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How have we gotten here?
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LOWER COSTS FASTER DELIVERY

33% 50%

reduction in the initial cost reduction in overall time, from
of construction and the whole inception to overall completion of
life cost of build assets new build and refurbished assets
LOWER EMISSIONS IMPROVED EXPORTS
reduction in greenhouse gas reduction in the trade gap between
emissions in the build environment total exports and total imports for

construction products and materials

CONSTRUCTION STRATEGY 2025
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Technology drives change at
an ever increasing pace









What's here,
what's near,
and what’s next ?
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The Modern Master Builder




OK...so how did
we get here...”
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Construction

Box.com, The Information Economy: A Study of Five Industries



Architecture Business Context Map

@® ECONOMIC
ey MR

» Unrealistic delivery
expectations

BIM mandates

) » Scarcity of talent
* Regulatory review

process » Brexit/ Asia development

* Healthcare requirements * Global urbanization

Economic policies

@® CUSTOMER NEEDS

« Increased customer expectations
(speed/ cost)

* Reduce risk
* Automation/Machine
learning
 Interoperability/ pipeline

@® UNCERTAINTIES

» Diminishing role for

« Better communication/ engagement

« Leverage data/ life cycle

integration .
* Gap between design & + Services outside of traditional role architects
construction + How to staff for future
» Data governance/ cloud

security + Design-Builder/Owner

» Better define value

* IP & privacy issues
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« Leverage data/ life cycle
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» How to staff for future
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» Better define value
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AUTODESK® ARCHITECTURE,
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DESIGN

Controlled Worksharing
Collaboration
Deliverable Coordination

PRECONSTRUCTION FIELD EXECUTION

Constructability Quality / Safety
Scope Progress Tracking
Cost / Schedule Work Coordination

ANALYTICS € INSIGHT

PROJECT DATA

HANDOVER &
OPERATIONS

Commissioning
Handover
Maintenance
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Autodesk has invested in building the platform that

powers the future of making things.

Connection *—\

Forge streamlines the complexities
of business workflows by connecting
people and data.

Technology

With Forge, Autodesk provides companies
with the technology and expertise that
Autodesk uses to build their cloud
solutions.

© Autodesk, Inc. 2016

—
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Integration

Easily integrated Forge services with
your existing applications, systems and
enterprise processes.

Infrastructure

Companies can get started quickly
and use what they need precisely
when they need it, all without having
to maintain the underlying
technology.

) AUTODESK FORGE






Data Analytics

COSE PUILDING ANALYTICS Fina Preacta sn Mod

bt Projects by Number of Models, Project Area, and File Size
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Recent Activity Project Types
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Goals Metrics
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2. Low Visual Distraction 3. Views to Outside
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5. Circulation 6. Work Styles 7. Low Acoustic Distraction 8. Low Density




LOW VISUAL DISTRACTION

Measurement of negative visual activity from workspaces.

SCORING EQUATION
5l aunt of Visibl rkers per ]
1! = 1
DISTRAGTION Number of Workspaces x100
INPUTS
+2D Space Model (Geometry,including Obstructions)
+Workspace locations and arientation
COMPUTATION METHODS
15 coworkers visible il
ion per workspace ¢
+ Paint inclusion in isovist ! T
OUTPUTS e
+Individual desk scoring (from 0 to 10) o
+Per floor aggregated scores (from 0 10 10) =
+Global distraction score (from 0 1o 10) mroon
SCORE RANGE G oo |
+a CASE): ator ipper distraction imit b s Ao wl
+10.0 SCORE (BEST CASE) : All employees have zero visible coworkers e g
" e
b
tee
¢
s
(SR e
| lel o o I
Ao
CIRCULATION
of i ined by I
paths with data for given space.
SCORING EQUATION
T ed Grid Valt
CIRCULATION = 2 (lvaversed GidVakes) 100

Traversed Grid Count x Max Value

INPUTS

+ Adjacency Preference Shortest Paths (Geometry - from Adjacency Metric)
+2D Space Model (geometry, including solid obstructions)

COMPUTATION METHODS

+ Generate analysis grid of relative traversability (range of possible moves from given point)

+ Identify and sum values of intersected grid tiles for every shortest path

OUTPUTS

+Per floor circulation scores ( from 010 10)
+ Global circulation scoring (from 0to 10)
SCORE RANGE

+0.0 SCORE (WORST CASE) : All movement through high congestion areas
+10.0 SCORE (BEST CASE) : All movement through congestion-free areas

X,

ADJACENCY PREFERENCE

Measurement of travel distance to preferred neighbors and amenities.

