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Abstract
FPGA is most trendy for boosting image processing because of 
its flexibility and parallelism. An FPGA based real-time system is 
proposed to detect objects from color video for use in applications 
such as flower plucking and cotton picking. Also, a control signal 
is send to a control device (i.e. stepper motor) when the object 
detection is done. The system uses Xilinx’s Virtex-5 FPGA, a 
VMODCAM, 256 Mb external RAM and an HDMI screen. 
The object detection from video frames is accomplished by an 
image segmentation stage followed by a counter and comparator. 
The Algorithm for object detection from color video is tested 
on Xilinx’s Virtex-5 FPGA and is shown to provide real time 
performance at 30fps. 
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I. Introduction
Image processing is an excellent nominee for the application of 
parallel processing because of the large volumes of pixel data and 
the complex algorithms usually encountered. Implementation of 
image processing algorithms on reprogrammable hardware such 
as FPGA, reduces cost, time-to-market, allows quick prototyping 
of complex algorithms, simplifies debugging and verification [1]. 
Images can be processed in FPGA to enhance their subjective 
content, or to extract helpful information.

Robotic systems are becoming cheaper, smaller, low power with 
time and they need an efficient vision system in many applications 
such as cotton picking, flower plucking. The vision systems earlier 
used camera, frame grabber, and a personal computer (pc) for 
interfacing frame grabber to run algorithms. These systems 
provided high speed and processing power except that, there 
use was limited in applications where on board processing was 
main requirement. In recent years, a number of microcontroller 
based vision systems are developed such as CMUCAM [2] and 
AVRCAM [3]. Both use different microcontrollers but same 
camera module C3088 with OV6620 CMOS image sensor. These 
embedded devices have restricted I/O facilities and processing 
power. The Microcontroller based vision systems track multiple 
objects but are not much efficient and provide low resolution. With 
the commence of System on Chip (SOC) in the last two decades, 
all the components of a system such as DSP’s, Microcontrollers, 
and Memory etc. can be embedded on a single chip. SOC’s are 
suitable to meet the small area, low power, and high performance 
needs of various applications.
In [4], a double parallel architecture is proposed to pace up median 
filter and edge detection tasks on FPGA. It is also proved that 
FPGA is better than DSP’s and PC’s for accelerating image 
processing. An 8-bit microcontroller based embedded vision 
system is proposed in [5] which provided performance comparable 
to pc-based hardware. In [6] a fast template matching algorithm 
is presented in which a 4x4 template is matched to 16x16 target 

image. In [7], a programmable parallel architecture is presented 
that is used for signal pre-processing in embedded vision systems. 
Implementation of hardware architecture on FPGA is presented for 
motion detection based on the background subtraction algorithm 
[8].
The object detection algorithm is implemented on FPGA to 
eliminate the use of personal computer and to make the system 
portable. The algorithm used for object detection uses an image 
segmentation stage followed by a counter stage, the output of 
which gives the number of pixels matching which is further 
compared by a threshold value to indicate object detected or not. 
Also the algorithm is well suited to meet the real time demands of 
applications such as cotton picking and flower plucking etc.
The remaining paper is organized as follows. Section 2 describes 
Object Detection Algorithm. Section 3 discusses the system 
implementation and the sub-modules. In Section 4 experimental 
results are presented and the last section is a final conclusion.

II. Object Detection Algorithm
The proposed algorithm for object detection consists of three 
stages i.e. Image segmentation, counter and comparator as shown 
in fig. 1.

Fig. 1: Block Diagram of Proposed Object Detection Algorithm

The first step of proposed algorithm is image segmentation in 
which the image is segmented based on the color range of the 
object to be detected. The color range of the reference object 
can be determined in MATLAB and the color range of reference 
object used in our system is shown in Table 1.

Table 1: Range of Color Value of Reference Object
COLOR Minimum Value Maximum Value
RED 90 D0
GREEN 40 90
BLUE 60 A0

The output from camera is received in 24-bit format i.e. 8-bit for 
each Red, Green and Blue. Since the upper 4-bits (D7-D4) of each 
RGB channel are of interest, thus the lower 4-bits (D3-D0) are 
neglected. Now the pixel range of object is differentiated from 
background data by providing value “FF” (in Hex) to pixels which 
lie in color range of object as mentioned in table 1 and rest of the 
pixels are provided value “00” (in Hex). Thus a mask from the 
captured image is made this way which highlights the object.
Second step of algorithm includes a counter stage which counts 
the number of pixels which have value “FF” from previous stage 
(i.e the pixels in color range of object). Thus a count value is 
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obtained which is to be used in next stage.
The last stage of algorithm includes a comparator which compares 
the count value calculated from previous stage with a threshold 
value. The object is assumed to be detected only if the count value 
exceeds the threshold value.
Now the question arises how this threshold value is set? The 
threshold value is set by taking the minimum value of different 
sub-threshold values. Here different sub-threshold values are 
calculated by keeping the reference object at different angles 
in front of camera. Each sub-threshold value is obtained by 
calculating count value with reference object at a particular angle. 
This way a number of sub-threshold values are calculated e.g. 6 
to 12 sub-threshold values and the minimum value of these is 
set as the threshold value so that the object can be detected from 
different angles.

