
Light Microscopyg t c oscopy
Research Group (LMRG)

Study #2 Results

Claire M. Brown
LMRG Ch iLMRG Chair

Light Microscopy Research Group, Monday March 19 2012 ABRF Annual Meeting, Orlando, FL



Study Participants

• Responses from:Responses from:
– 124 laboratories
– 24 countries

• Data Received from:Data Received from:
– 55 laboratories
– 18 countries

• 44% Response Rate
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Company Representation
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Microscope Model
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Point Spread Functions (PSF)

• 49 Participants49 Participants
• 140 lenses!
290 i d f i• 290 point spread functions
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Good PSFs

63x Oil/1 4 NA63x Oil/1.4 NA
Pinhole 1 Airy Unit

63x Oil/1.4 NA
Pinhole 5 Airy Unit
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Good PSFs

20 W /0 7 NA 20 W /0 7 NA20x Water/0.7 NA
Pinhole 1 Airy Unit

20x Water/0.7 NA
Pinhole 5 Airy Unit
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Aberrations ‐ Coma

63x Oil/1.4 NA
h l

63x Oil/1.4 NA
h lPinhole 1 Airy Unit Pinhole 5 Airy Unit
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Aberrations – Stage Drift
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Aberrations – DIC Optics In Place

63x Oil/1.4 NA 63x Oil/1.4 NA63x Oil/1.4 NA
Pinhole 1 Airy Unit

/
Pinhole 5 Airy Unit
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Aberrations – Spherical Aberrations
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PSF Multi‐photon
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Scoring of All Data
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Open Pinhole Shows Defects

63x Oil 1.4 NA
Pinhole 1 Airy Unit

63x Oil 1.4 NA
Pinhole 5 Airy Unit
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Open Pinhole Shows Defectsp

63x Water 1.2 NA
Pinhole 1 Airy Unit

63x Water 1.2 NA
Pinhole 5 Airy Unit
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Scoring versus Lens Type
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Water Lenses Have lower Scores. “GOOD” data has lower Standard Deviation.



PSF Quality

50%

67% of PSFs Good or Okay 40% with some kind of aberration
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Aberrations
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PSF Resolution

Gaussian fit and FWHM 
determined for x and y‐axis.determined for x and y axis.

Gaussian fit and FWHMGaussian fit and FWHM 
determined for z‐axis.
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PSF Resolution 63x Oil/1.4 NA
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PSF Resolution 63x Oil/1.4 NA
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13% of data outside of 40% Deviation



PSF Resolution Data – 63x Oil 1.4NA

40

GOOD DATA COMA DIC DRIFT

DIC Optics causes x‐y resolution underestimate
Drift more prominent in y‐resolution Stage drifting along x‐axis

30

35

ec
te
d

Drift more prominent in y‐resolution. Stage drifting along x‐axis.

20

25

n 
fr
om

  E
xp
e

10

15

%
 D
ev
ia
tio

n

0

5

Light Microscopy Research Group, Monday March 19 2012 ABRF Annual Meeting, Orlando, FL

0
x Resolution y Resolution z Resolution



PSF Resolution 63x Oil/1.4 NA – x‐axis
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PSF Resolution 63x Oil/1.4 NA – y‐axis
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PSF Resolution 63x Oil/1.4 NA – z‐axis
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PSF Resolution 63x Water/0.9‐1.4 NA
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42% of data outside of 40% Deviation



x‐resolution y‐resolution z‐resolution

Oil or Water Lens?
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Oil or Water Lens?

ALL DATA DATA within 40% ALL DATA Within 40%
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Z‐resolution with water lenses is poorer than with oil lenses.



Oil or Water Lens? X‐Y resolution
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Oil or Water Lens? Z‐resolution
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Resolution All Lenses 5 Airy Units
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Resolution All Lenses 1 Airy Unit
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PSF Study

• Quality of PSFs was quite good.
• Visual scoring very subjective.
• Outliers were typically due to errors such asOutliers were typically due to errors such as 
DIC optics in place.

• y resolution is better than x• y‐resolution is better than x.
• Water lenses performed most poorly.
• If water lenses are to be used the correction 
collar must be properly adjusted.
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Spectral Accuracy

• 42 Participants42 Participants
• Four different confocal platforms
Ol d ik ld f• Olympus and Nikon users could not perform 
the test due to laser reflection blocking that 

b d i d i hi hcannot be deactivated within the systems.
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Spectral Accuracy
Origin Software 
Non‐linear multi‐peak Gaussian fit
Max iteration: 400

Wavelength of Peak Intensity
Precision = FWHM

Max iteration: 400
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Spectral Accuracy

Zeiss 510 Zeiss 710
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Leica SP2



Spectral Accuracy – High Resolution 
Instruments (~ 3 nm)Instruments (  3 nm)
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Spectral Accuracy  ‐ FWHM
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458 nm 488 nm 514 nm 543 nm 561 nm 633 nm
Wavelength of Laser



Spectral Accuracy – Low Resolution 
Instrument (~10 nm)Instrument ( 10 nm)
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Spectral Accuracy
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Spectral Accuracy
80%

High Dynamic Range Low Dynamic Range Zeiss 510
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Spectral Un‐mixing

• 27 Participants27 Participants
• Two platforms
O l i h ll d i f k• Only companies that allowed input of known 
dye spectra were used due to difficulty having 
ff d bl i l d laffordable access to single dye control 
samples.
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Spectral Un‐mixing

Ring = 0.52 µm Core = 4.98 µm
Ratio = 10.51

Molecular Probes Specifications
Core = 5.5 µm
Ri 0 5
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Ring = 0.5 µm
Ratio = 11



Spectral Un‐mixing

Ratio = 10.10
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Spectral Un‐mixing

The core is showing up in the ring.

Poor Separation

Ratio = 13.81
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Spectral Unmixing

Ratio = 22.64

Light Microscopy Research Group, Monday March 19 2012 ABRF Annual Meeting, Orlando, FL



Spectral Un‐Mixing

Ratio = 10.61
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10 Spectral Un‐mixing

8

9

)

5

6

7

l/
co
re
 si
ze
)

Expected Ratio is 11

3

4

5

Ra
tio

 (s
he

l

1

2

R

0

1 2 3 4 5 6 7 8 9
ac
tu
al 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Light Microscopy Research Group, Monday March 19 2012 ABRF Annual Meeting, Orlando, FL

Frequency



Spectral Un‐mixing
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Quality of Separation Index



Spectral Summary

• Spectral accuracy is very good even for lowSpectral accuracy is very good even for low 
resolution systems.

• Spectral unmixing is good in general. Most 
i d d h ll dissues were due to data that was not collected 
properly or reference spectra that were not 

ll dwell measured.
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