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Emerging Technologies 

and the 21st Century Campus

APPA 105

John A. Cook, Vice President 

Sextant Group / NV5 Engineering & Technology

jcook@thesextantgroup.com / 412.301.4208

Credit(s) earned on completion of 
this course will be reported to 
American Institute of Architects 
(AIA) Continuing Education Session 
(CES) for AIA members.

Certificates of Completion for both 
AIA members and non-AIA 
members are available upon 
request.

This course is registered with AIA 
CES for continuing professional 
education.  As such, it does not 
include content that may be 
deemed or construed to be an 
approval or endorsement by the 
AIA of any material of construction 
or any method or manner of 
handling, using, distributing, or 
dealing in any material or product.

Questions related to specific materials, methods, and services will be 

addressed at the conclusion of this presentation.

Course Description

This course is an overview of emerging information and 
communications technologies: networks, personal 
computers, information appliances, digital video, audio, 
and graphics, virtual reality and skills simulation and 
the role they will play on the campus of the 21st 
century.
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Learning Objectives

• Learn about emerging information and communications 
technologies

• Discuss innovations in networks, personal computers, 
information appliances, and digital video

• Learn how to use virtual reality and skills simulation

• Discuss how technologies are changing the 21st century 
campuses

Agenda

• Emerging Technologies 

• Smaller, lighter, faster, cheaper, smarter, more 
connected … way more better

• Trends and Developments in Learning Space

• Planning for Transformation model (briefly)

◦ Detailed process review in the elective course 
(#548) 

Discussion throughout, please 

A few comments about the slides …

Technology disruption … no end in sight
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First iPhone – 10 January 2007 

Lots of skeptics ! 

Lots of skeptics ! 
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Gartner Hype Cycle 

Make final product decisions at “last responsible moment” 

MAIN MENU 

• Workshop Questions …

• AR/VR/MR = XR

• Intelligent Buildings 

• Computing 

• Tech Systems Control / Mgmt. 

• Voice Control 

• Telecommunications 

• Safety & Security

• Lighting 

• Light Broadcast

• Displays 

• Visualization Walls

• Collaboration 

• Showcase Displays 

• Classrooms 

• Virtual Classrooms

• Staff Development

• Miscellaneous Cool Schtuff
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Light Broadcast

Light BroadcastLight Broadcast
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Light Broadcast: a tool for students, too

Can be a live teaching tool, but … 
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One Button studio 

Presentation Practice & Record

Presentation Practice & Record
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Extended Reality 

“Traditional” Virtual reality 

New Virtual Reality … by the $$$ Billions 
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We are on version 1.1

http://salvationlinks.com https://www.oculus.com/

Three degrees of freedom vs. six degrees of freedom 

https://en.wikipedia.org 
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Space optimized for consuming VR  

http://techgeeknelson.com/best-virtual-reality-experiences-nyc/

Physical Simulation + VR + 200 million pixels of backdrop 
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Image: Colorado College.  Tutt Library

Huge investment in XR by Microsoft &  others  

Huge investment in XR by Microsoft &  others  
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Augmented Reality

Displays

Crystal LED (CLED) or Micro LED displays

• Sony announced in 
2012 

• LG and others are 
developing 

• Each LED = width of a 
human hair 

• Not practical to buy yet 
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OLED DISPLAYS – up to 130” in development  
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Transparent OLED Signage Displays (T-OLED)  

• 55” display

• 40% transparency

• .259843 ???

• 27,500 ???

Depth, in inches of 
the glass 

Price, in US $
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Ultra high-res displays

New techs: 

HDR (High Dynamic Range) 

Quantum dots

4K Ultra Blu-Ray  

Rakuten TV claims: streaming 8K in 2019  

• Sony and LG: 8K TVs in 2019 

• Samsung – 2nd gen 8K TVs

• Some movies are being shot in 8K 

• Japan and Italy will produce and 
broadcast 2020 Olympics in 8K

• CBS used 8K cameras for the Super 
Bowl in 2019 

• 33 million pixels (16x HD) 

43

44

45



1/10/2020

16

Projection mapping

First generation vs. mature product  

http://www.techinsider.io/kobe-bryants-career-in-video-games-2015-12

1996 2016
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Anatomy Labs / Digital Anatomy

Visualization
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Projection is not the only option in large spaces !

Projection is not the only option in large spaces !

