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Other Resources @ Berkeley



Other Resources @ Berkeley

l  Founded in Spring 2015 
l  >200 members in each 

semester enrollment

VR@Berkeley



Course Schedule
Week	1	(8-23):	Introduction	and	Capstone	Options	
Week	2	(8-30):	Human	Perception	in	the	Context	of	VR	
Week	3	(9-6):	Basic	Unity3D/VR	Programming	Workshop		
Week	4	(9-13):	Course	project	proposal	presentation		
Week	5	(9-20):	Computer	Graphics	related	topics	
Week	6	(9-27):	3D	Vision	related	topics	
Week	7	(10-4):	Optics	and	Display	technologies	
Week	8	(10-11):	Localization	and	Mapping	
****************	
Week	9:	(10-18)	VR	Film	Making	(Richard	Hernandez)	
Week	10	(10-25):	Gaming	(Jack	McCauley)	
Week	11	(11-1):	Telemedicine	(Ruzena	Bajcsy/Gregorij	Korillo)	
Week	12	(11-8):	AR/VR	in	Arts	&	Design	(Ted	Selker)	
Week	13	(11-15):	Computational	Imaging	for	VR	(Ren	Ng)	
Week	14	(11-22):	No	class	
Week	15	(11-29):	Final	project	presentation	
Week	16	(12-6):	Final	project	presentation	



Grading Policy
Your	final	grades	will	be	determined	by	four	factors:	
	
1.   Attendance	by	you	(10%)	

2.   Interaction	during	the	class	given	by	the	lecturers	(10%)	

3.   Course/capstone	project	presentation	(40%)	

4.   A	research	paper	discussing	your	project	and	its	relevant	literature	and	
commercial	applications	(40%)		



Recommended Reading Material
•  Perception:	Sensation	and	Perception	

	by	Bruce	Goldstein	

•  Virtual	Reality:	Virtual	Reality	
By	Steven	LaValle	(and	checkout	his	YouTube	lectures)	

•  Computer	Graphics:	Fundamentals	of	CG	
	by	Peter	Shirley	

•  Computer	Vision:	An	Invitation	to	3-D	Vision	
							by	Yi	Ma,	et	al.	
	
•  Display:	Mobile	Displays	

	by	Achin	Bhowmik,	et	al.	

•  AR/VR	Market	Research:	Virtual	&	Augmented	Reality,	
understanding	the	race	for	the	next	computing	platform		
	by	Goldman	Sachs	



Goal of the Course
•  Understand	the	fundamental	theories	that	enable	VR/AR	and	IC	

•  Understand	the	main	technology	drivers	of	VR/AR	and	IC	markets	

•  Become	an	expert	in	criticizing	the	current	software	and	hardware	
solutions	

•  Being	about	the	invent	new	solutions	that	address	existing	needs	/	pain	
points	of	VR/AR	and	IC	applications	

•  (Optional)	Being	motivated	to	pursue	a	career	in	relevant	research	or	
entrepreneurial	fields	



AR/VR: A Hot Market in 2016



Holodeck: A VR Experience



Leia’s Hologram: An AR Experience



Brief History of VR/AR/IC

Photography	Graphics	 Stereoscopy	

Interaction	3D	Audio	



Early Forms of Paintings and Arts

Cave	paintings	
Since	35,000	–	40,000	BP	

Writing	and	languages,		
Since	3100	BC	



Early Forms of Photography

Camera	Obscura,	circa	400BC	 First	photo	on	paper,	1800s		 Kodachrome,	1935	



3D Illusion with Perspective

Ames	Room,	by	Adelbert	Ames,	Jr.,	1946	



Seeing 3D from Stereo

Wheatstone	mirror	stereoscope,	1838	 Holmes	stereoscope,	1861	



Audio: From Mono to Spatial 3D

Edison	cylinder	phonograph,	1899	

Dolby	Stereo,	1977	

Invention	of	headphones,	1910s	

			Dolby	Atmos	for	VR	



Interaction Modalities

Keyboard,	since	1860s	 Mouse,	Douglas	Engelbart,	1963	

iPhone,	2007	



Hands as 3D Input Device



Sensorama: The First VR Prototype 

Morton	Heilig,	1958	



Virtuality: Dawn of VR Gaming



Tilt Brush in Virtual 3D



CES 2017: Samsung 4D VR Experience 



Ivan	Sutherland,	1968	

The First AR Prototype 



Anatomy of an AR Device: HoloLens



Definition: Virtual Reality
•  VR is a computer technology that uses head mounted 

displays, sometimes in combination with other 
sensory devices, to generate realistic images, sounds, 
and other sensations (touch, smell, motion, etc.) that 
simulate a user’s physical presence in a virtual 
environment.
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Definition: Augmented Reality
•  AR is a computer technology that augments a 

physical, real-world environment directly or through 
its indirect view computer-generated sensory 
information, including graphics, video, and sound. AR 
may alter a user’s view of reality, and may also 
enhance one’s perception of reality.
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Enabling Technologies/  
Open Research

•  Near-Eye	Displays	and	Optics	

•  3D	Localization	

•  3D	Content	Capturing	

•  New	Human-Computer	Interface	



Near-Eye Optical Module 



HMD Stereo Display Challenge

Accommodation	Vergence	



Localization via Beacons



Localization via Depth Perception



Google Tango Inside-Out 
Localization



360 VR Capturing: Photo Stitching

Google	Jump	VR	



From 360 VR to Real-Time 3D VR



Lytro Immerge



New 3D Human-Computer Interface



New 3D Human-Computer Interface



Connecting AR/VR and Robotics



Course/Capstone Projects Examples

Berkeley OpenARK

•  Lumus 
•  PMD
•  Webcam
•  Motion Sensor
•  Microsoft Surface Pro
•  <$5K per unit



Beta released early 2017



2 
Allow for breathing room 

ISAACS: Immersive Semi-Autonomous 
Aerial Command System



2 
Allow for breathing room 

Drone Fleet Control (Tomlin)



2 
Allow for breathing room 

Drone Safety Control (Tomlin)



VR in Autonomous Driving (Borrelli)


