                 Plant image processing in 2D and 3D space	Syllabus

[bookmark: _Toc2236257]Acknowledgement
UBC’s Point Grey Campus is located on the traditional, ancestral, and unceded territory of the xwməθkwəy̓əm (Musqueam) people. The land it is situated on has always been a place of learning for the Musqueam people, who for millennia have passed on in their culture, history, and traditions from one generation to the next on this site.
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Course Information
Plant systems are dynamic in space and time across multiple organizational levels. Modern image processing provides unprecedented insights into 2D and 3D aspects of plant anatomical features and their impact on plant hydraulic function. X-ray tomography scans collected for various organ types will serve as training datasets to obtain hands-on experience in digital image processing using open source software packages. 
	Course Title
	Course Code Number
	Credit Value

	Plant image processing in 2D and 3D space

	590A 001
	3


[bookmark: _Toc2236259]Prerequisites
None; BIOL539 recommended
[bookmark: _Toc2236262]
Contacts
	Course Instructor(s)
	Contact Details
	Office Location
	Office Hours

	Dr. Thorsten Knipfer
	Email: thorsten.knipfer@ubc.ca
I will respond to emails within working hours 9am to 5pm Monday to Friday.
	MacMillan 321
	By appointment 


[bookmark: _Toc2236263]
Course Instructor Biographical Statement
[bookmark: _Toc2236264]As an Assistant Professor in Plant Physiology (UBC-LFS), my research focuses on plant-water relations, xylem transport function, drought resistance, and sustainable irrigation strategies. I obtained my Diploma at the University of Bayreuth, Germany. I completed my PhD at University College Dublin, Ireland, elucidating whole-plant water transport function. During my Postdoc at the University of California-Davis, USA, I provided novel insights into plant xylem function using X-ray computed tomography. As a faculty member at UBC-LFS, I am running the Plant-Water Relations Laboratory.

[bookmark: _Toc2236265][bookmark: _Hlk138322395]Course Structure
[bookmark: _Toc2236266]The course will meet in-person once a week (Thursdays from 13:00 to 16:00, ORCH 4072). Each weekly session will be divided into three parts: i) Theory and principles, ii) Image processing exercise, iii) Paper presentation/discussion. Personal computer access is required during class. 
Course Schedule:
	Week
	Topic

	1
(Sept-7)
	Course structure and fundamentals
Topics:
· General course structure and learning objectives
· What is bit depth and pixel intensity?
· Exercise ‘Dataset grapevine stem’
Requires: Laptop access

	2 
(Sept-14)
	Module-1: 2D image quantification and segmentation
Topics:
· What is a digital image?
· What happens if you adjust brightness and contrast?
· How to quantify size and shape of image features (objects)?
· Exercise ‘Dataset grapevine stem’ 
Requires: Laptop access, Fiji imaging software installed (https://fiji.sc/) 

	3
(Sept-21)
	Topics:
· What is image segmentation and annotation?
· How useful is image thresholding?
· Exercise ‘Dataset grapevine stem’ 
· Paper-1 presentation (Introduction, M&M, Results)
Requires: Laptop access, Fiji imaging software installed (https://fiji.sc/)

	4
(Sept-28)
	Topics:
· How to separate image features based on geomtery?
· How to create an annoted image?
· Exercise ‘Dataset grapevine stem’
· Paper-1 presentation (open discussion) 
Requires: Laptop access, Fiji imaging software installed (https://fiji.sc/)

	5
(Oct-5)

	  Module-2: 3D image quantification and visualization
Topics:
· How to apply 2D image processing techniques to obtain 3D quantitative information?
· Exercise ‘Dataset grapevine stem’
· Paper-2 presentation (Introduction, M&M, Results)
Requires: Laptop access, Fiji imaging software installed (https://fiji.sc/)

	6
(Oct-12)
	Class cancelled because of ‘Make-up Monday’

	7
(Oct-19)

	Topics:
· Processing workflow for 3D visualization
· How to visualize image features in 3D?
· What are image filters and how do they assist in image processing/visualization?
· Exercise ‘Dataset grapevine stem’
· Paper-2 presentation (open discussion) 
Requires: Laptop access, Fiji imaging software installed (https://fiji.sc/), 

	8
(Oct-26)
	Topics:
· Previous week
· Guest lecture: Dr. Mina Momayyezi (UC Davis)
‘Mesophyll porosity and gas diffusion in 3D space’
· Exercise ‘Dataset poplar leaf’: Leaf porosity 
· Paper-3 presentation (Introduction, M&M, Results)
requires: Laptop access, Fiji imaging software installed (https://fiji.sc/), dragonfly software installed (https://theobjects.com/dragonfly/get-non-commercial-licensing-program.html

	9
(Nov-2)

	Topics:
· 3D visualization and image processing artifacts
· Advanced knowledge about image filters – Kernel, convolusion
· Exercise ‘Dataset grapevine stem’
· Paper-3 presentation (open discussion) 
Requires: Laptop access, Fiji imaging software installed (https://fiji.sc/), dragonfly software installed (https://theobjects.com/dragonfly/get-non-commercial-licensing-program.html

