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Abstract

Omnidirectional mobile platforms can execute linear motion in any direction
without prior rotational movement and can simultaneously perform rotational
motion during linear travel, exhibiting superior maneuverability and obstacle
avoidance capabilities. This paper presents an error-eliminating odometry po-
sitioning system based on the NI myRIO-1900 controller. Building upon tra-
ditional encoder- and gyroscope-based odometry positioning, infrared sensors
and ultrasonic sensors are incorporated. Through mean filtering and correc-
tion, the platform’ s pose is accurately measured, and accumulated errors are
periodically reset to zero, achieving the elimination of cumulative error. This
method has been applied to the Mobile Robot category of the 2017 WorldSkills
Competition, where the competition platform demonstrated excellent motion
control performance, meeting the requirements for high-speed and precise mo-
tion control. The error-eliminating odometry positioning scheme proposed in
this paper offers high cost-effectiveness, strong practicality, precise control, and
broad application prospects.
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Abstract:
Omni-directional mobile platforms exhibit excellent maneuverability and obsta-

chinarxiv.org/items/chinaxiv-201806.00240 Machine Translation


https://chinarxiv.org/items/chinaxiv-201806.00240
https://chinarxiv.org/items/chinaxiv-201806.00240

ChinaRxiv [$X]

cle avoidance capabilities, as they can move linearly in any direction without
prior rotation and can simultaneously execute rotational motion while translat-
ing. This paper introduces an error-elimination odometer positioning system
based on the NI myRIO-1900 controller. Building upon traditional odometer
positioning that relies primarily on encoders and gyroscopes, the system incorpo-
rates infrared and ultrasonic sensors. Through mean filtering and periodic cor-
rection, the platform’s posture is measured accurately, and cumulative errors are
periodically cleared to achieve error elimination. This method was successfully
applied in the Mobile Robotics category of the 2017 WorldSkills Competition,
demonstrating effective motion control that satisfies high-speed, high-precision
requirements. The proposed error-elimination odometer positioning solution
offers high cost-effectiveness, strong practicality, and precise control.

Keywords: PWM, closed-loop control, error elimination, platform positioning,
motion navigation

1 Introduction

Mobile robots are increasingly deployed across diverse fields including planetary
exploration, power line inspection, healthcare, industrial manufacturing, na-
tional defense, and public services [1-3]. Precise platform localization constitutes
a fundamental prerequisite for robots to accomplish designated tasks [4]. Omni-
directional wheeled mobile platforms can rotate, translate, and adjust posture
accurately at any 360° angle within a plane, making them suitable for navigat-
ing narrow spaces or complex paths. Localization methods for omni-directional
platforms include navigation beacon positioning, map matching, GPS, BeiDou,
visual tracking, and odometry [5-9]. Each approach presents distinct charac-
teristics: navigation beacon positioning requires pre-installed markers in the
environment, incurring high initial costs; map matching offers high precision
but demands prior knowledge of the environment map, involves substantial
computational overhead, requires large storage capacity, and cannot adapt to
dynamic environments; GPS and BeiDou systems provide low positioning accu-
racy and may fail indoors [10]; visual tracking achieves relatively high precision
but suffers from poor real-time performance and target loss due to occlusion [11];
odometry using inertial sensors [12-13] suffers from error accumulation [14-15].
The error-elimination odometer positioning method can periodically calibrate
the mobile platform’ s posture to eliminate cumulative errors while achieving
comprehensive omni-directional motion capabilities.

2.1 Kinematic Model of Omni-Directional Platform

The omni-directional mobile platform [16-17] consists of three omni-directional
wheels uniformly distributed at 120° intervals, as shown in [Figure 1: see orig-
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inal paper|. The platform has no non-holonomic constraints, enabling linear
motion in any direction without prior rotation and simultaneous rotational mo-
tion during translation, thereby offering exceptional maneuverability.

The kinematic simplified model is illustrated in [Figure 2: see original paper],
where XOY represents the world coordinate system and xoy denotes the plat-
form coordinate system. The angle between these two coordinate systems is ®.
The three wheels are labeled i, j, and k, with linear velocities Vi, Vj, and Vk,
respectively. The platform’ s rotational angular velocity is , and the distance
from each wheel to the platform center O is R.

In the platform coordinate system, the platform’ s linear velocities along the
two coordinate axes are vx and vy. The relationship between vx, vy, and Vi,
Vj, Vk is given by:

(o Vi
Yy | = Vi
w Vk

where J represents the Jacobian transformation matrix.

In the world coordinate system, the platform’ s linear velocities along the two
axes are VX and VY. The transformation between VX, VY, and vx, vy,
follows the rotation matrix:

Vx cos® —sin® 0] [v
Vy| = [sin®  cos® 0] |v,
w 0 0 1] w

X

The relationship between the robot’ s current posture (x, y, ) and initial
posture (x,y, )is:

T Zq at [V (t)
Y| = |Y% |+ / Vi (t) | dt
2 by 0 w(t)

where At is the robot’ s operation time, and xi, yi, i (i = 0,1) represent the
x-coordinate, y-coordinate, and angular orientation of the mobile platform’ s
posture, respectively.

