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QD-IgE on live cells
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Observation of long lived 
oligomers 

(4 second/frame 512 spectral channels)

Nick Andrews
David Haaland

Andrews et. al. Immunity 31, 469-479 2009.
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Single particle tracking on live cells

1. Single particle localization

2. Build Trajectories
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Single particle tracking

o Typically 1000 frames with 10-100 
subregions per frame

o Total ~100,000 subregions
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Subregion fitting
Compute Unified Device Architecture (CUDA) - Nvidia

Smith, Nat. Methods 7, 373–375 2010

Shared memory Shared memory Shared memory

Multiprocessor (block) Multiprocessor (block) Multiprocessor (block)

Fill shared memory in each block (multiprocessor)

Device memory

Package all subregions together

CPU

GPU

~105 subregions

qx: x-position

qy: y-position

qI0: emission rate

qbg: background 

count rate

Fitting Model: 2D finite pixel Gaussian PSF

Newtonôs method iterative update:

achieves CRLB



Single molecule localization 
in hyperspectral images
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2-D gaussian estimate

qx: x-position

qy: y-position

qɚ: ɚ-position

qòx: x-sigma

qòy: y-sigma

qòɚ: ɚ-sigma

qI0: emission rate

qbg: background 

count rate

Fitting Model: 3D finite pixel Gaussian PSF



Single particle localization in of 
QD-IgE in hyperspectral images

(4 seconds/frame 512 spectral channels)



UNM hyperspectral line scanning microscope
(30 frames/second (fps) 128 spectral channels)

Blue  = Excitation Path
Green = Emission Path

Michael Malik

Sheng Liu

Resting

Activated



Microscope 
characterization 

Spectral characterization of QDs (ensemble)

Michael Malik

Characterization of 
line on sample
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Hyperspectral data flow
line-scanning hyperspectral 

microscope

(data acquisition)

data, params RGB conversion

real-time display

save data & acquistion 
parameters

data structure (‘.hsi’, ‘.ics’)

saved data

Analysis

Single molecule localization (x,y,l)

Estimation of 
background/fluorophore 

concentration map

Post processing 
display

async

Clone



QD625 on glass
(15 fps 128 spectral channels)

Playback at 2x speed



Single molecule localization 
of 625 QDs on glass

Haaland et.al., Applied Spectroscopy 
63(3), 271-279 2009.

Peak variability

Peak variability over time

UNM HSM
(15 fps 128 spectral channels)



Observing high speed membrane 
protein dynamics

Sandia HSM 
(0.25 fps 512 spectral channels)

UNM HSM 
(15 fps 128 spectral channels)

Playback at 2x speed

Dynamic spectral range



Conclusions
ÅDeveloped hyperspectral line scanning microscope with 

capability of acquiring 30fps with 128 spectral channels 
(approximately 20 µm2 on sample FOV)

ÅSuccessfully performed single particle localization on 
hyperspectral images
ïCUDA implementation gives speed up but needs to be further 

optimized for architecture

ÅFuture work
ïUtilize multi-fluorophore model fitting for localization

ïUtilize spectral information to help build trajectories

ïCombine with multivariate curve resolution techniques

ÅAutofluorescence

Åother structures (actin, cholesterol, etc.)
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Variance in estimated parameters

Cramér-Rao Lower Bound 

(CRLB)

Use CRLB to estimate 

localization accuracy

CRLB: Minimum variance of an 

estimated parameter



Overview

ÅSystem of interest (QD-IgE)

ÅSingle particle tracking

ÅSingle particle localization in conventional and 
hyperspectral images

ÅDevelopment of UNM hyperspectral line 
scanning microscope and analysis of 
hyperspectral images


