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ABSTRACT 

 

Web-based Graphical User Interface for Manufacturing Process is one of the 

latest features to be implemented on most industry's machine recently due to availability 

of wide Internet network. The concept of connecting object to Internet network has been 

introduced by Kevin Ashton under the term of “Internet of Thing”. In this project, 

temperature monitoring devices for thermoforming machine heating section is being 

design and builds to measure temperature respond of radiation and convection heat 

transfer using thermocouples. The focuses on this project is to produce low cost data 

acquisition system using the spark core microcontroller that can display and record data 

remotely. It was found that using this system it enables far distance monitoring 

operation yet only suitable for certain type of process that perform at low response.   
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ABSTRAK 

 

Antara muka pengunaa berasaskan grafik mengunakan komponent laman web di 

adaptasi untuk proses pembuatan adalah salah satu ciri-ciri terkini yang dilaksanakan 

pada kebanyakan mesin industri baru-baru ini kerana adanya rangkaian internet lebar. 

Konsep menghubungkan objek ke rangkaian internet telah diperkenalkan oleh Kevin 

Ashton mengunnakan istilah "Internet of Thing". Dalam projek ini, peranti pemantauan 

suhu pada bahagian pemanasan alat “thermoforming” di reka bentuk dan dibina untuk 

mengukur suhu radiasi dan konveksi pemindahan haba menggunakan penganding suhu. 

Fokus projek ini adalah untuk menghasilkan peranti kos rendah sistem merekod data 

menggunakan mikropengawal model Spark Core yang boleh memaparkan dan merekod 

data pada jarak jauh. Ia telah mendapati bahawa menggunakan sistem ini, membolehkan 

operasi pemantauan pada jarak jauh tetapi hanya sesuai untuk jenis proses tertentu yang 

berlaku pada tindak . 
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Chapter 1 

 

 

INTRODUCTION 

 

 

1.1 Project Background  

 

Implementation of latest technology in manufacturing process can improve 

productivity of the process. A lot of new features have been upgrade to manufacturing 

process system from year to year by engineer make the process more accurate, efficient, 

safe, and flexible related increase in the productivity. Latest microcontroller technology 

that integrated with wireless communication can be used as a platform to increase the 

monitoring capability. 

 

Current assessable technology provides potential for remote integration and 

collaboration in manufacturing applications. The remote technology converts 

information and represent it in form of real-time visual information to the user which 

that can be accessed at different location and multi view display. This technology gives 

the advantage to prevent hazard of the emission or radiation where the machine operator 

will directly be exposed as he or she go near the machine to measure or operate the 

machine for certain cases.   

 

For this project, a remote system to monitor the conventional thermoforming 

equipment will be developed and implement. The projects are improvement of 

conventional thermoforming equipment develop by previous student that used the wired 

data acquisition system to monitor the heat transfer on thermoforming process. The 

manual and decentralized monitoring system for this equipment can be considered as 

unproductive if the number of machine is high and being us for high scale production. 
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1.2 Problem Statement 

 

In performing manufacturing process, machine operator facing difficulty in 

accessing the machine or equipment from different location and the monitoring 

process needs to done near the machine in identifying thermal characteristic of 

thermoforming process. 

 

 1.3 Project Objective  

 

The objectives of this project are: 

 

1. To develop hardware and software for remote monitoring system of 

thermoforming equipment. 

2. To analysis the temperature responds on thermoforming process. 

 

1.3 Project Scope  

 

The scopes of this project are as follows: 

 

1. Create software coding for monitor and control the thermoforming equipment. 

2. Link the machine input and output data with the computer and mobile device 

remotely. 

3. Analysis the temperature on thermoforming process that produces by the 

equipment. 
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1.5 Thesis Outline  

 

This thesis is classified into five chapters. The contents of each chapter are summarized 

as below:  

 

Chapter 1 briefs the introduction of the project. The background, objective, problem 

statement, scope of project summarizes the content of thesis are explained in this 

chapter. 

 

Chapter 2 consist of the literature review that made from several journals and article that 

been refer which elaborates the recent research on the technology and also consist of the 

methodologies that has been applied in this project 

 

Chapter 3 explains the hardware and software design of the project. In hardware design, 

will be focusing on the hardware that link between machine and display device. For 

software design, the programming of the GUI will be explained. The connections of 

hardware between the sensor and the thermoforming equipment are shown in circuit 

schematic diagram. 

 

Chapter 4 will show all the results and the analysis of the project. All of the result 

obtains will be analyzed and the comment will be given based on the result getting. 

 

Chapter 5 concludes the outcome of this project. It also includes the recommendations 

on this project for future works to improve the system. 
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CHAPTER 2 

 

 

LITERATURE REVIEW 

 

 

This chapter mainly about combining latest and previous information in this 

study which will summarize the important information regarding several fields involved 

in this project and it helps to elaborate certain term for understanding. Each category in 

this chapter will be discussed in detail about topics related which is microcontroller, 

internet protocol, web server, concept of data acquisition, multiplexer and sensor. 

 

2.1 Introduction. 

 

The combination of computers, multimedia and the Internet have provided great 

potential for remote integration and collaboration in business and manufacturing 

applications. Monitoring technique using the Internet can give advantage to the design 

and manufacturing productivity, economy, and speed, as well as provided collaborative 

real-time working (Hongbo Lan, 2009). 

 

 

2.2 Internet of Thing. 

 

The technology of traditional Internet has come to edge of maximize usage where it 

will fuse into a smart Internet of Things (IoT) exist by digitalized communication of 

various objects in the physical world. The IoT is generally set up of devices and objects 

contain a digital data processor or embedded that interact by other digital device such as 

mobile phone or personal computer using communication mechanism, mostly applying 

wireless connection.  

 

The IoT giving the advantage of display unseen physical properties of the object 

which creating different way to interact. This creates new type of possibilities in internet 

application which make the thing’s information able to be accessed globally on the 

network. 

http://www.sciencedirect.com/science/article/pii/S0166361509000980
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The term Internet of Things was coined and first used by Kevin Ashton over a 

decade ago to attributes by being an Internet application and handle the thing’s 

information. 

