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With the continuous development of science and technology, industrial production has higher and higher requirements for
precision. Many high-precision measurement technologies emerge as the times require, and nanoscale grating ruler displacement
measurement technology is one of them. As a kind of precision sensor, nanoscale grating ruler has important application in
displacement measurement system. CPLD has the advantages of high integration and fast programming speed, which is often used to
control the displacement measurement system of nanoscale grating ruler. 'e purpose of this paper is to deeply explore the
measurement effect and related application principle of nanoscale grating ruler displacement measurement system based on CPLD
technology. A set of nanoscale grating ruler displacement measurement system is designed based on CPLD technology. 'e output
signal of grating ruler is programmed byCPLD.'e x-axis displacement of the experimental platform controlled by steppingmotor is
measured, and the measured data are recorded by carrying out analysis and research. 'e results show that compared with the
traditional phase differencemeasurement system, themeasurement accuracy of the system based on CPLD is improved by 24.7%, the
robustness of the measurement system is improved by 18.6%, and the measurement speed is increased by 27.3%.'erefore, this kind
of nanoscale measurement precision grating ruler displacement measurement control system based on CPLD has three charac-
teristics: high measurement accuracy, strong anti-interference ability, and highmeasurement motion efficiency, which can effectively
meet the requirements of grating ruler displacement measurement system for high-precision manufacturing technology.

1. Introduction

Manufacturing is already a major pillar industry of a
country, and it is the most fundamental technological
foundation on which a country depends for prosperity. At
present, manufacturing engineering science and mechan-
ical manufacturing engineering technology are rapidly
developing towards the two directions of ultraprecision
and miniaturization. Ultraprecision micromachining has
developed into one of the important technical contents of
advanced machinery manufacturing [1]. At present, the
processing of superfine materials has gradually entered a

new field of nanotechnology. Grating measurement dis-
placement technology with higher nanometer order and
high resolution is already an indispensable important part
in the processing of modern superfine materials, and it is
also urgently needed. One of the three key technologies is
studied and solved [2]. Compared with other linear and
displacement measuring sensors, the grating ruler has a
high technical comprehensive application advantage in
improving the measurement digital display accuracy, res-
olution, reliability, technical requirements for the appli-
cation environment, and prices. 'erefore, the use of
grating rulers has a very wide range of applications in
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measuring digital displays, CNC machine tools, and
measuring instruments [3].

Nanometer-scale grating interferometric measurement
technology mainly uses interference diffraction-type grat-
ings. 'e grating pitch is generally 2 μm or 0.5 μm. 'e
diffraction width of the grating line is close to the diffraction
wavelength of light, which can produce interference dif-
fraction and short-wave interference luminescence. 'e
phenomenon and so on forms fringes, and its principle for
measuring light is also called the principle of optical in-
terference diffraction [4]. In view of the shortcomings of the
control accuracy of the traditional standard scale displace-
ment measurement and management system, this paper
proposes a CPLD-based two nanometer-scale displacement
measurement control system for standard grating size,
which is used in precision instrument industry production
and testing equipment. In the scale mobile sensor, CPLD has
many advantages such as high system integration, fast
working speed, convenient programming, low price, and so
on [5]. On the basis of optimizing and improving the key
technology of the displacement measurement system of the
nanoscale grating ruler, using CPLD to assist the develop-
ment can not only improve the accuracy, integration, and
reliability of the displacement measurement system, but also
reduce the production cost of the displacement sensor of the
nanoscale grating ruler.

