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ABSTRACT 

The accuracy and efficiency of a Global Positioning System (GPS) is a critical parameter especially for surveillance 

and automation purposes. The design of such a system which can not only provide high accuracy and efficiency but 

also is easily configurable enhances its applications largely for embedded systems. In this paper, the authors have 

proposed a design of a GPS implementation using a Microblaze which is a Xilinx based Field Programmable Gate 

Array (FPGA) soft core microprocessor that has over seventy user configurable options, optional Memory 

Management Unit (MMU) and a five-stage pipeline for maximum performance. The proposed design is used to track 

and route the path travelled by the user on a map and compute the distance. The Microblaze is used to connect and 

interface various configurable peripherals like USB UART and LEDs to implement a GPS using the AXI interface of 

an Arty A7-100T FPGA Evaluation Board. A comparison of the proposed design with respect to the performance 

parameters has been drawn to analyse the merits and specifications of the system. 

Keywords:  AXI Interface, Field Programmable Gate Array, Global Positioning System, MATLAB, 

Microblaze.

1. INTRODUCTION 

The GPS is a widely used application-based 

device which helps in navigation, location tracking, 

surveillance and security purposes. This paper 

provides a GPS implementation on a soft-core 

processor like Microblaze to achieve high scale 

performance, efficiency and easily configurable 

capability. To realize the design, the authors have 

used the soft-processor of an FPGA (Arty A-7 100T) 

which makes designing and debugging easier as well 

as minimizes timing and routing issues. 

The system is designed to obtain accurate NMEA 

data for tracking, routing and computing the distance 

travelled by the user. The block design is configured 

using the AXI interface and customizable peripherals 

on the Xilinx Vivado Design Suite and the GPS 

signals are transmitted from a mobile sensor to the 

Memory Management Unit of the system. The design 

provides the flexibility to configure and modify 

peripherals and connections for varied applications. 

The MATLAB Mapping Toolbox is used in routing 

the path travelled on a Street View Map marking the 

two end points. The performance parameters like 

accuracy and sensitivity of the system are analysed 

and compared with other designs and methods to 

study and interpret the merits of the proposed design. 

2. RELATED WORKS 

There are several works with different 

methodologies and designs to implement a GPS 

system with higher efficiency and varied applications 

and scopes. The accuracy, speed and versatility of 

different architectures and designs have also been an 

important development by the researchers. The 

design of an FPGA architecture based on parallel 

pipelining is implemented and compared to other 

traditional data processing methods. The conclusion 

of the comparison has shown that the architecture 

proposed in paper [1] improves the speed of data 

processing. A study [2] proposes an architecture of 

an FPGA based location tracking system that 

interfaces a GPS and a GSM to track the location of a 

user and transmit the data to a mobile phone. The 

design of an Artix-7 FPGA based control pulse 

generation is presented by the authors [3] by 

communicating between a TR module and a radar 

controller using the Ethernet PHY. 
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The protype model in [4] uses UART soft IP core 

of a Microblaze on Spartan 3E FPGA to develop 

serial communication between various systems. The 

research work displays the status of switches present 

on the board on HyperTerminal as well as on the 

LEDs on the board. The serial communication has 

been carried out using RS232 cable connected 

between the FPGA board and COM port of PC. For 

this, the UART soft IP core is designed by the use of 

the core generator system present in the Xilinx (ISE) 

