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Module Learning Outcomes  
(from module syllabus) 

1. Demonstrate a good understanding of the fundamental principles of programming an 

embedded system. 

2. Describe the basic elements of typical embedded hardware and apply that knowledge in the 

analysis of a number of simple system applications. 
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     STUDENT FEEDBACK FORM 

 
This section details the extent to which the assessment criteria are demonstrated by you, which in turn determines 
your mark. The marks available for each category of skill are shown. Lecturers will use the space provided to 
comment on the achievement of the task(s), including those areas in which you have performed well and areas that 
would benefit from development/improvement. 
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1. Engagement with Literature Skills 
.   

 

 

 

0  

 

2. Knowledge and Understanding Skills 
   

Hardware  

Has exhibited a competent knowledge of the basic underlying concepts and principles.   

You have included a description of the components used and justified why you have used them, 
whilst I agree using 3 separate LEDs is more complex from a wiring perspective, there is not 
additional demands on the memory than if using the RGB LED.  Other components were 
considered and you have explained why these were not used. A seven-segment display is very 
limiting in terms of what it can output, whereas an LCD has several characters over several 
lines, depending on the LCD used. Another reason it would be a better option over the seven-
segment display. Schematic correct- but in future try to use horizontal and vertical lines to join 

up components.  10/15 
 
Software 
Demonstrates a reasonable knowledge of the basic underlying concepts and principles. 
Flowchart does not conform to standards. Use a rectangle for process, and where branching 
takes place a diamond box is used, with a question in the box. Any path coming from a decision 
box should be clearly labelled to make it clear which path is taken as a response to the question 
in the diamond box. The flowchart also contains dead ends. Pseudocode confuses loop 
constructs with selection, I think in the majority of this (having looked at your implementation) 
you meant to use IF and END IF. You have a great breakdown of the software functionality in 

the project notes in your appendices. 6/15 

 

30 16 

 

3. Cognitive and Intellectual Skills 
   

Discussion, Evaluation and Conclusion 

Good evaluation of the underlying concepts and principles. Mostly valid arguments and 
logical judgements. 
You have briefly considered some of the useful features of the C language when 
working with embedded systems and reviewed the effectiveness of your designed 
system. Sensible improvements to the system are also included. 10/15 

15 10 

 

4. Practical Application Skills 
   

Implementation 

An advanced application of a range of basic methods taught, with an appropriate 
solution provided. 

Program is functional and meets the requirements of the assignment.  You have 
annotated the code well, and made good use of constants, naming of pins is good 

50 35 

 



 

practice. Good use of the loop in the setup to initialise adjacent pins.  Also, good 
practice to check the LEDs are functioning prior to getting into the main loop.  
Indentation is not correct - whilst this has no impact on the functionality of the program 
it aids readability. In the main loop you have also considered what happens if the 
DHT11 malfunctions and does not pick up a reading. Further marks would be gained 
had you used functions. 29/40 

Testing 

A very good application of basic techniques for testing. 
Testing covers all possible states of the system, your images suggest you are 
attempting to work at the boundaries of your state changes, which is good practice.  
However, you should have explicitly stated what the values you were testing for (i.e. 
the boundaries i.e. 24.1, 24.0, 18.1, 18, etc) in the table. 6/10 
 

5. Transferable Skills for Life and Professional Practice 
   

Work is coherent, very fluent and is presented professionally. Can work effectively 
independently. 
Work is formally set out, well structured, including contents pages, references and 
labelled diagrams. 4/5 
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Abstract 
A report on the use of a microcontroller, software and hardware elements of an embedded 

system designed to control the temperature in an office environment.  
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Introduction 

 

The purpose of this report is to document the design and implementation of a micro-

controller-based system. The device will monitor the room temperature in a workplace 

environment and will inform the user if the temperature is outside of predefined working 

conditions. Hardware design, Software design, implementation of the system and testing 

all come under the scope of this document. At the end of this report an evaluation of the 

project will be completed, considering all testing and design considerations throughout the 

project. 

 

General design requirements/ considerations 

 

Some initial notes on component selection, criteria and considerations are shown in 

Appendix A. According to HSE safety regulations, temperatures should not drop below 

16˚C, however there is no legal limit on how hot a workplace can be (Source: HSE, 2023). 

But based on research into the topic, it would be wise to set an indication at 24˚C or 

above, as the ideal temperature in an office space has been determined to be 22˚C. 