In order to explore the measurement effect and related
application principles of the CPLD-based nanoscale
displacement measurement system, this paper consults a
large number of related materials. Among them, Versino
et al. introduced the existing displacement measurement
system in China and emphasized that the existing rela-
tively backward displacement measurement technology
could not meet the industrial production requirements of
high-precision requirements and analyzed the current
research status and research of nanoscale grating rulers in
China significance and put forward the technical guidance
and research direction of nanoscale grating ruler [6]. Xu
et al. gave a detailed introduction to the principles and
applications of nanotechnology, carefully discussed the
core theories of nanotechnology, pointed out that the
emergence of nanotechnology is a huge industrial change,
and affirmed the importance of nanotechnology, but also
pointed out that nanotechnology. 'e shortcomings of
technology and the points of attention in application are
shown in [7]. Peipei et al. elaborated the development
process and application field of CPLD in detail, discussed
the working principle of CPLD, and summarized a set of
CPLD programming control technology, and the exper-
iment proved the feasibility of CPLD programming
control technology [8]. Pinna et al. designed a CPLD-
based scale displacement measurement system for
nanoscale gratings, improved the design ideas, and made a
detailed introduction to the working principle of this scale
displacement measurement system. 'is design is still in
the testing stage [9]. 'rough research, Wang et al. found
that the CPLD-based nanoscale displacement measure-
ment system has the characteristics of high measurement
accuracy, convenient operation and practicality, high

system robustness, and high detection efficiency. It is a
displacement measurement technology with broad ap-
plication prospects [10].

2. Purpose

'e purpose of this article is to explore the measurement
effect and related application principles of the CPLD-based
nanoscale displacement measurement system. On the basis
of summing up the precious experience of previous people,
this paper has made relevant improvements in research
methods and design schemes. First of all, this article uses
CPLD as the technical basis for the measurement of the zero-
point displacement of various nanotechnical-grade solid
grating sizes and provides the zero-point measurement
temperature reference directly in the form of physical
software during the design of the system software, using a
solid with low hot spots and expansion temperature coef-
ficient. Nanogratings are made directly from solid materials
such as quartz or zero-point thermal expansion coefficient
glass. Secondly, this article takes the multimeasurement
grating system as the technical basis, adopts the principle of
the new static grating error parameter corrector, and based
on the research of the current measurement results, the
multimeasurement grating system as the technical basis is
based on the secondary. A new type of high-precision
grating measurement sensor for measuring nanoparameter
gratings of moiré fringe diffraction signals.

3. Working Principle of Grating Ruler

'e basic principle of the design of the displacement signal
measurement and processing system on the grating ruler is
mainly to use the relative direction between the scale and
the raster scanning image mask to move to form moiré
fringes under the illumination of the incident light source
[11].'emoiré fringes pass throughmultiple photoelectric.
After the signal sensor is converted, it becomes an ap-
proximate sine and cosine wave photoelectric signal, which
is the original raster scanning mask signal [12].'en we use
different pulse tube fine analysis methods to obtain dif-
ferent automatic counters and pulse metering signals for
the measuring device and step distance [13]. 'e pulse
count signal is generally considered to be a continuous two-
path orthogonal pulse signal. 'e two pulse signals are,
respectively, connected to the subsequent two-way re-
versible automatic counting control circuit, the calculated
parameter value of the counter is multiplied by the value,
and the step of the measuring device is the radial dis-
placement of the measuring scale and its measured count
value [14]. 'e maximum speed of the grating ruler
movement measurement allowed signal movement cycle
speed is generally determined by the measurement grating
ruler input and output movement frequency and the input
signal movement cycle frequency of the raster scan image
signal. 'e calculation formula of the maximum dis-
placement speed of the grating ruler measurement is shown
in the following equation:
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L � 􏽘
V−N

J+1

Df

D
∗ Info Df􏼐 􏼑. (1)

Among them, L represents the maximum displacement
speed of the grating ruler;D represents the output frequency.

Under the certain premise that the movement signal
oscillation period of the measured signal of the grating is
unchanged, vamp is proportional to its frequency at the
maximum output of the grating ruler, and the step speed
during measurement corresponds to its resolution. If we
increase the current electronic measurement [15], the
electronic subdivision multiple and frequency of the sub-
division counting circuit will also increase its resolution (due
to the reduction in step speed during measurement), because
we are subject to themaximum response output frequency of
the current electronic metering subdivision counting circuit
and for subsequent.'emaximum input response frequency
of the electronic counting subdivision circuit is very limited.
With the continuous increase of the electronic subdivision
frequency multiples, the maximum output response fre-
quency of the grating ruler will also decrease, so the max-
imum measurement speed may allow the measurement
speed to decrease. 'erefore, when the maximum allowable
speed is measured, the maximum measuring speed step of
grating ruler is directly proportional to the positive and
negative proportion of the maximum grating speed.
'erefore, the nanoscale ruler is used for high-speed
movement measurement (the maximum speed when
moving at the allowed speed is generally ≥10m/s), the
movement resolution is generally set to the order of
nanometers (0.3∼1 μm), and if used for nanometer scales
with low-speed movement measurement (movement speed
is generally ≤200mm/s), the resolution is likely to reach the
order of micro-nano (1∼30 nm).

