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Abstract 
 

Field programmable gate array (FPGA) based system on chip provides flexibility, fast 

processing and compatibility whereas systems like 8051 microcontroller are time 

inefficient and increase cost of the system. Monitoring remote sensor data and processing 

the data using FPGA is used in time critical applications where fast processing and 

compactness is required. FPGA can be used numerous fields, for example, digital image 

processing and audio, aerospace and defense, automotive, medical and consumer 

electronics. FPGA can perform continuous signal processing quicker than universally 

useful programmable processors just as they offer rapid interfaces to other framework 

segments. During the framework configuration phase of FPGA, the various tasks are 

doled out to usage in either Programmable Logic or Processing System which is called 

task partitioning. This stage is significant in light of the fact that the presentation of the 

general framework will rely upon tasks being doled out for usage in the most fitting 

innovation which is equipment or programming. This proposed project offers real time 

data sensing, analog to digital conversion, processing the digital data, and displaying the 

data into a graphical user interface.  
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Project Background/Overview 

Field-Programmable Gate Array (FPGAs) have become one of the key computerized circuit 

execution media in the course of the most recent decade. A vital piece of their creation lies in 

their engineering, which administers the idea of their programmable rationale usefulness and 

their programmable interconnect. FPGA architecture dramatically affects the gadget's speed 

execution, efficiency, and power utilization. As of late, FPGA's have gotten progressively 

significant and have discovered their way into system design. Along these lines, the longing 

rises for an implies that permits data processing along with monitoring. 

 

Processing the data using FPGA is used in time critical applications where fast processing 

and compactness is required. FPGA can be used numerous fields, for example, digital image 

processing, audio, aerospace and defense, automotive, medical and consumer electronics. 

FPGA can perform real time signal processing quicker than universally useful programmable 

processors just as they offer rapid interfaces to other framework segments. FPGA can 

perform real time signal handling quicker than universally useful programmable processors 

just as they offer fast interfaces to other framework parts. End-showcase applications that 

require multi-usefulness, rapid signal processing and real time response drive the requirement 

for more astute frameworks with more elevated levels of embedded system performance. 

Applications, for example, high frequency trading, aviation, video and broadcast, surveillance 

have a few basic necessities, for instance;  

• Advanced decision and control handling. 

• Complex client or control framework interfaces. 

• High-performance, low-latency signal processing. 

• Compact and highly efficient. 

 

The concept of this project is, analog real time data sensing to digital conversion, processing 

the digital data, and displaying the data into a graphical user interface. 

 

Problem Description:              
Microcontrollers have a specific instruction set, certain operations you can perform, like 

adds, subtracts, binary arithmetic, and in higher-end ones, floating point math. If you want to 

do something very involved with a microcontroller, you can, but it needs to be built out of 

those basic instructions. That’s what compilers do. As you might expect, when you want to 

do something complicated in a microcontroller, and it needs to be achieved by doing many 

lower-level operations, this is slow. Slow compared to an FPGA, that is, where the logic can 

be expressly tailored to your application. So an FPGA can do a huge FFT, for instance, an 

operation that requires a ton of multiply operations, much faster than a microcontroller can. 

400 million samples per second was achievable 10 years ago. FPGAs are also good at using a 

processor internally (many “soft” processors are available with known instruction sets) and 

offloading the toughest computation to hardware accelerators that also reside on-chip. As we 

usually don’t have to go across board traces, these systems can be much faster (and use less 

power) than the equivalent multi-chip solution. Many operations are much faster than what a 

microcontroller can do like a 1024-bit data path.  

 

As microcontrollers run at a slower clock speed, and possibly use more power, the FPGA’s 

provide a gateway to solution of all these problems which is being faster and compact. 

FPGAs are much more flexible than microcontrollers. FPGA allows you to process parallel 

task in same time. A FPGA is great at doing precisely the same task, again and again. For 

example, processing video, audio, RF signals, routing Ethernet packets or simulating fluid 

flow. Any circumstance where you have a ton of a similar sort of information being tossed at 
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you truly quick and you need to manage it all similarly or you need to run a similar 

calculation more than once, FPGA starts to lead the pack in all angles. The FPGA doesn't 

generally have 'undertakings' that start and stop, its whole occupation is to do something very 

similar to whatever information it gets, for whatever length of time that it is on. It doesn't 

switch gears, it doesn't do whatever else. It will do something very similar more than once, as 

quickly as possible, until the end of time. 

 

Algorithm-used in existing systems for data processing and transmission works in a way that 

sensors collect the data and this data gets transmitted to a processing hub where this data is 

processed and meaningful data is extracted. A new algorithm is proposed in which the data is 

processed right after the sensors and then gets transmitted to user using ethernet or wi-fi 

module where live data can be seen on GUI, increasing effectiveness of system.  

 

Project Objectives: 

• To explore the resources of Zynq 7000 programmable System on Chip for using its 

processing system (PS) and programmable logic parts (PL) 

• Interfacing different Analog, Discrete and Digital Sensors I2C, SPI, UART Serial and 

Analog interfaces. 

• Integrating different signal processing cores to process acquired data from the sensors. 

• Transmitting the useful data to a remote terminal thorough Ethernet (UDP and/or 

TCP/IP Protocol) or through UART (for direct connectivity) 

• Making a GUI to display useful information. 

 

Project-Scope: - 

The main scope of this project is to-implement-different sensors like compass and 

temperature at a remote location and take real time useful data only, along with a camera that 

would initially have the capability of detecting vehicles where in later stage it can be used to 

get information like the registration plates of the vehicle. This data is processed at the remote 

location on the device and the useful data would be displayed on a graphical user interface. 

