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LEVEL 4 ASSESSMENT SPECIFICATION  

 

Student name: Kieran King Student ID number: 2221714 

Programme: HNC Electrical/Electronic Engineering & Instrumentation Engineering 

Module: Embedded Systems 

Module code: PCEE4004 
Contribution to 
Overall Module 
Assessment (%): 

100% 

Lecturer: Sarah Williams Internal Verifier: Jason Pointer 

Assignment Title: Office Environment Monitor Word count (or 
equivalent): 

2000 words 

Submission 
deadline: 

12th May 2023 Return date of 
provisional marks 
& written feedback: 

10th  June 2023 

Submission 
method: 

All written assessments, where practical and possible, must be submitted via 
Turnitin unless otherwise instructed by the Lecturer. (Please DO NOT put this 
assessment specification into Turnitin or it will match many similarities with 
other students’ submissions.) 

Alternative submission method (if applicable):  

Late submission of the assessment will result in a late penalty mark.  
Penalties for late submission: Up to one week late, maximum mark of 40%.  
Over one week late, 0%. Only the Extenuating Circumstances Panel may 
approve a change to submission dates. 

Academic 
honesty / 
referencing: 

Academic honesty is required. In the main body of your submission you must 
give credit to authors on whose research and ideas your work is based. Append 
to your submission a reference list that indicates the books, articles, etc. that 
you have used, cited or quoted in order to complete this assessment.   

 
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 for the most part a good knowledge of the basic underlying concepts and 
principles.   

You have included a description of the components used and justified why you have 
used them.  Other components were considered and you have explained why these 
were not used. The discussion about using a servo motor is a good idea of how you 
could have used the device in an original way. The dial could just have 3 sections, too 
hot, too cold and ok, and smaller intermediate values need not be shown, however the 
placement of the needle may suggest if the temperature is close to a boundary. Circuit 
schematic has been provided, be careful to include wires to all components in the 
circuit. 
7.5/15 
 
Software 
Competent knowledge of the basic underlying concepts and principles.   
Flowchart provided uses correct symbols appropriately and logically describes how the 
system will work. Further marks here would have been gained by including 
pseudocode. 9/15 
 

30 16.5 

 

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 considered the usefulness of the C language when working with embedded 
systems and have referenced your sources.  There are limited but valid suggestions as 
to how the system might be improved, and you have considered how effective your 
solution is. 8/15 
 

15 8 

 

4. Practical Application Skills 
   

Implementation 

A good and appropriate application of basic methods, suitable method of 
implementation used. 

50 29 

 



 

Program is functional and meets the requirements of the assignment.  It is convention 
to bring in libraries first, then global functions, then declare constants, global variables 
together in groups.  This makes it easier for someone to debug a program as the 
libraries are together, the constants are together etc. Serial begin only needs to be 
done once.  As you are not really using the serial monitor for anything other than 
testing, it does not really need to be included at all, so consider commenting it and the 
serial print commands out when the system is actually being deployed and not tested.  
Code is well commented, but you only need // at the start of the comments and not at 
the end - use /* comment here */  where you have several lines to comment together.  
You have used good practice by selecting appropriate constant names for your pins. 
Indentation was on the whole correct, although not perfect. 23/40 

Testing 

A very good application of basic techniques for testing. 
Testing covers the main states of the system, and it looks like you started considering 
boundary values. The testing table should include specific values at the boundaries of 
where the state of the system changes to ensure complete correctness. 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 set out formally, well structured, including contents page, referenced 
statements where required and labelled diagrams. 4/5 

5 4 

 

 

Assessment Mark (Assessment marks are subject to ratification at the 

Exam Board.  These comments and marks are to give feedback on module work 
and are for guidance only until they are confirmed. ) 

Late Submission Penalties (tick if 
appropriate) 

57.5% 
Up to 1 week late (40% Max)  

Over 1 week late (0%)  
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Introduction- 
 
The report is based on concerns raised within the workplace about the effectiveness 

of the heating and air conditioning system. In the report a simple device has been 

produced to report if the environment is outside of comfortable working conditions.  

 

The UK government have a guidance which suggest the workplace room 

temperature to be “a minimum of 16ºC or 13ºC if the employees are doing physical 

work.” (GOV.UK, 2023) 

The recommended working temperature for offices and dining rooms is 20ºC and 

accepted that people usually work best at the temperatures between 16 ºC and 24 

ºC stated by the chartered institute of building services engineers. 