2.2 Odometer Positioning Analysis

Odometer positioning calculates the mobile platform’ s current posture based
on changes in inertial sensor data relative to the initial state. This relative
positioning method estimates the platform’ s motion trajectory according to
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its kinematic model without requiring environmental information, offering self-
adaptation advantages. However, error accumulation emerges as the trajectory
progresses. Systematic errors arising from wheel diameter variations, wheelbase
differences, and installation inaccuracies exhibit regular patterns, while non-
systematic errors caused by wheel slippage, locking, and discontinuous wheel-
ground contact during motion possess uncertain characteristics.

3 Error-Elimination Odometer Positioning System Design

Traditional odometer methods employing motor encoders and gyroscopes suffer
from error accumulation. The error-elimination odometer system utilizes the NI
myRIO-1900 controller and augments traditional systems with ultrasonic and
infrared distance sensors in hardware, while incorporating posture calibration
subroutines in software. The system periodically calibrates the mobile platform’
s posture, clearing cumulative errors caused by installation inaccuracies and
discontinuous wheel-ground contact before resuming predetermined tasks. The
hardware architecture is shown in [Figure 3: see original paper].

3.1 Hardware Circuit Design

The primary electrical components of the omni-directional mobile platform are
listed in . Infrared and ultrasonic sensors are combined to measure the platform’
s orthogonal coordinates. The system wiring diagram is shown in [Figure 4: see
original paper], with sensor wiring detailed in [Figure 5: see original paper].

The platform’ s locomotion structure employs three DC geared motors requiring
bidirectional operation, driven by H-bridge PWM. The A4973 H-bridge PWM
driver chip features built-in PWM current control with fast and slow decay
modes, a 1.5A drive current, and comprehensive protection functions including
overcurrent and undervoltage protection. The motor driver circuit is shown
in [Figure 6: see original paper], where the PWMI signal originates from the
myRIO-1900 controller interface B/DIO8 (PWMO0). M1+ and M1- connect to
DC motor #1, AO1 sets the motor current limit protection point, and SENSE1
reports motor current to the myRIO-1900 controller. The normal drive current
path (forward rotation), PWM current control fast decay path, and slow decay
path are illustrated in [Figure 7: see original paper].

3.2 Software Design

The omni-directional mobile platform control program is implemented in Lab-
VIEW 2015 using a modular design approach. Primary modules include gyro-
scope data acquisition and positioning calculation, motor speed acquisition and
closed-loop control, and infrared /ultrasonic sensor data acquisition with posture
calibration.
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The myRIO-1900 controller obtains the platform’ s current rotation angle
through gyroscope data acquisition and determines its orthogonal coordinates
by sampling encoder values from three motors, thereby deriving the platform’ s
posture, coordinates, and velocity. Motion navigation calculates compensation
distance and speed based on current and target coordinates, implementing
platform X-axis and Y-axis linear motion through speed and position loop
control using PID algorithms. The platform periodically collects infrared
and ultrasonic sensor data to calibrate X-axis and Y-axis positions. The
data acquisition flowcharts for infrared and ultrasonic sensors are shown in
[Figure 8: see original paper], with posture calibration schematic and flowchart
illustrated in [Figure 9: see original paper| and [Figure 10: see original paper],
respectively.

4 Experimental Results

Three actual distances of 100mm, 200mm, and 300mm were measured (labeled
Distance 1, 2, 3) using the “Analog Input” VI to read infrared sensor data. As
shown in [Figure 1la: see original paper|, raw measurements exhibited devia-
tion ranges of 12.36-15.21mm with 2.85mm fluctuation. After mean filtering,
deviations reduced to 9.23-10.54mm with 1.31mm fluctuation [Figure 11b: see
original paper]. The filtered deviations remained essentially constant with re-
duced data fluctuation. Applying deviation correction during platform position
calibration yielded measurement errors of +0.66mm.

The myRIO-1900 controller’ s I/O data was acquired via FPGA. Using the same
three distances, measurements via LabVIEW Real-Time (RT) module querying
the FPGA showed deviations of 21.35-24.28mm with 2.93mm fluctuation [Fig-
ure 12a: see original paper]. Direct FPGA I/0 reading reduced deviations to
6.34-8.26mm with 1.92mm fluctuation [Figure 12b: see original paper]. Direct
FPGA access significantly decreased deviation and fluctuation; after deviation
correction and mean filtering, measurement error was +0.96mm. The large fluc-
tuations and deviations during RT-FPGA queries occurred because ultrasonic
sensor trigger and read times caused digital signal loss and delay.

