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Abstract

In the existing accurate positioning system, a large amount of positioning data are uploaded to the ground control
center, which often cause link congestion for the positioning system. The link congestion further degrades the
positioning performance like real-time and reliability. In order to overcome the above disadvantages about the
existing accurate positioning system, a novel cognitive algorithm based on data traffic control is proposed to re-
duce data traffic and avoid link congestion for the positioning system. The algorithm uploads location data only
when target nodes are in motion, and the control center uses V-T algorithm to predict the complete trajectory of
the target nodes simultaneously. Finally the simulation results show that the proposed algorithm applying to the
accurate positioning system for mine coal can greatly reduce data traffic and don’t degrade the trajectory tracking
performance.

Keywords: ACCURATE POSITIONING; DATA TRAFFIC CONTROL; MINE COAL; COGNITIVE ALGO-
RITHMS.

1. Introduction information to rescuers for rescuing the trapped

With accurate positioning systems widely used
in coal mines, they makes the ground control cen-
ter can monitor the accurate location where min-
ers are in real-time. When an accident occurred,
the positioning system can provide important
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miners.

Due to the harsh environment of the coal mine,
data transmission rate is very low, even only a few
tens of kB, between the ground control center and
base station [1]. However, for tracking the target
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nodes in real-time, a lot of tracking data from base
stations have to be uploaded to the monitoring center
in the accurate positioning system for mine [2-5], and
these tracking data consisted mainly of the location
and other relevant information of the target nodes.
A large amount of data uploaded from base stations
is easily to block communication links, even bring
link congestion. Once the link congestion occurred,
the communication between the monitoring center
and the base station would be interrupted, so that the
monitoring center can not provide the location infor-
mation of miners to rescuers in time when an acci-
dent occurred. Therefore, the reliability and real time
tracking of positioning system can be improved by
reducing tracking data to avoid communication link
congestion.

In order to solve problems mentioned above, we
propose a new cognitive algorithm to control data
traffic in accurate positioning systems. In this cogni-
tive algorithm, the base station proactively perceives
the motion states of the target node, and determines
whether or not it uploads the tracking data about
the target node to the control center in according to
the current state of the target node. In this work, the
base station uploads the tracking data to the con-
trol center only when the target node’s location has
changed[6-8], so that the data quantity in positioning
system is compressed to avoid link congestion, while
the positioning accuracy for the target node likely de-
clines. In order to compensate accuracy loss of posi-
tioning system due to compress the data quantity, we
use V-T algorithm to predict the complete trajectory
of the target nodes [9].

2. Cognitive Algorithm base on Data Traffic
Control

Aim to decrease the data traffic generated by the
accurate positioning system, a cognitive algorithm
base on data traffic control is proposed in this work. .

What follows is the basic idea of the traffic control
algorithm, in the positioning system, the base station
periodically samples the location information of the
target nodes and capture the tracking data, and the
target nodes often stay two types of state-static and
moving, we take different strategies to control data
traffic according to the different state of target nodes.
When the target node is stationary, its position at ad-
jacent sampling interval almost has no change. There-
fore, the base station doesn’t upload the present track-
ing data about the target node to the control center
and discards these useless tracking information, the
control center predict the movement trajectory of the
target node using the V-T algorithm; When the tar-
get node is moving, the base station regularly uploads
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the sampling tracking information about the target
node to the control center in given sampling period.
So that the cognitive algorithm effectively condense
the data traffic generated by the positioning system.
Meanwhile it will not degrade the trajectory tracking
performance of positioning system. As shown in fig-
ure 1, it is the working process of the algorithm.