Showcase Displays
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Showcase Displays

Direct View LED as a Showcase Display
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Showcase Displays  

Showcase Displays

Collaboration
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Nureva Wall / Span           photo:  www.ravepubs.com 

Complete collaboration systems
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Tech System Controls / Mgmt

Artificial Intelligence + Machine Learning

Voice Control of AV Systems 
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Room Schedulers
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Intelligent Buildings

What is an Intelligent Building on a Higher Ed campus? 

• Energy 

• Environment

• Costs 

• Flexibility

• Building Systems

• Occupant comfort & convenience

• Occupant productivity 

• Safety & Security 

• Communications

• Culture 

A facility which optimizes the following elements … 

… and which utilizes the proper technology, people and 
procedures to maximize the interrelationships amongst those 
elements to support effective monitoring, management and 
operations over the long-term.   

Systems that may be included in an Intelligent Building 
• Access Control

• Acoustics - Physically Adjustable 

• Ambient Light 

• Asset Tracking

• Audiovisual Systems

• Autonomous Vehicles

• Background Music System (BGM) 

• Building Management/ Automation 
BMS/BAS

• Broadcast

• Cellular Reinforcement

• Closed Circuit TV (CCTV)

• Data Network

• Digital Signage Distributed Antenna 
Systems (DAS)

• Electric Vehicle (EV) Charging

• Electronic Concierge Services

• Electronic Medical Record Systems

• Environmental Sensors and Alarms

• Fire/Life Safety

• Guest Services

• Hearing Impaired/Interpreter Systems

• HVAC Systems

• Integrated Control Interface

• Integrated Operating Room Systems 
Intercom Systems

• Intrusion Detection System – Physical

• Kiosks

• Lighting Control

• Mass Notification MATV/CATV/DSS 
Systems

• Motorized Shades  

• Multimedia Systems

• Nurse Call System

• Occupant Counting / Tracking

• Paging Systems

• Parking Management System

• Patient Entertainment / Education Systems

• Point-of-Sale Systems (POS)

• Property Management Systems (PMS)

• Radio Communication Systems

• Real-time Transcription Systems

• Robotic Delivery Systems

• Room Scheduling Systems

• SCADA/PLC

• Social Interaction

• Sound Masking Systems

• Storage Battery Systems

• Structured Cabling System

• Sub-metering Systems

• Valet Services

• Video Surveillance 

• Visitor Management System

• Way Finding

…. And more ….
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Gartner Hype Cycle for Internet of Things (July 2019)

Central location for 

• Monitoring

• Analysis

• Forecasting 

Energy engineers can 

optimize production and 

distribution of steam, 

electricity and chilled water
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Potential Sensors

• Beacons: NFC feature on smartphones (Near-
Field Communications)

• Microphones (level and frequency distribution 
only)

• Cameras (facial expressions and occupancy 
counts only)

• Photo Radiometer

• Proximity, Motion

• Brainwave scanner

• CO and CO2

• Weather

• Vibration

• Wi-Fi WAPS

• Smart Phones

• Others … 
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The industry has been waiting … 

• Converged Systems: each technology is on the 
network: PoE Lighting, Audiovisual, Security, 
etc.

• Zone Cabling: Horizontal Connection Points

• Data Closet sizing to locate IBT components 

• Pathway Sizing/Capacity Calculations

• Shared sensors

• Yet-to-be developed technologies

The BICSI 
Intelligent 
Building 

Roadmap
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SILOED SYSTEMS CURRENTLY THE NORM (Eastern Mennonite University)SILOED SYSTEMS CURRENTLY THE NORM (Eastern Mennonite University)
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Intelligent Buildings extend to … Intellligent Campus  

• Digitally connected people 

◦ Don’t have patience for inefficiencies

◦ Expect advanced capabilities in communication, 
convenience, customization and community.

