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ABSTRACT 

Within the past decade, attention to deep learning has greatly 
increased because of the great improvements in the development of hardware 
that allowed the required computation manageable.  The most widely used 
deep learning algorithm is Convolutional Neural Network (CNN) for its 
application in computer vision.  The need to deploy CNNs onto hardware is 
desired because of its performance, however, it is a challenge to deploy onto 
resource constraint devices because CNN models are computational and 
memory intensive. Therefore, there is a need for a solution to solve the issue 
of deployment of CNN models onto embedded systems to utilize the model 
at the user-end. The platform choice to host the CNN models because of their 
fast re-configurability, high performance, and low power is the Field 
Programmable Gate Arrays (FPGAs) based embedded systems. However, 
with the demand to deploy CNN models onto FPGA, there is a hurdle to 
overcome the knowledge needed for deployment onto FPGA devices. In first 
phase of this research, we propose a methodology that shows the deployment 
of a CNN model onto FPGA hardware to overcome this gap in hardware 
deployment for deep learning architecture (DLA). A step-by-step 
methodology is presented as a means to allow deep learning practitioners to 
duplicate this process to further develop the research of implementing CNNs 
onto hardware. The chosen CNN is synthesized into hardware intellectual 
property (IP) and deployed onto the FPGA. Moreover, this thesis provides a 
novel hardware/software co-verification technique, which is a means to 
validate that the DLA is successfully deployed in hardware and is mimicking 
identical to its corresponding software-based trained model. Thereafter, in the 
next phase of research, optimizing the CNN onto hardware is explored to 
increase throughput of the model. A combination of inter-layer and intra-layer 
pipeline scheme is presented to accelerate the model utilizing the deployment 
method to employ the CNN onto hardware. Furthermore, directives specific 
to the FPGA employed in this work is leveraged to pair with the pipeline 
scheme to increase the overall efficiency. Our results show that implementing 
a CNN model onto hardware is success while utilizing the optimization can 
achieve an area delay product of 7 times better in  terms of DSP usage and 3 
times better in terms of BRAM usage against the state-of-the-art. Lastly, there 
is an investigational research that explores how to divide the CNN model onto 
different hardware devices to simulate the utilization of edge devices. The 
FPGA devices used are able to utilize network communication for relaying 
data from one device to another, which is especially suitable for resource 
constraint edge devices.  
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