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Abstract -- This paper is intended to introduce a design scheme of electro-hydraulic servo controller based on C8051F060 system on 
chip (SOC) and research the response characteristics, displacement signal fault, power impact, accidental disturbance and other 
conditions dangerous to the system safety by taking a hydraulic control system of the complex motion simulator as the controlled 
object. The hardware block diagram, software flow chart and practical PID control algorithm of the controller are given; and 
under the action of the controller, the follow-up displacement response curve, fault self-diagnosis, safety interlocking and other 
functions of the hydraulic cylinders are also tested actually. 
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I. INTRODUCTION 
 

Electro-hydraulic servo valve is a power conversion and 
amplification element in high-performance electro-
hydraulic control system. It is expensive, but still widely 
used in aerospace, weapons manufacture (mainly chariots), 
hydraulic robot and complex motion simulation system 
because of sound static and dynamic properties. The 
electro-hydraulic servo valve receives a control signal from 
a controller and drives the hydraulic system to generate 
corresponding control actions. The conventional electro-
hydraulic servo valve controller is controlled by PID that is 
composed of simulation circuits, so it is difficult to meet the 
high-reliability occasions due to lacking in fault self-
diagnosis, safety interlocking and other intelligent links. For 
example, when hydraulic motion simulation system has the 
fault in sensor signal, it requires the motion simulator to 
diagnose the fault and keep the original motion unchanged 
to ensure the safety; but unfortunately, the conventional 
electro-hydraulic servo valve controller does not have such 
function. 

 
II. CONSTRUCTION ROBOT 

 
A. Structure 

The construction robot employed by the paper replaces 
the digging bucket with a single-DOF (Degree of Freedom) 
end effector to form a 4-DOF serial articulated manipulator 
(front view as shown in Fig. 1[1]) based on movable arms of 
the excavator. The end effector is opened by meshing 
between a pair of gears to operate the clamped object. 
Tooth lines are carved on a finger surface of the end 
effector so as to improve the reliability to support the 
clamped object. To enable the construction robot to bear 
larger working load, arms of the construction robot are 
driven hydraulically; specifically, four hydraulic cylinders 
are employed to control the four DOF of the manipulator 

respectively. The whole hydraulic system comprises a 
hydraulic station, an oil line, an electric control proportional 
directional valve, a proportional directional valve controller 
and the hydraulic cylinders, in which the proportional 
directional valve and the controller thereof are cores of the 
electro-hydraulic control subsystem and can realize the flow 
control (speed control and reversing control) of the 
hydraulic cylinders. The whole control process is controlled 
by the PID, that is, through comparing the four paths of 
input electrical signals with the signal of a displacement 
sensor for each proportional directional valve, the 
simulation PID circuit can control the openness of each 
proportional directional valve accurately. 

 

 
Figure1.  Structural Drawing of 4-DOF Construction Robot 

 
B. Basic Working Principle of Remote Control Robot 

 
In respond to rational exploitation and utilization of the 

seabed resources, underground resources and outer space 
over the past few years, the work in such extreme 
environment as high temperature, high pressure, intense 
radiation, suffocation and the like will be frequently 
encountered. For the place where is difficult to get close or 
is dangerous, enabling the construction robot operated by 
the operator at a safe place to work at the dangerous place is 
no other than an effective means to be explicated and 
utilized [2]. The construction robot system represents the site 
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operation in virtual reality technology as shown in Fig. 2. 
The system consists of six parts: A construction robot, a 6-
DOF motion platform, a computer control system, a 3D 
scene imaging audio-visual system and the hydraulic station; 
the operator sits on the 6-DOF motion platform and then 
operates the robot by a joystick according to an imaging 
system of the remote robot; the 6-DOF motion platform 
receives data collected by an attitude sensor on the 
construction robot and simulates the motion of the robot, 
like the operator sitting on the construction robot to operate 
[3-5]. The key issue of the system here is to obtain visual 
information of the site, namely, how to transfer the image of 
the clamped object to the operator. 

 

 
1-Handle; 2- 6-DOF motion platform; 3-Earphone; 4-3D scene; 5-
Trinocular camera; 6-Acceleration sensor; 7-Pressure, torque and 
displacement sensor; 8-Hydraulic cylinder; 9-3D object; 10-Image 

collection and processing computer; 11-Host computer; 12-3D 
reconstruction 

Figure 2. Construction Robot System with Virtual Reality Technology 
 

 
Figure3. 6-DOF Motion Platform. 

 

The 6-DOF motion platform as shown in Fig. 3 is 
composed of a chair, a platform and six hydraulic cylinders 
and can realize six motions-movement around the three 
coordinate axes and rotation around the three coordinate 
axes; two joysticks for controlling the construction robot are 
arranged aside the handrails of the chair. Fig. 4 is a 
schematic diagram of the electro-hydraulic servo valve 
control system of the 6-DOF motion platform, which is a 
closed-loop system. The six hydraulic cylinders of the 6-
DOF motion platform is controlled by a servo valve 
respectively, with the control parameters controlling the 
flow of the servo valves via an amplifier; and meanwhile, 
the displacement sensor detects the displacement of the 
hydraulic cylinders and sends it to the computer. 

