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1. INTRODUCTION 

In an RS-170 camera that is a standard for most 
monochrome video equipments, the number of pixel is more 
than 300,000 and each pixel gray value is represented by one 
byte. Thus, it may take long time to send the information of a 
raw image through a network. Since images of fewer gray 
values can be compressed to occupy less space on memory 
and send faster through a network, it is often desired to get 
simplified images by reducing the number of gray values. 
Binary thresholding has been used to reduce the number of 
gray values in images into, which results in two gray level 
images [1]. But it may lose too much of the high-frequency 
edge information. Thus, dynamic thresholding that uses a 
different threshold for each pixel is preferred instead of using 
a single threshold value. Dynamic thresholding can preserve 
high frequency details as well as reduce the size of images 
[2-10]. Existing dynamic thresholding is done by a software 
algorithm: First, each pixel value in one image is transferred to 
an image processing system. Then, the distribution of pixel 
values is analyzed. Finally, one appropriate threshold value for 
each pixel is selected, and the gray value of each pixel is 
converted into other value according to its corresponding 
threshold value. In an RS-170 camera, the conversion of pixel 
value per frame must be repeated more than 300,000. In an 
embedded image processing system, the total conversion time 
may be too long to get desired real-time information from 
images. 

In order to perform a real-time dynamic thresholding, this 
paper proposes and implements a circuit by using a FPGA. 
The proposed dynamic thresholding circuit consists of two 
counters, and threshold look-up table, and control unit. Each 
pixel position is represented by the values of two counters, the 
threshold look-up table converts each pixel value into other 
value, and the control unit generates necessary control signals. 
On arriving from a camera to the proposed circuit, each pixel 
is compared with its threshold value and is converted into 
other gray value. 

In section 2, a dynamic thresholding circuit is proposed. In 
section 3, an image processing system including a frame 
grabber and the proposed circuit will be implemented and 
some experiments will be performed. Conclusion is described 
in section 4. 

2. DYNAMIC THRESHOLDING CIRCUIT 

2.1 Frame grabber 

Fig. 1 shows the architecture of a frame grabber including a 
dynamic thresholding circuit. Since this frame grabber 
includes the dynamic threshold function, it has additional 
FIFO storing threshold image. One FIFO stores original image 
information from ADC and transfers this information to PCI 
bridge. The other FIFO stores threshold image information 
and also transfers this to PCI bridge. Usually, a frame grabber 
does not include the dynamic threshold function and therefore 
it has FIFO only storing an original image.  

Image from a camera is transferred to ADC (analog to 
digital converter) and Synchronization Separator. ADC gets 
eight-bit gray level information from the image and 
Synchronization Separator generates some signals such as 
horizontal synchronization, vertical synchronization, back 
porch, and field signals. Camera Interface Controller may 
have interface circuits for several kinds of cameras including 
interlaced, non-interlaced, monochrome, and color cameras. 
Camera Interface Controller gets signals from Synchronization 
Separator and generates some control signals for grabbing 
image: a control signal for one frame, a control signal for one 
line, and a control signal for one pixel. Dynamic Threshold 
module performs a desired dynamic threshold for each pixel 
by using these control signals from Camera Interface 
Controller. Different threshold value for each pixel may be 
used. Camera Interface Controller and Dynamic Threshold 
module can be designed by VHDL. 

Table 1 explains the function of each signal in the frame 
grabber including a dynamic thresholding cicuit and Fig. 2 
shows the timing diagram of signals.  
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Fig. 1 A frame grabber architecture. 

Table 1 The function of signals. 

Signal Function 

Image[7:0] 8-bit gray level image data 

Dynamic Threshold 
Image[7:0] 

Dynamic threshold image 

ADC Clock The sampling clock of ADC 

HSync Horizontal synchronization signal 
(One per line) 

VSync Vertical synchronization signal 
(One per frame) 

Back Porch To set the reference voltage for ADC 
(See Fig. 3) 

HD HSync generated from Camera 
Interface Controller 

VD VSync generated from Camera 
Interface Controller 

TRG Trigger signal generated from Camera 
Interface Controller 

FIFO Control To control FIFO 
Write, read, reset, clock 

Field Separation signal for even or odd in 
interlaced image 

2.2 Dynamic thresholding circuit 

Fig. 4 shows the architecture of a dynamic thresholding 
circuit. This circuit performs a dynamic threshold for each 
pixel by using signals from Camera Interface Controllers as 
the followings: 

Signal Handler 

Signal Handler receives original image and control signals 
for frame, line, and pixel from Camera Interface Controller. It 
transfers the original image information to Threshold Lookup 
Table and transfer control signals to Line Counter and Pixel 
Counter.

