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Image Systems Engineering (Psych 221)

• SCIEN – motivation and history

• Human visual perception

• What the course covers

• Course mechanics



Image Systems Engineering

• SCIEN is an industry 
affiliates program that 
spans hardware, software 
and algorithms

• Faculty, students and 
industry colleagues work 
together on some of the 
interesting problems in 
imaging technologies



Image Systems Engineering

• The SCIEN seminar series 
(EE 292E) is a great way to 
find internships and hear 
talks

• The SCIEN talks are 
recorded and available at 
http://talks.stanford.edu, if 
you have an SUNET ID.



Motivation for Image Systems Engineering
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8 Megapixel
ISO 1600
F# 2.4-16
14 bit
5:1 optical zoom

Device specifications

If I have this display, do I benefit from that camera?



Device specifications

8 Megapixel
ISO 1600
F# 2.4-16
14 bit
5:1 optical zoom

780p
1080i
1000:1 CR
24 bit

1440 dpi
Two-pass
Duotone
64 inch

800 lux
outdoor



8 Megapixel
ISO 1600
F# 2.4-16
14 bit
5:1 optical zoom

And where’s the consumer?

780p
1080i
1000:1 CR
24 bit

1440 dpi
Two-pass
Duotone
64 inch

800 lux
outdoor

I have 
opinions



The Image System Engineer: Analyzes the entire pipeline



Image System Engineering: Accounts for the human observer



Seeing is an active, interpretation of the 
data encoded by the light sensitive 
receptors

Human visual perception



Turning the Tables (R.N. Shepard)



Size constancy (E.G. Boring)



Hollow mask illusion

Richard Gregory



Fraser’s 
Spiral



The Perception of Lightness

Ted Adelson



Lightness 
Perception 
(Lotto and 

Purves)

Alternative



Color Appearance Depends On The Spatial Pattern 
Shevell and Monnier



Craik-O’Brien-Cornsweet Effect



The Visual System Interprets Data

Dakin and Bex, 2003, Proc. Roy Soc.



Shadows and perceived motion (Kersten)



Shadows and perceived motion (Kersten)



The green dot illusion: Time-history matters

If your eyes follow the movement of 
the rotating pink dot, you will only 
see one color, pink

If you stare at the black + in the 
center, the moving dot turns to green. 

Now, concentrate on the black + in 
the center of the picture. After a short 
period of time,  all the pink dots will 
slowly disappear, and you will only 
see a green dot rotating if you're 
lucky!



Illusory Motion 



Course topics



Scene radiance and generation

What is a light field and a plenoptic function?

What is scene radiance?

Snell’s Law, F/#, Circle of confusion, 
diffraction, chromatic aberration, depth of 
field (bokeh1)

How can I use computer graphics to generate 
realistic scenes and depth maps?

Rendered using Blender and PBRT

1 pronounced (bow – keh)



Optics, image formation, and cameras

What are CCD and CMOS sensors?

What is the  microlens array, and what is a 
color filter array? Anti-aliasing filters

What are pixel sizes, fill-factors, and 
dynamic range?

What are camera dark noise,  quantum 
efficiency, fixed  pattern noise?



Human retina modeling

How does the eye form images?  

How do the eye’s receptors encode 
the spectral irradiance at the retina?

How can I calculate the cone 
absorptions, cone photocurrent, and 
model retinal cell responses?



Radiometry and color science

How do we measure spectral radiance and 
spectral irradiance?

How do we quantify colors; how do we 
calculate a perceived color difference?

What are CIE, xy, NTSC YIQ, YCbCr, 
CIELAB and CIELUV

Image processing - sensor conversion and 
illumination correction



Human spatial and temporal vision – neural networks

How do we measure and model visual 
pattern and temporal sensitivity?

How are multiresolution models used 
to summarize the human visual 
system?

How did the study of human vision 
inspire the development of 
Convolutional Neural Networks 
(CNNs)



Image representations

What are lossy and lossless 
compression?

How does JPEG use human vision 
principles?

What  are quantization tables?

What are image pyramids, and 
wavelets?



Psych 221
Tuesday-Thursday 1:30PM-2:50PM

The course consists of lectures, homework, readings, and a project. 

Lectures cover the basic ideas and provide an opportunity for discussion.  Videos of 
lectures from past years and supplementary material are posted online at talks.stanford.edu
and on my youtube channel.

Homework includes software and calculations related to the digital imaging pipeline. 

Projects may include programming, measurement, or construction

Readings: The course textbook is Foundations of Vision (1995, Wandell). The book 
chapters are posted online and links can be found in the Canvas | Pages and my on my home 
page. 

The course grade depends on homework (45%), a project (45%) and participation
(10%)

Course mechanics



We use Canvas to communicate and for assignments



The “Modules” on Canvas have the main sequence of events

The lecture slides, video tutorials, and software for the 
course will be available through the Modules page.



Light field 360 Surround Video

VR, AR and MR HMDs

RGB-depth

Multiple lens

Projects: Imaging industry continues to innovate with cameras and displays



Projects: Innovation is speeded by simulation

38
[Thanks to Brian Cabral, Facebook,

@SCIEN 2016]

• Device development relies very 
heavily on physical prototyping

• Simulation could significantly 
reduce development time

• Simulation could enable testing 
more ideas, enhancing innovation



Projects: Image systems simulation

39

Numerical flow 
simulation on an 

Airbus A380

ECU (Electronic Control 
Unit) Simulation for 

Automobiles

Simulation is important in many mature industries

Magnetic resonance 
simulations



Projects: Image systems simulation

40

Four 
examples of 

soft 
prototyping 
using image 

systems 
simulation 
methods
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Learning the 
image processing 

pipeline for a 
novel sensor

Machine 
learning for 

autonomous 
vehicles

Modeling human 
vision

Camera 
designs for 
VR



Software tools for image systems simulation

Simulated scene radiance calculated using PBRT



Software tutorials and toolboxes for different projects

ISET

ISETBIO

CISET



About ISET tutorials

A page with many tutorial scripts

An example scene introductory script

http://imageval.com/wiki/doku.php?id=tutorials

http://imageval.com/Scripts/scene/t_sceneIntroduction.html

There are about 100 tutorials

We are trying to produce online video tutorials as well 
on my YouTube Channel in the Image Systems Playlist



SCIEN Lab (070, Packard)

Nikon digital cameras, 
digitally controlled 
monochromator,

computer controlled

ISO target

Photometer

Large format printer

Building, 
calibrating, 
evaluation



Project Suggestions Wiki Page (Software)

Link to Project Suggestions Page

• Cell phone image processing 
pipeline modeling and experiments

• Machine-learning and camera 
properties

• Stereo image pair database

• Stereo algorithm assessment

• More …



What’s next?

1. Sign up for the class on Axess

2. Go to the class web-page on Canvas and look around

3. Start doing the readings (online, FOV-2,3) 

4. Download ISET and the Psych 221 homework live scripts