Ideally, the temperature range should be between 18˚C and 24˚C as a comfortable 

working range for most people. (Source: Nance-Nash, S. 2020). The system could use a 

lower temperature indication and a higher one, at the temperatures aforementioned. 

Additionally, there could be a message for when the temperature is below the legal limit. 
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Task 1 – Hardware Design 

 

Micro controller selection 

 

An Orangepip Kona328 board has been selected for this project, as this is what is available, is 

cheap to purchase and is compatible with Arduino software, as well as, meeting hardware 

requirements. This board is based around the AT- Mega328 microcontroller. It has 14x digital 

I/O pins (6 which may be used as PWM outputs), 6 analogue inputs and a 16MHz crystal 

oscillator. It has a USB port to connect to a laptop or computer, ground and power terminals 

suitable for powering LEDs, displays and temperature sensors via connection to a breadboard. 

It can be powered by battery as well, if portability is desirable for this application in the future. 

The data sheet for this component can be found in Appendix B.  

 

 

 

Figure 1, Source: https://www.rapidonline.com/orangepip-kona328-arduino-uno-compatible-development-board-75-0550 
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DHT11 Temperature and humidity sensor 

 

 

 

Figure 2, source: https://components101.com/sensors/dht11-temperature-sensor 

 

Six other widely used temperature sensors include the DHT22, LM35, DS18B20, BME280 and 

BMP180. 0 to 50˚C measurement is the ideal range for ambient temperature monitoring, the 

other sensors in this list range from -55 to 85˚C, which are more than what is required of this 

application. The BME280 and BMP180 require more wiring than the DHT 11. These sensors 

also require a separate power supply for their chips, making the hardware setup more 

complicated. The LM35 and DS18B20 do not have dedicated libraries in the Arduino software. 

The DHT11 is cheaper than the DHT22 and its response time is faster. (Source: English, C. et 

al. 2019). 

 

RGB LED and an LCD display 

 

For this project, an RGB LED will be a suitable indicator of the room temperature. A red light 

could be used when the temperature reading goes above 24˚C, a green indication could show 

the temperature is at an acceptable value and a blue indication could indicate the temperature 

has dropped below 16˚C, the legal limit. One could use several LEDs of different colours, but 

this would require more space on the bread board and possibly more memory in the code. A 

buzzer is an option as well, but this could be an irritation in an office environment and would 

only provide an audible warning. 

 

For this project, the DHT 11 is a suitable 

temperature sensor. It is compatible with the 

Orangepip board, requires a 3.3 ~ 5.5V DC 

supply and has a working range of 0 to 50˚C. It 

has an accuracy of ±2˚C, which is adequate for 

this application. The data sheet for this sensor 

can be found in Appendix C. The low cost, high 

availability and interchangeableness of this 

sensor makes it suitable for this application. In 

addition, the DHT11 uses just one signal wire 

to transmit data to the Arduino board. 
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It would also be useful in this program to include an LCD display with the temperature value on 

it. This would enable the user to check the validity of the RGB LED indication and to give an 

idea of how much to change the thermostat/ air conditioning by in terms of degrees centigrade. 

The LCD display is a better option than a 7-segment display, as it requires less pins on the 

Arduino board and uses less code within the software program.  

 

Power supply, wiring and protective considerations 

 

Each LED colour leg will require protection via a 220Ω resistor. The DHT11 will require a 

10KΩ resistor. The power supply will be via a laptop connected to the Orangepip board via its 

USB port. A solderless breadboard and wires will be used for the circuit, for ease of use and 

adaptability during this proto-type stage. It would be wise to colour code the wires to the RGB 

LED and other elements of the circuit, for ease of identification and modification. A rough 

drawing of the circuit can be seen in Appendix D.  

 

Hardware system design drawing (fritzing)  

 

 

Figure 3 
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wiring diagram 

 

Figure 4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



8 | P a g e                                                   A u t h o r :  H e a t h e r  R a y m o n d  
 

Task 2 – Software Design 

 

Figure 4, flow chart made in the Lucid Software  

Arduino IDE program and Lucid 

program 

 

The Arduino IDE software has been 

selected for this project due to it 

being free and readily available to 

download. It’s compatibility with 

common windows and apple mac 

systems. This software is easy and 

intuitive to use for beginners to 

programming, the language is based 

on C++. There are also libraries 

available with pre-written code, 

which should help with some of the 

functions of the temperature 

indicating circuit. (Source: Kumar, A. 

