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Introduction

S.C.A.W. is a project conducted by myself, Jihad Dib (jd586) and Raihan Fahirurazi (rf284).
This individual report will shed the light on my contribution to the project as a team leader and
as a member of the group describing my work, its progress, its results and my style of leadership
along with the decisions I have taken in order to rectify the main problem faced during the
lifecycle of the project which was the fact that one team member left the university at the
beginning of the year while another member decided not to participate nor to give any effort
during the design, fabrication, implementation and testing of the project. Which is why my report
will be a little bit long due to the fact that I was forced to cover for the 2 members who left so I
am providing a summary of the tasks of 3 different team members.
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My Material Contribution

Due to the fact that the issue described earlier occurred, I was forced to make some drastic
changes in the tasks of the group members which made me responsible of various parts of the
project.
First of all, I was in charge of choosing the right hardware:
After series of research and planning, I decided to replace the Arduino Uno Development Board
with embedded ATMEGA328 chips in order to lower the cost and space needed for the
component in the PCB design, and to improve the performance of the circuit. I tested the
implementation on a breadboard and programmed the ATMEGA chip using an FT-232R FTDI
USB to Serial converter as shown in Figure 1:

Figure 1: ATMEGA328 programmed using FT232R FTDI
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When the experiment was a success, I started designing the entire project so I chose the sensors
(Ultrasonic sensors and IR Sensors) along with the GPS module

Figure 4: IR Sensor
Figure 2: U-Blox GPS Module
Figure 3: Ultrasonic Sensor

I tested each unit separately in order to understand its functionality and to plan its integration in
the master code of the project.
I decided to make drastic changes to the motherboard (on the rover) as I tested the motors and
decided not to use motor controllers as they are servo motors which can be conrolled when
connected to PWM pins, and decided to replace the XBee module with a NRF24 2.4 Ghz
Transceiver in order to lower the cost and to extend the range and wireless signal quality.

Figure 5: NRF24L01 2.4 Ghz Transceiver

In addition to the previous, I decided to add a Gyroscope Accelerometer in order to detect if the
wheelchair fell (formed an angle of more than 60 degrees from the floor) and so I chose the
MPU-605
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Figure 6: MPU-6050 Gyroscope Accelerometer

I also decided to include SIM900L as a replacement to the SMS HTTP API as the API requires
an internet connection which is not a guaranteed connectivity, so the SIM900L enables the
system to benefit from the use of the SIM Card’s GSM connectivity to dispatch the emergency
message via SMS which originally should contain the Longitude and Latitude of the location
where the wheelchair fell (fall being detected by the Gyroscope). I used Google Maps API after
series of tests which enabled me to form a link by gathering the location parameters using the
GPS module and to generate a link which will show the exact location of the wheelchair.

Figure 7: SIM800L

As for the controller, I decided to expand its ease-of-use by adding an OLED screen after testing
it. The screen would show the battery level of both the controller and the wheelchair and will
inform the user of any obstacle detected by a message displayed on the screen and a voice
notification using the buzzer added to it. I also added the NRF24 transceiver so that the
controller can communicate with the wheelchair.
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Figure 8: 0.96' IIC OLED Screen

I added a joystick to the controller so that the user can control it.

Figure 9: Joystick

Finally, in order to communicate with the PC when the PC version controller is to be used, I
made a very important and accurate change. I added a FTDI USB to Serial unit. Once connected,
the entire functionality of the controller will be stopped and it will be limited in just sending and
receiving data to and from the wheelchair. The FTDI serves as a USB plug which should be used
in order to hand the control over to the PC version of the controller.

Figure 10: FT232RL USB to Serial Breakout

The final step was to add an extra microcontroller chip to the motherboard and name it SLAVE.
SLAVE gathers all the data needed and processes it in order to dispatch an SMS with the content
as explained before, and it transmits a notification to the controller through MASTER via the
additional TX/RX ports created using SoftwareSerial library in Arduino allowing the regular TX
RX pins to be free so I can use them to upload code in case I needed to make any amendments
and SoftwareSerial created the virtual TX/RX pins using PWM pins offering the exact same
functionality keeping my regular TX/RX pins free. This step ensured that even if any serious
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issue occurs to the main MASTER chip, the SLAVE will still handle the emergency message
dispatch and this adds more safety and reliability to the project.
I tested the entire design on 2 separate breadboards in order to ensure that the entire system is
fully functional. During this step, I realized the need of a 5V voltage regulator and the
importance of decoupling capacitors and resettable uses, so I added all of them to my circuit and
ended up with a fully functional system prototyped on 2 breadboards:

Figure 11: Motherboard prototype and controller prototypes

Test results came exactly as expected after some trial and error series, I managed to implement
the main code of the project ensuring that all the
components are properly connected and that the
code is correct. I had to tweak the code many
times to improve its performance. The design
was a success and the coding was proper.

