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SUMMARY

A more rapid and widespread use and implementaiforechnology in construction often
fails since its benefits and limitations remain sevhat unclear. Project control is one of the
most variable and time consuming task of constoactiroject managers and superintendents,
and yet continues to be mostly a manual task. Gbhimiy tasks such as tracking and updating
project schedules can be assisted through remapelsating technology such as hi-resolution
cameras that can provide construction managemenoter users with imaging feeds of job
site activities. Although construction cameras haeen around for many years the costs,
benefits, and barriers of their use have not bewmstigated nor quantified in detail.
Subsequently, definitions and understanding varglely, making it difficult for decision
makers at the organizational level to decide onitlvestment in camera technology. This
thesis reviews the status of hi-resolution camanaktheir present use in construction. Results
of a multi-phased survey to industry professionese collected in order to identify benefits
and barriers and develop a cost-benefit modeldhatbe used for implementation technology

in construction.



1 INTRODUCTION

The often complex nature of processes related twstoaction project delivery creates a
significant potential for ever more streamlinedqasses to reliably deliver high quality and
more economical projects. Monitoring and trackihg performance of construction projects
plays a major role in achieving this goal, but fe a difficult and complicated task due to
the constantly changing job site environment. Alilfo construction site control in the

majority of the construction industry is still mlysa manual task using visual inspection and
paper based checklists, project participants sushowaners, architects, contractors, and
subcontractors increasingly rely on using technielodgo update data when collecting site
performance information.

To assist in the control and monitoring of thefpenance of construction jobsites,
semi-automated and automated information technology provide real and objective
information to project members that may otherwisedifficult or time consuming to obtain.
To satisfy owner specified requirements and to ta@nalso competitive advantage,
construction organizations often have access mwoaqf technologies that can be adopted and
employed.

Examples of job site technologies that require itaggonstruction resources, but
otherwise operate based on wireless signals, dobaGPosition Systems (GPS) for machine
site utilization and position control (Navon 200Bgadio Frequency ldentification (RFID) for
material locating and tracking on and off site élslgs and Gao 2003, Song et. al 2006), and

Ultra Wideband (UWB) for real-time resource tragkiand work zone safety (Teizer et al.



2005).

Examples of field technologies that do not requitacing physical devices on the
object, but otherwise depend on optical measuresnidweit require line-of-sight, are: Laser
rangefinders for machine guidance and position, lasér scanners for three-dimensional
point cloud measurement (Akinci and Ergin 2008, @esand Haas 2007, Lytle and Saidi
2006).

While most of above technologies have proven tairegess rework than traditional
methods due to automated and increased measuraocemacy and at the same time provide
large amount of savings through increased prodtytfiiannon 2007), tracking the location
and performance of tagged jobsite resources (warkfaequipment, and material) may not be
feasible because of several reasons: WorkforcegeXample, may not want to be tracked due
to ethical reasons; and tracking eventually thodsasf items may not offer an economical
(implementation cost of technology) or practicalzésor type of material to place tag)
approach.

Research that uses data from still and video casmeith applications in construction
management concentrated mainly on controlling tle@asarement environment that cameras
operate in and processing its visual contents geali Abeid and Arditi (2002) developed
software packages to aid in the efficient storafenages and production of time-lapse
movies. Brilakis and Soibelman (200f6cused on searching algorithms for image databases
and technigues to convert digital stereo images ri@adable three-dimensional environments
that allow tracking equipment movements (Brilakis & 2008). Katz and Saidi (2008)
focused on calibrating multiple stereo camera systeNavon (2006) conducted research in

automated measurements of project performance Unyyisig time-lapse photography for



productivity purposes. Research that focused ohnigoes applying augmented reality for
positioning and occlusions (Kamat and Martinez 308t progress monitoring?éna-Mora
et al. 2006)was also performed.

The reader will become familiar with the featuresl aapabilities of camera types
used and their application areas in constructian.d&€termine the benefits and barriers of
camera technology in each of the identified apgiliceareas, a survey instrument and its
target group will be introduced, followed by a dission of the survey results. This thesis
then identifies construction tasks where automatedera technology is likely to have a high
impact to make complex project management taske mibective and efficient and ultimately

justifies its use by yielding a high return on istraent.



2 BACKGROUND ON CAMERA TECHNOLOGY IN CONSTRUCTION

MANAGEMENT

Construction project control can be defined aspila@ning, monitoring, and management of
all aspects in a construction project and the natitv to achieve the project objectives to the
specified cost, schedule, quality, and safety. KMwimig and controlling includes measuring
the variables of ongoing project activities agaitie project plan and project performance
baseline defined at the project or work task ititia Identifying and addressing the risks and
issues requires project oversight and the appvethanges to take corrective actions. In any
construction phase, measureable changes requivst@éint in planning or design before
proper execution can take place. The flow diagrankigure 1 illustrates the phases where
monitoring and controlling technology in constrocti can assist project participants in

making better decisions faster.

Documentation Evaluation
Is the problem/ 4 ls the project where
solution archived? it needs to be?
Y 4
Correcting Measurement
How can the project What is the project
be advanced? status?
A

|Initiation|—>| Planning/Design l—bl Execution |—>|Closing|

Figure 1 Typical Development Phases to Control a ProjedWork Task

The following sections review how technology i tbonstruction industry is used to

measure, evaluate, document, and correct projeci®rk tasks. The reader will learn about



hardware and software that ranges from still imegeideo cameras, from small handheld
cameras to commercially used remotely operated k@srier construction purposes only. An
introduction to the application areas of automategh-resolution cameras and their cost is

given in more detail since they are relevant ferrgmainder of this thesis.

2.1 Digital Handheld Camera Photography

For decades it is common practice within the caresion industry to use cameras to provide
project documentation. Only recently have they bezoa tool integral to construction
management. Over the past 10 years, their use fojegb organization has become
widespread (Hannon 200&)lder methods of using standard film cameras amgglbeplaced
by more innovative ways, for example, from printdigital format. Digital images offer a
unique capacity to construction by documenting andnitoring project progress and
maintaining site condition controls. Thus, cametead take digital images or videos are part
of important tools for managing construction prege@rilakis 2007). Automated construction
cameras, which are remotely controlled and takedstalized digital pictures at set intervals,
can be a critical tool for real-time data analysisgl project documentation.

In summary, cameras are largely used in construsiiace they provide an acceptable
return on investment (ROI). Users are any projeatigpant, for example, owners, general
contractors and construction managers, and supghat are in need for a tool that provides
documentation from a subjective perspective at gimgn moment, and means for project

evaluation.



2.2 High Resolution Digital Camerasin Construction

The growths of information technologies and dataiagje opportunities in recent years have
made image and video data collection and processwagable and affordable for many
construction companies. This has been manifestedeirform of high-resolution automated

cameras provided by third party suppliers, showRigure 2.

High-Resoluti
igh-Resolution AC Power Converter

Cellular Antenna

Wide Angle Blower

Temp Controller

Surge Suppression

Embedded Controller

Mounting Arm
Industrial Timer

Figure 2 Typical Components of a Construction Camera (@syrtOxBlue, Inc.)

These types of cameras are used to take statiesraget intervals and record moving video
of a site and its operations (Hannon 2007). Higleh&ion cameras were chosen for the scope
of this research due to the increasing adoptiaim@technology and large amount of benefits
they produce. Additionally, static cameras rathantvideo cameras were analyzed due to the
low use of video cameras across the constructiduasiny and the significant drawbacks they
create, for example, setting high data storage ireqents. Cameras are re-usable from

project to project, but require cellular data trarssion to transmit images. Once power is



supplied to the cameras, they begin taking higbtudi®n digital pictures ranging from 3-10
mega pixels on set intervals, for example everyriQutes. Yet, the transmission of single
images requires a much lower bandwidth connectimh thus is preferred over video data
transmission. Permanent structures that are plecéde-of-sight of one or more camera(s)
call for foresight in camera placement on constouncsites.

A summary of the features and capabilities of bibia hardware and software of
construction cameras is provided in Table 1. Addad screenshot of a typical user interface

is shown in Figure 3. It includes archived calendeeather, and recorded images that are

useful for construction management purposes, ssisigl@deduling and documentation

Table 1 Hardware and Software Features and Capabiliti€ooktruction Cameras.

