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Automating dimensional compliance control and progress tracking using computer vision has been identified as
a central opportunity for improvement in the construction industry. Current 3D imaging sensors providemassive
amounts of spatial data that remain underutilized due to the prohibitively time-consuming manual process of
extracting usable information. Desired information is typically centered on a specific object of interest within
3D images, so there is a need for construction specific object recognition processes. In this paper, we present
an automated method for locating and extracting pipe spools in cluttered point cloud scans. The method is
based on local data level curvature estimation, clustering, and bag-of-features matching. Experimental results
from two point clouds containing pipe spool objects demonstrate the method's ability to successfully extract
spools from cluttered scenes as well as differentiate between similar spools in a single scene.
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1. Introduction

Among the many challenges of construction management are the
awareness and control of 3D geometries. Progress tracking, dimensional
compliance control, and the location,movement, and assembly ofmate-
rials are all critical processes that rely on 3D spatial data. Utilizing new
sensor networks and communication technologies to improve the effi-
ciency of the processes bywhich people, processes,materials, and infor-
mation interface is one of the central opportunities for breakthrough
improvement in construction [1,2]. Integrating and automating the in-
formation flow regarding 3D geometries on dynamic and cluttered con-
struction sites will require advanced capabilities in site metrology and
3D imaging, construction object detection and localization, data ex-
change, and design data to as-built comparison. These capabilities will
be the foundation for the next generation of assessment tools that em-
power project leaders, planners, and workers.

3D imaging systems are a class of these sensor technologies growing
in popularity. 3D imaging in the construction industry is often referred
to as laser scanning and it has been profoundly affecting project survey-
ing since the 1990s [3]. 3D imaging sensors enable the capture of
existing structural and terrestrial conditions objectively, accurately,
quickly, and with greater detail and continuity than any manual
methods. Current applications of laser scanners by construction firms

include schedule and progress tracking [4], creating complex as-built
construction documents and 3D models [5], path planning, crane
setup and clearance evaluation, quality assurance, retrofitting, control-
ling deformations, floor grading, steel column verticality, and base
plate and tie point locations [3,6,7].

Despite 3D imaging's ability to provide massive amounts of spatial
data, its potential is limited because extracting usable information
from the collected data remains primarily a manual process. Manually
extracting information from the raw 3D images and running analysis
is painstaking, requires many man-hours and specialized personnel
training, and is therefore not well suited for real-time or rapid decision
making on a large scale. Automating this process is the fundamental en-
abler for further developments in automated spatial analysis and infor-
mation flow. Search and extraction involves many technical challenges
that stem from the variability of spatial data and other operational real-
ities such as non-uniform point density, clutter whichmay be in contact
with the object of interest or of similar shape and size to the object of in-
terest (Fig. 1), occlusion,missing/erroneous data, aswell as sensor noise
and inaccuracy.

In this paper, a method is presented for locating and extracting pipe
spools in cluttered point clouds. A 3D CAD design file is specified as the
search query and is abstracted using a local curvature characterization
algorithm that avoids costly preprocessing of the raw point set data.
The curvature characterization algorithm is then used to filter the points
in the cluttered 3D point cloud based on the similarity of their curva-
tures to the curvatures in the search query. The points accepted through
the filter form a hypothesis space. The hypothesis space is clustered into
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discrete hypothesis objects using density based clustering, DBSCAN [8].
Curvature frequency comparison using Bag of Features (Section 2.2.2)
refines the hypothesis pool and the best hypothesis is presented as
the extracted object of interest. The underlying assumption of themeth-
od is that pipe spools of interest must have a distinct curvature patterns
to that of the surrounding clutter. The search and extraction methodol-
ogy is presented in Section 3 with the curvature characterization algo-
rithm presented in Section 3.3.1. Sensitivity analysis and method
validation on two test datasets are presented in Section 4.

The contribution of the paper is the presentation of an object recog-
nition methodology for extracting pipe spools from cluttered point
clouds using local data level curvature estimation, clustering, and bag-
of-features matching. The motivation for the work is presented in
Section 2.1 and related background literature on industrial object recog-
nition is reviewed Section 2.2.

2. Background

2.1. Automated visual inspection in construction

There has been relatively little work on construction specific object
recognition from laser-based 3D imaging systems. The primary applica-
tion areas for construction are automated dimensional compliance con-
trol, progress tracking, and equipment guidance. In particular, many

methods for visual inspection outlined in the literature fall short of full
automation because of the absence of a reliable object recognition
method. Only by fully automating these systems will they become un-
obtrusive enough for fabricators to adopt them. Once adopted, they
will continuously collect data that can bemined for operational insights
that will improve fabrication efficiency andmitigate rework. In the con-
struction literature, rework is the wasteful effort involved in redoing
work that has not yet yielded a product adequately conforming to con-
tractual requirements [9,10]. Rework directly and significantly contrib-
utes to cost and schedule overruns on construction projects [11,12]. The
function of QA/QC personnel is to perform lifecycle inspections to miti-
gate these rework situations. Inspection is the process of determining if
a product deviates from a given set of tolerance specifications. The pre-
dominant processes for monitoring the critical dimensions of an assem-
bly involve a temporary production stoppage andmanual direct contact
measurement devices such asmeasuring tapes, calipers, customgauges,
squares, and straightedges. These processes can help fabricators evalu-
ate whether basic assemblies are compliant with design specifications,
but their effectiveness deteriorates as the assembly's geometrical com-
plexity increases. Automated inspection is desirable becausemanual in-
spection by humans is time-consuming, and can be excessively
subjective, unreliable, and boring for humans to perform.

A formalism for using 3D imaging for quality control on construction
projects was presented in [13]. It focused on detecting defects early in
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Fig. 1. Extracting points associated with structural frame module from cluttered 3D image of industrial fabrication facility.

(a) 3D CAD design file (b) cluttered point cloud scan

Fig. 2. Search and extraction algorithm input files (a) 3D CAD design file for the object of interest and (b) the raw point cloud scan from which the as-built object of interest will be
extracted.
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