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Project Goals
• Coordinating imaging hardware to achieve:

– Speed

– Reproducibility– Reproducibility

– Automation of complex imaging patterns/overlays

– Complete control from one screen

– Automatic documentation

– Hardware-specific, yet easy to modify
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Silva Research Group

• Purpose
– Understanding CNS information processing 

– Quantitatively measuring activity of neural networks

Functional clinical regeneration of CNS

• Process
– Using neural retina as CNS model

– Confocal microscopy of neuronal and glial networks



Current Microscopy Projects

• Calcium-wave Imaging
• Primary known mechanism for astrocyte activation

• Process: Proportional or Ratiometric

• Confocal microscopy 
used to measure:used to measure:

– [Ca2+] Fluor-4 AM (white)

– [Ca2+] Premo Cameleon 
(unbound = cyan) 
(bound = yellow)

Movies courtesy of Diana Yu, Silva Research Group



Current Microscopy Projects

• Up-regulation of GFAP and Vimentin
• Towards treatment for gliosis

• Testing ability of anti-gliotic X to reduce IF proteins using ICC

• Confocal microscopy 
used to measure:used to measure:

– GFAP using FITC 
fluorophore (green)

– Vimentin using TRITC 
fluorophore (yellow)

– GFAP using Q-dots 
(orange, not shown)

– DNA using DAPI (blue)
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Confocal Microscopy Hardware

• Silva Lab imaging room 



Confocal Microscopy

• Remove out-of-focus light to produce a high Z-resolution image

Images from BioVision Technologies www.biovis.com



Outline

• Introduction

• History of Work

• Final Imaging Workflow

• Software Demonstration• Software Demonstration

• Discussion

• Questions



Why LabVIEW?

• Criteria for development environment
– High volume signal processing

– Time critical decisions at ~ 150Hz

– Event-driven architecture

– User-friendly controls

– Native, optimized image processing– Native, optimized image processing

– Minimum memory/processing footprint

– Robust development environment

• Previous experience with LabVIEW
– Realtime high-freq control of synchronous alternators

– Realtime VEP recording and analysis

– Realtime pupil-tracking via video input



Why LabVIEW?

LabVIEW block diagram programming environment



Hardware Controls

• Optical controls
– Illumination/Excitation

• Bright Field (34), shutter (2)

• Fluorescence (4), shutter (2)

– Objective (6)

– Filters
• Confocal Disk (2)

• Hardware settings

– Joystick

• Sensitivity (10)

• Axis polarity (4)

– Jog wheel sensitivity (10)

– Button functions (28)
• Confocal Disk (2)

• DSU Cube (6)

• Sutter Wheel (6)

• IX Condenser (6)

• Neutral Density (6)

• Light prism (2)

• Subject position (X, Y, Z axes)
– Maximum velocity

– Acceleration profile

• Digital Imaging

– Image Format (7)

• Standard (3)

• Format 7 (4)

– Camera Settings

• Gain, brightness, etc

– Recording (4)



Imaging Features

• Profiles

– Save exact settings for particular experiment

– Recall focus, sensitivity, and exposure settings

• Mouse position control

– Bookmark locations– Bookmark locations

– Click-to-center

– Scroll-to-focus

– CTRL-click to measure

• Maintenance

– Hardware reporting

– Auto-calibration

– Soft reset



Imaging Features

• Real-time Imaging

– Duplicate, true full-screen image

– Histogram with analysis and advice

– Camera - Auto-gain, brightness, gamma

– Per channel settings– Per channel settings

– Contrast stretch

– Record to disk

• Image Toolbox

– Color mapping

– Burnt-in scale

– Histogram tools

– Gain/brightness



Implementation Structure

• Camera Module

• Communication Module

– Send/receive commands/status

• User Interface Module

– Manage primary user input

– Manage secondary user input

• Recording Module

– Pattern generation

– Memory allocation

– Real-time file save

– Real-time documentation

– Manage secondary user input



Development Timeline

Nov Dec Jan
2006

Feb Mar
2007

Meeting w/ Dr. Silva

to discuss criteria

Observation of current

microscopy experiments Meeting w/

Brent Runnells

Olympus delivers

proprietary commands

Version 2.0.0 presented

to lab members

Meetings with

scope users

Version 1.0.0

Version 3.0.0

Version 4.0.0

Image Toolbox

Apr May Jun Jul Aug

to discuss criteria
Development begins

using LabVIEW

New hard 

drive installed

Meetings with

scope users
Sutter 10-3

implemented

Meeting with

Jorge Noguera
Measurements added

to Image Toolbox

Sutter 10-3

optimized

Robustness testing

and debugging

Version 4.3.0

Auto-tiling added

to Image Toolbox



Development Challenges

• Hamamatsu Camera

– Driver conflict with ImagePro

– Non-compliancy with many IEEE-1394 standards

• Memory leaks, large volume of data

• Image file storage/file name format• Image file storage/file name format

• Timing for Sutter 10-3 emission filter switch
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Types of Imaging

