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1. Engagement with Literature Skills 
.   

 

 

 

0  

 

2. Knowledge and Understanding Skills 
   

Hardware  

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

Be careful not to confuse hardware with software, the Arduino Uno is the 
microcontroller board, whereas the Arduino IDE is the software used to develop the 
code to make the microcontroller function and allow the code to be uploaded onto the 
board. Try to avoid wires crossing the pins on the Arduino in your schematic, as it can 
be difficult to determine which pin the component is actually connected too, particularly 
with more complex circuits.  Very limited discussion with regards to considering other 
components, more marks would have been gained here had you discussed some 
alternatives you considered and why you ultimately decided they were not used. 6/15 
 
Software 
Limited knowledge of the basic underlying concepts and principles.   
Flowchart provided conforms to standards and is largely correct.   However, you are 
missing a path, and also your decision boxes should have T/F or Y/N on the paths 
exiting them to indicate the flow of the program. There seems to be no reference to 
switching OFF the LEDs if the temperature changes from one state to another one. 
Further marks here would have been gained by including pseudocode. 7/15 
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3. Cognitive and Intellectual Skills 
   

Discussion, Evaluation and Conclusion 

Limited attempt at evaluation of the underlying concepts and principles, tending 
towards description. 
You have not considered the usefulness of the C language which when working with 
microcontrollers, very good when working with hardware and considerably lighter than 
other languages. You have given some considerations of the improvements that can 
be made to the system, as well as how you could have improved your testing. 7/15 
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4. Practical Application Skills 
   

Implementation 

An adequate awareness and mostly appropriate application of basic methods  

Program is functional and meets the requirements of the assignment.  Code is not 
annotated, you have explained what each line does, but annotation is "commenting" 
code, which is not the same. Comments in C use  // or /* */  and are an important part 

50 24.5 

 



 

of developing software to aid understanding and development as well as future 
maintenance of a program. You have declared constants for your pins, which is good 
practice, but then not used them in the program.    You also have a variable called 
length that you do not use.  I understand you would use Serial.print for testing, 
however the reality is that this device will not be run from a PC, so for the actual use of 
this device, you should comment this code out.  Further marks could have been 
achieved if you had used functions.  19.5/40 

Testing 
A good and appropriate application of basic testing techniques has been used. 
Testing covers all possible states of the system, your testing table suggests you are 
considering the boundaries of your state changes, which is good practice, however the 
DHT11 is returning values to 1 decimal place so an appropriate boundary test would be 
16.0 and 16.1 in the table as well as 24 and 24.1  5/10 
 

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, including contents page, referenced statements where 
required and clearly 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) 

48.5% 
Up to 1 week late (40% Max)  

Over 1 week late (0%)  



   

 

 

Office Environment Monitor 

 

Module: Embedded Systems 

 

 

Lecturer: Sarah Williams 

 

 

Author: James Hammond 

 

 

 

 



1  James Hammond 
 

Contents 
Introduction. .............................................................................................................................. 2 

Working conditions. ................................................................................................................... 2 

Hardware Design. ....................................................................................................................... 2 

Orangepip Kona328. .............................................................................................................. 2 

Digital relative humidity and temperature sensor (DHT11). ................................................. 2 

Piezo buzzer. .......................................................................................................................... 3 

Red, Green and Yellow LEDs. ................................................................................................. 3 

Software Design. ........................................................................................................................ 4 

System Explanation. ................................................................................................................... 6 

Testing. ....................................................................................................................................... 8 

Discussion, Evaluation & Conclusion. ...................................................................................... 13 

Bibliography and References. .................................................................................................. 14 

Appendix .................................................................................................................................. 15 

Appendix 1 ........................................................................................................................... 15 

Appendix 2 ........................................................................................................................... 21 

Appendix 3. .......................................................................................................................... 25 

Appendix 4. .......................................................................................................................... 26 

Appendix 5. .......................................................................................................................... 27 

Appendix 6. .......................................................................................................................... 28 

 

 

 

 

 

 

 

 

 



2  James Hammond 
 

Introduction. 
Since there are concerns raised over the effectiveness of the heating and air conditioning in 

the place of work, I have been tasked to design a microcontroller-based system which will 

indicate when the working conditions become out of “normal” working conditions. This 

report will look at the research required, the design of the product, the implementation and 

testing of the system and the documentation for components used. The place of work will 

be Pembrokeshire College. 