Hard/Software Features

Capabilities

Mounting hardware

Fixed wall or pole mount

High-definition cameras

3-10megapixels (between 2048x1536 and 3600x2700 pixels)

Wide angel lens

6.3-63 mm (38-380mm equivalent in 35mm photography)

Optical zoom

Up to 50 times

Electric protection

Integrated surge protection, 120 Volts, 83 watts (solar option)

Data storage

Central server, transmitting automatically 30 minutes after install

Weather proofing case

Operate in most weather types

Frame rate

25/30 frames/second (video) or 1 image/10-15 minutes (still)

Heat/cold resistance

Operate from -40C to 56F

External recording

DVR, DVD, or film

Image transmission

Dial-up (56kbs), LAN, WAN, cellular

Hosted project website

Interactive user interface: Retrieve and categorize project photos

Time-lapse photography

Automatic Production, Image comparison to detect changes

Weather data and features

Real-time, historically recorded, auto-response lens wipers

Camera movement

Digital pan, tilt, zoom (78 degrees of view when static)

User Interface

Internet browser (restricted password protected access possible)




2 OxBlue Pro Construction Cameras: Georgia Institute of Technology - Mozilla Firefox

Fle Edt View Hstory Bookmarks Tools Help
G- - @ 0 (T B e oxtlue.comjorojopenfoatech/14th [=[#]
31 2008 CIT Anul Conference -Agenda | [E OxBlue Pro Construction Camera... Cj |

dge L ES me Lapse 5] P=3 Help

Cellular Camera - 07/18/08

slue
Current Image:
07/18/08 - 5:50 pm

i Open Visual Calendar

2008 OxBlue, Inc.

Figure 3 Typical Camera User Interface (Courtesy: OxBluoe,)l



2.3 Application Areas of Automated High-Resolution Camer as

Access to (near) real-time data of constructioa attivities can relate to enormous benefits
for all project participants, as it saves money ame for its users. Camera specific benefits
and barriers were the main focus of this reseaBased on preliminary discussions with

camera providers and phone interviews with a nurobexperienced camera users, they were
broken down into four different categories to betfeantify value and impact. The categories
are: Project management and controls; Communicatiod documentation; Resource

management; and Security and travel. The followpagagraphs detail the application areas

that were the focus of this survey.

2.3.1 Project Controls’Management

Having well maintained project controls and manageims vital to minimize unnecessary
cost on construction projects. Data collected mtloan time periods and in a non-standardized
fashion is not as helpful for project managementlats collected regularly. Standardization
will make identifying problems and deviations moobvious. Cameras are useful in
monitoring the progress of construction activitiegpecially from a distance and at a
standardized viewpoint. Camera users can log iniela user interface and see if building
sections or components have been completed or-wor& is needed, allowing for early
detection of issues or problems while still perforgithe same construction tasks. The ability

to follow the progress of activities allows useospredict upcoming roadblocks and better



plan for the immediate next or following work task(Digital images may also reduce time
needed for inspection by allowing this task to baaremotely (Brilakis 2007). Seeing real-

time weather can help project managers to plarsahddule accordingly.

2.3.2 Communication and Documentation

One of the most significant problems in managingstaction projects arises in delays
resulting from poor communication or documentati@ameras can help reduce problems
ahead of time. A large cost is often encounteredegmards to travel time to and from a
construction site by company executives or projeahagers. The tangible impacts of travel
are discussed later, but intangible benefits eagsivell. When meetings are held, meeting
participants can instantly learn about the progatus, thus eliminating waiting periods to
retrieve information. The need for short answer itsT@ telephone calls is reduced as well
for questions involving project progress or sitaditions. Site visits can thus be optimized
and condensed.

Another important documentation advantage stemm ftloe standardization of site
pictures. Since a camera is mounted in a singlé, slopictures are taken from the same
vantage point, thus reducing confusion that maseaitiom multiple perspectives. A standard
time between each photograph taken allows usdasdw what time scale they are looking at
and can accurately gage progress. This reducesna@aded for field employees to venture
into the site to take pictures. The standardizatadin pictures allows for time-lapse
photography presentations to be made, which carudsal for post-project analysis or

marketing purposes. Unlimited offsite data storaly@ws the project to be documented from

-10-



start to finish. The ease of many website featualbew these pictures to be instantly
categorized and viewed in an organized fashion dtg @nd time. Having these unlimited
photos makes documentation easier, by provided-teaggcess photos for as-builts and
progress reports. Additionally, some written docatagon may become unnecessary because
all data is stored in pictures, for example, dalyather conditions. Pictures can be used for
legal purposes such as dispute avoidance andtilitiggrossibly saving millions of dollars in

expenses, time, and relationships.

2.3.3 Resource Management

Cameras are considered “semi-automated” in thees#rt the physical task of tracking
resources in a sequence of images is performeteoyder or image processing algorithms.
Using cameras for tracking workforce, materials angntory, and equipment across a site
can reveal a number of important imbalances foraggept. Time wasting, task completion
time, and inefficiencies can be recognized and saégl for better optimization of project
resources (Senior and Swanber-Mee 1997). Invemtadycontrol of large equipment and bulk
materials can be quickly located if they are invleav of the camera. Presence and location of

project workforce personnel can effortlessly bentdd as well.

2.3.4 Travel and Safety

Travel can become a large cost for project managxecutives, and owners if they work

directly on project sites which can be located madd of miles away from their main office.

-11-



Instant access to a website that hosts an imagalibf the project can reduce the frequency
of trips, saves gas expenses, and wear-and-teaompany vehicles. Should travel be
required, the traveler can be already informechefdite condition before departing. Cameras
can become a useful tool in scheduling site visiisce managers can judge when certain
stages may be completed or need input, and planttips accordingly.

Safety is an important issue that cameras help. Wdhsite hazards can be recognized
remotely and the safety staff on duty can be ingmnio remove the hazard. Improper
methods being used onsite can be identified ampstbif captured by the cameras. Theft and
vandalism to site equipment and materials may ladsceduced by the presence of protective
camera housing alone. Cameras may catch thievibg iact, but due to the intervals between
pictures, it is less likely to occur. Their presemtone provides a deterrent from for thieves to

enter a site.

2.4 Costs of Automated High-Resolution Camer as

Costs associated with installing cameras includé liobe and equipment. Often, users will
have to purchase a large pole on which to mountcdmera to provide a proper vantage.
Electrical lines may have to be re-routed by amtaldan or contractor to feed power to the
cameras. The use of solar panels is possible makstgllation in remote locations without

power possible. Maintenance of cameras is minirmdbag as power is being supplied to the
unit (Hannon 2007) Costs for cameras include ingiarchase, service fees, installation,
maintenance, training for employees, and any exgserier troubleshooting during the

operational time. A baseline cost in 2008 for pasthg construction cameras is around

-12-



$2,000-12,000 annually depending on the model apdhilities needed. There is typically a
one time hardware cost and then either recurringcsgefee or running cost. Due to the harsh
environment construction cameras operate in, whesare given for a specified amount of
time in case of damage. Monthly service fees fareas, operation, and technical support,

usually are between $200 and $600.

-13-



3 RESEARCH OBJECTIVE AND METHODOLOGY

A main issue in regards to the widespread impleatemt of construction cameras is that
benefits and barriers are not fully understood @vgts are not sufficiently quantified. A study
conducted by the National Highway Cooperative RetseRrogram (NCHRP) states that the
largest barrier for successful implementation ofmeea technology is lack of
understanding/knowledge of the potential applicetiof jobsite images and video” (Hannon
2007) The main objective of the study was to identifye tpotential applications, and
furthermore to determine the benefits and barrtbeg exist when using high-resolution
cameras.

Based on the performed literature review, prelanyndiscussions with several camera
providers, and phone interviews with a handful aperienced camera users, a survey
instrument was developed (see Appendix) and digeth to a large number of existing
camera users of construction camera suppliersiridi@duals answered. Although the exact
number of contacted survey participants is keptfidential (to researchers and camera
suppliers), the performed data analysis is notifsogmt. The data analysis performed in this
study, however, includes a total number of resporisat is up to eight times larger than any
of the previously conducted research studies, fample, Hannon (2007), and involves a
variety of construction project types that go bejanfrastructure construction only. This
survey was based on many different project typeessbudgets, and lengths and thus was

not skewed in any one direction.

-14-



4 SURVEY AND RESULTS

This section describes the developed survey questmd its results in detail. For better
understanding, a copy of the survey is providedAppendix A. The survey was sent to
existing construction camera users that had variexjgeriences using at least one or
potentially more camera technology. Survey partiotp further had experience in
construction operations and management, or builsiitegownership.