4. Signal Switching Synthesis of Grating Ruler

'e displacement measurement in the above cases is one of
the advanced grid rulers (coarse grid ruler) suitable for low-
resolution and high-speed measurement in the fast startup
state, and the other is the ordinary nano or advanced
standard grid ruler (fine grid ruler). When the positioning
motion control process of the detection system changes from
fast motion to medium motion to slow motion, when the
axis of the detection system starts to move at high speed, the
number of pulses is generated by the fast switching motion
and the number of pulses of the nanoscale scientific ruler
[16]. 'e coarse and fine optical rulers simultaneously
measure the movement of the system axis and the dis-
placement velocity at the beginning of the movement [17].
An important characteristic of a single fine grid ruler is that
the maximum speed allows the system to move and the
measurement speed is proportional to the maximum res-
olution. 'erefore, the measurement speed vim exceeds the
maximum speed of the fine grid ruler during the mea-
surement period 1-2 and the system deceleration movement
[18]. During the measurement of the speed Vmax, the
system will decelerate. During the measurement period 3,

the other measurement indication signals on the coarse
fiber scale are valid, and the other measurement indication
signals on the fine grid ruler are valid and invalid [19].
When the Vmax speed in period 3 is decelerated, the pulse
signal of the displacement gauge and the roughness scale is
used as the signal of the maximum displacement charac-
teristic measurement degree [20]. In addition, since the
displacement characteristic of acceleration enables speed
movement, the maximum allowable measurement speed
and the measurement moving speed (>1m/s) at full scale
can be obtained [21]. When a chemical system starts to
move slowly and continuously at a certain time (in the v-
type 1 nanometer chemical lattice ruler, the counter and
pulse are switched quickly, and this process is actually at a
certain moment) (the chemical lattice ruler counter is pulse
edge, the moment when the zero point rises rapidly), a
rapid movement clears the switching process between the
precise grating ruler and the counter. 'e counting pulse
calculation formula of the nanoscale grating ruler is shown
in the following equation:

f � 􏽚 􏽚
Ω

y
2

+ M
2

􏼐 􏼑pdM . (2)

Among them, f represents the pulse number of the
nanoscale grating ruler; M represents the grating ruler grid
number.