Initialization

Cognizing and
analyzing

. . Discarding
Target is moving the tracking
or not ? data
A 4
Uploading Using V-T
the tracking algorithm to
data predict the
trajectory

Showing the
trajectory

Figure 1. The working process of the cognitive algorithm

2.1. Analyzing the Motion State of the Target
Node

In the proposed cognitive algorithm, the mobile
state of target nodes is a key factor that affect the
data traffic control efficiency is how to determine
the present mobile state of the target node is static
or not. However, the following parameters will de-
termine the motion state determination of the target
node, which are system positioning accuracy [10], the
speed of target node and positioning interval.

Assume the true distance at time instant ¢ be-
tween the base station and the target node is denoted
by D(t), and the measurement distance is denoted
by d(t), and the positioning error is denoted by e(¢).
Then as discussed in [11, 12], the measurement range
d(z,) can be modeled as:

d(t;)=D(t;)+n,, (t )+ NLOS,, (t;) 0
=D(t;) +e(t;)

e(t;) =n,, &)+ NLOS,, (t;) 2)

Where the term n (¢) represents the measurement

noise, and it is modeled as an identically distributed

zero-mean white Gaussian variable, and the term

NLOS (t) represents the NLOS(non-line of sight) er-
ror, it is modeled as a positive random variable.
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Assume the displacement of measurement dis-
tance in (7, ¢,,,) is denoted by Ad , .When the target
node is stationary, Ad,,, is calculated from Eq.1 as:

d(t; ) —d@) =e(t; ) —et;)
=>Ad; 1~ A

Aej 1 =elt; 1) —elt;) 4)

3)

Where, the term Ae, | represents the difference of
positioning error in (,, ¢,,,).

Assume the positioning interval is denoted by T,
and the true speed of the target node is denoted by v,
at time instant z. So the true distance D(z,,,) at time
instant 7, equals as:

D(t,1) = D(t;)+v;T ®)

When the target node is moving, the value of Ad,
is calculated from Eq. 1 as:

d(t; 1) —d(t) =v,T +elt; ) —elt;) (6)

Then according to Eq. 3 - Eq. 6, the value of Ad,_ |
is calculated as:

Adpyy =viT = Aej ) = vy T (7)

Where, assume the measurement speed of the
target node is denoted by v , and v_is proportional
to v.

Assume the displacement of measurement dis-
tance between any two adjacent positioning points is
denoted by Ad. The term 4 represents the system
positioning accuracy. From Eq. 3 and Eq. 7, when
Ad >4, , namely the displacement of the target
node within a positioning interval is greater than the
system positioning accuracy, the base station is able
to reliably determines that the target node is moving,
and uploads the tracking data, otherwise discards
the data.

When Ad is fixed, the system positioning accuracy
is lower, the probability to meet Ad >4 is less, the
base station can discard more positioning data; When
the speed of target node and 4 is fixed, the posi-
tioning interval T is shorter, the probability to meet
Ad >4,  1is less, the base station can discard more
positioning data too. In these conditions, the base sta-
tion can effectively decrease the data flow of posi-
tioning system.

2.2. V-T Algorithm

When the base station discards the positioning
data at time instant z, the control center uses the value
of V-T algorithm to replace the discarded positioning
data. The value of V-T algorithm at time instant ¢, is
modeled as:
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d(t;)=d(t;_)+v, T ®)

Where, the term v, represents the average mea-
surement speed of the target node.

2.3. Cognitive Algorithm

The algorithm is described as follows:

Step 1 Initialization

Setting the values of T and 4, _according to the
different accurate positioning systems.

Step 2 Judging the motion state of target node

The value of Ad_, | is calculated by the base station
in (¢,,¢,,). And the base station judges whether the
target node is stationary accordingto Ad,, v T<A4 .

Step 3 Discarding the positioning data or not

1) If the target node is moving, the base station
uploads the positioning data at the current time in-
stant;

2) If the target node is stationary, the base sta-
tion discards the positioning data at the current time
instant.

Step 4 Showing the trajectory

If the control center receives the positioning data,
the trajectory of the target node at the current time
instant is displayed directly; otherwise, the control
center uses the data predicted by V-T algorithm to
replace the trajectory at the current time instant.

