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Abstract

This paper proposes a structure and a measurement method of a very small range image sensor for short distance measurement
using a multi-slit laser projector. In recent years, industrial robots used in production lines have become widespread, and
development of humanoid robots that operate in the same environment as humans is also proceeding. Many of these robots
have an arm mechanism for gripping an object. In order to grasp an object, it is necessary to measure the distance and the object,
so these robots are equipped with range image sensors. However, if the position of the range image sensor is away from the
arm end, occlusion occurs by the arm during the gripping operation, and the object to be gripped cannot be measured. Therefore,
a very small range image sensor that can be attached to a robot hand is required. The sensor used in this research projects multi-
slit laser and measures the distance by the disparity of the detected laser light. For measurement, it is necessary to identify the
number of each slit laser. Therefore, for the discrimination, the intensity information of the laser light image is used. The
effectiveness of the proposed sensor is verified through short-range object measurement experiments.
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Fig. 1 Appearance of constructed range image sensor. Fig. 2 Internal structure of sensor.
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Fig. 4 A scene with a polystyrene of 10 cm diameter and
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Fig. 3 Flow of measurement processing. this scene is used in the following explanation.
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(a) Acquired image. (b) Grayscale image. (c) Image of detected laser slits. (d) Center of laser slit.

Fig. 5 Images of laser light detection processes.
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Fig. 6 Movement of laser slit. Fig. 7 Relation between measurement depth and laser light intensity.
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Fig. 9 3D point cloud of measurement example.
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(a) Wooden board. (b) Plastic case. (c) Black paper.

Fig. 10 Measurement objects with different reflectance.
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Table 1 Results of plane measurement experiment.

(a) Wooden board. (b) Plastic case. (c) Black paper.
True Point1 Point2 True Point1 Point2 True Point1 Point2
value Average|standard |Average| standard e Average|standard |Average| standard valis Average| standard |Average| standard
(mm) value |deviation| value |deviation [mm] value |deviation| value |deviation [nm) value [deviation| value |deviation
[m m] llnl“] [m m] [m l“] [I“l“] [n\ n)] [n\ m] ["1 m] Im m] [ln l“] In] m] [lnnl]
50 50.8 0.3 50.8 0.2 50 50.8 0.2 N/A N/A 50 81.3 0.4 78.0 0.3
75 74.3 0.2 75.4 0.3 75 73.8 0.5 N/A N/A 75 191.6 1.2 168.8 0.8
100 97.7 0.2 99.2 0.2 100 98.2 0.6 N/A N/A 100 97.1 0.1 98.8 0.3
125 123.4 0.4 125.9 1.4 125 120.8 0.5 N/A N/A 125 121.8 0.3 124.0 0.4
150 147.1 0.9 149.8 0.6 150 147.5 0.9 N/A N/A 150 147.0 0.9 148.9 0.6
175 176.2 0.8 176.3 1.0 175 172.4 0.8 75.0 0.4 175 N/A N/A 173.8 0.4
200 201.4 1.3 207.1 |y £ 200 202.1 2.1 80.0 0.5 200 N/A N/A 201.0 2.0
225 225.2 1.0 228.8 0.9 225 224.9 1.0 83.8 0.3 225 N/A N/A 226.5 251
250 259.9 1.1 255.2 1.3 250 N/A N/A 86.2 0.4 250 N/A N/A 255.2 3.0

Laser undetected

Laser slit selection miss’

(a) Acquired image. (b) Range image. (a) Acquired image. (b) Range image.
Fig. 11 Measurement failure example of high reflectance Fig. 12 Measurement failure example of low reflectance
(Plastic case: 50 mm). (Black paper: 250 mm).
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B, OB LT T 2R Lz FEE T 5 & L EEICTVEHIMENSE b, £72, BLOFETIX
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FATHERECOFHURFORAZEIT 1.5mm AT, fERFRTOHREEEECOFHIRFORED 5% AT & o T b7, —fik
RN EICH O DT a7l EN GO N LB oD, E, IBLOIT-o72, RS A BV HE:
BERICREOWVAORRICZEE U TR 2 R ClE, MRNED S - ONCHHIEN L LTV, A S Tiaa
U b ORBHBINA I WEE O HEHEDOZB L THIUR, FICIEMERREHMES G CE 72720, MHROME R
DEAL~D T RZ MEFE ELZEEZD.

4-2 —PMARHRISEER

At A TOWETARFHINC IS T 28 AMEEZBRET 572012, W ODOWIETEHIIFER 21T - 72, GRS
1L, HIROH HDTATHEORR, FHEPEBAIRO 2T 7 DN, BWEOREORAZER L. TnEhogt
BIRIGOFHAI — > 2% 1312, BRBEmER 21X 1412, 3 RIRAEZIX 15 1287, FHAT O YEIR DS TR TR TR
&, HEROROER O N OEVERAL T, —#CA Y » hORPHEBINC X DREHAIN A LZ. L, 4
FHAOFRA LTz 13072 <, T X TOFHUKIG TR Z #2325 2 L 3T & DG A 15 iz,
INHORERNG, R HEF v U 7 b— 3 kG LRI SRR D B 72 2 %5 TR AUSIRIRE RIS
ARETH Y, vl y by RICEHE L-BoERGHINCHERZ £ 2. 5.
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(a) Airplane model. (b) Koala doll. (c) Dinosaur model.
Fig. 13 Measurement objects with general shape and reflectance.

(b) Koala doll. (c) Dinosaur model.

Fig. 14 Range images of Fig. 13.
(a) Airplane model. (b) Koala doll. (c) Dinosaur model.

Fig. 15 3D point cloud of Fig. 13.
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AEZATSTeDG, R 2F BRI mR Y by RICERD T, ARAERGEET 5582175 .
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