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There are many drawbacks and inconveniences in the application of human power in the energy meter 
calibration line. In order to achieve a standardized level of operation and to improve the efficiency and 
quality of the automated meter testing line, this paper applies the intelligent inspection robot to the 
automated meter testing line and discusses the key technologies involved. Based on the texture 
characteristics of the screws on the energy meter cover, a screw coordinate positioning method based on 
the texture center of gravity method is designed as a machine vision technique for intelligent inspection 
robots. Based on the feedforward controller transfer function and feedback system open-loop transfer 
function, combined with PI controller, a feedforward-feedback composite servo position control strategy 
is designed to complete the release action of the robot end controller. Pressure sensor on the robot end 
claw controller, integrated servo drive with current sensor. The Kalman filter method of static estimation 
is used to fuse and process multi-source data information to realize the grasping action of the robot end 
controller. The test results of the key technical performance and economic and time benefits of the robot 
show that the recognition success rate and grasping success rate of the robot for energy meters are as 
high as 100%, and it takes a total of 54s to complete each grasping and releasing action. The maximum 
error in each direction is 4.9mm, 5.2mm and 5.1mm respectively, and the maximum error in angle is only 
1.25 degrees. The working manpower is reduced by as much as 93.16%, the average expenditure of 
inspection cost is only 1.24 yuan, and the floor space is reduced to 700 square meters. In summary, the 
study can ensure a high level of consistency in the quality of energy meters, improve the efficiency of 
calibration and production, and create greater economic benefits while providing a solid technical 
guarantee for the large-scale construction and stable and reliable operation of the power grid. 

Keywords: Intelligent inspection robot; Automatic calibration line for energy meters; Machine vision technology; 
Servo control technology; Torque control technology 

 Introduction 

As an important electric power measuring 
apparatus in a large country and a small family, energy 
meters are related to the national livelihood of 
thousands of households [1, 2]. Electricity supply 
enterprises should complete the trade settlement of 
electricity consumption according to the energy meter. 
In recent years, the old induction type energy meters 
are gradually replaced by new electronic type energy 
meters, and the calibration technology should be 
constantly innovated [3-6]. The traditional verification 
and inspection methods are usually done by the staff 
responsible for the verification and inspection tasks 
through the program-controlled verification and 
inspection devices, first hanging the meter on the 
verification equipment and then disassembling it 
manually. With the rapid development of market 
economy and the innovation and reform of electric 

power system, the speed of smart grid construction 
has been accelerated, and the goal of regional dressing 
task of electric energy meter is full coverage, full 
collection and full fee control [7-9]. The manual work 
will not only reduce the verification efficiency and 
operation level, but also cannot meet the increasing 
demand of energy meters, and make the already heavy 
daily verification line of energy meters more difficult, 
and the hidden contradictory problems are more and 
more obvious and increasing, and the quality also 
starts to be uneven. Relying on the rapid development 
of automation technology, the assembly line 
inspection mode of energy meter automation realizes 
the automation and intelligent control of all aspects of 
energy meters from unpacking, out of storage to 
sealing and labeling by replacing manual with 
automatic control technology [10-14]. However, 
according to the new technical specifications of 
electricity meters introduced by the State Grid 
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Corporation, the power market has put forward 
higher requirements for the automated assembly line 
verification mode of energy meters [15-16]. At the 
same time, the significant intensification of labor costs 
has prompted the reform of the inspection mode as 
an important part of the comprehensive coverage of 
smart grids in the context of the new era [17]. 

