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Fig.2 Comparison of stance detection values during walking

before and after applying mean filtering
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Fig.3 The relationship between stance detection values of two feet during walking
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Table 1 Main characteristics of gyroscope and accelerometer

Accelerometer Gyroscope
Range +16 g 42000 (°) -s7*
Resolution 0.0005 g/1.SB 0.061 (°) - (s-LSB)™*
RMS noise 0.75-1 mg 0.028-0.07 (°) -s~*
Bias +20-40 mg +0.5-1 (°)-s7!

-8
Error over temperature  #0.15 mg/°C  40.005-0.015 (°) - (s - °C) ™!
Bandwidth 5-256 Hz
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Fig.7 The trajectories with and without marker correction in the three experiments, and the frequency distribution of

positional errors for the marker-corrected trajectories. The red solid dots represent the actuators used for correction. The hollow

dots represent the actuators not used for correction. The blue solid line represents the trajectory after marker correction. The

yellow dashed line represents the trajectory before marker correction.
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Table 2 The coordinates of end points using different algorithms

Coordinates of end points/m

Error of heading/°

T Y z
left 74 153 23 26
ZUPT
right 464 176 19 —112
left -33 36 23 12
ZUPT+compass
right —52 —54 20 7
left 20 —274 23 50
ZUPT+MARU
right —196 —312 —20 —-95
left —29 29 22 11
ZUPT+MARU-+compass
right —50 —57 30 4
left —38.7 —13.4 21.3 0.7
ZUPT+MARU+compass+dual-foot
right —38.2 —13.1 21.3 0.7
j:\
5 45 1%

Frequency

0 2 4 6 8
Horizontal positional error/m
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Kl 8

Fig.8 The frequency distribution of horizontal positional

errors
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Table 3 Statistical characteristics of horizontal

positional errors in the three experiments

(unit: m)
Set# Mean RMS Max Std
1 6.0 6.6 99 27
2 4.8 5.7 103 3.0
3 5.3 5.7 84 23
All 5.4 6.0 10.3 2.7
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Research on Positioning System for FAST Inspection Based on
IMU

HU Wei'? YU Dong-jun'  SUN Jing-hai!
(1 National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100101)
(2 University of Chinese Academy of Sciences, Beijing 100049)

AgstracTt Routine inspection is an important task in the operation and maintenance of FAST (Five-
hundred-meter Aperture Spherical radio Telescope). The telescope consists of a large number of compo-
nents. Searching for components by their numbers during the inspection is time-consuming and laborious.
Solving the position and navigation problem in inspection can help maintenance personnel find fault points
quickly. It is important for improving the inspection efficiency and ensuring the telescope runs normally.
Given that the satellite signals are blocked by FAST reflector, the inertial navigation is adopted and a set
of pedestrian inertial navigation algorithm is designed based on pedestrian foot-mounted IMUs (Inertial
Measurement Units). The algorithm follows the Zero Velocity Update (ZUPT) algorithm framework, fuses
the data of two IMUs of two feet, and uses the magnetic field information to correct the heading error. The
effectiveness of the algorithm was tested in regular trajectories, and the horizontal positioning error was
within 3% of the walking distance. Every actuator has accurate coordinates and can be used as marker
points to correct the position of inspectors when they pass. In the irregular trajectory of the inspection
situation, combined with the control points along the way, the positioning error is less than 11 meters.
The precision of algorithm can meet the positioning needs in inspection and support the application of
the positioning system for inspection in the future.

Key words telescopes: FAST, techniques: pedestrian navigation, instrumentation: foot-mounted IMU,
methods: Kalman filtering
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