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- Theresa May v Brussels

The : Ten years on: banking after the crisis
| SES0) 000000 EAM  South Kores's unfiished revolution
Biology, but without the cells
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* Data and the new rules
of competition
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Data; definition

Data Is information that the team can use to enhance project or program delivery.

(CMAA Technology Management)

A capital construction project or program can generate tremendous amounts of data

that the team must

——\-1010
_. 0101
=000
o110

sort, prioritize, and analyze to make good decisions.



What is project data?

1. Scope
2. Commutations

3. Costs

4. Application Logs




Project Data

1. Communications
< RFIs
< Submittals
< Memos é
< Meeting minutes
< Emails 2

< Daily reports

< Photographs |




Project Data

2. Scope
< Drawings
< Specifications

<+ Contractual documents




Project Data

3. Costs
< Contracts
< Change orders

< Timesheets and labor hours

\ % \




Delivering value from project data?

1. Increasing profits / meeting budgets

2. Winning future work / building reputation




Delivering value from project data?

1. Increasing profits / meeting budgets
< Risk tracking and mitigation
< Avoliding claims
< Reducing delays

< Visibility into performance




Delivering value from project data?

Winning future work / building reputation
New deliverables and value-added services

Improved communications

gt

Calw Caio jd Jluows slasyld Co o



Delivering value from project data?

Pre-Construction Construction

Progress, Collaborate,

Document, Verify, Bid, Budget, Model Communicate Automate

Maint. & Operation Post-Construction

Enrich, Train, Reveal Validate, Facilitate, Deliver




Delivering value from project data?

ldeal State: Every Phase Connected Across The Lifecycle

NN
v
®

Sl
v
O

v
V
O

@
=
4]
>
(=
2
)
1]
£
S
(@)
Y
£

Planning > Design > Procurement > Construction > Maintenance>
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Delivering value from project data?

Actual State: Information Loss Across The Lifecycle
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Data sources In construction

There are many potential design/construction data sources,
including:
team members, other stakeholders, equipment, systems,

tools, and software




-
Types of design/construction data (1/2)

There are many types of design/construction data, including (but not limited to):
Cost data (price estimates, progress payments, etc.);
Schedule data (duration estimates, resource availability, start and finish dates, etc.);
Risk data (cost and schedule impacts, risk likelihood, risk monetary values, etc.);
Safety data (jobsite records, training records, a contractor’s experience modification

rate, etc.);

Calw Caio jd Jluows slasyld Co o




-
Types of design/construction data (2/2)

There are many types of design/construction data, including (but not limited to):
Productivity data (cubic yards or linear feet placed per day, etc.);
Quality data (quality control/quality assurance reports, commissioning records,
etc.);
Communications data (addenda, emails, meeting minutes, etc.);

Logs (application logs, automation logs, database logs, etc.).

Calw Caio jd Jluows slasyld Co o



Q.
What should be CM expertise related to data?




CM expertise related to data

The CM does not need to be an expert on data, but the CM should

understand:
where project or program data comes from,

what the team needs to analyze it, and

how to use It to benefit the owner.



-
Data to manage delivery (1/2)

Data is necessary to manage delivery because it helps the team understand
What has happened,
What is happening, and
What may happen.
For example, teams can use data to
build digital models,
perform estimates,
analyze risks, and

develop schedules.

Calw Caio jd Jluows slasyld Co o



The CM ensures that the team identifies subject matter experts

to evaluate data and data sources

to maintain the data’s integrity and useability.
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Data Management




Capturing project data?

1. Minimizing impact on project participants

2. Ensure data quality




Capturing project data?

1. Minimizing impact on project participants

< Capture within the workflow

Project Manager

Executive e Inspectors

Owner /

Supervising
Project Architect / Mgr Engineers
Designer
. . Architects
Engineers Architects

Superintendents Project Manager

EPCM

Stakeholders

&b

\e
Administrators

Project Engineers Superintendents | Project Engineer

e _.9

ctor S

7

Boards Members Government Inspectors




Capturing project data?

Ensure data quality
Change control
How to store for maximum use?

Tools for leveraging data

SINGLE
SOURCE OF

Calw Caio jd Jluows slasyld Co o



I
Capturing project data?

~1 Change control

Drawing Specification Schedule Picture Misc Environmental
Start summary upload history  links  print New |

< Visioning

Work @ |  Folder | lUnpubllsh

Drawing 001-BENARCH-Z0-01-M3-A-00001

Documents

Revision 1 original 1

Reports Revision Date:  (9/28/2015
Subject:  Concourse C - First Floor Space Planning

Finance
Folder: Architectural

Profile
Details:
Help Revision 1: Change in design

Sheet:
Vendor Number:
Vendor Revision:
Discipline:

Engineering Info:
Engineering Properties:

Locations
Concourse C [CC]
Files
File Size Thumbnail Description
1-BENARCH-Z0-01-M3-A- q; 26M8B
Web Links

PW Link




Capturing project data?

D C h an e CO n t ro I Summary Funding Budget Contract SoV PCO co Pay Eslimates Risk Soft Cost
QJ Start summary inbox  history  links print | Copy | | New
Recall Send | | Approve ‘Respond
Work Lo | | | |_Approve | | Respond |
<
< Contract changes g crange orer #2
Contract: Johnson Contractors Status: Pending
3 Priority: Low
Reports 1SO Currency Code:
P us0 Due Date:
Finance + Additional Send & mmmm Information
Srom Subject:  wall height
. Folder:
Hel
P Detalls:
Due to a design error, the wall height on the west end of the retall area in Concourse D Is wrong. This change order is to compensate for the added work and materials from the ¢
complete bullding the new design
Original Contract: 75,600,000.00
Approved To Date: 215,000.00
Contract Amount + Changes: 7581500000 028%
Amount: §5,000.00
New Contract Amount: 75.900.000.00 0.40%
Contract Duration + Changes: 365
Compensable Days: 8
Non Compensable Days: 0
New Duration: 373
Items
PCO Schedule ID Amount Adjustment Compensable Days Adjustment Non Compensable Days Adjustment
4 - Wall height 85,000.00 0.00 8 0 0 0
Total 85,000.00 0.00 8 0 0 0
Links
Document Note Status
CPR#4 Wall height Closed

Responses




Capturing project data?

