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A Study of 3D World Reconstruction and
Dynamic Object Detection using Stereo Images
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Abstract In the real world, there are both dynamic objects and static objects, but an autonomous vehicle
or mobile robot cannot distinguish between them, even though a human can distinguish them easily. It
is important to distinguish static objects from dynamic objects clearly to perform autonomous driving
successfully and stably for an autonomous vehicle or mobile robot. To do this, various sensor systems
can be used, like cameras and LiDAR. Stereo camera images are used often for autonomous driving. The
stereo camera images can be used in object recognition areas like object segmentation, classification,
and tracking, as well as navigation areas like 3D world reconstruction. This study suggests a method to
distinguish static/dynamic objects using stereo vision for an online autonomous vehicle and mobile
robot. The method was applied to a 3D world map reconstructed from stereo vision for navigation and
had 99.81% accuracy.
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Epipolar Line

Camera plane at t-1 Camera plane at t

Fig. 1. Epipolar Geometry
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Fig. 2. Finding moving point using Epipolar Geometry
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Fig. 3. Limitation of monocular motion detection
using Epipolar Geometry
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Fig. 4. Static/Dynamic point detection using
Trifocal Tensor
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Where, K denotes Camera intrinsic matrix, £,

R'TIX

denotes Rotation matrix at time t, 77 denotes

Transition matrix at time t, X denotes

reconstructed 3D point at time t
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Fig. 5. Feature Tracking using KLT Tracker[5]



2HEHQ S 83 33 A= Bdn

Fig. 59 Zo] KLT

= = O
Y SRS

—

rackerg &850 J/AJofA9]
QL FHo 455t H(z,,)
T et AT BE HIE

mhotat 4 9ltt.

=

Qo L AR

'
Stereo image(t)
Dense stereo
matching
Disparity image

3D

3D reconstruction
at t frame

Independently Moving Point Detection 3D world Reconstruction
Point cloud at
world frame

Fig. 6. Summary of Proposed method
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Fig. 7. Dataset[6]

Table 1. Dataset Information

Resolution 1344 x 391 pixels
Length 1424 frames
Frame rate 10 frames per second
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Moving objects

Fig. 8. Example(560™ -561™ frames) : Two men ride
bikes
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Fig. 9. Result at 560" Frame(2D)
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Fig. 10. Result at 560" Frame(3D)

Table 2. Result of performance(Precision, Recall,

Accuracy)
Predicted Result
Recall(%)
Dynamic Static
Actual Dynamic 5 0 100
Result | giatic 1 535 99.81
Precision(%) 83.33 100 -
Accuracy(%) 99.81
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