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Sewer Pipe Measurement Robot Using Parallel Laser Sheets
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Sewer pipes over 380,000 kilometers in total are existed under the ground in Japan. However,
worn pipes have been increased and a number of subsidences of a ground caused by the collapse were
occurred. Recently, the inspection of the pipe is executed by the moving cart with CCD camera.
Currently human inspector judges the condition of the pipe by the images recorded by the CCD
camera. It should be noted that the judgment by the human causes the individual variation since it
depends on the person’s sense. Quantitative measurement is required.

In this paper, the 3D quantitative measurement system for a sewer pipe is introduced. Two
parallel laser sheets are projected from the inside of the pipe and the two circular laser streaks appeared
on the inside surface of the pipe are recorded by the CCD. The measurement of the cross-section is
established by analyzing the recorded streaks. Amount of displacement between two circular streaks
are used to detect the tilt of the system against the axis of the pipe. The pipe is reconstructed by
stacking of the cross-sections on considering the moved distance and the tilt of the robot. The
automatic calibration using a liquid crystal display is also introduced in this paper. The calibration
method reduces the lens distortion of a wide-angle lens and a high accurate measurement is

established. Experimental result shows the feasibility of the system.
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Fig.3 Reconstructed image of the pipe
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a. Base points displayed on the LCD
b. Distorted image recorded by CCD with wide lens.
Fig. 4 Lens distortion correction procedure

Fig.6 Reconstructed image by distortion reduction
procedure
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Fig.7 Relation between camera coordinate and world
coordinate

Fig. 8 Calibration setup



Table I  Encoded pattern on LCD  (1:0n 0:OFF)

T, T, T Ty
Point 1 0 0 0 1
Point 2 0 0 1 0
Point 3 0 0 1 1
Point 4 0 1 0 0
Point 5 0 1 0 1
Point 14 1 1 1 0
Point 15 1 1 1 1

Table2 Look up table between world coordinate and

camera coordinate
World coordinates Camera coordinates
Xwi Ywi Xi1 Yil
Xow2 Vw2 Xi2 Yi2
X3 Vw3 Xi3 Ji3
Xy Yws Xig Yi4
Xws Yws Xis Yis
Xws Yws Xio Yis
Xun y wn Xin y in

ty tio
Fig.9 Example of dots pattern on LCD (1024 dots)

(b)

Fig. 10 Image of world coordinate on the lookup table (a)
Front view (b) Tilt view
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Fig. 11 Sample of recorded streaks

Fig. 12 Parallel lasers projected by a robot with slope

Fig. 13 Deviation betweens two streaks
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Fig. 14 Measurement result of the slope of the robot against
the pipe
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Fig. 16 Measuring robot

Fig. 17 Inside of the measured pipe

Fig. 18 Reconstructed pipe on computer
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