
Methodology 
 

Block Based Matrix Multiplication 
 

As the name suggests block based matrix 

multiplication is the multiplication of large matrices 

that are divided into smaller ones and the result of 

the smaller matrices are added to form the final 

result. A matrix can be visualized as containing 

elements which can be broken down to form smaller 

matrices. For example a 16x16 matrices can be 

broken down four 8x8 matrices, a 8x8 matrix can be 

broken down to four 4x4 matrices and  a 4x4 matrix 

can be broken down to four 2x2 matrices.  

 

Shown below is the example of 4x4 matrix 

multiplication using 2x2 matrix as the base block: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In this project the base block for matrix multiplication is 

considered as 4x4 which is implemented on the hardware. 

 

Introduction 
 

Face recognition has become extremely critical in 

many applications. The code profiling study shows 

that matrix multiplication is the most computation-

intensive function of the algorithm and accounts for 

80% of the total time. Therefore, the objective of 

this project was to develop a FPGA based fast 

matrix multiplication unit which can be used as a 

hardware accelerator in face recognition systems. 

The matrices of 32-bit-fixed point unsigned integers 

were subdivided to form the blocks, which were 

multiplied in parallel to utilize the resources 

available on FPGA. The design was modeled in 

Verilog-HDL and simulated using Xilinx Vivado 

2014.3 tool. The synthesis was done by targeting the 

Zynq-7000 FPGA on Zybo board. For realization of 

this unit 3952 LUTs, 48 DSP48 slices and 128KB 

BRAM was required. The design was successfully 

tested on 100 MHz frequency. For real-time face 

recognition, the designed unit will take 4.5ms for 

one QVGA frame 

  

 

Design Approach  

The matrix multiplication is implemented in 

software as well as hardware to do the comparative 

analysis of the time required in both the cases. 

 

Software Implementation 

Pseudo code for block matrix multiplication is as 

shown:  

 

 

 

 

 

 

 

Hardware Implementation 

This design is 4- stage pipelined and makes use of  

16 multipliers and  20 adders in parallel. 

 

 

 

 

 

 

 

 

 

 

Design supports AXI-4 Lite protocol in slave mode 

and synchronization is done using FIFO. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Matrix multiplication System working 

 

After the whole system is build we have combined 

the hardware and the software to get the actual 

implementation. API is called from the software, to 

perform block matrix multiplication using hardware. 
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Conclusions 
 

• Fast Matrix Multiplication IP for face recognition 

application is successfully implemented on Xilinx 

ZynQ-7000 SOC FPGA using Zybo board.  

 

• Compatible with AXI-4 lite protocol and 

customizable user option for truncation and 

rounding for different precisions.  

 

• 4.5ms per QVGA frame efficiency achieved 
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Results  

Design is synthesized by targeting Zynq 7000 SOC 

and post implementation device utilization table is 

as shown below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

System test on Zybo board : The IP is integrated 

with the processor in ZynQ SOC and verified with 

Software application. 

 

 

 

 

 

 

 

 

 

 

 

The comparative analysis shows that the efficiency 

of matrix multiplication is improved when a HW IP 

is used. The graph shows the comparison: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Resource Utilization Available Utilization% 

FF 6118 35200 17.38 

LUT 3952 17600 22.45 

Memory LUT 154 6000 2.57 

BRAM 40 60 66.67 

DSP48 48 80 60.00 

BUFG 1 32 3.12 