 

 
Figure 4. Schematic Diagram of Electro-Hydraulic Servo Valve System 

 
 

III. DESIGN OF ELECTRO-HYDRAULIC SERVO 
VALVE CONTROL SYSTEM 

 
A. Hardware Design of Electro-Hydraulic Servo Controller 
Based on SOC 

 
C8051F060 SOC is a totally integrated mixed signal SOC 

MCU with an instruction executing speed reaching 25MIPS. 
By virtue of an on chip CAN2.0B controller, the SOC has 
unique advantages in the field of electromechanical control. To 
meet the requirements of the control system software, a 
modular design concept is employed in the hardware design of 
the electro-hydraulic servo controller. As the schematic 
diagram shown in Fig. 5.[6-8] 
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Figure 5. Schematic Diagram of Electro-Hydraulic Servo Valve Controller 

 
The electro-hydraulic servo controller comprises an 

SOC circuit, a displacement signal conditioning circuit, a 
control signal conditioning circuit, a power driving output 
circuit, a circuit fault detection circuit, a key-press display 
circuit and a power circuit; the power supply is an AC/DC 
module with stable performance and converts 220VAC 
power supply into multiple DC power supplies to supply the 
power to the system, thereby improving the reliability of the 
circuit; and the key-press display circuit is configured to set 
working parameters of the system and display the working 
condition and operating parameters. Nevertheless, the paper 
will lay stress on signal conditioning circuit module, power 
driving circuit module and circuit fault detection circuit 
module mainly. 

 
1) Signal Conditioning Circuit Module 
The displacement signal and control signal 

conditioning circuit can convert output signal and control 
instruction signal of the displacement sensor into 0-VREF 
acceptable to the A/D converter inside the SOC. As of the 
hydraulic system, the displacement signal is detected by a 
differential transformer type sensor mostly, with the signal 
output range being -5 ～ +5V and the matched control 
instruction signal also being -5～+5V; and therefore, the 
circuit configuration of the two parts are identical to each 
other and as shown in Fig. 6 [7].  

 

 
Figure 6. Schematic Diagram of Displacement Signal and Control Signal 

Conditioning Circuit. 

 
Through analysis on the Fig. 6, the voltage of the 

displacement and control signal conditioning circuit output 

to the input end (ADC0, ADC1) of the A/D converter of the 
SOC can be calculated by the formula (1) below: 

5 5

1 1
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ADC V V
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If the input signal range is not within -5～+5V, only 
adjusting the value of V+ without changing the circuit 
structure can meet the design requirement. Therefore, the 
signal conditioning circuit is very applicable to electro-
hydraulic servo valve controller with the input signal form 
possibly changed. 

 
2) Power Driving Circuit Module 

 

 
Figure 7.  Power Driving Output Circuit 

 
The output result of the D/A, which is generated after 

the SOC carries out the PID calculations on the 
displacement signal and control instruction signal, is 
converted into a current signal after power amplification of 
the power output circuit; then, the current signal drives the 
electro-hydraulic servo valve to work; and consequently, 
the hydraulic cylinders generate the displacement output 
correspondingly as per the control instruction signal; and 
the theories of the power output circuit are as shown in Fig. 
7[8]. 

According to the Fig. 7, DAC0 and DAC1 are two paths 
of D/A output signals of the SOC ranged 0～2.45V and the 
output current I can be calculated based on the formula (2). 
By calculation, the output current I∈[-52mA, +52mA] can 
satisfy the requirement of the electro-hydraulic servo valve 
on the input current I∈[-40mA, +40mA]. 

 

2

1 6

( 0 1)R DAC DAC
I

R R


          (2) 

 
3) Circuit Fault Detection Circuit  

 
Due to the fact that components of the hydraulic 

system, auxiliary device and hydraulic oil are in a sealed 
structure mostly, the fault information cannot be obtained 
easily by visual observation, which brings lots of 
inconvenience to the fault diagnosis and therefore requires 
the hydraulic fault detection system should have detection 
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prediction and isolation functions. In addition, because of 
the movable part of the hydraulic system, the signal line is 
broken by a hydraulic transmission mechanism or damaged 
by an insulation skin, and the construction robot cannot 
move or moved uncontrollably. As a result, how to remove 
the fault of the hydraulic system quickly and accurately is 
the basic guarantee for normal operation of the construction 
robot. 

This paper designs the signal circuit fault detection 
from hardware and software. The signal circuit fault of the 
sensor can be determined by the software in the manner of 
reading output values of the sensor at different times under 
the action of the control instruction signal (when the 
deviation is not equal to zero); if the sampled sensor signal 
is unchanged, the signal circuit of the sensor is broken or 
shorted. The broken fault of the servo valve control signal is 
determined by a disconnection detection circuit as shown in 
Fig. 8 [6-8].  

