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Abstract: The paper aims at the complex situation of the tractor field operation and adopts the gear shift rule of 
two parameters to control the six gear shift of the tractor. Using the artificial neural network chip the model 
number of which is ZISC036 and the computer on slice the model number of which is PIC17C42 establishes the 
controller of the radial basis function artificial neural network-RBFANN. Based on the optimal gear shift 
information emitted by the RBFANN controller, PIC17C4 emits the control command to control the hydraulic 
system to realize the automatic gear shift according to the predetermined rule. The sample data is simulated by 
MATLAB. It shows that RBFANN identification system can solve the problem of the gear recognition and the 
gear position can be accurately identified. The paper offers the theoretical basic for the design and study of the 
tractor AMT automatic gear shift. Copyright © 2014 IFSA Publishing, S. L. 
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1. Introduction 
 

The tractor is the main power equipment of the 
agricultural mechanization and constitutes the 
complete work unit with the agricultural machinery. 
When the tractor works in the field, the working 
environment is complex and poor; the external load 
constantly fluctuates. So the driver requires the 
frequent gear shift to satisfy the power requirement 
and it is difficult to ensure the running economy due 
to the large labor intensity [1]. At the same time the 
long time operation and the constant gear shift easily 
make the driver fatigue and produce the irritable 
psychology for the surrounding environment. With 
the improvement of the tractor power, the working 
width of the agricultural machinery and the field 
operation speed has been greatly improved, and a lot 
of agricultural machineries are adopted, which raises 

more requirements for the handling performance of 
the tractor [2]. The tractor can not only complete 
most of field operation with the suspension or 
traction agricultural machinery together, but also drag 
the vehicle for the transportation [3]. In recent years, 
the tractor is gradually developed towards the large-
scale and the automatic direction. This trend is 
especially prominent in Western Europe and North 
America and makes the farmers more and more rely 
on the large power tractor. The control technology of 
the tractor gear shift can make the driver liberate 
from the heavy gear shift, more focus on the 
agricultural machinery operation, reduce the 
workload and improve the production  
efficiency [4, 5]. 

The universities and the enterprises in the field of 
the automatic mechanical transmission-AMT of the 
tractor to research at home include China 
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Agricultural University, Henan University of Science 
and Technology and China YTO Group Corporation 
etc. China Agricultural University made a lot of 
research in the comprehensive control field of the 
automatic transmission system and established the 
simulation test-bed of the tractor work unit. At the 
same time, China Agricultural University also studied 
the optimal control theory and technology of the 
tractor work unit [6, 7]. Henan University of Science 
and Technology and China YTO Group Corporation 
did an in-depth study in the field of tractor AMT and 
developed the tractor gear shift rule of the best 
economy and optimal power in different operation 
modes and conditions [8, 9]. At present, the foreign 
and advanced big-power tractor has generally 
adopted the automatic gear shift technology, such as 
Caterpillar Inc's Challenger E series, 8000 Series of 
Deere Company, Keyes Co's Quadtrac and 900 series 
of Fendt Company etc. [10-13]. 

The paper uses the theory of artificial neural 
network-ANN and adopts the gear shift rule of two 
parameters for the vehicle speed-v and the throttle 
opening-a to control the six gear shift of the tractor. 
According to the working condition of the tractor and 
based on the target of the optimal principle, the 
RBFANN controller controls the hydraulic system to 
achieve the decision and operation of the gear shift. 
 
 
2. ATM Control Principle 
 

Based on the same basic structure of the original 
mechanical transmission, AMT applies the electronic 
control unit-ECU to achieve the gear shift through 
the electric, hydraulic or pneumatic actuator instead 
of the driver operation. ECU replaces the skilled 
driver's brain. A variety of sensors replace the human 
sensory nerve and the electro-hydraulic actuation 
mechanism replaces the hand and foot operation.  

According to the driver's intentions and the tractor 
state, ECU comprehensively judges and determines 
the driver's intention and the road condition, and then 
sends out the control instruction to control the 
corresponding execution mechanism to carry out the 
coordinating operation for the power transmission 
system of the tractor in order to complete the smooth 
start of the tractor and the automatic gear shift. The 
principle diagram of the control system sees Fig. 1. 
 
