Print Systems Imaging Track
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	MS Imaging Science Core Courses*

	Course Number    
	Class Name
	Credit Hours

	1051-706,707,708
	Imaging Science Seminar
	3**

	1051-716+
	Fourier Methods for Imaging
	4

	1051-718+
	Digital Imaging Mathematics
	4

	1051-719
	Radiometry
	4

	1051-720
	The Human Visual System
	4

	1051-733
	Optics
	4

	 1051-713+
	Probability, Noise, and System Modeling
	4

	 1051-782+
	Digital Image Processing
	4


+ Recommended for Print Systems Imaging Track

*MS students take 5 of 7 of these core courses, where the 5 selected courses must include Fourier Methods for Imaging.

**The Imaging Science Seminar sequence is required for students pursuing the MS thesis, and constitutes 3 of the 9 required thesis research credits.

	      Print Systems Imaging Track

	Course Number    
	Class Name
	Credit Hours

	1051-xxx/1051-xxx
	The Anatomy of Printing / Print Systems Technology Practicum
	3 / 1

	1051-775
	Applied Colorimetry
	4

	1051-xxx
	Print Systems – Measurement and Modeling
	4

	1051-xxx
	Print Systems – Architecture, Image Processing, and Control 
	4

	
	3 Electives
	12

	Color Systems, Computing for Imaging Science, Statistical Analysis for Engineering or Multivariate Statistics, Color Reproduction, Color Modeling, Geometrical Optics, Physical Optics, Digital Image Processing, Information Theory, The Human Visual System, Pattern Recognition, Test Targets, and Independent Study


Rochester Institute of Technology

Rochester, New York
COLLEGE of SCIENCE

Chester F. Carlson Center for Imaging Science

The Anatomy of Printing, 1051-xxx

1.0   Title:  The Anatomy of Printing


Date:  December 5, 2006
 Credit Hours:  3

Prerequisite(s):   Graduate standing in a science or engineering program or permission of instructor. 
 Corequisite(s): Print Systems Technology Practicum
 Course proposed by: Franziska Frey/Scott Williams/Susan Farnand
2.0   Course information:
	
	Contact hours
	Maximum students/section

	Classroom  
	3
	15

	Lab 
	
	

	Studio 
	
	

	Other (specify _______)
	
	


Quarter(s) offered (check)



                     Fall             Winter      X      Spring             Summer

Students required to take this course:  (by program and year, as appropriate)  

      Graduate students in Imaging Science, Printing Systems track.

Students who might elect to take this course:
Graduate students in Imaging Science, MS track. Graduate students in the College of Science, College of Engineering, Multidisciplinary program, or on-line Printing.

3.0    Goals of the course (including rationale for the course, when appropriate)

Provide students with a basic understanding of printing technologies and the issues and challenges confronting the printing industry today.    

4.0    Course description (as it will appear in the RIT Catalog, including pre- and co-requisites, quarters offered)


1051-xxx



     The Anatomy of Printing
In this course students will be introduced to the world of printing as it has developed over the past millennium.  The technologies used to communicate in print are covered; from analog technologies such as relief printing and offset lithography to digital printing technologies such as electrophotography and ink jet. Technical aspects of image generation for print output such as color reproduction and management, half-toning, and file formats are discussed. A brief overview of psychophysical experimental techniques for analysis of image quality is provided. The student is introduced to current literature on these topics.  Students will gain first-hand experience with various printing technologies through tours of the Print Applications Lab, dissection of a printer, and demonstrations of workflow software.   Upon completion, students will have some understanding of the language of the printing world; both the vernacular and issues being discussed in the printing world today, particularly as they apply to imaging science.  Class 3, Credit 3 (F)
5.0   Possible resources (texts, references, computer packages, etc.)
Current literature references and selected readings from the following references:
5.1 T.H. James, Theory of the Photographic Process, Ch. 21, M.A. Kriss, "Image Structure".  
5.2 “Pocket Pal”, International Paper

5.3 H. Kipphan, “Handbook of Print Media”

5.4 F. Cost, "The New Medium of Print"

5.5 F. Cost, “Pocket Guide to Digital Printing”

5.6 R.W.G. Hunt, "The Reproduction of Colour"

6.0  Topics
6.1 History and overview

6.1.1 History of printing
6.1.2 Color fundamentals

6.2 Rendering

6.2.1 Half-toning

6.2.2 Pixels, vectors, fonts, kerning, trapping and more

6.3 Analog printing

6.3.1 Letter press 
6.3.2 Flexography

6.3.3 Intaglio (gravure)
6.3.4 Screen printing
6.3.5 Lithography

6.4 Digital printing

6.4.1 Silver 
6.4.2 Thermal

6.4.3 Ink Jet

6.4.4 Electrophotography

6.5 Workflow
6.5.1 Prepress

6.5.2 Preflight

6.5.3 File formats
6.6 Visit local printer 
7.0  Intended learning outcomes and associated assessment methods of those outcomes
	Learning Outcome
	In class attendance and evaluation
	Homework Assignments