The transmission of data takes place using Ethernet protocol for remote locations and through 

UART for direct connection. The architecture of the FPGA device allows it to work in 

parallel where it is possible to use the programmable logic and programmable system side by 

side.  
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Innovation is the aggregate of aptitudes, strategies, and procedures utilized in the creation of 

merchandise or benefits or in the achievement of destinations, for example, logical 

examination. And it’s an entity which always keeps evolving with the passage of time using 

effective methods and algorithms. The following comparison features the correlation of 

existing and proposed frameworks just as clarifies the useful and non-practical necessities of 

the proposed system; 

 

Existing System: 

The pattern toward computerized transmission is demonstrated to be an after effect of 

expanding prerequisites for exactness, dependability, high data rates, and long ways. In this 

way, information handling and transmission procedures seem, by all accounts, to be 

converging quickly, both in view of the benefits of digital communication systems and in 

light of the anticipated weight and volume decreases for PC hardware. Numerous 

enhancements in transmission effectiveness will result from this converging of methods, 

strikingly in the zones of information compaction and PC controlled versatile interchanges. 

Meanwhile most systems tend to extract the information using sensors or other information-

collecting devices and then transfer all the information to a processing hub where the 

collected data is processing using specific algorithms as per requirement. But transmission of 

all the raw data from sensors to processing hub doesn’t seem to be an effective option in 

some scenarios where the processing, power and cost effectiveness is the main priority. 

 

Proposed System:                               

General patterns in the methods intended to improve this transmission viability are accounted 

for and a few promising advancements are underscored. One of the proposed techniques is to 

filter out the raw data before transmission. So, the data will be collected on the sensors end 

and a processing device will be connected and provided with certain algorithm as per the 

sensors and requirement of application. The collected raw data will be processed and only the 

filtered and meaningful data will be transmitted to the GUI. This system provides multiple 

advantages over the existing system since you no longer have a need to send the collected 

data to processing hub rather your data is getting processed and only filtered data is getting 

transmitted, increasing effectiveness of system.    

 

Requirement Specifications: 

To implement the proposed system and its algorithm, four different sensors were chosen 

which includes sensors for temperature, humidity, compass and camera to detect a certain 

phenomenon in the video captured by the camera. So, there are four main function 

requirements which are as fallow; 

 

• Detection of temperature 

• Detection of humidity in air 

• Detection of direction in which device moves 

• Detection of number plate in the video captured by camera 

 

Project is not just limited to these certain functions above mentioned rather it’s vastly 

devised, and any sensor can be implemented, and an algorithm can be designed accordingly 

as per the user’s requirements to filter out the meaningful data. This meaningful data can later 

be sent to graphical user interface where user can monitor live feed of this meaningful data 

using ethernet or wi-fi as per user’s requirement or data can be transferred directly through 

UART. 
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In this chapter, non-functional requirements are of great importance and need to be 

highlighted since these are the main improvements in proposed system which increases the 

effectiveness of system.  

 

• For the compass, local magnetic field strength can be calculated in a ±16 Gauss range 

where the heading accuracy is of 1° and up to 0.5 mG of the resolution.   

• The relative humidity of the environment can be determined with till 14 bits of 

resolution and result in an accuracy of ±2%. 

• The temperature can be detected with an accuracy of 0.5°C definite accuracy (at 

25°C) within temperature range of −55°C to 150°C. 

• Camera is fed with algorithm to detect the number plates of a vehicle in live time 

without having any significant delay. 

 

Use cases: 

Since it’s a one platform based device so every sensor will be connected in one place. Once 

the user described functional requirements are met and fed onto the platform, user needs to do 

the following; 

• Place the device as per the requirement of user and the meaningful place for sensors 

to work. 

• User connects the device to internet and goes to relevant Graphical user interface. 

• Live data will be shown on graphical user interface.  

 

     
Figure 3. 1 Use case methodology 
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                                                     Table 3. 1 Use case methodology                    
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System Architecture: 

 

The proposed framework, as shown in Fig. 1, is composed of three subsystems, which are as 

follow; 

• Data from temperature sensor (LM35) and conversion from analog to digital 

• Data from compass sensor (CMPS2) and processing it to extract direction 

• Graphical user interface 

 

As the proposed framework above mentioned has both, the analog signals and digital signals, 

so there is a need to map the system in such a way that Field programmable gate array device 

supports mixed analog and digital signal. Lately, modern series of devices of Field 

programmable gate array like Zybo Z7-10 series are released which supports both analog and 

digital signals data collection and processing. A special internal analog to digital connector is 

provided which is capable of converting analog data to digital in real time and can be 

processed accordingly.  

 

Additionally, architecture of FPGA being used is also of significant importance as it provides 

multiple flexibilities to user for the operation of modules connected to device. As of standard 

architecture of FPGA, Zybo Z7-10 comes comprising of 3 parts; 

• Configurable Logic Blocks 

• Programmable Interconnects 

• Programmable I/O Blocks 

 

Above mentioned terms allow FPGA to operate not only with the internally connected 

modules as well as the externally connected modules. Configurable logic blocks allow FPGA 

to implement logic functions required to perform an operation and it consists of flip-flops, 

transistors, look up tables and multiplexers whereas Programmable interconnects implements 

the routing between different configurable logic blocks since each logic block that is 

configurable is connected to a switch matrix in order to access the main routing structure. For 

sake of connectivity with externally connected modules, multiple input/output connectors are 

provided allowing user to connect multiple connectors to Zybo Z7. For the case of FYP, we 

have used 2 externally connected modules which are as fallow; 

• Analog temperature sensor (LM 35) 

• Digital compass (CMPS2) 

 

Data extracted from these two sensors is processed with different mechanism based on if the 

data is analog or digital and if the application is time critical or not. The usage of 

programmable logic or the processing system on choice in the Zybo Z7 provides the 

flexibility to process different operations depending on user’s requirements, we used these 

sensors and processed their extracted data accordingly which fits best to our needs. Finally, 

the FPGA building configuration stream involves  

• design entry 

• logic synthesis  

• design implementation  

• device programming 

• design verification 
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                                     Figure 4. 1 FPGA architectural Design flow                    

 

Design Constraints: 

Despite the fact that limitations are there to impact the FPGA configuration tools including 

the synthesizer, place & route tools however they likewise permit a person to determine the 

execution plan prerequisites and guide the tools toward meeting these necessities. The tools 

organize their activities dependent on the advancement levels of synthesis, timing, all out 

quantities of pins utilized, and rationale gave to the tools by an individual or a group. The 

four sorts of requirements are as decrepit;  

• Synthesis  

• Inputs/Outputs 

• Timing  

• Area 

 

The constraints of the synthesis impact even the micro details of the synthesis of Hardware 

Descriptive Language (HDL) code to Register Transfer Level (RTL). There is a scope of 

synthesis constraints and their specific circumstance, configuration and use normally 

fluctuate between various apparatuses.  