 
3. ANN Tractor Gear Shift Control 

Theory 
 
3.1. ANN Control Description 
 

The optimal gear shift rule is related with many 
factors, and among them there is a complex non-
linear relation, can not establish a precise 
mathematical model. And in the most short time, it is 
difficult to use the classical control theory and the 
modern control theory to complete the identification 

of the external environment and the running state of 
the tractor and accurately control the automatic 
transmission. ANN has on-line self-learning function 
and the strong approximation ability for the nonlinear 
function, and does not need the accurate 
mathematical model. So this paper uses the artificial 
neural network control method and self-learning in 
order to solve the problem. 
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Fig. 1. The principle diagram of the control system. 
 
 

ANN can simulate the human intelligence. It is 
mainly reflected in three aspects: ANN may associate 
and memory based on the existing training samples; 
ANN has on-line self-learning function and the 
adaptive function to change in the environment. The 
working mode generally has two stages: after the 
existing data is normalized, the sample training stage 
uses MATLAB to train the data, and modifies the 
connection weight and threshold between the 
networks in real time based on the learning rule in 
order to minimize the final objective function; in the 
working stage the connection weight and threshold 
between the networks are unchanged, and the 
network input obtains the corresponding output 
through ANN self association.  
 
 
3.2. ANN Gear Shift Control Principle 
 

In order to achieve the gear shift function, AMT 
mainly has the following two requirements: 

1) According to the current running state of the 
tractor, the optimum gear can be identified. The 
paper adopts the gear shift control rule of two 
parameters that includes the tractor speed-v and the 
throttle opening-a. 

2) Based on the optimal gear shift information 
which is sent by RBFANN controller, the computer 
on slice the model number of which is PIC17C42 
sends out the control command to control the 
electromagnetic valve according to predetermined 
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rules to realize the gear shift. ANN gear shift control 
system sees Fig. 2. 

 
 

 

 

 

 
 

Fig. 2. ANN gear shift control system.  
 
 

The optimal gear shift rule is the core of AMT 
control system. There are two approaches to obtain it. 
The first approach is to learn the skilled driver 
experience and expert knowledge. The second 
approach is to set a certain constraint condition in 
advance to optimize the objective function according 
to the tractor automatic transmission theory. 
Regardless of the kind of method, the obtained data is 
discrete. And the discrete data must be complexly 
processed to say one of the laws. A number of 
samples trained through MATLAB are put in the 
network. RBFANN controller can associate, memory, 
and then gives the best gear. At the same time 
RBFANN controller can also train and storage the 
driving data. 

3.3. Gear Shift Identification Principle  
of ANN 

 
To fully reflect the running status of the tractor, 

the speed, the throttle opening, the load, the input and 
output axis speed etc are imported as the gear shift 
parameter. So the optimal gear shift rule is a complex 
and non-linear function. The discrete point describing 
the running state is corresponding to one of the 
optimal gear in a certain area. And the RBF 
algorithm can be the best fitting for the discrete point 
in order to choice the optimal gear shift. 

Before applying RBFANN, MATLAB trains the 
existing sample data that was normalized. Then the 
classified rule contained in the training result is 
stored in the RBFANN controller. The corresponding 
relationship between the input parameter and the 
optimal gear is trained through MATLAB and the 
trained data is deposited to RBFANN controller. 
After A/D conversion the parameter measured by 
sensor is normalized. The normalized parameter is 
operated, associated and memorized in the RBFANN 
controller. Last RBFANN controller gives the 
optimal gear. According to the network output value-
G1, G2, G3, …, Gi, the driver command and the brake 
signal, the logic controller emits the control signal to 
drive the hydraulic actuator to complete the gear 
shift. The gear shift control logic of the tractor  
sees Fig. 3. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. The gear shift control logic of the tractor. 
 
 

4. Design of ANN Control Hardware  
and Software 

 
RBFANN controller is composed of the neural 

network chip the model number of which is 
ZISC036, the computer on slice the model number of 
which is PIC17C42 and DRAM. In which the neural 
network chip is mainly responsible for the function of 
ANN online learning, memory and algorithm etc; the 
computer on slice is mainly responsible for the 
function of the external data collection, control and 
drive etc and DRAM is responsible for the data 
exchange between ZISC036 and PIC17C42. 
PIC17C42, ZISC036, DRAM function figure sees 
Fig. 4. The advantage of this is that it can make 

ZISC036 focus on the data processing, storage and 
RBF algorithm. 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 4. PIC17C42, ZISC036, DRAM function figure. 
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4.1. Design of ANN Control Hardware 
 

RBFANN controller hardware includes ZISC036, 
PIC17C42 and DRAM etc. RBFANN controller 
hardware framework sees Fig. 5. 