 

 
Figure 8. Output Disconnection Detection circuit. 

 
Looking from the Fig. 7, the output current is I∈[-52mA, 

+52mA]; under the normal working condition, the voltage at I+ 
point in the Fig. 3 is -5.2～+5.2V; if the control signal line of 
the servo valve is broken, the voltage at the I+ point will be 
higher than +5.45V or lower than -5.45V; if the voltage at the 
I+ point is higher than +5.45V, V1 point in the Fig. 4 will 
become a high level; otherwise, the V1 point is the low level. 
Therefore, the SOC can determine whether the voltage at 
the I+ point is within the normal working range by reading 
the level at the V1 point via an IO interface. If the input end 
of the R2 in Fig. 8 is -12V, the SOC can detect whether the 
voltage at the I+ point is lower than -5.45V. In short, the 
two circuits with the structure as shown in the Fig. 8 
(different voltages at the reverse ends) can determine 
whether the control signal of the servo valve is broken. And 
simultaneously, the short circuit of the control signal of the 
servo valve is stilled decided by the software; when the 
sensor signal is normal and D/A output is not zero or the 
sensor has no displacement change, the control signal of the 
servo valve is shorted. 
 
B. Improved PID Control Algorithm Design 
 

Through comparisons on various control schemes, 
differential ahead algorithm and incompletion differential 
position-type PID algorithm are employed in practical 

application as shown in formula (3)[9]: 
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Where: MV-PID calculation result; e-Deviation 
between a given value and a measured value; SP-Given 
value; KP-Actual proportional amplification coefficient, Kp

＝10.  
Seeing that the electro-hydraulic servo valve control 

system is a follow-up system, taking the given value SP as 
the differential item is an improvement of the different 
ahead algorithm in essence to promote the response 
characteristic of the system. By discretizing the formula (3), 
a difference equation can be obtained and as shown in 
formula (4): 
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Where: kk PVSP  - Calculation result of the deviation at 

the k time;  


k

j jj PVSP
Ti

T
0

)( Result after integrating 

the deviation at the k time; SPDk Difference result of the 
given differential value at the k time; SPDk and SPD(k-1) can 
be obtained based on the difference of the formula (5) under 
the condition of  SPD0 = 0. 
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For above improved PID algorithm, the characteristics 

of the concrete control object should be emphasized in 
actual use. If the controlled object has relatively high 
requirement on control rate and low requirements on control 
precision, the integral item should be used carefully and the 
differential item should be increased as appropriate.  

 

 
Figure 9.Schematic Diagram of Electro-hydraulic Servo Valve 

Controller Test System. 
 

On the contrary, if the controlled object has low 
requirements on control rate and high requirements on 
control precision, the coefficient of the integral item should 
be increased. Besides, more attentions should be paid to the 
integral limit during PID programming so as to avoid the 
integral saturation. 

 
 
 



QIAO FU et al: AN ELECTRO-HYDRAULIC SERVO CONTROLLER FOR CONSTRUCTION ROBOT USING … 

DOI 10.5013/IJSSST.a.17.46.41                                          41.5                           ISSN: 1473-804x online, 1473-8031 print 

IV. ANALYSIS OF EXPERIMENTAL RESULTS 
 
By connecting the electro-hydraulic servo controller to 

servo valve control loop of the 6-DOF motion simulator, 
carry out the test as per block diagram of Fig. 9, where the 
input signal is provided by D/A output of the PC and the 
output displacement signal of the hydraulic cylinders is 
input to an A/D card of the PC for recording. 

Three items are tested in total: ① Contrast curve 
between output displacement of the hydraulic cylinder and 
input signal under the action of sinusoidal signal, with the 
test result as shown in Fig. 10 (a); ② Contrast curve 
between output displacement of the hydraulic cylinder and 
input signal under the action of any signal, as shown in Fig. 
10 (b); and ③ Safety protection test, namely, through 
cutting the signal line of the displacement sensor and the 
output signal line, the controller can ensure the system stops 
the motion and sends a fault alarm signal of the indicator 
light within 0.5s.  

 

 
a) Contrast curve between output displacement of the hydraulic cylinder 

and input signal under the action of sinusoidal signal 
 

 
(b) Contrast curve between output displacement of the hydraulic cylinder 

and input signal under the action of any signal. 
 

Figure 10. Experimental Contrast Curve for Output Displacement of 
Hydraulic Cylinder with Different Input Signals 

 
 

Ⅴ. CURRENT AND FUTURE DEVELOPMENTS 
 

For the servo valve controller [10-15] designed based on 
C8051F060 SOC, the differential ahead algorithm and 
incompletion differential PID control algorithm are introduced, 
so the response characteristics of the hydraulic follow-up 
system are improved to a large extent, the intelligent diagnostic 
function of the system is increased, the reliability of the system 
is promoted, and finally the system can operate safely in a 
better manner. Therefore, the servo valve controller has the 
practical value. 
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