	7.1 Develop a basic understanding of current printing technologies
	X
	X

	7.2 Be aware of the current journal literature and the current issues in print research and the print industry 
	X
	X


8.0 Program or general education goals supported by this course
8.1 Satisfies one of the course Requirements for the M.S. and Ph.D. degrees in Imaging Science in the Print Imaging Track. 
8.2 Prepares graduate students in science and engineering for work in any area of imaging science.

9.0  Other relevant information (such as special classroom, studio or lab needs,
 special scheduling, media requirements, etc.)

9.1 Classroom with computer projection system and internet access.

10.0  Supplemental information
Rochester Institute of Technology

Rochester, New York
COLLEGE of SCIENCE

Chester F. Carlson Center for Imaging Science

The Anatomy of Printing - Technology Practicum, 1051-xxx

1.0   Title:  Print Systems Technology Practicum
Date:  January 21, 2007
 Credit Hours:  1

Prerequisite(s):   
 Corequisite(s):  The Anatomy of Printing (1051-xxx)
 Course proposed by: Franziska Frey/Scott Williams/Susan Farnand
2.0   Course information:
	
	Contact hours
	Maximum students/section

	Classroom  
	5
	15

	Lab 
	15
	

	Studio 
	
	

	Other (specify _______)
	
	


Quarter(s) offered (check)



                     Fall             Winter      __     Spring       X      Summer

Students required to take this course:  (by program and year, as appropriate)  

      Graduate students in Imaging Science, Printing Systems track.

Students who might elect to take this course:
Graduate students in Imaging Science, MS track. Graduate students in the College of Science.

3.0    Goals of the course (including rationale for the course, when appropriate)

Provide students with a basic understanding of printing technologies and the issues and challenges confronting the printing industry today.    

4.0    Course description (as it will appear in the RIT Catalog, including pre- and co-requisites, quarters offered)


1051-xxx



     Print Systems Technology Practicum
This lab/lecture practicum provides students with the opportunity to participate in an on-campus experience that will familiarize them with the software and hardware associated with high volume printing and finishing workflows. The Practicum will challenge students to produce cross media publishing projects with print media and new media applications.

Class 1, Credit 1 (F)
5.0   Possible resources (texts, references, computer packages, etc.)
5.1 Kipphan, Helmut. (2001) Handbook of Print Media. 

5.2 Articles handed out by instructors
6.0  Topics
6.1 Industry trends update 

6.2 Cross Media Workflow 

6.3 Image Acquisition and Manipulation 

6.4 Contemporary Publishing Issues 

6.5 Color Management Update 

6.6 Document Creation and Desktop Publishing 

6.7 Ink and Paper Testing 

6.8 Proofing and CTP 

6.9 Printing Processes labs 

6.10Print Finishing and Management 

7.0  Intended learning outcomes and associated assessment methods of those outcomes
	Learning Outcome
	In class attendance and evaluation
	Homework Assignments

	7.1 Describe and discuss the major printing and finishing processes
	X
	

	7.2 Compare and evaluate output form the major printing processes 
	X
	

	7.3 Discuss important technical issues in cross-media publishing
	X
	X

	7.4 Identify and discuss important technical and contemporary publishing issues
	X
	X


8.0 Program or general education goals supported by this course
8.1 Satisfies one of the course Requirements for the M.S. and Ph.D. degrees in Imaging Science in the Print Imaging Track. 
8.2 Prepares graduate students in science and engineering for work in any area of imaging science.

9.0  Other relevant information (such as special classroom, studio or lab needs,
 special scheduling, media requirements, etc.)

9.1 Classroom with computer projection system and internet access.

9.2 Printing Applications Lab facilities

10.0  Supplemental information
Rochester Institute of Technology

Rochester, New York
COLLEGE of SCIENCE

Chester F. Carlson Center for Imaging Science

Print Systems – Measurement and Modeling, 1051-xxx

1.0   Title:  Print Systems – Measurement and Modeling
Date:  October 13, 2006
 Credit Hours:  4

Prerequisite(s):   Graduate standing in a science or engineering program or permission of instructor. 
 Corequisite(s):
 Course proposed by: Jonathan Arney

2.0   Course information:
	
	Contact hours
	Maximum students/section

	Classroom  
	4
	30

	Lab 
	
	

	Studio 
	
	

	Other (specify _______)
	
	


Quarter(s) offered (check)



         X            Fall             Winter            Spring             Summer

Students required to take this course:  (by program and year, as appropriate)  

      Graduate students in Imaging Science, Printing Systems track.