2023). 

 

Lucid software is available online, is 

also open source, and will be used in 

the scope of this project to design a 

flow chart. This chart should help 

plan out the program from the start of 

its functions. Pseudo code will also 

be used to help plan the project, and 

will be compiled in a word document, 

using six common programming 

constructs. (Metwalli, S.A. 2022). 

 

Figure 4 shows the flow chart design 

for this system, to help inform the 

code to be written in the ardiuno 

software, using common flow chart 

conventions.  

 

 



9 | P a g e                                                   A u t h o r :  H e a t h e r  R a y m o n d  
 

Pseudo code 
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Figure 5, pseudo code written to help design the main code  
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Task 3 – Implementation 

 



13 | P a g e                                                   A u t h o r :  H e a t h e r  R a y m o n d  
 

 



14 | P a g e                                                   A u t h o r :  H e a t h e r  R a y m o n d  
 

 

 

A copy of the project code is included above. Comments explaining the code and algorithm 

are included alongside the code in grey coloured text. The program code/ sketch has used 

7224 bytes (22%) of program storage space.  
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Task 4 – Testing 
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Task 5 – Discussion, Evaluation and Conclusions 

 

Discussion- what went well 

 

The project was successful in creating a room temperature sensor and indication. The C 

programming language was relatively easy to learn, user friendly and intuitive. There were 

libraries available with pre-requisites for the project already programmed, making creating the 

code simpler. The choice of micro controller was a cheap, effective piece of hardware. The 

source code written using C programming language can work effectively on another operating 

system without suffering any changes to the code. The Arduino software was free to download 

and easy to use to program.  

 

The temperatures selected for the range were based on HSE recommendations and other 

reputable sources- these could be adjusted for other countries with different laws and 

environmental conditions. The DHT 11 sensor was cheap and easy to source for the project. 

The use of an RGB LED reduced the need for 3 LEDs to show different indications and 

reduced the wiring required. The LCD display is a better option than a 7-segment display, as it 

requires less pins on the Arduino board and uses less code within the software program. The 

pseudo code and flow chart were both helpful in designing the code for the project.  

 

Within the code, constants were created at the start to make it easier to read. Using the // 

symbol, there was opportunity to explain each part of the code, making it easier for the user to 

implement. Delays, print commands and different operating conditions were implemented 

within the code, to get the desired outputs to the LCD and LED indications. Temperature 

ranges were employed within the code successfully, as per the brief.  

 

Evaluation- what could be improved 

 

Concerning the indication of the ambient temperature in the room, a flashing element could 

have been introduced to the RGB LED when the temperature dropped below the legal limit, to 

differentiate the reading from the “TOO COLD!!” indication. The brightness of the LED could 

have been modulated by connecting a potentiometer in series with the LED to adjust 

resistance values within the circuit. Perhaps another LED could have been used to provide a 

different colour for the legal limit. Sound could have been implemented to give an audible 

warning when the temperature becomes too hot or too cold for a comfortable working 

environment, via using a buzzer element in the circuit. 
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Greater portability could be implemented via running the temperature sensing system using a 

battery, rather than a USB connection to a computer or a laptop. A case could be designed to 

contain and protect the wiring and components of the system. If the wires were available, 

colour coding could have been more exact in the project. For example, black wires for ground 

leads, red wires for positive ones could have been used if available. The DHT 11 sensor has a 

sensitivity of ±2˚C, a sensor with a great temperature range and improved sensitivity is the 

DHT 22, which has a ±0.5°C accuracy between 0 and 50˚C.  

 

During the testing stage, a thermometer or other temperature sensing device could have been 

used to validate the results. These tests could have been done several times to validate the 

results further. The code itself could possibly be streamlined or shortened to be more efficient 

and provide the same end result. The same could be said of the planning stage using flow 

charts and pseudo code.  

 

Conclusions 

 

Overall, the project was successful in producing a program and hardware that reads the 

temperature of an office space and gives different indications dependant upon the temperature 

range. When the temperature is outside of the acceptable range, the LED and LCD both show 

an appropriate indication. There is scope for further improvements to the code and hardware 

as discussed. Through testing, the program has been shown to be effective and working as 

designed. References are given in a separate document, appended to the report. 
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Appendices  

 

 

Appendix A, Initial project notes  
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Appendix B, Orangepip 
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Appendix C, DHT11 temperature sensor  
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Appendix D, rough circuit design drawing
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