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Abstract- The microprocessors are used for executing instructions by fetching from memory and also interact with other 
peripheral, which requires additional circuitry. This increases the complexity, area and power consumption. To overcome 
from this problem we use Picoblaze microprocessor. Pico Blaze is a 16-bit soft core microprocessor developed by Xilinx that 
can be synthesized with few FPGA families. In this design a set of peripherals are developed to interface with Pico Blaze. 
They are PS/2 keyboard port, Light monitor control serial communication. The system has been implemented in a FPGA 
board and some typical control and monitoring system have been developed.  
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I. INTRODUCTION  
 
In this paper we aims for making the monitoring 
system by using the PicoBlaze soft-core processor 
which is connected to  the peripheral blocks and 
transducer controls the monitoring system based on 
user requirement. For this we uses the soft-core 
microprocessor and Embedded System for designing 
monitoring application. The main objective of this 
paper is to design a system that continuously checks 
the peripheral readings and control the system 
accordingly. 
 
In this paper the embedded system is customized by 
adding a set of peripherals, described in VHDL, that 
are intended to extend the capabilities of Pico Blaze. 
The set of peripherals that have been developed to 
interface with Pico Blaze are serial communication, 
PS/2 keyboard port and light controller monitoring. 
To demonstrate its capabilities, the system has been 
implemented in a FPGA board and some typical 
control and monitoring systems have been developed. 
The measure of efficiency is based on how fast the 
microprocessor can read the data, detect the signal 
received and make it off or on. The system is totally 
designed using VHDL and embedded systems 
technology. 
 
Simulations are done using Modelsim 
(version6.1SE/EE) tool. Synthesis and FPGA 
implementation of the paper is carried out using 
Xilinx ISE 6.1 tool. 
 
II. PICOBLAZE MICROPROCESSOR 
 
PicoBlaze is typically referred to as soft processor 
cores since they are synthesized from an HDL and 
use the programmable logic and routing resources of 
an FPGA for their implementation, as opposed to a 
dedicated processor hard core such as the PowerPC. 
PicoBlaze is a 16-bit microprocessor developed by 

Xilinx that can also be synthesized Spartan3FPGA 
family (in its KCPSM3 version). 
 
PicoBlaze (Figure 1) consists of two parts: I) the 
processor core (KCPSM3–which stands for Ken 
Chapman Programmable State Machine version 3) 
and II) the program memory from which instructions 
are fetched and executed by the processor core. (Note 
that the program memory is referred to as an 
instruction ROM or program ROM). The program 
memory is implemented in a single Block RAM in 
the FPGA configured to function as a 1K×18-bit 
ROM.  
 
The program to be executed is typically initialized in 
the Block RAM during the download of the overall 
design (including PicoBlaze and other user logic) 
and, as a result, is normally assembled prior to 
synthesis. 
 
The main features of PicoBlaze are: 

 1K addressable program memory 
 Up to 256 input/output ports 
 One interrupt port with acknowledge 
 64 bytes of scratch pad memory 
 Zero and carry flags 
 31-level hardware stack 

 

 
Figure1. Basic Components of PicoBlaze 



International Journal of Industrial Electronics and Electrical Engineering, ISSN: 2347-6982 Volume-2, Issue-12, Dec.-2014 

Picoblaze based Embedded System for Monitoring Applications using FPGA 
 

26 

A. Programming 
PicoBlaze is programmed in assembly language. The 
instruction set is composed of fifty seven instructions, 
which can be classified as: program control, 
arithmetic, logic, interrupt and input/output. 
B. Tools and development flow 
The assembly language code that is to be run by 
PicoBlaze is developed as a text file with a psm 
extension. This file is fed into the KCPSM3 program 
to generate the program memory as a VHDL module, 
which can then be attached to the microprocessor. 
The software application and the hardware 
implementation help the VHDL and the data from 
peripherals and accordingly change the condition of 
the system. This way, the debugging process of the 
microprocessor can entirely be conducted in the 
hardware side [3]. 
 
III. PERIPHERAL BLOCKS 
 
The main features of the FPGA board are: eight LED, 
eight slide buttons, four push buttons, 1 Megabyte of 
static RAM, PS2 keyboard socket and three 40-pin 
expansion connectors. The peripherals that have been 
developed are: an LCD controller, a PS/2 keyboard 
controller, a VGA controller and a serial 
communication module. (Figure 2) 
 

 
Figure2. Schematic Diagram of the Spartan 3 FPGA Board. 

 
C. PS/2 keyboard controller 
PS/2 keyboard controller consists of a set of registers 
has been added to the controller to facilitate the 
communication with PicoBlaze.Figure3 shows a 
diagram with the internal organization of the 
keyboard controller, as generated by the synthesis 
tool. The implemented communication with the 
keyboard has only one direction: from the keyboard 
to PicoBlaze. 