_1 Leveraging data
< Reporting
< Analyzing

= Presenting e

Profile

Help

Report

print

Name:
Description:

¥ Shared

Number “*

101423
101453
104413
114000
22 0000

23 00 00-1
23 00 00-1.1
26 00 00-1
28 31131
28 3113-1.1
28311312
3100 00-1
3110 00-1
3123331
3213131
321313141
33 00 00

33 4000

Statislics Alerl Reiation Organiz ation
history ===
| mefresn
[Submittals-A¥ |
List of All Project Submittals
Subject = Status Submitted By —
| v i v |

Signs - Restrooms Closed Contractor
Parking Area Signs Closed Contractor
Fire Extinguishers And Cabinets Pending Contractor
Food Service Equipment Pending Contractor
Plumbing Systems Closed Contractor
Heating, Ventilating And Air Conditioning Systems Closed Sub-Contractor - Electrical
Heating. Ventilating And Air Conditioning Systems Closed Sub-Contractor - Electrical

Eleclrical General Requirements

Fire Alarm System With Emergency Voice And Alarm Communication System
Fire Alarm System With Emergency Voice And Alarm Communication System Closed
Fire Alarm System With Emergency Voice And Alarm Communication System Closed

Earthwork Closed

Site Clearing Pending
Trenching, Backfiling And Compacting Pending
Site Cast-In-Place Concrete Pending
Landscape Concrete Work Pending
Piped Utiities Pending
Storm Drainage Utiities Pending

PageSze:[18 | Found 18 Results

Sub-Contractor - Electrical
Sub-Contractor - Electrical
Sub-Contractor - Electrical
Sub-Contractor - Electrical
Sub-Contractor - Civil
Sub-Contractor - Civil
Sub-Contractor - Civil
Contractor

Contractor

Contractor

Contractor

Date Submitted = Approval ~
| v

09/18/2015
09/18/2015
09/18/2015
09/1872015
09/18/22015
09/18/72015
09/1872015
09/18/2015
05/18/2015
09/18/2015
09/1872015
09/18/2015
09/18/2015
09/18/72015
09/18/2015
09/18/2015
09/18/2015
09/1822015

| Date Approved ~
A - Approved 09/18/2015
A - Approved 09/18/2015
A - Approved 09/18/2015
C - Resubmit 09/18/2015
A - Approved 09/18/2015
C - Resubmit 09/18/2015
C - Resubmit 09/18/2015
A - Approved 09/18/2015

B - Approved with Comments  09/18/2015

Pending On ™

CM Firm
Qwmer

CM Firm

CM Firm
CM Firm
CM Firm
CM Firm
CM Firm
CM Firm




Capturing project data?

Leveraging data
Reporting
Analyzing

Presenting

ol Cato 1 Jlusud sbagyslid Coplo

Documents

Reports

Profile

Help

Report Statistics Alert Relation Organization
Refresh
Document: [Cnange Orde v ] Number: |2 Revision:
Degrees: [3 ]
save as image
Risk — Link Chain LEED
Circular Link
Risk # 10 -
1 Wall height
Change Order CPR#4 -Wall RF1# 16 - Wall_ Drawing 001-
#2-Wall height height BENARCH-Z0-




Capturing project data?

_1 Leveraging data
< Reporting
< Analyzing

< Presenting

Work

View: |Financial Manager [Min v | Cusiomze

Documents

Level: propect
Reports Budget:

Spent:

Budget Remaining:

Finance

Profile F ge Spent (Budget)

Contingency:
Heip PCO Spent:

Trends

Contingency Remaining:

87,855,000 00
9.453.829.00
78.401.171.00
10 76%
11,272,500 00
0.00
11.272500.00

Pay Estimates Pending: 269302500
Retention Pending: 000
Pay Estimates Approved: 545382400
Retention Approved: 500
PCOs Pending: 17,000 00
PCOs Approved: 325,000 00
CO Pending: 85,000 00
CO Approved: 215,000.00
Risk ltems Pending: 463,000 00
Encumbered: 5538517100
——Ch

PCO
—— RSk

Exposure Gauge Budget Gauge

$781.000.00 (0.89% of $87.855.000.00) Spent $10,706.113.01 (10.80% of $99,127,500.00)
Total Total

Risk
Delay [Days}:67

Amount: 46400000
Expected:  378.800 00




Data management

1 Data management is the practice to

1. Create,

2. Process,
3. Store,

4. Share, and
5. Monitor

data.




Data management

1 Data management involves

< Collection of data from the team and the jobsite,

< Processing that data into useful information, and

< Then using that information to create knowledge among the team.




Data management

1 Effective data management is a critical component of technology management

- that helps the team
<+ Communicate,
<+ Manage risk,
<+ Save time,
+ Increase predictability, and

<+ Improve performance.



Data Management Flow

[ Create %{ Prucess)% [ Store )% [ Share x}> [ Monitor ]

| |
Collection Analysis




Data Management Flow

Note that data management does not always follow the exact sequence shown below.

The flow of data may vary depending on
Project’s/program’s technology requirements,

Policies and procedures, and

Stakeholders.
Data Management
[ Create )% { Prncess>> [ Store % [ Share >> [ Munitur]
|

| |
Collection Analysis




Data Management Flow

There are also some feedback loops and overlaps among data management practices.

