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Abstract — In this paper, the author studies on the machine vision information acquisition and processing technology based on 
FPGA. Canny edge detection algorithm is used to obtain the information of the edge pixel position of the leaf followed by median 
filtering and linearization (using Otsu threshold algorithm). After the image reconstruction, the edge pixel would be inserted into 
the image, and the pixels within the edges would be filled. Results show that the display error is within1%which means this method 
ensures the integrity of the research object edge while eliminating the white noise in the image to improve the accuracy of the 
measurement results. 
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I. INTRODUCTION 

The existing machine vision systems are inconvenient to 
carry to the field for work. The expensive price and complex 
operation restrict it from popularization to the farmers. The 
embedded machine vision technology is a kind of machine 
vision technology using the embedded computer as data 
processing, and its software and hardware can be cut 
according to its practical application. It is the expansion and 
extension of the machine vision technology. Study of the 
information acquisition and processing technology based on 
embedded system computer vision has practical application 
in agriculture, forestry, animal husbandry and fishery which 
are far away from cities with limited Internet service and 
power supply. Thus, related research of machine vision 
technology in handheld devices has practical sense. In this 
context, a handheld machine vision system was developed 
using the machine vision technology.  

Liang’s paper [1] was focused on the development of 
handheld machine vision system and the test of its 
adaptability in crop growth information collection and data 
process. Fruits, plant leaves and citrus were used as 
experimental subjects to evaluate the adaptability of the 
algorithms to calculate the size of fruits, the area of leaves 
and the yield of citrus, and good results were obtained in his 
research. The developed handheld device vision system was 
adopted to study the processing algorithm of the handheld 
device to achieve higher speed. The procedures include 
dimension reduction for array, usage of integer arithmetic to 
simulate floating point, combination with computer 
principle, algorithm transmission from multiplication and 
division to shift operator, rational definition of data type in 
program, algorithm transmission from multiplication and 
division to table lookup, application of self-developed 
algorithm instead of that provided by development 
environment. According to the results of image grizzled 
processing, using this methods as mentioned above makes a 
significant improvement on the speed of software with more 

than 20times. The methods were high flexibility and 
practical value. 

Two handheld machine vision systems were developed in 
Zhu’s paper [2]. This system used mobile phone 
development module to replace the computer in computer 
vision system to set up a handheld machine vision system for 
data process. The inclination measurement module was used 
to measure the angle between the camera and the target. The 
distance measurement module was used to measure the 
distance between the camera and the target. The other one 
was Android based smart cellphone 19300. The application 
software integrated with machine vision was written in Java. 
The app’s algorithm applicability verified that the portable 
vision technology possesses stability and repeatability. All 
above extends application of computer vision in agriculture. 

The developed handheld device vision system was 
performed to discriminant the quantity of cluster fruits. 
Luo’s [3] paper introduces an improved Freeman chain code 
to discriminant the number of fruits. It adds three new 
elements namely "S”,"8","9", while the "S" is the starting 
point of clustering area edge,"8" is the turning point, and "9" 
is the lowest point of image contour. After the coding of 
edge image, the number of "8" is used for the discrimination 
of fruit number in clustering area. When the method is tested 
on Gannan orange and Yantai apple, 100% discriminant rate 
is accomplished in two, three and four clustering case, in five 
clustering case can reaches above60%, but it is very difficult 
to correctly discriminant six clustering case. This method can 
extend to other clustering cases in fruit that has regular 
contour, like pear, tomato etc. and has theoretical and 
practical meaning in enhancing pre-harvesting fruit yield 
estimation. 

The developed handheld device vision system was 
applied to estimate the citrus yield of a single tree two weeks 
before harvest. A semi-automatic self-adjusted segmentation 
algorithm was promoted for on-site application in Xu’s paper 
[4]. It utilizes morphology filter for edge smoothing in 
clustering area, then improved Freeman8neighborhoods for 
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clustering area fruit number counting calculates the total 
number of citrus. This algorithm has been used for Ganan 
orange yield estimation and reaches 90% accurate rate. This 
method facilitates orchard pre-harvesting yield distribution 
mapping, and provides technical solution for further yield 
estimation. 

