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ABSTRACT

This study presents a development of a UWB-based distance information provisioning system for use in
challenging GPS-denied environments, such as metro or urban transit systems. The primary objective of this
system is to enhance the reliability of UWB communication and transmit real-time distance values between
trains and surrounding anchors to a central server. To achieve this goal, the system incorporates SS-TWR
scheduling and ranging scheduling, significantly improving system stability. Experimental validation conducted
in a scaled-down urban transit environment demonstrates the high reliability of the developed system. The
results of this research are expected to expand the potential applications of train location-based services in the

environments comprised of underground tunnels, providing a foundation for practical implementation.
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Fig. 3. Components of the UWB-based ranging system.
(a) TAG installed inside the train to effectively transmit its
location information. (b) Depiction of the train stationary
on the tracks. (c) Anchor, installed 3.5m away from the
track, which receives signals from the TAG.
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Fig. 4. Key components of the UWB-based location
tracking system. (a) Tag Device: Comprised of a Raspberry
Pi 4 and DWMB3001CDK, combined with a board for
stability and mounting. (b) Anchor Device: Configured with
a DWM3001CDK board, paired with a mounting board for
secure attachment.
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UWB UWB Setting
Parameter Default Optimized
PLEN 64 symbols 1024 symbols
RX PAC 8 32
DATARATE 6810 kpbs/s 850 kbps/s
SFD 65 1027
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Table 2. UWB Ranging experiment results using the DWM3001CDK. The experiment utilized two UWB parameter settings:
Default and Optimized, progressively increasing the distance between the anchor and tag during measurements. Presented are the
UWB Ranging average value, variance, and communication success rate at each distance.

Distance Mean(m) Variance Success. Ra.te of
Communication(%)
L Default Optimized Default Optimized Default Optimized
100 99.79338 99.78189 0.0036 0.00142 99.59101 99.57291
110 109.87538 109.87538 0.00275 0.00275 99.61222 99.61222
120 119.84241 119.84669 0.00326 0.00277 99.50851 99.60335
163 163.73877 163.7125 0.00321 0.00251 99.228 99.60852
180 - 181.67223 - 0.00155 - 99.59726
200 - 200.15536 - 0.0035 - 99.2629
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Table 3. Results of the UWB Ranging Experiment in a Train Operating Environment. 'Transmitted Poll’ refers to the total
number of Poll messages sent from the point where the tag successfully ranged with the target anchor to the last successful
ranging. ’Ranging Success’ denotes the number of instances where distance information was successfully acquired. Conversely.

"Ranging Fail’ indicates the number of communication failures at the Ranging stage, classified by Poll and Resp message types.

- Transmitted Ranging Ranging Fail Success Poll Fail Resp Fail
Poll Success Poll Fail Resp Fail Rate(%) Rate(%) Rate(%)
00 186 156 27 3 0.838 0.145 0.016
01 218 203 15 0 0.931 0.07 0
02 323 230 92 1 0.712 0.285 0.003
03 463 336 126 1 0.726 0.272 0.002
04 407 305 99 3 0.749 0.243 0.007
05 686 489 197 0 0.713 0.287 0
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Table 4. Ranging success rate according to the distance between anchor 4 and tag. It was observed by reducing by 10%

based on the maximum ranging success distance.

Ranging Fail
Distance(%) Transmitted Poll Ranging Success Success Rate(%)
Poll Fail Resp Fail
100 407 305 99 3 74.9
90 357 302 53 2 84.6
80 314 289 24 1 92.0
70 276 272 4 0 98.5
60 240 239 1 0 99.6
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Fig. 7. Ranging Success Rate Based on the Ratio of
Maximum Ranging Distance for Anchors and Tags
Installed Indoors. The x-axis represents the maximum
ranging success distance expressed as a ratio. The y-axis
denotes the ranging success rate within the respective
ranging distance.
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