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Simultaneous Tracking of Multiple Construction Workers
Using Stereo-Vision

ojgzx", umte?
Lee, Yong-Ju" - Park, Man-Woo?
Received March 6, 2017; Received March 20, 2017 / Accepted March 21, 2017

ABSTRACT: Continuous research efforts have been made on acquiring location data on construction sites. As a result, GPS and RFID are
increasingly employed on the site to track the location of equipment and materials. However, these systems are based on radio frequency
technologies which require attaching tags on every target entity. Implementing the systems incurs time and costs for
attaching/detaching/managing the tags or sensors. For this reason, efforts are currently being made to track construction entities using
only cameras. Vision-based 3D tracking has been presented in a previous research work in which the location of construction manpower,
vehicle, and materials were successfully tracked. However, the proposed system is still in its infancy and yet to be implemented on
practical applications for two reasons. First, it does not involve entity matching across two views, and thus cannot be used for tracking
multiple entities, simultaneously. Second, the use of a checker board in the camera calibration process entails a focus-related problem
when the baseline is long and the target entities are located far from the cameras. This paper proposes a vision-based method to track
multiple workers simultaneously. An entity matching procedure is added to acquire the matching pairs of the same entities across two
views which is necessary for tracking multiple entities. Also, the proposed method simplified the calibration process by avoiding the use
of a checkerboard, making it more adequate to the realistic deployment on construction sites.
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Figure 1. Correlation of camera calibration and focal length
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Figure 2. Workflow of vision based 3D tracking
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(b) SURF Feature extraction results

Figure 3. Comparison of SIFT and SURF
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Figure 4. Entity distance ratio threshold
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Table 2. Precision/Recall of entity distance thresholding

Threshold Pre(‘;gm” R?;)a" Threshold P'e(ijim R?;)a"
1 97.39 | 16,89 1 99.02 | 916t
2 9854 | 3832 12 99.02 | o184
3 99.00 | 5590 13 99.03 | 9252
4 917 | 6757 14 99.03 | 9274
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6 9893 | 8356 16 99.03 | 9308
7 9897 | 87.41 17 99.03 | 9308
8 9899 | 8889 18 99.03 | 9308
9 9901 | 9036 19 99.03 | 9308
10 99.01 | 9093 20 99.03 | 9308




Table 3. Precision/Recall of entity distance ratio thresholding

Threshold Pre(‘;f)ion R‘(a;f” Threshold Pre(‘;f)ion R‘(Z‘Z?”
1.0 99.01 | 90.93 5.0 99,57 78
15 9925 | 90.02 55 9955 | 75.62
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25 99.36 | 87.98 6.5 9952 | 70.98
3.0 9935 | 86.28 7.0 9951 | 6916
35 996 | 8413 75 99.49 | 66.89
40 9959 | 82.09 8.0 9948 | 6565
45 9958 | 8027
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Figure 8. Target entities

Table 4. Entity matching results

Expected matching (TP+FN) 882
Counted matching (TP+FP) 745
True positive (TP) 741
False positive (FP) 1
False negative (FN) 3
Precision (%) 84.13
Recall (%) 99.60
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Table 5. 3D tracking results

Entity index E1 Trajectory E2 Trajectory
Metric 3D ()2(3) \aller(t;): 3D ()2(3) \alle?;):
Counted matching 371 374

Maximum distance (m)| 1,992 | 1,622 | 1,430 | 2,213 | 1.112 | 1.913
Minimum distance (m)| 0.941]0.000|0,828|0.996|0.007|0.976

Average (m) 1.107 | 0.331]1.040 | 1.270 | 0.257 | 1.230

Standard deviation (m)| 0,136 | 0,208 0,108 | 0.108| 0,183 | 0.111

Ground Truth
—_ 4 ® E1 Trajectory
£ 5 ® 2 Trajectory
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