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Convolutional neural networks (CNNs) are very popular in
computer vision, speech processing, image processing and
classification applications. In this work, a CNN model is
developed using VHDL for classifying gray-scale images. FPGA
is used for efficient implementation of a CNN architecture.
CNN architectural components, convolution, pooling, activation
functions and fully connected layers are designed using VHDL
and implemented on Kintex-7 FPGA. Sigmoid activation
function is used in the final layer of CNN for classifying gray-
scale images. The LUT(Look-Up-Table)-based sigmoid function
is designed using VHDL and the final output of a particular class
is shown in normalized form. Firstly, RGB images (dogs and
cats) of size 8X8 are converted into gray-scale images and then
applied to the CNN architecture. The synthesis and simulation
of the proposed CNN architecture is being carried out using the
Xilinx Vivado 2015.2 IS tool. The simulation output shows that
the proposed CNN architecture is able to classify cat and dog
images with a probability of value greater than 90%.

Keywords: Convolutional Neural Network (CNN), VHDL, Sigmoid,

Kintex-7, Image classification

Introduction filters(3x3) 3. RELU activation function in the

convolutional layers makes hardware

Image classification is one of the major research
problems in the field of Machine Learning (ML).
CNNss are the most widely used neural network

implementation feasible. CNNs are implemented
on FPGAs [7,8,9,10,11] for high performance

and power efficiency. Many researchers have

for solving image classification problems.

been working on implementing CNNs

Compared to central processing units (CPUs) and
processing (GPUs)
implementations of CNNs, FPGA offers more

. . architectures. Recently, Low-Power Binary CNN
graphics unit b
ave

Architectures been  designed and

UART-Enabled  IoT
applications [12]. The proposed CNN has simple

implemented  for

power to accelerate the CNN operations. CNNs
can be used for traffic light image classification
[1], handwritten digit classifier [2], RADAR signal
processing [3], pattern recognition [4], face

convolutional computations with high accuracy.
For an image recognition application, a mixed
digital ~architecture-based CNN is
proposed [13]. For classification of gray-scale

iy . analog
recognition [5], and pattern detection from &

images [6]. The following properties of CNNs 1.

High Regularity 2. Small size of convolutional handwritten digits and hand gesture images [14],

a CNN architecture is developed using Artix7
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and Zynq FPGA board. The proposed
architecture uses pre-defined filters and a single
VMU (vector multiplication unit) block for
computing all layers. VLSI-based Cyclical CNN
for embedded vision will be developed using
MATLAB in 2025[15]. The input weight
parameters for the proposed CNN architecture
are optimized using Coronavirus Mask
Protection Algorithm (CMPA). For performing
handwritten  digit classification, a CNN
architecture based on fixed point calculations is
developed using FPGA [16]. FPGA deployment
of an optimized CNN architecture is discussed in
paper [17]. Three CNN hardware architectures:
1. Memoryful 2. Memoryless 3. Cached are
developed in the paper [18]. The three
architectures were designed using VHDL and
implemented on Cyclone II 2C70 FPGA. A
Verilog-based CNN architecture implemented

on FPGA is discussed in the paper [19]. To
overcome the problems of CNN architectures,
authors in 2019 proposed a Binary Weighted
CNN architecture [20]. The proposed Binary
Weighted CNN architecture can be used in
machine learning, computer vision, analysis of
data, signal and image processing applications.
For radar emitter signal recognition, a FPGA-
based CNN architecture is developed by the
authors in 2024[21]. In this work, by using one
convolutional layer with kernel size 3x3 followed
by a RELU activation function, one average
pooling layer of size 2x2 and fully connected layer
with Sigmoid activation function, a CNN
architecture is designed using VHDL to classity
gray-scale cat and dog images of size 8x8. The
proposed architecture is synthesized and
simulated using Xilinx Vivado 2015.2 ISE tool.

I. PROPOSED CNN ARCHITECTURE

CONVOLUTION NEURALNETWORK (CNN)
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Figure 1: Block diagram of the proposed CNN

The architectural block diagram of the proposed

CNN is shown in Figurel. In this architecture,
mainly cats and dogs images are taken for
performing the CNN. Firstly, RGB images of
cats and dogs are converted into gray-scale
images and then resized into 8x8 images. Gray

scale images are applied as an input to CNN
architecture. Relevant features are extracted from
input image by convolutional layer. The basics
convolution operation diagram is shown in
Figure 2. In this figure, output pixel PO is
obtained by following equation
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PO=
MOxKO+M1xK1+M2xK2+M8xk3+M9xk4+M
10xk5+M16xk6+M17xk7+M18xk8