The survey was sent to participants via e-mailradink to that gave access to an
online survey questionnaire. The survey was kepthtee pages in length to increase to
motivate participation. The survey itself was deddup into nine sections, with each section
being categorical or ordinal in nature. Particigaamiswered multiple-choice questions for the
majority of the survey.

“Section 1” asked for personal information of thern&y participant. “Section 2”
focused on the project background that the respunaas involved with. “Section 3, 4, 5,
and 6” focused on specific tasks in the constracpoocess. Each task involved four sub
guestions that were answered using a scale frombeivey low and five being high. For
simplicity reasons in discussing survey resultghequestion in Section 3 will be given a
letter (A, B, C, and D).

On a project level:

* (A) Whatimpact does each work tasks have on the project?
* (B) How muchpotential exists to improve this work task?
Specifically relating to construction cameras da:si

* (C) How muchcan jobsite cameras reduce each work task (beforanpaised them)?

e (D) How muchdid cameras help improve each work task (once theg weed)?

-15-



“Section 7" asked about future uses of camerasmsttuction as well as barriers for further
implementation. “Section 8” asked for numbers #ilbiw determining Return-On-Investment
for projects in terms of percent (%) and dollar&)ue of a project budget, as well as days
saved on a project schedule. “Section 9” allowetditemhal comment by the respondents.

Full numerical and graphical results for all quetss are presented in the Appendix as well.

4.1 Per sonal Background

“Section 1” asked for personal and company backgtoinformation of the survey
respondent. 142 survey participants belonged todiffdrent organizations. For this question
multiple answers were allowed, resulting in 166ume¢éd answers. The majority of
respondents were project managers (51 responsés,oBlall 166 answers), owners (32,
19%), contractors (23, 14%), and developers (166)10naking up 74% of all respondents.
Each of these positions usually has higher progsponsibility and thus control and monitors
the progress of projects more frequently than offteups. The remaining 26% were spread
among superintendents (12, 7%), information teahmokpecialists (12, 7%), consultants (6,
4%), and others (14, 8%). Suppliers were not ambagespondents, since they more or less
rely on decisions made by project management otrachor before doing any of their tasks.
These numbers indicate, however, almost all pedanmolved in the surveyed construction

project use cameras to some extent.
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4.2 Project Background

“Section 2” of the survey asked for project backgrd information (physical size of project,
number of stories/floors, and project budget) that respondent is using camera(s) on. Full
results for Section 2 can be found in Appendix B.e§ual percentage of projects (34%) were
found for sites of 1-5 acres and 5-25 acres. Asipusly mentioned, the use cameras seems
to be less useful in projects that cover very la@w®sove 50 acres) or very small areas (less
than one acre).

The largest percentages of projects were commerd&b of all responses), followed
by industrial (13%), heavy civil (8%), governmeri%), residential (8%), other (8%),
healthcare (5%), hotel (4%), mixed use (3%), andal#ion (1%) jobs. Commercial projects
often have strict delivery timeframes as ownery tedavily on the income generated from
stores that open on time. Early or on time openwfgstores are important business factors.
Cameras that allow tracking the progress or deldgsally can deliver early warning
indicators of potential delays. The savings thaheas generate for commercial builders are
likely to be higher than in other types of constiat projects. A later review of the use in
heavy civil projects indicated that infrastructanenitoring using camera mostly concentrates
on large vertical structures such as bridges orsdarhe current uses for cameras in heavy
civil projects are thus on isolated project spatd aot on segments that stretch over multiple
miles, for example, road construction.

About half of the projects were 2-10 stories inghei with about 40% being a one
story facility. Again, height is a limiting factoas larger buildings are more difficult to

monitor than smaller buildings. 13% were greatanthO stories in height.
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The majority of projects had high budgets (gredtem $25 Million, 56% of all
responses). Project with higher budgets eventuallgw easier allocation of money to
purchasing and operation of construction camenageéts with budgets less than $1 million
had few respondents.

Overall, the respondents prioritize the usefulredss single camera to be significantly
higher on small to medium sized construction sitemrge construction sites may require
multiple cameras. Smaller projects, however, thest oot more than $400,000 and last less
than 1 year could have up to 1% of the total ptojmiget allocated to camera technology.
This was calculated using the lower end of the caméce range of a $2,000 camera cost and
a $200 monthly fee. Provided additional feedbackdspondents stated that other monitoring
solutions than camera technology comes generadlyext larger cost.

Respondents were then asked to estimate the dutibheir project. Projects ranging
from 6 to 24 months were the majority, with 88 @fraspondents. This is a typical duration
range for commercial or residential projects. Vit majority of respondents in this range, it
was difficult for the respondents to asses longitdrenefits associated with the use of
cameras. Only 23 of the projects were longer thamanths and thus were underrepresented

compared to jobs with shorter time frames.

4.3 Task I mpact

“ Sections 3, 4, 5, and 6” of the survey obtainednatddata. All answers were provided on a

1-5 scale, with 1 being the least important ancefdp the most. Results of sections 3, 4, 5,

and 6 are presented in Appendix B. Ranked in tderasf the highest average score, the top 5
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work tasks that respondents consider having thieelsig

(A) Impact on a project level (general, not camera specific): External commuiocat
(3.9), jobsite issues/roadblocks (3.9), task cotiguie(3.8), inside company communication
(3.8), and scheduling (3.8). All of these top task® categorized under the sections
“Communication/documentation” and “Project managet@and controls.” All tasks under the
section “Resource management” had the lowest impatihg, showing that tracking
construction resources (workforce, equipment, aatenals) is less important for the survey
participants.

(B) Potential for improvement (general, not camera specific): A correlation gsial
was done between these tasks with high impact ajidgdotential for improvement, as many
of these tasks already appeared on the list ofesigimpact. Results considered to be well
correlated have a value of .5 or greater. Extecoahmunication (3.6 average rating, 0.69
correlation score), scheduling site visits (3.520,/and internal communication (3.4/0.52) all
correlated well while jobsite issues/roadblocks Was (3.5/.48). “Resource management”
tasks were again ranked the lowest rated tasksotential improvement.

(C) Expectation to reduce work tasks using cameras (when considering cameras, but
before having them applied): 4 of the top 5 wertegarized under section “Security and
Travel” since tangible aspects are associated tatrel and the savings that can be generated
in gas, vehicle wear and tear, or flight fairs. Hwerage rating was: Project status before site
visits, task completion, avoidance and theft/vaisdal scheduling site visit(s) (each 3.3), and
safety enforcement (3.1). Respondents most likedyewable to directly associate numbers
with these tasks and then associate values fortheycan be reduced. Task completion had

high potential for reduction by cameras and wase aisthe top 5 for highest impact in (A),

-19-



though the correlation value between the two was (0.42). Again, tasks in section
“Resource management” were ranked lowest.

(D) Measured impact on work tasks (when cameras were applied): Respondents gave
average rating to project status before site @jsi8.4), scheduling site visit(s) (3.4), external
communication (3.3), inside company communicati®2), and task completion (3.2). Both
internal and external communications as well as ¢asnpletion were also found among tasks
with high impact in (A), but each had low corretetiwhen considering (D). Knowing project

status before site visits had high correlation&D.6

4.4 Project Type Breakdowns

An important research task was to identify whichrkvtasks cameras impact the most and
least when considering project specific types, sashduration, budget, stories/floors, and
acreage. This analysis may help camera users figeintiwhich areas they can expect
considerable benefits and in which they might rietdysufficient return on investment when

using cameras. Full results for each project typepaesented in Appendix C.

4.4.1 Duration

Respondents believed that cameras benefit progcesy given project duration the most

when the tasks are: External and internal commtinitascheduling site visits, and knowing

the project status. Cameras become beneficialrnte ssers when used as safety enforcement
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tool for longer termed projects. Using camerasré&source management tasks offered the
least return on investment. Survey respondents tnsga little impact of using cameras in
manually tracking resources in longer termed ptsje@ potential solution could be

automating the tracking of resources using canmages.

4.4.2 Budget

In smaller sized project budgets, cameras provitteel most benefits when providing
documentation and communication of deliverablean€as were most beneficial in use in
projects ranging from $26-50 million when suppagtinternal communication and knowing
the project status before visiting the site. Prigjetith higher budgets (>$26 million) found

higher value for using cameras in lawsuit and dispwoidance.

