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An Exact 3D Data Extraction Algorithm
For Active Range Sensor Using Laser Slit

Y. Y. Cha,* D. G. Gweon**

ABSTRACT

The sensor system to measure the distance precisely from the center of the sensor sys-
tem to the obstacle is needed to recognize the surrounding environments, and the sensor
system is to be calibrated thoroughly to get the range information exactly. This study
covers the calibration of the active range sensor which consists of camera and laser slit
emitting device, and provides the equations to get the 3D range data. This can be possi-
ble by obtaining the extrinsic parameters of laser slit emitting device through image pro-
cessing the slits measured during the constant distance intervals and the intrinsic para-
meters from the calibration of camera. The 3D range data equation derived from the
simple geometric assumptions is proved to be applicable to the general cases using the
calibration parameters, Also the exact 3D range data were obtained to the object from
the real experiment.

Key words ' Active Range Sensor (%42 414), Range Data Extration (48] dl°o]85%), Laser
Range Finder (o4 A2)A), Calibration (HA2]Hze]4)
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Fig. 1 Photograph of laser range finder
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Fig. 2 Structure of laser range finder
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Fig. 3 Coordinate systems of laser range finder
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Fig. 4 Coordinate systems for camera calibration
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Fig. 5 Calibration points for camera calibration
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| Capture the image for camens callbeation

Compute the distorted image coordinate
Wy Va)

Compute ths'seven unknowns
8,0/ 8.5/ surs m,.8,T, Tt Tty nv.f,/'rv
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l
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|

[ Compute the ratation matrix R and Ty |

|

Compute of an approximation of I, and T,
by ignoring lens distortion

l

Compute the exact solution for
focal length |, Tw, and distortion factor k

Fig. 6 Flow chart for camera calibration
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I— Capture the images of three equidistance line

Compute the 8, and 6, using encoder
of the 3rd mirvor rotating motor

Compuite the positions v, , v , and v, ‘about computer
image coordinate In frame memory

Compute the 6, and 8, using camera intrinsic
parameters Iy, k, and 8§,

I

Compute the 6, and |, |

Compute the 1 |

I

Compute the 8. and I, ]

. Compute the 5, |

Compute the x_ and x,, I

|

Compute the 6, |

|

Computa the F and [ |

Compute the 3D position X' Y, and Z' of object
using aq.(1).(2), and (3), and I'yand Iy

BRI EREEEEE

Fig. 7 Flow chart for laser range finder calibration
and 3D data calculation
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Fig. § Coordinate systems for calibration of laser
range {inder
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SRl A Pl glkn sgek, dolA 39 A4
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gl £4Az), 2ela FledA A7 Al
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Fig. 9 Laser slit locations obtained from the image
processing in the case apart 0, 600, and
1200mm from arbitrary position
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Table 1. Calibrated parameters of CCD camera
Parameter Value befor calibration Value after calibration
{; {(mm) 12.000 11.434
k - 0.003
Sy - 1.095

Table 2. Calibrated parameters of laser range finder

Parameter Value before calibration Value after calibration
&, (rad) - 0.370
{; (mm) - 2257.340
{4 (rmm) 826.000 817.230
f¢ (rad) - 0.490
Ie (mm) - 2197.820
Xp (mm) - 1504.210
xo (mm) 0.000 ~164.630
8y (tad) 0503 0.485
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Fig. 12 (a) Object used in experiment, (b) Result of finding the pixels with maximum intensity in each col-
umn, (¢) Image after removing noises, (d) Range map and measuring error

Table 3. Ranging error

Range (mm) Error (mm) % Error
1500 9 0.60
1800 13 0.72
2100 17 0.81
2400 23 0.96
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