeds of rotation. Attaching to the rear wheel proved to not 
be possible as it would have been necessary to remove the 
chain stays (labelled in figure 9) from one side of the frame and 
have a screw going through the coupler and the hub of the 
rear wheel to hold everything in place. Instead a bottom 
bracket shaft with a D cut out was used to ensure everything is 
radially constrained and doesn’t slip. The full assembly can be 
seen in figure 10, with the bottom bracket shaft and coupler highlighted in pink. 
 

Figure 8; Motor calculation 

Figure 9; Toy bike schematic 

Figure 10; Mechanism assembly 
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Another important design consideration was 
how to model the leg of the cyclist as a series 
of linkages. Initially they were modelled as 
seen in figure 11, with each linkage having 
dowel-like joints connecting one another. 
However, this ‘off-centre’ alignment meant 
that at high RPMs they may separate or lock 
up and become jammed. To work around 
this, a design similar to action figure’s knee 
joints was used, shown in figure 12. For this 
design there is a negative cut out in the thigh 
part of the leg and the opposite positive 
extrusion in the shin part of the leg, allowing 
the bottom half to slot into the top, aligning 
their centres (figure 13). A nut and bolt could 
then be passed through the knee joint, 
holding both halves together. This proved to 
be a very effective iterative solution, 
especially at high speeds. 

 
Iterative 3D printing and modelling: 
A miniature bike was purchased online in order to have a frame to 
build components around, shown in figure 14. A few components 
were provided with the bike, however they were poorly made and 
needed re-engineering in order to efficiently work for this 
application. Issues included the chain often slipping off of the 
crankset (figure 15) and the wheel not always spinning in unison with 
the crankset as there were no teeth on the rear cog to grip onto the 
chain. The chain used in this case was a flexible belt made of elastic 
material. 
 
In order to remanufacture the bike components to retrofit onto the 
original frame, it was necessary to accurately measure the frame’s 
proportions, bracket sizes and other important features using a set 
of digital Vernier callipers. Once all components were measured 
and modelled using Solidworks 2018, they were 3D printed. 3D 
printing was chosen as the main manufacturing method for small 
components due to its impressive tolerances, low material costs, 
and speed of production. The printer that was used at first was an UP Mini 2 which has a layer 
resolution of 150 microns, printing in ABS. However, the printer’s quality was not sufficient for many 
of the smaller components, such as the rear cog which had an axel hole diameter of 1.6mm. Many 
of these features would either collapse or cause the print to fail entirely. Another issue was the 
printer’s support generation for certain parts. Removing supports involves using a scraper blade 
and pliers, which can destroy delicate parts with thicknesses as low as 0.65mm, which was the case 
for the new crankset cover.  

Figure 11; Original linkage idea Figure 13; Alignment solution 

Figure 12; Action figure knee 

Figure 14; Toy bike frame 

Figure 15; Chain slippage 
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To overcome these early printing issues the Markforged 
Onyx One printer was used, providing many benefits over 
the UP Mini 2. Firstly, the Onyx One has a layer resolution 
that is 30% more accurate than the UP Mini, allowing for 
precise manufacturing of miniscule features. At times it was 
necessary to change feature dimensions by 0.2mm, so this 
improvement in resolution made a noticeable difference. The 
Onyx One is also able to print in a composite Onyx matrix 
material of nylon and chopped carbon fibres. This improved 
the mechanical properties of the parts, producing industrial 
strength components. For a comparison the flexural strength 
of the matrix material is around 20MPa higher than ABS, 
shown in figure 16. The slicing software for the Markforged 
also uses intelligent peelable supports for overhangs, making their removal extremely easy. Finally, 
the Onyx One uses a weak glue to hold parts to the print bed during printing, instead of building 
physical supports, meaning parts would seamlessly detach from the bed with a very high surface 
finish.  
 
After switching to the Markforged, a rapid prototyping 
approach was taken to quickly print, test, remodel and re-
print parts. Due to the small size of the parts, almost all print 
times were under half an hour, some prints taking as little as 
8 minutes. An image of a few of the iterated parts can be 
seen in figure 17, all Onyx parts are in slate grey, and earlier 
ABS parts in white or blue. Some of these parts include a 
crankset cover to stop the slipping issue mentioned earlier, 
as well as the two stands that hold the motor and the frame 
in place and aligned. 

 
Another benefit of using the Onyx material is that the material sands very 
easily into a fine powder. In the post printing stage, very minor print or 
CAD errors could be adjusted using a fine grit sand paper to ensure a 
perfect fit between components. A small rectangle of 320 grit sand paper 
was double sided taped to a set square for this final manufacturing process, 
shown in figure 18.  
 
 

 
A works-like prototype using the Markforged 
components was assembled on a bench top, as shown 
in figure 19. Once this milestone was met the final 
manufacturing steps were to be completed and the 
code and electronics finished to a presentable and 
interactable standard. 
 