 

Input/output limitations which are otherwise called pin task limitations are utilized to dole out 

a sign to a particular connector on the input/output end. 

 

Timing requirements are alluded for the timing attributes of the structure. Timing imperatives 

influences all inward timing related interconnections, delays for rationales, look-up tables and 

between flip-flops. Timing limitations can be worldwide or way explicit relying upon 

modules and their activity. 

 

Area limitations are utilized to outline necessary hardware within various assets inside the 

FPGA. It comes extremely convenient when a manual enhancement of gadget is required 

since programmed directing and placing may utilize a greater number of assets than required. 

Furthermore, comparatively, area limitations indicate the area either alluding to another 
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relative structure component or to a particular fixed asset required for the logic inside the 

FPGA. 

 

Since Zybo Z7-10 has more than enough resources on Programmable Logic part and on the 

other hand there is dual core ARM processor attached to the device, there is no as such 

limitation of resources for the processing of extracted data from sensors which can change as 

per the application of device. Secondly, dealing with a real time acquisition of data from 

sensors and operating it has pros and cons. This provides a lot of user convenience. The 

challenge with real time acquisition of date from sensors is the requirement to use different 

input/output formats like UART, Analog to digital and I2C. The synchronization between the 

interface that is designed and both (processing unit and memory) must be deliberately 

considered. In conclusion, the GUI configuration is viewed as the center of the observing and 

showing of data handling. The presentation module utilized in the proposed project relies 

upon the Red-Green-Blue (RGB) mode. In this way, so as to display a shading to a spot in the 

main presentation module, three clock pulse are required from the FPGA. In like manner, 

there is a requirement for exact synchronization. 

 

Design Methodology: 

This project offers a complete hardware system that is reconfigurable and is capable of 

acquiring data which is obtained through sensors and presents through graphical user 

interface (GUI). The FPGA does a significant work in this project. The FPGA will in the long 

run have, in our last form, every single basic segment required for the data acquiring and data 

processing in one chip. The FPGA not simply controls the entire process that a client needs 

yet in addition also process the data that is taken from sensors. Playing out specific 

algorithms or undertakings that an individual need or some other sign preparing activity upon 

the gathered information from sensors would be possible utilizing the FPGA. Additionally, 

the input and the output drivers of device, for example, the showcase controller (module) can 

be implanted in the main FPGA design. The proposed framework will accomplish minimal 

cost, quick processing and compact size by the reconciliation of major practical units on a 

chip. It will accomplish fast processing by effective usage of FPGA resources and upon need 

it can also use the Processing System (PS) of Zybo board in case there are non-time critical 

operations. 

 

Two terms being used in above needs to be highlighted here. FPGA mainly for processing 

can use 2 types of resources which are as follow; 

• Processing System (PS) 

• Programmable Logic (PL) 

 

Programming system will be backed up by the processor where as Programmable logic will 

be backed up by the resources of FPGA. Even though processor performs a task quite faster 

than FPGA but the real difference is the Pipelining and use of resources in parallel. Consider 

it like if we want to execute 5 tasks then processor will execute each task in sequential 

manner and will execute each task one by one while on the other hand FPGA will execute 

these tasks in parallel manner and all 5 tasks will get executed at the same time in parallel. 

Now this phenomena and resources of Zybo Z7-10 provides the flexibility to an individual to 

choose if an operation should be performed by FPGA resources or Processor. It also provides 

the flexibility to optimize a system so if there is a time critical application then the task can 

be performed using FPGA resources otherwise processor can execute the task as well 

depending upon the need of individual. Language used in case of FPGA is Verilog which is a 

Hardware Descriptive Language while for processor C++ is used in our case. 
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High Level Design: 

System design is divided into 3 main parts which are as fallow; 

• Extracting data from Analog sensors and processing them  

• Extracting data from Digital sensors and processing them 

• Monitoring data on GUI.  

 

 

 

           

 
                                             Figure 4. 2 Architectural Overview 

                                                     

                                                                         

Logical View: 

In this case, 2 sensors are being used. Temperature (LM35) sensor is an analog sensor so 

there is a need to extract that information in analog form and then converting it into digital so 

it can be processed under required algorithms. On the other hand, we have used Compass 

sensor (CMPS2) which is a digital sensor and its pre-built to return the value in digital. Now 

after the algorithms are applied and useful and meaningful data is extracted which in this case 

is direction from CMPS2 and temperature from LM35 and the data is sent to the Graphical 

User Interface. 
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Process View:   

Procedure of framework is direct and straightforward. Sensors are put which get the 

information according to their usefulness and the information is changed accordingly from 

analog to the digital form. The data is processed under certain algorithms depending upon the 

sensor and then useful information is extracted. Finally this data is transmitted to a GUI. 

 

Performance: 

Performance is going to be very important for this project. For everything to run smoothly for 

the project, the gateways will have to be able to synchronize the extraction and processing of 

data in live time. Additionally, if there is any problem and data doesn’t synchronize then it 

can cause delay in extraction of data. Similarly, if internet module doesn’t work properly then 

it can delay problems as well. 