443 Stories/Floors

Based on the height of the project, cameras shiwgla return when being used in smaller
sized projects (1-10 floors) and see large impactstheduling site trips. It is likely that
project managers are in charge of few to many snallojects at the same time, thus
benefiting the most of using cameras to overseeraéeonstruction sites at the same time
with less effort. Taller projects use cameras nyos$tdr external communication and
marketing. Cameras impact resource managemene#ése, lespecially in regards to tracking

materials and inventory.
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4.4.4 Acreage

Cameras have the biggest impact on smaller prof{gessacres) and mostly used for internal
communication and scheduling purposes, while casneralarger projects (>5 acres) have
impact on external communication. Larger projects @ften more complex and thus have
more people outside of an organization involved wked to share information. The lowest

impacted task was for resource tracking.

4.5 Observed Benefits

An important objective of this survey was to measifr the envisioned benefits before
applying camera technology in construction lateretmitbe observed benefits once camera
technology has been applied. If a difference betveegpectations and reality exists, corrective
actions may be taken.

The first step is to determine tleavisioned benefitsThe average ordinal values of
survey questions for questions (A), (B), and (@& aultiplied, weighted, and then ranked.
Each weighted rating takes into account task impaatential for improvement, and potential

improvement from camera use. The formula is:

Envisioned Benefits = [ (A (B)x ( C) ]/ [Total Sum of values of all responses]
A = General Task Impact on Project

B = General Potential for Improvement

C = Envisioned Potential on Improvement on Taskgi§iameras

D = Impact of Cameras on Task Observed
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The second step includes the calculation of thiserved benefitby multiplying the
envisioned benefits with the score of survey qoes{D). The large number of responses
(144) from different positions in 114 companies werd objective and reliable data from
actual camera users. Similar to the envisionedflisntheobserved benefitare weighted and

ranked.

Observed Benefits = [ (A (B) x (C) x (D) ] / [Total sum of values of all responses]

A chart displaying the weighted ratings of eaclk fas both envisioned and observed benefits
is illustrated in Figure 4. These weights can fertbe used to develop a toolkit for further
cost-benefit analysis for construction camerasxgtaaed later in this section. The full list

of weights can be found in Appendix D.
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Figure 4 Observed vs. Envisioned Benefits
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Including the observed benefits into the calcutatithanges the result of the rankings. Based
on the comparison of observed vs. envisioned bisnefinumber of work tasks exceed the
envisioned potential of the respondents (these @obeduling site visit(s); Project status
before site visit(s); External communication; Imigrcommunication; and Task completion).
Each exceeded their expected value by at leasudirmoint.

As a result, survey respondents overestimated ¢hi@mance of camera technology
for work tasks that relate to documentation and roomication of deliverables, identifying
rework, and tracking construction resources suctvagforce, equipment, and materials, as
well as logistical efforts for delivery and pickup.

Tasks where expectations are not being met fallgninantly under the Resource
Management category. Respondents believe that eamsnould aid more in tracking
resources than actually happens in reality. Thie d¢dsracking of inventory/materials had the
largest disparity. There are a number of reasorysmdnitoring these tasks with cameras may
not be a successful task for hi-resolution autothatemeras. Resource management based on
single or multiple cameras that are not workingeal-time (at least 1 Hz) and are eventually
blocked by line-of-sight requirements may underfqgren to existing approaches. The same
reasoning can be applied to safety enforcement reamhrd control, and lawsuit/dispute
avoidance. While it is possible to identify aredslispute, the cause of the dispute may not

always be recorded.

4.6 Benefitsand Barriersin Current and Future Uses

In “Section 7" respondents were asked to identify ggeareas in construction where
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cameras are believed to have the most impact. i&ng the top five work tasks from a
given list that cameras can help with, the five nfosquently picked work tasks were (in
order): Foundations (16%), grading/earthwork (15%tgel (13%), concrete (13%), site
preparation  (12%), demolition, roofing, finishing each  6%), facilities
management/landscaping (5%), front-end planning){48tocurement (3%), and interior
(1%). The analysis of this question demonstrated tonstruction cameras are primarily
applied successfully earlier rather than later iostrprojects. This is mostly due to the fact
that once walls are erected or any other obstnustExist on job sites, a camera may lose
somewhat its effectiveness since the line-of-sighitlonger exists. In such a case, many
camera users remount the camera to other locatfonsgxample, for interior work and
finishing of buildings. Additionally, proper plammg of camera location is required to avoid
relocation efforts.

The highest ranked tasks (foundations and earthvawekintegral to the critical path of
a project. Proper grading must be accomplishedreedmy other major construction task
begins. Monitoring the success of concrete pouramrhourly or daily basis is extremely
helpful in tracking progress as well. Rework onrfdations can be very costly if not done
correctly. It becomes understandable why projecs@®el frequently monitor these two
work tasks the most. Facilities management/landsgagre low because it is usually the
owner is responsible for the work task. Since ownepresent only 19% of all survey
respondents, the importance of facilities manageénselow. Roofing is ranked also low, due
to the difficulty associated with mounting a camaran area that gives a good view of the
top of a building.

Respondents were then asked to pick the top barfwerfurther implementation of
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construction cameras. This section was designedetatify areas where problems exist and
reasons why cameras are not being (more frequemsigdl by their organization. Presented
with a list of 11 choices and asked to pick thrbeices, 46% of all survey respondents
identified price as major barrier for more widegmleuse of camera technology in
construction. Either camera technology has not loeesidered “in the budget” or the “owner
won't pay for it”. It is believed that a rigorousst-benefit analysis that quantifies cost and
benefits can help solve this problem. The next ésghanked obstacles in using cameras were
camera(s) not being a top priority (12%), conceaahsut liability (8%), or lacking support
from executive management (5%), client (4%), ojgmbmanager (3%), and other reasons
(8%). 10% had misunderstanding of what camera tdobg does.

Respondents were also asked what pains camerdgelwith. On a list of 8 choices
and asked to choose the top 3, the top choices‘{Kaeving what is going on at the jobsite”
at 29% (of all respondents) and “Long-term projotumentation” at 21%. These answers
are consistent with the higher ranked tasks whkadaabout impact in sections 3, 4, 5, and 6.
Supporting marketing efforts was listed third a¥%dl&'he ability to automatically create time-
lapse movies (using a sequence of project images)risidered a very helpful tool attracting
and promoting business. Other votes where commumicevith external team members(13%
of all respondents), documentation to help resdispute resolution and claims (9%), general

accountability (6%), coordination with internal mieens (3%), and others (2%).

4. 8 Return for Projects

Respondents in “Section 8 — Return for Project Argare asked to quantify the percent of
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budget, dollar amount of budget, and days of theeduale that camera technology helped to
save in each of the four survey categories (sest®4, 5, and 6). For these questions, 14
respondents were able to quantify values.

Although many survey respondents were able toitatiakly describe the benefits of
using camera technology, they were unable to giyaati absolute return-on-investment.
Several reasons can cause this lack of sufficietat. drirst, data is not collected or available in
the detail needed to accurately describe monetasgltedule benefits. Decision makers have
not recorded detailed data since their job presitay in different areas (managing day to day
operations, etc.). Secondly, the data that neelds twllected is unknown or difficult to obtain
or quantify. Additionally, the relatively low cosif camera technology (a few thousand
dollars) may prohibit a serious research effort. sMoonstruction companies have not
attempted this kind of analysis of time and moneyegards to how cameras are helping
them. Tracking this information would be a usefult Isignificant and time consuming
undertaking. Future research should use a toakénalyze a case study of camera use on
construction projects in a detailed and long-teashfon.

Camera savings over a longer time frame can beyzathlfor several projects using
the weighted values found in this research (sear€ig). Comparisons need to be made for
each task in year X and subsequent years X+1. Xeavuld be the control project (not using
automated cameras), while year X+1 would be theesama similar project that uses cameras.
Data would need to be record both on a cost bakiBafs) and a schedule basis (time)
involved in each task. Project managers, for exampould need to document their schedule
throughout the observation period and eventualtpne detailed schedule data on deviations.

