BioE215 - Physics-based Simulation of Biological Structures

(Last updated April 5, 2007) 

	Instructors
	Office
	Phone
	E-mail

	Paul Mitiguy
	Clark S231

Terman 527
	650-498-4403

650-725-1596
	
[image: image1.png]mitiguy@stanford.edu





	Chand John
	Clark
	
	ctj@stanford.edu

	Magda Jonikas
	Clark
	
	jonikas@stanford.edu

	Additional Instructors
	Russ Altman, Scott Delp, Jeff Reinbolt, Clay Anderson, Michael Sherman, Chris Bruns, David Parker

	Reading
	Class notes & reading assignments distributed in class

	Class location and time
	See Clark Room Schedule:  Wed/Fri 11:00 – 12:15

	Website
	https://simtk.org/home/training 


Lab Sessions & Office Hours – Clark Collaboratory S331

	Day
	Time
	Instructors

	Monday
	11:15 – 1:15+
	Magda Jonikas 

	Tuesday
	 3:00 – 4:30+
	Chand John

	Wednesday
	12:15 - 1:30+

 1:15 – 2:00+ 
	Magda Jonikas

Paul Mitiguy

	Thursday
	12:15 – 1:30+ 
	Chand John

	Friday
	12:30 – 2:00+ 

 2:00 – 3:00+
	Paul Mitiguy

Chand John

	Appointment
	TBD
	Contact instructor


Course Description and Prerequisites

Modeling, simulation, analysis, and measurement of biological systems.   Computational tools for determining the behavior of biological structures - from molecules to organisms.  Numerical solutions of algebraic and differential equations governing biological processes.  Simulation laboratory examples.  Scientific collaboration and interdisciplinary training in biology, engineering, and computer science.  Requires basic knowledge of biology, mechanics (F=ma), ODEs, and proficiency in C or C++ programming.  Limited enrollment. 

3 units, Spring (Mitiguy, Altman, Delp)

Course Objectives
The overall objective of BioE215 is to demonstrate how to model and simulate biological structures governed by Newton’s law (F=ma).  The course objectives include:

· Model, analyze, and interpret the mechanics of biological systems

· Identify important parameters for physics-based modeling of biology

· Understand the roles of computational tools in simulating biological structures, including generating and solving the physical equations with professional software

· Develop intuition about the behavior of biological systems

· Gain physical insights via computer experiments

· Ability to identify, formulate, and solve biological problems

· Ability to use techniques, skills, and modern tools necessary for bio-simulation

· Ability to design and conduct computer experiments and analyze/interpret simulation results

· Develop a hands-on, minds-on, can-do attitude

Computer Facilities & Software
The Clark Collaboratory in S331 has several (5-10) PC computers that are used in lab experiments.    You will use SimTK Software (e.g., SimTKsimbody) for the physics of biological systems, numerical integration, linear algebra, and optimization. These programs are available for download at www.SimTK.org/training.  Please bring your laptop to the laboratory.
Grading

· Project: 40%

The bio-simulation project is submitted weekly.  The final report is due on the last day of class.

Instructions for the simulation project are included with each lab/homework assignment.

a. 50% Correctness of analysis.

b. 30% Precision and conciseness in modeling and identifiers.

Accurate definition of all symbols.

c. 10% Asking and answering a sensible question.

Ensuring text is interspersed with relevant plots.

d. 10% Technical difficulty.

· Labwork: 60%

Weekly labwork is passed in electronically via your SimTk website on the specified schedule.  Labwork is graded with a (++ (100), (+ (93), ( (85), (- (78), (-- (70), or no credit (0).  

a. Late labwork that is passed in less than two days late is penalized 15 points.  To accommodate ill or overtired students, or students who need an extension for any other reason, two labwork extensions are permitted during the quarter.  

b. Late labwork that is passed in less than five days late is penalized 30 points, and is not thoroughly examined - only checked for completeness by an instructor.  

c. Labwork that is more than five days late is not graded.

d. Labwork is not accepted after the last day of class.

e. Labwork solutions are not posted.  Labwork is practice, not a trade secret, and you are encouraged to work with your classmates and instructors.