Module: 

Coding is done separately for both sensors and depending upon the application if its time 

critical or not, the Programmable logic or Processing system resources were chosen. We will 

discuss both sensors separately. In case of temperature sensor only internal Analog to digital 

converter was used and backed by programmable logic, Verilog coding was done accordingly 

and depending upon the reference voltage and temperature sensed voltage, a value was 

generated showing the temperature surrounding the sensor. On the other hand, for Compass 

both Verilog and C++ were used. It was taken in the sense that all the required hardware 

should be described with the Verilog and what to do with this hardware was defined in C++ 

in the software development kit. 

 

Security: 

Since security isn't the essential focal point of the project, just the basic security tools can be 

applied like in the graphical user interface where a username and password can be added as a 

feature when accessing data.Additionally, comparing the Zybo against other microcontrollers, 

FPGA provides a dedicated module built in for encryption of data which can come handy 

dealing with a defense related application. 

 

Portability: 

This system ought to have the capacity that once it is together, the whole system ought to 

have the option to genuinely be moved starting with one area then onto the next. That is 

actually the whole point of system on chip (SOC) so every feature should be available on one 

chip. This is the reason why it can be useful in the remote areas where the system can be 

taken and using the ethernet the data can be transmitted and monitored by a concerned 

department. 

 

Reusability: 

Characteristic of system to be 1 chip based device provides many advantages. One of them is 

reusability, since the system is just plug_and_play so it can be used on multiple sites without 

having any problem or issues. 

 

Resource utilization: 

Having resources of FPGA as well as processing power of processor, multiple modules can 

be used at the same time on device and resources of Zybo can be put to use. Even if the 

system is overloaded, further optimization can be done which will free a few more resources 

to be used. 
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                           Figure 4. 3 Architectural Module Based Overview 

 

The Digilent Pmod CMPS2 is a 3-axis anisotropic magneto-resistive sensor. With Memsic's 

MMC34160PJ, the local magnetic field strength in a ±16 Gauss range with a heading 

accuracy of 1° and up to 0.5 mG of resolution. It features low noise and data communication 

protocol used for it is I2C with fast mode. So it will be allowing data transfer of about 

400kHz. For the case being, we will be using C++ language and below mentioned steps will 

be implemented using C++. Here is the series of commands to acquire a set of magnetometer 

data from the Pmod CMPS2 via pseudo I²C code: 

1. Power on the Pmod CMPS2 and wait for 10 mS before further operation. 

2. Provide a START condition and call the device ID with a write bit I2CBegin(0xA0) 

because the device ID is 0x30. 

3. Wait to receive an ACK from the Pmod CMPS2. 

4. Send the Internal Control Register 0 (address 0x07) as the register to communicate 

with I2CWrite(0x07). 

5. Wait to receive an ACK from the Pmod CMPS2. 

6. Write the command to take a measurement by setting bit 0 high followed by a STOP 

bit I2CWrite(0x01). 

7. Delay at least 7.92 mS by default to allow the Pmod CMPS2 to finish collecting data. 

8. Provide a START condition and call the device ID with a write bit I2CBegin(0xA0). 

9. Wait to receive an ACK from the Pmod CMPS2. 

10. Send the Status Register (0x03) as the register to read I2CWrite(0x03). 

11. Provide a START condition and call the device ID with a read bit I2CBegin(0xA1). 

12. Wait to receive an ACK from the Pmod CMPS2. 

13. Cycle the SCL line to receive the Status Register data on the SDA line. 
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14. Provide a START condition and call the device ID with a write bit I2CBegin(0xA0); 

15. Wait to receive an ACK from the Pmod CMPS2. 

16. Send the first register address corresponding to Xout LSB (0x00) as the register to be 

read I2CWrite(0x00). 

17. Provide a START condition and call the device ID with a read bit I2CBegin(0xA1). 

18. Wait to receive an ACK from the Pmod CMPS2. 

19. Convert the readings into usable data.  

20. Wait 1/3 of the acquisition time (by default 2.64 ms) before performing another 

measurement 

 

If the above procedure is analyzed then its nothing but following I2C protocol and sending 

bits and receiving bits as per the rules defined for I2C.  

 

On the other hand, LM35 is different from the compass application. This sensor doesn’t have 

a built-in converter that can convert analog data to digital data so we have to manually 

convert analog output to digital. In the case of analog sensor we have put a use to built in 

module of Zybo Z-10 also known as internal ADC. We have multiple channels available for 

ADC module and a reference can be provided to ADC and depending upon that voltage 

difference LM35 will be giving us temperature values accordingly. Out of 4 channels we 

have used AD14 channel of internal ADC and connected it with LM35 along with Vcc and 

Ground. Now for every 10mV voltage difference, it’s going to count as 1 degree centigrade, 

and voltage reference is provided on the second row of pins of ADC of Ja connector so the 

voltage difference can be calculated. Internal structure of LM35 is as follow; 

 

               

 
                             

                                        Figure 4. 4 Internal structure of LM35 

                                                      



Zynq 7000 SOC based device for remote data monitoring and processing Page 26 
 

 

 

For the coding part, internal ADC channels can be used using the following commands 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Database Design: 

The files are individually held by its own format and managed by the software vivado itself 

as per their operation. Verilog files are stored in “.v” format and once a user completes the 

design flow for FPGA, user can access these different files in the folder specified by the user 

itself. Additionally, for the block designing, once each block is places and properly routed 

and HDL wrapper is done creating then a bit file is generated which later is launched for 

software development kit and C++ code is fed in as per the functionality required. 

 

GUI Design: 

Graphic user interface is designed in order to transmit the date for a user to understand. The 

platform that we have used for the GUI design is PyQt5. It is a python 3 module that allows 

for rapid development of GUI applications using its built in program Qt-Designer. There are 

multiple basic options to start off with like adding labels, buttons and checkboxes and the 

interface is totally customizable. For our project we initially installed all the necessary 

libraries required and then imported the installed libraries in python followed by the coding. 