Applying the aforementioned infrared and ultrasonic sensor algorithms to the
omni-directional platform, multiple 10m forward linear motion tests revealed
an average cumulative error of £50mm over 10m, which remains acceptable for
mobile platform target management tasks. To enhance precision, the platform
followed the path shown in [Figure 13: see original paper| with posture calibra-
tion and error clearing at points A, B, C, D, and E. The relationship between
platform posture error and travel distance is plotted in [Figure 14: see origi-
nal paper]. The error curve divides into four segments, with error accumulating
during forward motion in each segment. The third segment exhibited maximum
cumulative error of 22mm. Error clearing occurred at points A, B, C, and D.
The stepwise error increases (highlighted in red) resulted from wheel slippage
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5 Conclusion

This paper proposes an improved odometer positioning method that integrates
infrared and ultrasonic sensors with traditional encoder- and gyroscope-based
odometry. Through mean filtering and correction, the system accurately mea-
sures platform orthogonal coordinates and posture while periodically clearing
cumulative errors. In October 2017, a mobile robot implementing this method
competed in the WorldSkills Mobile Robotics category, demonstrating reliable
motion control performance [18,19] that satisfied competition positioning re-
quirements.

The method is suitable for fixed-site, periodic cyclic applications such as power
line inspection [20], medical services, and warehouse management. The pro-
posed improved odometer positioning method represents a low-cost robot local-
ization solution with high cost-effectiveness and practicality, offering significant
value for promotion in omni-directional mobile robot positioning and navigation
control.

References

[1] Xu De, Zou Wei. Perception, positioning and motion control for indoor
mobile service robots [M]. Beijing: Science Press, 2008.

[2] Zhang He, Xiong Rong, Chu Jian, et al. Motion analysis and control real-
ization of an omni-directional mobile robot [J]. Journal of Zhejiang University
(Engineering Science), 2004, 38(12): 1650-1652.

[3] Zhao Wei. Research on path tracking and motion control of mobile robots
[D]. Jinan: University of Jinan, 2009.

[4] Goldberg S B, Maimone M W, Matthies L. Stereo vision and rover navigation
software for planetary exploration [C]. Aerospace Conference Proceedings, IEEE,
2003, 5: 2025-2036.

[5] Wang Tianmiao. Reflections on industrial robot development [J]. Robot
Technique and Application, 2004(2): 1-4.

[6] Lu Zhenyu. Design of autonomous navigation mobile robot [D]. Nanchang:
Nanchang University, 2013.

[7] Li Yungi. Motion control of four-wheel omni-directional mobile robot [D].
Guangzhou: Guangdong University of Technology, 2014.

[8] Liu Zubing. Research on mobile robot positioning based on visual tracking
[D]. Urumgqi: Xinjiang University, 2017.

chinarxiv.org/items/chinaxiv-201806.00240 Machine Translation


https://chinarxiv.org/items/chinaxiv-201806.00240

ChinaRxiv [$X]

[9] Xiao Junjun. Design and analysis of multi-posture portable tracked robot
[D]. Changsha: National University of Defense Technology, 2006.

[10] Lu Shengcai. Design of soccer robot and control of omni-directional mobile
platform [D]. Changsha: National University of Defense Technology, 2009.

[11] Zhang Zengfang, Hu Yingchun, Liang Yiheng. Study on a groping robot
based on the apperceived-action pattern [J]. Guangxi Sciences, 2004(2): 109-
112.

[12] Chen Jun, Zhou Jianjun. The omnidirectional roller profile design us-
ing curvature parameter optimization [J]. Modern Manufacturing Engineering,
2012(10): 90-94.

[13] Mu Xuegang, Zhu Jin, Jiang Ping. Research on structural design and model-
ing of a three-wheel omni-directional soccer robot [J]. Machinery & Electronics,
2006(5): 38-41.

[14] Hooman S, Abdollahi A, Hossein O, et al. Design and development of a
comprehensive omni-directional soccer player robot [J]. International Journal of
Advanced Robotic Systems, 2004, 1(3): 191-200.

[15] Hong Li, Zhong Li, Bo Zhang, et al. The stability of a chaotic PWM boost
converter [J]. International Journal of Circuit Theory and Application, 2011,
39(5): 451-460.

[16] Chen Xudong, Kong Lingchen, Liu Zunpeng. Motion analysis and con-
trol design of moving mechanism of robot based on omni-directional wheel [J].
Measurement & Control Technology, 2012, 31(1): 48-56.

[17] Lu Qi, Shen Linyong, Zhang Yanan, et al. Omni-directional mobile platform
based on hub motor drive [J]. Journal of Machine Design, 2009, 26(12): 61-64.

[18] Yan Yiping. Research of communication power converter based on LLC reso-
nant half-bridge transformation [J]. Microcomputer & Its Applications, 2014(9):
17-21.

[19] Yang Lingchen, Zhou Wuneng, Tang Wenbing, et al. Research and hard-
ware design of ultrasonic ranging system [J]. Instrument Technique and Sensor,
2018(2): 41-47.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-201806.00240 Machine Translation


https://chinarxiv.org/items/chinaxiv-201806.00240

	Analysis and Research on Error-Eliminating Odometry Localization Methods (Postprint)
	Abstract
	Full Text
	Preamble
	1 Introduction
	2.1 Kinematic Model of Omni-Directional Platform
	2.2 Odometer Positioning Analysis
	3 Error-Elimination Odometer Positioning System Design
	3.1 Hardware Circuit Design
	3.2 Software Design

	4 Experimental Results
	5 Conclusion


