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invented in 1990s. Researchers analyzed the defect of the
coating machine and figure it out [3-4]. At present, there is a
new type of automatic plastering machine that only needs the
operator to add the mortar to the hopper. It is mentioned in the
SHEN Xiao-Qin’s paper [5], and it shows Fig.1. However,
none of them [5-7] contains the measurement and control
system so that they can’t solve some problems.

Abstract - Plastering machine is a type of construction
machine which is greatly promoted in the building industry.
Work efficiency is improved by using plastering machine and the
labor intensity is reduced. To improve the quality of plastering
using the plastering machine, a new measurement and control
method is proposed in this paper. This method utilizes the laser
sensor to measure the distances between the plaster board and
the wall, calculates the errors of the bracing pieces
perpendicularity and the deflection angle of plaster board, and
compensates the error by trajectory planning. In addition, the
principle of laser triangulation is analyzed and the types of
measurement, including direct and oblique measurements, are
also illustrated. The oblique measurement based on laser
triangulation is adopted in the system due to its higher resolution
and good feasibility. According to the space geometry relation,
the errors are calculated accurately. Furthermore, a scheme of
error compensation is addressed based on a two nested loops
structure. Each of these loops implements a Proportional Integral
(PI) controller. With the compensation scheme, the trajectory of
plaster board can be determined and tracked to verify the plaster
results. The theoretical analysis is validated by an extensive set of
numerical simulations which shows the performance of the
proposed control system.

Bracing Pieces

Plaster Board

Index Terms - Plastering machine, measurement and control, laser
triangulation
Fig. 1 The original plastering machine

I. INTRODUCTION
The plastering machine is a type of building machinery in
construction industry and it plasters with sufficient efficiency.
The wall plaster takes one third part during the whole building
project period, which costs a lot and has high quality
requirements. In order to speed up the construction progress
and increase investment returns, many researchers and
engineers begin to analyse and design the plastering machine.
Some of achievements are listed as follows.

B. Existing problems
According to the construction industry standard, the error
in plaster thickness can’t exceed 3 mm on the whole wall.
However, the plastering machine in the market has many
problems so that it can’t be promoted. Firstly, the plaster
thickness is not the same between the upper part and the lower
part because there is mechanical vibration in the process of the
work and the bracing pieces’ are not perpendicular to the
ground.
Secondly, the plaster thickness is not the same between
the left part and the right part because the plaster board is not
parallel with the wall when the machine is installed.
Thirdly, there are errors in the distance between the
plastering machine and the wall because the plastering
machine does not utilize the measurement control system. The
distance can’t be adjusted once it is determined during the
process of installation. At present, this distance relies on
manual measurement, even relies on the visual inspection.

A. Development of plastering machine
In the development history of plastering machine, three
types of plastering machines have been developed. The
coating machine has been developed in 1930s. Lawrence E.
Mc-Cormack [1] invented a well-accepted machine that uses
the screw pump to transfer of the mortar from a source of
supply. Similarly, a coating and plastering machine was
invented by Conley Hugh A [2]. This coating machine
delivery and spray the material on the wall, however, the
smoothing process must be completed by manual works. Base
on the coating machine, the semi-automatic machine was
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Therefore, we can’t guarantee the quality of the wall
plastering.
Nowadays, the construction industry becomes more
popular and the requirement of plastering work is more urgent.
In this paper, a novel measurement and control method are
proposed in order to solve those problems and obtain better
generalization for the plastering machine.

The angle between the optical axis and the W plane is the
only factor to distinguish the direct measurement from the
oblique measurement. The angle is a right angle using the
direct measurement, and the angle is an acute angle using the
oblique measurement. The oblique measurement is shown in
Fig. 2(b). α ψ is the angle between laser beam and the
optical axis of the lens in the oblique measurement. The
principle of measurement the same as the direct measurement
but the parameters are different.
Similarly, we obtain the relationship between measuring
distance and the linear CCD detection the laser beam through
the geometric triangle ∆a b c and ∆c m n . The relationship
can be written by using law of sine:

II. MEASUREMENT PRINCIPLE
A. About laser sensor
In this study, the laser sensor is chosen because the
plastering machine work in a bad environment that is full of
dust and muddy water and the laser sensor has the capacity of
resisting disturbance. Furthermore, the laser sensor has higher
accuracy for measuring distance compares with general
measuring device such as the optical distance sensor and the
ultrasonic distance sensor. The laser sensor is selected in the
study, the principle of measurement is analyzed and the
reasonability of selection is verified by experiments.
The laser triangulation is applied in the measurement
method and it base on the Scheimpflug principle. There are
two types of triangulation that are direct measurement and
oblique measurement.
We simplify the model of direct measurement as shown
in Fig. 2(a). D signifies the distance between the laser sensor
and the wall; α is the angle between laser beam and the optical
axis of the lens, which affects the receives light intensity and
reflects the distance of be detected; and the β is the angle
between the optical axis of the lens and the tangent surface of
the linear charge-coupled device (CCD), which influences the
distortion degree of spot imaging; the θ is the angle between
the two laser beams that are the reflection rays but the catopter
are different. Moreover, the spot imaging size is affected by
distances and . and are the measuring distances of the
laser sensor and the linear CCD detect the laser beam. When
the light ray is emitted from the laser, a diffuse reflection
occurs after the spot is projected on the W plane. The scattered
light ray is then refocused through lenses 2 and projected onto
the center position of the linear CCD. could be detected
from linear CCD when the distance is changed [8].
We consider the relationship between angles and sides of
the geometric triangle ∆abc and ∆cmn, and the relationship
can be written by using law of sine [9-10]:
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Fig. 2(a) The model of the direct measurement. (b) The model of the oblique
measurement.
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B. Measurement scheme
In order to solve the problems proposed in the
introduction, the perpendicularity of the bracing pieces and the
angle between the wall and the plaster board need to be
detected automatically. Moreover, the thickness of the plaster
is influenced by the small perturbations on the angles, thus the
distances need to be detected accurately. We proposed a new
method which measures the angles indirectly as shown in Fig.
3. The two laser sensors are installed the bottom of the
plastering machine and they measure the distances between
the wall and the four spots, those distances named
, , , , any two spots of the spots are the same
horizontal plane or the same vertical plane. We utilized the
distances between the wall and the two spots which in the
same horizontal plane to calculate the angle between the wall
and the plaster board according to the law of sine in the
geometric triangle.
Similarly, we utilized the distances between the wall and
the two spots in the same vertical plane to calculate the
perpendicularity of the bracing piece. According to the actual
situation, the two bracing piece could be bifacial, so the
perpendicularity of the bracing piece 1 is different from the
perpendicularity of the bracing piece 2. We calculate the
perpendicularities rely on , and , . Similarly, the two
angles between the wall and the plaster board are calculated
according to the , and , .
|, ∆
| . ∆m ,
|
|
We assume ∆
∆m are the errors of d , d and d , d on the horizontal
direction. They are given by:
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and it reduces the cost of the plastering machine which is
improved.
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Fig. 3 The simplify schematic figure of measurement scheme.

III. CONTROL METHOD
The improved plastering machine has some components
that including plaster board, bracing pieces, engine body and
the foundation support. The plaster board adjoin the engine
body and it could stretch out and draw back to adjust the
distance between the plaster board and the wall. The controller
is included in the engine body, and the laser sensors below the
engine body. When the plaster machine is working, the plaster
board and the laser sensors are rising or decline with engine
body.
In this section, detailed instructions on the compensation
method of plaster board’s track and introduces the working
process of the plastering machine.

The measurement model shown in Fig. 3, we measure the
distances between the plaster board and the spots. Otherwise,
there are some known quantities which are the M and L. M is
the distance between the two laser sensors, and L is the
distance between the two spots that in the same vertical plane
in the bracing piece direction. We assumed the
perpendicularities of the bracing pieces are γ , γ and the
angles of between the wall and the plaster board are φ , φ ,
according to the geometry, γ , γ , φ , φ are given by:
∆

d2

A. Compensation method
Two propulsion motors are installed in the engine body
and behind in plaster board. The position of plaster board is
determined by the motors’ revolving speed when the
plastering machine is working. The count values are obtained
by the two encoders in the plastering machine and the height
of the machine is calculated through the count values.
According to the measurement scheme, we calculate the
γ , γ , φ , φ base on the , , , . So the compensation
value of the horizontal and the compensation value of the
φ
0 and the
vertical must be calculated. In general, φ
original angle of between the wall and the plaster board need
to be compensated to insure it’s zero. In addition, during the
plastering machine rising, the error of perpendicularity needs
to be compensated by the reference revolving speed to
propulsion motors.

This measurement scheme obtains the more accuracy
error between the two adjacent spots compared with real-time
measurement, because the error is a linear variation and the
error can be estimated. Therefore, we needn’t the very
accurate laser sensor because resolution only needs 0.5mm,
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In that case, we defined the initial compensation value of
the horizontal as follows (9):
∆ .
The value of m insures the original angle of between the
wall and the plaster board is close to zero.
And then, the errors of vertical and the horizontal are
compensated through given the revolving speed of the
propulsion motors. We assume the rising speed of the
, the speed of the left motor is
plastering machine is
and the speed of the right motor is
. The
and
are given by:
·

(14)

·

(15)
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Fig. 5 The system chart of the control scheme.