For example, processing data can sometimes create new data.

Some technologies can also combine more than one data management activity, e.g.,

certain equipment can create, process, and store data simultaneously.

Calw Caio jd Jluows slasyld Co o
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Data Creation




Data Management Flow: Create

Data Management
|
|
|[ Create )% [ Prucess:% [ Store >> [ Share »> [ Monitor ]
|
|
\

|
o ly

—-_—e— e e e .

Collection Analysis




Creating data

Many processes create data

during design, on jobsites during construction, and throughout a structure’s

operational lifespan.

Both electronic technology and human stakeholders can create data on a project or

program.
The CM should generally understand the tools available to create data and advise the

owner.

What are examples of technology that create data?



What are examples of technology that create data?

Data Created by
Equipment/
Applications

Data Created by
Sensors

Data Created by
Stakeholders




Sometimes Data Creation can be empowered by other

technologies and devices, like Robots, and Drones.




Cameras

Static and 360-degree cameras can provide photographs and video

with real-time status information

from the jobsite and

after the structure enters operation.

Static cameras can focus on specific locations or objects.

S)uwdiims (gly2 (5)19)2)39:a5 (5351)m]
Ol + ailys + )l 59)) Caumudg
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-
360-degree cameras

They are small, lightweight, and portable
devices
Equipped with multiple lenses that capture a

complete 360-degree view of the surroundings:

Take multiple overlapping images and

Digitally stitch them together to create a full

panoramic View.

Calw Caio jd Jluows slasyld Co o

Image courtesy of openspace.ai



Benefits of 360-cameras & 3/4/2024 & 7/4/2024

- Keeping track of how much work has been

done
- Monitoring progress in real time

- Verifying the work (to some degree) if being
done according to specifications.

- Virtual Reality tours can improve

communications

From their 360-degree video footage, We'll talk about Point Could and
Point Clouds and Digital Twins can be created. Digital Twin in this section



Ricoh Theta X 360 Camera
Retail Price: $ 1199.0

Features:

Image Stabilization, Real-Time Stitching,
Built-In GPS

2.25" Touchscreen for Preview & Control
360° 5760%2880 5.7K30 Video

360° Live Streaming in 4K30

Up to 60MP JPEG Photos

Bluetooth & MIMO, 46GB Internal Memory
Client Mode, 3rd Party App Development

Calw Caio jd Jluows slasyld Co o



360-Camera In construction

Strength Weakness
Affordable hardware pricing No real-life measurements and volumes
In range of $ 1k to $ 2k Correct measurement needs supplementary data and
Easy to Use calculations
Without any complicated instructions Limited and subjective work inspections

Remote virtual visits like Google Maps Resulted by measurement inaccuracies

No direct support for engineering or

updating BIM

Good visual support for progress

tracking
Needs other software services for BIM integration




Measurement inaccuracy in 360-camera

They only capture flat images for

virtual site visits, lacking real-life

measurements or volumes.

This leaves severe Issues hidden until

It's too late.

In the picture: compare the distance between

the two circles

Needs other complementary data

Colw Cauo yd Jl.:‘..ou) LngLs)sL.B Co pdo



-]
RGB-D Camera

Used in 3D Technologies with it’s depth sensing ability

Used heavily in autonomous mobile robots, automated guided vehicles (AGV), people

. . . IR Low-res Low-res
counting systems, and object detection. Emitter  RGB InfraRed
' cam:ra ca?.'ra

For 3d depth sensing 3 )

’ \ y
Accelerometer lnfra.-Red Propdy‘ Low-res \\ Low-res Optimal Dept
(projects dots) / RGB Camera \ Infra-Red Camera : -
/ \ -
A A .
4 \ ¢ N\ l Distance: m
Control . ' Data § A
P IR sensor Depth camera : :
| SO s I ey VRS e o SOR et Ly PROL oSy :

o

Motor

RGB camera

i Microphones Triangulating Depth

. Downward facing
Calw Caiwo §0 Juuoud (SW(85)L9 Ly pio AR\
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RGB-D Camera

Calw Caio jd Jluows slasyld Co o

Planned Dynamic
Trajectory | Obstacle

Y > Static
’ E W= * Obstacie
Rot;ot sl
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Depth Image Detection Results

-
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-

-




3D Laser Scanning

Also called “LIDAR” and “LADAR”

a Reality Capture technology that
create a virtual representation of the
jobsite

can document construction sites in
real 3D with millions of

measurements in seconds, with

millimeter precision.

ol Cato 1 Jlusud sbagyslid Coplo



3D laser Usage Examples — Design Phase

captures existing properties during the planning phase

allows loading the existing onsite conditions into popular CAD softwares
accelerates modelling and planning work

eliminates risk of wrong measurements and lack of context

Renovation and refurbishment projects can benefit tremendously from it

Calw Caio jd Jluows slasyld Co o



3D laser Usage Examples — Construction Phase

Survey the current As-Built status at the site

As-Built data can be used in preparation for work packages

demanding precise tolerances and measurements

It is especially useful while using offsite construction and

prefabricated elements, which are built to fixed specifications.

R0 60 0 O

Calw Caio jd Jluows slasyld Co o



3D Laser Scaners In construction

Strength Weakness
Real-life measurements and volumes High upfront investment
Faster data capturing Require some user learning
Faster inspections through automation Harder to analyze and share scans
Fewer blind spots and hidden issues Require preparing the site in advance
Direct connection to BIM Neets setting up target markers for some devices
Scanners also capture 360 Images Scan data Is heavier than 360 photos.




