W‘[[& UNIVERSITY OF
&3 BATH

2 B UNIVERSITY OF
sf§Y CAMBRIDGE

A

-

=
S —

-

e.Op

s TRt I o AR
enFlexure Microscope

Tianheng Zhao*

Richard Bowman**, Alex Patto**
*University of Cambridge, ** University of Bath




Parts of an optical microscope
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Parts of an optical microscope

Olympus IX70
Inverted Tissue Culture

Microscope : Tungsten

Peltier-Cooled
CCD Camera

ot 1] Microscope

- Condenser/Lamphouse
Pillar
o DIC Prism and Phase Ring
Condenser Condenser Turret
Lens
System Mercury/Xenon

Arc Lamp
Housing

Observation
Tube

Beamsplitter

35-Millimeter
Camera
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Microscope
Electrical
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Stage Focus Microscope
Me?:hanis:"n Mirror Base/Frame

rimer/techniques/fluorescence/ix70fluorescence.html

src: https://micro.magnet.fsu.edu
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https://micro.magnet.fsu.edu/primer/techniques/fluorescence/ix70fluorescence.html

3D printed microscopes

Small:

* Parallel experiments
* Fitinincubators

e Portability

Cheap:

* Development
* Deployment
* Disposable after
contamination

* Integrated system
e Specialisation
* |[mprovement



Imaging performance

Web cam lens (flipped)

0 20 40

H-mem_ ‘
a2

0 20 40 60 80 108
}mllm'umlm|||m|uu|m|||m|un|m|

Web cam sensor

Objective lens

Tube lens Objective

Web cam sensor
Sample

additional info: https://www.olympus-lifescience.com/en/microscope-resource/primer/anatomy/components/
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https://www.olympus-lifescience.com/en/microscope-resource/primer/anatomy/components/

Imaging performance
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Bright field Dark field

Time-lapse Fluorescent

* Thanks to S. Vignolini and P. Rudall for the Pollia sample
Cell images collab. D Bressan and S Reichelt, CRUK Cambridge Institute
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Imaging malaria with 50x oil immersion
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Microscope stage Design

* Sliding requires smooth, precise surfaces

(a) flexure (b) iq

* Flexures are used in highest-performance UAJ
mechanisms in the lab [' T
* New plastic-friendly flexure design using rigid part zero stress line

plastic’s flexibility

Image: MacLean Inc.

Machined sliding stage
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lterations of stage designs
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actuator
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Mechanical Performance: Drift
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Mechanical Performance: Steps & Repeatability
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(a) Motorised stage: step size and (b) Positioning errors moving
variation at small and big steps to random places and back
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Real world applications of

Empowering the bottom billion to the OpenFlexure Microscope
find clean water
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The Water Crisis

* 1in 10 people have no access to clean drinking water
e QOver 80% live in rural communities

* No knowledge about water contamination
 Dependence on external aid to test and purify water
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Share of population with ) K
access to improved o A
drinking water
¥ 85% or more
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i simplex

Existing bacteria testing methods

waters:

5 %%\“y ter test
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Safe water for anyone, anywhere, anytime

>24 hrs incMﬁicient precision

 Short incubation time
* Precise measurement

e Simple to use
e Cost effective
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Our solutions

* Fast and inexpensive portable water testing

* Disposable cartridge enabling anybody to use it

e Visual readout for community education

* Resultsin <2 hour

e Database for mapping, feedback and intervention
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Our solutions

Disposable
Cartridge

60 mins 120 mins
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The team

Tianheng Dr. Richard Alexander Dr. Nalin Sammy
Zhao Bowman Patto Patel Mahdi
Engineering Instrumentation PhD Genetics Management Sensor
& Software design Microbiology & Start-up Technologies
& optics Experience and
electronics
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Achievements to date

Established in July 2015

Can detect bacteria under 2 hours, refined prototype

Raised over £90,000 of non-dilutive funding
Automated microscope developed that can identify malaria
Malaria trials ongoing in Tanzania with JHPIEGO

Printing microscopes out of plastic bottles in tanzania with
STIClab

Have tested the microscope around the world, including India,
Columbia, Tanzania, U.S. and Gambia.

Core technology developed in WaterScope used to support 1
million EPSRC GCRF research grant

L4 ~

innovating to save lives

st @ Jhpiego. @snaab

an affiliate of Johns Hopkins Universi THE HOUSE OF INNOVATION
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Long-Term Vision
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