 

2.3 Spark Core v1.0 Microcontrollers. 

 

In this project, the microcontrollers playing an extremely important role as to link 

between the equipment to graphical user interface. Spark core used STM32F103CB 

chip which is ARM 32-bit Cortex M3 based microcontroller as a central processing unit 

operate at 72 MHz. This microcontroller has been attached with Wi-Fi module model 

Texas Instruments SimpleLink CC3000 as to give ability to communicate thought IEEE 

802.11 wireless protocol so the process of interfacing the microcontroller on the internet 

became easier. This Wi-Fi module has performance of transmitting power communicate 

+18.0 dBm at speed of 11 Mbps Complementary Code Keying and receiver sensitivity 

detect –88 dBm with 8% Packet Error Data at 11 Mbps. It has 8 digital I/O and 8 analog 

inputs with 12-bit ADC. The I/O pin configuration is shown in Figure 2.1. The 

microcontroller operates at 3.3V DC supply voltage connected with on board power 

regulator. It has 128 KB of Flash and 20 KB of RAM internal memory and 2MB of 

external flash EEPROM supplied by CC3000. 

 

 

Figure 2.1: Spark Core v1.0 Microcontroller. 

 

Source:  Beri (n.d.). Spark Core Pin Diagram. 

Reverted from http://docs.particle.io/assets/images/spark-pinout.png [Accessed 8 June 

2015] 
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2.4 Cloud Server. 

Cloud server works as a distribution platform to distribute data from machine to 

user. The resource for cloud server usage can be tuned by a decrease or increase 

accordingly, making it more cost-effective and more flexible to user. The capacity of 

storage and bandwidth can be automatically increased to match that demand without 

this needing to be paid for on a permanent basis. 

The different of cloud server compare to dedicated servers, cloud servers can be run 

on a virtualization manager where it can control the capacity of operating systems so it 

is allocated based on a particular client if and when only it is needed.  Cloud hosting 

provides multiple cloud servers which communicate with each particular client. Another 

advantage of cloud sever is that when there is a spike in network traffic usage due to 

load, the additional capacity of resource will be temporarily allocated by a host server 

until it is no longer required. As the cloud servers work synchronize with other cloud 

server. If one server down or fails, others server will take its place continues backup the 

task. 

 
 

Figure 2.2: Screenshot of web based GUI 

 

Source: analog.io(n.d) [screenshot]  

Reverted from https://analog.io/#/s77[Accessed 8 June 2015]. 
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For the graphical user interface output, this project used free internet application 

from website “www.analog.io” which display the recorded data as shown in figure 2.2 

that store in the “data.sparkfun.com” database. 

 User needs to create an account to register before they can use this web 

application. For “data.sparkfun.com” application, user needs to configure the input 

variable and the stream title before it generate public and private key for the application. 

The public key is used as stream identification and the private key is used to push or 

modified in the database. 

2.5 Sensor  

 

2.5.1 Thermocouple Overview 

 

 

 

Figure 2.3: Type-T Thermocouple. 

Source:  Omega Engineering(n.d.). Ready Made Insulated Thermocouple 

Reverted from http://www.omega.com/Temperature/images/5TC_l.jpp 

 

 

 Thermocouple is a device that being constructed with two different materials 

such as copper and constantan (Type T). The two dissimilar metals are contact together 

at the end of both wires with weld bead. This device being used to detect and responds 

toward the temperature change. If there is a temperature different between bead and 

thermocouple end, the thermocouple will output electrical voltage. The voltage 

generated by this condition is called thermoelectric effect or Seebeck effect. The 

phenomenon is discovered by German Physicist T.J Seebeck in 1821. 
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 The voltage output from thermocouple during seedbeck effect is express in Eq. 

(2.0). 

 

VOUT = (SC μV / °C) ✕ (TR - TAMB)                                       (2.0) 

 

2.6 Data acquisition  

 

Data acquisition (DAQ) is the process of translating physical stimulus from the 

real world into electrical signals that are measured and converted into a digital 

representation for processing, analysis, and storage into computer memory (T. 

Sumphao, C. Thanachayanont, T. Seetawan, 2011). 

 

2.7 Signal Conditioning. 

 

 Signal conditioning is a process transform real life input signal into the signal 

that can be read by data acquisition systems. Real input signal from the sensor is often 

has noise and produces the range of voltage that unsuitable for analog to digital 

converter (ADC) device to process. When using Thermocouple as sensor the output 

voltage from thermocouple produce the range in millivolt of output. This voltage need 

to be amplified at the range that suitable for ADC device. Figure 2.4 illustrate the basic 

signal conditioning connection for single thermocouple condition. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.4: Basic signal conditioning connection. 
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2.8 Multiplexer Circuit.  

Multiplexing is the universal term used to describe the operation of sending one 

or more analogue or digital signals over a common transmission line at different times 

or speeds. The 74HC4052 is a fast react silicon gate CMOS integrated circuit and is pin 

configuration is adaptable with the HEF4052B which suitable for this project. The IC is 

compliance with JEDEC standard no. 7A. 

The 74HC4052 is dual 4-channel analog multiplexer with a common enable 

input (E). Each multiplexer has four separated inputs (nY0 and nY1) and single 

common output (nZ) control by two digital select inputs (Sn). Both channels will switch 

based on same digital select input. With E LOW, common output will enable according 

to the channel selected using S0 and S1 by condition low-impedance ON-state. With E 

HIGH, all output switches are in the high-impedance OFF-state, independent of S0 to 

S1. 

 .  

Figure 2.5: 74HC4052 Function diagram. 

