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Development of Precise Localization System for Autonomous Mobile
Robots using Multiple Ultrasonic Transmitters and Receivers
in Indoor Environments
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Abstract: A precise embedded ultrasonic localization system is developed for autonomous mobile robots in indoor environments,
which is essential for autonomous navigation of mobile robots with various tasks. Although ultrasonic sensors are more cost-effective
than other sensors such as LRF (Laser Range Finder) and vision, they suffer inaccuracy and directional ambiguity. First, we apply the
matched filter to measure the distance precisely. For resolving the computational complexity of the matched filter for embedded
systems, we propose a new matched filter algorithm with fast computation in three points of view. Second, we propose an accurate
ultrasonic localization system which consists of three ultrasonic receivers on the mobile robot and two or more transmitters on the
ceiling. Last, we add an extended Kalman filter to estimate position and orientation. Various simulations and experimental results

show the effectiveness of the proposed system.
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Fig. 1. Ultrasonic localization system.
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Fig. 2. Proposed localization system with three receivers.
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Table1. Localization error with two receivers.

(@) Average position error (cm)  (b) Average orientation error (deg)
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170 | 1019 1.072| 1.093| 1.072| 1.019|| 170 | 1689 1.814| 1.855| 1.814| 1.689
250 | 0.835) 0.851] 036] 0.851] 0.835[| 250 | 1263) 1.324| 1.345| 1.324| 1.263
330 | 0.773] 0771 0.772| 0.771] 0.773|| 330 | 1064 1.091 11] 1.091] 1.064]
410 0.76] 0.748| 0.746| 0.748| 0.76|| 410 | 0.956) 0.961| 0.962| 0.961| 0.956
T 2.3709] FAVIE o8 AAIAA A= f1A] B

W Y o
Table2. Localization error with three receivers.

(@) Average position error (cm)  (b) Average orientation error (deg)

200 | 300 | 400 | 500 | 600 200 | 300 | 400 | 500 | 600
170 0.84| 0.885) 0.904| 0.886| 0.841|| 170 | 1.114| 1166| 1.179| 1145 1082
250 | 0.684| 0.698| 0.705| 0.698 0684|| 250 | 0906 0.921] 0.921| 0.908| 0.886
330 | 0.632] 0631] 0.632] 0631 0632|| 330 | 0836 0.831] 0.828| 0822| 0.821
410 | 0.621| 0.612] 0609 0.612| 0.621f| 410 0.82] 0.806| 0.799| 0.798| 0.808
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Fig. 4. System diagram.
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Table3. Computation possibility according to the number of
transmitters and receivers.
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Table 4. Calculation time for matched filter.
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Table 5. Distance statistics (100 iterations).
wH#% A|bek A3t IH

Ael | B oA | ¥ 94 | 97 oA | 2% A7

(cm) (cm) (cm) (cm) (cm)

300 1.8697 1.2475 0.3360 0.3874

400 2.4685 1.67874 0.4435 0.4425

500 2.9634 1.4365 0.1180 0.5553

600 3.0247 1.7698 0.1535 0.5691
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Table 6. Static localization error (100 iterations).
SA71e] 2 3 4
Hat YA (em) | (99.68, 52.17) [(100.29, 48.41)[(100.39, 49.03)
B A 2.19 1.62 1.04
2 2Hcm)
Hit () 183.25 178.96 179.08
e QK% 325 1.04 0.92
E 7. A2 A gisk $1A] oA} 3 ek AL
Table 7. Localization error at various positions.
AE A | AA 9A | A gF | Al 2T
2 XHem) 2 Zcm) LAHE) S2K%)
1.86 4.07 142 523
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Table 8. Dynamic localization error.
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Fig. 5. Localization result in dynamic environment.
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