Working conditions. 
Although there is no legal maximum or minimum working conditions within schools and 

colleges, it is generally accepted that the optimum working temperature is between 16°C 

and 24°C. Since there are no legal limits, he legality of working conditions will fall under the 

Health and Safety at Work act 1974, which requires employers to ensure the health, safety 

and wellbeing of their staff and others present in the workplace, this includes students.  It 

also states that “The minimum temperature in an indoor workplace should normally be at 

least: 

▪ 16°C or 

▪ 13°C if much of the work involves rigorous physical effort.”1 

Regarding hot temperatures, the Health and Safety Executive (HSE) states “all workers are 

entitled to an environment where risks to their health and safety are properly controlled. 

Heat is classed as a hazard and comes with legal obligations like any other hazard.”2 

The National Education Unions policy states “that 26°C should be the absolute maximum 

temperature in which staff should be expected to work”.3  

I will set the parameters of the Temperature monitor to the lower limit of 16°C and the 

upper limit to 24°C to coincide with the optimum working temperatures. 

Hardware Design. 
The components I decided to use for this sensor were: 

Orangepip Kona328. 
Orangepip Kona328 is a development board, which features 14 digital I/O pins, and 6 analog 

inputs. It is easy to use and requires connection to the computer via USB. It is compatible 

with Arduino UNO which will be the programme of choice. The data sheet for this 

component can be found in Appendix 6  

Digital relative humidity and temperature sensor (DHT11). 
The DHT11 is a low-cost temperature and humidity sensor, easily interfaced with the 

microcontroller. It uses capacitive humidity sensor and a thermistor to measure the 

 
1 Is it too cold or hot to work? (hse.gov.uk) 
2 Temperature: What the law says (hse.gov.uk) 
3 Hot weather and classroom temperature | NEU 

https://www.hse.gov.uk/temperature/employer/index.htm
https://www.hse.gov.uk/temperature/employer/the-law.htm
https://neu.org.uk/advice/hot-weather-and-classroom-temperature#:~:text=Although%20it%20is%20generally%20accepted%20that%20people%20work,of%20legal%20protection%20for%20school%20staff%20and%20pupils%3A
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environment and gives a digital signal to the data pin. The sensor is capable of measuring 

from 0-50°C, with a 2% accuracy. This is more than adequate for what is required from the 

office environment sensor. It consists of a VCC pin which is the control voltage, a GND pin 

which is the ground, and a DATA pin for communication. The data sheet for this component 

can be seen in Appendix 1. 

Piezo buzzer. 
The piezo buzzer was chosen for its compatibility, size and effectiveness in attracting the 

attention when the temperature is out of the desired tolerance. It has a large voltage range 

and offers good frequency response. An alternative to the Piezo buzzer was a magnet 

buzzer, as I didn’t require a lower range of frequencies or a lower pitched sound I decided 

this was not an option. The piezo buzzers compact design and high pitched output make this 

a good choice for the office environment sensor. The datasheet for this buzzer can be found 

in Appendix 2. 

Red, Green and Yellow LEDs. 
This is a quick visual representation of the temperature. The light emitting diode (LED) has 

two metal legs the longer being the Anode or positive and the shorter the cathode or 

negative. If the temperature is within normal limits, then the green LED (Appendix 4) will 

illuminate, if the temperature should fall below the desired limit then the yellow LED 

(Appendix 5) will illuminate, and then should the temperature increase to above the normal 

limit then the red LED will illuminate. I did consider using a RGB LED (Appendix 3), but I 

thought it would have more of an eye-catching effect and be more aesthetically pleasing 

using three separate LEDS. The datasheets can be found in the attached Appendix’ 3, 4 and 

5. 

Resistors are added to the circuit to protect the LEDs from excessive current which can 

damage the LEDs. Resistors limit the current to within a range that is acceptable for the 

LEDs to operate. 

Once all the components are sourced the circuit will then be assembled, below in figure 1, is 

the schematic view of the configuration. 

 

Figure 1 
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Figure 2 shows the configuration of the breadboard which will be followed when assembling 

the office environment monitor. 

 

 

 

Software Design. 
Using a flow diagram to assist in designing a programme to test the environment in a room, 

I would alert the user if the temperature were outside the “comfortable working 

conditions”.  

The comfortable working conditions are between 16°C and 24°C.  

As you can see from the flow chart in figure 3, I will start the coding by declaring the 

constants for the usable pins, and name and identify the components. I will set the speaker 

and the LEDs and start the DHT sensor. Once the DHT sensor has started it will read and 

state the temperature (°C) and humidity (%).  