The developed handheld device vision system was used 
to research on the vision algorithm for information collection 
and processing methods of crop growth. In this research, we 
put forward a semi-automatic adaptive segmentation 
algorithm for handheld device. During the application of leaf 
area measurement, after artificial selection of leaves to be 
measured, the boundary of the leaf image displayed on the 
touch screen is drawn as a closed circle. And then, canny 
edge detection algorithm is used to obtain the information of 
the edge pixel position of the leaf followed by median 
filtering and linearization (using Otsu threshold algorithm). 
After the image reconstruction, the edge pixel would be 
inserted into the image, and the pixels within the edges 
would be filled. Results show that the display error is 
within1%which means this method ensures the integrity of 
the research object edge while eliminating the white noise in 
the image to improve the accuracy of the measurement 
results. 

II. HARDWARE DESIGN AND THE NETWORK 

Si9979 integrates some functions to protect BLDC motor 
from wrong motion and the circuitry from damage. The 
protection features include cross-conduction protection, 
current limitation and under-voltage lockout. And Si9979 
also has FAULT output to indicate when under-voltage, 
over-current, disable or invalid sensor shutdown has 
happened. The Si9979's low- and high-side gate outputs 
change switching states of power electronics. To protect the 
device against simultaneous conduction in both arms of the 
bridge resulting in a rail to rail short circuit, the drive signals 
of the complementary MOSFETs must have time interval, 
which is called "dead time". To prevent shoot-through 
current conduction in the complementary MOSFETs, each 
half-bridge has break-before-make circuitry. It delays the 
MOSFET turn on for 250 ns from the turn off of the opposite 
MOSFET [5-6]. 

Si9979 has internal circuitry to monitor the voltage level 
on VDD and high-side supplies [7], which can ensure that 
there is sufficient voltage to turn on the MOSFETs. Because 
the low-side gate is powered by VDD, it means that VDD 
must be decoupled with a 1-uF capacitor to prevent VDD 
dropping to the level of under-voltage. It's also important for 
motor to design a perfect current limiting circuitry to limit 
the current flowing motor's armature. If the current in the 
armature continues to be larger than that of motor can 
endure, temperature of the motor will rise to such a high 
level that can even damage the motor permanently. A current 
sensing resistor is selected to measure the current. When 
over-current condition happens, the current limiting circuitry 
triggers the one-shot and turns off the active MOSFETs for a 
period defined by the R-C network. The value of the resistor 
is a function of the driven motor's ratting current. 

In applications that involve fast switching of inductive 
load like BLDC motor, the voltage transients that are 
generated in the applications must be taken into account. To 
insure a reliable design, the voltage transients must be 
limited to a level that is within the safe operating conditions 
of the selected switching devices-MOSFETs. The voltage 
transients may occur as results of the mismatch of switching 
times between the power transistors and their intrinsic 
diodes, and the parasitic inductance in the wiring or printed 
circuit board layout. 

It can also contribute to the transients. For an inductive 
load driven by power electronics, switching the MOSFET 
Bridge will result in a change of direction of current flow in 
motor's armature, which leads to produce voltage transients 
due to the collapsing magnetic field inducing a counter-EMF 
(electromotive force) in the inductor. So it is easy to make a 
conclusion that large voltage transients will be generated 
even small parasitic inductance when large current changes 
its direction rapidly. The voltage transients will destroy the 
stability of motor's driven power supply, which decides the 
performance of BLDC motor. And the more badly thing is 
that the voltage transients will damage the MOSFET when 
the operating conditions exceed the safe operating area of the 
power transistor. It is necessary to design a critical or over-
damped response structure for each phase of the driven 
motor [8]. 

III. PARALLEL ALGORITHM 

In order to realize FTLD application, we need to develop 
high parallel algorithm that is suitable to the architecture. 
The three main steps of FTLD detection algorithm are edge 
detection, edge enhancement and Hough transform. Edge 
detection extracts the character of the lane: edges. Edge 
enhancement enhances the edges by setting the edge to a row 
of white points and the background to black for cases when 
the images are not obvious enough to distinguish edges from 
the background. Hough transform decides whether the edges 
can form a lane and obtains the lane parameters: the distance 
r and the angle of slope B. 