The level of science and technology continues to 
escalate, and robots and their extensions, which 
integrate many technologies such as computers and 
sensors, have emerged and grown rapidly, and have 
now become one of the excellent manual replacement 
technologies for performing work content such as 
navigation and photography. This represents the 
comprehensive technological strength of a country, 
but also means that medical, military, financial and 
other important areas have the technical support to 
reach new heights of comprehensive level. The 
applications of robots in various industries are mostly 
industrial, agricultural, and medical, for example, the 
literature [18] designed a jump motion controller with 
industrial robots as the motion reference. When 
performing exercises for wrist rehabilitation exercises, 
the feasibility of the device for assessing and 
customizing rehabilitation therapy is examined by 
comparing the measurements of the jump motion 
controller. The literature [19] used data analysis tools 
to analyze the results of questionnaires from nearly 
1,000 respondents in several countries. It was later 
found that people's attitude toward the epidemic 
determined the perception of robot use, and that the 
panic caused by New Crown pneumonia increased 
people's trust in and willingness to use service robots. 
This is because service robots can reduce human-to-
human physical contact and narrow the spread of New 
Crown pneumonia. In the literature [20], in order to 
discover the dynamic multi-axial loading conditions in 
the humerus of an amputee population, the humeral 
kinematics of the population during advanced 
activities were replicated robotically and humeral 
trajectories were generated. This research lays the 
theoretical foundation for the creation of a library of 
motions that can be used for robotic replication, and 
the characterization of interactions between 
prosthesis and bone, giving robots the ability to 
replicate human motion. In the literature [21], a hybrid 
best-worst and average-solution distance-based 
approach is designed to rationally select a robot for a 
specific application scenario with respect to the 
different capability requirements of the robot. After 
comparing with the multicriteria compromise solution 
ranking method, it is found that the proposed method 
is highly usable and robust, and has good stability and 
reliability. The literature [22] optimizes the control 
capability of the robot using a graphics board 
according to the type of language developed for the 
environment of the industrial robot control program. 

[36] The modular program not only makes the robot 
adaptive, but also allows operators who are not 
familiar with the programming language to quickly 
complete path adjustments. The literature [23] 
addresses the problem of dynamic and static obstacle 
recognition and detection for autonomous lawn 
mowing robots and employs RGB-D cameras to 
break the limitations of mapping, path planning, and 
navigation algorithms so that the working area and 
obstacles can be identified at the same time. Obstacle 
detection accuracy shows some degree of distortion in 
the depth data processing pipeline. To improve crop 
productivity and increase agricultural yields, outdoor 
agricultural robots and plant phenotyping robots were 
designed in the literature [24, 25], respectively. The 
former is based on long and short term memory 
technology that allows for correct prediction of crop 
watering times based on current environmental and 
weather forecasts. By controlling the power and water 
resources, it ensures that the crops are grown in a 
suitable enough environment. The latter is mainly 
used to collect changes in plant morphology as well as 
chemical and physiological characteristics during time 
evolution in order to prevent plant trait monitoring 
errors and provide breeders with valid phenotypic 
information. The above-mentioned robots and their 
various technologies have achieved good results. 
However, there are many types of robots and a wide 
range of applications, so research should be 
conducted separately. 

The quality is not guaranteed and the cost is getting 
bigger and bigger with the manual assembly line 
verification mode of energy meters. As a 
representative of automation and intelligence, it is 
urgent to add it to the assembly line inspection mode. 
To this end, the article takes the intelligent inspection 
robot as an example and explores the key technologies 
in its application in the automated energy meter 
inspection line. First, observe the image of the energy 
meter captured by the front camera of the intelligent 
inspection robot, and roughly analyze the meter cover 
screw texture. The difference image obtained from the 
first-order differential gradient calculation is used to 
obtain the screw texture features on the cover of the 
energy meter. Find the integral image that satisfies the 
condition and correct the texture information near the 
screws in the mean binarized image. Based on the 
statistical characteristics of the screw center cross area 
obtained from the morphological opening and closing 
operation, we obtain the center coordinates of the 
screw and complete the machine vision technique 
based on the texture center of gravity method for the 
screw coordinate positioning method. Design feed-
forward-feedback composite servo position control 
strategy to complete the release action of the robot 
end controller through servo position control. By 
integrating two devices, a servo driver and a current 
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sensor, the Kalman filter method of static estimation 
is applied to fuse and process the data information 
collected by multiple sensors to realize the grasping 
action at the end of the robot. The above technologies 
ensure that the intelligent inspection robot can 
improve the informationization and automation level 
of the energy meter inspection mode, as well as the 
efficiency of the assembly line, reduce the negative 
impact of external factors on the inspection work, 
accelerate the popularization process of intelligent 
electricity information collection devices and smart 
grid, and provide advanced technical support for 
them. 