The Qt-Designer tool is used to graphically design the interface which creates a “.ui” file and 

this file can then be converted into a python code using command prompt and generate a 

“.py” file which can then edited to add logic to the buttons and import data from the FGPA 

board in our case. The data obtained from temperature sensor is passed to the GUI through 

UART Protocol whereas for the compass, I2C Protocol is used. The data obtained from 

compass CMPS2 is already directly stored in PS whereas the temperature sensor LM35 data 

is in PL which first needs to be transferred to PS and then it is passed onto the GUI. 

 

Both the temperature and compass data can be displayed using PyQt5 but the limitation with 

PyQt5 is that it can only show the data in real time so we used another app called “RealTerm” 

to display the date of compass which allows us to have a backlog of the entire dataset. 

RealTerm is designed for the purpose of monitoring and capturing the date while storing a 

history of previous values obtained. RealTime also allows us to add a time stamp which can 

be used if a user wants to view the recorded data from a previous particular point in time. 

This program could have also been used to display the temperature data but we used 

transmitted the temperature data in real time and the compass data is transmitted through this 

program so both the functionalities are illustrated and could be used according to the need.  
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System Architecture: 

The Zynq Zybo Z7-10 is a feature-rich, ready-to-use embedded software and digital circuit 

development board The Zynq family is based on the Xilinx All Programmable System-on-

Chip (AP SoC) architecture, that tightly integrates a dual-core ARM Cortex-A9 processor 

along with Xilinx 7-series Field Programmable Gate Array (FPGA) logic. The Zybo Z7 

surrounds the Zynq with a large set of multimedia and connectivity peripherals in order to 

create a formidable single-board computer, even before taking into consideration the 

flexibility and power added by the FPGA. Attaching additional hardware is made easy by the 

Zybo Z7's Pmod connectors, allowing access to Digilent's catalog of over 70 Pmod peripheral 

boards, including motor controllers, sensors, displays, and six Pmod ports are available to put 

any design on an easy growth path. 

 

Connecting these different Pmod’s require a protocol in order to transmit the data like in 

order to connect Pmod CMPS2: 3-Axis Compass, I2C protocol was used. Initially we’ll look 

into the detail as how i2c protocol works in order to communicate the sensor with the board. 

I2C requires a mere two wires, like the asynchronous serial, but those two wires can support 

up to 1008 slave devices. Also, unlike SPI, I2C can support a multi-master system, that 

means allowing more than one master to communicate with all devices on the bus although 

the master devices can't talk to each other over the bus and they must take turns using the bus 

lines. Data rates fall between asynchronous serial and SPI; most I2C devices can 

communicate at 100 kHz or 400 kHz.  

 

The Pmod CMPS2: 3-Axis Compass works as a slave in this project while the Zynq Zybo 

Z710 board works as a master. For every 8 bits of data to be sent, one extra bit of 

acknowledgement must be transmitted. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. 1 Slave master configuration I2C Protocol 
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The temperature sensor LM35 is connected to the internal XADC port of the board. The on-

board Pmod expansion connector labeled “JA” is wired to the auxiliary analog input pins of 

the PL. Depending on the configuration, this connector can be used to input differential 

analog signals to the analog-to-digital converter inside the Zynq (XADC). Any or all pairs in 

the connector can be configured either as analog input or digital input-output. In analog input 

mode, the voltage on these pins must be limited to 1V peak-to-peak. In digital mode, the 

regular VCCO-dependent limits apply. The Dual Analog/Digital Pmod on the ZYBO differs 

from the rest in the routing of its traces. The eight data signals are grouped into four pairs, 

with the pairs routed closely coupled for better analog noise immunity. Pins 1 and 7, pins 2 

and 8, pins 3 and 9, and pins 4 and 10 are paired up. Furthermore, each pair has a partially 

loaded anti-alias filter laid out on the PCB. The filter does not have capacitors C94-C97. In 

designs where such filters are desired, the capacitors can be manually loaded by the user. The 

coupled routing and the anti-alias filters might limit the data speeds when used for digital 

signals. The XADC core within the Zynq is a dual channel 12-bit analog-to-digital converter 

capable of operating at 1 MSPS. Either channel can be driven by any of the auxiliary analog 

input pairs connected to the JXADC header. The XADC core is controlled and accessed from 

the PL via the Dynamic Reconfiguration Port (DRP). The DRP also provides access to 

voltage monitors that are present on each of the FPGA’s power rails. The LM35 temperature 

sensor when connected to the XADC port works by every 10 millivolt change in voltage 

brings about a change of 1 degree Celsius that is detected by the sensor. 

 

Tools and Technology Used: 

1. Technology for Connecting Sensors: 

• Vivado Hlx Edition 

•  Ise Design Suite 

• Software Development Kit  

2. Tools for Connecting Sensors: 

• Verilog 

•  C++ 

3. Technology for Graphical User Interface: 

• Python 

4. Tools for Graphical User Interface: 

• PyQt5 

Development Environment/Languages Used: 

1. For Block design (Development Environment) 

• Vivado Hlx Edition 

2. For communicating Zybo Z7-10 board with sensors (Development Environment) 

• Vivado Hlx Edition 

3. For communicating Zybo Z7-10 board with sensors (Languages Used) 

• Verilog,  

• C Language 

 

4. For  Graphical User Interface (Development Environment) 

• PyQt5 
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5. For  Graphical User Interface (Languages Used) 

Processing Logic/Algorithms: 

 

• Machine Learning: 

1. Background: 

Machine learning can be classified into two main categories that are supervised and 

unsupervised. Supervised machine learning mainly relies on the labeled input data in order to 

learn a function that will give a correct output with unlabeled data whereas an unsupervised 

machine learning will use input data without labels, for instance without any 

supervisor(label) that would tell when it is correct or when it is supposed to self correct. In 

this project supervised machine learning algorithm is adopted for the purpose of training the 

data in Matlab for a disease in order to learn the principles of machine learning and how it 

can be used for further implementations depending on the need. Supervised machine learning 

in simple words can be understood with an example of a father (label) who shows different 

animals to his son (computer) everyday and by some time his son learns to differentiate 

between different species of animals, however at certain instances where two objects are alike 

the computer might not correctly recognize them but this could be corrected with more 

intensive training on a larger set of data. 