Similatly, other output pixels(P1,P2,....P35) are
obtained by convolving the kernel(3x3) with
input pixels. In the convolution operation, the
stride value is taken 1, the padding value is taken
0, and the number of kernels is 1.A feature Map
of size 0x6 is obtained after convolution
operation. The RELU activation function is

applied on the output pixels PO,P1....P35. Then

T T
MO [ M1 | M2 [ M3 | M4 | M5 | M6 | M7 PO | PL | P2\ P3| P4 BS
ME_ | MO | M0 | M11 | MI1Z | MI13 | Mid4 | Mi5
P6 | P7 | Ps | P8 | Pl0 | PI1
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M20 | M41 | M42 | M43 | Ma4 | M45 | M46 | M47 o Pig | P19 | P20 | P21 | P22 | P23
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M36 | M37 | M58 | M39 | M60 | M61 | M62 | M63 ) P24 | P25 | P26 | P27 | P28 | P2D

L P30 | P31 | P32 | P33 | P34 | P33

INMAGE

CONVOLUTION

Average Pooling(2x2) with stride value 1 is
applied on pixels which are obtained after RELU
activation function. A feature Map of size 3x3 is
obtained after Average Pooling. So a total of 9
neurons exist in the Flatten layer. Randomly nine
weights(w0,w1,...w8) and one bias(b0) values are

applied in the fully connected layer. Sigmoid

activation function (f(x)=

) is applied in the

1+e™™
fully connected layer to predict the output

probability of a particular class.

RESULT

Figure 2: Convolution operation

For example, if sigmoid value for a particular class is 0.87, then the predicated probability of that class is

87%. In this architecture, the output value of the sigmoid function is normalized.

I1. EXPERIMENTAL RESULTS
FOR THE PROPOSED CNN
ARCHITECTURE

All layers of the proposed CNN architecture are
designed using VHDL, and Xilinx Vivado 2015.2
ISE tool is used to synthesize and simulate the
proposed architecture. The proposed CNN
architecture is implemented on Kintex-7 FPGA.
Kernel(3x3) with value

is applied to CNN architecture for performing
convolution operations. For conducting the
experiment, a dog and a cat image in gray -scale

form was applied to the input of the CNN

architecture. 1 10 [-1
110 |-1
110 |-1

Figure 3: Cat Image

In this architecture, the output of sigmoid
function is normalized by multiplying its value
with 66536 for displaying in the output
waveform. For Figure3(cat image), the simulation
output waveform is shown in Figure 5. In this

Figure 4: Dog Image

figure, pixels values for the gray scale cat images
are in 8 bits form, and they are represented by
pixel100,pixel101,pixel102. .. pixel807,
3x3 kernel values are in 8 bits form, and they are

signals

represented by signals
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kernel00,kernel01 kernel02... . kernel22, nine represents bias signal in 16bits form, signal sum
weights are in 16 bits form and they are represents the output of the fully connected layer
represented by signals wO,wl....w8, signal b0 without activation function applied
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Figure 5: Simulation output of the CNN architecture for cat image

In Figure 5, the sum value is 40, so when sigmoid activation function is applied (m) then the result

value is 65536.Here, signal result represent, output of the sigmoid activation function after normalization.

Similarly for dog image(Figure 4), the experimental output waveform is shown in Figure 6.
\

11001110
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11001111
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11111111 11111111
11111111 11111111
oo

Figure 6: Simulation output of the CNN architecture for dog image

In Figure 6, the sum value is 14, so when sigmoid represents, output of the sigmoid activation

activation function is applied <1+e_14) then the function after normalization. From Figure 5 and

result value is 65535.Here, signal result Figureo6 it is clear that the predicated probability

for the cat image is 100% and for the dog image
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it is 99.99%. In Figure 5 and Figure6, if signal
start is high than only CNN performs its
operation. The proposed CNN architecture

consumes 27486 LUTSs, 816 FFs, and 11 DSP48
elements. The RTL schematic diagram for the
proposed CNN architecture is shown in Figure7.
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Figure 7: RTL schematic diagram for the proposed CNN architecture
III. Conclusion

With a minimal number of convolution layer, a
CNN architecture is designed and implemented
in this paper. The proposed CNN architecture
consists of one convolution layer with a RELU
activation function, one average pooling layer
and a fully connected layer with Sigmoid
activation function. VHDL language is used to
design all the components of CNN architecture
and Kintex-7 FPGA is used to implement the
architecture. Weights and bias values are
randomly assigned to the CNN architecture. The
proposed CNN  architecture  successfully
classifies cat and dog images with a probability
value greater than 90%. Simulation output
waveform shows the final output of the proposed
CNN  architecture in normalized form.
Implemented CNN architecture consumes 27486
LUTs. The proposed CNN architecture operates
at 100MHz clock frequency.
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