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Abstract. In order to solve the problems of inaccurate and untimely monitoring and high false alarm rate in

the current monitoring of the tower pole tilt attitude, this paper proposes a technology for monitoring the

tower pole tilt attitude based on RTK technology of Beidou reverse network. This method uses reverse

network RTK differential positioning algorithm, which can improve the positioning accuracy of the low-cost

Beidou/GNSS positioning terminal and make the positioning accuracy of the tower pole tilt monitoring reach

the millimeter level. In this paper, the tilt attitude information of the transmission line tower is measured and
calculated by using the height and position information of the transmission line tower, and then the risk

assessment is carried out, so as to control the tilt attitude and assess the risk of the transmission line tower.
The actual test results show that the method can obtain the information of the tilt attitude of transmission

tower pole accurately and reliably, and can be used to evaluate it, which meets the requirements of intelligent,

accurate and digital management.

1 Introduction

Transmission line tower, the structure of lap connecting
transmission line and ground, is an important part of
power system and closely related to the normal operation
of power system. Due to natural environment or man-
made damage, the transmission line tower pole is prone to
subsidence, tilt, endanger the safety of human life and
property, results the power failure [1,2,3]. Lots of scholars
have conducted a series of studies on this issue. Some
scholars studied the influence of the wind on the tower rod
by using mechanical analysis and analysed the dynamic
characteristics and stability of the tower rod under the
action of the wind [4.5,6,7], but few did abnormal
monitoring according to the structure of the tower pole.
Others monitored abnormal condition of tower rod by
using various sensors [8,9,10,11,12], but it can only
indirectly reflect the stress when the tower body has a
large deformation, and can’t find the load balance
parameters in time, hidden faults or local member yield
failure. Therefore, how to quickly and timely obtain the
tilt of the tower rod and accurately get the specific
position of the related tower rod has become an urgent
problem to be solved in the power system. Therefore,
Beidou high-precision positioning equipment can be used
to build a tower pole tilt monitoring model to quickly and
accurately monitor the deformation of the tower pole in
real time, so as to solve the above problems [13].
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In this paper, the reverse network RTK differential
positioning technology will be used to improve the
positioning accuracy of low-cost Beidou/GNSS
positioning terminals and make the positioning accuracy
of tower rod tilt monitoring reach the millimeter level,
aiming to improve the level and application range of
Beidou/GNSS in monitoring of tower deformation in
transmission lines.

2 RTK localization algorithm for
Beidou/GNSS reverse network

2.1 Network RTK location algorithm

Reverse network RTK technology (Reverse NRTK) was
first proposed by Dr. Chris Rizos in 2007, and it works as
shown in fig.1. Compared with the conventional RTK
technology, the reverse network RTK technology can
directly control and evaluate the positioning accuracy and
quality of the observation data of the reference station or
mobile station in the data centre, which can better ensure
the accuracy and reliability of the positioning result data
and realize the high-precision positioning of the single-
frequency receiver [14]. The work flow is as follows: (1)
the mobile station or monitoring station transmits the
observation data to the data centre through the wireless
network in NMEA format; (2) the data centre obtains the
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RTCM data of the CORS data centre through the NTRIP
protocol; (3) the data centre evaluates the quality of the
user's observed data. If the data quality meets
requirements, the user's positioning result is calculated by
correcting the error related to the space distance, and the
accuracy is evaluated, and the reliable positioning result
is given. Otherwise, alerts are issued to the user for
location or in the data center; (4) the calculated
positioning results are stored in the data centre or the final
user satellite information is transmitted to the user through
the mobile network in the NMEA format.
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Fig. 1. Flow chart of reverse network RTK algorithm.

2.2 RTK localization algorithm model of reverse
network

2.2.1 Fixing the ambiguity of single epoch ultra-
wide lane

The whole week ambiguity solution between the base
stations is the key to the reverse network RTK positioning,
which mainly consists of the following three steps [15-
18] :

(1) M-W combination, formed by the carrier phase
observation value and p-code pseudo-distance, which can
calculate the whole cycle ambiguity of the wide lane.

(2) Carrier phase and pseudo-distance observation
values are combined with ionosphere-free, and the real
solution of ionospheric fuzziness is obtained. The
observation equation is as follows:

1% AV(pg-q _ AVpiqu —Ax AVNS" + AVTropqu + €qu
va - pa , .pa
AVPU = AVpij + AVTropl-j +;

@)
Where AV represents the double difference; A
represents carrier wavelength; ¢ represents observed

value of the carrier;p represents geometric distance from
the station to the satellite;N represents the ambiguity of

the whole cycle; Trop represents tropospheric delay; &
represents carrier phase observation noise; p represents
the observed value of pseudo-distance; q represents the

noise of pseudo-distance observation; Y represents
Pseudo-distance observation noise.

(3) The real solution of the narrow lane ambiguity and
the corresponding covariance matrix of variance are
obtained by using the solution of the wide-lane whole-
cycle ambiguity in step (1) and the solution of the real
solution of the no-ionospheric ambiguity and the
corresponding covariance matrix of variance in step (2).
The whole-cycle phase fuzziness of the narrow lane is
fixed by using LAMBDA algorithm, and then the whole-
cycle phase fuzziness of L1 and L2 is calculated.