· Graded material

When possible, graded material is returned in class within one week of its submission. Otherwise, graded material can be picked up outside of Clark S231

Course Conduct
Students are required to uphold the Stanford University Honor Code and Fundamental Standard.  Makeup labs, homeworks, or exams are not given without University authorization.  Grades are non-negotiable and are not regraded.  Submitted material may be photo-copied by an instructor.  Although you are encouraged to work with other students on lab/homework problems, it is expected that each students pass in his/her own lab/homework.  Copying other students’ lab/homework is a violation of the Honor Code.

Helpful resources
	National Institute of Health
	www.nih.gov 

	SimTK software and projects
	www.simtk.org 

	Graphics gems (books and algorithms)
	http://www.graphicsgems.org 

	Protein database
	http://www.pdb.org

	Proteins with hydrogen
	http://biophysics.cs.vt.edu/H++/ 


Syllabus: BioE215 – Physics-based Simulation of Biological Structures

	Date 2007
	Who & Where
	Assignments/Handouts
	Topic

	4/4 Wed
	Paul

Clark E305
	Handout: Course sign-up sheet
Handout: Course Syllabus

Handout: Lab1:  GettingStartedWithSimTK


	Instructor and staff introduction. Expectations of students and instructors. 

Mission for NIH, Stanford, Simbios, SimTK, and Simbody.

Course objectives, prerequisites in math, physics, biology, and computer science.  Lab objectives, and MIPSI project objective.

Getting C programmers started in C++ (comments, declarations, etc.).

The Why and How of physics-based simulations of biological structures.  Types of simulations: molecular, biomechanical, multibody, continuous, and Monte Carlo.   

	4/6 Fri


	Paul

Clark S362
	GettingStartedWithSimTK.zip - assigned
	C/C++ coding Standards, compilers, numerical simulation basics

	4/11 Wed
	Paul

Clark S362
	
	Introduction to Simbody classes, Rotation, Vec3, and Transforms

	4/13 Fri
	Paul

Clark S362
	GettingStartedWithSimTK.zip – due

GettingStartedWithSimbody.zip - assigned
	LAB

	4/18 Wed
	Paul

Clark S362 (Until 12:00)
	
	Simulating Newton’s apple in Simbody

	4/20 Fri
	Paul

Clark E305
	GettingStartedWithSimbody.zip - due

SimbodyMassDistributionA.zip - assigned
	Center of mass. Scalars, vectors, dyadics, triadics, and higher-order

polyadics and tensors. Dyads and dyadics.   Analogy between 3×1 column matrix and vectors and 3×3 matrices and dyadics. The unit dyadic and the 3×3 identity matrix. Dot-multiplication of a vector with a dyadic. Definition of inertia dyadic, inertia matrix, moment of inertia, and product of inertia of a particle and system of particles. Controversy on the symbol, definition, and names for product of inertia.

	4/25 Wed
	Paul

Clark S363
	.
	Experimental and analytical determination of mass, center of mass, and

inertia properties.  Shift theorem and formulas for systems of particles and bodies.  Eigenvalues and principal directions.  Determination of center of mass via trajectory of various points. Physical insights into moments and products of inertia. Physical significance of the inertia dyadic and inertia matrix as a “suitcase”. Declaring and calculating mass distribution properties in Simbody. Helpful hints for Lab. Demo: Squiggle ball.  Demo: Metronome and experimental determination of moment of inertia. Demo: Spinning book and moments of inertia.  Demo: Rattleback and products of inertia.  

	4/27 Fri
	Jeff Reinbolt

Clark E305
	SimbodyMassDistributionA.zip - due

SimbodyMassDistributionB.zip - assigned
	Biomechanical Modeling and Geometry.  Determining the mass, center of mass, and inertia properties of a body segment.  Regression equations to scale these mass-properties for subject-specific biomechanics simulation.  Past, current, and future research topics in biomechanical modeling and mass-distribution calculations.  Technical papers, websites, researchers, and other worthwhile resources.

	5/2 Wed
	Russ Altman
Clark S362
	
	Molecular Modeling and Geometry.  Precise definitions of an atom, molecule, amino-acid, protein, RNA, DNA, base-pair, helix, beta-sheet, primary, secondary, tertiary structure from a molecular dynamics point-of-view.  Various sources of information on atoms, molecules, proteins, etc.  

Past, current, and future research topics in geometry/mass-distribution calculations.  Technical papers, websites, researchers, and other worthwhile resources.

	5/4 Fri
	Chris Bruns
Clark S362
	SimbodyMassDistributionB.zip - due

SimbodyForces.zip - assigned
	Molecular Modeling and Geometry - continued.  
Another view-point on atom, molecules, proteins, RNA, etc.  

