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ABSTRACT

When utilizing robots to perform tasks in construction sites, it is important to ensure efficient communication between humans and robots based on
spatial instructions and the intuitive decision-making of the operator, in order to adapt flexibly to changes in the environment or alterations in plans.
However, it is challenging to accurately conveying the intent of the operator to the robot in complex construction environments. This becomes
particularly difficult when dealing with tasks involving objects with curvature or geometric patterns, which increase the complexity of robot trajectory
generation. Therefore, this study proposes a method to estimate the robot trajectory from spatial instruction that include deviation, specifically for
targets with various forms. It focuses on interpreting spatial instructions in circular, rectangular, and linear shapes commonly used in construction, and
the proposed approach involves two steps: classifying the trajectory shapes from spatial instruction and fitting the shapes through regression analysis.
The accuracy of this method was evaluated in a scenario where 8 participants collaborated with a robot to cut ceiling-mounted components using
spatial instructions provided through a laser pointer. As a result, the proposed method achieved an average Root Mean Squared Error of 2.398mm,
compared to 7.274mm for the conventional B-Spline method. These results suggest that the regression analysis-based approach to interpreting spatial
instructions has the potential to improve safety and productivity in construction tasks that rely on design plans and layouts.

Keyword : Human-robot collaboration, Spatial instruction, Regression analysis, Least squared method
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Figure 1. Process of spatial instruction-based human-robot collaboration
and trajectory shape estimation
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Figure 2. Shape fitting of 2D data points projected onto the ceiling
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Table 1. Residuals for data points {(z; y;)li=1, 2, .., m}
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Figure 3. Shape fitting process: (a) 2D shape fitting (b) matching with
depth information (c) conversion to a 3D trajectory
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Figure 7. Dataset collection
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Table 2. Hyperparameter settings

Hyperparameter Options Settings
# of points 64
Learning rate 0.001
Optimizer Adam
Decay rate le-4
Epochs 200
Eredicted Circle Rectangle Line
True
Circle 48 0 0
Rectangle 0 48 0
Line 0 0

Figure 8. Confusion matrix

.u_
-

4.2.2 HH g Mgl
& AHolA ARbek= 8l 24 7
o] ZAAte] el AA| =R AA| =3t P Dbt
A 4T 5= A=A B7IBE] sk, oREolA Al
7l ot Sl ARt WS S +8E B 3t
QA5 S75I5IH ol= RMSES &3l Alkt=| 1o, A4
ot F4d JAolA #SsHA 100719 S AEY
, 2249 HiSEe ds el A8 Atst
o] RMSE %1&%‘ % TR

X

_4

JF A4 | A

)
o

ol

OH

715 5HA st W
Aoz st 7 Fs3ltHRavankar et al.,
2018). o] & 483t A4 ]/‘15 st uralo g 100702
= w5oHA EHTH, s AEt AA =9k thSE =
BE 109 03 AN

Fig. 9= 874 2] o &7} o] A ZRIE| & &-&sto] A5t
2 FEl AAE 27 3 24 719 34 A W,
B-Spline B711S S 2sst A9 4] =0 7k9] o
245 HojFrt

T 5= AT 0 & vlwslr| ffste] th-d Hat t

A(Paired ttesty HEH%cE. $72) oA} izt

Korean Society of Automation and Robotics in Construction |



AL A FAHRI QIZEER HRLA0|8S ¢

Bt X101 SIEf XIA| 1A

)

O circle @ Rectangle OLine

25

20

RMSE (mm)

5 R é

==

Ours

25

20

RMSE (mm)

==

Ours

25

20

RMSE (mm)

5 , ==
== &

Ours

Figure 9. Results of RMSE on (a) the planar target (b) the curved target

(c) the patterned target

Table 3. Results of paired t-test
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Figure 10. Sample outcomes of shape fitting (Subject 1) on (a) the
planar target (b) the curved target (c) the patterned target
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