design suite. Xilinx’s (EDK) is a package designed to 

build Xilinx FPGAs with Microblaze embedded 

processor systems. A soft-core Microblaze 

implemented in a Spartan 3E FPGA is customized by 

using UART, GPIO, timer and IP core and a GPS 

receiver is connected with the processor which 

receives the data and the data is analysed in the 

processor and decoded, the then output is displayed 

using UART [5].The process of acquisition of GPS 

signals using MATLAB and its signal processing 

tools to receive the GPS Signals has been discussed 

and implemented on an FPGA by integrating and 

executing the prototyping and the simulation tools 

together [6]. A research has been done on 

synchronizing pulses acquired by GPS units to 

measure synchronization. The paper [7] also 

highlights the disadvantages of using GPS and 

analyses the accuracy of a microcontroller-based 

system and an FPGA based system. A survey report 

in paper [8] concludes that satellite navigation is not 

easily configurable as they are designed by keeping 

specific use in mind. An easy to configure GPS using 

FPGA (Altera Cyclone 2) has been designed with 

multiple satellite connection for real-time tracking to 

solve this issue.  

 Issues like accuracy, resource usage of FPGA, 

latency and power have been given importance and 

an improvised design is proposed [9] to avoid such 

problems by using a loosely-coupled version of the 

circuit and a softcore Microblaze processor.  A 

comparison has been drawn between two ways of 

implementing a GPS-INS integrated system using a 

Microblaze. The authors have used two types of 

FPGAs, one being Spartan and the other being Zynq 

[10]. The problems incurred in such systems due to 

accuracy of the position, GPS outages, connectivity 

to satellites and power consumption have been taken 

into consideration.  

A low-priced two-dimensional RISS (reduced 

inertial sensor) having a lot of other integrated 

sensors like gyroscope and odometer is used in the 

proposed design [11] to transmit GPS signals using a 

Kalman filter. The design has been used to build and 

implement a real-time inexpensive yet efficient 

embedded system for navigation purposes which is 

also capable of computing the positioning data for 

various applications by synchronizing the 

measurements from the three sensors using a soft 

core Microblaze. 

A microcontroller-based GPS/GSM vehicular 

tracking system has been designed to configure the 

GPS to track a vehicle and transmit the data to the 

microcontroller where the GPS data is analysed and 

decoded to an understandable format and transmitted 

to another device using a GSM module [12].  

To understand the design flexibility of a softcore 

Microblaze processor, several applications have been 

discussed and designed. A data of a heart rate senor 

implemented on a Spartan 3E FPGA board is 

analysed in the processor with a GSM system that 

has been integrated with the FPGA using UART 

serial communication to send real-time messages to a 

mobile [13]. With the use of different sensors and 

wireless communication devices interfaced with the 

configurable peripherals of an FPGA, a system is 

designed to build an intelligent home control device 

[14]. The architecture of an FPGA based parking 

system using Spartan 6 is also an application-based 

research that offers a versatile design [15].   

3. METHODS 

 

Figure 1 The flow of processes to complete the 

design. 

As shown in Figure 1 a programmable FPGA 

(Arty A7-100T) is selected for creating the block 

design. The memory block, Microblaze processor, IP 

cores and configurable peripherals are added and 

required connections are made for the interface 

between different IP Cores. The local and cache 
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memory is configured to 16kB and the block design 

is validated. The validated design is wrapped by 

creating the HDL Wrapper for synthesis. The master 

XDC (Xilinx Design Constraints) file is configured 

to constrain the input and output pins for the given 

FPGA board and route the physical pins on the board 

required for our design [16-20]. 

Using the mobile GPS sensors, real-time data is 

sent to the MATLAB drive and using the given data, 

the MATLAB Mapping Toolbox is programmed to 

generate a virtual GPS tracking webpage and 

transmit the NMEA data (Latitude, Longitude) to the 

memory of the Microblaze through UART. The 

webpage which is a live view of a map displays the 

route taken by the user and marks the starting and 

ending points [21-25]. 

