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+is paper decomposes the routing process of industrial robot network using the application of analytic hierarchy process in
decision-making. +e influence of four factors, such as path length, data integrity, energy consumption, and receiving delay, on
routing effect is analyzed. Simultaneous interpreting routes are selected to achieve the purpose of routing. Simulation results show
that this method can more comprehensively consider the factors affecting routing and is superior to the existing methods in terms
of energy consumption, data integrity, and transmission delay.

1. Introduction

+e analytic hierarchy process, referred to as AHP, is a
decision-making method that decomposes the elements
always related to decision-making into objectives, criteria,
schemes, and other levels and makes qualitative and
quantitative analysis on this basis. +is method is a hier-
archical weight decision analysis method proposed by Satty,
an American operations research scientist and professor of
the University of Pittsburgh, in the early 1970s, when
studying the topic of “power distribution according to the
contribution of various industrial departments to national
welfare” for the U.S. Department of defense, using the
network system theory and multiobjective comprehensive
evaluation method [1].

Analytic hierarchy process (AHP) refers to a systematic
method that takes a complex multiobjective decision-
making problem as a system, decomposes the objective into
multiple objectives or criteria and then decomposes it into
several levels of multiple indicators (or criteria and con-
straints), and calculates the hierarchical single ranking
(weight) and total ranking through the qualitative index
fuzzy quantitative method so as to be used as the objective

(multiple indicators) and multischeme optimization deci-
sion-making [2].

Analytic hierarchy process decomposes the decision-
making problem into different hierarchical structures
according to the order of general objectives, subobjectives of
each level, evaluation criteria, and specific standby invest-
ment scheme and then obtains the priority weight of each
element of each level to an element of the upper level by
solving the eigenvector of the judgment matrix. Finally, the
weighted sum method is used to merge the final weight of
each alternative scheme to the overall goal, and the best
scheme is the one with the largest final weight [3].

Analytic hierarchy process is more suitable for decision-
making problems with hierarchical and staggered evaluation
indexes, and the target value is difficult to describe quan-
titatively [4].

According to the nature of the problem and the general
goal to be achieved, the analytic hierarchy process decom-
poses the problem into different constituent factors and
aggregates and combines the factors according to different
levels according to the correlation, influence, and subor-
dinate relationship between the factors to form a multi-level
analysis structure model, so as to finally make the problem
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boil down to the lowest level (schemes and measures for
decision-making) relative to the highest level (general goal):
the determination of the relative important weight or the
arrangement of the relative advantages and disadvantages
[5].

As early as the last century, traditional sensors, as an
important medium connecting the physical world and the
electronic world, played an important role in the fields of
industry and agriculture, medical and health care, military,
and national defense. Traditional robots are mainly com-
posed of sensitive elements, conversion elements, and basic
circuits. As the most basic and important means of infor-
mation acquisition, their function is equivalent to human
facial features to perceive external information. However,
the degree of miniaturization, networking, and intelligence
of traditional robots is very limited because their data
processing and analysis capabilities are extremely limited. In
recent years, with the rapid development and maturity of
industrial communication, microelectromechanical systems
(MEMS), and very large-scale integrated circuits (VLSI),
modern robots have the ability of perception and com-
munication and embark on the development direction of
miniaturization, intelligence, and networking, Its most
typical representative is the industrial robot node (also
known as robot node) [6–9].

+ese robot nodes with certain sensing, computing, and
communication capabilities are distributed in a specific area;
cooperate to monitor, perceive, and process the data in the
network in real time through self-organization; and transmit
the data to the sink node (sink node) through multihop
through short-range industrial communication to form a
network integrating information sensing, information
processing, and information transmission; we call it in-
dustrial robot networks (IRNs). If the Internet constitutes a
logical information world and changes the way of com-
munication and communication between people, IRNs will
integrate the real physical world and the logical information
world, which will change the way of interaction between
human and nature [10–12].

As a new technology, IRN technology is promoting
scientific and technological development and social prog-
ress. It is related to national social and economic security. It
has become the commanding point of international com-
petition and has attracted great attention from military
departments, academia, and industry all over the world.
IRNs play an important role in the control, computing,
communication, surveillance, intelligence, reconnaissance,
and positioning systems in the military command system.