 

Figure 2 
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Once the DHT has read and displayed the reading, if the temperature is <16°C then then it 

will establish that the temperature is “Too Cold” and illuminate the yellow LED. After a short 

delay, it will then sound the buzzer. 

If the temperature is between 16-24°C, then it will indicate the “perfect temperature” then 

the green LED will illuminate. 

If the temperature is >24°C then the system will indicate the temperature is “Too Hot” by 

illuminating the red LED, then after a short pause the buzzer will sound. 

After all these possibilities there will be a small delay before the sensor continues reading 

the environment and repeats the process. The sensor will run continuously while there is 

power it or until it is given the command to stop. 

  

 

Figure 3 
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System Explanation. 
Following the software design, the code is written below, and the explanation is given in 

red. 

#include "DHT.h"  Importing the library. 

int speakerPin = 9;  Naming and identifying speaker/buzzer pin. 

int length = 1;    

#define DHT11_PIN 7   Identifying the DHT sensor and the associated pin 7.  

#define LED_COLD A0  Identifying the Yellow LED with the associated pin A0. 

#define LED_GOOD A1 Identifying the Green LED with the associated pin A1. 

#define LED_HOT A2;  Identifying the Red LED with the associated pin A2. 

 

DHT tempSensor (DHT11_PIN,DHT11);  

 

void setup() {   Setup of code here, only needs to run on startup. 

  // put your setup code here, to run once: 

Serial.begin(9600); //  Upon start-up this will start the serial monitor.  

delay(500); //   Delay for 0.5 seconds allowing system to boot up.  

delay(1000); //  Delay before accessing the sensor. 

tempSensor.begin();  Start-up of sensor. 

} 

void loop() { Main code in this section to run, and keep repeating. {signals 

the start of this section. 

  pinMode (speakerPin,OUTPUT); Initialise speaker/buzzer pin. 

  pinMode (A0 , OUTPUT);  Initialise the digital pins as outputs. 

  pinMode(A1 , OUTPUT);  For all the LEDs. pinMode tells A0, A1, A2 to output  

  pinMode (A2 , OUTPUT);  data. 

  delay(2000);    Allow a 2 second delay. 

  float humidity=tempSensor.readHumidity(); Float allowing to store precision values  

  float temp= tempSensor.readTemperature(); for both humidity and temperature. 
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Serial.print("Current humidity = "); This will indicate humidity on the serial print 

screen. 

Serial.print(humidity);   

Serial.print("% ");    Give the humidity as a percentage. 

Serial.print("temperature = ");  Indicate temperature in the serial print screen. 

Serial.print(temp); 

Serial.println("C ");    Give the temperature in °C. 

 

if (temp <=16) {    When reading the conditions if the temp is  

    Serial.println("Too cold!");   16 degrees or under it will display “too cold”. 

    digitalWrite(A0, HIGH);   Initiate the yellow LED. 

    digitalWrite(speakerPin, HIGH);  Initiate the buzzer. 

    delay (2000);    Allow for a 2 second delay leaving LED on. 

    digitalWrite(speakerPin, LOW);  Turn buzzer off. 

    digitalWrite(A0, LOW);    Turn LED off, simulating flashing. 

} 

if (temp >16&&temp<24) { If the temperature is between 16 and 24 

degrees the following happens. 

    Serial.println("Perfect temperature!"); Display in serial print “perfect temperature” 

    digitalWrite(A1, HIGH);   Initiate green LED. 

    delay (2000);    Delay for 2 seconds keeping LED illuminated. 

    digitalWrite(A1, LOW);   Turn off LED. 

  } 

  if(temp >= 24) {    If the temperature is equal to or above 24°C 

    Serial.println("Too hot!");   Display the message “too hot”. 

    digitalWrite(A2, HIGH);   Initiate red LED 

    digitalWrite(speakerPin, HIGH);  Initiate buzzer. 

    delay (2000);    Delay for two seconds.  

    digitalWrite(speakerPin, LOW);  Turn buzzer/speaker off. 
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    digitalWrite(A2, LOW);  Turn LED off. 

delay(2000);      Delay 2 seconds before accessing sensor again. 

  }  } 

This then loops back to the start of loop section and runs through again continuously 

monitoring the environment. 

 

 

Testing. 
When carrying out testing of the office environment monitor, I ensured the 

Serial.print(temp); was opened and was displaying the reading from the DHT11 sensor. This 

would ensure an accurate representation of what the monitor was reading compared to the 

desired output of the LEDs and buzzer. 