The artificial neural network chip the model 
number of which is ZISC036 contains 3 CPU and is 
responsible for the different control task. The first 
CPU is the medium access control processor to deal 
with the physical layer and data layer of Lon Talk. 
The second CPU is the network processor to deal 
with the network layer, transport layer, session layer 
and presentation layer of Lon Talk, is mainly 
responsible for the network variable processing, the 
addressing, the software timing and the function 
route selection etc and controls the network 
communication port, the physical address to send and 
receive the data. The third CPU is the application 
processor and mainly responsible for the user 

program execution. The main features of ZISC036 
are as follows: 

1) ZISC036 has a general network 
communication port which has five pins and is 
mainly responsible for the data communication.  

2) ZISC036 has eleven programmable I/O pins 
that provide 34 optional operation modes. So it can 
realize the multi slice ZISC036 cascade without the 
peripheral logic circuit, and the scale is not restricted. 

3) ZISC036 uses the parallel structure. So the 
number of neurons in the hidden layer has nothing to 
do with the operation speed of ZISC036.  

4) ZISC036 contains 36 sets of standard neural 
vector, has 64 groups of 8 bit processing unit and the 
number of the input and store vector is adjustable. 

5) ZISC036 supports RBF algorithm.  
6) The internal sub network of ZISC036 is 

independent, easy to expand and the expansion 
amount can be selected with the system complexity. 

 
 

 
 
 
 
 
 

 
 
 
 
 
 

Fig. 5. RBFANN controller hardware framework. 
 
 

The computer on slice the model number of 
which is PIC17C42 has a cycle (short 160 ns) to 
complete the function of the eight-binary 
multiplication and can completely replace DSP to 
control the electromagnetic valve on some occasions. 
PIC17C42 has the rich I/O control function, can 
conveniently expand the input and output interface of 
the serial and parallel data, the memory of EPROM 
and RAM. The independent Harvard structure of the 
data bus and the instruction bus allow 16 bit 
command word to combine with 8 bit data. 
PIC17C42 uses the enhanced RISC structure of the 
high performance, only has 68 single byte 
instructions, and in addition to the jump instruction of 
the address branch for two cycles the rest are the 
single cycle instruction. PIC17C42 contains multiple 
ten-bit A/D conversion modules, and can directly 
receive the sampling data. 

Dual port RAM is a bidirectional data exchange 
device, has a high-speed dual port static RAM, and 
the access speed is very fast. At the same time Dual 
port RAM can also simultaneously access the data. 
And two ports have the separate control signal, 
address and data bus.  

The paper adopts Dual port RAM the model 
number of which is IDT70V505S. It is the dual port 

static RAM of 8K × 8bit high-speed. And the access 
speed is less than 25 ns. 
 
 

4.2. Design of Software  
 

RBFANN control system of AMT gear shift 
mainly includes the data collection, ANN control and 
hydraulic actuator module etc. The main program 
mainly embodies the logic relationship between each 
function module. The gear shift program flow chart 
sees Fig. 6. 
 
 

5. Tractor Gear Shift Hydraulic  
Control System 

 

The gear shift control system of the tractor 
includes RBFANN controller, electromagnetic valve, 
hydraulic actuator, gear shift stroke sensor and photo 
isolator and so on. The single rod hydraulic cylinder 
of the gear shift is controlled by the two position 
three way electromagnetic valve and can make the 
piston accurately and reliably stop in 3 positions. The 
gear shift stroke sensor measures the completing 
situation, and timely feedbacks to RBFANN 
controller. Tractor gear shift hydraulic control system 
sees Fig. 7. 
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Fig. 6. The gear shift program flow chart. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7. Tractor gear shift hydraulic control system. 
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The gear shift figure shows that EV1 and EV2 
control the gear selection and EV3 and EV4 control 
the gear shift. When EV1 and EV2 are not energized, 
the piston is in the middle position, i.e. N0, and 
corresponds to three and four gear. When EV1 is 
energized, the piston is in the right, i.e. N1, and 
corresponds to one and two gear. When EV2 is 
energized, the piston is in the left, i.e. N2, and 
corresponds to five and R gear. And when the piston 
is in the corresponding position of N0, N1, N2, 
RBFANN controller respectively control EV3 and 
EV4 to on or off to achieve one, three, five and two, 
for, R gear shift. 