2. Related Works

IRNs is data centric, and its goal is to transmit data from the
network to sink nodes (sink nodes) and then process it
accordingly. +erefore, how to efficiently and energy-saving
transmit the data in the network to the sink node is one of
the key technologies of IRNs research. Due to the limited
storage, computing, and communication capabilities of
industrial robot networks, it will bring some challenges to
data transmission. In traditional industrial networks, data

transmission usually goes through the process of com-
pression before transmission. +ere are two kinds of tra-
ditional data compression algorithms: lossless compression
and loss compression. Lossless compression is to reduce the
amount of data transmission without destroying the in-
tegrity of information. Loss compression allows the loss of
some information to minimize the amount of data trans-
mission. At present, many loss and lossless data compression
algorithms have been developed. However, the application
of these algorithms in IRNs is limited. Because the pro-
cessing memory of robot networks is very limited, some
compression algorithms with high complexity cannot be
directly applied to IRNs. In addition, some compression
algorithms requiring frequent read and write operations will
consume a lot of energy of robot nodes and cannot effec-
tively save energy; therefore, these algorithms cannot be well
applied to IRNs. Similarly, there are many transport layer
schemes designed for traditional industrial networks, but
most of them are not suitable for IRNs, because the node
energy in IRNs is very limited, while the node energy re-
sources of traditional industrial networks are relatively rich.
+e end-to-end communication of these traditional trans-
port layer protocols will lead to a waste of resources in IRNs.
+erefore, IRNs need effective data transmission schemes to
collect data efficiently and energy saving. However, due to
the limited computing, storage and communication re-
sources of IRNs, many existing data compression and
transmission schemes are difficult to be applied to IRNs, and
there is no effective solution to the data transmission
problem of IRNs. +erefore, the research on data com-
pression and transmission schemes in IRNs is a challenging
frontier research field and has become an important aspect
of the research on Key Technologies of IRNs [13].

In traditional industrial LAN, the main goal of routing
protocol is to provide high-quality service and make fair and
efficient use of network bandwidth, such as finding paths
with small delay or paths with large bandwidth. +e quality
of service is the primary factor considered in traditional
networks. +e main differences between industrial robot
networks and traditional industrial networks are as follows:
energy limitation. +e energy of industrial robot network
nodes is limited and difficult to supplement, and applica-
tions often require the network to have a long life.+erefore,
energy saving is the primary factor to be considered in
industrial robot network communication. Apply correlation.
+e application scenarios of robot networks are diverse, and
the data transmission characteristics of different applications
may be quite different. It is difficult to have a general routing
protocol to meet the needs of all applications, and the
communication protocol has strong application relevance.
+e network scale is large. +e data of robot network nodes
is often large. Such a large-scale deployment puts forward
high requirements for routing. +e node capacity is limited,
so it is difficult to globally optimize the whole network, and
the corresponding route can only be selected according to
the local information [14].

In the energy-saving research of routing protocols in
industrial robot networks, it is not simply required to reduce
the total energy consumption, but more importantly, the
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overall energy consumption of the whole network and the
uniform distribution of energy consumption. Because the
purpose of energy saving is to prolong the service life of
industrial robot networks, if the total energy consumption is
reduced, but it is too concentrated on a few nodes, resulting in
premature energy depletion of hot nodes, it will also shorten
the system life. In the research of industrial robot network
routing protocol, the main ways of energy saving are as
follows: selecting the path with more residual energy for
transmission, to balance the energy consumption of network
transmission and avoid excessive concentration of energy
consumption, which will affect the service life of the whole
network; nodes sleep regularly. In industrial robot networks,
due to the large number of nodes, there are often more re-
dundant nodes, so that some nodes sleep does not affect the
application needs of the whole network. +erefore, nodes can
work alternately to prolong the lifetime of the whole network;
transmission power control, which optimizes the network
topology to reduce transmission energy consumption by
adjusting the power of data sent by nodes; data fusion in the
transmission process is used to reduce energy consumption.
For example, in the cluster network, the cluster head node
processes the data in the cluster to reduce the amount of data
transmitted in the next step. In the research of routing
protocols and protocols, it is mentioned to reduce commu-
nication energy consumption through periodic sleep. +ere
are some differences between the two kinds of sleep. In the
protocol, the node sleeps regularly to reduce the energy
consumption of idle monitoring. While sleeping regularly, it
still undertakes the task of data transmission. If the node stops
working, it will affect the performance of the whole network.
In the routing protocol, nodes sleep alternately because there
are redundant nodes in the network. Some nodes sleep will
not affect the overall performance of the network. Some
redundant nodes can sleep to balance the network load and
prolong the network life [15].