‘ 

Source: Philips Semiconductors (2004) 

VCC and GND are the main supply voltage input pins for the digital control 

inputs. The input ranges VCC to GND are 2.0 V to 10.0 V for 74HC4052. The analog 

inputs and outputs nY0 to nY1, and nZ can swing between VCC as a positive limit and 

VEE as a negative limit. VCC - VEE may not exceed 10.0 V. Figure 2.5 shows the 

function diagram of the multiplexer operation where it consists of logic level 
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conversion, 1 of 4 decoder and digital switch operate based on truth table show in Table 

2.0. 

Table 1.0: Truth Table for Multiplexer Output. 

 

Input CHANNEL 

BETWEEN E S1 S0 

L L L nY0 and nZ 

L L H nY1 and nZ 

L H L nY2 and nZ 

L H H nY3 and nZ 

H X X none 

 

Source: Philips Semiconductors (2004) 

 

Note 

H = HIGH voltage level 
L = LOW voltage level 
X = don’t care. 

 

2.9 Offset calibration.  

 

Measurement offset is due to amplifier, A/D converter and thermocouple 

uncertainty offsets in the system hardware. Due to the specific measurement processing 

used in the hardware, the resulting measurement offset is both range- and sample time-

dependent. This error is corrected using normalized offset compensation which takes 

these dependences into account. Measurement offsets can be using the external 

measurement device as reference.  
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CHAPTER 3 

 

 

METHODOLOGY 

 

 

This chapter will describe the method to be used for this project. The project 

consists of hardware and software design, both of part will be explained in detailed 

along with figure related. The flow chart below shows the steps that have been taken in 

doing this project. 

 

3.1 PROJECT FLOWCHART 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1: Overall project Implementation flowchart. 
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3.2 System Pre-Design 

Before the fully system is developed several techniques had been used to achieve 

the complete system. Firstly, the part of the system is simulated using Proteus. In the 

first attempt using op-amp amplifier LM358 the output of the thermocouple has not fit 

to the thermocouple amplification and it found that this op-amp produce large signal 

noise. The amplification circuit of thermocouple is replaced with MAX 6675 module. 

 

 Secondly, the coding of signal between microcontroller and web server is 

developed to replicate the process of signal being transfer to web server using Arduino 

Uno, wamp server and web browser. In this process, wamp server is set up using php 

coding. The server fails to read data from serial port due to libraries limitation but can 

read the serial data on usb. 

 

 Finally, the system consisting arduino uno microcontroller, temperature sensor, 

computer is being integrated with readymade firmware and web application on 

“cloudduino.appspot.com” as shown in figure 3.2. In this stage, the web applications 

indicate the latency while using the serial communication over usb because the data 

need to process by computer before it sends to web graphical user interface. Due to this 

reason the project required microcontroller that directly connected to local network area 

and wide network area. The spark core microcontroller is used for next process. 

 

 

Figure 3.2: Clouddunio Web Apps. 
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3.3 FRIMWARE PROGRAMMING 

 

The firmware is the part in these devices where it provides the control program 

for the embedded system. Firmware is store in non-volatile memory devices such as 

flash memory, ROM or EPROM of the microcontroller. 

 

 
 

Figure 3.3: Spark DEV IDE. 

 

The firmware is coded in c language using Spark Dev IDE shown in figure 3.2 

and then the codes are being flashed into the microcontroller trough USB or WIFI 

connection. The device needs to be claimed using its security token before the user can 

start the process of flashing the code. 

 

3.4 HARDWARE DESIGN 

 

3.3.1 Block Diagram. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.4: Block Diagram of the remote monitoring system. 
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The physical stimulus needs to travel through several stages before the user 

views the recorded data. The Figure 3.4 shown the flow of temperature data on the 

system used in this project. The temperature at thermocouple surrounding is converted 

to electrical signal as heat is transferred to end of the thermocouple tips. The signal than 

being amplified and microcontroller convert the signal to digital signal. The temperature 

value that being represented in the digital signal then posted to the cloud server thought 

Hypertext Transfer Protocol using Internet service provider connection linked to a local 

router WI-FI connection. The data is stored in a cloud server database. As the user 

browsed the web, the graphical interface viewing the graph as the representation of data 

collected. 

 

3.4.2 Circuit Design. 

 

For the circuit design, Proteus v7.1 Virtual System Modeling is used as to perform 

pre-design process before the real circuit is constructed. Proteus VSM provides assist in 

development platform for the embedded engineer. It allows user to simulate the effects 

of the circuit on the schematic that have created. Hardware design can be changed 

instantly by changing component values, adding new components or rewiring the 

schematic and deleting to the design. This gives flexibility to experiment with different 

ideas and to find the optimal design solution for the project. The schematic serves as a 

'virtual prototype' for the firmware and it's quick and easy to make changes to either. 

Figure 3.5 show the printed circuit board design using this software. At first the 

schematic circuit is constructed in the software and after the component is being 

connected together based on its pin, the layout of the copper trace in the PCB is routed 

using the software. Details of design are shown in appendix G.  

The complete circuit design that printed on gloss paper is transferred to the copper 

board for etching process. The component and terminal pin connector then being solder 

on the PCB. 
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Figure 3.5: Screenshot of multiplexer design process. 

3.5 Experimental Set up 

 

By designing experiment set up to identify the temperature responds on the 

thermoforming machine heating section, four thermocouple are used  to investigate the 

temperature characteristic using remote system configuration based on Figure 3.4. In 

this project, after the complete circuit is constructed the all components are being placed 

inside of the electrical box. Figure 3.6 show the overall project product.  

 

 
 

Figure 3.6: Overall Project Hardware. 

 

 
 

Figure 3.7: Project Circuit. 
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In Figure 3.7, show overall circuit position inside of electronic box consisting 

on/off switch, microcontroller, breadboard, multiplexer circuit, led and thermocouple. 

The end of thermocouple wire is attached to heating element section as shown in Figure 

3.8. Four number of t-type thermocouple are being used in the experiment. 

 

 

 
 

Figure 3.8: Thermocouple position on heating section. 