 Materials and Methods 

 Key technology of intelligent inspection 
robot in flowline inspection mode 

2.1.1 Machine vision technology 

The role of machine vision technology is to 
guarantee that the robot completes the coordinate 
positioning of the cover screws without damaging the 
energy meter. Texture is an important feature of an 
object. Different types of textures exhibit different 
characteristics of correlation patterns such as grayscale 
or color distribution [26, 27]. Therefore, this paper 
designs a screw coordinate positioning method based 
on the texture characteristics of the screws on the 
energy meter cover based on the texture center of 
gravity method as a machine vision technique for the 
application of intelligent inspection robots in the 
inspection assembly line. 

First, the energy meter images captured by the 
front camera of the intelligent inspection robot are 
observed and the cover screw texture is roughly 
analyzed. [42] After decomposition in Red-Green-
Blue space, the two channels are differenced 
according to the uniqueness of screw metallic color. 
[28] The difference image obtained from the first-

order differential gradient calculation is used to obtain 
the screw texture features on the energy meter cover. 
[29] Next, the eight-directional template of the sobel 
operator (shown in Fig. 1) is applied to correct the 
screw coordinates. The conditional definition of the 
sobel operator is the convolution processing of the 
received image pixels to obtain the gradient value. The 
thresholding operation newly generated pixel 
grayscale values and explicit edge information. [33] 

 

Fig. 1 Schematic diagram of the eight-directional template of 
the sobel operator 

The energy meter image is processed using eight-
directional template filtering to obtain sharpened 
image grayscale values by the following first-order 
differential sobel operator. 

2 2

x y
g S S= +                            (1) 

Within this equation, 
x

S  and 
yS  are the 

horizontal and vertical filtering templates in the eight-
directional template, respectively, and the calculation 
formula is shown below. 

[ ] [ ]( 1, 1) 2 ( 1, ) ( 1, 1) ( 1, 1) 2 ( 1, ) ( 1, 1)xS f i j f i j f i j f i j f i j f i j= + − + + + + + − − − + − + − −                 (2) 

[ ] [ ]( 1, 1) 2 ( , 1) ( 1, 1) ( 1, 1) 2 ( , 1) ( 1, 1)yS f i j f i j f i j f i j f i j f i j= − + + + + + + − − − + − + + −                (3) 

According to the obtained texture information, the 
rectangular area where the screw is located is obtained 
in combination with the integral image. The upper left 
corner of the integral image forms a rectangle with one 
of the coordinate points ( , )x y , and the value of this 

coordinate point is the sum of the gray value of each 
pixel point in this rectangle area. If the localized corner 
points of this rectangle are 1 1( , )x y , 2 2( , )x y , and 

there are 2 1x x>  and 2 1y y> , then the calculation 

formula is shown as follows. 

( )

[ ]
1 2 1 2

2 2 1 1 2 1 1 1

,

( , ) ( , ) ( , 1) ( 1, 1)

x x x y y y

image x y

sum x y sum x y sum x y sum x y

≤ ≤ ≤ ≤

  

= − − − + − −

 
                       (4) 

Explore each pixel row by row and solve the 
integral map ( )I ′ . Based on the historical solution 
value of the integral map, the next integral image value 

is calculated by adding it to the pixel value ( , )I x y  of 

the current initial image ( )I  in rows.  
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The equation is shown as follows. 

( , ) ( , ) ( 1, ) ( , 1) ( 1, 1)I x y I x y I x y I x y I x y′ ′ ′ ′= + − + − − − −                                 (5) 

For specific practice, if necessary, extend a column 
and a row at the leftmost and top of the image. After 
finding the integral image that satisfies the condition, 
correct the texture information near the screw in the 
mean binarized image. If it matches the background 
texture characteristics near the screw on the cover of 
the energy meter, the current integral image is the 
orientation of the screw. The coordinates of the center 
of the screw are obtained based on the statistical 
features of the cross area of the screw center obtained 
by the morphological opening and closing  
operation [30]. 