To ensure the sensor worked when “too cold” freeze spray was used. To simulate the 

temperature extremes a heat gun was used. 

The tests carried out are shown in Table 1. 
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Table 1 

Test no. Testing 
parameters 

Expected 
outcome. 

Actual 
outcome. 

Comments. 

1 DHT 11 working 
on start-up. 

DHT11 to read 
room temp. 
“Perfect 
Temperature” 
indicated. 

DHT11 read 
room 
temperature. 
“Perfect 
temperature” 
reading 

Proven via 
thermometer. 

2 Middle of 
“perfect 
Temperature” 
limit - 20°C 

Green LED will 
illuminate, 
buzzer will not 
sound. 

Green LED 
illuminated; 
buzzer did not 
sound. 

Serial print and 
thermometer 
confirm 
temperature. 

3 Upper limit of 
“Perfect 
temperature” 
24°C 

Green LED will 
illuminate, 
buzzer will not 
sound. 

Green LED 
illuminated; 
buzzer did not 
sound. 

Serial print and 
thermometer 
confirm 
temperature. 

4 Lower limit of 
“Perfect 
temperature” 
16°C 

Green LED will 
illuminate, 
buzzer will not 
sound. 

Green LED 
illuminated; 
buzzer did not 
sound. 

Serial print and 
thermometer 
confirm 
temperature 

5 “Too Cold” limit 
reached - 15°C 

Yellow LED will 
illuminate, 
buzzer will 
sound. 

Yellow LED 
illuminated; 
buzzer 
sounded. 

Fridge used to 
drop 
temperature to 
desired 
readings. 

6 “Too Cold” 
extreme limit 
reached - 10°C 

Yellow LED will 
illuminate, 
buzzer will 
sound. 

Yellow LED 
illuminated; 
buzzer 
sounded. 

Testing 
extremities, 
using fridge. 

7 “Too Hot” limit 
reached - 25°C 

Red LED will 
illuminate, 
buzzer will 
sound. 

Red LED 
illuminated; 
buzzer 
sounded. 

Breathing onto 
DHT11 to 
increase 
temperature. 

8 “Too Hot” 
extreme limit 
reached - 30°C 

Red LED will 
illuminate, 
buzzer will 
sound. 

Red LED 
illuminated; 
buzzer 
sounded. 

Breathing onto 
DHT11 to 
increase 
temperature. 
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Initial test conditions on startup – “Perfect temperature” (Figures 4, 5 and 6). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6 

 

 

 

Figure 4 

 

 

Figure 5 
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“Too cold” limits to extreme limits shown in figures 7 and 8. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 

 

 

Figure 8 

 



12  James Hammond 
 

“Too hot” can be seen in figure 9 and 10. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9 

 

 

Figure 10 
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Discussion, Evaluation & Conclusion. 
The results show that the office environment monitor works as it should in all states.  I took 

it from extreme heat (30°C), through optimum working conditions (16-24°C), to extreme 

cold (10°C).  The DHT11 sensor indicated the correct temperatures and the outcome of 

components and system reacted in the expected manner. On reflection, if I were to carry 

out the tests again, I would attempt to carry out a full run through of the tests 

uninterrupted. I would do this by using a heat gun to bring the temperature up to the upper 

limits and freeze spray to drop the temperature to its lower limits. I would attempt to 

capture this in video format to ensure accurate, uninterrupted evidence.  

To make the system more user friendly, I would modify the office environment sensor by 

including a small LCD display which would indicate the temperature directly, rather than 

relying on the Serial print method of verification of exact temperature. It would also give an, 

and more accurate visual representation than the LEDs which only give an indication range. 

Another modification that could be made to the system is a stand-alone power source, so it 

can be transported to other spaces and not dependant on a mains/computer power supply. 

In conclusion, the requirements were met to create a simple device that will report if the 

temperature within a working environment goes outside the “normal” comfortable 

conditions which I deemed between 16°C and 24°C as guided by HSE and the National 

Education Union. The device indicates by buzzer and LEDs if outside these conditions and 

indicates if the system is inside these conditions to prove the system is working.  
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Appendix 

Appendix 1 
DHT11 Sensor datasheet. 
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Appendix 2 
Piezo speaker datasheet. 
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Appendix 3. 
Red LED datasheet. 
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Appendix 4. 
Green LED datasheet. 
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Appendix 5. 
Yellow LED datasheet. 
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Appendix 6. 
Orangepip Kona328 board datasheet. 
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