Journal of Physics: Conference
Series

PAPER « OPEN ACCESS You may also like

. e . - Modeling and Simulation Research o
Design and Research of AGV Indoor Positioning Heawy-diy AGV Tracking Conirol Systen

Based on Magnetic Navigation

System Based on Visual and Ultra Wideband Xinmin Zhou, Lingli Jin and Yuyan Liu

- Waste Smoke Recovery Based on Time

Combination Positioning Window Path Opiimization of MUI-AGY

System
Shunkai Sun, Jie Li, Qi Xu et al.

To cite this article: Xudong Li and Ruiming Wu 2023 J. Phys.: Conf. Ser. 2632 012020 -
- The Method for Automatic Adjustment of
AGV’s PID Based on Deep Reinforcement
Learning
Yubin Chen, Dancheng Li, Huagang
Zhong et al.

View the article online for updates and enhancements.

@ = DISCOVER

how sustainability

The \ ' : intersects with
Electrochemical - :

Society

Advancing solid state &
electrochemical science & technology

This content was downloaded from IP address 3.138.67.203 on 12/05/2024 at 06:06


https://doi.org/10.1088/1742-6596/2632/1/012020
https://iopscience.iop.org/article/10.1088/1742-6596/1746/1/012021
https://iopscience.iop.org/article/10.1088/1742-6596/1746/1/012021
https://iopscience.iop.org/article/10.1088/1742-6596/1746/1/012021
https://iopscience.iop.org/article/10.1088/1755-1315/428/1/012018
https://iopscience.iop.org/article/10.1088/1755-1315/428/1/012018
https://iopscience.iop.org/article/10.1088/1755-1315/428/1/012018
https://iopscience.iop.org/article/10.1088/1742-6596/2320/1/012008
https://iopscience.iop.org/article/10.1088/1742-6596/2320/1/012008
https://iopscience.iop.org/article/10.1088/1742-6596/2320/1/012008
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsvpxAJ6JKwJ9bUtKfpYfKz29pA4H435N8NWCU_zMWHsXavcELwEDJ2lvxhVPNC0FTBGxknm4qZ-OpdONM1Rw36oaq-bPxoFWTR724JqcWU434GMo2bdjg-EyVfsGfsr09vS4nvHz-5_iesP2r-iM9B2fElqFW1XXuvuMnny3E-IRW5aueECcsNU_xmnMYTG2Z-pnYnGq4KMyf8b1cgvRa9uquPECOuj9guFux57U2Az6LrBm-65sjkuQ_ftzVjdN5lEBmu3RmgYcyhsOOB2CfGgWOiEsLQjVUcCGpx0FesoOHlyN5tfAXAJwOd3dzqIhvpWPYjPbI6RnOrqPbIm52GM3K9uSg&sig=Cg0ArKJSzKXonpzWo1K_&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA

IOTAIMA-2023 IOP Publishing
Journal of Physics: Conference Series 2632(2023) 012020  doi:10.1088/1742-6596/2632/1/012020

Design and Research of AGV Indoor Positioning System
Based on Visual and Ultra Wideband Combination
Positioning

Xudong Li’, Ruiming Wu

School of Mechanical and Energy Engineering, Zhejiang University of Science and
Technology, Hangzhou 310023, China;

Correspondence author mailbox:986933832(@qq.com

Abstract. Aiming at the problems of cumulative error in monocular visual positioning and
Non-Line-of-Sight (NLOS) error in UWB positioning for the automated guided vehicle (AGV)
in indoor environments, a combined method of vision and Ultra-Wide Band (UWB) is
proposed for indoor AGV positioning. Firstly, the overall structure and system of the AGV are
designed to achieve indoor navigation and positioning functions. Secondly, the monocular
visual and UWB positioning data are fused using the Error State-Extended Kalman Filter
algorithm (ES-EKF) to obtain the optimal pose estimation of the AGV. Finally, the AGV is
used as a mobile platform to conduct positioning experiments in different indoor environments.
The experimental results demonstrate that the navigation and positioning system has high
accuracy and robustness in indoor environments with obstacles, and no significant drift or
discontinuity phenomena occur during the positioning process, indicating its practicality in
indoor settings.