2.2.2 Reverse network RTK error processing

The error of reverse network RTK mainly includes
ionospheric delay, tropospheric delay and composite error
including second order ionospheric delay, orbit error and
multipath error. After the fixation of the whole week, the
error of reverse network RTK can be calculated by using
the observed values of GNSS, the double-difference
fuzziness and the true coordinates of the reference station.
The formula of calculation is as follows:

AVion = (ﬁ) [(A,AV¢, — A,AV,)]

+ ((,AVN, — 2,AVN,))

AVTrop = (ME, (ek) — MF, (e3)) X ZWD,,
— (MF,, (eX) — MF,(e$)) X ZWD,,
+ (MFy(ek) — MFy(e3)) x ZHD,,
— (MFy(et) — MFy(es)) x ZHD,,

AVOther = AVp — (1,AV¢, + A,AVN;) — AVion
— AVTrop

@)

Where AVion is the ionospheric delay; fi,f, are
frequency of carriers L1 and L2; A4, A, are wavelength of
carriers L1 and L2; N;, N, are the full cycle ambiguity of
carriers L1 and L2; AVTrop is tropospheric delay; MF is
tropospheric mapping function; ZWD is the tropospheric
wet delay, which can be obtained from eq. (1). ZHD is
tropospheric statics delay, which can be obtained by
GPT2W model. AVOther is comprehensive noise;p is
the geometric distance from the station to the satellite.

After the error calculation is completed, according to
the correction coordinates are provided by the mobile
station, the error correction number of the mobile station
can be interpolated in real time. The inverse distance
weighting method is used to interpolate the above three
kinds of errors of the mobile station according to the east
and north direction vectors of the baseline, then to provide
users with cm- level location services.
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3 Principle of tower tilt measurement

The calculation formula of the inclined angle of the
tower is mainly derived from the following figure:

AP

Fig. 2. The diagram among Tower Angle, tower height and
plane displacement

(1) Based on Fig. 2, we can obtain calculation formula
of tower tilt angle. (X,,Yy,Hy) and (X;,Y;,H;) respectively
represent the initial value coordinate of Beidou
positioning data measurement and coordinates measured
in real time.

AP = VAXZ + AY? 3)

Where AX and AY are positioning deviation in the x
and y directions respectively. AX = X; — Xy; AY =Y, —
Y. The root mean square error of positioning results in the
X, y and p directions can be calculated as follow:
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Where n represents total observations; X. Y and P
respectively represent the average value of the observed
values in x, y and p directions.

(2) The distance from the Beidou Positioning Antenna
installed on the communication base station (tower) to the
bottom of the tower is H, and the angle of the tower is 6.
The calculation formula of 6 is:

6 = arcsin A;P (5)

Where AP represents the plane displacement
difference of tower tilt Angle; H represents tower height.

4 Results

In the experiment, the RTK measured data at the top of
the tower near Nanjing railway station was selected, and
the receiver was Trimble AG332 receiver. The data were
transmitted by N-trip protocol. The RTK positioning data

of the research object on October 23rd, 2019 was selected,
and the sampling rate was 1 second. The reference value
is the average value of the whole day in the condition of
no interference of the previous day, which is hereinafter
referred to as the true value. Fig. 3 shows the positioning
deviation results of the phase centre of the tower top
receiver in the x, y and P (plane) directions from the true
value.

Fig. 3. Physical picture of iron tower and receiver near Nanjing
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Fig. 4a. Positioning deviation in the x direction

¥

o

400 800 1200 1600

Time (min)

Fig. 4b. Positioning deviation in the y direction
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Fig. 4c. Positioning deviation in the P direction
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It can be seen from Fig. 4a that the positioning
deviation in the x-direction is mostly within 6mm, and 82%
is within 5mm, and the median error in the x-direction is
2.7mm. Fig. 4b shows that most positioning deviations in
the y direction are within Smm, and 88% are within 3mm.
The median error in the y direction is 1.6mm. Fig. 4c
shows that the positioning deviation in the plane P
direction is mostly within 4mm and 75% within 3mm, and
the median error in the P direction is 2.8mm, which can
be considered to meet the positioning requirements of
3mm level.

Fig. 5 shows the calculated tilt Angle of the tower rod
at the measuring position. It can be seen that the tilt Angle
of the tower rod in the above environment is between
0'~2.5', with a very small fluctuation range, which meets
the requirement of the power tower rod on the measuring
accuracy. Moreover, the change of tower pole Angle
varies with the change of time and wind environment,
which has obvious space-time continuity.
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Fig. 5. The tower pole Angle at the measuring point

5 Conclusions

In this paper, RTK differential positioning technology of
reverse network and the principle of tower pole tilt are
used to analyse the measured data of RTK on the top of
tower pole in a certain area. The main conclusions from
the study are summarized:

(1) The coordinate component deviation of RTK
differential positioning in reverse network is within
10mm, and 98% is within 6mm. The median error in x
direction is 2.7mm, and the median error in y direction is
1.8mm. The plane positioning deviation is mostly within
4mm, and 75% within 3mm. The median error of plane P
direction is 2.8mm, which can be considered to meet the
positioning requirements of 3mm level

(2) Beidou tower pole tilt measurement monitoring
positioning accuracy can reach the millimeter level. The
tower pole tilt angle calculated after measuring is between
0'- 2.5, and the fluctuation range is so small that it meets
the requirement of the power tower pole for the
measurement accuracy.

(3) The inclination angle of the tower pole changes
with time and wind environment, and has obvious space-
time continuity.

The automatic monitoring technology of transmission
line tower pole is improved by RTK of Beidou/GNSS
reverse network, can effectively monitor the tilt state of

the tower pole and timely carry out risk assessment, which
can guarantee the continuous operation stability of the
transmission line network. The experimental data show
that this technology can satisfy the current stage of the
transmission line tower pole intelligent, automation,
digital management, has further guiding significance for
the automation monitoring construction of the whole
power grid system.
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