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Abstract. In order to solve inaccurate picking caused by the nonlinear input and output with the
traditional picking measuring robot system, this article will put forward a new robot picking system
based on FPGA and neural network. Comparing with the traditional robot system, the new one
can enhance the linear relationship between the input and output. By integrating the complex robot
control system into FPGA chip, it will not only greatly decrease the cost of development, but also
realize the online upgrade and enhance the accuracy of picking by using neural network algorithm.
The result shows that the speed of the robot system is very accurate and can greatly improve the
efficiency of picking.

Introduction

With the development of the agricultural automatic technology, the picking-robot is used more
and more widely and intelligent. Due to the complicated picking environment, the present picking
robot more often uses the nonlinear sensor resulting in a nonlinear input and output measuring
system which may cause the serious problem, that is the unsatisfactory performance in picking[1].
In order to solve the problem, this article presents the method of simultaneous compensation of the
software and hardware. By integrating the whole system into a FPGA chip, this system can realize
the joint of the FPGA system and the peripheral interface circuit by software programming.
Comparing with the traditional system, the new one can greatly improve the utilization of the
computation resource with low cost. Meanwhile, due to short development cycle of the new system,
it can realize online upgrade [2].

The general design of the intelligent picking robot

The largest advantage of the intelligent picking robot is the strong abilities of computing and
moving. But its shortcoming is also obvious that is its weakness in awareness. In order to enhance
its awareness, wireless network and sensors can be applied. If picking environment is over
complicated, real-time monitoring can be adopted to realize the computation and communication
task. In this way, its path planning ability can be improved which will achieve high efficiency and
more accurate picking [3].

In the figure 1, FPGA is the core of the whole robot. Its main functions are to carry out the data
processing and complete the coordination between submodules. There is a HD camera on the
forearm of the mechanical arm, which functions as the two eyes of the robot. It can realize the
accurate picking positioning of mechanical arm. The movement and picking can be realized with
FPGA control. If there are obstacles during its movement, the FPGA system can automatically
calculate the distance and control its speed and direction. In this way, it realizes the successful
bypass of the obstacles and continues its picking work[4].

The design of its construction and control algorithm

The control of the selected sensor can be expressed with equation (1):
y=fxtt,t) (D
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In equation (1), X means the parameter to be measured, and t1,t2,---tk refer to the non target
parameter. All the input variables of the sensor are nonlinear, which can approach to linear function
with controlling algorithm, therefore, the decreased error can be realized by adjusting the related
parameters[5].

In the real application, the distance between the picking robot and the object is measured with
triangulation method, through the refraction of the infrared sensors to realize the real time distance
measurement of the obstacles. Position of PSD (Position Sensitive detector) is shown in figure 2.
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Fig.1 General design of the intelligent picking robot Fig.2 Schematic diagram of position of PSD
The control principle of the steering engine with the FPGA system is shown in figure 3.
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Fig.3 The executive principle of the FPGA steering engine

FPGA gives the command to control the rotation of the motor, then it sends the signal to the
steering wheel after the change of the speed. In the design of the hardware, the output bearing and
the feedback potentiometer of the motor are connected together, so when the steering works, it will
drive the feedback potentiometer to work. The speed and direction of the whole motor are
controlled by the feedback signals, at last it realizes its stop [6]. In order to improve its accuracy, it
must enhance the accuracy of the robot picking, which can be acquired by appropriate algorithm.
On the practical needs, this article selects the BP neurotic network algorithm. Based on the concrete
operating status, PID regulator can realize the optimizing process of its movement accuracy, which
can be displayed in figure 4.This system can greatly improve the picking accuracy of the robot.
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Fig.4 The construction of the neurotic network PID controller based on BP
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In order to acquire the expected goal, it must carry out the discretization to the controlled
objective. Meanwhile, the system should be optimized to the system with PID regulator. It can be
expressed with the following function.

u(k) =u(k —1) +[error(k) —error(k —1)] + k,error (k) + k, [error(k) -
2error(k —1) +error(k — 2)] (2)

In this equation, kp. ki. kd refer to the integration constant, u(k) the controlled function, and
error(k) the controlled error.
Therefore, the input layer of the neurotic network can be expressed with the following quation.

o =u(j)  (j=12M) 3
In the above equation, M is the complex rate of the control system. The input and output of the
hidden layer are as the following.