How does one use protein databases such as www.pdb.org (www.rcsb.org) and http://biophysics.cs.vt.edu/H++/.  Information contained, underlying assumptions, and experiments performed for molecular databases. 
Calculating mass, mass center, and inertia properties of “simple molecules”, e.g., Argon, Nitrogen, Oxygen, Carbon-dioxide, and water.  Finding bond-length and bond-angles for common molecules.

The art and science of data for atoms, molecules, and proteins.

Discussion of data in CRC handbook, pdb files, Amber, Tinker, etc.

	5/9 Wed
	Paul

Clark S362
	
	The symbol and words for forces (contact/distance for non-relativistic engineers and fundamental forces for quantum physicists). The lack of definition and large number of equations for a force. The philosophy and science of forces. Forces, impulses, moments, torques, resultant, and replacement. Forces in Simbody: gravity, translational springs and dampers, linear actuators. Moment of a force, replacing a set of forces with a simpler equivalent set (modeling). Controversy – the falling baseball. Potential energy, dissipation energy, work. Controversy on universal gravity.  Coefficient of friction, coefficient of restitiution, “spring/damper” constants.  Contact detection and response.  Contact and collision in biosimulation. Rigid body models (impulse/momentum and penalty method).  Compliance models (impacts of flexible systems).  Hunt & Crossley

	5/11 Fri
	Clay Anderson

Clark S362
	
	Biomechanical Modeling and Forces.  Models for forces in muscles and tendons.  What equations are used for the forces, which points are forces applied to – and how are they scaled for subject-specific and pathological simulations.  Force/length curves.  Moment arms.  Simple models for compliance and soft-tissue contact.  Research topics in modeling biomechanical forces.  Technical papers, websites, researchers, and other worthwhile resources.

	5/16 Wed
	Russ Altman
Clark S363
	
	Molecular Modeling and Forces.  Models for forces in molecules.  Force fields.  The relationship between potential energy and force.  Types of intermolecular forces and their governing equations.  Research topics in modeling intermolecular forces.  Technical papers, websites, researchers, and other worthwhile resources

	5/18 Fri
	Paul

Clark S362
	SimbodyForces.zip - due

SimbodyMobilizersAndConstraints.zip - assigned
	Lab

	5/23 Wed
	Paul

Clark S362
	
	Types of mobilizers.  Quaternions, their relationship to angular velocity, and specifying their initial values.  Types of constraints, configuration (orientation/angles and position); motion (angular velocity and velocity); agitation (angular acceleration and acceleration). Modeling joints with mobilizers and constraints (current Simbody implementation limited to .  ball-and-socket constraint and distance constraints). Mathematical description of rod, rope, and ball joint. Demo: Screws and clamps (constraint relating rotational motion to translational motion. Demo: The string-pendulum as unilateral constraints. Demo: The geometry of objects that roll and objects that do not (concave / convex / differential geometry). Demo: Ball bearings, revolute joint, and torsional spring in coupled two-DOF system.  Constraints. Demo: no-twist

	5/25 Fri
	Jeff Reinbolt

Clark S363
	
	Biomechanical Modeling and Joints.  Modeling joints in biomechanics.  How does one model elbows, shoulders, ankles, knees, hips, spine, etc.  Joint limits.  Bone-on-bone rolling and contact.  Exactly what points are used – and why.  How does one do subject-specific scaling (particularly for pathological cases). Force/length curves.  Moment arms.  Simple models for compliance and soft-tissue contact.  Contact detection and response.  Research topics in modeling joints in humans and animals.  Technical papers, websites, researchers, and other worthwhile resources.

	5/30 Wed
	Michael Sherman
Clark S363 (Until 12:00)
	
	Molecular Modeling and Modeling Joints and Constraints.  Stiff, non-stiff, groupable, and course-graining.  Where do you create a rigid body? Joint?  Constraint?  How much is guess-and check.  What does one check with?  Comparing molecular simulations with experimental data.  Research topics in rigid-body modeling of proteins.  Technical papers, websites, researchers, and other worthwhile resources.

	6/1 Fri
	Paul

Clark S362
	SimbodyMobilizersAndConstraints.zip - due 
	Lab

	6/6 Wed
	Paul

Clark S362
	Project Due (Last class)
	Project Due (Last class)
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