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Our Project
Automated BioBrick DNA Assembly
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BioBrick Assembly
Process

Lego
Hardware

CMU RobotC
Firmware

ALPHA + PHI
Software

Inexpensive, High Throughput
BioBrick-A-Bot

+ + +

http://openwetware.org/images/4/44/Prbbbb-assembly_workflow_v1.gif
http://wpl.lib.in.us/lego.jpg


Existing Systems

System Manual System Mechanized System

Solution Human Pipette Commercial Liquid Handling System

Drawback Labor Intensive Cost Intensive 
(@ US$10,000-$50,000)
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Bravo

http://images.google.com/imgres?imgurl=http://www.dwscientific.co.uk/UserFiles/Image/Microbiologist + Pipette.JPG&imgrefurl=http://www.dwscientific.co.uk/contractmicrobiology.php&usg=__ZnYjqzTXhUNAkS6uzPCFz4o8-RQ=&h=593&w=394&sz=113&hl=en&start=26&tbnid=9ycTLa12BP9MgM:&tbnh=135&tbnw=90&prev=/images?q=human+pipette&gbv=2&ndsp=21&hl=en&sa=N&start=21


Human Pipette Video
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Project Goals

• Low Cost 

• Hardware Platform easily accessible

• Hardware Design easily replicable

• Plug & Play Design

• Extensible Design
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Evolution: BioBrick-A-Bot

Model Coordinate
System

Pipette 
Head

96-Well
Plate

Major Components 
(Motors)

Status

Model A 2D Polar Stationary Movable Mobile Platform(2)
Pipette Holder (3)

Failure

Model B 3D Cartesian Movable Stationary Movement
Assembly (3)
Pipette Assembly (2)

Failure

Model C 3D Polar Movable Stationary BETA (0)
ALPHA (3)
PHI (3)

Success

iGEM Team Washington-Software 20091 Nov 2009 6

A B C



LegoRoboBrick
Unit Building Block for BioBrick-A-Bot

Self contained, Plug-n-
play Robot Component 
for BioBrick-A-Bot.

•LegoRoboBrick Unit
•1 NXT Brick+
•1-3 Motors +
•Firmware +
•Software
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ALPHA
(brick)

BETA
(chassis)

PHI
(brick)

Design Overview
BioBrick-A-Bot
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BETA
BioBrick Environmental Testing Apparatus

Large Lego plate

Petri dishes

96 Well Plate
Telescoping 
Frame

ALPHA 
Mount Point

PHI 
Mount Point
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ALPHA

Automated Lego Pipette Head Assembly

NXT Brick

3 Control Arms

3 Linkages

3 Motors

Pipette Head Platform

4 Pipette Tips
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PHI
Pneumatic Handling Interface

Air Tank

Motor A:
3-way Switch

Motor C:
2 Compression Pumps

NXT Brick Motor B:
Piston

Pneumatic Tubes
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BioBrick-A-Bot Video
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Mathematical 
Modeling 1

• Solving Reverse Triangulation 
• in 3D space

• with Polar Coordinate Constraints

• Problem
• For any location p = (x, y, z), 

• solve for 3 angles θ1, θ2 , θ3

• of the robot motors

• using 5 given physical constants

• so that the pipette tips are at p.

• Details at 
• http://2009.igem.org/Team:Washington-Software/Modeling
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Mathematical 
Modeling 2

• After computing θ1

– apply 3D rotational matrix to get θ2 and θ3
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Technical Challenges

• Overcoming Lego’s limitations
• Replacing Lego NXT firmware with CMU RobotC firmware for 

Floating Point Precision & Programmability

• Computing Reverse Triangulation
• Not trivial.

• Master Slave Synchronization
• Synchronize wireless messages between ALPHA & PHI

• Plug and Play Design
• Software must work seamlessly, when we swap variants of 

ALPHA with different geometric config. (ALPHA120,  
ALPHA90)
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Limitations (V1.0)

• Version 1.0 not usable by 
Molecular Biologist yet

• No GUI
• Need programmer to write 

driver program

• Contains primitive 
functions

• ALPHA : AlphaMove
• PHI : Aspirate, Dispense, 

Clean
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Sample Code Fragment



Future (V2.0)

• GUI: generate BioBrick DNA assembly program

• Automatic Callibration
• use color sensor

• New LegoRoboBrick
• MU, Movement Utility

• Support SMMS 
• Single-Master-Multiple Slave synchronization

• Support User Defined LegoRoboBrick

• More pipette support
• 12 tip support, 2 plate support, transfer from tube
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Collaboration
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•LegoRoboBrick Unit
•1 NXT Brick+
•1-3 Motors +
•Firmware +
•Software

BioBrick-a-Bot V1.0
ALPHA LegoRoboBrick +
PHI LegoRoboBrick

BioBrick-a-Bot V2.0
ALPHA LegoRoboBrick +
PHI LegoRoboBrick +
MU LegoRoboBrick +
User Defined 
LegoRoboBricks !!!