Students who might elect to take this course:
Graduate students in Imaging Science, MS track. Graduate students in the College of Science or College of Engineering.

3.0    Goals of the course (including rationale for the course, when appropriate)

To provide students with skills in the analysis, understanding, and modeling of optical properties of printed images.    

4.0    Course description (as it will appear in the RIT Catalog, including pre- and co-requisites, quarters offered)


1051-xxx


       Print Systems – Measurement and Modeling
This course is about the fundamental optical theory behind the reflection properties of printed images.  The optical laws that govern tone reproduction, color reproduction, noise and granularity, and specular gloss are covered.  The student is introduced to the current literature on these topics.  Experimental techniques for the characterization of fundamental optical properties are discussed.  Students will gain practical experience in techniques for modeling the optical behavior of tone, color, noise, and gloss in printed images.  Class 4, Credit 4 (F)
5.0   Possible resources (texts, references, computer packages, etc.)

Current literature references and selected readings from the following references:
5.1 T.H. James, Theory of the Photographic Process, Ch. 21, M.A. Kriss, "Image Structure".  
5.2 Jenkins & White, "Fundamentals of Optics"

5.3 R.W.G. Hunt, "The Reproduction of Colour"

6.0  Topics
6.1 Lambertian Reflection Optics
6.1.1 Beer-Lambert 
6.1.2 Kubelka-Munk
6.1.3 Surface effect corrections
6.1.4 Experimental Densitometry and Colorimetry 
6.2 Tone Reproduction 

6.2.1 Murray-Davies spatial model
6.2.2 Yule-Nielsen, Neugebauer,  and "Dot Gain"
6.2.3 Micro-densitometry of Halftone Images
6.2.4 P.G. Engeldrum and "The Color Between the Dots"
6.2.5 Probability Modeling
6.2.6 Scattering and the Paper MTF
6.2.7 Dot Gain in the Fourier Domain
6.3 Noise in Printed Images 
6.3.1 Halftone Granularity
6.3.2 Visual Granularity
6.3.3 Halftone noise vs print process noise
6.3.4 An intrinsically non-linear model of the printing process
6.4 Specular Reflections and Gloss 

6.4.1 Fresnel's Law
6.4.2 Techniques of goniophotometry
6.4.3 Micro-goniophotometry
6.4.4 Multi-layer specular reflections
6.4.5 Gloss Variation
6.4.6 Fresnel's Law and Complex refractive index
7.0  Intended learning outcomes and associated assessment methods of those outcomes
	Learning Outcome
	In class attendance and evaluation
	Homework Assignments

	7.1 Apply fundamental optical theory to model printed images
	X
	X

	7.2 Be aware of the current journal literature and the current issues on the optical properties of printed images 
	X
	X

	7.3 Analyze optical properties of printed systems. 
	X
	X


8.0 Program or general education goals supported by this course
8.1 Satisfies one of the course Requirements for the M.S. and Ph.D. degrees in Imaging Science in the Print Imaging Track. 
8.2 Prepares graduate students in science and engineering for work in any area of imaging science.

9.0  Other relevant information (such as special classroom, studio or lab needs,
 special scheduling, media requirements, etc.)

9.1 Classroom with computer projection system and internet access.

10.0  Supplemental information
Laboratory exercise in the form of homework projects to be integrated into course.
Rochester Institute of Technology

Rochester, New York
COLLEGE of SCIENCE

Chester F. Carlson Center for Imaging Science

Print Systems – Architecture and Control, 1051-xxx

1.0   Title:  Print Systems – Architecture and Control
Date:  March 1, 2007
 Credit Hours:  4

Prerequisite(s):   Fourier Methods for Imaging, Applied Colorimetry, Digital Image Processing, Graduate standing in a science or engineering program or permission of instructor. 
 Corequisite(s):
 Course proposed by: E. Saber, S. Dianat
2.0   Course information:
	
	Contact hours
	Maximum students/section

	Classroom  
	4
	20

	Lab 
	
	

	Studio 
	
	

	Other (specify _______)
	
	


Quarter(s) offered (check)



         X            Fall             Winter            Spring             Summer

Students required to take this course:  (by program and year, as appropriate)  

      Graduate students in Imaging Science, Printing Systems track.

Students who might elect to take this course:
Graduate students in Imaging Science, MS track. Graduate students in the College of Science or College of Engineering or School of Print Media.

