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UWB-based FIFO system design for green tire logistics

Liang Zihan Qu Haipeng

(Faculty of Information Science and Engineering, Ocean University of China,Qingdao 266590, China)
Abstract:  To address the issues of low efficiency and high error rates in green tires logistics management for small
and medium-sized tire manufacturing enterprises, this study designed an UWDB-based FIFO system for green tires
storage and retrieval. The system integrates a UWB positioning network with multi-base station redundancy
collaboration, centroid correction algorithms, and FIFO prioritization to dynamically determine the retrieval sequence
of green tires. A dual-mode display panel provides real-time visual guidance for operators. Comparative experiments
demonstrated that after system implementation, the average retrieval time decreased significantly from 3. 017 minutes
to 1. 009 minutes (a 66.6% reduction), while the error rate dropped from 7.38% to 0.23%, markedly enhancing
retrieval accuracy. Operational stability across different time periods was also improved. The results indicate that the
system effectively resolves challenges such as green tires expiration, time-consuming retrieval, and operational errors
inherent in traditional manual workflows, offering a viable solution for intelligent warehouse management in small and
medium-sized tire enterprises. This research provides a practical framework for optimizing logistics efficiency and
precision in the manufacturing sector.
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Fig. 1 System architecture
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Fig. 2 Network environment diagram
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Fig. 3 Functional block diagram of host computer software
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Table 2 Descriptive statistics of shift characteristics
o BAPER PRI AR R
/% /min /%
PR MEMK /min XPHRAL SCERA XPHRAD ST IR ik
1 <<0.5 17 141 1 1
0.5<<t<1.5 52 2638 3 3
g 1.5<Z<2.—5 290 80 5.093 0.997 12 0
2.5<<t<3.5 2015 9 101 1
3.5 <t <45 304 0 13 0
t > 4.5 83 0 3 0
1 <<0.5 33 230 1 1
0.5<t<1.5 92 3092 3 3
3 1 .5<z<2._5 403 49 2,905 0.973 11 0
2.5<1<3.5 2509 0 53 0
3.5 <1 <45 198 0 5 0
t>4.5 66 0 1 0
t<<0.5 0 96 0 2
0.5<r <15 32 2 654 12 7
W 1.5<1t <2.-5 289 87 2 138 1063 54 2
2.5<<t<3.5 2078 55 317 1
3.5 <<t <45 368 12 57 0
1 >4.5 155 0 16 0
1) P44 th P 4
% 4 - 3012 2.99 3.237
g‘té[ ) 1.027 0.999 1.049
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Fig. 12 Average retrieval time of green tires
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Fig. 13 Error rate of green tire retrieval per shift
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Fig. 14 Relationship between retrieval time and error rate
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Table 3 Partial data snapshot of FIFO_table at a specific time
TS JRES A JE I (] AX AY AZ BX BY BZ CX CY CZ ij’i iif
A1138 T44 2025/2/8 19:36:08 161 160 —100 161 160 —100 161 160 —100 A 1
A1131 T47 2025/2/8 19:35:58 61 108 —100 61 108 —100 61 108  —100 A 1
Al111 T45 2025/2/8 19:36:32 116 20 —100 116 20 —100 116 20 —100 A 1
Al101 T19 2025/2/8 19:36:08 117 125 —100 117 125 —100 117 125 —100 A 1
A1087 T21 2025/2/8 19:36:01 94 55 —100 94 55 —100 94 55 —100 A 1
A1071 T32 2025/2/8 19:36:05 172 142 —100 172 142 —100 172 142 —100 A 1
A1057 T47 2025/2/8 19:35:59 149 73 —100 149 73  —100 149 73 —100 A 1
A1047 T36 2025/2/8 19:36:23 837 105 —100 837 105 —100 837 105 —100 A 1
A1033 T7 2025/2/8 19:36:06 128 108 —100 128 108 —100 128 108 —100 A 1
A1158 T31 2025/2/8 19:36:08 170 657 —100 170 657 —100 170 657 —100 B 1
Al142 T47 2025/2/8 19:36:01 249 744 —100 249 744 —100 249 744 —100 B 1
A1128 T44 2025/2/8 19:36:05 226 675 —100 226 675 —100 226 675 —100 B 1
Al124 T9 2025/2/8 19:36:02 149 797 —100 149 797 —100 149 797 —100 B 1
A1104 T48 2025/2/8 19:36:23 204 709 —100 204 709 —100 204 709 —100 B 1
A1094 T22 2025/2/8 19:35:59 205 814 —100 205 814 —100 205 814 —100 B 1
A1050 T46 2025/2/8 19:36:02 238 762 —100 238 762 —100 238 762 —100 B 1
A1037 T10 2025/2/8 19:35:59 215 692 —100 215 692 —100 215 692 —100 B 1
A1030 T9 2025/2/8 19:36:01 303 381 —100 303 381 —100 303 381 —100 B 1
A1026 T24 2025/2/8 19:35:58 216 797 —100 216 797 —100 216 797 —100 B 1
A1013 T40 2025/2/8 19:36:38 193 727 —100 193 727 —100 193 727 —100 B 1
A1136 T20 2025/2/8 19:36:27 560 55  —100 560 55 —100 560 55  —100 C 1
A1133 T46 2025/2/8 19:36:01 537 881 —100 537 881 —100 537 881 —100 C 1
A1130 T12 2025/2/8 19:35:57 638 38 —100 638 38 —100 638 38 —100 C 1
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