Step 5 Setting i=i+1, return to Step 2, until the
target node leaves the coverage of the base station.

3. Simulation Analysis

The length of the underground coal mine roadway
is usually hundreds of meters, and the width of the
roadway is generally 3~6m. When the base station
is in the central line of roadway, its vertical distance
from the wall is 1.5~3m. The positioning accuracy of
existing accurate positioning system is the order of
meter, so relative to the length of roadway, the width
of roadway can be ignored [13].

The simulation system consists of 20 target nodes,
which are distributed randomly in a roadway of
-150m to 150m. The base station is located at posi-
tion (0). In this section, we present the simulations
results for the algorithm. We perform simulation of
the algorithm with MATLAB.

3.1. Simulation Parameters

In the coal mine, the speed of miner is mostly be-
tween 0~5m/s. So in this simulation, each node has
the movement speed of 0~5m/s. The length of the
positioning data is set to one packet, so the data gen-
eration rate of the target node equals 1/T packet/s.
The details of the simulation parameters are shown
in Table 1.
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Table 1. Simulation Parameters

Parameter Value

Terrain range -150m~150m
Number of target nodes 20

Movement speed of target node 0~5m/s
Simulation time 3000s

System positioning accuracy Sm/10m
Positioning interval 2s/4s/6s/8s/10s

3.2. Simulation Results

Figure 2 shows the data flow reduced ratio of the
system by cognitive algorithm when target nodes
randomly move in the roadway. Simulation results
show that when the system positioning accuracy is
5m, and the positioning interval is 10s, the cognitive
algorithm can reduce 10% of the data flow; when the
positioning interval is 2s,the cognitive algorithm can
reduce 50% of the data flow. And when the system
positioning accuracy is 10m, the cognitive algorithm
can reduce 20%~70% of the data flow at different po-
sitioning interval.

It can be found that the cognitive algorithm can
reduce the data flow of the positioning system. When
the system positioning accuracy is lower or the po-
sitioning interval is shorter, the cognitive algorithm
is more effective. In this condition, according to
v T> A, the probability of target node in motion
is smaller, then the cognitive algorithm can discard
more positioning data, so the performance of data
congestion control of the cognitive algorithm is more
effective.
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Figure 2. Data Flow reduced ratio of cognitive algorithm

Figure 3 shows the positioning accuracy reduced
ratio of the system by cognitive algorithm when tar-
get nodes randomly move in the roadway.

Simulation results show that the cognitive algo-
rithm will degrade the average positioning accuracy
slightly. When the positioning interval is shortest,
the average positioning accuracy degradation by the
cognitive algorithm is less than 25%; and when the
positioning interval is 10s, the average positioning
accuracy degradation is less than 10%.
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Figure 3. Positioning Accurate reduced ratio of cognitive
algorithm

The cognitive algorithm by discarding the static
data of the target nodes to control the data flow of the
positioning system, and the control center uses V-T
algorithm to predict the discarded data of the target
nodes, and in order to compensate for the loss of the
positioning accuracy. But when too many positioning
data are discarded, the performance of V-T algorithm
is degraded greatly, so the prediction accuracy of the
discarded data is decreased. In this condition, the po-
sitioning accuracy is reduced obviously.

Figure 4 and Figure 5 show the trajectory track-
ing performance of the system by cognitive algorithm
and non-cognitive algorithm when the system posi-
tioning accuracy is 10m.