5. Design of Measurement System

In this paper, the CPLD2018 chip is mainly used to subdivide
the direction output control signal circuit of a nano-quality
conductor grating ruler [23]. According to the directional
phase shift relationship between the two orthogonal di-
rection encoding control signals, the two orthogonal inputs
of the chip are encoded. 'e signal is converted into two
control signals for output: one signal output is the four-bit
triple frequency control signal after the object is subdivided,
and the other signal output is the direction control signal
when the object moves [24]. After the fine resolution, the
signal with nano power level and grating size will be con-
nected to the microcontroller; that is, the two cent pins of a
CPLD2018 are connected to the cnp2 port of the automatic
controller.'e signal parameters are synchronously counted
and automatically calculated and processed to obtain an
actual displacement in the x- and y-directions. 'at is, when
an x-direction two-axis edge-finding motor can drive the
two-axis edge-finding device to move on an x-direction axis,
if a touch contact encounters a passively detected object, the
motor generates a control signal to output, the controller
[25]. After detecting and receiving the signal input by the
motor, a corresponding control action and data processing
can be performed. 'is control system mainly adopts the
photoelectric driven inductive workpiece edge finder, using
the conductive motion characteristics of an object of a
workpiece. When a trigger probe directly touches the object
to the surface of a workpiece object, an inductive loop is
formed on the circuit, which generates a contact output
electrical signal. Using these basic characteristics of the
automatic edge finder, it is fixed on the y-shaped axis, and
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the wireless contact signal is obtained to insert the output
trigger signal to the edge of the surface of the automatic
workpiece object, forming the edge output trigger signal
input of the automatic controller. In the structural design of
the control system, the control management system realizes
the transmission of control data packets and the reception of
the control system commands to the transmitter through the
serial bus communication.'ere is a half-port or full-duplex
single-port serial data communication port inside the
controller, so a serial data communication can also be
conveniently carried out between a controller and two upper
computers at the same time. Before the motor performs a
serial communication, it must meet certain voltage condi-
tions, because the parallel serial port voltage of the cold
machine is higher than the rs220 voltage level and the
parallel serial port tbl20 level of the single-chip computer, so
they must be between them. 'ere is a circuit connected to
the serial converter above the voltage level. 'e automatic
collection of the output data of the automatic displacement
of a nanoscale microscale is to collect the signal data output
by the displacement of a nanoscale microscale through the
fine-grain resolution. Since a nanometer-size level is a
physical period of the output signal of the grating size, it
represents a displacement of 4 μm, and the cycle of each
point of the output signal after fine resolution represents a
displacement of 2 μm. After calculating the value of the
counter in the controller, it is displacement data. 'e nu-
merical calculation formula of the counter of the nanoscale
grating ruler displacement measurement system is shown in
the following equation:

N(c) � Sk − Tk( 􏼁∗Fk ∗ N − ck( 􏼁k
N

, (3)

where N (c) represents the value of the grating counter, and
N represents the calculation period coefficient of the grating.

6. Implementation of Measurement System
Based on CPLD

'e biggest feature of the nanoscale grating displacement
measurement system designed in this paper is that except for
some peripheral analog circuits, the digital circuits involved
are all realized by CPLD. Each part of the circuit is designed
and compiled in the CPLD development software
MAX+PLUS II to generate programming files and then
downloaded to the CPLD chip. 'e two same-frequency
signals FR and FS output the phase difference signal phase
through the CPLD phase detector.'e phase signal is sent to
the gate of the counter as the gate signal to control the
counting time of the counter, and its function is equivalent
to the gate circuit. 'e input pulse reference count signal is
multiplied by the pulse frequency multiplier and used as a
pulse counter. 'e counter pulse count signal pulse is input
to CLK, and at the same time it is sent to the integrated
control processing link for control conversion. Because the
grating rule requires a total of 1200 pulse signals throughout,
CPLD internally designs an 18-bit reversible counter; the
lower 10 bits represent data, the highest bit is the status bit,
and the display result is 1, indicating that the current

position of the grating ruler is in the negative direction of the
initial zero point. If it is 0, it means that the current position
of the nanoscale grating ruler is the square of the initial zero
point. 'e three pairs of square wave signals output by 4006
after being shaped by 90° phase difference are A1 and B1, A2
and B2, A3 and B3, respectively. When the A-channel signal
in CPLD has an upward edge, the B-channel signal is de-
tected. If the B-channel signal is high, it indicates that the
nanoscale grating ruler is moving in the positive direction,
and the current counter increases by “1.” If the signal of
channel B is low, it means that the nanoscale grating ruler is
moving in the negative direction, and the current counter is
decremented by “1.” Due to the high efficiency, signal-to-
noise ratio, and other photoelectric signal characteristics of
the photoelectric converter using clad two chips, it can only
directly reach the optimal value required by the process
performance design of the related device system under the
appropriate operating timing conditions, and the output
performance is stable reliable photoelectric signal; the
process design of the driving integrated circuit has therefore
become one of the key issues in the process design process.
In this paper, the external pulse filter signal is shaped by 4006
trigger pulse filter and then sent to the cold for the feeder.
'e CPLD uses the CPLD to count and calculate the external
pulse filter signal and store the pulse data in the internal
pulse register. 'e single chip microcomputer reads the data
quickly through a bus data interface, transforms the scaled
function of the input data frequency, and sends it to the bus
LCD line for precision display. 'e working parameters of
the CPLD chip in the measurement system designed in this
paper are shown in Table 1.