Single 

Timestamp

Multiple 

Timestamps

Single 

imaging 

‘Still Snap’
Record one image on 

‘Still Movie’
Repeat recording one imaging 

location

Record one image on 

each channel

Repeat recording one 

image per channel with 

timestamps for a pre-

defined period of time

Multiple 

imaging 

locations

‘3-D Snap’
Record one image on 

each channel, per image 

location

‘3-D Movie’
Repeat ‘3-D Snap’ 

recording, with 

timestamps, for a pre-

defined period of time



‘Still’ Imaging Workflow

• Set imaging location, focus

• For each channel to be imaged

– Set exposure settings

– Enable recording in channel list– Enable recording in channel list

• Choose recording type

– ‘Snap’ - take one image of each channel

– ‘Movie’ - choose movie length (sec)



‘3-D’ Imaging Workflow

• User sets two (X,Y,Z) 
coordinates
– Top left

– Bottom right

• User specifies Z-axis 
resolution (slice depth)resolution (slice depth)
– Balance resolution with 

sampling rate

• Image space is 
automatically compiled 
and stage/filter motion 
optimized
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Real-time 3-D Rendering

Image from www.be.caltech.edu/seminars.html



Two-Photon Microscopy

Image from http://research.stowers-institute.org



Confocal Imaging ExampleConfocal Imaging Example



Confocal Imaging Example
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Movie courtesy of Diana Yu, Silva Research Group



References

• [1] Silva Research Group - Research.  www.silva.ucsd.edu/research.html.  University of California, San Diego.  Accessed 2/21/07.

• [1] Davidson, Marie.  Interview with Nathan Shepard.  Silva Research Group, Nov 6, 2006.

• [1] Nakazawa T, Takeda M, Lewis GP, Cho KS, Jiao J, Wilhelmsson U, Fisher SK, Pekny M, Chen DF, Miller JW. Increased neurogenesis and astrogenesis from neural 
progenitor cells grafted in the hippocampus of GFAP-/-Vim-/- mice.
Stem Cells. 2007 Jul 12

• [1] Nakazawa T, Takeda M, Lewis GP, Cho KS, Jiao J, Wilhelmsson U, Fisher SK, Pekny M, Chen DF, Miller JW. Attenuated glial reactions and photoreceptor 
degeneration after retinal detachment in mice deficient in glial fibrillary acidic protein and vimentin. Invest Ophthalmol Vis Sci. 2007 Jun;48(6):2760-8.

• [1] Lin J, Cai W. Effect of vimentin on reactive gliosis: in vitro and in vivo analysis.
J Neurotrauma. 2004 Nov;21(11):1671-82.

• [1] Martinez-Contreras A, Huerta M, Lopez-Perez S, Garcia-Estrada J, Luquin S, Beas Zarate C. Astrocytic and microglia cells reactivity induced by neonatal 
administration of glutamate in cerebral cortex of the adult rats. J Neurosci Res. 2002 Jan 15;67(2):200-10. 

• [1] Damodaran TV, Bilska MA, Rahman AA, Abou-Doni MB. Sarin causes early differential alteration and persistent overexpression in mRNAs coding for glial fibrillary 
acidic protein (GFAP) and vimentin genes in the central nervous system of rats. Neurochem Res. 2002 May;27(5):407-15.

• [1] Nakazawa T, Takeda M, Lewis GP, Cho KS, Jiao J, Wilhelmsson U, Fisher SK, Pekny M, Chen DF, Miller JW. Attenuated glial reactions and photoreceptor 
degeneration after retinal detachment in mice deficient in glial fibrillary acidic protein and vimentin. Invest Ophthalmol Vis Sci. 2007 Jun;48(6):2760-8.

• [1] Stringer JL. Repeated seizures increase GFAP and vimentin in the hippocampus. Brain Res. 1996 Apr 22;717(1-2):147-53.