-
Matterport Pro3

Price $ 7000

Depth Technology: LIDAR

Field of View: 360° Horizontally, 295 © Vertically
Accuracy: +/- 20mm @10m

Depth Resolution: 100k points per second, 1.5M

points per scan

Capture Speed: <20 seconds per scan

Calw Caio jd Jluows slasyld Co o



Cameras can also help drones navigate jobsite

environments or areas of a facility




Drones

Ground or aerial drones allow teams to

perform remote and sometimes automated site surveys and inspections.

An aerial drone Is also called an uncrewed aerial vehicle or UAV.

Most drones in the marketplace can record data about their environment.

How can they help in Construction?



ABOUT DRONE LAUNGH ACADEMY

m Founded 1n 2016 while I
was working at FBI as a
Forensic Accountant

Calw Caio jd Jluows slasyld Co o




I
Drones — Use cases: how can drones help? (1/4)

1. Marketing and stakeholder updates

Communicating Site Progress

¥ Keep stakeholders and clients up to date on a
project’s status

¥ Share collaborative maps and models with your
team for better project management

¥ Connect the job site to the back office




Drones — Use cases: how can drones help? (2/4)

Dispute resolution :
Spute resofutio Did you know that the average

Examples: construction dispute costs
around $19M and usually

Roofing materials takes 17 months to settle?

(Source: Drone to $1K podcast)

Source: PropellerAero.com

m GBI "Another way that GBI has benefitted in cost savings was through disputes with their
clients over work completed. For example, there was a disagreement with an owner over the
amount of pavement that GBI had completed over a twelve-mile stretch of roadway. A drone
flight was conducted and GBI was able to use the calculations from the drone to confirm the

amount of pavement that was used. This resulted in the gain of tens of thousands of dollars

from the owner.”

Source: “A Case Study on the Use of Drones on Heavy Civil Construction Projects” (Devers)



Drones — Use cases: how can drones help? (3/4)

3. Avoid re-work

Quallty Control

On anotherJob site, Brasfield & Gorrie used project design plan overlays with their CAD
drawings to verify work done on a handicap-accessible ramp. Only 10-12 hours before the
concrete pour, they discovered that as-designed was different than as-built, saving a
potential $10,000-plus in rework costs.

Source: DroneDeploy.com



N @4
Drones — Use cases: how can drones help? (4/4)

4. Saving time on site work

A field engineer will often shoot a site’s elevation during construction and compare progress
to the final dgsign drawing. On a healthcare project in Apopka, Florida, Brasfield & Gorrie
piloted using DroneDeploy mapping to produce a Digital Elevation Model observed a 75%
reduction in time required for this task. Additionally, after this information is uploaded and

processed by DroneDeploy, it allows the user to see the existing grade compared against the
final grade—an objective, guaranteed assurance.

Source: DroneDeploy.com



Drones — Software tools

Tip: popular software tools for drones in construction
Dronedeploy.com

Propeller (PropellerAero.com)

Pix4D.com @ DroneDeploy

=" propeller



N @4
Drones — How to fly a drone legally in the USA (1/2)

_1 The old way...
<+ Pilot’s License

<+ Section 333 Exemption

1 The New way...

<+ Get your Remote Pilot Certificate
< FAA Part 107 Exam




-
Drones — How to fly a drone legally in the USA (2/2)

About the FAA exam/pilot eligibility
Have to be 16 years or older

Read, write, and speak English

Percentage
. . . of Items on
60 questions, multiple choice UAS Topics Test
I.  Regulations 16 - 25%
. _ Il. Airspace & Requirements 8-15%
Passi ng score = /0% Il. Weather 11-16%
L ] . IV. Loading and Performance 7-11%
Administered in testing center V. Operations 13- 18%
Total Number of Questions 60

Valid for 24 months
Note:

Practical experience and feedback tells us that
this exam is MUCH more heavily weighed on
Airspace topics than what is shown above.



e SUMMARY OF SMALL UNMANNED ATRCRAFT RULE (PART 107)

= = = - Operational Limitations * Upmanned aircraft must weigh less than 55 Ibs. {25 kg).
D ro n es — O pe ratl n g I I m Itatl O nS + \Visual line-of-sight (VLOS) only; the unmanned aircraft must
remain within YLOS of the remote pilot in command and the
person manipulating the flight controls of the small UAS.
Alternatively, the unmanned aircraft must remain within
i i . . VLOS of the visual observer.
. * At all times the small unmanned aircraft must remain close
M al n I I m Itatl OnS to be aware Of enough to the remote pilot in command and the person
manipulating the flight controls of the small UAS for those
) people to be capable of seeing the aircraft with vision
unaided by any device other than corrective lenses.
M a‘X a I tl tu d e 400 ﬁ s« Small unmanned aircraft may not operate over any persons
not directly participating in the operation, not under a
- . I - f - h covered structure, and not inside a covered stationary
vehicle.
M al ntal n I n e O S I g t » Daylight-only operations, or civil twilight {30 minutes before
official sunrise to 30 minutes after official sunset, local time)
- mp =g- - with appropriate anti-collision lighting.
V|S|b| I |ty Of 3 mi IeS (Weather) » Must yield right of way to other aircraft.
* May use visual observer (VO) but not required.
= First-person view camera cannot satisfy “see-and-avoid”
. - requirement but can be used as long as requirement is
Daylight operations only satisfid In other ways
+ Maximum groundspeed of 100 mph (87 knots).
+  Maximum altitude of 400 feet above ground level (AGL) or, if

Can nOt ﬂy over peop | e :':rgx?;:; gan 400 feet AGL, remain within 400 feet of a

+  Minimum weather visibility of 3 miles from control station.

+ Operations in Class B, C, D and E airspace are allowed with
the required ATC permission.

» Operations in Class G airspace are allowed without ATC
permission.