Trade unions have pushed for the “legal maximum temperatures for indoor work of 

30°C (27°C for those doing strenuous work).” (TUC, 2023) 

 

The report is an office environment monitor which will indicate when the working 

condition is not withing the acceptable ranges. From the carried-out research the 

decided range for the acceptable temperature will be between 16 and 24ºC. The 

device will contain an LCD to state the present temperature within the room and an 

RGB LED will report a specific colour dependent on the room environment. If the 

room is too warm it will emit Red, if it’s too cold it will emit Blue and if its within the 

comfortable environment range it will emit Green. The workplace environment is 

important to keep workers at a comfortable working temperature following the health 

and safety at work law.  
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Task 1- Hardware Design  

The office environment monitor will function by an input temperature sensor which 

will output on a screen and emit a specific colour to show the user if the work room is 

with the acceptable range. The Orange pip Kona328 is an Arduino UNO compatible 

development board shown in figures 10-12 in the appendix. The “Arduino is an open 

source electronics platform based on easy-to-use hardware and software” 

(ARDUINO, 2023).   

The board is used to read inputs and turn the input to an output. The board can be 

told what to do with the inputs and outputs by sending a set of instruction from an 

Arduino programming language. The purpose used for the Orange pip Kona328 is to 

take the room temperature as an input and use that with the coding to give an output 

on the RGB LED and the LCD. This is done by using the input and output pins on the 

board. The Orange pip Kona328 was chosen because it is a simple and accessible 

device to use as a beginner. It was also chosen due to the low cost compared to 

others.  

The RGB LED consist of three different colours which are Red, Green and Blue. The 

datasheet for the RGB is shown in the appendix figures 13-16. The function of the 

RGB LED used in the microcontroller system is to show a colour dependant on the 

workplace room temperature. The purpose of this component is to state whether the 

room is too hot, too cold or at a comfortable working condition. For example, this is 

done by using the RGB colour with each colour having a different meaning. Firstly, if 

the LED shows red it means that the room temperature is above 24 ºC meaning it’s 

too warm. Whereas If the LED shows blue then the room temperature is below 16 ºC 

and therefore is too cold. Lastly if the LED shows green then the room is within the 

comfortable working conditions of between 16-24 ºC. The RGB was chosen in the 

system so the user can see from a distance if the room is too cold, good or too hot. 

The RGB was chosen because it can show 3 different colours.  

Originally the device was going to use 3 different colour LED’s but this would have 

involved more wiring and coding. After carrying out research the RGB was a great 

choice to show the room condition reducing the amount of wiring needed and 

reducing the need for 3 LED’s to only 1.  
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Another component considered to allow the user to know what condition the room is 

in was to use a buzzer. This could have been done by coding the buzzer to buzz 

when the temperature was either <16 ºC or >24 ºC. When the buzzer would activate 

this would allow the user to know the room temperature is not within the comfortable 

working conditions. The reason the buzzer was not chosen was because if the user 

was not within the room when it activates then nobody would know when they enter 

the room again. Whereas the LED stays on continuously so the user would know 

whenever they are within the room. Also, with the buzzer you can’t tell if its activated 

due to it being too hot or too cold whereas the LED colour states the condition. Lastly 

the buzzer could be coded to stay on until the room temperature is back to 

comfortable condition but that could take a while and the buzzer would be annoying 

and distracting whilst working waiting for the room temperature to get back to the 

comfortable conditions.   

The liquid crystal display (LCD) will be used as a simple device to display the current 

temperature of the room. The LCD datasheet can be seen in the appendix figure 17.  

The 16 by 2 display screen Is used in the system to show the temperature in 

degrees on the top row and the temperature in Fahrenheit on the bottom row. The 

purpose of the LCD is to show the current room temperature so the user can know 

the current temperature of the room and whether or not to adjust the heating. This 

allows the user to keep the room temperature at comfortable conditions.  

The other component considered to display the room temperature was a servo motor 

which moves on a rotation arc of 0-180º. This could have been coded so that for 

every 1ºC the servo meter moves 6º. This means that the servo meter could show 

from the range of 0-30ºC by using that ratio. A display could have been made for the 

outside of the servo motor so that for every 6º the temperature would display 1ºC 

more. The reason the LCD was chosen over this is that the LCD is easier to read 

and easier to clarify the exact room temperature reading. 

