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An Enhancement of Ultrasonic Based Map-building Using Newton Interpolation
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In mobile robotics, ultrasonic sensors became one of the most popular devices for collision
avoidance and navigation primarily due fo data robustness, the easy availability of low-cost
systems, their compact size, simple circuits, and their ease in interfacing with computers.
However, ultrasonic sonic sensors are subject to noise which results in inaccuracy of mapping
and localization of the robot. This paper introduces a new approach to enhance environmental
maps based on ultrasonic range data using linear interpolation and Newton interpolation. The
simulation and experimental results show that the proposed method improves of the accuracy of
the map through better distance estimation between the mobile robot and obstacles.
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¢ = light velocity

t,= flight time of an ultrasonic sensor

d, = distance between a robot and an obstacle

x, = horizontal distance between a robot and an obstacle

¥, = vertical distance between a robot and an obstacle

a = angle between 4, and x, (or y,)

& = half angle between an edge of a robot and the center
of an ultrasonic sensor

O = a center of the robot

E,= difference between a measurement value and a

compensator value on the linear interpolation
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Table 1 Characteristics of Ultrasonic sensor (SRF04)

Item specifications
voltage 5V
Measurement range 3cm - 3m
| Frequency 40kHz
sensitivity 3ecm/2m
‘Wave length 8.5mm
Activation Trigger pulse (10us)
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Fig. 1 Ultrasonic sensors mounted on a robot
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Fig. 2 Approximation of an ultrasomc sensor system
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Fig. 3 Measurement values and approximate equation
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Table 2 Algorithm for Map Building
_S‘fep 1. Distance measurement between sensor and |
obstacle
Step 2. Grouping 2 measured data measured by the
front(0), rear(8), left(12), right(4) side sensors
of the robot
Step 3. Applying interpolation based on the minimum
and maximum distances for each group
Step 4. Map building after interpolation
LS‘[& 5. Robot move and repeat Step 1-4
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(a) Moving Case 1 : Starting from Center Area

(c) Moving Case 3 : Approaching to Obstacle
Fig. 8 Simulation results for moving case(from center to
obstacle)

Table 4 Simulation results of Map Area and Ratio in Moving
Cases : from Center to Obstacle

Tection Area(m’) | Ratio(%) ]
Measurement | 20.862 88.891
Case 1 Linear 21.003 89.491
Newton 20.540 87.521
Measurement | 19.562 85.281
Case 2 Linear 18.811 82.006
Newton 18.333 79.228
Measurement | 18.201 88.604
Case 3 Linear 17.321 84.323
Newton 16.905 82.297
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Fig. 9 Simulation results for each corner case(along
obstacle)
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Table 5 Simulation results of Map Area and Ratio on
Moving Case : along Obstacle
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(@) Case 1
Fig. 12 Experimental results of comer cases as in Fig. 7

(b) Case 2

{c)Case 3

Table 7 Experimental results of Map Area and Ratio to Ideal

Map on Conner Cases
Section Area{m®) | Ratio(%)
Measurement | 5.103 58.879
Case 1 Linear 5.495 63.397
Newton 5.245 60.511
Measurement | 5.514 110.435
Case 2 Linear 5.430 108.753
Newton 5.429 108.724
Measurement | 4.657 90.876
Case 3 Linear 4.621 90.174
Newton 4.622 90.200
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Fig. 13 Experimental results of moving cases as in Fig. 8

(c) Case3

Table & Experimental results of Map Area and Ratio to Ideal
Map on Moving Case: from Center to Obstacle

Section Area(m®) | Ratio(%) ]
Measurement | 4.678 94.930
Case 1 Linear 4.777 96.937
Newton 4.714 95.670
Measurement | 4.420 90.850

Case 2 Linear 4.314 88.739 |

| Newton 4.344 89.343 |
Measurement | 4.515 92.862
Case 3 Linear 4,226 86.915

| Newton 4.160 85572 |

(@) Case 1 {b) Case 2 (c) Case 3
Fig. 14 Experimental results of moving cases(1) as in Fig. 9
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Table 9 Experimental results of Map Area and Ratio to Ideal
Map on Moving Case : around Obstacle

Section Area( m”) | Ratio(%)
| Measurement | 5.298 108.964
Case | Linear 5.550 114.147
s Newton 5.145 105.833
Measurement | 4.458 93.026
Case 2 Linear 4357 90.913
Newton 4.660 97.241
Measurement | 5.554 117.445
Case 3 Linear 5.652 119.569
Newton 5.465 115.569

Fig. 14(b)$} Table 9 9] ‘Case 2%} @o] 2Xo]
FolBaRE 44 Art fAE duelA F
A Axo] 9% Po] o AT, IHR Tt
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