 

Two type of experiment have been setup with different position of the thermocouple 

as show in figure 3.9 and 3.10. Each thermocouple is being placed in different quadrant 

at heating element section. The different of these two experiment only the change in 

position of thermocouple 1. Each thermocouple is elevated 5 cm above the heating 

element. The initial temperature of the heating element surrounding is based on room 

temperature which is 27 °C. The heating section is covered with an aluminum foil as to 

mimic the temperature during thermoforming process as show in figure 3.11. The 

aluminum foil is used to isolate the heated air from escaping the heating area. 
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Top view                                            Section A-A View 

  

 

 

 

Figure 3.9: Thermocouple Position for Experiment 1  

on Thermoforming Equipment Heating section. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Top view                                            Section A-A View 

 

 

 

 

Figure 3.10: Thermocouple Position for Experiment 2  

on Thermoforming Equipment Heating section. 
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Figure 3.11: Heating element cover. 

 

 

The coding of the firmware used in microcontroller is attached in Appendix E1, 

E2 and E3. As the spark core microcontroller power up, it will connect to Wi-Fi 

connection and send data to server and store the temperature data on database on 

“data.sparkfun.io” then the plotted graph will be display on web application under 

analog.io application. 
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Chapter 4 

 

 

RESULT AND DISCUSSION 

 

 

This chapter presents the outcome of project in terms of overall circuit 

construction as well as the time responds of thermocouple on remote system and 

performance of system. 

 

4.1 Result 

 

4.1.1 System Performance. 

 

From the time stamp generated as can refer to appendix F1, the average time for 

microcontroller store data in the database are 4.9 second based on 75 data recorded and 

the shortest time is 2.7 second for experiment 1. The recorded data show the system 

error posting time around 11.9 and 28 second as appear in recorded data. 

 

In experiment 2, the average the average time for microcontroller store data in 

the database are 4.5 second based on 94 data. The fastest time interval between the posts 

is 2.2 second. The time between post errors are 8.1 and 19.6 seconds.  

 

From both experiment data tabulated it show that the time of data posting are 

inconsistence with the programmed coding. This is due to external network connection 

that limited by server and application provider. 
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4.3 Thermocouple Respond.  

 

Based on an experiment setup: 

 

 
 

Figure 4.4: Thermocouple position on heating section 

for experiment 1. 

. 

 
 

Figure 4.5: Thermocouple position on heating section 

for experiment 2. 
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Result explanation:  

 

As the temperature history show in figure 4.5 and 4.6 the TC1 and TC3 have the close 

value to each other. Same goes to TC3 and TC4 it can be described as this following 

factor. 

 

1) From figure 4.6 and 4.7, the convection and radiation heat transfer at TC1 and 

TC3 has close temperature and higher than TC2 and TC4 due to position near 

hotter section. 

 

2) The timing of multiplexer switching might create an error in storing data process 

as the MAX6675 need amount of time to complete process temperature value. 

The stored data might interference with other thermocouple input. Other error 

factor form multiplexer is its unknown thermal EMF inside the multiplexer that 

might alter the recorded data.    

 

 
 

Figure 4.6: Temperature History for experiment 1. 
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Figure 4.7: Temperature History for experiment 2. 

 

4.2 Discussion 

 

The data are collected from sensor has a latency of approximately 4 second before it 

is stored in the database. This latency occurs due to cloud server limitation, network 

bandwidth speed, and user internet connection speed. This web based monitoring 

system will be improved and be more reliable as the suitable web server platform are 

being developed. 

 

In the process of developing a device that has high precision and accuracy 

temperature recorder, It is found that if standard op-amp for signal conditioning are used 

it contribute to greater amount of noise and required higher amount of voltage supply to 

operate. The standard op-amp required to use a resistor and capacitor configuration as 

produce required amplification gain that has higher percentage of tolerance will affect 

the data accuracy. 

 

Temperature distribution is one of the main factors that affect the finishing of 

thermoforming process. In thermoforming, different type of plastic sheet material 

required different range of temperature. In some condition if the material overheated the 

plastic sheet could melted as show in figure 4.8 (a) and (b). In figure 4.8(c), the plastic 

sheet change colour from transparent to pale brown after the plastic is heated. The 

heated sheet can face the problem where it is unable to forming due to the plastic not 

reaching the forming temperature. 
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By comparing the temperature history on the heating section and the effect on the 

plastic sheet, the temperature distribution show the un event heating could lead to defect 

in thermoforming process. 

 

   

(a)                                    (b) 

    

(c)                                   (d) 

 

Figure 4.8: Plastic sheet profiles under thermoforming process (a) Plastic sheet over 

heated (b) Plastic sheet melting (c) Plastic sheet discolor. (d) Plastic sheet unable to 

form. 
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CHAPTER 5 

 

CONCLUSIONS AND RECOMMENDATIONS 

 

5.1 Conclusion 

 

In conclusion, this project demonstrates the concept of how to create the web 

base monitoring system that can be used in industries with its advantage and 

disadvantage of this system. From the project findings, the system limits the accuracy 

real-time data but extend the range of monitoring display. The system had worked 

according to its function but this system respond might not suitable for a short duration 

process and required fast responds. This type of system is suitable for the process that 

needed to operate at safe distance due to hazardous release and radiation that will affect 

health and alter the possibility to get unwanted disease. 

 

5.2 Recommendation 

 

 Based on the finding on the temperature history it show that thermocouple at 

quadrant 1 and 4 are the good position to placed thermocouple for the thermoforming 

process. The selection are based on the position that has higher temperature value 

because as the oven heat the material the material melting profile on the plastic sheet 

most effected by high temperature position. 

 

 In this project, there are several improvements for future work that could be 

implementing to increase the capability of system from my point of view which are:  

 

1. The temperature signal processing module could be upgrade to latest model 

which has better accuracy calibration and processing time.  