• [1] Sommer W, Cui X, Erdmann B, Wiklund L, Bricca G, Heilig M, Fuxe K. The spread and uptake pattern of intracerebrally administered oligonucleotides in nerve and glial • [1] Sommer W, Cui X, Erdmann B, Wiklund L, Bricca G, Heilig M, Fuxe K. The spread and uptake pattern of intracerebrally administered oligonucleotides in nerve and glial 
cell populations of the rat brain. Antisense Nucleic Acid Drug Dev. 1998 Apr;8(2):75-85.

• [1] Sommer W, Cui X, Erdmann B, Wiklund L, Bricca G, Heilig M, Fuxe K. The spread and uptake pattern of intracerebrally administered oligonucleotides in nerve and glial 
cell populations of the rat brain. Antisense Nucleic Acid Drug Dev. 1998 Apr;8(2):75-85.

• [1] Nguyen SM, Lieven CJ, Levin LA.  Simultaneous labeling of projecting neurons and apoptotic state.
J Neurosci Methods. 2007 Apr 15;161(2):281-4. Epub 2006 Dec 20.

• [1] Lee GM, Rasch EM, Thornthwaite JT. Cytophotometric comparisons of DNA levels in neuronal and glial cells of the cerebellum: a comparative study.  Cell Biochem 
Funct. 1984 Oct;2(4):225-36.

• [1] Lin J, Cai W. Effect of vimentin on reactive gliosis: in vitro and in vivo analysis.  J Neurotrauma. 2004 Nov;21(11):1671-82.

• [1] Nakazawa T, Takeda M, Lewis GP, Cho KS, Jiao J, Wilhelmsson U, Fisher SK, Pekny M, Chen DF, Miller JW. Attenuated glial reactions and photoreceptor 
degeneration after retinal detachment in mice deficient in glial fibrillary acidic protein and vimentin. Invest Ophthalmol Vis Sci. 2007 Jun;48(6):2760-8.

• [1] Straub SV, Nelson MT.  Astrocytic calcium signaling: the information currency coupling neuronal activity to the cerebral microcirculation.  Trends Cardiovasc Med. 2007 
Aug;17(6):183-90.

• [1] Winship IR, Plaa N, Murphy TH.  Rapid astrocyte calcium signals correlate with neuronal activity and onset of the hemodynamic response in vivo.  J Neurosci. 2007 
Jun 6;27(23):6268-72.

• [1] Winship IR, Plaa N, Murphy TH.  Rapid astrocyte calcium signals correlate with neuronal activity and onset of the hemodynamic response in vivo.  J Neurosci. 2007 
Jun 6;27(23):6268-72.

• [1] Bertram CM, Baltic S, Misso NL, Bhoola KD, Foster PS, Thompson PJ, Fogel-Petrovic M. Expression of kinin B1 and B2 receptors in immature, monocyte-derived 
dendritic cells and bradykinin-mediated increase in intracellular Ca2+ and cell migration.  J Leukoc Biol. 2007 Jun;81(6):1445-54. Epub 2007 Feb 27.

• [1] Yu, Diana.  Interview with Nathan Shepard.  Silva Research Group, Sep 7, 2007.

• [1] Bertram CM, Baltic S, Misso NL, Bhoola KD, Foster PS, Thompson PJ, Fogel-Petrovic M. Expression of kinin B1 and B2 receptors in immature, monocyte-derived 
dendritic cells and bradykinin-mediated increase in intracellular Ca2+ and cell migration.  J Leukoc Biol. 2007 Jun;81(6):1445-54. Epub 2007 Feb 27.

• [1] Bertram CM, Baltic S, Misso NL, Bhoola KD, Foster PS, Thompson PJ, Fogel-Petrovic M. Expression of kinin B1 and B2 receptors in immature, monocyte-derived 
dendritic cells and bradykinin-mediated increase in intracellular Ca2+ and cell migration.  J Leukoc Biol. 2007 Jun;81(6):1445-54. Epub 2007 Feb 27.

• [1] Hailer NP, Wirjatijasa F, Roser N, Hischebeth GT, Korf HW, Dehghani F. Astrocytic factors protect neuronal integrity and reduce microglial activation in an in vitro 
model of N-methyl-D-aspartate-induced excitotoxic injury in organotypic hippocampal slice cultures. Eur J Neurosci. 2001 Jul;14(2):315-26.


