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where vE t  and 1vE t  are the linear motion velocities of IMU at time steps t and t-1, 
respectively. 

Then, by integrating the linear motion velocity 1vE t , the linear motion 
displacement of IMU at time step t can be calculated as 

 

1  s s vE E E
t tt t   (13)

 
where sE t  and 1sE t  are the linear motion displacements of IMU at time steps t and 
t-1, respectively. 

Zero-phase digital filter (Mitra and Kuo 2006) is used in the above two integrations 
to reduce the integral drifting. The flow chart of IMU data processing for reconstructing 
the galloping track of transmission lines is shown in Figure 1. 
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Figure 1. Flow chart of IMU data processing 

 

3. EXPERIMENTAL INVESTIGATION 
 
To verify the feasibility and accuracy of the proposed galloping profile monitoring 

method for transmission lines, a series of experiments have been conducted using a 
galloping testing machine situated in the State Grid Key Laboratory of Power Overhead 
Transmission Line Galloping, Zhengzhou, China.  



3.1 TRANSMISSION LINE MODEL 
 
Aluminum clad steel wire, which is the most widely used transmission line for 

transmission voltage over 10 kV in China, is chosen as the transmission line model in 
this study. In the aluminum clad steel wire, steel wire is used to transmit current while 
aluminum is used to wrap steel wire and reduce corona losses. The size of cross section 
of aluminum clad steel wire is dependent on the target transmission voltage. The 
LGJ-300/40 aluminum clad steel wire used in this study has 7 steel strands with a 
diameter of 2.66 mm as a core and 24 aluminum wire strands with a diameter of 3.99 
mm as wrapping material. The specification of the LGJ-300/40 aluminum clad steel wire 
is shown in Table 1. 

 
 

Table 1. Specification of LGJ-300/40 aluminium-conductor steel-reinforced (ACSR) 

Nominal sectional area (aluminium / steel) 300 mm2 / 40 mm2 

Strand number / strand diameter 
aluminium 24 / 3.99 mm 

steel 7 / 2.66 mm 

Outer diameter  23.94 mm 

DC resistance  ≤ 0.09614 /km-1 

Weight per length  1.133 kg/m 

Elastic modulus  7300 kN/mm2 

 

   
       (a) Transmission line               (b) Monocular vision inspection system 

Figure 2. Experimental set-up 
 
 
3.2 INSTRUMENTATION 

 
Different types of vibration pattern were tested in the laboratory, and a monocular 

vision inspection system is also used as a reference. A galloping testing machine, as 
shown in Figure 2(a), is used to excite different vibration motions, including vertical 
vibration motion, horizontal vibration motion, and nearly circular vibration motion. For 
the purpose of comparison and verification, a high-resolution monocular vision 



inspection system, as shown in Figure 2(b), is used to record the image signals of 
vibration and derive the motion profile by using an inter-frame differential method (Hu 
2008). The distance between the target point and the video camera, the elevation angle, 
and the horizontal angle are measured by a laser rangefinder for the purpose of 
calibrating the image signals to motion profiles. The location to mount IMU is chosen 
same as the target point for monocular vision inspection. 

 
3.3 TEST CASES AND PROCEDURES 

 
As shown in Table 2, three cases with different vibration patterns are considered in 

the experiments. All these cases are tested in the following procedures: 
(1) Keep the IMU in the horizontal direction and keep it static on the power 

transmission line for 20 seconds; 
(2) Activate the galloping testing machine to work, and maintain the galloping 

frequency at about 1 Hz; 
(3) Stop the galloping testing machine after galloping has happened for 60 

seconds; 
(4) Analyze the measurement data and reconstruct galloping track of the power 

transmission line. 
 