• Cost of basic sensors: 40 cents

• Parking lot entry and occupancy

• Student meal card balances, meal calorie counts

• Water usage beyond a specific time threshold

• Trash can overall weight/volume

• Fun use in a sports venue: 

◦ Fans light up their smartphones in unison

◦ Sound sensors support cheering competitors among seating sections
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Intelligent Buildings extend to … Intelligent Cities 

• Improve traffic flow, 
reduce congestion and 
pollution, 

• Increase safety

◦ 40%+ of crashes are at
intersections

◦ Wrong-way detection

• Systems collect 
anonymous info on 
location, movement of 
pedestrians and vehicles

• Monitored centrally and
by equipped vehicles or 
mobile device

“Smart Mobility & Transportation Hub” by Continental in Auburn Hills, MI

The Internet of Meat … this is a real thing 

• Technology installed 
inside the human 
body 

• RFID the size of a 
grain of rice

• Hold personal details, 
payment information, 
medical records

◦ 3,000 people in 
Sweden  

• Future: advance 
medical monitoring, 
accurate drug 
delivery, crowd data 

Telecommunications
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New Wi-fi standard: Wi-Fi 6

• Supports more users, devices and 

connections per WAP

• Faster, stronger … bionic wireless 

• 4K, 8K streaming

• AR / VR applications 

• Tons of IoT devices 

• Will require 10 Gbps network 

connection

• Likely: 10 Gbps horizontal and 40 

Gbps backbone

Beyond Wi-Fi 6 (802.11ax) – What’s Next?

Source: TechSpot

5G Enabling Emerging Technologies

Source: Gartner

• 5G is an enabler for many of 
the emerging technologies to 
come in the next 5-10 years.

• Autonomous Vehicles, Drone 
Technology, Artificial 
Intelligence, Edge Analytics, 
and many other emerging 
technologies will all require 
5G to be successful.
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5G cellular standard brings opportunities and challenges

• 10x faster than 4G; download a 2-hr. 

HD movie in 3 seconds

• Smoother, more realistic video, less 

latency, etc. 

• Supports far more devices 

• Highly directional

• More efficient use of batteries

• Available: 2020

• More reliance on in-building –

DAS + small cell/WiFi access point 

integration  

Wi Fi 6 is not the same as 5G !!!  

Wi-Fi 6  

• Wireless networking 

• Local area connection

• Primarily indoors 

• Typically free for end user, but the 
site owner ultimate pays for Interest 
service it is connected to 

• Should be 4x faster than Wi Fi 5

• Will be implemented quickly    

5G Cellular

• Mobile phones

• Wide area connection, deployed 
across cities, towns and rural areas 

• Primarily outdoors

• AT&T, Verizon ,etc. 

• Individuals pay for each connected 
device 

• Should be 10x faster than 4G

• Will take many years to build out the 
network

Distributed Antenna System (DAS)

• Cellular DAS 

◦ Messy, can be expensive

◦ Will be complicated by 5G

• Public Safety DAS

◦ First Responder communications

◦ Intra-building and inter-building

◦ Stairwells, mechanical rooms, lower levels

◦ Fairly straightforward 

◦ Can not test until the building is complete
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5G

• 5G uses “high spectrum” or “high band” or 
“millimeter wave” signals

◦ Superior performance 

◦ Do not travel far indoors 

◦ Do not penetrate materials well (even treated 
windows) 

◦ Requires significantly more nodes in a DAS 
(Distributed Antenna System) 

◦ DAS uses fiber (ideally) not coax

• Higher Ed cannot be limited to a single 
carrier

◦ Complicates the options

◦ Very early in product development cycle

◦ Expect issues and messiness 

Ericsson 5G Radio Dot

Distributed Antenna System (DAS) – Public Safety

• Sufficient coverage is required by code 
and/or local AHJ.

• Critical areas of a building shall be 
provided with 99% floor area radio 
coverage.

• General building areas shall be provided 
with 90% floor area radio coverage.

• If these requirements can not be met, a 
Public Safety DAS shall be designed and 
installed to provide the required coverage.

First Responder DAS / Emergency Responder DAS / Emergency Responder Radio 
Communication System (ERRCS)

Distributed Antenna System (DAS) – Public Safety

• All components shall be 
contained in a NEMA 4 type 
enclosure. 

• At least 24 hours Battery 
Backup.

• Cabling shall meet a two-
hour fire rating as well as 
the room that contains the 
equipment. 

• Annual inspection 
requirements.

First Responder DAS / Emergency Responder DAS / Emergency Responder Radio 
Communication System (ERRCS)
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Power over Ethernet (PoE) & IoT

• 100 Watts per port can 
power laptops, displays, 
and other larger devices

• Reduce previously 
required 120AC circuits at 
device locations

• More heat in Telecom 
Rooms. More cabling in 
Telecom Rooms. Larger 
Telecom Rooms. 