With the rapid development of industrial communica-
tion technology, microelectronics technology and embedded
computing technology, miniaturized robot nodes with
short-range industrial communication, storage and em-
bedded computing capabilities become possible. Industrial
robot networks (IRNs) are composed of many robot nodes
distributed in specific areas and with certain computing,
storage, and communication capabilities. +ere are two
types of nodes: one is ordinary node, which is responsible for
data collection and forwarding; one is the sink node, which is
responsible for the collection and processing of the whole
data in the network. A robot network consists of multiple
ordinary nodes and at least one sink node (sink node). +e
nodes form a network through self-organization. At present,
industrial robot networks are widely used in environmental
monitoring [16], health monitoring [17], smart home [18]
and intelligent transportation [19], and they have a wide
application prospect. In industrial robot networks, each
node can only communicate with nearby nodes with several
hops, and the data can reach the sink node (sink node) only
after multihop forwarding through the intermediate node.
When the rate of data packets received by the robot node is
greater than its forwarding or scheduling rate, the excess

data packets need to be cached; when the queue of cached
packets is full, the excess packets will be discarded, which
leads to congestion in industrial robot networks. +e core of
data transmission is how to solve the congestion problem,
that is, congestion control mechanism. If the congestion is
not controlled, it will increase the packet delay, reduce the
network throughput, and waste energy. +erefore, in the
process of data transmission, how to effectively reduce
congestion is an important aspect of industrial robot net-
work technology research.

+ere are twomain indicators tomeasure the effectiveness
of congestion control protocols. One is the quality of service,
including throughput and delay. +e second is weighted
fairness [20]. +e current majority congestion control pro-
tocol mainly considers the quality of service and seldom
considers how to ensure the weighted fairness of data
transmission. Simultaneous interpreting the number of
packets generated by Sink nodes receiving different robot
nodes is directly proportional to the importance of robot
nodes. Ensuring weighted fairness can enable sink nodes to
obtain more packets from important data sources. However,
the existing congestion control protocols do not fully consider
the quality of service and weighted fairness. Xiong et al.
[21, 22] mainly consider how to improve the efficiency of data
transmission, that is, quality of service, without involving
weighted fairness. Wu et al. [23, 24] consider not only the
quality of service, but also fairness, but only simple fairness,
that is, ensure that sink nodes receive as many packets as each
node in a certain period. Although Reference [25] considers
service quality and weighted fairness, it is only a heuristic
method without specific weighted fairness measurement and
theoretical result guarantee. In view of the aforementioned
shortcomings, we propose a new congestion control protocol,
which not only considers the quality of service of data
transmission but also gives a weighted fairness measure for
the first time and gives a lower bound in theory.

Industrial robot networks (IRNs) are data-centric net-
works. Data transmission technology is an important aspect
of IRNs key technology research, and congestion control
technology is the most basic and core part of data trans-
mission technology. Congestion control is essentially a
problem of how to deal with node cache space and shared
bandwidth. Any problem in these two aspects will lead to
network congestion, resulting in data loss, delay and energy
waste. Because the computing, storage, and communication
resources of nodes in IRNs are very limited, the energy ef-
ficiency of nodes must be considered when designing con-
gestion control protocol. +is feature makes the previous
traditional network congestion control technology not suit-
able for IRNs. +erefore, it is necessary to design a new
congestion control protocol according to the characteristics of
IRNs. At present, many universities and research institutes at
home and abroad have carried out relevant research on this.