1. Introduction

At present, the indoor navigation and positioning technologies of AGVs are mainly divided into
magnetic navigation '), inertial navigation ), and visual navigation . Among them, vision is the
most widely used navigation and positioning technology for AGVs, which has the advantages of low
cost, simple installation, and high positioning accuracy and has received wide attention from the
industry BLUWB is one of the few wireless positioning technologies that can meet the indoor
positioning needs of AGVs, which can not only provide position information by itself but also
combine with other positioning sensors to improve the accuracy of the positioning system. 7]

Vision is a passive positioning technology, and the accumulated errors that exist over time cannot
provide reliable indoor positioning information for AGVs. UWB is an active positioning technology,
and the signal propagation is susceptible to occlusion by non-visual obstacles, and UWB alone cannot
provide stable and reliable indoor positioning information for AGVs. To address the above problems,
Wang ! et al. constructed a positioning system consisting of visual odometry and UWB. Experiments
showed that UWB range measurement can climinate the drift phenomenon generated by visual
positioning; Shi ) et al. constructed a navigation and positioning system consisting of a monocular
camera and UWB, which can achieve real-time positioning with typical centimeter accuracy.

In complex indoor environments, it is difficult to obtain high accuracy and robust localization
results for AGVs with only a single localization method. For the practical needs of AGV navigation
and positioning indoors, this paper designs an AGV system with combined vision and UWB indoor
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positioning, which combines the positioning data obtained from vision and UWB solving with filtering
algorithms to achieve positioning data fusion, improve the positioning accuracy of AGVs in indoor
environments, and provide a reliable real-time positioning strategy for AGVs.

2. AGYV Structure Design

The structure design of the vision and UWB-based AGV designed in this paper is shown in Figure 1.
To ensure good motion stability and load-carrying performance during the experimental process, a
robust six-wheel structure is adopted for the AGV. The AGV is propelled by two differential-drive
wheels. The dual-drive wheels of the AGV are controlled by DC brushless motors for rotation, and
there is a passive wheel positioned around the chassis at each corner to support the frame. At the front
end of the AGV, a monocular camera is installed to capture indoor environment images. UWB
positioning tags are mounted at the center of the chassis to collect positioning information transmitted
by UWB positioning base stations. The drive motors adjust the speed and direction of the driving
wheels based on the commands sent by the controller, enabling motion control of the AGV. The
overall controller of the AGV is an industrial computer, responsible for communication among various
sensors and electronic devices.

1.UWB Positioning Tags
2.Industrial control machine
3. Monocular cameras
4.Drive motor

5.Drive wheel

Figure 1. AGV structure design

3. AGV System Composition

AGYV mainly consists of a power system, a sensor system, and a drive system. The composition of the
AGYV system is shown in Figure 2. The mechanical body takes the indoor working conditions and
workspace into consideration, and the overall design of the AGV is determined based on motion
stability and carrying capacity. The drive system is designed based on the actual carrying capacity and
safety factor of the AGV. In this study, the AGV adopts a two-wheel differential drive. The power
system includes two power modules, where the power supply for the drive system depends on the
number of drive wheels, and the power supply for the control system depends on the overall power
consumption of the AGV control system.
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Figure 2. AGV system composition
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4. Navigation and Positioning System Design

The system consists of positioning sensors, an industrial computer, and a communication module. The
positioning sensors are primarily responsible for collecting positioning data and performing data
preprocessing. The communication module utilizes a serial port to aggregate the preprocessed
positioning data into the onboard industrial computer. The operating environment of the industrial
computer is Ubuntu 16.04 + ROS Kinetic. The AGV navigation and positioning hardware include a
monocular USB camera and an LD-150-L ultra-wideband positioning system. The UWB positioning
system mainly consists of a positioning tag on the body of the AGV and three UWB positioning base
stations placed in the experimental environment. The composition of the AGV positioning system is

shown in Figure 3.
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Figure 3. Composition of the AGV positioning system

5. Data Fusion System Design

The combined vision and UWB-based AGV positioning system is a nonlinear system, so the error-
state extended Kalman filter algorithm for handling nonlinear systems is used for fusion ', The flow
of the combined positioning method is shown in Figure 4.