The FPGA is now programmed using a Verilog 

code to perform the required tasks. The NMEA data 

transmitted by the GPS signals of the phone using 

MATLAB is read and written on the memory of the 

Microblaze through the UART. Using the location 

data of the starting and ending points of the route 

taken by the user, the distance covered is computed 

using the mathematical functions (sine, inverse 

cosine) and performing arithmetic operations. 

radians= 
degrees×π

180
                          (1) 

Using Equation (1), the values of latitude and 

longitude of the two end points are converted to 

radians. 

distance = 3963 × cos-1 ( sin lat1 * sin lat2) × 

cos lat1 × cos lat2 × cos (lon2-lon1)                         (2) 

Equation (2), gives us the distance between the 

two end points in miles where lat1, lat2 are the 

latitudes (in radians) and lon1, lon2 are the 

longitudinal values (in radians) respectively. 

distance (in m)= 1609.34×distance (in miles)        (3) 

Equation (3), gives us the distance between the 

two end points in meters.  

The above computed value is used to check the 

distance travelled by the user. The behavioural 

simulation of the design is used to test the proper 

working of the system, the LEDs act as testers which 

is set high (glows) after every 500 metres of distance 

travelled by the user. This will check if the 

programmed FPGA is working as per the logic. The 

latitude and longitude at every point of the route is 

displayed from the memory using a string array 

which executes till the end point is reached. 

 

Figure 2 System architecture of the design showing 

the interfaces between the different components. 

Figure 2 shows the communication between the 

Microblaze and the connected peripherals using 

AXI4 protocol. The GPS data received using the 

mobile sensors is transmitted into the memory of the 

system using the UART controller. The 4 bits LEDs 

are also interfaced using the general purpose AXI 

interface which transmits the computed data to the 

ports. 

 

Figure 3 Block diagram of the connections and 

interfaces of the design. 

In Figure 3 an external memory interface, DDR3 

SDRAM, is used to generate the memory within the 

internal logic of the Arty A7-100T FPGA. The 32-

bits soft core processor, Microblaze with an internal 

local and cache memory is used to interface with the 

memory block in Figure 3. The AXI protocol is used 

to transmit and receive data from the configurable 

IPs interfaced in the design. One of the required 

peripherals, USB UART is configured with a slave 

bus interface to transmit and receive the TX and RX 

signals to and from the Microblaze Debug Module. 

The NMEA data acquired from the GPS signals is 

transmitted through the USB UART and the data is 

captured and stored in the memory. Another 

configurable peripheral used for the design are the 

LEDs which are connected to the general purpose 

AXI interface to transfer the required data from the 

port to the GPIOs. The LEDs will be used as route 

distance testers on the behavioural simulation 

waveform [26-29]. 
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4. RESULTS 

 

Figure 4 Simulation waveform of the design. 

Figure 4 shows the LEDs which are used as 

markers for every 500 m travelled. The location 

(latitude and longitude) of each point throughout the 

path travelled by the user is displayed on the tcl 

console. This shows that the MMU of the 

architecture captures the NMEA data continuously 

and the same data is used to determine the starting 

and ending points of the path. The distance covered 

is computed using the latitude and longitude of the 

end points as discussed in Section 3. The LEDs are 

used to validate the computed distance and behaves 

as markers for every 500m. 

 

Figure 5 The path travelled by the user is plotted on 

a map. 

Figure 5 displays a street view map using the 

MATLAB Mapping Toolbox. The GPS signals that are 

received from the mobile sensors and transmitted to the 

MMU of the FPGA are loaded simultaneously on 

MATLAB for data processing and mapping. With the use 

of a street view map, the path is routed on the map and the 

starting and ending points are marked. Parameters like 

colour and width of the map are also set in the program. 

5. DISCUSSION 

5.1. Optimization 

5.1.1. USB UART over JTAG 

JTAG interface is a special type of interface on 

chip, multiple chips on board are connected in star 

topology, to access these chips JTAG port is used. 

Whereas USB UART provides USB connectivity to 

UART devices. The latter has been chosen as it is 

faster, reaching speeds up to 480 Mbps while JTAG 

only managing maximum of 1 Mbps. 