• More heat across Category 
cabling

• Appropriately rated Cables 
per NEC

Source: FS

Lighting

The Lighting Revolution 

• Several developments expand the role of 
lighting: 
◦ integral to Intelligent Building Systems

◦ indicate occupancy

◦ adjust color temperature to fit the event 

◦ adjust color temperature to match circadian rhythms  

◦ conserve energy

◦ remote control

◦ wireless data coverage 

• Continue to blur the line between “Facilities” 
and “IT” 

https://www.usa.lighting.philips.com 
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The Lighting Revolution: Power over Ethernet (PoE) Lighting 

• Power and control over the same CAT cable

• Line voltage connects to Power Sourcing 
Equipment (PSE) device in rack or above ceiling

• PSE connects to lighting fixtures via low voltage 
cable

• No conduit to each fixture, no licensed 
electrician to install each fixture

• “Higher Power PoE” standard (2018): 
◦ 100 watts

◦ Plenty for LED in most applications 

• Two-way data flow enables simple control to 
advanced, cloud-based analytics

https://www.usa.lighting.philips.com 

The Lighting Revolution: circadium rhythms 

The ceiling lights are tuned to learning in the training room at Quest’s data center in Roseville, CA.

The Lighting Revolution: Li-Fi – wireless networking through LED light

• Li-Fi uses common LED lightbulbs to 
enable wireless data transfer, 
boasting speeds of 250+ Mbps 

• Does not penetrate opaque objects, 
so more secure

• Operates on different spectrums 
than other electronic equipment  

• Early in development, but … 
Signify, formerly Philips Lighting, 
started shipping in Summer 2019   

• Will be built into phones, tablets, 
laptops

Source: pureLiFi
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The Lighting Revolution: Smart Streetlights 

• Adapt to movement by vehicles and 
pedestrians

• Dims when no movement nearby, brightens 
when needed

• Manufacturer claims of 50% energy savings 
and 20% operational savings 

• Tie to security cameras, weather sensors, etc. 
– for centralized monitoring and control, 
real-time alerts, etc.

• Install base estimated at over 10 million 

• Leaders: Philips, Itron, Telensa, Signify, 
Sensus, others 

Computing

World’s Fastest Computer: US Department of Energy

• Planned for 2021

• Built by AMD + Cray

• Exa-scale computing, processing measured in 
exaflops or quintillions of calculations per second 

• Quintillion: (18 zeros) 1,000,000,000,000,000,000

• Power of next 160 fastest supercomputers combined 

• Process 100,000 HD movies per second

• $600M

• 7,300 SF, 90 miles of cabling 

DOE / Oak Ridge National Laboratory
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World’s Smallest Computer: IBM vs. Univ of Michigan 

Raspberry Pi – a $35 computer

• Control an AV System in a classroom or meeting room

• Room Scheduler 

• Drive a kiosk 

• CPU, touch panel, back box, etc. < $150

Ambient Computing

• “Invisible” embedded computing everywhere, 
in all areas of our lives, used without 
conscious thought  

• Ambient computing is why Google builds 
hardware: 

◦ “Our vision is for ambient computing to create a 
single, consistent experience at home, at work or 
on the go, whenever you need it.” 

• Siri vs. Alexa 

• Thermostat with control via phone vs.
Thermostat that learns, predicts and sets 
itself 

• Privacy vs. convenience 

DESKTOPS

LAPTOPS

HANDHELDS

WEARABLES

AMBIENT
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Personal Energy Generation/Storage Systems

Wearable Computers

• Glasses, watches …  

• Future: Smart Clothing

◦ “Invisible” sensors 

◦ Washable, stretchable

◦ Some printed with 3D printers

• Teslasuit* – full-body XR suit 

◦ Haptic Feedback

◦ Climate Control

◦ Motion Capture

◦ Biometrics

* No relation to Tesla Motors

… “accelerates the improvement of 
movement, reflexes and instincts, allowing 
faster, better improvement of the human 

mind and body.”