III. System Implementation
Fig. 2 shows the block diagram of the proposed system for object 
detection from colored image. The Digilent Virtex-5 FPGA board 
has inbuilt 100 MHz clock. However, the sub-modules such as 
VMOD CAM and HDMI Screen operates at different frequencies, 
thus to synchronize them timing and control unit is provided. 
Firstly, the registers of the camera VMOD CAM are programmed 
by I2C protocol, and then the image captured by camera is received 
in Bayer format and is passed to FPGA, where it is converted to 
proper format by taking average of the corresponding pixels to 
calculate the current pixel.
The pixel data is passed to FIFO buffer arrangement consisting 
of four buffers as follows:

Write Address Buffer1. 
Read Address Buffer2. 
Write Data Buffer3. 
Read Data Buffer4. 

This image data from FIFO arrangement is then stored in DDR2 
RAM. This image in RAM is to be viewed on display device for 
which a HDMI Controller is built. Also, a FPGA sliding switch 
is reserved for viewing the video capture from camera when the 
switch is set to logic 0 and the image segmented video when the 
switch is set to logic 1. The image segmented video is made by 
converting the input into two colors white and black i.e. the pixel 
in required range is set white and rest are set black as discussed 
in section II. The number of pixels matching with the object are 
counted and displayed on 2*16 LCD. If the number of pixels 
matching is greater than a preset threshold value then a control 
signal is sent to stepper motor to indicate that the object is detected. 
As, most of the processing is done in parallel by FPGA thus, the 
performance of the model is high as compared to other platforms 
such as DSP and PC.

Fig. 2: Block Diagram of System for Object Detection From Color 
Image 

Fig. 3 shows the overall view of system. The VMOD CAM is 
connected to FPGA through a VHDCI cable which provides 24-
bit RGB format. The LCD screen is connected to the HDMI port 
of FPGA through HDMI cable. The color video captured by the 
VMOD CAM is shown on HDMI screen as shown in fig. 3.

Fig. 3: Overall View of System

To implement different image comparison algorithms in future the 
inputs of the architecture have been kept generous for code reuse. 
To interface camera and LCD to the FPGA, camera controller and 
HDMI controller have been built which are discussed in following 
sections:

IV. Camera Controller
The VmodCAM board (shown in figure 4) provides digital images 
for any Digilent FPGA board with a VHDCI connector. It has two 
Aptina MT9D112 CMOS digital image sensors (2 megapixels 
each). The cmos image sensors can provide frame rates greater 
than 15 FPS, depending on the resolution (lower the resolution, 
higher the frame rate). The VmodCAM system-on-a-chip design 
includes an image flow processor and provides selectable output 
formats, special effects, and scaling. The registers of VmodCAM 
are accessed by I2C interface. The output data is available on 
a 24-bit parallel bus in processed RGB, YCrCb or raw Bayer 
formats [9].

Fig. 4: Digilent’s VMOD CAM Connected to FPGA by VHDCI 
cable

First, the power-up and reset sequence are setup as shown in fig. 
5 and fig. 6 [9], then the control interface is set to configure the 
cameras which includes programming the registers of the camera 
through I2C Interface [9].
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Fig. 5: Power up Sequence [9]

Fig. 6: Reset Sequence [9]

V. HDMI Controller
HDMI (High Definition Multimedia Interface) Controller Video 
output is obtained using a Chrontel CH7301C DVI transmitter 
device which is connected to a standard Type A HDMI connector. 
This system supports up to 1600 X 1200 resolutions with 24-bit 
color and its interfacing with FPGA is shown in fig. 7 [10].

Fig. 7: Interface LCD (HDMI) Screen with FPGA

An I2C bus is used to move status and control information between 
the FPGA and the CH7301C (SCL to FPGA pin U8, and SDA to 
FPGA pin V8). The I2C bus is connected to the HDMI connector 
which allows direct communications with external display devices 
with HDMI port [10]. Fig. 8 shows the connections of LCD screen 
with FPGA through HDMI cable.

Fig. 8: LCD Screen Connection to FPGA

VI. Experimental Results
The FPGA based system provides real time performance and is well 
suited for applications such as flower plucking and cotton picking. 
The object detection algorithm has been tested on Virtex-5 FPGA. 
Fig. 9 (a) shows the colored image obtained from VmodCAM on 
LCD screen before algorithm is applied and fig. 9 (b) shows the 
output after algorithm is applied.

Fig. 9(a): Colour Image From Camera on LCD screen, (b) image 
segmented image from camera on LCD screen showing the 
detection of Object

According to synthesis results of Xilinx Synthesis Tool (XST), 
number of slice registers are 3124, number of slice LUTs are 2745 
and maximum frequency is 125 MHz.

VII. Conclusion
An FPGA based system is proposed in this paper which provides 
real time performance and is targeted for applications such as 
flower plucking and cotton picking. Moreover, the system is 
designed in Verilog and is the code is kept generic which will be 
helpful for other engineers. There is a lot of functionality that we 
would like to add to this system such as automatic generation of 
threshold value, storing images of object and comparing them 
with captured images. Further, we can use stereo cam (VMOD 
CAM) to implement 3-d image processing.
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