Visual positioning data UWB positioning data
Y
o Error prediction correction
Error prediction update IZ> (1) Calculate Kalman gain Data Fusion

Y

(2) Error state variable correction
(3) Update error covariance

(1) Prediction error state variable
(2) Prediction error covariance <:

Figure 4. Combined positioning method data fusion process

The Kalman filter incorporates the pre-processed data from the ultra-wideband localization system
and the visual localization system. The error extended Kalman filter is divided into two steps: an error
prediction step and an error update step.

The error prediction process predicts the state through the system model, including position,
velocity, etc., followed by the error prediction of the covariance matrix of the state, i.e., the
uncertainty of the predicted state estimate. The error models are considered separately for vision and
UWB positioning systems, and the error prediction is performed by the corresponding covariance
matrices.
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The error update step calculates the observation residuals by acquiring the measurements for vision
and UWB localization, including position, distance, etc. Subsequently, the Kalman gain is calculated
based on the covariance matrix of the observation residuals and the measurement noise. Using the
Kalman gain, the predicted state estimates are fused with the measured values to obtain the updated
state estimates and error covariance matrix. Finally, the optimal position estimate of the AGV is
output.

6. Experiments and results analysis

In order to verify the accuracy and robustness of the combined vision-based and ultra-wideband
localization method proposed in this paper, we conducted the localization experiments in unused
indoor environments respectively, and also chose 13:00 pm to avoid the influence of light on the
experiments, when there is sufficient light to facilitate the experiments. An independently designed
AGYV was used as the mobile platform, as shown in Figure 5.

Figure 5. AGV physical object

6.11Indoor positioning experiment site selection
The experiments were conducted in the unobstructed small field and the obstructed large field, where
the large field was disturbed by the indoor load-bearing column obstacle. Three UWB positioning base
stations were placed two by two at equal intervals to ensure the accuracy of UWB positioning, and the
AGVs collected indoor positioning data uniformly and at low speed along the preset trajectory route.
The indoor test site and AGV driving trajectory are shown in Figure 6.
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Figure 6. Indoor test site and AGV driving trajectory

6.2Experimental results and analysis

After performing a series of data processing operations, such as time synchronization, on the data
obtained from the two mentioned positioning methods in the article, a comparative analysis of the
positioning results based on visual and UWB single positioning and combined positioning is obtained.
The comparison of positioning results for the three positioning methods is shown in Figure 7 and
Figure 8.
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Figure 8. Indoor large-site positioning results

From Figure 7, it can be observed that the AGV achieves centimeter-level positioning accuracy
solely with UWB positioning technology. The visual positioning technology provides good initial
positioning results for the AGV, but as time progresses, accumulated errors lead to significant drift,
resulting in poorer positioning performance in the latter part. At this point, the AGV's combined
positioning system performs worse than the UWB positioning method but still outperforms the visual
positioning method.

From Figure 8, it can be observed that under the condition of no obstacle interference, the single
UWB positioning method achieves centimeter-level positioning accuracy. However, when there are
obstacles present in the indoor environment, the UWB positioning accuracy is significantly affected by
non-line-of-sight errors, resulting in noticeable jumps and errors. In the early stages of the experiment,
the visual positioning results are relatively smooth overall. However, when the AGV makes turns,
there are significant environmental changes within the field of view of the monocular camera, leading
to the loss of feature points and tracking failures. Additionally, with the accumulation of errors, drift
occurs in the later part of the trajectory. In this situation, the designed combined positioning method in
the paper, through the ES-EKF data fusion algorithm, achieves higher positioning accuracy compared
to the above two single positioning methods. The AGV's positioning trajectory aligns more closely
with the actual trajectory.
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7.Conclusions