3.0    Goals of the course (including rationale for the course, when appropriate)

To provide students with and overall understanding of the architecture of printer systems, especially electrophotographic systems, as well as skills in digital image processing and rendering techniques (rasterization, halftoning, anti-aliasing, resolution enhancement/conversion) and process control algorithms and methodologies for printing.
4.0    Course description (as it will appear in the RIT Catalog, including pre- and co-requisites, quarters offered)


1051-xxx


       Print Systems – Architecture and Control
There is a great deal that transpires between the moment a user presses the print button and the point when the printed document is delivered to the output tray. This course will provide an intensive look into the process of turning bits into printed pages including detailed examination of the architecture and control of printer systems.  Class 4, Credit 4 (F)
5.0   Possible resources (texts, references, computer packages, etc.)

Current literature references and selected readings from the following references:
General:

1. F. Cost, “Pocket Guide to Digital Printing”, Delmar Publishing.

2. Oce, “Digital Printing – Technology and Printing Techniques of Oce Digital Printing Presses”, Oce.

3. Agfa, “An Introduction to Digital Color Printing”, Agfa Educational Publishing.

4. J. Clem and W. Link, “Prepress for Digital Printing – An Introduction to Prepress Methods for the Digital Age”, Trio Publications. 

5. E. Saber, S. Dianat, L.K. Mestha, and P.Y. Li, “DSP Utilization in Digital Color Printing”, IEEE Signal  Processing Magazine, Volume 22,  Issue 4,  July 2005 Page(s):104 - 109 
Signal & Image Processing:

1. Oppenheim, Schafer, and Buck, “Discrete-Time Signal Processing”, Prentice Hall.

2. Oppenheim, Willsky, and Nawab, “Linear Systems”, Prentice Hall.

3. Schilling, and Harris, “Fundamentals of Digital Signal Processing”, Thomson.

4. R. C. Gonzalez, and R. E. Woods, “Digital Image Processing”, Addison-Wesley.

5. J. Lim, “Two-Dimensional Signal & Image Processing”, Prentice Hall.

6. Dudgeon & Mersereau, “Multi-dimensional Digital Signal Processing”, Prentice Hall.

Digital Image Halftoning & Rendering Techniques:

1. R. Loce and E. Dougherty, “Enhancement and Restoration of Digital Documents” SPIE Press.

2. H. Kang, “Digital Color Halftoning”, SPIE Press.

Electrophotography:

1. L. B. Schein, “Electrophotography and Development Physics” Laplacian Press.

2. M. Scharfe, “Electrophotography Principles and Optimization”, RSP.

3. P. Borsenberger and R. Weiss, “Organic Photoreceptors for Imaging Systems”, Dekker.

4. A. Taflove, “Computational Electrodynamics”, Artech House, Inc.

5. E. Williams, “The Physics and Technology of Xerographic Processes”, Krieger.

6. T. Jones, “Electromechanics of Particles”, Cambridge University Press.

Control Systems:

1. K. Ogata, “Modern Control Engineering”, Prentice Hall.

2. W. Brogan, “Modern Control Theory”, Prentice Hall.

3. B. Friedland, “Control System Design: An introduction to State-Space Methods”, McGraw Hill.

4. K. Ogata”, Discrete-Time Control Systems”, Prentice Hall.

6.0  Topics
6.1 Technical in-depth overview of an end-to-end digital printing system using electrophotography technology 
6.2 Brief review of linear system and color fundamentals 

6.3 Digital Image Rendering Techniques 
6.3.1 Rasterization 
6.3.2 Halftoning (Black/White & Color)
6.3.3 Anti-Aliasing 
6.3.4 Resolution Conversion
6.3.5 Compression 
6.3.6 Trapping
6.4 Fundamentals of Process Controls for Printing Applications 
6.4.1 PID
6.4.2 State Space 
6.4.3 State Feedback 
6.4.4 Design of Estimators/Observers
6.5 Control of Tone Reproduction Curves, Charging Systems, and Development
7.0  Intended learning outcomes and associated assessment methods of those outcomes
	Learning Outcome
	In class attendance and evaluation
	Homework Assignments

	7.1 Apply 
	X
	X

	7.2 Be aware of the current journal literature and the current issues printer architecture and control 
	X
	X

	7.3 Analyze printer systems. 
	X
	X


8.0 Program or general education goals supported by this course
8.1 Satisfies one of the course Requirements for the M.S. and Ph.D. degrees in Imaging Science in the Print Imaging Track. 
8.2 Prepares graduate students in science and engineering for work in any area of imaging science.

9.0  Other relevant information (such as special classroom, studio or lab needs,
 special scheduling, media requirements, etc.)

9.1 Classroom with computer projection system and internet access.

10.0  Supplemental information
Laboratory exercise in the form of homework projects to be integrated into course.