 

2. K Nearest Neighbor Algorithm in Matlab : 

The K nearest neighbour (Knn) algorithm was implemented in Matlab. Knn mainly assumes 

that things that are similar depending on certain features are always in close proximity. This 

means that similar things will always be near each other and this is what this algorithm relies 

upon for being true. This refers to calculating distance between points and creating a class of 

things that are near to each other based on there features. The Eucilidean distance approach 

was adopted for calculating the distance. As our approach was to get data for classification, 

therefore considering the current pandemic (covid-19), we opted for a similar data  with 

feautures like body temperature, age and then apply machine learning which could be later 

used by cameras to detect possible positive carriers, we used data provided by “kaggle”, a 

website for data science community, for diabetes disease since our aim on the software part 

was to apply the algorithm and see the results for accuracy however different data sets can be 

added depending on the type of model needed. In our approach we divided the given data in 

ratio of 70%  for training data and 30% for testing data. As odd values are preffered for 

selecting the value of k nearest neighbour therefore we selected K=3 although recommended 

value for K for better accuracy is 10. As value of K when it decreases to 1, the system would 

not make a lot of computations therefore the system would be less stable but if the value of K 

increases from 1 towards 10 the system would be more stable but there would be a lot of 

computations. The standard formula for accuracy in Knn is: 
 

(TP + TN)/(TP + TN + FP + FN).  
 

where TP, FN, FP and TN represent the number of true positives, false negatives, false 

positives and true negatives, respectively 
In true positive where the actual class and the predicted class is also the same, for instance the 

actual class of patient was positive and the predicted class was also detected as positive, this 

will be true positive and opposite for true negative where actual was negative and the 

prediction was also negative. The sum of these two will be divided by total sum of true 



Zynq 7000 SOC based device for remote data monitoring and processing Page 31 
 

positive and true negative along with false positive and negative. False positive means actual 

sample was positive and it was detected as negative, the opposite would apply to false 

negative. In results the accuracy for our algorithm came out to be as 69.73%/. 

 

• Algorithm for Compass: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Data Conversion:  

 i). Calculate the real Gauss value for the X and Y axes from the amount of LSBs returned 

     where the LSB value by default is 0.48828125 mG, resulting in 2048 LSBs per Gauss.    

              𝑥𝐺𝑎𝑢𝑠𝑠𝐷𝑎𝑡𝑎 = 𝑥𝐷𝑎𝑡𝑎𝐿𝑆𝐵 ∗ 0.48828125𝑚𝐺 
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                 𝑥𝐺𝑎𝑢𝑠𝑠𝐷𝑎𝑡𝑎 = 𝑦𝐷𝑎𝑡𝑎𝐿𝑆𝐵 ∗ 0.48828125𝑚𝐺 
ii). Calculate the direction D by first checking to see if the X Gauss data is equal to 0 to 

      prevent divide by 0 zero errors in the future calculations. If the X Gauss data is 0, check 

      to see if the Y Gauss data is less than 0. If Y is less than 0 Gauss, the direction D is 90 

      degrees; if Y is greater than or equal to 0 Gauss, the direction D is 0 degrees. 

iii). If the X Gauss data is not zero, calculate the arctangent of the Y Gauss and X Gauss data 

      and convert from polar coordinates to degrees.  

                                𝐷 = arctan ( 𝑎𝑢𝑠𝑠𝐷𝑎𝑡𝑎 𝑥𝐺𝑎𝑢𝑠𝑠𝐷𝑎𝑡𝑎) *180 𝜋  

iv). If the direction D is greater than 360 degrees, subtract 360 degrees from that value.  

 v). If the direction D is less than 0 degrees, add 360 degrees to that value.  

vi). The compass heading can then be determined by the direction value D:   

       •   If  D is greater than 337.25 degrees or less than 22.5 degrees – North 

       •  If D is between 292.5 degrees and 337.25 degrees – North-West 

       •  If D is between 247.5 degrees and 292.5 degrees – West 

       •  If D is between 202.5 degrees and 247.5 degrees – South-West 

       •  If D is between 157.5 degrees and 202.5 degrees – South 

       • If D is between 112.5 degrees and 157.5 degrees – South-East 

       •  If D is between 67.5 degrees and 112.5 degrees – East 

       •  If D is between 0 degrees and 67.5 degrees – North-East 

 

 

Wait 1/3 of the acquisition time (by default 2.64 ms) before performing another 

measurement. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Application Access Security: 

There are two types of application access security: physical and logical. Physical application 

access security means that the system is to be protected physically from someone trying to 

destroy it in any way. Logical application access security protects the system by the help of 

firewalls from different viruses and third party intruders who try to gain access of the system 

remotely. 

 

This system is to be placed in a remote location in order for the data to be retrieved and 

processed hence for the physical protection of the system it would be placed in a glass box 

with a keypad lock that would secure the system from different situations to some extent. 

Since the logic is implemented on vivado and the language used is verilog mainly so there is 

Figure 5. 2 Timing Diagram 
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no logical security implemented, which can be considered one of the constraints of the 

system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 5. 3 Access control for Data Security 



Zynq 7000 SOC based device for remote data monitoring and processing Page 34 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 



Zynq 7000 SOC based device for remote data monitoring and processing Page 35 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. 1 Types of system testing 
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Components testing: 

Part testing is otherwise called module testing. It mainly finds the bugs and errors in the 

module and confirms the working of programming. The hardware implementation has been 

discussed in Chapter 4 and Chapter 5 showing the complete design of the system and 

integration of the different sensors but before the integration of a sensor It is important to 

perform tests on individual components separately in order to understand the working and 

limitations. Testing of the sensors are done separately demonstrating the working principle of 

each sensor, their capabilities and limitations. Two sensors are being integrated with the 

FPGA which are as follow: 

• Temperature LM35 sensor. 