SCORING EQUATION
%[ Shortest Path Length x (1 + A Floors x Vertical Muttplien)]
Number of Shortest Paths :

ADJACENCY = 0

INPUTS

+Visibility graph (curve-based graph of possible travel)

+ Individual neighbor adjacency preferences (JSON-formatted survey data)
+Individual amenity adjacency preferences (JSON-formatted survey data)

COMPUTATION METHODS

+ Geometric shortest path algorithm (curve-based)

+ Horizontal travel distance limit: 100 ft

+ Vertical travel distance limit: 11.5ft (210 King floor-to-floor height)

OUTPUTS

+Individual adjacency scores (from 0 to 10)
+Per floor aggregated adjacency scores (from 010 10)
+ Global adjacency score (from 0 1o 10)

SCORE RANGE

+0.0 SCORE (WORST CASE) : Al individuals have highest cost travel (max horiz. and vert. distance)
+10.0 SCORE (BEST CASE) : All individuals have lowest cost travel (adjacent and same floor)

VIEWS-TO-OUTSIDE

Measurement of exteriors views from circulation and workspaces.

SCORING EQUATION
5 [ Views from Sample Point, > 1]
Number of Sample Paints

VIEWS-TO-OUTSIDE = x10.0

INPUTS

+2D Space Model (geometry, including solid
+ Workspace locations (geometry, as points)
+ Circulation path (geometry, as curves)

bstiuctions & windows)

COMPUTATION METHODS

+ Generation of target points (curve subdivision of windows)

+ Generation of circulation sample points (curve subdivision of paths)

+ Sample ray acclusian testing (sample points to target points with solid obstructions)
+ Count number of unobstructed view rays

QUTPUTS

+ Per-floor aggregated views 1o outside score(from 0 to 10)
+ Global views 10 outside score (from 010 10)
‘SCORE RANGE

+0.0 SCORE (WORST CASE) : No sample points have views to outside
+10.0 SCORE (BEST CASE) : Every sample point has views to outside

N |
o B
ot
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OPTION A OPTION B

low audio distraction

working style working style low visual distraction

low density

low density

views to outside views to outside

OPTION C

==

low audio distraction

Checkpoint:

« Computer
suggests
“candidates”

 Architect
reviews
results

 Architect &
Client
evaluate

* Revisit
assumptions

* Checkinputs

» Select path
forward
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So what is BDP
doing........ ?






Finding Value within Data

Innovate UK funded R&D project led by PCSG

Addressing the energy performance gap within buildings
Empowering building occupants
Changing behaviour

Innovate UK T () knownow BDP.

Technology Strategy Board



Finding Value within Data

The problem:

Gap between building energy performance design and installation is often 3.5 x original
estimate (Innovate UK)

*  Staff are unhappy and under-productive when they are uncomfortable
*  Government targets for carbon reduction — 80% from 1990 levels by 2050

‘There is not much evidence of energy efficiency improvement and much potential remains
unexploited.” Committee on Climate Change

Innovate UK T () knownow BDP.

Technology Strategy Board



Finding Value within Data

The solution:

*  Capture BMS data on energy use

*  Monitor internal environmental conditions within office spaces

*  Aggregate external environmental data

*  Poll staff on perception of comfortable conditions within the office

* Intelligent adjustments to BMS

*  Suggestions to staff on changing behaviours

* Recommendations for long term changes to BMS and occupant behaviour

Prove the working building design against original parameters

Innovate UK T () knownow BDP.

Technology Strategy Board
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First Floor Studio
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https://my.netatmo.com/app/weather
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Messages Camera

. b 9 9
iPhone App. S

pr—

Weather Maps

e Give users the ability to record perception of comfort . .

Reminders Stocks

! Newsstand }Tunes Store App Store iBooks
ealth .

Passbook Settings
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iPhone App.

Where are you?

e Give users the ability to record perception of comfort

How comfortable are you in the
office today?
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iPhone App.

e Give users the ability to record perception of comfort
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iPhone App.
Action taken
* Give users the ability to record perception of comfort T

[l Opened vent/window

B Closed vent/window

B Put on a layer of clothes

Il Removed a layer of clothes

[l Put on headphones/ear plugs

Il Turned on light




all vodafone UK 4G 09:08 % 94% (=)

& entelligently.co.uk ¢
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iPhone App.
Action taken
* Give users the ability to record perception of comfort T ———

Il Opened vent/window

B Closed vent/window

B Put on a layer of clothes

[l Removed a layer of clothes

B Put on headphones/ear plugs

[l Turned on light




Finding Value within Data

import matplotlib.pyplot as plt
import numpy as np
from scipy.special import expit

def signoid(eval):
return expit (eval)