 Servo control technology 

The inspection robot is able to achieve many tasks 
such as meter crimping and error checking through 
grasping and releasing actions, reducing time and cost 
loss. Among them, the grasping action is realized by 
servo torque control, and the releasing action is 
realized by servo position control. 
2.2.1 Servo position control 

The release action of the robot end controller is 
completed by servo position control. This control 
method is implemented as follows: When a pulse 
command is received by the motor driver, the driver 
compares it with the pulse signal. This pulse signal is 
obtained from the motor encoder feedback. The 
deviation is corrected using a position trimmer, and 
the correction is stopped when the position error is 
negligibly small. To avoid the tracking delay generated 
by the traditional PID position controller and to 
enhance the dynamic response, the feedforward-
feedback composite servo position control strategy 
shown in Fig. 2 is designed. 

 

Fig. 2 Schematic diagram of feed-forward-feedback composite 
servo position control 

The feedforward controller transfer function 
( )

d
F s  and the open-loop transfer function ( )

c
G s  of 

the feedback system are known, and the transfer 
function definition equation of the feedforward-
feedback composite servo position control strategy is 
derived [31, 32]. As shown below. 

[ ]( ) 1 ( )( )
( )

( ) 1 ( )

c d

c

G s F sC s
s

R s G s

+
Φ = =

+
           (6) 

This leads to the transfer function equation for the 
system deviation shown as follows. 

1 ( ) ( )( )
( )

( ) 1 ( )

c d
e

c

G s F sC s
s

R s G s

−Φ = =
+

            (7) 

If the feedforward controller transfer function and 
the feedback system open-loop transfer function 
satisfy the following inverse equation, the output 
quantity ( )C s  is equal to the input quantity ( )R s  and 
the control error is 0. 

1
( )

( )
d

c

F s
G s

=                          (8) 

The velocity feedforward and acceleration 
feedforward together constitute the signal 
feedforward as the position loop of this control 
strategy, at this time, the expression of the 
feedforward controller transfer function is shown as 
follows. 

2
( )dF s s sα β= +                       (9) 

In this equation, α  and β  represent the velocity 
gain coefficient and acceleration gain coefficient, 
respectively [34, 35]. s  refers to the independent 
variable of the transfer function, which can also be 
called the complex frequency. 

The PI controller is used as the original position 
loop to ensure the positioning accuracy of the servo 
position control [37]. Combined with the feedforward 
control strategy, the feedforward-feedback composite 
servo position control equation for the end of the 
robot is jointly established. It is shown as follows.

[ ] [ ]
1

( ) ( ) ( ) ( ) ( 1) ( ) 2 ( 1) ( 2)
K

P I

i

Y K k E K k E i R K R K R K R K R Kα β
=

= + + − − + − − + +               (10) 

In the above equation, ( )R K , ( 1)R K − , 

( 2)R K +  refer to the value corresponding to the 
position obtained at the K th, 1K − th, 2K + th 
sampling, and ( )E K  refers to the deviation between 
this position value and the value corresponding to the 
feedback position ( )C K . 

P
k  is the proportional 

adjustment coefficient of the controller, which plays a 

fast role in regulating the control error and response 
speed. 

I
k  is the integral adjustment coefficient of the 

controller, which plays a role in regulating the steady-
state time and residuals. 
2.2.2 Servo torque control 

When the robot executes the grasping action at the 
end, its claw controller and the energy meter will 
generate a certain position error, as shown in Fig. 3. 
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Fig. 3 Schematic diagram of the position error between the 

robot claw controller and the energy meter 

In order to obtain good and stable gripping effect, 
multiple pressure sensors are installed one by one on 
the end claw controller of the intelligent inspection 
robot to each claw finger, and the pressure values 
assumed by different claw fingers are directly fed back. 
Two devices, servo driver and current sensor, are 
integrated, and the gripping force condition of the end 
controller is obtained by multiple sensors. The 
Atmega 328p tool is used to fuse and process the data 
from multiple sources of information to obtain 
accurate and valid information about the force 
moment. [38-40] Assuming that the armature output 
current of the servo drive feedback is 

a
I , the equation 

for calculating the output torque 
d

T  is shown below. 

d T a
T C I= Φ                           (11) 

Within the above equation, 
T

C  refers to the 

motor constant which is only about the motor 
structure. Φ  is the air gap flux. According to this 
equation, a positive correlation between the armature 
output current and the output torque can be 
discovered. That is, if the air-gap flux takes a certain 
value, the output torque increases with the increase of 
the output current. Therefore, by changing the output 
current, the torque of the DC motor can be 
controlled. The Kalman filter method of static 
estimation is applied to fuse and process the 
information of data collected by multiple sensors [41]. 
Based on the measured values of each pressure sensor 
at time k , the converted estimate of the sensor is set 
to 

1
q  and the converted estimate of the servo drive to 

the end clamping force is 
2

q . such that the robot end 

controller does not execute any action command from 
time k  to time 1k + , and the weighted least square 
algorithm is invoked to fuse the multi-source 
information from each sensor [43-44]. The 
implementation of Eq. 