3. Analytic Hierarchy Process

Due to the limited computing power, storage capacity,
communication capacity, and energy of industrial robot
nodes, compared with the routing algorithms of traditional
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networks, the routing algorithms of industrial robot
networks have the following characteristics: (1) save node
energy consumption and prolong the lifetime of the whole
network; (2) reliability and integrity of data reception and
transmission; (3) timeliness of data reception. +erefore,
there are the following types of current routing algo-
rithms: data-based routing algorithms, which name
metadata. Nodes that have received source data do not
need to continue to propagate, saving energy. However,
when the surrounding nodes that generate or receive data
do not need the data, the data will not be forwarded, and
the routing reliability is insufficient; location-based
routing algorithm, which uniformly encodes all network
nodes and routes according to geographical location. +e
data transmission delay is small, but the unbalanced traffic
is easy to lead to the failure of some nodes, thus damaging
the network connectivity; LEACH algorithm, this kind of
algorithm node transmits the data to the cluster head
through one hop communication, and the cluster head
also transmits the fused data to the aggregation node
through one hop communication. +e transmission delay
is small, but the cluster head is required to have strong
communication ability. +e aforementioned algorithms
do not fully consider the path length, data integrity,
energy consumption, reception delay, and other factors
during data transmission. +erefore, the transmission
path obtained may not be optimal under different influ-
ence weights.

Analytic hierarchy process (AHP) is a decision-making
method that uses multiple schemes to solve objective
problems. Its core feature is the reasonable combination of
qualitative decision-making and quantitative decision-
making and the hierarchical and quantitative process of
decision-making according to the law of human thinking
and psychology. +e basic idea of analytic hierarchy
process is to decompose the problem first and then syn-
thesize it: first, carry out hierarchical analysis on the
problem to be solved, decompose the problem into mul-
tiple different constituent factors according to the nature
of the problem and the overall goal to be achieved, and
gather and combine the factors according to different
levels according to the interaction and subordination
between the factors; constitute a structural model of multi-
level analysis; and finally, reduce the problem to the weight
of the relative importance of the bottom layer relative to
the top layer or the relative order of advantages and
disadvantages.

In this paper, according to the application of AHP to the
ranking of the advantages and disadvantages of decision-
making problems, the process of industrial robot routing is
regarded as a decision-making problem. +rough the hi-
erarchical analysis of various factors affecting routing, the
ranking of the advantages and disadvantages of multiple
transmission paths is obtained, to select a relatively good
transmission path. As shown in Figure 1, the systemmodel is
an industrial robot network model with seven nodes. +e
initial node is a, the destination node is g, and the trans-
mission paths 1, 2, and 3 are three optional transmission
paths, respectively. +e path length, data integrity, energy

consumption, and reception delay of the three transmission
paths are different.

4. Path Selection Process

Different weights are set for path length, data integrity,
energy consumption, reception delay, and other factors. For
example: 1. Generate the judgment matrix of evaluation
indicators. 2. Sort the hierarchy in single order.

+e details are as follows:
For the target layer, the relative importance of the four

factors of the criterion layer, namely path length (C1), data
integrity (C2), energy consumption (C3), and reception
delay (C4), is formed into a judgment matrix. +e specific
composition method is to compare the importance of ele-
ments to determine the weight value of the criterion for the
target. +e 1–9 scale method is adopted for comparison, as
shown in Table 1:

For the comparison factor, it is considered that the same
importance is 1 :1, and the strong importance is 9 :1. You
can also take the intermediate value of 6 :1 and compare
them in pairs. Fill in and arrange the obtained values to form
the judgment matrix A:

A �

1 1/2 4 3

2 1 7 5

1/4 1/7 1 1/2

1/3 1/5 2 1

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
. (1)

+en all scheme layer judgment matrices relative to
different criteria are constructed, which is constructed using
the ratio of the actual data measured by different paths in the
scheme layer. For example, the path length of transmission
path 1 is a� 100m, and the transmission distance of path 2 is
b� 50m. Take a : b� 2 and fill it in the judgment matrix.
Examples are as follows: relative to path length:

B1 �

1 2 1/3

1/2 1 2

3 1/2 1

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝
⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠. (2)

Relative to data integrity:

Node 1 Node 2

Node 3

Node 4

Node 5
Node 6

Node 7

Path 1
Path 2
Path 3

Figure 1: +e system model with 7 nodes.
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B2 �

1 1/3 1/8

3 1 1/3

8 3 1

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝
⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠. (3)

Relative to energy consumption:

B3 �

1 1 3

1 1 3

1/3 1/3 1

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝
⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠. (4)

Relative to transmission delay:

B4 �

1 3 4

1/3 1 1

1/4 1 1

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝
⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠. (5)

Single ranking of levels refers to the ranking of the
importance of each factor in this level for a factor in the
previous level. +e specific calculation method is as follows:
relative judgment matrix B, and the calculation meets the
requirements.

BW � λmaxW. (6)

In formula (6), λmax is the maximum eigenvalue of the
judgment matrix B and W is the normalized eigenvector
relative to λmax. +e component ωi ofW is the weight of the
corresponding element for single sorting shown in Table 2.

Definition 1. weight: the variable Z is expressed as a linear
combination z � w1x1 + w2x2 + · · · + wnxn of variables
x1, x2, . . . , xn, where wi > 0, 

n
i�1 wi � 1 and w1, w2, . . . , wn

is called the weight of each factor relative to the target Z,
w � (w1, w2, . . . , wn)T is called the weight vector.

(1) Firstly, the maximum eigenvalue and eigenvector of
the judgment matrix A are obtained. Normalize each
column vector of the judgment matrix A:
wij � aij/

n
i�1 aij.

① Sum by line to wij get: wi � 
n
i�1 wij.

② Normalize wi to wi � wi/
n
i�1 wi, w � (w1,

w2, . . . , wn)T is the approximate eigenvalue (weight
vector) of the judgment matrix A.
③ +e approximate value of the maximum ei-
genvalue λ � 1/n 

n
i�1 (Aw)i/wi is obtained.

Namely,

A �

1 1/2 4 3

2 1 7 5

1/4 1/7 1 1/2

1/3 1/5 2 1

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

⟶

0.279 0.229 0.286 0.315

0.558 0.598 0.5 0.526

0.070 0.085 0.071 0.053

0.093 0.120 0.143 0.105

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

⟶

1.109

2.182

0.279

0.461

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

⟶

0.277

0.546

0.070

0.115

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

� w,

Aw �

1 1/2 4 3

2 1 7 5

1/4 1/7 1 1/2

1/3 1/5 2 1

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

0.277

0.546

0.070

0.115

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

�

1.175

2.165

0.272

0.456

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

,

λ �
1
4

1.175
0.277

+
2.165
0.546

+
0.272
0.070

+
0.456
0.115

  � 4.014,

(7)

Table 1: 1–9 proportional scale method and its meaning.

Scale Meaning
1 Both elements have the same importance
3 +e former is a little more important than the latter
5 +e former is more important than the latter
7 +e former is obviously more important than the latter
9 +e former is absolute important than the latter
2, 4, 6, 8 Represents the intermediate value of the above adjacent judgment
1/n If the importance ratio of element i to element j is n, the importance ratio of element j to element i is 1/n
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then the maximum eigenvalue λmax � 4.014 is ob-
tained, and the eigenvector is
w � (0.277, 0.546, 0.070, 0.115)T.

(2) +e maximum eigenvalue and weight vector of the
judgment matrix of each influencing factor are
calculated. According to the calculation method of
judgment matrixA, the maximum characteristic root
and weight vector of each influencing factor can be
obtained as follows:

①Relative to the path length B1, λmax(1) � 3.010 the
eigenvector is w1 � (0.298, 0.333, 0.370)T.
② Relative to data integrity B2, λmax(2) � 3.002 the
eigenvector is w2 � (0.082, 0.236, 0.682)T.
③Relative to energy consumptionB3, λmax(3) � 3 the
eigenvector is w3 � (0.429, 0.429, 0.142)T.
④ Relative to the transmission delay B4, λmax(4) �

3.009 the eigenvector is w4 � (0.633, 0.193, 0.750)T.