2. The system could be integrated with other sensor and control component where 

the user input could be trigger using visual button.  
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3. Suitable dedicated platform server and network connection that promote high 

speed bandwidth could be implement or developing as to improve the system 

performance. 
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APPENDIX A1 

Micrcontroller CPU datasheet 
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Appendix A2 

Micrcontroller Mechanical Drawing 
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APPENDIX B1 

Datasheet of 74CH405

2 
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APPENDIX B2  

Datasheet of 74CH4052 
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APPENDIX B3 

Datasheet of 74CH4052 
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APPENDIX B4 

Datasheet of 74CH4052 
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APPENDIX B5 

Datasheet of 74CH4052 
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APPENDIX B6 

Datasheet of 74CH4052 
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APPENDIX B6 

Datasheet of 74CH4052 
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APPENDIX C1 

Datasheet of MAX6675 
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APPENDIX C2 

Datasheet of MAX6675 
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APPENDIX C3 

Datasheet of MAX6675 
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APPENDIX C4 

Datasheet of MAX6675 
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APPENDIX C5 

Datasheet of MAX6675 
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APPENDIX C6 

Datasheet of MAX6675 
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APPENDIX C7 

Datasheet of MAX6675 
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APPENDIX C8 

Datasheet of MAX6675 
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APPENDIX D1 

5TC series specification  
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APPENDIX E1 

T-Type Thermocouple Reference Tables 
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APPENDIX F1 

Frimware cooding: main.ino  

 

 

// This #include statement was automatically added by the Spark IDE. 

#include "math.h" 

#include "max6675.h"//hardware libraries for max6675 breakout board and phant 

config.  

 

int thermoDO = D3; //initialized data pin to D3 

int thermoCS = D4; //communicate chip select pin to D2 

int thermoCLK = D2; //communicate clock pin to D2 

int state = 0;//led toogle data memory 

 

MAX6675 thermocouple(thermoCLK, thermoCS, thermoDO);//Create thermocouple 

object 

const char server[] = "data.sparkfun.com"; // Phant server location 

const char publicKey[] = "bG5GK8gZ08fWOo1NXqZX"; // Public key from phant 

server 

const char privateKey[] = "Vpep291Bq9CpBbYEaNGa"; // Private key from phant 

server 

Phant phant(server, publicKey, privateKey);// Create a object name phant 

 

const int POST_RATE = 1000; // Time between posts, in ms. 

unsigned long lastPost = 0;//To keep track of last post time 

double temp[4];  //array to store data from different multiplexer 

void setup() { 

     pinMode(D0, OUTPUT);digitalWrite(D0, HIGH); //D0 as VCC pin 

     pinMode(D1, OUTPUT);digitalWrite(D1, LOW);// D1 as ground pin 

     pinMode(D5, OUTPUT);//multiplexer selector input 1 

     pinMode(D6, OUTPUT);//multiplexer selector input 2 

     pinMode(D7, OUTPUT);//led indicator 

  Serial.begin(9600); 

} 

 

void loop() { 

 

    digitalWrite(D5, LOW); 

    digitalWrite(D6, LOW);//switch to channel 1 

    temp[0]=thermocouple.readCelsius()-15;//store temperature in temp[0] 

    delay(200); 

    digitalWrite(D5, LOW); 

    digitalWrite(D6, HIGH); //switch to channel 2 

    temp[1]=thermocouple.readCelsius()-15; ;//store temperature in temp[1] 

    delay(200); 

    digitalWrite(D5, HIGH); 

    digitalWrite(D6, LOW); //switch to channel 3 

    temp[2]=thermocouple.readCelsius()-15; ;//store temperature in temp[2] 
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    delay(200); 

    digitalWrite(D5, HIGH); 

    digitalWrite(D6, HIGH); //switch to channel 4 

    temp[3]=thermocouple.readCelsius()-15;//store temperature in temp[4] 

    delay(200); 

   

 // If it's been POST_RATE 1000ms, try to post again. 

    if (lastPost + POST_RATE < millis()) 

    { // If the post succeeds, update lastPost value 

 if (postToPhant() > 0) 

        { 

            lastPost = millis(); 

        } 

  // If the post fails, delay 50ms and try again. 

    } 

 delay(50); 

} 

 

int postToPhant() 

{ 

    phant.add("tc1", temp[0]); 

    phant.add("tc2", temp[1]); 

    phant.add("tc3", temp[2]); 

    phant.add("tc4", temp[3]); 

 

    TCPClient client; 

    char response[512]; 

    int i = 0; 

    int retVal = 0; 

     

    if (client.connect(server, 80)) // Connect to the server 

    { 

        client.print(phant.post());//Check the server responds 

        delay(1000); 

. 

        while (client.available()) 

        { 

            char c = client.read(); 

            Serial.print(c); // Print the response 

            if (i < 512) 

                response[i++] = c; // Add character to response string 

        } 

 // find respond status  

        if (strstr(response, "200 OK")) 

        {    

digitalWrite(D7, (state) ? HIGH : LOW); 

            state = !state; //Toggle led when data is transmitted 

            retVal = 1;//set retVal to 1 when post success 

        } 
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        else if (strstr(response, "400 Bad Request")) 

        { 

            retVal = -1; ;//set retVal to -1 when bad request 

        } 

        else 

        { 

            retVal = -2; //set retVal to -2 when receive undefined responds  

        } 

    } 

    else 

    {  

        retVal = -3; //set retVal to -3 when connection fail. 