Edge enhancement plays a critical role in determining the 
quality of Hough transform and thus the accuracy of the lane 
detection. The processing time for Hough transform depends 
on the number of the white points of enhanced edges, which 
is also determined by edge enhancement. Edge enhancement 
operation usually needs a long processing time that 
consumes 88% of the whole time for the implementation of 
the algorithm. Therefore reducing the processing time of 
edge enhancement operation is the most important research 
work. 

Most of previous reported edge enhancement algorithms 
are based on statistical theory. They have complex structure 
and need a large amount of computation time. They are 
suitable for software implementation on a general computer, 
but are hard for the implementation on the vision chip. 
Therefore a parallel algorithm based on the architecture of 
vision chip has to be developed. 

Figure 1 shows a QVGA image of the lane. We select 
two regions of interest (ROIs), each of them contains a lane. 
In ROI, it is obvious that most of the bright points belong to 
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the lane. Therefore after edge detection, most of the bright 
points belong to the lane edge. Fig. 2 shows an example. 
Edge enhancement is to make a certain number of the bright 
points to white points and the others black. Then the white 
points are processed by Hough transform to find if they are 
in the lane and to obtain the parameters of the lane. So the 
certain number is the key point. It must be big enough too 
obvious. However it lot of time for Hough cannot be too big 
that it make the edge would waste a transform. Here we 
choose a reasonable number as this certain number, and as 
the stop condition for the iterative edge enhancement 
algorithm. 

We develop a novel parallel edge enhancement 
algorithm. Fig. 3 shows the flow diagram of the algorithm. 
First, load the data of ROI after edge detection into PE array 
processor and set the threshold value Th to a reasonable 
value. Second, all pixel data are compared with the threshold 
value in parallel. If it is smaller than the threshold value, it 
would be black point. If it is larger than Th, it would be 
white point. Third, calculate the number of the white points. 
Fourth, judge on the number whether to redo the procedure 
with the threshold value increased by one. If the number is 
smaller than 1000, then end or redo the procedure above. In 
this way, we just do simple comparing operation with limited 
times again and again, rather than calculate complex 
computing like the mean square values or the variances. 
Because of the parallel operation on the PE array processor, 
it is fast enough to complete iterative algorithm.  

We can see that edge enhancement is spent 11.432 ms 
with the PE array processor, 29 times faster than Only RISC 
CPU with 330.8 ms. After edge enhancement operation, the 
dual-core RISC processor performs in parallel Hough 
transform for lane detection. We can detect the nearest lanes 
in the ROIs with the angle of slope 0 from 15 to 75 degrees 
and the distance r from 0 to 187 pixels. Its processing speed 
is two times faster than only one CPU system. The flow 
diagram of the whole parallel algorithm for FTLD is shown 
in Fig. 4. It shows the comparison of the time overhead 
between dual-parallel architecture and only one-core RISC 
processor. We can see that the parallel architecture is 10 
times faster than only one RISC CPU system, and its 
detection speed can reach 50 fps. 

Let 1A , 2A ,…, mA be m alternatives, which are supposed 

to be ranked by k decision makers based on n criteria 
( 1C , 2C ,…, nC ). Let ijX be the rating score of iA associated 

with thj criteria and is defined as [ , ]l u
ij ij ijx x x . Weights of 

criteria are defined as 1w , 2w ,…, nw , where jw is the weight 

of jC . We can define an MADM problem with interval 

numbers briefly in a decision making matrix. 
In SIS method with interval numbers we have to 

normalize decision making matrix as we show it below: 
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Now [ , ]l u

ij ijx x  are normalized and the calculated domain 

[ , ]l u
ij ija a belongs to  0,1 . Because of the differences in 

importance of each criterion, in the next step we will 
calculate weighted normalized decision matrix with interval 
numbers as below: 

, 1, 2,..., , 1,2,...,l l
ij j ijv w a i n j m                 (3) 

, 1, 2,..., , 1, 2,...,u u
ij j ijv w a i n j m                (4) 

Where iw is the weight of the thi criterion and 1iw  . 