Values could then be compared, showing possiblengavn time and money. This method
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can then be applied for all tasks and multipliedthgir given weight factors in order to

normalize the task appropriately. The formula i$odisws for a typical project:

Savings due to cameras  =A(# Task 1 from X to X+1} (Task 1 Weight factor) {$A
in Task 2 from X to X+1j (Task 2 Weight factor + ...+ &
in Task N)x (Task N Weight factor)

If this analysis was implemented across a numb@rajects, one could begin to see
value savings, for example, documenting savingsxtarnal communication due to cameras.
In year 1, values could be tracked for number afrb@pent on calls with outside stakeholders
and cost of shipping/producing paper materialsirdad comparison could then be made with
data from year 1 and 2, revealing direct savingsmwdione across multiple projects. Using the
weighted values of the observed benefits, the réiffee in dollar savings from year 1 and year
2 would be multiplied by this factor. If the savingiere found to be $5,000 between the two
years for these tasks, this value would need tprbperly weighted in order to quantify the
savings achieved from camera use. As shown in Eigurfor external communication, the
weight factor found in the survey was 8.11%. Muyliipg ($5,000)x(0.0811) yields $405.5

yearly savings for external communication due testauction cameras:

Savings due to cameras = ($5,08@P.0811) = $405.50

Figure 5 below show the flow chart of calculatimyisgs in this case.
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Rework 0.0811 X $5,000 = $605
ITdaesTg V[-y:é?g: Savings Benefits of
Determine For [P Ysing [ Using
Savings Task Cameras Camera
t |
Repeat for all tasks
Sum
of All |«
Benefits

Figure 5 Flowchart to Determinate Savings

Looking at an individual project as an example kalp illustrate quantitative savings,
created by cameras. For this research, a constnuctimera was placed overlooking the
demolition and construction of the1&treet Bridge in Atlanta, GA. Site personnel, camp
executives, and others involved in the project aecess to the camera’s web interface and
accessed the photos regularly. A daily work log waesated of site activity purely from the
images created by the cameras. From interviews théhusers, benefits were determined and
analyzed. While this project did not record dethileformation on their camera use, benefits
were still observed, both qualitatively and quantitiely.

It is not uncommon for project managers to be basgaf locations far from a project
site. The distance requires frequent site visita Inyanager in order to assess conditions of the
site and make decisions to move the project al6iog.the 14' Street Bridge project, the
headquarters of the general contractor was in arbubf Atlanta. Assuming a manager is
billed at $80 per hour and completes a weekly\sit in three hours, traveling 30 miles for a
round trip, the cost for this task can be calculaising the IRS standard of 50.5 cents per

vehicle mile travelled. The 12 hours per month ¢tu&960. Travel alone would cost $75.75.
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In summary a cost of $1,035.75 per month occursighificant part of this cost may be
avoided if the project manager is able to view lthiege using the cameras instead of a site
visit that was planned. If three trips are avoitigda project manager, that is equal to roughly
the cost of a camera unit (approximately $3,000}hese cases, the initial invested cost of the
camera is paid back to the purchasing company.

With more detailed studies, savings due to materaalking can be quantified also.
Figure 6 shows selected images from camera imagte gplacement and compaction of an
asphalt layer for Interstate 75/85 over a two dayiqa. This task lasted 15 hours. Project
managers can use cameras to quantify costs fotitmegrame by visualizing productivity of
the operation throughout the days. Wasted or urssacg downtime can be identified and the
processes adjusted to be scheduled properly, reglitiee number of hours worked and saving
money. Six workers can be seen completing the patask in the first image when viewing
the task in the interface. Using the ENR labor afs$32.74 per hour (The McGraw-Hill
Companies 2008), the total labor cost is estimate®2,946.60. Any reduction of time or
process (i.e. unnecessary worker identified, obstms) would create savings for the project.
Identifying one unnecessary worker would save $#Olhbor cost for this task alone. This
labor cost could then be applied to another aspkthe project for tasks that are behind
schedule or require more manpower. Project managera@ see how much asphalt has been
placed and estimate time to competition. The nunobassphalt trucks hauled for the job was

recorded as well and can be useful for quantigkirey and verification.
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Figure 6 Bridge demolition by daily progress (left), Paverhprocess by the minute (right)
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Qualitative impact of the cameras was generatealgtr increased public awareness
of the project. Contractor and Georgia DepartmehtT@nsportation (GDOT) received
positive publicity in an article published in thelaata-Journal Constitution (Hart 2008) that
informed readers about the camera accessibility laxkéd them to the website interface.
Because of this, the public could be just as ugatie as project staff. Prior to this article, the
average users per day were approximately 20 pedpke following week had an average of
1,337 users per day, far greater than the init@rage. For the remaining weeks of the
project, the number of users averaged out to appairly 225 users per day and remained in

this range for many weeks. Figure 7 shows the narabanique users per day accessing the

camera.
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Figure 7 Camera Users Per Day
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Demolition of the bridge was one of the most inealvand most dangerous tasks for
this project. Figure 6 shows the sequences in tbgress of the bridge demolition recorded
by the camera. These images allow for future plagpnrand training of bridge removal
techniques. Officials at GDOT stated they would thsse images in the future as a teaching
device for new engineers, demonstrating the prgpecedure for bridge construction. By
creating a log of the events in the camera, ofiss&er can compare the planned schedule to as-
builts. For many large tasks such as bridge demwlitdetailed schedules are not created,
rather a generalized process is listed and manthefmore detailed tasks are left to the
discretion of superintendents and managers. Thginati demolition schedule showed five
unique tasks, whereas 15 tasks were identifiedrandrded in the daily camera logs. This
allows for better planning on future projects bywihg a much more detailed idea of what
equipment is involved, how many hours workers aesent, and the tasks that need to be
completed.

There are a number of prospects for continued dpwetnt and integration of cameras
with emerging technologies in order to establisdata-rich construction site. Research on
extracting data from images produced by automatedstouction cameras for object
recognition is currently being conducted. Using &bages, algorithms being developed
recognize objects on perceived 3D distance (Bsladi al. 2008). Further optimization for
data transfer and site communication and objeckimg is being developed as well (Brilakis
and Soibelman 2005). Research into augmented iesalib facilitate in decision-making
processes is being conducted (Pena-Mora et al.)200fis research is also focusing on

automated object recognition and camera matchimgitgpare with as-planned models. All of
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these developing technologies will aid in resouraeking and allow a more quantitative
value to be applied to construction savings. Cilyerthere is research into automatic
identification of inventory and progress trackiny rielation to scheduling (Navon 2006).
Development of automated identification algorithwil be greatly aided with the help of the
standardized and detailed images created by catisinu cameras. Automating the
organization of files created by imaging technaodsginto a readable database is important to
manage the large volume of files created (Caldak Soibelman 2003). Further integration
with Building Information Modeling (BIM) softwareral RFID tracking technology will need
to be investigated as well, possibly linking arbagt BIM model with actual as-built images
and VR displays (Woodward et al. 2007). All of thedeveloping technologies will aid in
resource tracking and allow a more quantitativai@adb be applied to construction savings.
Future research into construction progress monigois currently underway utilizing 3D

range point clouds produce by laser scanners (LIPARecord site activities.
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5 CONCLUSIONS

This thesis presented the benefits and barriereceded with the use of hi-resolution
construction cameras for construction managememécbgnized tasks where cameras have
the greatest impact and areas for improvement. bereefits of construction cameras have
been consistently found to exceed their expectgphats and a large potential exists for
improving their use, for example in resource managd. Benefits for tasks were found to
differ for certain project types (e.g. High buddetrge area) and knowing project limitations
are essential to achieve the maximum potentiaredfédy cameras. Determining quantitative
savings was a difficult task, as companies do eobnd needed data and requires a more in-
depth analysis of individual projects. While resbars were unable to determine quantitative
savings, qualitative results show that camerashareng a significant impact on projects.
From interviews with users and data collected freanveys, the majority of respondents
supported use of cameras and express desire inwetieir use on future projects. The rapid
adoption of this technology by construction companiends to support this claim. Further
long-term research will need to address quantgatbavings. Developing metrics and
collecting data in long term studies can be thet re#&p in research rapid adoption of

technology in construction.
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APPENDIX A

Survey

Survey on Construction Cameras

The School of Civil and Environmental Engingering at the Georgia Institute of Technology is conducting a survey to
assess the costs and benefits, limitations, and Return-0On-Investment (ROI) associated with high-resalution cameras
in the construction industry. The information obtained from this survey will not be shared with any third party and will
be kept entirely confidential. Flease respond to each question with as detailed and realistic answers as possible.