* No person may act as a remote pilot in command or VO for
more than one unmanned aircraft operation at one time.

s« Mo operations from a moving aircraft.

* No operations from a moving vehicle unless the operation is
over a sparsely populated area.

s No careless or reckless operations.

s No carriage of hazardous materials.

Cilus Cato y Jbymus (slas)sld Cy o Source: FAA.gov l




Drones — Next steps

1 Conversations with internal team on if utilizing drones makes sense for your projects

_1 Internal team vs. outsource

1 Have team members pass their FAA exam




Exoskeletons

_1 An exoskeleton is a robotic suit or frame

that a human can “wear” to perform

1. Repetitive,
2. Dangerous, or

3. Specialized tasks.




Exoskeletons

~1 Many exoskeletons can create data about
< Their work,
<+ Their system status (e.G., Battery level, etc.),

<+ Their human operators,

such as craft laborers on the jobsite or maintenance workers




Exoskeletons

- Can help lessen the burden on

body

- Can help correct the worker

posture




I
Photogrammetry

_1 Photogrammetry literally means the act of deriving precise measurements from
photographs

1 Photogrammetry is a process that

1. Uses overlapping photographs of an object or area and

2. Converts them into 2D or 3D models.




Photogrammetry
- Constructing a 3D model from several 3’DOBJECT
S et
2D pictures /3y

.
. .. -
s Tees .

..
...........
..

e
.
‘.

Image 1 S _ : O\ i

Identical Feature
Points

CAMERA MOVEMENT
>




-
Photogrammetry

Combining Aerial Landscape

Photos into a 3D model
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Software Examples: Artec 3D

- 0
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oint clouds

In 3D modeling, a point cloud Is a set of data points in a 3D coordinate system

A point cloud uses multiple sensors located

at different spatial points on an actual three-dimensional object

to create data about that object.
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Point clouds — data creation

\arious sensors on an object in transit from a manufacturer or on a jobsite may record

their location and status,

such as an object’s exact location (including the angle and its position relative to other

things) as well as additional relevant information like the object’s temperature,

humidity, etc.

The Good The Bad The Ugly

Highly Slow, Doesn't age well in a
Accurate, Ties Expensive, changing environment
to BIM well Large Files
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Difference between Photogrammetry and 3D Scanning
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Creating Point Cloud from 360 video footage (1/3)

A) Measurable 360 Video Footage B) Point Cloud view of the same 360 Footage




360 video footage, with BIM overlay (2/3)

TAVAVAVA \VAVAWVAY

A) Measurable 360 Video Footage B) 360 Video Footage, Overlaid with BIM

A




Creating Point Cloud from 360 video footage, with BIM overlay (3/3)

A) 360 Video Footage, Overlaid with BIM B) Point Cloud of the same Video Footage,
Overlaid with BIM

Q-



Simultaneous localization and mapping (SLAM)

- amethod used for autonomous vehicles that lets you build a map and localize your

vehicle in that map at the same time :

Estimated
trajectory and map




Simultaneous localization and mapping (SLAM)

with vast improvements in computer processing speed and the availability of low-cost
sensors such as cameras and laser range finders, SLAM algorithms are now used for

practical applications in a growing number of fields.

Source: Handheld SLAM Suite
HILTI SLAM Challenge 2023
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-
SLAM Usage

SLAM can make it easier for a human to
Operate a piece of equipment and

Help drones perform some automated tasks.

Example:
Automate Robot inspecting inventory of
a Warehouse automatedly for potential

problems
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LAM Usage

SLAM helps a robot

Identify its location within an environment

and

Create a map of that environment.
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Smart equipment and materials

Many newer types of construction equipment and materials have

Built-in technology that

can react to changes in their environment and create data.
|
materials
imt) Sensors l|
compomtes

For Example,
window glass that can tint itself on sunny days; SMART (

|._ Cu‘tulysns MATERIALS hotonics |
highway concrete that can record automobile traffic;

building panels that can reduce vibrations or mute sound
Bio-

materials
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Smart Materials — Smart Glass

also known as switchable or dynamic glass, is a type of glass that can alter its light

transmission properties in response to external stimuli
Can change color or opacity when an electrical voltage Is applied

Has applications like windows in buildings, automotive sunroofs, and display screens.

used to enhance energy efficiency, provide privacy

on demand, and improve user comfort. el -l
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Smart Materials — Bio-Concrete

a type of concrete that incorporates certain biological or microbiological processes to

enhance Its properties

One of the key features of bio-concrete is its ability to heal itself through the activity of

bacteria or other microorganisms.

The self-healing capability enhances the
durability and longevity of structures,

particularly in harsh environmental conditions
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Smart Equipment
‘ . ﬁ ;

Location sensor Fall risk area access(FRAA) sensor Mobile CCTV

e |
>Q

Hazardous gas detector Heavy equipment access(HEA) sensor Structure displacement Sensor Integrated control system




Wearable sensors

A human or object can wear a portable wireless sensor

that creates real-time data about that person/object.

For example, embedded sensors in personal protective equipment can track a worker’s location and

safety/health information, like fatigue.

The integration of wearable technology into
standard safety equipment like hard hats,
boots, and goggles is revolutionizing

construction site safety
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Common Wearable Sensors for Workers 1n Construction

Helmet
Exoskeletons

Smart Glasses

Body Wear

Smart Shoes
Clip-Ons

Biometric Wearables
Smart vests
Wearable Cameras

Smart Watch
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-
Smart Shoes

Can revolutionize construction worker safety
Some innovative features:
Pressure-sensitive sensors that can detect falls

Advanced location tracking
technology
Built-in charging mechanism, using

power generated from walking
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As wearable technology continues to advance,

It Is set to become an integral part of the future landscape of

construction site safety, offering more sophisticated solutions for

reducing injuries and improving overall well-being




Humans

The CM must remember that humans also create data to enhance delivery.