Fuzzy set is an extended form of classic set introduced by 
Zadeh. In a classic set, each element has two values. In other 
words, an element either belongs to a set or not. If an 
element becomes a member of set A, its related value is 
equal to 1, and zero, otherwise. However, fuzzy theory is 
attributing a number between [0, 1] to each x  from X . 

A Convex Fuzzy Set: The “A” fuzzy set is convex if and 
only if for each 1 2,x x X and each [0,1]  , we have: 

      1 2 1 2(1 ) min ,A A Ax x x x                 (5) 

For real-world applications, we utilize some fuzzy and 
vague statements rather than some crisp terms. Very low, 
low, middle, high and very high are some examples of 
linguistic terms. Fuzzy numbers can stand for these linguistic 
terms in a mathematical model. In this paper, the importance 
weights of the ratings of qualitative criteria are considered as 
linguistic variables. In this paper, the decision-makers use 
the linguistic variables that are shown in Table I to evaluate 
the ratings of alternatives with respect to qualitative criteria. 

In this article, we select a supplier that has the low 
amount of risk in relationship with the company. This 
problem can be defined as a group MADM (GMADM) 
problem. 

 

 
Figure 1. Analysis of image detection 
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Figure 2.  Image Analysis of a case study of lane detection 

 

 

Figure 3.  Control procedure 

 

 

Figure 4.  Flow chart of the whole algorithm 

IV. RESULTS AND DISCUSSION  

The proposed dual-parallel architecture was prototyped 
on Altera Stratix II platform with a QVGA gray CMOS 
image sensor. The resource usage of this architecture is 
summarized in Table I Fig. 5 (a)-(h) shows the experimental 
results in various light intensities: strong, normal, night, and 
weak in the highway. Fig. 5 (i)-(j) shows the results of urban 
road detection. The dual-parallel architecture has good 
robustness that it can operate correctly not only in various 
light intensities but also in different environments including 
highways and urban roads. That is much better than previous 
work that can only handle the highway circumstance with 
specific intensity of light. 

 

 

Figure 5.  Analysis of the experiment 

TABLE I  THE RESULTS 

FPGA Stratix II EP2S180 
Max Frequency 100 MHz 

ALUTs 18528 / 143520 (13%) 
registers 5553 

Memory bits 1867776/9383040(20%) 
PLLs 1/12(8%) 
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Table II shows the comparison with other work. In the 
work based on software implementation, detection rate is 
usually less than 15ms. We have designed a parallel and 
pipeline architecture with FPGA and ARM, and its detection 
rate is 25 fps. This work designs dual-parallel architecture 
with only FPGA and the detection rate reaches 50 fps, which 
is much faster than other works. 

TABLE II   THE COMPARISON 

Work Architecture Hardware Detection rate 
1 N/A PC 15 
2 Parallel+Pipeline FPGA+ARM 25 

This Dual-Parallel FPGA 50 

 

V. CONCLUSION 

In this paper, the author studies on the machine vision 
information acquisition and processing technology based on 
FPGA. Canny edge detection algorithm is used to obtain the 
information of the edge pixel position of the leaf followed by 
median filtering and linearization (using Otsu threshold 
algorithm). Edge enhancement plays a critical role in 
determining the quality of Hough transform and thus the 
accuracy of the lane detection. The processing time for 
Hough transform depends on the number of the white points 
of enhanced edges, which is also determined by edge 
enhancement. Edge enhancement operation usually needs a 
long processing time that consumes 88% of the whole time 
for the implementation of the algorithm. Therefore reducing 
the processing time of edge enhancement operation is the 
most important research work. 

Most of previous reported edge enhancement algorithms 
are based on statistical theory. They have complex structure 
and need a large amount of computation time. They are 
suitable for software implementation on a general computer, 
but are hard for the implementation on the vision chip. 
Therefore a parallel algorithm based on the architecture of 
vision chip has to be developed. 

After the image reconstruction, the edge pixel would be 
inserted into the image, and the pixels within the edges 

would be filled. Results show that the display error is 
within1%which means this method ensures the integrity of 
the research object edge while eliminating the white noise in 
the image to improve the accuracy of the measurement 
results. 
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