2

1

ˆ( )
n

i is w q q= −                   (12) 

Within this equation, 
i

w  refers to the 

measurement weight value of the i -time pressure 
sensor. In order to minimize the multi-source 

information fusion bias, let the partial derivative of the 
above equation be zero, and then the following 
equation is given. 

1

ˆ2 ( ) 0
ˆ

n

i i

i

s
w q q

q =

∂ = − =
∂                 (13) 

Where: 

1

1

ˆ

n

i i

i

n

i

i

w q

q

w

=

=

=



                          (14) 

Assuming that the variance corresponding to the 
pressure sensor and servo driver commuted estimates 
are 2

1σ  and 2

2σ , respectively, when the weight value 

and variance satisfy the inverse relationship equation 
(15), the commuted estimated mean value q̂  can be 
specified in combination with the collected measured 
values. transforming the above equation into the 
computational equation (16). 

2

1
i

i

w
σ

=                             (15) 

2 2

2 1
1 22 2 2 2

1 2 1 2

q̂ q q
σ σ

σ σ σ σ
= +

+ +
            (16) 

 Discussion of results 

 Application of intelligent inspection robots in 
the automatic energy meter verification line 

In order to verify the feasibility of the key 
technologies of the intelligent inspection robot in the 
application of the automated meter calibration line, 
the intelligent inspection robot with these 
technologies is applied to a running automated meter 
calibration line. The key technologies of the robot are 
first analyzed, and then the economic and time 
benefits of the robot are discussed. 

 Exploring the technical performance of 
robotics 

The experimental results of the technical 
performance of different robots were calculated by 
applying various models of intelligent inspection 
robots, such as ZWD-qq, FOTRIC 476, ZWD-001, 
GS300, SA200 and HX-2M, to the automatic energy 
meter inspection line. The experimental data show 
that the recognition and grasping success rate of each 
robot is up to 100%, and each grasping and releasing 
action takes 54 s. The two sets of data illustrate the 
effectiveness of machine vision technology and 
control technology of robots, and the feasibility of 
robots in the application of automatic meter 
inspection line. The effective combination of machine 
vision technology and control technology promotes 
the successful integration of the intelligent inspection  
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robot with the automatic energy meter inspection line 
inspection mode. One of the robots is arbitrarily 
selected, and the end controller running trajectory is 
fitted with the ideal posture running trajectory as 
shown in Fig. 4. 

 
Fig. 4 Schematic diagram of fitting the robot end controller 

trajectory to the ideal posture trajectory 

From the fitting of the running trajectory of the 
robot end controller to the ideal pose running 
trajectory in Fig. 4, it can be seen that by introducing 
the first-order sobel differential operator in the 
machine vision technology of the inspection robot, 
the smoothing processing ability of the random noise 
contained in the energy meter inspection image is 
strengthened, and the pixels on both sides of the 
image edge are enhanced, so that a sharpened image 
with high contrast and brightness is obtained for the 
end This provides a reliable reference basis for the 
accurate operation of the controller. As a result, the 
feedforward-feedback composite servo-position 
control strategy and servo-torque control strategy 
work together to make the trajectory of the robot end 
controller highly fit to the ideal posture trajectory. The 
maximum error in the X-direction is only 4.9 mm, the 
maximum error in the Y-direction is only 5.2 mm, and 
the maximum error in the Z-direction is only 5.1 mm. 
The maximum error in the control angle of the end 
controller is only 1.25 degrees. The position error and 
angle error are both small, which can meet the 
operation accuracy of the automatic assembly line 
verification mode of energy meters. 