Human methods to create data include (but are not limited to):

Design reviews,

Project/program controls (scheduling, earned value management analysis, risk
registers, etc.);

Production planning feedback from the team;

Site observation reports (written daily reports, inspections, commissioning reports,
quality audits, etc.); and

Communications with other stakeholders.
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Data Processing




Data Management Flow: Processing

Collection Analysis




Data processing

1 Data processing is collecting and analyzing data

to produce useful information

that will help the team make decisions

that

1. Enhance performance,
7. Simplify tasks,

3. Increase efficiency.

A
AR
AR

Al

Vo5




Data processing

1 Good data management depends on capturing and evaluating

accurate, consistent, and properly-formatted data.

~1 The CM must
<+ Supervise data processing efforts and

<+ Encourage the owner to consider data processing tools an investment, not a

Cost.




Data processing

Note that data processing involves two steps:
collecting data,;

analyzing data.

A construction project or program has tremendous amounts of data,
but the team must collect the data to manage it.
Team members and digital technologies that observe critical information must have

an opportunity to report it.



Data processing

The project/program must also have a way to
identify, sort, and prioritize the collected data

before the team can make an informed decision.

This analysis may involve team members and other digital technologies

that can interpret data and produce useful information.
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Data Management Flow: Processing - Collection

[ Create )%[ Prucess)% [ Store >> [ Share »> [ Monitor ]

(===
| Collection | Analysis




Data collection

Many technologies can create connections that collect data from various pieces of
equipment, materials, systems, and stakeholders.
These connections help the team monitor progress during

Design,

Activities on the jobsite during construction, and

A structure’s operation over the entire lifecycle.

Calw Caio jd Jluows slasyld Co o




What are connection types for data collection?

Semi-Automated Fully Automated

What do we need for each?
What are the examples for each one?

WY




What are the main considerations in data collection step?




Data Pipeline

- A data pipeline is a method in which raw data is ingested from various data sources,

transformed and then ported to the next stage, for analysis.

- that next stage can be a data store, such as a data lake or data warehouse.

Data collection

S

Batch
or
streaming data

Data ingestion

"o

Data preparation Data governance

0 .

Data storage

=

Data is placed in the
desired repository.

It is standardized how
data must be used within
the organization.

Real-time data ingestion
or
Batching data ingestion

Data is cleaned,
and structured.




Data Pipeline Architecture

- There are three core steps in a Data Pipeline

1. Data Ingestion:
Data is collection from various sources

2. Data Transformation:
a series of steps are executed to process data into the format required

3. Data Storage:
Transformed data is stored in a data repositor




-
ETL Pipeline

Staging area Data warehouse

Load

—)

Prepared data

Analyze

-

Transform

Extract
L Raw data
‘ O altexsoft
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Connectors Sample

Power Automate

All connectors

(o Home
& Approvals =
o My flows
+ Create

Office 365 Outl... SharePoint Microsoft Data OneDrive for B Microsoft Forms Planner Microsaft Teams Gutiookcom
¢d Templates I—I

l &7 Connectors
[
B Data i \- ﬂ J 31
B monitor o o
o - "

(B Al Builder N RSS S0L Server Power Bl Azure DevOps OneMote (Busi.., Motifications Office 365 Users Google Calendar
) Process advisar — :%;I--

A selutions
O Learn | | W

Approvals Twitter Excel Online (B... Mail Microsoft To-D.. Gmail MSN Weather Putlook fasks

@ Ak & chatbot
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Digital Thread

1 Data connectivity between a virtual model and a physical component is sometimes

known as a digital thread,

which can begin as early as design and ends after the structure’s useful life.

Note that alternative definitions exist.
The term “digital thread” may also refer to the lowest level of detail

In a digital design or the connection between a digital model and

the owner’s requirements.




-
CM Role in Data Collection (1/2)

The CM must understand and advise the owner about
Where the data comes from,

How the team formats the data, and

Anything that may prevent data collection.

A CM ensures that the owner has data standards to collect consistent data.
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-
Standard Data

The contract documents, PPM, or PMP/PgMP must specify
Level of detail,
Frequency,
Units of measurement,

Method of collecting all data.

Data formats

Collection Procedures : ;
What can we achieve with

Templates _
Data Consistency?



We also need to consider the necessary Infrastructures. ..

Service Quality High Availability




Data collection — Internet of things (loT)

Many modern electronic devices can connect to

Wi-Fi, ethernet, or cellular telephone towers,

which allows them to share their data.

Devices on a jobsite or in a completed facility (such as specific electrical equipment or

fire alarm sensors)

can use loT technology.

Lol Syl (6)glid gy -V /Y e
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Data collection — 5G

5G is the fifth generation of cellular network technology and iIs at least ten times
faster than 4G LTE.
5G has the speed to share large amounts of data remotely over wireless connections,

reducing the weight, size, and computing power needed in handheld or wearable

devices.

DL 10Gbps Improve current capabilities

eMBB URLLC mMTC
UL 1Gbps

5 -SG 100BIn Connections

Provide new capabilities

HCS High-precision Positioning
Native Intelligence Low-cost/Passive-loT Intelligence

Sl Sene i JiEce gt Sl I,



A simplified timeline of cellular network technology

Introduction of Launch of

o1G e 2G e 3G 4G 5G

Analog Mobile and Wireless | Cloud, IP and Truly Unlimited _
Telecommunications Messaging Internet Connection Mobile Broadband Data Capacity
3

= &

1979 1991 1998 2008 2019




Data collection — 5G

5G allows
More loT connections and

More intensive data processing

on a jobsite or in a completed facility.
However, remote locations often do not have the latest generation of

wireless communication standards or strong wireless signals.