B. Working process
In this control method, an electrical control system is
added in the plastering machine. The laser sensors are used to
measure distance and the ARM processor is the core of the
control system. The working process of the plastering machine
as follows:
(a) The operator installs the plastering machine in the
correct position and insures the minimum error of parameters
such as the perpendicularities of the bracing pieces, the angles
of between the wall and the plaster board and the distance
between the wall and the plaster board.
(b) Switch on the power of the plastering machine and
observe the parameters whether or not normal. If not, set up
the thickness of plaster using the keyboard.
(c) The plastering machine measures the , , , in
the process of rising and calculates the height of the wall using
the count value of the encoder.
(d) The perpendicularities of the bracing pieces and the
angles of between the wall and the plaster board are calculated
according to the measurement scheme.
(e) According to the value of calculation in process (d)
and the compensation method, the speeds of propulsion
motors are obtained.
(f) The hopper is full filled and the plastering machine is
restarted. The plaster board is adjusted flexibly by the speed of
propulsion motors during the plastering machine is rising.
Once the plastering machine’s height arrive the peak, the
machine stops rising and begin to decline. The track of decline
the same as the track of rise through reverse the propulsion
motors. It solves the problem that the thickness is uneven
because of the error of installment.
(g) When the plastering machine declines to the original
position, it completes the process of working.

In order to illustrate the control method, a simplified
model is established shown in Fig. 4. At the beginning, the
plaster board in the position A. The plaster board’s position
and
. When the plastering
adjusted according to the
machine’s height is H, the plaster board is adjusted to position
B. And then the plaster board’s trajectory is determined. This
compensation method ensures the uniformity of the plaster
thickness even if exist the physical error during the process of
the plastering machine installed.
In order to compensate the errors accurately, the
propulsion motors are controlled by the control scheme that
base on the two nested loops structure. Each of these loops
implements a Proportional Integral (PI) controller [11-12].
Moreover, the outer loop is closed in order to control the
motor speed, and then the inner loop is closed in order to
control the motor current. This control scheme shown in Fig. 5
and its features are described in [13-15].

IV. EXPERIMENTAL AND NUMERICAL SIMULATION
Numerical simulations were carried out in order to
evaluate the performance of the plastering machine presented
in Section 3. Firstly, we find the best type of measurement
between the direct measurement and the oblique measurement.
Secondly, we simulate the results that utilize the control
method to the plastering machine. Otherwise, the results are
compared with the original performance.
A. The measurement types of direct and oblique
The principles of the direct measurement and the oblique
measurement are introduced in the Section 2. We carry out an
experimental implementation to assess the performance of the

Fig. 4 The illustration figure of compensation method.
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direct measurement and the oblique measurement and the
oblique measurement is more appropriate in the plastering
machine be verified. We obtain 100 groups data of the actual
measuring distance and the output value. The principle of least
squares is utilized to calculate the A and B in (16). The graphs
shown in Fig. 6(a)-(b), they illustrate the relationship between
the actual measuring distance and the output value and its
derivative of the laser sensor using the different types of
measurement. We calculate the A and B mentioned in (4) and
(7) based on the least square method as follow:
(

Where

…

…

.

)

;

…

oblique measurement has higher resolution. Therefore, the
oblique measurement is applied in the measurement scheme.
However, the incident angle can’t much greater due to the
CCD needs sufficient illumination intensity. Fig.6 shows that
the resolution is decrease with the increase of the actual
measuring distance, so we need to guarantee the laser sensors
in the appropriate measurement range when the plastering
machine is installed.
B. The plastering result under the control
The performance of the proposed control method is
presented in the numerical simulations. Fig. 7 shows the
plaster surface cross section and space diagram both the
plastering machine is improved and unimproved. The height
of the wall is 3m and the width of plaster board is 0.6m. The
unimproved plastering machine’s performances are shown in
Fig. 7(a)-(b). Fig. 7(a) is the cross section and the Fig. 7(b) is
the space diagram. The improved plastering machine’s
performances are shown in Fig. 7(c)-(d). Fig.7(c) is the cross
section and the Fig. 7(d) is the space diagram. According to
the color column on the right of the Fig. 7(a)-(b), the error
between the -4.5mm~+2mm, it obviously to know the plaster
process has a larger error and the working quality hard to meet
the construction industry standard due to the original
plastering machine have some drawbacks. In the Fig7(c)-(d),
the simulation results are better than the results of original
plastering machine, the error limit is -0.7mm ~ +0.1mm. The
performance is improved significantly.

(16)

.

According to the result of simulation, we could find the
actual measuring distance using direct measurement is greater
in the same output value of laser sensor shown in Fig. 6
obviously, that is to say, the type of oblique measurement has
higher resolution. Furthermore, we calculate the functions of
the actual measuring distance and output value of laser sensor
derivation to analyse the result we obtain in Fig. 6(a).

(a)

(a)

(b)
Fig. 6 Compare the resolution of direct measurement with oblique
measurement.

The derived function graphs in Fig. 6(b), the value of the
derived function using direct measurement is greater in the
same output value of laser sensor, it also illustrate the type of

(b)
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