In the face of complex indoor environments, AGVs commonly encounter challenges such as NLOS
errors and low positioning accuracy during the positioning process. To address these issues, a visual
and UWB-based AGV system was designed. In this system, the positioning data obtained from visual
and UWB measurements were used as observations, and the ES-EKF algorithm was proposed for data
fusion, leading to the optimal pose estimation of the combined positioning system for the AGV.
Experimental results demonstrate that the proposed combined positioning method effectively improves
the positioning performance of the AGV, with enhanced accuracy and robustness. The designed AGV
system in the paper meets the practical requirements of indoor positioning in terms of scalability,
stability, accuracy, and real-time -capability. Moreover, the various electronic devices can
communicate with the onboard industrial computer in multiple ways, providing a reference for
addressing AGV navigation and positioning challenges in future work.

Acknowledgment
This research is supported by the Zhejiang Institute of Science and Technology Postgraduate Research
Innovation Fund (Grant No. 2021yjskc03).

References

[1] Benzidia S, Ageron B, Bentahar O, et al. (2019) Investigating automation and AGV in healthcare
logistics: a case study based approach. International Journal of Logistics Research and
Applications, 22: 273-293. https://doi.org/10.1080/13675567.2018.1518414

[2] Lee S Y, Yang H W. (2012) Navigation of automated guided vehicles using magnet spot
guidance method. Robotics and Computer-Integrated Manufacturing, 28: 425-436.
https://doi.org/10.1016/j.rcim.2011.11.005

[3] Wang T, Tong C, Xu B. (2020) AGV navigation analysis based on multi-sensor data fusion.
Multimedia Tools and Applications, 79: 5109-5124. https://doi.org/10.1007/s11042-018-
6336-3

[4] LiL, Liu Y H, Fang M, et al. (2015) Vision-based intelligent forklift automatic guided vehicle
(AGV).In: 2015 IEEE International Conference on Automation Science and Engineering
(CASE). Gothenburg. pp: 264-265. https://doi.org/10.1109/ICInfA.2015.7279631

[5] Sheth S, Ajmera A, Sharma A, et al. (2016) Design and development of intelligent AGV using
computer vision and artificial intelligence. In: Soft Computing: Theories and Applications:
Proceedings of SoCTA. Springer. pp: 337-349. https://doi.org/10.1007/978-981-10-5687-
1 31

[6] Peisen L I, Yuan X U, Tao S, et al. (2019) INS/UWB integrated AGV localization employing
Kalman filter for indoor LOS/NLOS mixed environment. In: 2019 International Conference
on Advanced Mechatronic Systems. Kusatsu. pp: 294-298.
https://doi.org/10.1109/ICAMechS.2019.8861620

[7] Ai C, Zheng L, Geng D, et al. (2021) Research of AGV Positioning and Navigation System
Based on UWB. In: 2021 IEEE International Conference on Real-time Computing and
Robotics. Xining. pp: 1047-1051. https://doi.org/10.1109/RCAR52367.2021.9517420

[8] Wang C, Zhang H, Nguyen T M, et al. (2017) Ultra-wideband aided fast localization and
mapping system. In: 2017 IEEE/RSJ international conference on intelligent robots and
systems (IROS). Vancouver. pp: 1602-1609. https://doi.org/10.1109/IROS.2017.8205968

[9] Shi Q, Cui X, Li W, et al. (2018) Visual-UWB navigation system for unknown environments. In:
Proceedings of the 31st International Technical Meeting of the Satellite Division of the
Institute of Navigation (ION GNSS+ 2018). Miami. pp: 3111-3121.
https://doi.org/10.33012/2018.15962

[10] Madyastha V, Ravindra V, Mallikarjunan S, et al. (2011) Extended Kalman filter vs. error state
Kalman filter for aircraft attitude estimation. In: AIAA Guidance, Navigation, and Control
Conference. Portland. pp: 6615. https://doi.org/10.2514/6.2011-6615