The CM must understand
the available wireless coverage and
help the team use it efficiently.
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Data collection — Team

Human information managers may need to physically collect, digitize, and format data

before the team can analyze it.

Data may already exist on paper or in business silos

with different units of measurement, workplace cultures, etc.
The whole process to properly collect, digitize, and format data
IS also known as “normalizing” or “scrubbing” data.

These efforts produce “clean” data that the team can analyze to make decisions

What do we need to ensure this works

properly?
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-
CM Role in Data Collection (2/2) — Cont.

IT required, the CM directs the team’s clean data collection.

The team cannot collect data that is not available,
so the CM should generally understand anything that may prevent data collection.
For example, staffing levels may limit the frequency of inspections, or a

sensor on the jobsite may be able to record only one type of information.

A CM must consider the potential ROI of any data collection methods.

The CM should advise the owner if a piece of equipment, software, etc., to collect data

has poor ROI.

Calw Caio jd Jluows slasyld Co o



-
Data collection — O&M

Ongoing data collection provides a substantial benefit to the owner

during a structure’s operation and maintenance (O&M) and

may be an important part of the owner’s guality requirements,

so the CM ensures from the beginning of the project/program that the team

plans data collection for the entire lifecycle.

This planning process should involve the owner’s O&M personnel.
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Data Management Flow: Processing - Analysis

[ Create )%[ Prucess)% [ Store >> [ Share »> [ Monitor ]

I ! 1

Collection Analysis |




When good, clean data Is available,

data processing allows the team to

analyze information and make better decisions

02l 3 eolasiwl paliy Ban




Data analysis

Data analysis can
Enhance the CM’s performance,
Simplify tasks, and
Increase efficiency.

Analysis may be

Descriptive (show what is happening), NP
Predictive (indicate what might happen), or il i
Prescriptive (recommend actions based on what might happen). £ 32955
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However, the data analysis iIs only as good as the data input.
Poorly collected data leads to poor results, 1.e. “garbage In, garbage

out.”

Missing or inaccurate data can weaken the team’s data analysis, which may

create delays, safety issues, etc., so the CM ensures that the team uses good

data collection practices.




I @4
Digital twin

~1 A digital twin 1s an important data analysis concept for construction and facility

management.

~1 Adigital twin is a virtual model linked to
< Physical elements,
<+ Components, and

“» Processes

on the actual jobsite.




-
Digital twin

Digital twins linked to an asset for the full lifecycle

can use real-time and historical data

to help the team make decisions and simulate future outcomes.

However, this analysis requires clean, reliable data.

The team manages the digital twin in a virtual environment

that should receive reqular updates

from other equipment and systems that capture and assemble this data.
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DIGITAL TWiN

What if We DATA
Could
Bridge INFORMATION

that Gap?

Increase productivity and optimize project outcomes
by:

Delivering Real-time Data Visibility & Insights

© Cupix, Inc. All rights reserved. a CUPIX

VWWa




Reduce Risk
Improve Efficiency
Aid Decision Making

Lower Costs

Enhance
Coordination




How Owners See
Their Digital Platform

- Complete Lifecycle Solution
- Bridges the Gap Between
Design, Construction, and

Bk sicn PORTFOLIO & PROJECT -
O&M o aso) OPERATIONS (lod 500)

. Centralize Data Between
Stakeholders & Phases
- Captures Digital Twin

LEGEND Secien

INTENT MOBILE MAPPING

Field Activit.ies JUTENT

. Model Evolution : (lod 100)

- Office Workflows :

: : |

5 : “."0)



Data analysis — Data analysis tools

Many tools in the marketplace also have built-in functionality

to analyze (and sometimes collect) data.

Some of these tools
Have their own Al and Bl capabilities,
Provide dashboards for the team to see real-time data, and

Combine different data types.
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Some “specific” data analysis tools and Solutions

BIM / Virtual Design

Asset management & Construction
Systems

Geographic
Information systems
(GIS)

Financial
Management

Risk management Scheduling Tools

Commissioning
platforms

Management
Information systems
(MIS)

Space planning

yva



-
Al and Bl

Two other important data analysis tools in the marketplace are

artificial intelligence (Al) and

business intelligence (Bl).

Al and Bl are able to integrate with other systems.
However, the CM must advise the owner on how to maximize the actionable

knowledge from these tools.
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-
Al and Bl

The CM must know what data is essential and not necessary,
then relay that to the appropriate database programmers to ensure that the team

accurately interprets scrubbed data.

Note that some tools in the marketplace can also perform both Al and Bl functions.
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Artificial Intelligence

Al tools (especially their subcategory of machine learning tools) apply computer

algorithms to replicate actions that humans perform.

Al software “learns” from the data it receives to attempt to make more accurate

decisions and predictions about cost, schedule, risk, etc.

Many Al tools provide visual, interactive “dashboards” that the team can monitor.

Sguan Jogh (duall wyn - /¥ i
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However, Al iIs only as good as the data It receives and

the CM interpreting the results.




-
Al

Insufficient or inefficient data will not produce reliable Al solutions.

Data collection in construction usually lags behind other industries,

so historical information may be necessary to use Al best.

Finding historical data may be too demanding for smaller projects

but should be easier for larger projects/programs and organizations.
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-
Al

Al can reduce some risks,

but the CM must advise the owner on Al’s limitations and the risks that Al may

create.

Al may not be able to predict some events that would be obvious to a human.

For example, Al may be able to calculate a zero-float schedule

but not be able to predict weather or supply chain impacts.