Simulation results show the trajectories of the tar-
get node by cognitive algorithm are same with the tra-
jectories by unused the cognitive algorithm roughly.
Although this algorithm is slightly reduced position-
ing accuracy, the trajectory tracking performance of

the system is not degraded.
0 T T

.
—non-traffic contorl

---traffic contorl

Trajectory(m)

0 50 100 150 200 250 300
Time(s)
Figure 4. Comparison of trajectories of non-cognitive al-
gorithm and cognitive algorithm at T=2s
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Figure 5. Comparison of trajectories of non-cognitive al-
gorithm and cognitive algorithm at T=10s
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Conclusions

In this work, we analyze the factors related with
the data flow, and we have developed a cognitive al-
gorithm base on congestion control for underground
accurate positioning system. The cognitive algorithm
perceives the motion states of target nodes, and dis-
cards a part of static positioning data to reduce the
data flow to avoid network congestion. Simulation re-
sults show that the proposed algorithm can greatly re-
duce data flow of the accurate positioning system, and
don’t degrade the trajectory tracking performance.

Due to the range of the system positioning accu-
racy of underground accurate positioning system is
Sm~10m, and the speed of the miners is slow, so the
cognitive algorithm can be suitable for the coal mine.

Acknowledgments

This work is supported by the National Natural
Science Foundation of China (61203321) and the Sci-
ence & Tech. Research Fund Project of Chongqing
Education Commission (KJ1403208).

References
1. Cheng Jixun, Meng Xiangzhong. On field bus
standard for coal mine monitoring [J]. Journal
of China Coal Society, 2001, 26(6): 657-662.
2. A.E. Forooshani, Shahzad Bashir, D.G. Mi-
chelson, etc. A Survey of Wireless Communi-
cations and Propagation Modeling in Under-
ground Mines [J]. IEEE Communications Sur-
veys &amp Tutorials 2013, 15(4): 1524-1545.
3. Sun lJiping, Li Chenxin. TOA underground
coal mine target positioning method based on
WiFi and timing error suppression [J]. Journal
of China Coal Society, 2014, 39(1): 192-197.
4. Wu Wei, Liu Shisen. Accurate person posi-
tioning system for coal mine based on TOA
technique [J]. China Coal, 2012, 38(4): 65-67.
5. Liu Ping, Li Guomin. A TOA-based people
locating algorithm in coalmine [J]. Journal of

10.

11.
12.

13.

‘Industry

Xi’an University of Science and Technology,
2007, 27(3): 439-442.

SANCHEZ S, SOUZA R. Rate and Energy
Efficient Power Control in a Cognitive Radio
Ad Hoc Network [J]. IEEE Signal Processing
Magazine, 2013, 20(5): 451-454.

He Qian, Feng Zhiyong, Zhang Ping. Recon-
figuration decision making based on artificial
intelligence technology in cognitive radio net-
works [J]. Journal on Communications, 2012,
33(7): 96-102.

Gui Li. Research on Key Technologies of Cog-
nitive Radio Ad Hoc Networks [D]. BeiJing:
Beijing University of Posts and Telecommuni-
cations, 2013.

Hu Zhikun, Jiang Yingming, Wang
WenXiang, etc. Precise positioning scheme
for under ground personnel based on Zigbee
and its implementation [J]. Computer Applica-
tions and Software,2013, 30(5): 159-170.

Sun Jiping, Li Chenxin. Evaluation Method of
Positioning Accuracy for Mine Underground
Personnel Based on TOA Technology [J]. Coal
Science and Technology, 2014, 42(3): 66-68
Zhang Meiyang, Wang Jianhui, Ji Zhongmei.
A novel algorithm of NLOS error mitigation
based on Kalman filter in cellular wireless
Location[C]. Wireless Communications Net-
working and Mobile Computing. 2010: 1-4.
Sun Jiping, Li Chenxin. Mine TOA positioning
method based on Kalman filtering and finger
print positioning [J]. Journal of China Uni-
versity of Mining& Technology, 2014, 43(6):
1117-1123.

Liu Xiaoyang, Li Zongwei, Fang Ke,etc. Un-
derground target location method based on
distance constraint [J]. Journal of China Coal
Society ,2014, 39(4):789-794.

www.metaljournal.com.ua

No. 9 — 2015

Metallurgical and Mining Industry