• Compass manufactured by Digilent called Pmod CMPS2. 

• PL and PS intergration 

Temperature LM35 sensor: 

Temperature LM35 sensor is a coordinated simple temperature sensor whose electrical ouput 

is relative to Degree Centigrade. The sensitivity of the sensor LM35 is 10 mV/degree Celsius. 

As temperature starts increasing then the output voltage also increases. 

 

                                          

 

 

                                         

                            

 

 

 

                                      

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. 2 Temperature LM35 sensor. 

 

Table 6. 1 Design parameters 
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Figure 6. 3 Accuracy vs. Temperature 

Table 6. 2 Specifications for temperatures:  −55°C ≤ T ≤ 150°C 
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3) LM35 and FPGA Interfacing 

 

 

 

 

 

 

 

 

 

 

 

 

 

                   

 

        

 

 

 

Connect LM35 to FPGA’s Internal ADC as shown in circuit diagram. The +Vs for LM35 can 

be taken from the VCC3V3 pin of XADC. Also the ground pin of LM35 can be connected to 

GND pin of XADC. Connect OUTPUT (the analog out of LM35) to AD14 input pin of ADC. 

 

The internal ADC of the ZYBO Z7 is a 16 bit ADC which contains 4 channels so a total of 

65536 (2^16) values can be measured. The AD14 pin of the ADC get an analog value from 

the LM35 and the converts the voltage level by diving the analog value by 65536 and a 

voltage level is measured. Since LM35 detects a change of 1°C with 0.01V (10mV), the 

answer obtained is then multiplied by 1000 to convert the voltage level from Volts to 

millivolts. Finally to observe a change for degree Celsius, the answer in millivolts is divided 

by 10 to get the corresponding temperature as shown in the following portion of the Verilog 

code. 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. 4 Connection of XADC with LM35 
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Figure 6. 5 CMPS2 pin Configuration 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. 6 CMPS2 Schematic 



Zynq 7000 SOC based device for remote data monitoring and processing Page 40 
 

1) A 
 
 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2)  ing 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 6. 3 Specification of CMPS2 
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3) CMPS2 and FPGA interfacing 

 

 

 

 

 

 

 

 

 

 

 

 

PL and PS interfacing: 

As the sensors were interfaced with the board, in case of compass the data was already in Ps 

part of board while for temperature it was in PL. In order to transmit the data using any 

protocol we needed to bring the processed data first to PS part of the system and then it 

would be able to transmit successfully. For the said condition, in our initial block design we 

added a custom XADC ip which is basically an analog to digital converter that transmits 10 

bits of data through AXI GPIO to the processing system in case of temperature. Meanwhile 

for compass the Pmod_cmps2 ip was attached with AXI I2C to the processing system that 

reads the data and then writes it to any computer application. The baud rate selected from 

transmission was 115200 and transmission to the gui was done using UART. The following 

block design shows the integration of both modules together. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. 7 Connection of FPGA (port JC) with CMPS2 
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Figure 6. 8 Xilinx SDK Features Including the System Performance Analysis Toolbox 
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Before one performs a usability test, it must be clear who their target audience is and the 

testing procedure varies accordingly. Our project targets a very specific group of people like 

Aerospace and Defense sector, large scale industries, Security systems and Medical 

Electronics who demand long term availability, a fast and efficient system with massively 

parallel data processing. The programming used in FPGA is not as simple as C/C++ 

programming used in processor based hardware and FPGA’s are not the first option for the 

usage of general public since FPGA’s are expensive and not easy to use, it makes them less 

user-friendly and to be used by professionals. FPGA’s come into play where a very fast data 

processing system is required and some specific applications of an FPGA include digital 

signal processing, bioinformatics, medical imaging, voice recognition and many more.  

Installation testing: 

Installation testing is done to look at if the software has been effectively installed with all the 

characteristic highlights and that the item is filling in according to desires. Installation testing 

helps in the distinguishing even the smallest errors. It is otherwise called Execution testing. 

Installation testing is done to guarantee the given points underneath: 

• To make sure that the software would perform well as desired after the installation is 

done. 

• To make sure the security properties of the software are not lost after the installation. 

• To make sure that the software does not consume the hardware resources abnormally 

high making the system slower, after the installation. 

• To check whether the software is able to create its own directory in the primary drive 

of the system, if not customized by the user. 

• To check whether the user is allowed to see the progress of the installation is visible 

through the GUI. 

• The installer should have a specified option which should uninstall the software the 

same way it was installed. 

• To make sure that not only the software but the packages and libraries should also 

work after the installation 

 

Exception handling 

In safety critical systems, nothing is allowed to go unknown or unacknowledged, every 

possible condition (behavior) must be accounted for, and the hardware and software must 

deal with every possible behavior. The Zynq-7000 All Programmable SoC with its double 

ARM Cortex A9 processors, and double Neon gliding point units have a table of addresses 

where the execution is coordinated when something occurs, and interrupts the currently 

running process on one or the other CPU, and then goes to the interrupt handling code 

segment on that CPU.2 When serviced (finished handling the condition), the CPU returns to 

where it had been when it was interrupted and continues from there. 

For exceptions, one needs to deal with all seven possible exceptions in a manner that allows 

the system to continue or recover, or take specific actions to behave properly. The exceptions 

are as follow:  

• Reset.   

• Undefined Instruction. 

• Undefined Software Interrupt.  

• Execution from an Undefined Address  

• Operating on Data from an Undefined Address. 

• IRQ Interrupt. 