However, Al may also identify things that a human could not, such as

problems with a contractor’s schedule,

which may lead to claims.
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I 0
CM and Al

1 The CM must confirm that all contract documents reflect how the owner wishes to

use Al.

~1 The CM may need to help the owner
< Prepare for unique or challenging claims,

< Train staff to use Al, and

< Ensure that all team members understand how the team will use Al.




What are the possible uses of Al In construction?




Al In Construction

CURRENT APPLICATIONS IN CONSTRUCTION

Estimating A Document Control %” Scheduling
Take-offs & cataloguing data Organizing Proposed optimization strategies
Suggest proposed costs Create relationships Forecast durations

Assist in bid strategy Convert handwriting to text Perform cost vs time analyses
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How can Al help you?

Assess

/ Risk

Boost

Productivity\\

h ~ Maintain
Autonomous » Safety
equipment -
\
£ /
Manage ks Monitor
Inventory/ Quality

INndus.ai

1¥4




Al In Construction

3

AUTOMATION
Daily Report
Safety Risk Monitoring
Billing Reconciliation

Productivity Tracking

Foi

PREDICTIONS

Schedule Delays
Safety Risks
Budget Variance

RECOMMENDATIONS

Operations Changes
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Productivity &

Industries like ICT and media have seen the most digitization and
productivity growth. Construction is at the opposite end of the spectrum.

digitization have lagged

5% + Average year-over-year & MORE DIGITIZED
growth rate, 2005-2015 !
I 2% of GDP
4%
Ul'll.eami I'lg by dOing Information
. Communications
United States, gross value-added* Technology:
Per hour worked, 1947=100 3% 6% of GDP
1,600
Real estate: 13% of GDP
Agﬁcutture 2% — Oil and gas: 1% of GDP
Basic goods
manufacturing
1,200 Chemicals and
1% PhacnA Finance and
Manufacturing insurance
Government o aan. . A%
800 o} A Digitization score
. 60 80 100
Wholesale and retail Health care
Mining
Hospitality
Overall 400 e Education
Transportation/warehousing
Construction — Construction: 4% of GDP
-2% ' STAGNATING PRODUCTIVITY
— e O & LESS DIGITIZED
1947 60 70 80 90 2000 10 Source: McKinsey Global Institute Note: Circles sized by share of GDP m
Source: McKinsey Global Institute ~ *At constant prices F .
eeongmist.com 'ﬂdus.al




uter Vision — Survelllance




Computer Vision - Safety

19-10-2017 1713408
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Computer Vision - Safety

)
>

r 48
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Some Al powered tools

Design/Preconstruction

Construction | FM/Operations

Virtual
- = Assistants/
Procurement Project ; : Chatbots
Ry e Management
e v : \' (Plangrid)
| Site Safety

(Newmetrix) )
Risk
Estimating Management =
(Togal Al) (DesiCrew)
Predictive
Maintenance

T -
Quality %\’W”/ (Maintain X) x
4

Control (On- <A

Site 1Q) Energy

il Management

Design
(Autodesk
360)




Computer Vision - Inspection

Crack Mean Crack o
Number | Width (in.) | Length (in.) it
0.0318 37.2646
0.0192 104.4501
0.0283 4.578
0.0154 16.4322

0.038 3.0166
0.0156 8.307
0.0152 1.046
0.0159 2.2587
0.0153 25.1009

0.041 56.5291

0.015 7.2696
0.0339 8.762

NV EWN

SES

0.0251 18.0214

0.0143 1.8881

0.0173 22.5181

0.0136 5.0583

VOF



Cupix Al-Powered Capture Solution

P WORKS SheView

& Teurxwonks Stanford Central Energy Facility S Busemen v ‘_;é:;' U6 |

B @ Q0
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Progress Dashboard
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-
Bl

Bl is the systematic process of transforming volumes of raw data into actionable

Information.

Bl tools find patterns using advanced algorithms and standardized methods,

but they can also help
Collect data,
Normalize/scrub data,
Detect outliers, and

|dentify missing data.
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-
Bl

Modern Bl tools can

Analyze both structured and unstructured data as well as

Present information in dashboards that show the CM (and other stakeholders) real-time
Information.

Bl users can combine different data sets or sources to

Run searches and
Draw conclusions,
but source data must
First exist in a digital format and

Be accessible from the Bl platform.
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-
Bl

Like Al,

Bl is only as good as the data it receives and the CM interpreting the results.

Bl tools may also

Miss trends that would be obvious to a human (e.g., Weather) and

Identify issues that a human could not (e.g., Scheduling problems).
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What are the most impactful obstacles in benefitting from

Bl solutions?
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Data Management Flow: Storage
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Data storage

Data storage refers to recording information for later use.

Data storage frequently overlaps with other data management activities.

For example, Bl tools may access stored data and record their analysis simultaneously.
Data storage is also important at the end of a project or program

when the team should archive data to preserve it for future reference.

The owner, CM, or other stakeholders may need to reference the data for
O&M,
Claims, or

Improve future delivery
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Data storage

It IS common to store data and host software on remote servers

that users can access entirely through the internet
(commonly known as “the cloud”).
Cloud-based data storage is relatively quick, cheap, and easy to deploy.

Software and vendors who provide data storage tools in the cloud are known as data as

a service (DaaS) software/vendors.
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Data storage

However, some owners may prefer or require local data storage

on the team’s computers or onsite,
collocated servers.
This option may be appropriate for
Owners with strict security or regulatory requirements (see ‘“cybersecurity”
below) or

Owners that already have existing data storage infrastructure.

Daas options may also be too expensive for small projects.
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-
CM and Data Storage

The CM must realize that there are now many options to store data reliably,

so the CM must consult with and advise the owner to find the best solution.

DaaS/cloud storage is more efficient but may not be appropriate

for certain owners.
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