 Exploration of economic benefits 

One year after the intelligent inspection robot was 
put into use on the automated power meter inspection 

line, as shown in Tab. 1 comparing with the traditional 
inspection mode; it was found that the work 
manpower dropped significantly, by as much as 
93.16%. The streamlined staff can be expanded to 
other power supply service teams to optimize the 
service experience. In the past, the cost expenditure 
for one inspection of each meter reached RMB 8.98, 
but now it has been reduced to only RMB 1.24 for 
each inspection. A total of 5783164 electric energy 
meters were verified in the experimental cycle. This 
shows that the application of the intelligent inspection 
robot has saved the enterprise about 44,867,200 yuan. 
From the perspective of manpower and controller 
cost, the use of the intelligent inspection robot has 
greatly reduced the manpower cost compared with the 
traditional meter inspection mode. The floor space of 
the inspection line has also been significantly reduced 
from 2000 square meters in the traditional manual 
mode to 700 square meters by virtue of the intelligent 
and digital advantages of the inspection robot. These 
data further demonstrate that the designed machine 
vision technology and servo control technology 
enable the inspection robot to be used in the 
automatic meter inspection line in accordance with the 
requirements of the system. 

The machine vision technology and servo control 
technology allow the inspection robots to accurately 
complete the meter inspection tasks in the automated 
meter inspection line, improve the standard and level 
of the inspection operations, ensure the quality of the 
meter inspection can be controlled, and enhance the 
reliability of the meter measurement by accurately and 
uniformly standardizing the meter values. By adding 
inspection robots to the automatic meter testing line, 
the testing capacity can be greatly improved, and the 
imbalance of meter supply and demand caused by the 
traditional testing mode can be effectively improved 
to enhance the efficiency of enterprise turnover. The 
evolutionary development process from manual mode 
to robotic inspection mode verifies that the form of 
electric energy meter inspection is transforming from 
labor-intensive to technology-intensive, which gives 
higher promotion value and greater contribution to 
upgrade and transformation of similar industries, and 
helps to actively promote the national economic 
system to resource-saving and eco-friendly forms of 
development. 

Tab. 1 Comparative analysis of economic benefits 
 Manual mode Flow line mode Robotic inspection mode 

Inspection manpower/person 3548 2432 237 
Floor space of flow line/square 

meters 
2000 1300 700 

Assay cost/yuan 8.98 3.11 1.24 
Checking controller cost/yuan 0 15000 8000 
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 Time efficiency exploration 

This experimental session presents a time 
efficiency analysis of the application of an intelligent 
inspection robot in an automated energy meter 
verification line in two test environments: the 
laboratory and the verification site. The purpose of the 
laboratory test is to examine the time efficiency of the 
meter in the robotic testing mode using a variety of 
development and commissioning methods. The 
purpose of the field environment test is to examine 
the time efficiency of the smart inspection robots in 
the field by using the assembly line mechanical 
architecture. The test object starts from the three 
overall processes of energy meter hanging and line 
access, calibration process, disassembly and line 
disassembly respectively. After debugging, it is found 
that the machine vision technology and servo control 
technology of the intelligent inspection robot can 
make the timeliness of the inspection work satisfied, 
and the application of the robot on the inspection 
assembly line also strengthens the inspection accuracy 
of the whole assembly line, so that the robot 
inspection mode achieves the quality requirements of 
the energy meter design and factory. The comparative 
analysis of the time efficiency of the manual mode, the 
assembly line mode and the robotic testing mode in 

Tab. 2 shows that the operation of the meter hook-up 
and line access stage is fully automated, which greatly 
accelerates the control speed. The time efficiency is 
reduced from 39.16 minutes in manual mode to 12.87 
minutes in line mode and to 2.49 minutes in robotic 
mode, respectively. In the stage of energy meter 
verification, the assembly line verification mode with 
the participation of intelligent inspection robots not 
only effectively avoids the human verification errors 
generated by the manual mode, but also improves the 
verification time efficiency to a certain extent. The 
time required for calibration has been reduced from 
62.44 minutes (i.e. manual mode) to 11.54 minutes (i.e. 
robotic mode). Similarly, the time efficiency of the 
meter disassembly and line disassembly stages has also 
increased significantly. In the traditional manual 
mode, it takes 32.59 seconds to disassemble a meter 
and dismantle its wiring. With the application of the 
intelligent inspection robot to the automated meter 
calibration line, the time required for the entire meter 
disassembly and line disassembly is only 7.68 seconds. 
These test data are sufficient to verify that the 
intelligent inspection robot with machine vision 
technology and servo control technology has obvious 
advantages and broad development prospect in the 
application of the automatic meter inspection line.