    } 

    client.stop();//Stop the connection. 

    return retVal;// Return value of retVal 

} 
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APPENDIX F2 

Frimware cooding: max6675.cpp  

#include "math.h" 

#include <stdlib.h> 

#include "max6675.h" 

 

MAX6675::MAX6675(int8_t sclk_pin, int8_t cs_pin, int8_t miso_pin) { 

  _sclk = sclk_pin; 

  _cs = cs_pin; 

  _miso = miso_pin; 

  //define pin modes 

  pinMode(_cs, OUTPUT); 

  pinMode(_sclk, OUTPUT);  

  pinMode(_miso, INPUT); 

  digitalWrite(_cs, HIGH);} 

double MAX6675::readCelsius(void) { 

  uint16_t v; 

  digitalWrite(_cs, LOW); 

  delay(1); 

  v = spiread(); 

  v <<= 8; 

  v |= spiread(); 

  digitalWrite(_cs, HIGH); 

  if (v & 0x4) { 

    // uh oh, no thermocouple attached! 

    return NAN;  

    //return -100;  } 

  v >>= 3; 

  return v*0.25;} 

double MAX6675::readFahrenheit(void) { 

  return readCelsius() * 9.0/5.0 + 32;} 

byte MAX6675::spiread(void) {  

  int i; 
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  byte d = 0; 

  for (i=7; i>=0; i--) 

  {  digitalWrite(_sclk, LOW); 

    delay(1); 

    if (digitalRead(_miso)) { 

      //set the bit to 0 no matter what 

      d |= (1 << i);}  

    digitalWrite(_sclk, HIGH); 

    delay(1);  } 

  return d;} 

  Phant::Phant(String host, String publicKey, String privateKey) { 

  _host = host; 

  _pub = publicKey; 

  _prv = privateKey; 

  _params = "";} 

void Phant::add(String field, String data) { 

  _params += "&" + field + "=" + data;} 

void Phant::add(String field, char data) { 

  _params += "&" + field + "=" + String(data);} 

void Phant::add(String field, int data) { 

  _params += "&" + field + "=" + String(data);} 

void Phant::add(String field, byte data) { 

  _params += "&" + field + "=" + String(data);} 

void Phant::add(String field, long data) { 

  _params += "&" + field + "=" + String(data);} 

void Phant::add(String field, unsigned int data) { 

  _params += "&" + field + "=" + String(data);} 

void Phant::add(String field, unsigned long data) { 

  _params += "&" + field + "=" + String(data);} 

void Phant::add(String field, double data) {  char tmp[30]; 

  sprintf(tmp, "%f", data); 

  _params += "&" + field + "=" + String(tmp);} 

void Phant::add(String field, float data) { 
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  char tmp[30]; 

  sprintf(tmp, "%f", data); 

  _params += "&" + field + "=" + String(tmp);} 

String Phant::queryString() { 

  return String(_params);} 

String Phant::url() { 

  String result = "http://" + _host + "/input/" + _pub + ".txt"; 

  result += "?private_key=" + _prv + _params; 

  _params = ""; 

  return result;} 

String Phant::get()  

  String result = "GET /output/" + _pub + ".csv HTTP/1.1\n"; 

  result += "Host: " + _host + "\n"; 

  result += "Connection: close\n"; 

  return result;} 

String Phant::post() { 

 String params = _params.substring(1); 

 String result = "POST /input/" + _pub + ".txt HTTP/1.1\n"; 

 result += "Host: " + _host + "\n"; 

 result += "Phant-Private-Key: " + _prv + "\n"; 

 result += "Connection: close\n"; 

 result += "Content-Type: application/x-www-form-urlencoded\n"; 

 result += "Content-Length: " + String(params.length()) + "\n\n"; 

 result += params; 

 _params = ""; 

 return result} 

String Phant::clear() { 

  String result = "DELETE /input/" + _pub + ".txt HTTP/1.1\n"; 

  result += "Host: " + _host + "\n"; 

  result += "Phant-Private-Key: " + _prv + "\n"; 

  result += "Connection: close\n"; 

  return result; 
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APPENDIX F3 

Frimware cooding: mac6675.h 

 

#ifndef max6675_h 

#define max6675_h 

#include "application.h" 

class MAX6675 { 

public: 

    MAX6675(int8_t sck_pin, int8_t cs_pin, int8_t miso_pin); 

  double readCelsius(void); double readFahrenheit(void); 

  // For compatibility with older versions: 

  double readFarenheit(void) { return readFahrenheit(); } 

 private: 

  int8_t _sclk, _miso, _cs; uint8_t spiread(void);}; 

class Phant { 

 public: 

    Phant(String host, String publicKey, String privateKey); 

    void add(String field, String data);void add(String field, char data); 

    void add(String field, int data);void add(String field, byte data); 

    void add(String field, long data); 

    void add(String field, unsigned int data); 

    void add(String field, unsigned long data); 

    void add(String field, float data); 

    void add(String field, double data); 

    String queryString(); String url();String get(); 

    String post(); String clear(); 

  private: 

    String _pub  String _prv; 

    String _host;String _params; 

}; 

#endif 
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APPENDIX G1 

Data collected: Experiment 1 Result 

 