Aggregation of data: O 5

# Random [-1,1] init from Haykin
WIH = 2*np.mat(np.random.rand(2*d,d)) -1.0
WHO = 2*np.mat(np.random.rand(l,2%d)) -1.0
difft = Labelsdl.astype(np.floatsd)

° BMS for i in xrange(1,Epochs):

#Get the input to the output layer
y ) _temp = sigmoid (WIH*Y®1)

e  Environmental monitors etk = WOy e
° User perception AL # Creating Delta Wk

diffl = difft - zk

tDeltaWk = eta*np.multiply(diffl,np.multiply(sigmoid(netk),!.8-sigmoid(netk)))
tDeltaWk = np.tile(tDeltaWk, (2*d, 1)}

Deltawk = np.multiply( y j temp,tDeltawk)

DeltaWk = np.transpose(np.sum(Deltawk, 1))

# New Weights
WHO = WHO + DeltaWk

’ #Creating Delta Wj
dnetj = np.multiply(y j temp,l.0-y j temp)
tprodsunk = np.multiply(np.transpose(Deltawk),np.transpose (WHO) )
tprodsumk = np.tile(tprodsumk, (1,samplenumb) )
tprodsumk = eta*np.multiply(tprodsumk,dnetj}
Deltaj = tprodsumk * np.transpose(Y91)

# New Weights
WIH = WIH + DeltaWj

return WIH, WHO

# Number of samples
Ne 60060

#umber of Epochs
Epochs = 20

#Learning Rate
eta = 0,601

# opening images for [rleading as [blinary
in_file = open("train-images.idx3-ubyte”, “rb")
in_file.read(16)

i Data = in file.read(}

| in_file.close()

1 # Transform the data stream
X = np.fromstring(Data, dtype=np.uint8)
X = X.astype(np. float6d)
,)) X = np.mat(X}
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action? - Entelligently

Prompts to building users......

Today 10

CO2 levels in the North
and South zones are
currently high (over
1000ppm). This may be
making you
uncomfortable so |
suggest opening some
vents/windows. Don't
forget to let me know
how you feel -
Entelligently.




Prompts to building users

il vodafone UK 4G 18:14 v @ % 50% @ )

Personal Hotspot: 1 Connection
+44 1536 609575

Tuesday 11:40

Yesterday we had
reports that people were
cold. With outside
temperatures now
below 15°C and
temperatures in the
office being lower than
last week, how are
things today? Have you
needed to take any
action? - Entelligently

Wednesday 10:55

6 O
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+44 1536 609575

how you are feeling -
Prompts to building users...... Entelligently

Thu 28 Sep, 12:5¢

Do you have a meeting
in 1.1 or 1.3 this
afternoon? The rooms
are looking pretty warm

so | recommend
opening vents or
windows before you
start to make things
more comfortable -
Entelligently.




What are we finding......
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netatmo

What are safe levels of CO and CO2 in rooms?

home » knowledge centre FAQs » What are safe levels of CO and CO2 in rooms?

What are safe levels of CO and CO2 in rooms?

co2

250-350ppm

350-1,000ppm

1,000-2,000ppm

2,000-5,000
ppm

5,000

>40,000 ppm

co

9 ppm
35 ppm
800 ppm

12,800 ppm

Normal background concentration in outdoor ambient air

Concentrations typical of occupied indoor spaces with good air
exchange

Complaints of drowsiness and poor air.

Headaches, sleepiness and stagnant, stale, stuffy air. Poor
concentration, loss of attention, increased heart rate and slight
nausea may also be present.

Workplace exposure limit (as 8-hour TWA) in most jurisdictions.

Exposure may lead to serious oxygen deprivation resulting in
permanent brain damage, coma, even death.

CO Max prolonged exposure (ASHRAE standard)
CO Max exposure for 8 hour work day (OSHA)
CO Death within 2 to 3 hours

CO Death within 1 to 3 minutes


https://auth.netatmo.com/en-US/access/checklogin?message=__NOT_LOGGED&next_url=http://my.netatmo.com/app/station?force_installer_module%3D1487170519?force_installer_module%3D1487170519

Looking forward......
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Sum of Amount by
Stage Name

Walking + Running Distance
Daily Average: 5.08

9 Feb

Flights Climbed

Daily Average: 8

(@] O,

Dashboard Health Data Sources

1.89km

Today, 13:25
15

3floors
Today, 13:22

30

Medical ID












We all talk about asset
management......



....but forget that people
are our greatest asset.
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Discussion...
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