Safety & Security
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Artificial Intelligence (AI)/ Video Analytics

• More sophisticated, higher resolution cameras 
with advanced audio 

◦ Complex analytic algorithms run directly onboard 
camera, higher efficiency

◦ Network-based

• Set alerts on pre-defined conditions

◦ Person or vehicle detection, unusual activity, license 
plate recognition, weapons detection

◦ Identify/ track person by analyzing gender, height, 
gate, clothing colors

◦ Audio - gunshot detection, scream detection

Security Integration with Intelligent Buildings

• Connect security systems to:

◦ HVAC 

◦ Elevator Destination Dispatch

◦ Exterior lighting 

◦ Fire alarm

◦ Intercom

◦ Digital Signage 

https://www.netpresenter.com/

Helping protect the visually-impaired 

• Smart Paint – a coating that is 
detected by a “smart cane”

• Smart cane 

◦ highly sensitive detector in the tip

◦ vibrates as needed

◦ will communicate to cars

• Helps visually impaired navigate 
your campus

• Smart Paint:

◦ Interior or exterior

◦ Different colors, including clear

• Ohio State, Western Michigan 
Univ., others 

https://www.osu.edu/alumni/news/ohio-state-

alumni-magazine/issues/fall-2018/smart-paint.html
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Virtual Classrooms
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Virtual Team Room

• Virtual Team Room 

◦ Promotes online interaction between 
teachers, students, and staff 

◦ Distance education courses 

◦ Collaboration

• Image: VirBELA

• Campus: Davenport University 

Teaching Avatars … have been quiet for a few years 

• Life-like computer generated instructors 

◦ Speak, gesture, understand human speech, etc.

◦ Recognize and respond to the learner’s responses 
AND reactions  

• Research at Carnegie Mellon, Purdue, UC Santa Barbara, 
Central Florida, etc. 

• Benefits from advancements in: 

◦ Cognitive science & Educational psychology

◦ Artificial Intelligence

◦ Machine learning

◦ Computer vision

◦ Gaming

◦ Etc.

Classrooms
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Harvard HBX Live Studio   

• https://youtu.be/P49hyHYPOQg

• Harvard B School 

• Up to 60 participants on individual screens 

• Local PBS TV station 

• 2015 

Rich Media Capture / Lecture Capture 

Analytics from Lecture Capture 

• # Slide views

• Time on slides

• # of video views

• Time on videos

• Confusing topics

• Note taking

• # words in notes

• Questions asked

• Peer discussion 

• Etc.

www.echo360.com
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Active Learning in a flexible space

Active Learning in a large room 
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Active Learning classroom
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1350 SF Classroom

FIXED LECTURE

60 seats

� can be 

reconfigured to 

active format (by 

semester)

� 22.5 SF / student

FIXED ACTIVE

45 seats

� can be 

reconfigured to 

lecture format (by 

semester)

� 30 SF / student

FIXED ACTIVE

60 seats

� unusual proportion

� not reconfigurable

� most efficient layout for active 

learning

� 22.5 SF / student

Active learning – study 

Active Learning Decisions

• Number of students per group

• Define the flexibility needed

• Define the adaptability needed 

• Students at tables, armchairs or hybrid

• Size / shape /configuration of furnishings

• Space for instructor at each student group 

• Campus-provided tools per student group

• Writing surfaces per student group   

• Role of lecture component 

• Location of instructor “home base” 

• Role of Teaching Assistants 

Who is learning?
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Staff Development

Faculty Development needed !

Miscellaneous Cool Stuff
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Developments at Apple … top secret 

• Recent acquisitions: 

◦ Video projection company (Akonia
Holographics)

◦ 3D depth sensor developer 
(PrimeSense)

◦ Computer vision company (Regaind) 

◦ AR headset maker (Vrvana)

◦ Eye-tracking firm (SensoMotoric
Instruments)

• Satellite technology to beam internet 
services directly to devices, bypassing 
carriers and wireless networks 

• Key: bundle standalone capabilities for  
integrated experiences.

The Swiss Army Knife … 

• Loudspeaker

◦ Playlists, FM radio, BlueTooth, etc. 

◦ Emergency communication, paging 

◦ Advertising, intercom

• Light, Microphone, Camera 

◦ Record video, take pix

• Sensors

◦ Presence/motion, temperature, 
barometric pressure, humidity

• Solar powered, weatherproof

◦ Can be PoE, battery

• Remote management software

• Custom colors, patterns available
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Conclusion

Framework for Transformation   

This concludes The American 
Institute of Architects Continuing 

Education Systems Course
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Thanks!

John A. Cook

Vice President 

The Sextant Group, Inc. / NV5 Engineering & Technology

jcook@thesextantgroup.com

412.323.8580 x108 / 412.301.4208

Questions?
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