Table 2.1: Experiment 1 Result 

 
tc1(°C) tc2(°C) tc3(°C) tc4(°C) timestamp Time between 

post 

57.25 51.75 57.25 51.75 40:24.2 00:03.7 

58.25 52 57.75 52 40:20.5 00:03.4 

58.25 52.5 58.25 52.25 40:17.0 00:06.7 

59.25 53.5 59.25 53.75 40:10.4 00:03.3 

60.25 54.25 60 53.75 40:07.0 00:03.3 

60.5 54.25 60.25 54.5 40:03.7 00:03.5 

61.5 54.75 61.5 54.75 40:00.2 00:03.2 

61.75 55 61.75 55 39:57.0 00:06.6 

62.5 56 63 56 39:50.4 00:03.5 

63.75 56.25 63.25 56.5 39:46.9 00:03.3 

64.5 57 64.75 57.25 39:43.6 00:19.5 

69.75 60.25 69.75 60.25 39:24.1 00:03.3 

70.75 61.5 70.75 61.5 39:20.7 00:04.1 

71.75 63 72.25 62.5 39:16.7 00:03.3 

74 64.25 73.75 64 39:13.3 00:06.8 

76.25 66.5 76.5 66 39:06.5 00:03.3 

78.75 67.5 78.5 67 39:03.2 00:02.7 

93.75 77 93.25 76.75 39:00.5 00:00.0 

99.25 81 99 81 39:00.5 00:00.0 

84 70.5 83.5 70.5 39:00.5 00:00.8 

80 68.75 79.75 68.5 38:59.7 00:28.0 

103.5 84.25 102.75 83.25 38:31.8 00:03.6 

107 85.75 107.25 86.25 38:28.2 00:03.3 

111.75 90.5 111.75 89.75 38:24.9 00:03.3 

116.5 94.25 116 93.5 38:21.6 00:03.3 

120.75 96.75 120 96.5 38:18.3 00:03.3 

125.25 101.25 124.25 100 38:15.0 00:20.8 

165 141 163.25 139.75 37:54.2 00:03.3 

172 148.75 170.5 147.25 37:50.8 00:03.5 

178.25 157 177.5 155.25 37:47.3 00:03.3 

182.75 164.75 181.75 164 37:44.0 00:03.3 

186.75 169 187 168.75 37:40.7 00:03.3 

190 174 189.75 172.5 37:37.4 00:03.3 

189.5 181.25 189.5 180.25 37:34.1 00:03.2 

191.25 179.25 191.25 179.5 37:30.9 00:07.0 

192 179.75 192 180.25 37:23.9 00:03.3 

192.25 180 192.25 179.75 37:20.6 00:03.3 

192.25 180 192.75 180.5 37:17.3 00:03.4 
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191.5 180.5 191.75 180.5 37:13.9 00:03.6 

189.5 182 190 181 37:10.2 00:03.6 

187.25 183.25 187.5 183 37:06.6 00:03.2 

185.75 182 186 183.25 37:03.4 00:03.6 

184.75 179.75 185.25 180.5 36:59.8 00:03.3 

182.75 177 184 177.25 36:56.5 00:01.1 

175.5 172.25 176 171.5 36:55.4 00:05.2 

180.25 175.25 179.5 174.75 36:50.2 00:11.9 

178.5 173.5 178.75 173.5 36:38.3 00:09.7 

174.25 170.5 174.75 171 36:28.6 00:03.6 

170.75 168.25 171.5 169.25 36:25.0 00:17.1 

162.25 156.25 162.75 156.75 36:07.9 00:03.3 

158.75 152.75 159.75 152.5 36:04.7 00:02.8 

157.75 154.5 158 154 36:01.8 00:03.6 

156 156.75 157 155.75 35:58.2 00:03.3 

155 155.25 155.75 155.25 35:54.9 00:03.7 

153.75 155 153.75 154.5 35:51.3 00:06.6 

149.25 146.5 149.25 146.5 35:44.7 00:03.3 

146.5 145.25 146.75 145.75 35:41.4 00:03.3 

143.75 142.75 144 143.5 35:38.1 00:03.6 

140.25 135.75 141 136.25 35:34.4 00:03.8 

136.75 131 137.5 132.25 35:30.7 00:14.2 

112.25 96 113.25 97.5 35:16.5 00:03.7 

105 88.25 106 88.5 35:12.7 00:03.8 

98.5 75.25 99.5 77.25 35:09.0 00:03.3 

91 64.75 92.25 66 35:05.7 00:03.5 

83.75 58.75 83.5 59.5 35:02.2 00:04.1 

75 52.75 75.5 53.5 34:58.1 00:03.6 

66 46.75 67.5 47.25 34:54.5 00:03.6 

57 43.75 58.5 44.75 34:50.9 00:03.5 

49.5 39.75 51 41.5 34:47.4 00:03.3 

41 34.25 43 35 34:44.1 00:03.4 

36 31 36.75 32 34:40.7 00:03.2 

31 27.5 31.75 27.75 34:37.5 00:09.3 

29 26.5 29 26.75 34:28.2 00:03.3 

29.25 27 29.25 27 34:24.9 00:03.2 

29.75 27.25 29.75 27.25 34:21.7  
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APPENDIX G2 

Data collected: Experiment 2 Result 

 

 