 
 

Figure 16; 3D printer material properties 

Figure 18; Sanding nylon 

Figure 19 First functioning prototype 

Figure 17; 3D printed part iterations 
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Code development 
By the interim review stage, the extent of the Arduino programming and electronics completed was 
a motor spinning faster the louder the input sound. Considerable progress was made to transform 
this initial code into a functioning, repeatable, realistic and fun arcade game interaction. 
 
One of the main difficulties to overcome was 
how to transform the cheering from the user 
into a realistic response of the cyclist. The aim 
was to have the cyclist speed up when the user 
increased the amplitude of their signal, but not 
to maintain that speed if the user immediately 
stopped. This was to authentically recreate 
someone cheering on a sportsman in real-life, 
whereby one shout is not enough to keep them 
going, it is the continuous shouting that 
encourages them on. However, as the ‘live’ 
high score was being displayed on the OLED, 
it was important to separate two variables, one 
for the actual highest signal amplitude value so 
far (displayed on OLED) and another for the 
dynamic value that would be mapped onto the 
motor PWM. 
 
This effect was achieved by using a moving average filter and two separate high score variables. 
Shown in figure 20, the variable Scorehi (blue line) once increased will stay at that value and be 
displayed on the OLED, and the variable dynamicScorehi (red line) is passed to a moving average 
function. The moving average function calculates an average of a 0.75 second window size of 
current and past values in real time, therefore not just mapping the most recent value to the motor. 
Once the window is full it pops out the head (oldest) value and pushes in a new tail value. A decay 
was value was subtracted from the ‘average’ value so that the PWM fed to the motor would 
decrease when no signal was detected by the microphone, shown by the negative gradient of the 
lines in figure 20. This function also means the motor will gradually speed up as the average (green 
line) increases at a slower rate than the dynamicScorehi creating a lag, again contributing to the 
lifelike movement of the man. A moving average filter also acts as a low pass filter, reducing the 
effect of high frequency signal inputs which is often characteristic of ‘noise’. As a result, using the 
moving average also combats low level noise from the surroundings. 
  

Figure 20; Variables plotted using Arduino’s serial plotter 
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Final design: 

The final design exhibits a combination of iterative modelling and manufacturing, engineering 
analysis, overall trying to find the optimal solution for each individual intended outcome, resulting 
in a well-finished, interactive gizmo. Many of the key features have been previously mentioned, 
however there are a few more important details still to be discussed. 

 
One of the features that was integral to the final design in terms of 
both function and form was the mount for the motor, figure 22. As it 
was to be placed in view of the user, it needed to be concealed, but 
also sturdy enough to ensure all of the motor’s torque was transferred 
to the cyclist. The motor was 3D printed in the strong nylon carbon 
matrix material, and mechanically fastened to the platform with two 
M3 bolts. A hole was cut in the rear, so that the wires could be passed 
through the mount and the platform and connected to the 
breadboard underneath. Trees were then planted in the socket 
heads of the M3 bolts to hide the mechanics.  
 

Another design feature was to mount the OLED, 
microphone and button on the front to separate them 
from the ‘mini world’ on the upper platform, attempting to 
not ‘break the fourth wall’ of the interaction. Each 
component has a cut out to slot into, allowing them to 
easily connect to the breadboard sitting behind the front 
panel. A new user is greeted by the welcome screen, 
instructing them to press the green button to play. When 
they are playing, the OLED displays a spectrum analyser 
(figure 23) to give the user a visual indication of the 
amplitude and frequency of the signal they are 

Figure 21; Final design 

Figure 23; Front panel layout showing ‘play’ screen  

Figure 22; Motor mount 
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producing. The ‘play’ screen runs for 20 seconds before cutting to the 
end screen, where the user will receive a high score in mph 
corresponding to the amplitude of their signal. A message also appears 
telling the user if they shouted loud enough to help Colin finish his race 
or not. 
 
The mounts for the bike frame and front wheel are held in place using 
industrial grade black tack (figure 24), which provides a very strong 
fixture for the components. The reason for not using mechanical 
fasteners was to allow for minor adjustments to the position and 
alignment of the frame, motor and cyclist, as well as facilitating repairs. 

 
In terms of the aesthetic features, trees 
were planted around the platform to 
create a park like environment, as well 
as disguise some of the mechanical 
components. People placed around the 
platform are interacting, to create a 
lively scene which is both visually 
pleasing and interesting to inspect. For 
example, the woman on the front of the 
platform is holding her hand to her ear, 
further provoking the cheering from the 
user (figure 25).  

 
The road and hills are laser cut out of coloured acrylic, and the box 
housing all the components are laser cut panels with fingers, held 
together with plastic weld. Small rectangles were laser cut and 
slotted into cut-outs in the hills to hold them in place as plastic 
weld was not strong enough to support the weight of the hills. 
Finally, rubber feet were added to the base to stop the whole 
gizmo from sliding across the table when the button was pressed. 
 
 
 
 
  

Figure 25; Woman with hand to ear Figure 26; Interactions 

Figure 27; Hill support solution 

Figure 24; Black tack 
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A comprehensive bill of materials for the final design can be seen in figure 28.  
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Figure 28; Bill of materials 
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