Submission Deadline: April 14, 2008,

Please download this survey first on your desktop and frequently save it! If applicable, all grey areas should
be completed. Once completed, please e-mail or mail vour answers to the Principle Investigatar (Fly: Dr. Jochen
Teizer, School of Civil and Environmental Engineering, Georgia Institute of Technology, 790 Atlantic Dr. MW,
Atlanta, GA 30332-0355, E-mail: teizer@gatech.edu, Phone: +01-404-894-8269. Thank vou very much.

Section 1: Introduction

Instructions: FEa=s fll in the NfoAation hal most accuralely RHects your Wom

1.1.
Mams
1.2.
Mame of Company
1.3 Commercial RHeawy Civil Industrial Healthcars Govemment
General Project Descripton O [m] O [m] [m]
Hotel Residential Demaolition Moead-Use Cther
O O O O O
1.4. Project Manager Orwner Contractor Dewveloper Supplier
Job Tite O [m] O [m] [m]
Consulant Supenniendent [ I
o I Othar, pease spacify:
Section Z: Project Background
Instructions: Pieas=e pick which anzswerdeszcnbes your project zite the most sccurafely.
2.1 <1 1-5 5-25 25-50 =50
Typical poject acreage O O O O O
2.2 1 2-10 11-20 21-40 =40
Typical numbear of stories/floors O O O O O
2.3 <1 1-5 5-25 26-50 =50
Typical project budget (3
rﬁ ong} : O o O o o
2.4 e
Duration of pojact Day(s):
2.5 Don't Know 1% 2% 3-5% >5%
Retum-0On-Investment needed
to implement new E=chnology O | O O O
2.5 ideo High-Resolution Mo Cameras
Cameras present on your
omject m| m| m|
2.7 Low Use High Use
How often do you use cameras El 3 3 4 5
O O O O O

Figure 8 Survey Page 1
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Instructions: For yourgiven

and curment typical progct(s),

plessze indicate your mting by

choosing one number for esch
of the following gquestionz.

Project Lewel Camemas
Impact Potential Before Use After Use
Overall, what impact In general, how much How much can jobsite How much did cameras
does this work task potential exists o camearas educe this help improve this work

hawe on yourproject?

improve this work task?

waork task?

task?

Low High | Low High | Low High | Low High

1 [2 [s ]« ]85 [1 ]2 3 [4]5 [1]21]=zTJ+]s5]]1J21]=1]+]s
Section 3: Project Management and Controls
A olo|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|O|D
22 campiton o|lo|o|lo|o|o|o|o|o|o|o|o|o|o|o|o|o|o|jo|o
L eduing olo|o|o|o|o|lo|o|jojo|o|o|o|o|jo|o|o|o|o|o
B e lssuesRoadblocks olo|o|o|o|o|o|o|ojo|o|o|o|jo|jo|o|o|o|o|o
Section 4: Communication/Do cumentation
e treaBehines Meteral | O oo o|lo|o|o|o|o|o|o|o|jo|o|o|o|o|o
52 company communiation | 0|3 | O D|ojo|o|o|o|o|o|jo|o|o|o|o|o|o|o
L emmunication olo|o|o|o|o|o|o|o|jo|o|o|o|o|o|o|o|o|o|o
o iy svodance o|lo|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o
Nt/ peessentedions o|lo|o|lo|o|o|o|o|o|o|o|o|o|o|o|o|o|o|jo|o
BE mentzanddeiversne: |0 |0 |O0|O0|0|o|o|o|o|o|o|jo|o|o|o|o|o|o|o|O
Section 5: Resource Management
erores o|lo|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o
22 ment olo|o|o|o|o|o|o|o|jo|o|o|o|o|o|o|o|o|o|o
Mteriats/imveniory o|lo|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o
Bebvery/Pidap o|lo|o|lo|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o
D e recources o|lo|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o
Section 6: Security and Travel
Bectsistusbeonstevety |0 |0 |0 |0 |0 |0|0|B|0|o|o|jo|o|o|o|o|o|o|o|D
S cuing =i vistie) olo|o|o|o|o|o|o|o|jo|o|o|o|o|o|o|o|o|o|o
G ety enforoement olo|o|o|o|o|o|o|jo|jo|o|o|o|jo|jo|o|o|o|o|o
S irolof bl hazards o|lo|o|o|o|o|lo|o|lo|o|o|o|o|o|o|o|o|o|o|o
S enmotheendsiem |0 |0 |O0|O0|0|o|o|o|o|o|o|jo|o|o|o|o|o|o|o|O
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Section T1: Future Use

Instructions: Fes=e zekect

7.
In what top 5 areas do you believe cameras hawe the most impact?

Frantend Flanning

Cremolition

Si= Freparaton

Procurment

GmdngEarhwork

Foundetons

Stes

Concei

Foofng

InEnor

Finishing

Facilities ManagementLand=scaping

\What are the top 3 bamers o furtherimplementaton of construdtion cameras?

Pnoe sensitvity — intemal [ i's not in the budget’)

Frice sensitivity — exiemal [DwWnarwon 1 pay for i)

Peopk don't want to hawe their jobsies montored this way

Concems about Tlisbility™ fomhaving webcams on a phsite

t's just not & pronty

Mizunderstanding on what the syslem does

Ex=cutnes dont == the vale inwsbcams

Pz Tmanagers don't === the valus

oo dificult io get client orcompany buyin

Ex=cutnes are genemlly not comfortabe wih new Bchnology

OOgOOooOdgoOsz./f000fgoqgooo

Uthars

-

3.
hat ame the 3 mostimportant pains construction cameres help you with?

Knowing wnsat 5 going on &t ine jobsiis

Long-EEm propct documentaton

Coordnation wih exdemaliEam memoears

Mar=ing

Drocumentstion to help resohe deputes and claims

Geneml Accounabilty

Coordnation beteween niEmal Bam members

OO0OO004O0C

Ciher

Section 8: Return for Project Area

Instrucions: FavailBbE, whal budgel (% and &) and scheduE [dayz) haz been saved Using cameras in e folowing areaszr

8.1 - .

Project Management'Controls E # Dayls)
gﬁ"ﬁm cation/Documentston | 5 Dayl=)
Eﬁsﬂu'ﬂe Mensgement e 5 Dayis)
giﬂu rity and Trave 3 ] Day(sh

Section 9: Additional Comments

Flea=e entrany addion comments that vou may hawe:

Thank you very much for your participation!

Figure 10 Survey Page 3
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APPENDIX B

Summary of Ordinal Data

Note: * indicates that the task was the highestayeranking for its category.

Table 2 Category Summaries

Category (A 1B [(©) |([D)
Communication/Documentation | 3.5 33 2.7 2.8
Project Management & Controls | 3.6 3.3 29 2.8
Resource Management 2.8 1.9 2.0 1.9
Security and Travel 3.4 3.0 3.2 3.0

Table 3 Tasks That Have the Most Impact (A)

Ranking | Task Category Average Rating
1 External communication* Communication/Documentation 3.9
2 Jobsite Issues/Roadblocks* Project Management & Controls 3.9
3 Task Completion Project Management & Controls 3.8
4 Inside company communication | Communication/Documentation 3.8
D) Scheduling Project Management & Controls 3.8
6 Safety enforcement Security and Travel 3.5
7 Project status before site visit(s) | Security and Travel 3.5
8 Documents and deliverables Communication/Documentation 3.5
9 Control of jobsite hazards Security and Travel 34
10 Scheduling site visit(s) Security and Travel 34
11 Workforce/Machines/Material Communication/Documentation 3.4
12 Avoidance of theft/vandalism Security and Travel 3.3
13 Lawsuit/dispute avoidance Communication/Documentation 3.3
14 Marketing/presentations Communication/Documentation 3.2
15 Rework Project Management & Controls 3.0
16 Materials/Inventory* Resource Management 2.9
17 Workforce Resource Management 2.9
18 Equipment Resource Management 2.8
19 Locate resources Resource Management 2.8
20 Delivery/Pickup Resource Management 2.8
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Table 4 Tasks with Most Potential for Improvement (B)

Ranking | Task Category Average Rating
1 External communication* Communication/Documentation 3.6
2 Jobsite Issues/Roadblocks* Project Management & Controls 3.5
3 Inside company communication Communication/Documentation 3.4
4 Marketing/presentations Communication/Documentation 3.4
5 Project status before site visit(s)* Security and Travel 3.4
6 Scheduling site visit(s) Security and Travel 3.4
7 Documents and deliverables Communication/Documentation 3.3
8 Task Completion Project Management & Controls 3.3
9 Scheduling Project Management & Controls 3.2
10 Lawsuit/dispute avoidance Communication/Documentation 3.1
11 Rework Project Management & Controls 3.1
12 Workforce/Machines/Material Communication/Documentation 29
13 Avoidance of theft/vandalism Security and Travel 29
14 Safety enforcement Security and Travel 2.7
15 Control of jobsite hazards Security and Travel 2.6
16 Workforce* Resource Management 2.0
17 Equipment Resource Management 1.9
18 Delivery/Pickup Resource Management 1.9
19 Materials/Inventory Resource Management 1.9
20 Locate resources Resource Management 1.8