7. Verification Results and Related Discussions

7.1. A Statistical Result of Displacement Measurement Speed
and Accuracy of Nanoscale Grating Ruler. Using CPLD-
based displacement measurement system of nanoscale
grating, the principle verification experiment was carried out
on the displacement measurement system. 'e comparison
results of the measurement data show that the displacement
measurement system of the nanoscale grating and the dis-
placement measurement system of the commercial laser
interferometer can describe the movement of the moving
stage. As the displacement of the moving stage increases, the
displacement difference between the two measurement
systems gradually increases. 'is is caused by the cosine
error caused by the angle between themeasuring direction of
the nanoscale or laser interferometer and the moving di-
rection of themoving table. Statistical analysis shows that the
correlation coefficient of the measured data of the two
displacement measurement systems is 0.8627, and the ex-
periment verifies the correctness of the principle of the
nanoscale displacement measurement system. 'e cosine
error of the displacement measuring system of the nanoscale
grating ruler based on CPLD is shown in Table 2.

'rough the analysis of the displacement measurement
system based on CPLD-based nanoscale ruler and the dis-
placement measurement system of laser interferometer on
the displacement measurement of the moving platform, the
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measurement consistency experiment was carried out. 'e
CPLD controls the grating ruler to make periodic recipro-
cating movements in the measurement direction, and at the
same time the grating ruler and the laser interferometer
displacement measuring system measure the displacement
of the moving table at a frequency of 5Hz. Using a laser
interferometer or cosine interferometer to measure the
linear displacement error in the system can be measured
with a laser. Compared with the measurement data of the
grating ruler and the laser interferometer displacement
measurement system, the moving stage moves back and
forth at intervals of (−5mm, 10mm), the absolute value of
the difference between the measurement data (Dev) is less
than 50 nm, and the measurement time is less than 0.3 s. 'e
study found that compared with the traditional laser in-
terferometer displacement measurement system, the mea-
surement speed of the CPLD-based nanoscale grating
displacement measurement system has increased by 27.3%.
'e specific data is shown in Figure 1.

As can be seen from Figure 1, compared to the tradi-
tional laser interferometer displacement measurement sys-
tem, the measurement speed of the CPLD-based nanoscale
grating displacement measurement system is increased by
27.3%.

'e calculation result of the CPLD-based nanoscale
displacement measurement system is calculated through the
formula. 'e zero position L of the nanoscale displacement
sensor is 85.3mm, and the measured displacement value can
be calculated. According to the four sets of measurement
results measured at the same fixed position, the effective
display digits are 0.005mm, and the displacement resolution
reaches 0.2mm, which meets the precision requirements of
the nanograting sensor. 'erefore, the displacement mea-
surement system based on the CPLD-based nanoscale
grating ruler can effectively improve the displacement
measurement accuracy of the sensor and improve the
measurement accuracy by 24.7%. Other relevant data are
shown in Figure 2.

It can be seen from Figure 2 that the CPLD-based
displacement measurement system of the nanoscale grating
ruler can effectively improve the displacement measurement

accuracy of the sensor, and the measurement accuracy is
improved by 24.7%.

7.2. Statistical Results of Displacement Measurement Speed
and Accuracy of Nanoscale Grating Ruler. In order to check
the measurement effect of the CPLD-based nanoscale dis-
placement measurement system, a high-precision dis-
placement measurement system based on CPLD is designed
in this paper. 'e CPLD design produces a stable excitation
pulse L1, which is used for displacement measurement di-
rectly with the induction pulse L2 in the CPLD. CPLD
smoothens the displacement measurement data by counting
data processing, eliminating random errors caused by the
high-frequency crystal oscillator, and the corresponding
displacement resolution reaches 0.05mm. 'e research re-
sults show that the CPLD-based nanoscale displacement
measurement system simplifies the design of the entire
system compared to the traditional displacement mea-
surement circuit implemented by discrete components,

Table 2: Cosine error of displacement measurement system of nanoscale grating ruler.