• Fast Interrupt Exception. 

http://en.wikipedia.org/wiki/Exception_handling
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Graphical user interface testing: 

The Graphic user interface is designed in Python for displaying the useful information. The 

tool used for making the GUI is PyQt5 which is a cross-platform GUI toolkit. The data is 

collected from the sensors and is processed on the FPGA board which can either be 

transmitted through an Ethernet connection or the date can directly be displayed on the GUI 

using UART protocols. 

 

Limitations: 

FPGAs are fast and much more flexible than microcontrollers and because to this high 

processing ability the power consumption of FPGA is more and programmers do not have 

any control on power optimization in FPGA whereas no such issues are in faced in ASIC. If 

you have something very simple implemented in a microcontroller, and you want to do the 

same in an FPGA, it will likely take you more time to get it running in an FPGA, will likely 

need to run at a slower clock speed, and will possibly use more power. The temperature 

sensor integrated with the FPGA board is a cheap and easy to use component but it cannot 

operate in liquid which is a limitation and the Compass sensor runs electrically, so if 

electricity fails the gyro will also fail thus making the system vulnerable in some conditions 

along with that saving images directly to block ram for processing can be done only by 

adding compressed images as the block ram in Zybo Z7-10 is 256kbytes, therefore it would 

would be difficult to see the images later due to compression however if camera is integrated 

for real time video capture it would be able to work at peak performance. 

 

 

 

 

 

 

 

 

 

http://en.wikipedia.org/wiki/Graphical_user_interface_testing
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Evaluation and Results: 

 

Temperature sensor  LM35: 

The figures shows below demonstrates the results obtained after implementing the verilog 

coding in Vivado and tested in real time. As soon as the temperature sensor LM35 starts to 

detect a rise in temperature the change in temperature is measured through the PMOD XADC 

and the data is processed in the Programmable Logic (PL) part of the FPGA and the results 

are obtained as shown below: 

  

 

 

 

 

 

 

 

 

 

                                                

                                            

 

 

 

 

 

 

 

 

 

 

 

                                                   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. 9  Room Temperature 

 

Figure 6.10  Rise in Temperature 

http://en.wikipedia.org/wiki/Security_testing
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Compass Pmod CMPS2: 

When the connection is maintained and the compass is integrated with the FPGA. The SDK 

tool in Vivado is used to display the Output of the compass. The conversion of data is done as 

stated in “Data conversion” under Components testing to obtain the results. As the magnetic 

sensor detects a change in motion, the data is processed and measured the change and it 

displays the Degree with the direction as shown in the figure below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. 11 Variation in compass direction 
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Results shown on GUI: 

The figure below shows the final outputs when all the sensors have been integrated together 

and the processed data is transferred to the GUI whereas in figure 6.10 and 6.11, the outputs 

shown were for 2 different induvial projects. 
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                                        Figure 6.12 Graphical User Interface 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                 Figure 6.13 Compass Output on RealTerm 
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This work included planning and building up a system that furnishes clients valuable 

information (useful data) just with a FPGA board Zynq Z7-10 as equipment that enables 

clients to design and connect with different FPGA boards as well as cores. We showed that 

the system is adaptable, in that it could suit different application necessities, for example, 

various sources of inputs and coordination of various sensors on one board. We likewise 

indicated that this system is versatile, in that it could oblige various equipment cores and 

boards of FPGA. Utilizing an algorithm that was created to take information from sensors 

and transmitting just the useful data, we examined different system designs to watch the 

impacts of joining extra equipment segments (sensors) on execution times and furthermore 

decide the size of the general system with these increases, which came out to be a compact 

system. FPGAs separate themselves in profoundly parallelized tasks.. While present day 

microprocessors execute operations on various cores with sequential and faulty directions, 

not all capacities are appropriate to be worked by them, like digital signal processing and 

time critical applications. As a bonus, FPGAs now allow System-on-chip based devices 

where processor can be interconnected with FPGA resources allowing users to put right use 

of these resources depending on different scenarios like if the application is time critical or 

not. Additionally, FPGA offer more reliability, power and performance efficiency, security as 

well as the feature of putting all the modules on a single chip provides multiple advantages 

over microcontrollers. Keeping all this in mind, Zybo Z-10 was chosen which contains 

enough resources for the application we desired.  

 

For the purpose of learning, multiple modules were selected so a range of features on Zybo 

board can be explored. Analog sensors as well as digital sensors were implemented using 

different communication protocols including I2C. Additionally, sensors were implemented 

and were operated using Programmable logic and processing system so the FPGA resources 

and Processor resources can be put to use separately depending upon application requirement.  

 

So, all in all, the proposed system would work in a set of principles. Firstly, data from sensors 

will be extracted depending upon if the data is analog or digital. Secondly, applying specific 

algorithms to extract useful information from the extracted data. And finally, meaningful data 

will be transmitted and fed into Graphic user interface.This proposed system offers more 

effectiveness since there is no need to send all the extracted data from sensors to be sent to a 

processing hub where it can be processes and then fed into the Graphic user interface rather 

the proposed system allows the user to filter the data right after the sensor so only the 

meaningful data can be sent offering more efficiency as well as taking less time since 

resources of FPGA were used. 

 

As mentioned already in earlier chapters, the application of proposed system doesn’t just 

limit to certain sensors rather the sensors used in project are more of a learning purpose 

subjects. Any application can be made possible on the device which can be achieved by 

developing a corresponding algorithm for that application and following the set of principles 

proposed in the system. However the limitation of integrating different Pmods to the Zynq 

Z7-10 board allows only six external hardware components to work at a given instance 

together hence in order to incorporate more than six hardware components (sensors) an 

additional FPGA board would be required. 
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APPENDIX A: Verilog Implementation 

 

A1.  Design code for Compass 
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A2.  Design code for LM35 (Temperature Sensor) 
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APPENDIX B: C Language Implementation 

 

B1.  Design code for Compass in C 
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APPENDIX C: Python Language Implementation 

 

C1.  Code for GUI (transmission) 

 

 


