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Why fluorescence?

Cell/Tissue architecture &
dynamics

Nucleus

Nuclear pore
Nuclear envelope

Golgi vesicles

(golgi apparatus)  Lysosome

Plasma membrane
Mitochondrion

Peroxisome
Cytoskeleton
Free Ribosomes

Secretory vesicle

Smooth endoplasmic reticulum

Rough endoplasmic reticulum

Flu virus cell

Animal cell Pollen
m | .
Mitochondria
C60 Protein ;luman
Atom 99
m viruses
I Plant cell Frog
|
Lipids | Sy
B e Bacteria
Relatives sizes on a logarithmic scale
1 1 1 1 1 1 1 1
0.1 nm 1nm 10 nm 100l nm 1pym 10 ym 100 pm 1mm
T
Light microscope
|
1




Why fluorescence?

- non-invasive
in situ
in vivo
- selective
- sample preparation
simple
wide range of fluorescent probes







Fluorescence
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Fluorescence

Green
Fluorescent
Protein
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Fluorescence Microscopy Calle/ %)
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Eluorescence Microscopy
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Eluorescence Microscopy
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Fluorescence Microscopy
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Fluorescence Microscopy
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So, what's the problem?
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So, what's the problem?
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So, what's the problem?

- Growing technical complexity
- Expensive instrumentation
- Dedicated staff members (researchers + technicians)

16



So, what's the problem?

- Adapting the experimental strategy, setting many parameters
- No or little safety controls
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So, what's the clue?




So, what's the clue?

Setting up an experiment

Constructing a computer program
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Our Solution =+




Measurement
controller
Haskell

Motorized
stage

Light Microscope
source body

Dichroic Filter
mirrors wheels
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Solution: Gontroller vs GUI

Communication with GUI

Measurement
controller
Haskell
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File Edit

o2 @LMHELE &0

{4 1gor Pro 8.00 64-bit

Misc Localizer Imager Help

Igor Pro

Technical Computing for Scientists and Engineers

WaveMetrics, Inc.

[ FocusViewer

500

Occurrence

[£1] FocusHistViewer o |[®@][=

—— C11440-42U_100323

ment Element

Irradiation Wait
Time lapse Stage Loop
Robot Rel. Stage
To Disk Load Program From Dis

0 output folder selected_

jame:

k.

al
in total
e 2 s using MarcelLumencorviolet@15;

image(s)

= untitled
0|

Carrier Amplitude, Jo(B)

Modulation Index, B

[1] ConfigureAcquisition =
to perform:
Delete acquisition Copy Acquisition
MarcelLumencor/ls
V violet Power (%) (15 |3
blue Power (%) | 100 |5
cyan Power (%) (100 |4
teal Power (%) | 100 |3
green Power (%) (100 |+
yellow Power (%) | 100 |3
red Power (%) | 100 [+
Sutter/FW 1 - OPEN ~
Dichroic/DM | ZT488RDC (GFP) ~
C11440-420_100323
V Use camera for this detection
Property Value
Exposure time 00333
Sensor cropping 512612 v
Binning iy,
Readout speed 2w
Trigger source Internal W
Trigger mode Normal ¥
Trigger active Edge ¥

Erame rate fintarnal made: Lol | 20 002




___ Add Measurement Element ' Configure Acquisition
{_Qetectio_n_: ' Irradiation . Wait
" DoTimes | Stage Loop } \ Start Measurement!

. SaveProgram ToDisk = | Load Program From Disk | Autosave experiment at end

do 5 time(s) in total

' g o r P ro irradiate 2 s using MarcelLumencor:violet@15;

wait 3 s

NWN acquire image(s)
o wait 10's

Technical Computing for Scientists and Engineers acquire image (S)
WaveMetrics. Inc.



Solution: Gontroller DSL

- Representing and reasoning
over domain-specific knowledge

DSL
»Haskell

Measurement

controller
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Why DSL? Why Haskell?

GPL

Gibbons, Jeremy & Wu, Nicolas. (2014). Folding
domain-specific languages: Deep and shallow
embeddings (functional Pearl). Proceedings of the
ACM SIGPLAN International Conference on Functional
Programming, ICFP. 49.10.1145/2628136.2628138.