Group Collection speed Coarse grating Fine grating Switch synthesis (%)
Operating cycle 165.7 55.34 338.7 19.5
Operating hours 215.3 62.88 426.1 36.7
Large range 185.6 71.25 297.4 65.3
Cosine error 203.8 81.61 358.2 75.1

Table 1: CPLD chip working parameters.

Model Basic materials Signal period Frequency
Test deployment Ceramics 0.25 −1000
Voltage Aluminum alloy 0.33 −850
Electric current Copper alloy 0.47 −1200
Power Glass 0.59 −1130
Length Steel belt 0.84 −1480
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Figure 1: CPLD-based nanoscale grating ruler displacement
measurement system increases measurement speed.
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which can effectively improve the measurement accuracy of
the system and the measurement system. Flexibility and
stability improve the robustness of the measurement system
by 18.6%. 'e specific data is shown in Figure 3.

It can be seen from Figure 3 that comparing the CPLD-
based nanoscale displacement measurement system to the
traditional displacement measurement circuit implemented by
discrete components, the system robustness increased by 18.6%.

'e experimental results show that from the data analysis
of the small-scale microdisplacement model measurement
simulation experiment system, it can be clearly seen that the
deviation between the average value of the straight line and
the simulated reference value of the small-displacement
simulation measurement experiment system based on the
precision nanometer of CPLD and the advanced rectangular
grating scale is, respectively, between 108 and 261 nm, the
average deviation of the straight line from the mixed value
with the analog value is between 98 and 197 nm, the average
value is much smaller than the measurement accuracy of the
traditional capacitor displacement measurement sensor, and
the average value measured by the system is credible. It can be
clearly seen from the data analysis of the large-displacement
motion measurement technology laboratory that the large-
displacement motionmeasuring instrument based onmaple’s
new nano-quality micro-grating ruler has the largest average
value of the displacement measurement within a certain
period of time for each large-displacement motion mea-
surement of the system.'e difference between the value and
the minimum measured value distribution should not be less
than 40 nm, the distribution is relatively concentrated, the
variance is small, and the stability is relatively good. 'e two
displacement measurement values are in the range of
9.62–10.37 nm and 19.5–22.3 nm, and the measurement
values are reliable. 'e research found that the diffraction
efficiency of the nanoscale grating ruler in the plane of the
nanoscale grating ruler varies greatly. 'e rate of change of
the diffraction efficiency of the nanoscale grating ruler is
related to the grating density. 'e relevant data is shown in
Figure 4.

It can be seen from Figure 4 that the change rate of the
diffraction efficiency of the nanoscale grating in the nano-
scale grating ruler surface is 0.165% nm, and the change rate
of the diffraction efficiency of the out-of-plane detection
nanograting can reach 0.483%nm.
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Figure 2: Effective improvement of the sensor’s displacement
measurement accuracy.
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10000

5000

0
1

2
3

4
5

6
7

8
9

1
2

3
4

D
iff

ra
ct

io
n 

ef
fic

ie
nc

y 
ch

an
ge

Test unit

Group number

Grating density

Magnetic energy

Memory

Square wave signal

Figure 4: Rate of change of diffraction efficiency of nanoscale.
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8. Conclusions

Nanoscale grating ruler has an important application as a
precision sensor in displacement measurement systems.
Traditional displacement measurement systems such as laser
interferometric distance measurement system and acoustic
wave distance measurement system have been unable to
meet the ever-changing requirements of high-precision
production technology. Appearing to fill the gap in this field,
CPLD is a commonly used programming control system that
can achieve high-precision control of instruments and
equipment. Based on nanotechnology and CPLD, a new
displacement measurement technology came into being.
'is is the CPLD-based displacement measurement of
nanoscale grating rulers system. 'e research results show
that the CPLD-based displacement motion measurement
and control system with nanometer-scale precision grating
size mainly has three characteristics: high measurement
accuracy, strong anti-interference ability, and high mea-
surement motion efficiency, which can effectively meet the
requirements of high-precision manufacturing processes
and scale displacement motion measurement system
requirements.
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