5.1.2. AXI over PLB 

AXI data bus and address bus are not fixed 

neither within a given system you can have a wide 

variety of data bus widths. In AXI one can write data 

and address in any order. A write address setup is not 

required to write relevant address. A turn-around is 

not needed as the write bus is completely separate. In 

AXI insertion of pipelines is very easy and non-

intrusive. One can add as many register slices to the 

5 channels with no effect on the final communicated 

data. With all of these features AXI has a clear 

advantage over PLB. 

5.2. Comparative Analysis 

Table 1 shows a comparative analysis of different 

designs and models with respect to the performance 

measures like horizontal position accuracy, update 

rate and sensitivity. 

Horizontal position accuracy is the radius of a 

circle drawn around the precise location as at a given 

point of time a GPS receiver plots multiple positions 

for a given point, the smaller the radius, higher the 

accuracy. If we consider our proposed model the 

GPS being used is that found in modern smartphones 

which have high accuracy because the radius of the 

circle may vary from 1.6m to 1m whereas the rest of 

the methods have higher radius, lowest being 1.6m. 

Update Rate of a GPS is the number of times the 

system calculates and computes the location, 

measured in Hertz. The standard update rate for most 

devices is 1Hz. The higher update rate comes with a 

Table 1. Comparative analysis of performance measures with different design models. 

Method Horizontal Position 

Accuracy 

Update Rate (in Hz) Number of Channels 

Accessible 

Sensitivity  

(in dBm) 

  Proposed Model 1.6 m – 1 m 1 10 - 16 -161 

  Rao et al. [9] 1.6 m – 2.1 m 1 - 10 50 -161 

  Farid et al. [11] 2.5 m 1 - 5 22 -160 

  Nkem [12] 2.5 m 1 - 5 22 -160 
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hefty price of more energy consumption as to push 

out more Hz more energy is required similar to the 

refresh rate of TV/monitor, 1Hz is more than capable 

to track a moving object up to speeds reaching 75 

Kmph so the use of a higher update rate GPS won’t 

be necessary for the project for the time being. 

All the satellites transmit the same frequency, so 

the GPS mixes up the signals causing confusion. To 

fix this problem, channels are used. A single channel 

correlates the signals (more the channels faster the 

process) and segregates the information. Higher 

channel GPSs are really expensive compared to 

lesser channel ones. Point to be noted that a GPS 

having higher Update rate will require more channels 

to process the information. 

A GPS having a higher sensitivity is able to track 

very weak GPS signals which in turn increases the 

accuracy of the location information, considering the 

proposed model up to -161 dBm. The other methods 

have similar sensitivity.  

6. CONCLUSION 

In this paper, Microblaze of an FPGA, Arty A7-

100T has been designed, programmed and simulated 

for a GPS implementation using configurable 

peripherals and memory interfaces. The system is 

realized by integrating the Microblaze, IP cores and 

peripherals of the FPGA to communicate with the 

mobile sensor GPS for accurate location and 

positioning using the MATLAB tools. The path taken 

by the user is routed on a map and the distance 

covered is computed. The calculated distance is 

tested by switching the LEDs of distinct colours, 

interfaced with the Microblaze, on and off for every 

500 metres covered by the user. The location 

(NMEA data) at each point throughout the path is 

captured in the memory and displayed at the 

simulation. The design can be used to communicate 

and integrate with several GPS sensors and these data 

can be controlled and implemented for various 

applications. It will provide a scope of computing 

relative data among several automobiles, mobile 

phone users for measuring and comparing the 

relative distance, routes and paths, intersecting 

points. Additional sensors can also be implemented 

on the Microblaze using this design as a base. The 

GPS implemented Microblaze can be used in various 

real-time embedded systems for navigation and 

surveillance purposes. The FPGA can be 

implemented with other processors on automobiles as 

it will not only increase the efficiency and 

performance of the system but also give the ability to 

customize. The design can be also used for 

surveillance and security purposes to track and 

navigate targets or victims. 
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