(3) Consistency inspection. +e judgment matrix is
usually inconsistent. In order to use the eigenvector
of its corresponding Eigen root as the weight vector
of the compared factor, an allowable inconsistency
range should be limited.+emethod for determining
the scope is as follows:

① Consistency index: CI � λ − n/n − 1 when
CI � 0, A is consistent; +e greater the CI, the more
serious the inconsistency of A.
② Parameters of random consistency index RI.
③ Consistency ratio: CR � CI/RI at that time
CR< 0.1, the inconsistency degree of A is within the
allowable range. At this time, the feature vector of a
can be used as the weight vector. According to the
maximum eigenvalue λmax � 4.014 of A,
CI � (λmax − n)/n − 1 � (4.014 − 4)/4 − 1 �

0.00467 the average random consistency index RI
can be found by looking up the table, so as to test
the consistency of the matrix:
CR � CI/RI � (0.00467/0.90) � 0.00519< 0.1.
Similarly, for the second level, the consistency test
of the four judgment matrices of path length, data
integrity, energy consumption, and transmission
delay passed.
④ Form a matrix for column vectors
w1, w2, w3, w4:

wk � w1, w2, w3, w4(  �

0.298 0.082 0.429 0.633

0.333 0.236 0.429 0.193

0.370 0.682 0.142 0.750

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝
⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠.

(8)

⑤ Get the total ranking of the hierarchy. +e
ranking vector of each scheme priority is as follows:

W � w · wk �

0.298 0.082 0.429 0.633

0.333 0.236 0.429 0.193

0.370 0.682 0.142 0.750

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝
⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

0.277

0.546

0.070

0.115

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
�

0.231

0.273

0.570

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝
⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠. (9)

Decision result: the preferred transmission path is
P3, followed by P2 and P1.

5. Simulation Results Analysis

MATLAB software is used for simulation, and the node
position is fixed.+e simulation conditions are set as follows
according to literature [15]:

(1) +e nodes are fixedly distributed at 1000m× 1000m.
(2) +e number of nodes is n� 9;
(3) Select 5 fixed transmission paths.

+e simulation scenario is shown in Figure 2. +e in-
dustrial robot routing path is simulated. +e initial node is
the leftmost lower node of the plane, and the endpoint is the
rightmost upper node of the plane. +ere are five alternative
transmission paths: P1, P2, P3, P4, P5.

+e parameters of each path are set as follows:

(1) +e transmission path length is calculated according
to the Euclidean distance between coordinates

d � d +

�����������������������

(xn − xn− 1)
2 + (yn − yn− 1)

2


;
(2) +e data integrity is randomly selected between

40%–80%;
(3) Transmission energy consumption is 1000 J–2000 J

randomly selected;
(4) +e transmission delay is randomly selected between

1 s–10 s. Table 3 shows the comparison of various
indicators of path selection by analytic hierarchy
process and compass method.

It can be seen from Table 3 that in the industrial robot
network deployed at the same node, the path generated by
analytic hierarchy process has better data integrity, less
energy consumption, and shorter transmission delay than
the path selected in literature [16]. +e path generated by
analytic hierarchy process is larger than that generated by

Table 2: +e parameters of the random consistency index RI.

n 1 2 3 4 5 6 7 8
RI 0 0 0.58 0.90 1.12 1.24 1.32 1.41
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compass algorithm, but the transmission energy con-
sumption and transmission delay are smaller than that of
compass algorithm, and the data integrity is higher than that
of compass algorithm. +is is because the analytic hierarchy
process considers the influencing factors of the routing
process, while the compass method only considers the
transmission path length.

6. Conclusion

In this paper, the application of analytic hierarchy process
in decision-making is used to realize the simultaneous
interpretation of industrial robot routing process. Four
simultaneous interpreting factors, such as path length,
data integrity, energy consumption, and receiving delay,
are analyzed, and the relative order of different trans-
mission paths is obtained to achieve the purpose of
routing. Simulation results show that this method can
more comprehensively consider the factors affecting
routing and is superior to compass method in terms of
energy consumption, data integrity, and transmission
delay.
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