Line Counter 

Line Counter calculates the Y-axis coordinate value from 
line and frame control signals. The Line Counter is 
incremented by line control signal while frame control signal 
is low. It is cleared when frame control signal is changed from 
low to high. 

Pixel Counter

Pixel Counter calculates the X-axis coordinate value of one 
pixel from line and pixel control signals. The value of Pixel 
Counter is incremented by pixel control signal while line 
control signal is low. The value of Pixel Counter is cleared 
when line control signal is changed from low to high. 

Threshold Lookup Table 

The values of Line and Pixel Counters represent the 
position of the current pixel. Threshold Lookup Table stores 
the threshold value for each pixel. Also, it compares one pixel 
value with its corresponding threshold value and generates the 
result. The threshold value for each pixel can be set as 
different value. Several techniques have been proposed to 
determine these threshold values from input images [2-10]. 
Desired information can be extracted from original image by 
using different dynamic thresholding technique. Depending on 
each technique, additional circuit to determine threshold value 
for each image frame may be needed. The threshold image 
information is transferred to one FIFO. 

Fig. 2 Timing diagram.
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 Fig. 4 A dynamic thresholding circuit. 

3. EXPERIMENT

3.1 Dynamic Thresholding Circuit and Camera Interface 

Controller 

The proposed dynamic thresholding circuit is implemented 

in a FPGA device. This device is Xilinx Spartan series FPGA 

XC2S200 that has 200K system gates [11]. Table 2 is design 

summary that shows overall amount of used resource in 

overall device when one image frame is divided into one 

hundred different regions. The time to perform the dynamic 

threshold for one pixel is about 5 nsec and therefore the 

dynamic threshold for whole pixels in one frame can be done 

much less than 1/30 sec. That is, we can get a dynamic 

thresholding image as well as an original image in a real-time 

by using an RS-170 camera. The Camera Interface Controller 

is implemented by Xilinix Spartan series XC2S50 that has 

50K system gates. It has circuits to connect interlaced and 

non-interlaced monochrome cameras. Color cameras and other 

cameras can be connected by designing interface circuits for 

them. 

3.2 Frame grabber 

A frame grabber including the proposed dynamic 
thresholding circuit is implemented as in Fig. 5. It has the 
same architecture as in Fig. 1. It has a PCI bridge chip and two 
FPGAs to implement a dynamic thresholding circuit and 
Camera Interface Controller. The implemented frame grabber 
can be connected a PC through the PCI bus slot. The PCI bus 
has 32-bit data width and can transmit up to 132MByte/sec 
with 33MHz clock. An original image and its threshold image 
are transferred from this frame grabber to PC. 

Table 2 Design Summary. 

Fig. 5 A frame grabber including the dynamic thresholding 
circuit.

Fig. 3 Front porch, back porch, and horizontal sync signals.
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3.3 Experiment

In order to apply different threshold value depending on 
pixel location, one image frame is divided into one hundred 
regions with ten rows and ten columns. Each region can have 
its own threshold value. We apply two threshold gray values, 
50 and 200, to every other pixel. If the gray value of one pixel 
is greater than or equal to its threshold value, the output of 
dynamic threshold circuit is set as 255. If the gray value of one 
pixel is less than its threshold value, the output of dynamic 
thresholding circuit is set as 0. Fig.6 shows an original image 
and its threshold image under this condition. Though we use 
two threshold values and one output value for every region, 
we can use several threshold values and several output values. 
Depending on each application, different threshold value and 
output value for each region can be used. Also, we can shrink 
each region up to one pixel and can use different threshold 
value and different output value for each pixel. The dynamic 
threshold having different threshold value for each pixel and 
two output values can be used for several applications such as 
image segmentation. 

(a) Original image. 

(b) Threshold Image. 

Fig. 6 Original image and its threshold image. 

4. CONCLUSION

Since images of fewer gray values can be compressed to 
occupy less space on memory and send faster through a 
network, the reduction of the number of gray values is desired. 
Dynamic thresholding can preserve high frequency details as 
well as reduce the size of images. Since it takes some time to 
perform a dynamic threshold by software, this paper proposed 
a dynamic thresholding circuit and implements it by using 
FPGA in order to perform a real-time dynamic thresholding 
task.

The threshold value for each pixel can be determined from 
the input image. For example, a histogram based threshold 
value can be used. Circuits to determine the threshold value 
for each pixel from given image based on several criteria will 
be designed and included in future works. 
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