A DHT11 will be used in the system as a temperature sensor. The DHT11 datasheet 

can be seen in figure 18-20 in the appendix. The DHT sensor is used to measure the 

room temperature in the workplace and to output the values as data to display on the 

LCD mentioned above. The DHT11 sensor functions by a mounted NTC temperature 

sensor which is built into the unit. The DHT11 uses a signal wire to transit the data to 

the Arduino which is then coded to display on the LCD.   
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Schematic drawing  
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Microcontroller System Diagram  
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Task 2- Software Design  
 
From the research carried out above in the introduction the chosen range for the 

acceptable working conditions are from 16-24 ºC. The device will monitor the 

environment within the workplace and will report back if the temperature is not within 

the acceptable range stated above. The flowchart for the design of the program can 

be seen in figure 3 below. 
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Task 3-Implementation  

Office environment Monitor Code with Clear comments 
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Task 4- Testing  

 
Test 1 

 
Test 1 was carried out to see that the DHT11 temperature 

sensor worked as the input whilst outputting the correct 

temperature on the LCD. As shown in figure 4 the LCD output 

temperature reading has been compared to the calibrated 

thermo sensor. The reading on the LCD is within 0.1ºC which is 

an acceptable tolerance. This was an important test as its 

crucial that the temperature sensor input is correct as this 

controls the outputs to allow the user to know if the room is 

within the comfortable working environment.  
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Test 2 
 

After carrying out a test changing the temperature using a heat 

gun it was found that when the environment of the room 

changed the LED colour would come on such as red for too 

warm but the green also stayed on which was the previous 

room condition when it was within the comfortable condition. 

Because of the Green and Red both being on this gave off an 

orange colour as shown in figure 5. This meant that when the 

room condition changed the previous condition showing on the 

LED wouldn’t clear. This meant before carrying out more tests 

the code needed to be updated. This issue was fixed by adding 

the code that when the LED for example is Green the 

temperature is between 16-24ºC so the Blue and Red LED 

need to be at 0 so it can’t be on when its shining green. This 

code was added to each colour so that when one colour is on the others are off. The 

code for this can be seen below in figure 6.  
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Test 3 
Test 3 was carried out to ensure when the temperature is 

below 16ºC the RGB emits blue. Figure 7 shows that 

when the temperature went below 16 ºC the RGB turns 

blue to show the user that the room is too cold and below 

the comfortable working conditions and the heating 

needs to be turned on or up. To carry out the test freeze 

spray was used and the temperature on the LCD shows 

that the test has worked.  

 

 
 

 
 

Test 4 

Test 4 was carried out to ensure when the temperature is 

above 24ºC the RGB emits Red. Figure 8 shows that when 

the temperature went above 24ºC the RGB turns Red to 

show the user that the room is too hot and above the 

comfortable working conditions meaning the heating needs 

to be turned off and open windows.  
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Test 5 

Lastly test 5 was to ensure that when the temperature was 

between 16-24 ºC the RGB would emit Green to show the 

user that the room is at a comfortable working condition. 

Figure 9 shows that this test proved the system was 

working to the expected outcome. 
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Task 5- Discussion, Evaluation and conclusions  

The office environment monitors produced works well to the required project. The 

program runs smoothly and works to the flow diagram produced at the start.  The 

monitor allows the user to know the environment and when its not at a comfortable 

condition.  

Although the monitor system works well there is room for improvement.  

Firstly, if people in the office are concentrating on work, they may not notice the RGB 

changing colour when the room condition changes. This could be improved by also 

adding a buzzer to buzz for 5 seconds when the environment changes. This would 

improve the monitor as it would grab the workers attention if they were within the 

room. Lastly the Monitor works currently on a plug-in port by plug or computer. This 

limits the location of where it can be placed and the monitor from being turned off. 

This could be improved by changing it to a battery supply.  

The C programming language is used for embedded systems mainly due to its 

simplicity and is also a highly portable language. The programs coded in it are far 

faster and more efficient when compared to other programming languages. This is 

because of the usefulness of there not being many keywords or symbols being 

involved. This allows users to get started with C programming easy as you can pick it 

up quickly with examples and tutorials online. A great power of C programming is the 

presence of many libraries. These are “built-in functions which consist of system-

generated functions and user-defined functions” (Vatsal, 2022). The function can be 

made to the user’s requirement as used in the office environment monitor above in 

the code. The program also has the power of producing machine codes very fast 

and being portable allowing users to use different platforms. The code is made 

simple and easy to learn because it’s a procedure-oriented language. Lastly the C 

programming language is useful for easy debugging as it lets you stop the process 

immediately and shows you the problematic statement which is causing the issue. 
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To conclude, overall, the Office Environment Monitor produced was a success. This 

is believed due to the monitor in use allowing the user to know the temperature and 

acknowledge when it’s not within comfortable environment. This was done by using 

the DHT11 to input the room temperature which then outputs to the LCD and RGB. 

This then shows the user the exact room temperature and when the room is within 

the comfortable environment or not by using different colours for whether it’s too 

warm, cold, or comfortable. The comfortable environment temperature was decided 

upon research online using multiple sources to meet the requirements. This monitor 

allows the user to know the exact temperature to guide them on changing the 

heating temperature. Overall, the office environment monitor meets the requirement 

as it allows the user to monitor the office and know when action needs to be taken 

and how. 
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