Table 2.1: Experiment 2 Result 

 
tc1 tc2 tc3 tc4 Timestamp Time 

responds 

Time 

interval 

27.5 27.5 29.25 28 21:27.7  00:00.0 

35.75 32.25 36.5 32.75 21:32.1 00:04.3 00:04.3 

45 38.75 47 39.25 21:36.3 00:04.2 00:08.5 

56 44.5 57.5 45.75 21:40.4 00:04.1 00:12.7 

65.5 50.75 67.5 52 21:44.4 00:04.0 00:16.7 

75 56 75.25 56.75 21:48.8 00:04.4 00:21.1 

84.25 64.25 85.5 65.5 21:53.0 00:04.2 00:25.3 

93 73.25 93.75 73 21:57.5 00:04.4 00:29.7 

100.25 78.25 102 80 22:01.6 00:04.2 00:33.9 

109.25 85.75 110.25 87 22:06.0 00:04.4 00:38.3 

118 98.5 119.5 99.5 22:10.3 00:04.3 00:42.6 

126.5 102.5 127.75 101 22:14.7 00:04.3 00:46.9 

135 103.75 135.75 103.5 22:19.0 00:04.4 00:51.3 

158 127.75 159 127 22:38.6 00:19.6 01:10.8 

163 128.25 163.25 128 22:42.7 00:04.1 01:14.9 

167.5 127.75 166.5 127.25 22:46.7 00:04.0 01:19.0 

168 127.5 168.75 127.75 22:53.2 00:06.5 01:25.5 

171 128.25 170.75 127.75 22:57.2 00:04.0 01:29.5 

174.75 127.25 175 127.75 23:01.4 00:04.2 01:33.7 

176.5 131.25 177 132.25 23:05.5 00:04.1 01:37.8 

178.75 133.5 179 133.75 23:09.6 00:04.1 01:41.9 

180.25 138.5 180 139.5 23:13.7 00:04.1 01:46.0 

180.75 140.75 180 141.25 23:17.7 00:04.0 01:50.0 

180 140.25 179.5 140 23:21.8 00:04.1 01:54.1 

181.75 141.25 182.25 142 23:25.9 00:04.1 01:58.2 

183.5 145.25 184.25 146.5 23:30.2 00:04.3 02:02.5 

186.25 150.25 186.25 150.25 23:34.3 00:04.1 02:06.6 

187.25 150.5 187.5 149.75 23:38.4 00:04.0 02:10.7 

190.5 148.25 191 149.25 23:42.7 00:04.3 02:14.9 

191 153.25 191 152.75 23:47.1 00:04.5 02:19.4 

190.75 147 189 146.75 23:51.7 00:04.6 02:24.0 

189.25 143.75 189 143.25 23:56.0 00:04.3 02:28.3 

194 145.25 193.25 145.25 24:03.5 00:07.5 02:35.8 

198.25 147 197.25 148 24:07.5 00:04.0 02:39.8 

199.75 145.25 201 145.25 24:12.1 00:04.6 02:44.4 

189.5 142 190.75 142 24:20.2 00:08.1 02:52.5 

202.75 143 202.5 143.25 24:20.2 00:00.0 02:52.5 
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200.75 144.75 200.75 145 24:23.3 00:03.0 02:55.5 

198.5 142.5 198 142.75 24:27.3 00:04.0 02:59.5 

201.75 139 199.75 139.75 24:35.4 00:08.2 03:07.7 

198.5 139.5 198.75 138.75 24:39.7 00:04.3 03:12.0 

199.25 141.5 198 141.5 24:43.8 00:04.1 03:16.0 

194 136.75 195.25 137.5 24:51.9 00:08.2 03:24.2 

193.25 137.25 194 136.5 24:56.4 00:04.4 03:28.6 

194.75 136.75 194.5 136 25:00.8 00:04.4 03:33.1 

195.25 141.75 195.75 141 25:05.0 00:04.2 03:37.3 

194.5 144.25 194.75 145.5 25:09.4 00:04.4 03:41.6 

191 149 190.75 149.5 25:13.4 00:04.0 03:45.7 

183.5 140 182 139 25:17.5 00:04.1 03:49.7 

173 130.25 172 129.5 25:21.5 00:04.0 03:53.8 

164 123.5 162 122.5 25:25.6 00:04.1 03:57.8 

154.75 118 153 116.5 25:29.8 00:04.2 04:02.1 

146.25 111.25 145.25 110.5 25:34.2 00:04.4 04:06.5 

138.5 105.75 137 104.75 25:38.3 00:04.1 04:10.6 

131.25 98.75 129.5 98.5 25:42.5 00:04.2 04:14.7 

124.75 94.75 124 94 25:46.5 00:04.1 04:18.8 

117.75 90.25 117.25 89.75 25:51.0 00:04.5 04:23.3 

111.75 85 111.5 84.25 25:55.2 00:04.2 04:27.5 

106.75 80.5 106.25 80.5 25:59.3 00:04.1 04:31.5 

103.5 76.5 103 76.25 26:03.4 00:04.1 04:35.7 

99.5 73.75 100 72.75 26:07.8 00:04.4 04:40.0 

97 71.25 97.25 71.25 26:12.0 00:04.2 04:44.2 

94 68.75 94 68.5 26:16.0 00:04.0 04:48.3 

91 66.25 90.5 66.5 26:20.2 00:04.1 04:52.4 

88 64.5 87.5 64.5 26:24.6 00:04.4 04:56.8 

84.5 63.5 84.75 63.25 26:28.6 00:04.1 05: 00.9 

82.5 63 82.25 63.25 26:33.0 00:04.3 05:05.2 

80 62.5 79.25 62.75 26:37.3 00:04.4 05:09.6 

78 62.75 78.5 62.75 26:41.4 00:04.1 05:13.7 

76.75 62.75 76.5 63 26:45.6 00:04.2 05:17.9 

75.5 63.5 75.5 63.5 26:49.7 00:04.1 05:21.9 

73.75 62.5 73.75 62 26:53.8 00:04.1 05:26.0 

72.5 61.5 72 61.75 26:58.1 00:04.3 05:30.3 

71.25 60.25 71.25 60.25 27:02.2 00:04.1 05:34.4 

70.25 59.5 70.5 59 27:06.3 00:04.1 05:38.5 

70 58.5 69.5 58.75 27:10.7 00:04.4 05:43.0 

69.25 58.75 69.5 58.75 27:12.9 00:02.2 05:45.2 

67.75 58.5 68.25 58.25 27:17.3 00:04.3 05:49.5 

66.75 56.25 66.25 56.75 27:23.6 00:06.3 05:55.9 

66.5 55 66.25 55 27:27.9 00:04.3 06:00.2 

65.75 54.5 65.75 54.25 27:32.0 00:04.1 06:04.2 

65 53.25 64.75 52.5 27:36.3 00:04.4 06:08.6 
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64.25 52.5 64 52.5 27:40.4 00:04.1 06:12.7 

63.25 52 63.25 52 27:44.8 00:04.3 06:17.0 

62 51.25 62.25 51 27:48.9 00:04.1 06:21.1 

62 50.5 62.5 50.75 27:53.0 00:04.1 06:25.2 

61.75 50.5 60.5 50.75 27:57.0 00:04.0 06:29.3 

60.5 50.5 61 50.75 28:01.1 00:04.1 06:33.3 

60.25 50.75 60 50.25 28:06.7 00:05.7 06:39.0 

59.5 50 59.25 50 28:11.1 00:04.4 06:43.4 

58.25 49.75 58 49.75 28:17.7 00:06.5 06:49.9 

57.5 49.5 57.5 50 28:21.9 00:04.3 06:54.2 

57 50 57 50 28:26.0 00:04.1 06:58.3 

57 50.25 56.5 50 28:30.3 00:04.3 07:02.6 

56.5 49 55.75 49 28:34.4 00:04.0 07:06.6 
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APPENDIX H1 

Multiplexer schematic and PCB Layout 

 

 
 

Figure 6.1: Multiplexer schematic 

 
 

Figure 6.2: PCB Layout 
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APPENDIX I1 

Project Gantt chart: FYP 1 
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APPENDIX I1 

Project Gantt chart: FYP 2 
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APPENDIX J 

Turnitin Original Report 
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