
Miniature endomicroscopes using multimode fibers

Ioannis N. Papadopoulos
1
, Nicolino Stasio

1
, Salma Farahi

1,2
, Christophe Moser

2
 

and Demetri Psaltis
1

1Laboratory of  Optics, School of  Engineering, EPFL, Lausanne
2Laboratory of  Applied Photonic Devices, School of  Engineering, EPFL, Lausanne

CMOS

CMOS

SLM

Principle of  Digital Phase Conjugation through a 

multimode fiber

input light gets scattered among the 
different modes

holographic recording 
of  the speckled output

image 
reconstruction and 

conjugate phase 
assignment

The phase conjugate field retraces its way 
back and is focused at the original position

Imaging of  cochlea hair cells for hearing loss 

diagnosis directly inside the inner ear

Conventional image Multimode fiber image

Dynamic bending compensation through a 

multimode fiber

 

 

0 500 1000

0

200

400

600

800

1000

500

1000

1500

2000

2500

3000

3500

4000

4500Spot obtained 

with a real beacon

 

 

0 500 1000

0

200

400

600

800

1000
1000

2000

3000

4000

5000Spot obtained 

with a virtual beacon

Photosensitive

polymer 

Objective
Multi-mode Fiber

Virtual 

Beacon

Source

Single-mode Fiber
Photosensitive

polymer 

Objective Virtual 

Beacon

Source

Double-clad Fiber

0 1 2 3 4 5
0

0.2

0.4

0.6

0.8

1

0 1 2 3 4 5
0

0.2

0.4

0.6

0.8

1

 

 

Correlation with nearest plane

Normalized enhancement

Precalibrated postions

ΔR [mm] ΔR [mm]

experimental implementation

Focusing using the virtual beacon Dynamic focusing through a bending fiber
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High resolution fluorescence and 

photoacoustic imaging

fluorescence imaging of  neurons OR-PAM imaging of  
nylon wires’ knot

Diagnosis based on cellular phenotype is enabled
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Fiber bundles vs. Multimode fibers 

as imaging devices

Fiber bundles

mode density

~40k pixels/mm2

resolution

>5µm

Multimode fibers

mode density

~4x106 pixels/mm2

resolution

 < 1µm

vs.

Multimodal endoscopy through a multimode 
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Fluorescence and OR-PAM imaging through the same device using DPC 

sample plane US transducer