Table 5 Tasks That Can Be Reduce Most (C)

Ranking | Task Category Average Rating
1 Project status before site visit(s)* Security and Travel 3.3
2 Task Completion* Project Management & Controls 3.3
3 Avoidance of theft/vandalism Security and Travel 3.3
4 Scheduling site visit(s) Security and Travel 3.3
5 Safety enforcement Security and Travel 3.1
6 Scheduling Project Management & Controls 3.1
7 Lawsuit/dispute avoidance* Communication/Documentation 3.0
8 Marketing/presentations Communication/Documentation 3.0
9 External communication Communication/Documentation 3.0
10 Control of jobsite hazards Security and Travel 29
11 Jobsite Issues/Roadblocks Project Management & Controls 29
12 Inside company communication Communication/Documentation 29
13 Documents and deliverables Communication/Documentation 2.3
14 Rework Project Management & Controls 2.2
15 Workforce/Machines/Material Communication/Documentation 2.2
16 Materials/Inventory* Resource Management 2.0
17 Equipment Resource Management 2.0
18 Workforce Resource Management 2.0
19 Delivery/Pickup Resource Management 1.9
20 Locate resources Resource Management 1.9

-43-




Table 6 Tasks Reduced Most by Cameras

Ranking | Task Category Average Rating
1 Project status before site visit(s)* Security and Travel 3.4
2 Scheduling site visit(s) Security and Travel 3.4
3 External communication* Communication/Documentation 3.3
4 Inside company communication Communication/Documentation 3.2
5 Task Completion* Project Management & Controls 3.2
6 Marketing/presentations Communication/Documentation 3.0
7 Scheduling Project Management & Controls 2.9
8 Avoidance of theft/vandalism Security and Travel 2.9
9 Jobsite Issues/Roadblocks Project Management & Controls 2.8
10 Safety enforcement Security and Travel 2.7
11 Control of jobsite hazards Security and Travel 2.6
12 Lawsuit/dispute avoidance Communication/Documentation 2.6
13 Documents and deliverables Communication/Documentation 24
14 Rework Project Management & Controls 2.2
15 Workforce/Machines/Material Communication/Documentation 2.1
16 Workforce* Resource Management 2.0
17 Equipment Resource Management 1.9
18 Delivery/Pickup Resource Management 1.9
19 Materials/Inventory Resource Management 1.9
20 Locate resources Resource Management 1.8
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The following tables display camera impact by shagthe top 3 Most Impacted tasks and the
bottom 3 Least Impacted tasks. This was broken ddeam project duration, budget,
stories/floors, and acreage. For all of the speatifbns, a minimum of 5 respondents was used
to consider the data for future analyses. Projpetifications that do not meet this limit are

included, but marked with an asterisk (*). Some haw respondents for a certain task and

APPENDIX C

Results by Project Type

are marked as NA.

Table 7 Project Duration Impact

Duration (Months) Top 3 Most Impacted Rating Bottom 3 Least Impact Rating
Task Completion 4.29 Documents and deliverables 1.33
1to 6* Marketing/presentations 4.00 Avoidance of theft/vandalism 1.33
Inside company communication 4.00 Safety enforcement 1.33
External communication 3.25 Delivery/Pickup 1.75
61to 12 Inside company communication 3.18 Equipment 1.73
Project status before site visit(s) | 3.13 Workforce 1.56
Task Completion 3.82 Materials/Inventory 2.42
13to 18 Inside company communication 3.80 Documents and deliverables 2.25
External communication 3.60 Rework 2.00
Inside company communication 3.64 Rework 1.89
19to 24 External communication 3.50 Equipment 1.89
Scheduling site visit(s) 3.40 Workforce 1.86
Task Completion 3.50 Rework 2.50
25 to 30* Jobsite Issues/Roadblocks 3.25 Scheduling 3.00
Scheduling 3.00 Jobsite Issues/Roadblocks | 3.25
Scheduling 3.29 Workforce/Machines/Material | 2.20
31to 36 Project status before site visit(s) | 3.25 Rework 2.17
Safety enforcement 3.00 Materials/Inventory 1.80
External communication 5.00 Rework 2.00
37 to 42* Scheduling site visit(s) 5.00 Workforce/Machines/Material 1.00
Project status before site visit(s) | 5.00 Lawsuit/dispute avoidance 1.00
Scheduling site visit(s) 3.25 Equipment 1.50
43 t0 48 Project status before site visit(s) | 3.25 Materials/Inventory 1.50
External communication 3.25 Locate resources 1.50
Scheduling 3.50 Rework 3.00
> 48* Jobsite Issues/Roadblocks 3.50 Task Completion 3.00
Rework 3.00 Scheduling 3.50

* Less than 5 Responses
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Table 8 Project Budget (Impact)

Budget ($ Millions) Top 3 Most Impacted Rating Bottom 3 Least Impact Rating
Control of jobsite hazards 5 Avoidance of theft/vandalism 3
<1* Delivery/Pickup 5 Documents and deliverables 4
Documents and deliverables 4 Delivery/Pickup 5
Workforce/Machines/Material 3.53 Jobsite Issues/Roadblocks 1.71
1-5 Documentation
Inside company communication 3.38 Rework 1.71
External communication 3.29 Avoidance of theft/vandalism 1.71
Marketing/presentations 3.91 Task Completion 2.30
6-25 Documents and deliverables 3.91 Safety enforcement 2.38
Workforce/Machines/Material 3.52 Jobsite Issues/Roadblocks 2.45
Documentation
Lawsuit/dispute avoidance 3.25 Rework 1.29
26-50 Inside company communication 3.13 Task Completion 143
Project status before site visit(s) 3.00 Safety enforcement 1.43
Documents and deliverables 3.69 Scheduling 1.63
>50 Lawsuit/dispute avoidance 3.67 Task Completion 1.76
Marketing/presentations 3.63 Avoidance of theft/vandalism 1.94
* Less than 5 Responses
Table 9 Project Size (Impact)
Stories/Floors Top 3 Most Impacted Rating Bottom 3 Least Impact Rating
1 Scheduling site visit(s) 3.86 Locate resources 1.87
Project status before site visit(s) | 3.71 Delivery/Pickup 1.93
Inside company communication 3.50 Materials/Inventory 2.00
Task Completion 3.23 Materials/Inventory 1.78
2-10 Project status before site visit(s) | 3.11 Delivery/Pickup 1.83
Scheduling site visit(s) 3.11 Workforce 1.83
External communication 4.00 Rework 2.67
11-20* Control of jobsite hazards 4.00 Delivery/Pickup 2.33
Safety enforcement 4.00 Locate resources 2.33
External communication 4.50 Avoidance of theft/vandalism | 2.00
21-40* Marketing/presentations 4.00 Delivery/Pickup 1.50
Task Completion 3.67 Rework 1.33
External communication 5.00 Jobsite Issues/Roadblocks 3.00
>40 * Marketing/presentations 5.00 Scheduling 4.00
Inside company communication 5.00 Safety enforcement 4.00

* Less than 5 Responses
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Table 10 Project Acreage (Impact)

Acreage Top 3 Most Impacted Rating Bottom 3 Least Impact Rating
Task Completion 4.13 External communication 3.00
<1* Workforce/Machines/Material 4.00 Rework 2.50
Lawsuit/dispute avoidance 4.00 Marketing/presentations 2.00
Scheduling site visit(s) 3.77 Locate resources 2.00
1-5 Project status before site visit(s) | 3.69 Rework 2.14
Inside company communication 3.55 Materials/Inventory 2.17
External communication 3.44 Delivery/Pickup 1.56
5-25 Project status before site visit(s) | 3.33 Workforce 1.75
Inside company communication 3.24 Equipment 1.81
Safety enforcement 3.67 Equipment 1.00
25-50* Avoidance of theft/vandalism 3.67 Locate resources 1.00
Task Completion 3.00 Documents and deliverables | 1.00
Scheduling site visit(s) 3.50 Materials/Inventory 1.67
>50 External communication 3.44 Equipment 1.89
Project status before site visit(s) | 3.38 Locate resources 1.89