6. Original Data Training and 
Examination of ANN Gear 
Identification 

 
The paper uses three layer RBF algorithms to 

train the existing input and output data of two 
parameter and AMT six gear shifts in the MATLAB 
environment. RBF network training data sees Table1 
and RBF network examination data sees Table 2. 

In table one and two: k- sample number; v, a - 
normalized speed and throttle value; G1, G2, G3, G4, 
G5, G6-the corresponding value of the optimal gear. 

 
 

Table 1. RBF network training data. 
 

Sample number Network input Ideal network outputs 

k a v G1 G2 G3 G4 G5 G6 
1 0 0 0.9 0.1 0.1 0.1 0.1 0.1 
2 0.1 0 0.9 0.1 0.1 0.1 0.1 0.1 
3 0.3 0 0.9 0.1 0.1 0.1 0.1 0.1 
4 0.5 0 0.9 0.1 0.1 0.1 0.1 0.1 
5 0.7 0 0.9 0.1 0.1 0.1 0.1 0.1 
6 0.9 0 0.9 0.1 0.1 0.1 0.1 0.1 
7 0.3 0.075 0.9 0.1 0.1 0.1 0.1 0.1 
8 0.5 0.090 0.9 0.1 0.1 0.1 0.1 0.1 
9 0.7 0.110 0.9 0.1 0.1 0.1 0.1 0.1 

10 0.1 0.070 0.9 0.1 0.1 0.1 0.1 0.1 
 
 

Table 2. RBF network examination data. 
 

Sample number Network input Network outputs 
k a v G1 G2 G3 G4 G5 G6 
1 0 0.030 0.91 0.101 0.089 0.086 0.106 0.103 
2 0.2 0.050 0.89 0.098 0.079 0.111 0.083 0.100 
3 0.4 0.020 0.93 0.096 0.112 0.113 0.100 0.083 
4 0.6 0.080 0.88 0.073 0.100 0.077 0.082 0.092 
5 0.8 0.040 0.92 0.076 0.110 0.105 0.100 0.073 
6 0.2 0.070 0.86 0.083 0.071 0.136 0.081 0.079 
7 0.4 0.080 0.87 0.079 0.086 0.125 0.109 0.1160 
8 0.6 0.085 0.90 0.083 0.079 0.098 0.096 0.100 
9 0.8 0.120 0.94 0.059 0.108 0.096 0.097 0.081 
10 1.0 0.100 0.86 0.069 0.103 0.100 0.079 0.116 

 
 

In this paper, using Gauss function as the 
activation function of RBF neuron trains and 
examines the measurement data in the low gear. 
When the input vector coincides with the weight, the 
network output value is the maximum and on the 
contrary the network output value is small which 
respectively corresponds to the optimal gear output 
value and the other gear value in table one and two. 
About 0.9 of the value is corresponding to the 
optimal gear. That is when the input vector closes to 
the weight vector RBFNN outputs the value.  

Through the comparison of tables one and two, 
RBFANN controller can achieve the tractor gear 
identification.  

7. Conclusion 
 

Using the neural network chip for RBF algorithm 
the model number of which is ZISC036 and the 
computer on slice the model number of which is 
PIC17C42 establishes the RBFANN controller. 
Through MATLAB to simulate the existing sample 
data, the automatic gear shift network table of ANN 
is established. Using the tractor speed-v and the 
throttle opening-a as an example, the paper uses three 
layer RBF algorithms to train the existing input and 
output data of two parameter, AMT six gear shifts in 
the MATLAB environment and the trained data is 
deposited to RBFANN controller. And then 
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RBFANN controller controls the hydraulic system to 
achieve the gear selection and the gear shift based on 
the tractor speed-v and the throttle opening-a. The 
comparison of RBF network training data and RBF 
network examination data shows that RBFANN 
controller can better solve the tractor gear 
identification and the tractor gear shift. 
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