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Y2 Outcomes: 
• Created novel motion primitives for millimeter-scale two-link, springless swimmer in low Reynolds 

number regimes and investigated stability. Demonstrated control paradigms for different motions 
including translation, turn-in-place and trajectory tracking [1]

• Established a robust pocketing technique for templating micron-scale paramagnetic beads by tuning 
sonication energy, environment hydrophobicity and size matching parameters. Completed early 
experiments in connecting beads with DNA SSTs and transferring to biotinylated surface

Broader Impact – Society:
Establishes the foundation for novel medical 
device deployment. Enables non-invasive 
surgery, biosensing, targeted drug delivery
Broader Impact – Outreach:
• Saturday class on DNA origami taught 

through CMU Gelfand Outreach Center to 
30+ middle school students bi-annually

• Diverse team of graduate and 
undergraduates are mentored on this project

Challenge: 
Integrate motion planning and mechanical 
design for microscale devices

Scientific Impact: 
Develop cyber-physical system design process 
that informs the construction of mechanical 
prototypes via geometric modeling and 
optimalmotion planning

Objective: 
Demonstrate geometry-based trajectory 
generation methods for self-propelled 
millimeter-scale devices. Prototype optimized 
micron-scale devices. Integrate robotics and 
microfabrication systems to fundamentally 
change cyber-physical system design and control.
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Retrieved from h%p://arxiv.org/abs/1810.11191

100% pocketing with microspheres 
(Phosphorex, avg. dia. 1.8µm), 

sonication at 30V for 2 min.

PDMS template with 
spherical pockets, cast 

with soft-lithography mold

Microspheres made of 
polystyrene core, 
coated in super-

paramagnetic material 
and streptavidin binding 

sites

Solution of ethanol and 6 –
12% water for a primarily 
hydrophobic environment

Template is size-matched 
to microspheres

Biotin 
(attached to 

DNA SST)

DNA single-stranded tiles 
(SSTs) are tagged with Cy-5 
fluorescent dye for imaging

Microspheres that are in 
close proximity are bonded 

together by DNA SSTs

Streptavidin 
(coated on 

microsphere)

Use sonication and hydrophobic environment to 
pocket microspheres in a patterned template. 

Drop DNA single-stranded tiles (SSTs) on template and incubate to allow 
biotin-streptavidin bonding to occur. Image via fluorescence microscopy. 
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