	10
(Nov-9)

	Module-3: Synchrotron particle accelerator 
Topics:
· What is a synchrotron?
· Canadian Light Source (guest lecture and virtual tour)
· Beamlines
· Overview of research activities
· Paper-4 presentation (Introduction, M&M, Results)
· Research-style essay (announcement)

	11
(Nov-16)

	Module-4: Future perspectives on image processing
Topics:
· Phenotyping efforts
· Screening for plant traits at macro and microscale
· Paper-4 presentation (open disucssion)
· Exercise ‘Dataset poplar root’
Requires: Laptop access, Fiji imaging software installed (https://fiji.sc/), dragonfly software installed (https://theobjects.com/dragonfly/get-non-commercial-licensing-program.html)

	12
(Nov-23)
	Topics:
· Hyperspectral imaging
· Remote sensing
· Paper-5 presentation (Introduction, M&M, Results)

	13
(Nov-30)
	Topics:
· Applications of X-ray imaging in soil and animal sciences
· Research-style essay (due date)
· [bookmark: _GoBack]Paper-5 presentation (open discussion)
Requires: Laptop access, Fiji imaging software installed (https://fiji.sc/)

	14
(Dec-7) 
	 Q & A session



[bookmark: _Toc2236267][bookmark: _Hlk138322466][bookmark: _Toc2236268]Learning Outcomes
At the end of this course, you will be able to:
1. Apply fundamental image processing techniques
1. Identify software packages for image segmentation and 3-D visualization 
1. Extract qualitative and quantitative information from 2D and 3D digital images 
1. Develop image processing workflows

Learning Activities
[bookmark: _Hlk117841513][bookmark: _Toc2236269]Learning activities will include in-person participation in breakout groups and problem-based learning exercises. You will obtain hand-on experience in using Fiji and Dragonfly image processing software. 

Learning Materials
[bookmark: _Hlk117841522][bookmark: _Toc2236270]In-class learning material and online links to access training datasets for download will be provided on Canvas. You will require internet and computer access to run open-access Fiji and Dragonfly imaging software. Upon request, access to computers and software can also be obtained through UBC Learning Center. Information communicated in this course is drawn from books: 
-Digital image processing (Gonzalez and Woods)
-Plant Physiology (Teiz and Zeiger)

Assessments of Learning
Assessment will be based on successful participation and quality of your assignments
Distribution of Marks 
· Course attendance 			10%
· Paper presentation/discussion		45%
· Research-style essay			45%
Total					100%

Summary of Assessments of Learning
Course attendance: In-person presence is strongly encouraged. You will receive one scoring point when attending a weekly session. 
Image processing exercise: You will tackle image processing tasks in class. These activities will provide you with practical experience in extracting information from digital images and develop analytical skills that can be applied to any biological image beyond this course. You are encouraged to develop image processing workflows with your class members in breakout groups – be creative! 
Paper presentation/discussion: You will present 1 research paper from a selection of papers that is accessible via Canvas. Feel free to suggest interesting papers that you would like to discuss that are focused on image processing and may be related to your own research project. Presentations should be 30min long with a 30min Q/A session following the presentation. You are required to prepare a PPT presentation, and you will be evaluated on how well you summarized the paper, presented the main outcomes, and discussed the potential problems. In the following week, you are required to lead a follow up discussion (30-60min) with your class members that provides a future outlook of the significance of the study and its broader applications in the field of plant imaging - you are expected to dive deeper into the accompanying (cited) literature. A paper feedback from is accessible on Canvas. The paper feedback form will give you guidelines to critically evaluate the paper and share your comments with class mates (for example: are the objectives of the study clearly stated?, are the procedure described in enough details to replicate the experiment? Are the results presented clearly? Do the conclusion seem well supported by the data?)
Research-style essay: You will be tasked with a specific image processing problem. You will have to submit your outcome in form of a 4-page research-style essay (including introduction, material and methods, results, discussion, and literature cited) within 3 weeks. ‘Introduction’ section should briefly introduce background and research objectives; ‘Material and Methods’ section should describe imaging software used and processing steps; ‘Results’ section should present qualitative data in form of an image and corresponding quantitative data in form of a graph or table, ‘Discussion’ sections is intended to interprete your findings in the context of cited literature. You will be evaluated on your ability to communicate both qualitative and quantitative imaging data in written form. Topics to choose from will be posted online via Canvas.
[bookmark: _Toc2236271]COURSE Policies
The course will provide an inclusive environment where everybody is treated fairly and is equally respected regardless of ethnic or cultural background. 
Learning Analytics
The course will use Canvas to obtain information on learning activities. Learning resources are available through Student Services, https://students.ubc.ca/enrolment/academic-learning-resources.
Copyright
[bookmark: _Hlk117841635]All materials of this course (course handouts, lecture slides, assessments, course readings, etc.) are the intellectual property of the Course Instructor or licensed to be used in this course by the copyright owner. Redistribution of these materials by any means without permission of the copyright holder(s) constitutes a breach of copyright and may lead to academic discipline. Students are permitted to record the class.
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