* Less than 5 Responses
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APPENDIX D

Envisioned and Observed Benefits

Table 11 Potential Benefits (Based on Relative Needs)

Ranking Task Category Weighted Rating (%)
1 Safety enforcement Security and Travel 6.94
2 Avoidance of theft/vandalism Security and Travel 6.93
3 External communication Communication/Documentation 6.77
4 Task Completion Project Management & Controls 6.76
5 Project status before site visit(s) Security and Travel 6.55
6 Control of jobsite hazards Security and Travel 6.36
7 Jobsite Issues/Roadblocks Project Management & Controls 6.34
8 Scheduling site visit(s) Security and Travel 6.23
9 Scheduling Project Management & Controls 6.02
10 Inside company communication Communication/Documentation 5.88
11 Marketing/presentations Communication/Documentation 5.45
12 Lawsuit/dispute avoidance Communication/Documentation 5.30
13 Workforce/Machines/Material Communication/Documentation 3.66
14 Materials/Inventory Resource Management 3.43
15 Workforce Resource Management 3.42
16 Rework Project Management & Controls 3.38
17 Equipment Resource Management 3.11
18 Delivery/Pickup Resource Management 3.05
19 Locate resources Resource Management 2.71
20 Documents and deliverables Communication/Documentation 1.72

Table 12 Observed Benefits

New Previous Task Category Weighted

Rankings | Rankings Ranking (%)
1 3 External communication** Communication/Documentation 8.11
2 4 Project status before site visit(s)** Security and Travel 7.99
3 5 Task Completion** Project Management & Controls 7.83
4 8 Scheduling site visit(s)* Security and Travel 7.60
5 2 Avoidance of theft/vandalism* Security and Travel 7.20
6 10 Inside company communication* Communication/Documentation 6.92
7 1 Safety enforcement* Security and Travel 6.88
8 7 Jobsite Issues/Roadblocks Project Management & Controls 6.45
9 9 Scheduling Project Management & Controls 6.28
10 6 Control of jobsite hazards Security and Travel 6.03
11 11 Marketing/presentations Communication/Documentation 6.02
12 12 Lawsuit/dispute avoidance Communication/Documentation 4.93
13 13 Workforce/Machines/Material Communication/Documentation 2.83
14 16 Rework** Project Management & Controls 2.65
15 15 Workforce Resource Management 2.43
16 14 Materials/Inventory* Resource Management 2.33
17 17 Equipment Resource Management 2.16
18 18 Delivery/Pickup Resource Management 2.09
19 19 Locate resources Resource Management 1.79
20 20 Documents and deliverables Communication/Documentation 1.49

*Tasks that have moved down, ** Tasks that have moved up
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Table 13 Tasks Meeting Envision Benefits

Task

Category

Marketing/presentations

Communication/Documentation

Inside company communication

Communication/Documentation

External communication

Communication/Documentation

Scheduling

Project Management & Controls

Jobsite Issues/Roadblocks

Project Management & Controls

Task Completion

Project Management & Controls

Avoidance of theft/vandalism

Security and Travel

Project status before site visit(s)

Security and Travel

Scheduling site visit(s)

Security and Travel

Table 14 Task Not Meeting Envisioned Benefits

Task

Category

Documents and deliverables

Communication/Documentation

Lawsuit/dispute avoidance

Communication/Documentation

Materials/Inventory

Resource Management

Equipment

Resource Management

Workforce

Resource Management

Delivery/Pickup

Resource Management

Locate resources

Resource Management

Control of jobsite hazards

Security and Travel

Safety enforcement

Security and Travel
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APPENDIX E

Summary Graphsand Chartsfor Survey Questions

Table 15 Survey Information

Survey Information
Population size 1,401
Sample Size 142
Number of Projects 142
Number of Different Companies | 114
Response Rate 10.14%

Table 16 Role in Project

Answer Options Response Count
Project Manager 51

Owner 32

Contractor 23

Developer 16

Supplier 0

Consultant 6
Superintendent 12

IT 12

Other 14

Other
T 8%

1 Project Manager

= Superintendent 31%

7%

B Consultant
4%

Developer
10%

W Owner
19%

Contractor
14%

Figure 11 Roles in Project
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Table 17 General Project Description

Answer Options Response Counts
Commercial 81

Heavy Civil 14

Industrial 23

Healthcare 9

Government 8

Hotel 7

Residential 14

Demolition 2

Mixed-Use 5

Other 14

m Mixed-Use
3%, m other
Demolition 8%

1%

m Residential
8%

m Commercial

m Hotel 45%

4%

m Government
5%

Healthcare
5%

Industrial
13%

m Heavy Civil
8%

Figure 12 General Project Descriptions

Table 18 Project Acreage

Answer Options | Response Count
<1 Acres 12
1-5 Acres 47
5-25 Acres 47
25-50 Acres 12
>50 Acres 19
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W Acres 50> B Acres 1< m <1 Acres

0 9%
14% ’ W 1-5 Acres
5-25 Acres
Acres 25-50 25-50 Acres
9%
W >50 Acres
M Acres 1-5
34%
Acres 5-25
34%

Figure 13 Project Acreage
Table 19 Number of Stories/Floors

Answer Options | Response Count

1 Story 47

2-10 Stories 65

11-20 Stories 7

21-40 Stories 4

>40 Stories 5

W Stories 40>
m Stories 21-40 4%
3% mStory 1 w1 Story
37% )
Stories 11-20 | 2-10 Stories
5% 11-20 Stories

W 21-40 Stories
W >40 Stories

m Stories 2-10
51%

Figure 14 Number of Stories/Floors
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Table 20 Project Budget

Answer Options | Response Count
<$1 Million 4

$1-5 Million 23

$6-25 Million 33

$26-50 Million 23

>$50 Million 53

Milion $1< -
3% m Milion $1-5 <51 Milion
17% W $1-5 Million
$6-25 Million
m Million $50> $26-50 Million
39% B >$50 Million

Million $6-25
24%

Million $26-50
17%

Figure 15 Project Budget

40

35
35

31

30

20

15 1

Number of Companies

10 1

5 7
5 3 3 . 4
N | | | -.- 2 B

1t06 6to12 13t018 19to24 25t030 31to36 37to42 43t048 > 48
Months

Figure 16 Project Duration
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Table 21 ROI Needed

Answer Options | Response Count
Don't Know 106

1% 0

2% 1

3-5% 4

>5% 17

2%

1%

m1%
0%

Figure 17 Return-On-Investment

W 5%>
13%

Table 22 Camera Presence

m Do not Know
83%

Answer Options

Response Count

Video

21

High-Resolution

111

No Cameras

3
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M Do not Know
H1%
H2%
3-5%
B>5%



No Cameras " Video
2%

m Video
16% H High-Resolution

No Cameras

M High-Resolution
82%

Figure 18 Camera Presences

Table 23 Camera Use

Answer Options

(1=Low, 5=High) Response Count
1 6

2 5

3 14

4 10

5 15

W Low
m12% B Medium-Low
Medium
Medium-High
H High

m10%

20%

Figure 19 Camera Use and Presence
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Executives are generally not comfortable with new technology
PMs / managers don't see the value

Too difficult to get client or company buy in

People don't want to have their jobsites monitored this way
Executives don't see the value in webcams

Others

Concerns about “liability” from having webcams on a jobsite

Barriers (Responses)

Misunderstanding on what the system does
It's just not a priority
Price sensitivity — external (owner won't pay for it)

Price sensitivity — internal (“It's not in the budget”)

0% 5% 10% 15% 20% 25% 30%
Percent

Figure 20 Barriers to Implementation

Interior

Procurement
Front-end Planning
Facilities Management
Finishing

Roofing

Demolition

Site Preparation

Concrete

Construction Task (Responses)

Steel
Grading/Earthwork

Foundations

0% 5% 10% 15% 20%

Frequency of Responses

Figure 21 Most Beneficial Tasks
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Pains Cameras Aid (Responses)

29%

0% 5% 10% 15% 20% 25%
Percent

Figure 22 Pains Aided by Cameras
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Other

Coordination between
internal team members

General Accountability

Documentation to help
resolve disputes and claims

Marketing

Coordination with external
team members

Long-term project
documentation

Knowing what is going on
at the jobsite

35%