REPLICABILITY
INTERCHANGEABILITY

EXTENSIBILITYSELF-CONTAINED
UNIT



Achievement of Goals

• Low Cost –
• HW+FW US $700, SW free (open-source)

• Hardware Platform easily accessible
• Lego Mindstorm Set

• Hardware Design easily replicable
• Step by Step Instructions

• Plug & Play Design
• Demo with ALPHA 120 & ALPHA 90

• Extensible Design
• Open source, modular (ALPHA & PHI)
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Credits (Students)

• BioBrick-A-Bot is a Team Project

• Gabriel See (development)
• Mathematical Modeling
• Design & Assemble Hardware (Model A, B, C)
• Develop Software (RobotC Codes)
• Develop  Wiki Contents.
• Write Docs and Specs
• Develop Powerpoint Presentation

• Jee Hoon Jang (publicity)
• Design T-Shirt
• Make Poster
• Format Initial Wiki
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Credits

• Gustav Jansson
• Robotic Mentoring
• Provided 1 open source RobotC library (MCLib.c, written 2007), used 

by ALPHA and PHI software.
• Did heavy carpentry work on BETA Chassis (electric saw, power drill)

• Sean Sleight, Herbert Sauro, Ingrid Swanson, Pavel
Khijniak, Deepak Chandran

• Review Wiki and provide Feedback
• Provide Feedback to BioBrick-A-Bot Model A, B & C
• Organized Weekly Team Meetings and Kept Us On Schedule (Sean)

• Raik Gruenberg & Almer van der Sloot
• Suggested building robot to assemble BioBricks as one possible 

iGEM topics, during a brief email discussion with UW team
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Sponsors

iGEM Team Washington-Software 20091 Nov 2009 22



Background   

• Academically  - Multi-tier Education
• AP Classes in High School since 3rd Grade (AP Scholar with Distinction)
• Upper Division College Courses at University  of Washington  as Non Matriculated 

Student
• Interests: Nonlinear Dynamics, Stochastic Processes, Mathematical Biology, Biomedical 

Research, Music, Writing SciFi

• Relevant Experiences
• 3 years High School Robotics Team –FTC, FRC, Robothon
• Spend last 2 summers in Research Labs –Pathology & Biochemistry, UW School of 

Medicine; Fred Hutchinson Cancer Research Center
• Worked on several computer based projects involving T-Cells, Aging Research, Computer 

Vision

• Bio at http://2009.igem.org/Team:Washington-Software/Team/Gabriel
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Extra Slides

• Used in answering questions.
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Unconventional 
iGEM Team

• Started project with other college students in summer, 
but they all decided to pursue other interests. 

• I built the robot and program at home.

• Bring robot to UW for weekly meeting & feedback.

• Had many advisors to give feedback and suggestions

• Spend 4 months, had 2 failed designs and 
implementations.

• After summer, recruited another student to work on 
publicity (T-Shirt, Poster, Wiki Formatting)
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Safety

• No biological hazards.
• We not use any biological materials in V1.0 of the ‘bot’.

• Only colored dye, and water in this version for “proof of 
principle” demo

• Operating power tools
• Building ALPHA and PHI module is safe, as it is just 

assembling Lego pieces.

• Building BETA chassis, involve using a electric saw and a 
power drill. I had an adult advisor helped with the 
heavy carpentry work.
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Multiple ALPHAs video
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Model A (2D Polar)

Pipette 
Assembly

Platform
Assembly

Drawback: Mobile Platform too restrictive
Cannot support multiple plates
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Model B (3D Cartesian)
Movement 
Assembly

Pipette
Assembly

Drawback: Most commercial systems build this way.
Want something REVOLUTIONARY !!!!
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ALPHA

BETA

PHI

Model C (3D Polar)

Drawback: Mathematical Modeling HARD
Need precision not supported by NXT firmware
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