DSL

Embedded Standalone
FP o]0,
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Why DSL? Why Haskell?

‘= GPL

Gibbons, Jeremy & Wu, Nicolas. (2014). Folding
domain-specific languages: Deep and shallow
embeddings (functional Pearl). Proceedings of the
ACM SIGPLAN International Conference on Functional
Programming, ICFP. 49. 10.1145/2628136.2628138.

Embedded
FP

DSL

Standalone

o]0,
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DSL Eragment

data StagePosition = StagePosition { x :: Double
, ¥ .- Double
, Z .. Double }

data MeasurementElement = MEDetect
| MEWait Double
| MElrradiate Double ( String, Double)
-- duration ( light source , power)
| MEDoTimes Int Prog
| MEStagelLoop [ StagePosition ] Prog
| ...

type Prog = [ MeasurementElement |
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DSL: Example

do 5 time(s) in total
irradiate 2 s using MarcelLumencor:violet@15;
wait 3 s
acquire image(s)

wait 10 s

acquire image(s)

[ MEDoTimes 5 [ MElrradiate 2 ( MarcelLumencor:violet , 15)
, MEWait 3
, MEDetect ]

, MEWait 10

, MEDetect ]
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Deep embedding

executeProg :: Prog » 10O ()
executeProg prog = foldMap executeME prog

executeME :: MeasurementElement » IO ()

executeME MEDetect = executeDetection >> putStrLn (“detecting...”)

executeME (MEWait dur) = threadDelay (round $ dur * 1e6)
>> putStrLn (“waiting...”)
executeME (MElrradiate dur params) = executelrradiation dur params
>> putStrLn (“irradiating...”)
executeME (MEDoTimes n pr) =
mapM_ (\prs = executeProg prs) (take n . repeat $ pr)
>> putStrLn (“times...”)
executeME (MEStagelLoop poss pr) =
mapM_ (\pos = setStagePosition pos >> executeProg pr) poss
>> putStrLn (“stage looping...”)
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Solution: Controller vs Hardware

Controlling hardware

GUI
Igor Pro

Motorized
Measurement stage

controller
Haskell

Light Microscope
source body

Dichroic Filter
mirrors wheels



Hardware

Dichroic Motorized Filter
source mirrors : stage wheels

Camera

Microscope
body




Hardware: Example

do 5 time(s) in total [ MEDoTimes 5 [ MElrradiate 2
irradiate 2 s using MarcelLumencor:violet@15; ( MarcelLumencor:violet , 15)
wait 35 , MEWait 3
acquire image(s) MEDetect ]
wait 10 s . ’
, MEWait 10

acquire image(s)

, MEDetect ]
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GUI
Igor Pro

Controller

S Haskell

Light
source

Dichroic Filter
mirrors wheels

usable software

Motorized
stage

Microscope
body

feedback loop

Learn
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Compared to already existing SW

- Modularity
easily extendible for new hardware
works with several hardware setups

- Arbitrary long, complex programs

ThermoFisher , >

SCIENTIFIC PerkinEimer
For the Better

elcad

MICROSYSTEMS
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Compared to already existing SW

- Modularity

easily extendible for new hardware incident light

works with several hardware setups reflected light

- Arbitrary long, complex programs
- Also non-trivial, more complex tasks z=0

E.g. autofocus system
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Future Work

GUI

DSL for knowledge representation

Operational DSL for controlling HW/SW

Fluorescence Microscopy Applications
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Future Work

GUI
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Fluorescence Microscopy Applications
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Future Work

Operational DSL for controlling HW/SW

Fluorescence Microscopy Applications
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Future Work

GUI

DSL for knowledge representation

Operational DSL for controlling HW/SW

Fluorescence Microscopy Applications

Increase performance
optimal rescheduling
parallelizing

Safety and sanity checks
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Future Work

GUI

DSL for knowledge representation

Operational DSL for controlling HW/SW
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Future Work

“A system that can learn from scientists and
operators, and vice versa.”
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Thanks!