Table 2. Test cases with different vibration patterns 

Galloping 

state 
Frequency 

Initial 

static 

time 

Motion 

time 

Position relationship between IMU (target 

point) and camera 

Linear 

distance 

Elevation 

angle 

Horizontal 

angle 

Vertical 

motion 
0.9693 Hz 20 s 60 s 5.6 m 1.6° 134.6° 

Horizontal 

motion 
0.8748 Hz 20 s 60 s 5.6 m 1.6° 134.6° 

Circular 

motion 
0.8743 Hz 20 s 60 s 5.6 m 1.6° 134.6° 

 
 

3.4 EXPERIMENTAL RESULTS 
 
The IMU is kept in the horizontal direction and in static equilibrium on the power 

transmission line for 20 seconds before starting each test. The galloping vibration lasts 
for 60 seconds in each test case. The galloping tracks of the power transmission line 
with vertical motion, horizontal motion, and nearly circular motion identified by IMU and 
monocular are shown in Figures 3 to 5, respectively. It can be seen that the proposed 
IMU reliably recognizes the vibration patterns, and the tracked galloping profile by IMU 
in each case is closely coincident with that identified by monocular. The displacement 
time histories of the power transmission line with vertical motion, horizontal motion, and 



approximate circular motion identified by IMU and monocular are shown in Figures 6 to 
8, respectively. The results show that the proposed IMU enables the reconstruction of 
galloping tracks of the power transmission line. 
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(a) Monocular         (b) IMU 

Figure 3 Comparison of tracked galloping profiles in vertical motion 
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(a) Monocular         (b) IMU 

Figure 4 Comparison of tracked galloping profiles in horizontal motion 

 



       

-0.6 -0.4 -0.2 0.0 0.2 0.4 0.6
-0.6

-0.4

-0.2

0.0

0.2

0.4

0.6

a)

D
is

pl
ac

em
en

t o
n 

Z
-a

xi
s 

(m
)

Displacement on Y-axis (m)

     

-0.6 -0.4 -0.2 0.0 0.2 0.4 0.6
-0.6

-0.4

-0.2

0.0

0.2

0.4

0.6

b)

D
is

pl
ac

em
en

t o
n 

Z
-a

xi
s 

(m
)

Displacement on Y-axis (m)

 
(a) Monocular         (b) IMU 

Figure 5 Comparison of tracked galloping profiles in nearly circular motion  

 

 

The average amplitudes and galloping frequency identified by IMU and monocular 
are shown in Table 3. The average amplitude is defined as the average value of all the 
extreme points over the time history, and the difference is calculated in reference to the 
values identified by monocular. It is seen that the differences between the galloping 
frequencies identified by IMU and monocular are less than 1%. The average amplitudes 
in vertical direction identified by IMU and monocular are very close to each other, while 
the differences are much greater in horizontal direction. This is because the accuracy of 
IMU is isotropic while the accuracy of monocular is easily affected by the shooting angle 
of the positioned camera. 
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(a) Horizontal       (b) Vertical 

Figure 6 Comparison of displacement time histories in vertical motion 
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(a) Horizontal       (b) Vertical 

Figure 7 Comparison of displacement time histories in horizontal motion 
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(a) Horizontal       (b) Vertical 

Figure 8 Comparison of displacement time histories in nearly circular motion   

 

 

 

Table 3 Summary of experimental results 

Vibration 

pattern 

Motion 

direction 

Mean amplitude (m) Frequency (Hz) 

Monocular IMU Difference Monocular IMU Difference

Vertical motion 
Y 0.0096 0.0062 35.42% 

0.9693 0.9702 0.09% 
Z 0.3202 0.3069 4.15% 

Horizontal 

motion 

Y 0.4655 0.3435 26.21% 
0.8748 0.8764 0.18% 

Z 0.0204 0.0219 7.35% 

Nearly circular 

motion 

Y 0.3635 0.2726 25.01% 
0.8743 0.8743 0% 

Z 0.2948 0.3206 8.75% 



4. CONCLUSIONS 
 
In this study, a new method for capturing the galloping track of transmission lines 

based on an inertial measurement unit (IMU) has been developed and experimentally 
verified in laboratory. To take in account the torsion effect of cross section of the 
transmission lines, the theoretical method to reconstruct galloping track of transmission 
lines from IMU monitoring data has been encoded with the following algorithms: attitude 
identification and updating, coordinate transformation, gravitational acceleration filtering, 
and quadratic integration of linear acceleration. The feasibility of the proposed galloping 
profile monitoring method has been demonstrated through laboratory experiments by 
considering three vibration patterns: vertical motion, horizontal motion, and nearly 
circular motion. The experimental results show that the proposed IMU reliably 
recognizes the vibration patterns, and satisfactorily reconstructs the galloping tracks of 
the power transmission line in all test cases. 
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