Hand acting as obstacle
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message displayed)

Figure 13: Testing results (Obstacle detected by the backwards sensor)

My code had one major obstacle which was the communication between the controller and the
wheelchair and the way the PC version of the controller will be connected to the system through
the FTDI. In order to overcome this issue, I programmed the controller’s microcontroller to stop
all its functionality when the 5V pin of the FTDI is giving 5V (Logic 1) and the entire circuit will
become a simple transceiver circuit which will transmit and receive a coded string received from
the PC through the FTDI. If the PC is not connected to the controller, the controller’s
microprocessor will still generate the control string but using the joystick and the potentiometer
(to set the speed):
S

integer

integer

integer

F/B/x

L/R/x

S/x

O/x

Figure 14: Encoded string - Controller

S: Set Speed (also used to validate if the string received by the wheelchair is correct or not)
Integers: speed value from 000 to 255
F: Forward
B: Backward
L: Left
R: Right
S: Stop
O: Obstacle Avoidance ON
x: nothing
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The Motherboard’s MASTER microcontroller also needed an encoded string which will be sent
to the controller so that the controller can display the data as needed, so I created the following
format:
Integer

Integer

F/x

B/x

L/x

R/x

D/x

E/x

Figure 15: Encoded string - MASTER

Integers: Wheelchair’s battery value from 00 to 30
F: Obstacle detected at the front
B: Obstacle detected at the back
L: Obstacle detected at the left
R: Obstacle detected at the right
D: Door Detected
E: Emergency
x: nothing

Even SLAVE sends a string to MASTER using the virtual TX/RX pins created with the help of
the SoftwareSerial Library but the string is just one character (E) and this sets the Character E
(last character in the string sent from the wheelchair denoting an Emergency).
The controller and the wheelchair exchange the strings at all instances via the 2.4 Ghz channel of
the NRF24 modules.
The encoded strings allowed me to have an instant non-stop transmission of all the data at the
same time without having to process so many receivables. The microcontrollers will just receive
one string, check every character in it and extract the data accordingly. Fully commented code
will be made available upon the demonstration as part of the colloquium.
After testing my design, I started designing the PCB using PADS Logic so the first task was to
create the new components and their Decals and then creating the schematic of the PCB.
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Figure 16: Controller PADS Schematic Design

Figure 17: Motherboard PADS Schematic Design

As Figures 16 and 17 show, the new components are properly designed and connected so the
next step would be arranging the components when placed on the PCB and designing the routing.
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Figure 18: Controller routed PCB design

Figure 19: Motherboard (wheelchair) routed PCB design

The PCB components were placed in the best optimal locations and routed ensuring that the
routing rules are met and that the shortest routing and best performance is ensured.
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My next task was the PCB Fabrication, so after obtaining the printout of my PCB designs, I
fabricated the PCB at the workshop by attaching the printouts to the plastic board and exposing
them to UV light

Figure 20: Exposing the PCB printout and board to UV light

Then I had to dip them in the developer solution and wait to have them etched.
When this was done, I had to drill the wholes and rinse the PCBs with Acetone in order to
remove the ink.

Figure 21: Drilling the holes
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Finally, the PCBs were ready to have the components soldered:

Figure 22: PCBs ready to be soldered

I soldered all the components and the PCBs were fully ready to be assembled along with the
other components:

Controller

Motherboard
Figure 23: Final PCBs
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Then I used the melted glue in order to glue the sensors and some plastic poles (to raise the
motherboard PCB allowing me to use the extra space gained to store the 9V Battery)

Figure 24: Body

Finally, the project was fully assembled and was ready to be tested:

Figure 25: Assembled project
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And the test results came very positive:

360 degrees surrounding obstacles

Feedback shown on
The screen
(obstacles sensed)

Figure 26: Test Results - Wheelchair placed in between surrounding
obstacles (9V Batteries used and no error detected)

Wheelchair fell

Figure 27: Test Case - Wheelchair fell

My last task was to 3D design the chair and to print it, some issues were faced there due to the
nature of the design as the chair has some very small corners which cannot be 3D printed.
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The previous design was:

Figure 28: Previous 3D Chair Design

To solve this, I had to cut some of its parts and I finally obtained the following:

Figure 29: Final 3D Chair Design

Finally, with the help of the Tech Support team, we printed the chair and obtained the following:

Figure 30: 3D Printed Chair
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And finally, the wheelchair was complete:

Figure 31: S.C.A.W. Wheelchair

Many problems were encountered during the design and implementation, some of them were
code-related and were solved by tweaking the code and the variables used, others were in the
implementation.
The main problem was the fact that one member left the university and the other member never
contributed in any of the tasks which forced me to undertake many other tasks including the
component research and the PCB design and implementation.
Some severe problems were faced during the PCB fabrication: the PCBs provided were not
industrial-level ones so I was not able to use an auto-router for the routing as we cannot solder
components on the top layer due to the fact that the top and bottom layers are not connected. In
order to solve this issue, I had to manually route all the components together which took a lot of
time and many trials-and-errors even though this was not supposed to be my task. In addition to
the previous, I also faced some issues with the components as I was not able to add the sensors to
the PCB directly, so I decided to glue them on the chassis and then use cables in order to connect
the PCB to the sensors. This is when I realized my need to raise the PCB as the components will
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not fit and I gained an extra space thanks to the plastic poles for the battery which was added
right below the PCB leaving a safe distance in order to avoid any damage to the PCB. I soldered
the battery connector on the bottom layer of the PCB for the neatness of my design.