 

 
Figure3. Keyboard Controller 

D. Serial communication 
Spartan-3 board provides all the facilities to enable 
serial communication: a DB-9 port and a voltage-
level shifter circuit. In order to enable PicoBlaze to 
handle a UART as a peripheral, both the transmitter 
(Tx) and receiver (Rx) modules have been 
encapsulated along with an interface module. This 
interface allows PicoBlaze to operate the UART by 
accessing a set of registers. (Figure 4) 
 

 
Figure4.  Serial Communication Peripheral 

 
The register-based interface of the UART supports 
the following features: 
• Enabling/disabling Tx interrupt 
• Enabling/disabling Rx interrupt 
• Clearing Tx and Rx interrupt flags 
• Writing the Tx data 
• Reading the Rx data. 
 
IV. COMPLETE EMBEDDED SYSTEM 
 
The peripherals discussed in this paper have been 
integrated along with a single instantiation of 
PicoBlaze. Since each peripheral is provided with a 
set of registers that PicoBlaze can access, all the 
registers have been given an identifier so that 
PicoBlaze can use it to access a specific register. The 
complete embedded system has been used in the 
implementation of monitoring tasks to demonstrate its 
functionality.  
 
The working environment of these monitoring 
applications are as follows: keyboard monitor 
represent the workstation where the system is 
allocated, while the serial communication module 
enables a remote access to the system in order to 
either query the present condition of the task or 
reconfigure the operation of the system. 

 

 
Figure5.  Block Diagram of Picoblaze Based Embedded 

System. 



International Journal of Industrial Electronics and Electrical Engineering, ISSN: 2347-6982 Volume-2, Issue-12, Dec.-2014 

Picoblaze based Embedded System for Monitoring Applications using FPGA 
 

27 

V. VHDL CODE FOR PICOBLAZE 
 
library IEEE; 
use IEEE.STD_LOGIC_1164.ALL; 
use IEEE.STD_LOGIC_ARITH.ALL; 
use IEEE.STD_LOGIC_UNSIGNED.ALL; 
entity picoblazesystem is 
Port ( switches : in std_logic_vector(7 downto 0); 
LEDS : out std_logic_vector(7 downto 0); 
clk : in std_logic); 
end picoblazesystem; 
architecture Behavioral of picoblazesystem is 
-- declaration of KCPSM3 (always use this 
declaration to call up PicoBlaze core) 
component kcpsm3 
Port ( address : out std_logic_vector(9 downto 0); 
instruction : in std_logic_vector(17 downto 0); 
port_id : out std_logic_vector(7 downto 0); 
write_strobe : out std_logic; 
out_port : out std_logic_vector(7 downto 0); 
read_strobe : out std_logic; 
in_port : in std_logic_vector(7 downto 0); 
interrupt : in std_logic; 
interrupt_ack : out std_logic; 
reset : in std_logic; 
clk : in std_logic); 
end component; 
-- declaration of program memory s 
component lvfpga 
Port ( address : in std_logic_vector(9 downto 0); 
instruction : out std_logic_vector(17 downto 0); 
clk : in std_logic); 
end component; 
-- Signals used to connect PicoBlaze core to program 
memory and I/O logic 
signal address : std_logic_vector(9 downto 0); 
signal instruction : std_logic_vector(17 downto 0); 
signal port_id : std_logic_vector(7 downto 0); 
signal out_port : std_logic_vector(7 downto 0); 
signal in_port : std_logic_vector(7 downto 0); 
signal write_strobe : std_logic; 
signal read_strobe : std_logic; 
signal interrupt_ack : std_logic; 
-- the following 2 inputs are assigend inactive values 
since they are unused here  
signal reset : std_logic :='0'; 
signal interrupt : std_logic :='0'; 
-- Start of circuit description 
begin 
-- Instantiating the PicoBlaze core 
processor: kcpsm3 
port map( address => address, 
 
instruction => instruction, 
port_id => port_id, 

write_strobe => write_strobe, 
out_port => out_port, 
read_strobe => read_strobe, 
in_port => in_port, 
interrupt => interrupt, 
interrupt_ack => interrupt_ack, 
reset => reset, 
clk => clk); 
-- Instantiating the program memory 
program: lvfpga 
port map( address => address, 
instruction => instruction, 
clk => clk); 
-- Connect I/O of PicoBlaze 
in_port <= switches; 
LEDS <= out_port; 
end Behavioral; 
 
CONCLUSION 
 
Soft core system is a one of the significant 
technology these days. The utilization of soft core 
technology is novel and might enhance the existed 
Testing and automation system. A PicoBlaze based 
Embedded System that we have proposed in this 
paper, optimizes the memory, improves the 
performance and increase the machine power for 
accurate results with minimum time. The design of 
four peripherals for PicoBlaze soft core 
microprocessor has been presented. The design 
approach consisted in VHDL descriptions and 
register- based interfaces. Monitoring control 
applications have been developed around PicoBlaze 
and the designed peripherals are synthesized at Xilinx 
tool. 
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