M
net? (k) = > w0y
j=0

0P (k) = flnet? (k)] (i=1,--,Q) (4>
In equation (4) , wij(2) is the waiting coefficient.If the Sigmoid function is fetched from the
neurotic active function, the equation (5) can be acquired:

X —X

f(x) = tanh(x) = ——
e*+e (5)
The input and output of the output layer can be acquired from Equation (6) .
Q
nEtl(S) (k) = ZW|(i3)Oi(2) (k)
i=0
O (k) = g(net”(k))  (1=123)
0¥ (k) = K,
Oi(s)(k) =k;
Oi(S)(k) = kd (6)
And kp. ki kd can also be adjusted
The Sigmoid function of the output layer can be expressed with function (7).
9(X) = S[L+ tanh(x)] = —°—
2 e’ +e (7
The performance index function can be expressed with equation (8).
1
E(X) = > [¥eer (K)- yout(k)J*
2 (8)

In the calculation, the correct method must be used to amend the weight coefficient of the
neurotic network. The gradient descent method is adopted in the study, the search and adjust of
E(k)are carried out to the negative direction of the subcoefficient. If a faster rate of convergence to
be acquired, a minimum inertia term should be added. Therefore, there is the following equation.

AW (K) = -1 oE ((L()) +aAw? (k —1)
I (9)
In (9), n islearning speed, and a is the inertia coefficient.
OE(k) OE(K) oy(k) ou(k) a0 (k) onet®(k) onet®(k) o
® - ' ALY S A @ = (K)
ow?  ay(k) ou(k) a0 (k) onet? (k) awi (k)  aw (k) (10)
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Oy (k) is not known, during calculation, we should use Sgn<6y(k)
ou(k) ou(k)

we can acquire the calculation of the accuracy with the adjusting of parameter of 1.

In (10), ) to replace it, and

(;)?T% =error(k) —error(k —1)
ou(k)
W =error(k)
aLfT()k) =error(k) — 2error(k —1) +error(k — 2)
%057 ) (1D

With functions of (9),(10)and (11), the learning algorithm of the neurotic output layer could
be concluded which can be expressed as

A (K) = 75702 (K) + ahw? (k ~1)

5O = error(k)sgn(ggt;) agt.gs()i)k) i

In the same way, the weighting coefficient algorithm of the hidden layer is concluded as equation
(13).

glnet? (k)] (1=2,2,3)

AW (k) = —n5P0® (k) + aaw (k 1)

ij

5@ = fTnet® (k)]ia‘,(s)w,?)(k) (i=12,--Q)

) a0 g, £ = 00T
g'() = g(IL-g(x)], F'() = A (13)

In simulation with software, the controlled object use discretization. The robot system acquires
signals of accurate distance through the real time feedback of the obstacles displacement. The
system can automatically adjust itself to acquire more precise data with the acquired signals.

Results

In order to test the views of the article, the test are carried out on two aspects to testify the
picking robots performance.

First of all, the control of the velocity is tested. When tests begin, different obstacles are designed
as well as the input and output variables. The purpose is to train the three layers of neurotic network
[9]. Meanwhile, the specific values are designed to the input, hidden and output layers of the
neurotic network node. These values are 18, 28 and 16 respectively. With the algorithm discussed in
the article, there comes the velocity curve with the change of time and figure 5 is the result.
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Fig.5 The curve of velocity with the change of time  Fig.6 The moving path of the robot
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With the analysis of figure 5, a conclusion can be drawn. If the robot meets an obstacle, it will
decrease its speed. When it decreases to some extent, it will adjust its direction automatically and
then it will bypass the obstacle. During this process, its control of speed is very accurate and stable
as well [10].

Secondly, the test is carried out on its control of the avoidance of the obstacles and movement
error. In test, Those 80 collected samples data are put into the neurotic network, at the same time,
starting the training. Through the analysis of the result, the moving path is acquired as the following
figure 6.

The analysis of figure 6 shows that the robot can successfully bypass obstacles and reach the
predesigned place. The article collects the errors when the FPGA system applying the algorithm not
the neurotic network. After analysis and calculation, different convergence errors are acquired, the
more specific results are displayed in the following two figures( figure 7 and figure 8).

After the analysis of figure 7 and figure 8, we can draw a conclusion that the residual error could
be converged more easily with neurotic network algorithm comparing with the general algorithm.
This means that the algorithm discussed in the article is correct and reliable.
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Fig.7 The curve of the residual error with the general algorithm
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Fig.8 The curve of the residual error with the neurotic network algorithm

Conclusion

This study has put forward a new picking robot system with the application of FPGA control
system and neurotic network PID control algorithm. Comparing with the traditional system, it can
better strengthen input and output linear relationship. The integration of the complex control system
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into a FPGA chip, it has greatly decreased the developing cost and can realize the online upgrade.
Meanwhile, with the application of neurotic network algorithm can also greatly enhance the picking
accuracy.

In order to testify the validity of the new system, this article has carried out the validity test.The
result shows that the moving velocity of the robot system is very accurate and it can greatly
improve the picking efficiency.
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