Personal Report
The project’s progress would have been a lot better and we would have been able to finish a lot
earlier if the other member did not decide to skip all the steps and not to participate in any step.
But this has taught me the importance of contingency plans and critical decision-making as
without those, we would have never been able to achieve the completion of the project.
As a team leader, I have prepared a plan B for every team member in case any issue occurs
leading them to skip their tasks and the reality came as expected, the worst-case scenario.
My plan B was to cover the missing members tasks as the only member showing up to the tasks
did not go through year one with us and did not take the robotics project course as she is a
masters student and is not taking the entire second year program, so she is unable to cover the
tasks that should be given to the other members and it is unfair to make her responsible of things
she does not know, so I had to make use of her skills and expertise and to hand her tasks that she
is actually able to do without struggling and ending up in a failure even though it is not her fault,
which is why I had to take care of all of these and to hand her the tasks that she is able to
accomplish like creating the GUI and ensuring that it can interface with the controller handling
all the encoded strings and all the data exchange (as she took the LabView course with us and
testing and calibrating all sensors).
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The project’s management and critical decision taking were the most important activities which I
had to be responsible for and this assisted me in overcoming all the obstacles we’ve faced.
We managed to work perfectly well together as a team me and the member who was
participating in the project and I was able to ensure that she is always on track and that she is
handling all her tasks as best as possible.
My style of leadership was straight to the point without any hesitations as we were in a code-red
situation where we are down to 2 members only and we have to cover a job which requires 4
team members with not enough time and a strict deadline that we are bound to meet as deadlines
in life cannot be extended nor rules can be bent. I had to re-arrange the tasks and re-distribute
them in a way that would ensure that everything is done on time so I had some strict norms
which were the completion of the task on time without any delays and to inform me whenever
any obstacle is faced. I had to change the frequency of the meetings and the method of arranging
a meeting. As a starter, I used to dispatch emails and text messages and to create a shared
calendar task containing a reminder and the agenda for the meeting which usually takes place in
any room at the university. But due to the fact that we were only two, I decided to raise the
frequency of the meetings making them a daily-based meeting right after our classes in order to
ensure that we are on time, and I had to use a different means of communications other than
emails, which was an instant messaging app as it makes communication easier and prompt. This
helped save a lot of time and effort which was focused on the project and it was one of the main
reasons allowing us to meet the deadline without any issues. I insisted on keeping track of every
detail in every meeting in order to omit any issues and to assist my team member with any task
she is facing without jeopardising the project’s lifecycle and without causing any risk of not
meeting the deadline. So we managed to cooperate in the project’s lifecycle and we were able to
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have a fully understanding without going through any communication issues, nor any
misunderstandings so all was swift and easy apart from the fact that we became flooded with
extra tasks which took all of our time and effort in order to complete everything.
As example, I had to work from home especially during the PCB population so I had to solder all
the components at home which would save me a lot of time and provide me with the ability to
complete my tasks in an overnight at home. I followed all the safety procedures and I was able to
complete the task on time without any issues and without being affected by the closing time of
the lab.
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Conclusion

One major skill I mastered in this project is project management and having contingency plans in
order to avoid any issues. In addition, I learned to expect the worst as it might occur as the case
we faced in this project. So a good planning covering all worst-case scenarios is the only way to
avoid any issues and to meet the deadline at all cost (except for sure the health and safety risk
rule which applies to our project being a critical project). Apart from the health and safety risks,
all plans should be made in order to avoid any delay in the delivery making sure that none of
them contradicts with the code of conduct of an engineer.
If the issue with the team members was not faced, I would have been able to expand the project
even more, allowing an online interface with the ability to control the wheelchair from any kind
of peripheral (tablet, smartwatch etc.), and I would have added some extra capabilities and
components such as image recognition for a better suitable obstacle avoidance and door
traversal, in addition to some other ideas such as automatic parking, smart seatbelts, shortest path
finder and self-driving capabilities. Many ideas were removed because of the time factor and the
shortage on manpower but the most important thing is that the project met its deadline and its
goals with some important additions and with a very robust design without using any
development boards thanks to the embedded ATMEGA microcontrollers and the knowledge
acquired along the second year in our major. The most important thing is that even though we
were very short on manpower, I was able to safely guide the ship and prevented it from sinking
meeting our deadline on time and without any issues even though all the odds were against it due
to the fact that the time was really short. This to me is the biggest reward coming from a fruitful
project showing me the real importance of being an engineer and a well-organised strategic
leader.
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