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Performance Evaluation of SDS-TWR Ranging Algorithms
for CPS Based on Accurate Wireless Localization
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ABSTRACT

Range-based real time localization systems require superior localization techniques as well as accurate ranging
algorithms for better performance. To evaluate the ranging accuracy between two nodes in practical environments,
this paper does not only present a qualitative analysis by computing a distance equation under SDS-TWR
measurement model of no symmetry assumption, but also executes a quantitative evaluation by doing experiments
after building up a test network employing the developed sensor node. Experimental results show that the
ranging accuracy of the proposed implementation of IEEE 802.15.4a software stack is superior with smaller

average error rate by 60% to one of the commercial Nanotron’s reference development Kkit.
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Table 1. Measured Data of Normal Mode in the
Previous NDMN Environment

Dista MR, || Me | A Min. | Max. | Avg.
nce m) (m) (m) Error | Error | Error
(m) (m) (m) (m)

0.5 1.01 1.93 1.47 0.51 1.43 |0.97014
1 1.09 2.34 1.709 | 0.09 1.37 |0.70826
2 2.33 334 | 2.844 | 0.33 1.34 |0.84434
3 3.53 495 | 4.121 | 053 1.95 |1.12059
4
5

5.06 7.68 |5.7346 | 1.06 3.68 [1.73455
591 8.3 6.568 | 0.91 3.3 |1.56803

F 2. 7]% NDMN 7ollx9] Al&ne g 24
Table 2. Measured Data of Fast Mode in the Previous
NDMN Environment

;ei

Distan Min. Wi | A Min. | Max. | Avg.
ce ) ) @) Error | Error | Error
(m) m | m | (m)

0.5 0.92 276 | 1.832 | 0.42 | 2.26 | 1.33231

1 1.41 2.89 | 2.119 | 041 | 1.89 | 1.11852

2 2.77 397 | 3363 | 0.77 | 1.97 | 1.3629

3 3.82 522 | 4453 | 0.82 | 2.22 | 1.45328

4 5.25 11.59 |3.2314| 1.25 | 7.59 | 2.23144

5 6.65 796 | 7.298 | .165 | 2.96 | 2.29791
574

E 3. A WDMN 3HollMe] aukne Az SA4%
Table 3. Measured Data of Normal Mode in the
Proposed WDMN Environment

Dista W, | R | AN Min. | Max. Avg.
nce (m) (m) (m) Error | Error Error
(m) (m) (m) (m)

0.5 0.32 0.93 | 0.647 0 0.43 | 0.15366
1 1.47 1.94 | 1.719 | 047 094 |0.71873
2 2 2.55 | 2.152 0 0.55 |0.15243
3 3 399 | 3.527 0 0.99 |0.52732
4
5

1.56 | 553 | 4.238 0 2.44 |0.25103
2.38 8.4 557 | 032 3.4 |0.58225

E 4. Akl WDMN 3dellxe] Aldme A 233
Table 4. Measured Data of Fast Mode in the Proposed
WDMN Environment

Distan . Min. | Max. | Avg.
ce Min. | Max. | Ave. Error | Error | Error

@ | @@ @ @ | m
0.5 0.01 0.93 0.469 0 0.49 (0.14389
1 1.16 1.85 1.539 | 0.16 0.85 [0.53922
2 2.01 2.55 2.391 0.01 0.55 [0.39075
3 2.34 3.98 3.727 0 0.98 |0.72806
4

5

4 498 | 4.585 0 0.98 |0.58476
506 | 5.65 | 537 | 0.06 | 0.65 |0.36985
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