Tab. 2 Comparative analysis of time benefits 

 Manual mode Flow line 
mode 

Robotic inspection 
mode 

Energy meter hookup and line 
access/minute 

39.16 12.87 2.49 

Time required for energy meter 
calibration/minute 

62.44 23.81 11.54 

Energy meter disassembly and wiring 
disassembly/sec 

32.59 10.15 7.68 

 Conclusion 

Energy meter technology is advancing rapidly and 
the process of building smart grids is accelerating. The 
project for the replacement of energy meters has been 
proposed in the strategic guidelines for the 
construction of the grid, and the full implementation 
and coverage of energy meters is urgently needed. 
Although this has a certain development benefit and 
promotion effect on people's livelihood, it also 
intensifies the workload of the energy meter 
verification line and raises the verification 
requirements. Therefore, in order to meet the 
increasing demand and quality requirements of energy 
meters, break the bottleneck of human work efficiency 
and ensure the quality of energy meter verification, the 
article explores the key technologies of intelligent 
inspection robots in the application of automated 
energy meter verification line. Based on the texture 
characteristics of the screws on the cover of the energy 

meter, a screw coordinate positioning method based 
on the texture center of gravity method is designed 
and used as a machine vision technique for the 
application of intelligent inspection robots in the 
inspection assembly line. The servo torque control 
technology and servo position control technology are 
designed to realize the grasping and releasing action 
for the inspection robot's multiple tasks such as meter 
level crimping and error checking. After summarizing 
the practical results of the application of intelligent 
inspection robots in the automatic energy meter 
verification line, the following conclusions were 
obtained. 

• (1) Various models of intelligent inspection 
robots such as ZWD-qq, FOTRIC 476, 
ZWD-001, GS300, SA200 and HX-2M were 
applied to the automatic meter inspection 
line, and the recognition success rate and 
grasping success rate of each robot were up  
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to 100%, and the total time spent for each 
grasping and releasing action was 54s. The 
maximum values of errors in the three axis 
directions are 4.9, 5.2, and 5.1mm 
respectively, and the maximum angular error 
is only 1.25 degrees. The position error and 
angle error are small, which can meet the 
operation accuracy of the automatic line 
verification mode of energy meters and 
strengthen its reliability and operability as well 
as informationization and automation level. 

• (2) One year after the intelligent inspection 
robot was put into use on the automatic 
energy meter verification line, the work 
manpower dropped significantly, by as much 
as 93.16%. The cost of one inspection per 
meter, which amounted to RMB 8.98, has 
now been reduced to only RMB 1.24 per 
inspection. The floor space of the inspection 
line is reduced from 2000 square meters in the 
traditional manual mode to 700 square 
meters. These data further demonstrate that 
the designed machine vision technology and 
servo control technology can enable the 
inspection robot to accurately complete the 
meter inspection tasks according to the 
instructions on the automated meter 
inspection line, improve the standard and 
level of the inspection operation, and provide 
strong technical support for the future 
function and performance improvement of 
the meter inspection line. 

• (3) The time efficiency analysis in the two 
testing environments, laboratory and 
verification site, shows that the operation 
time of the meter hook-up and line access 
phase is reduced from 39.16 minutes in 
manual mode to 12.87 minutes in assembly 
line mode, and then to 2.49 minutes in robotic 
verification mode. The verification phase was 
reduced from the previous 62.44 minutes (i.e., 
manual mode) to the current 11.54 minutes 
(i.e., robotic verification mode). The time for 
the disassembly and wiring disassembly phase 
was reduced from 32.59 seconds to 7.68 
seconds. These data are sufficient to show 
that the intelligent inspection robot with 

machine vision technology and servo control 
technology can ensure the seamless 
integration of the automatic meter inspection 
line work. It not only ensures the reliability of 
calibration, but also can effectively deal with 
all kinds of unexpected problems in the 
process of calibration, which has obvious 
advantages and broad development 
prospects. 
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