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System calibration in the clinic – 

A Typical Example 
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• Time gap between tissue measurement and calibration 

measurement 

• Variability in calibration measurement 

• Lack of phantom characterization tools at clinical site 

• Same phantom “recipe” can produce different results in 

different hands 



Physically-Based Spectral 

Analysis 

Forward model Inverse model 

• Fast, scalable inverse MC model; outputs absorption and scattering 
properties of measured samples 

• Extendable to any probe geometry; valid over wavelength ranges and 
sampling volumes used in our studies 

• Requires a single phantom reference measurement 
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System calibration in the clinic – 

A Typical Example 

Lambda  

calibration 
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• Inverse MC model obviates need for phantom measurement 

at each spectroscopy session 

 

• Key: Requires accurate instrument calibration to account for 

spectral power distribution, wavelength response, and probe 

throughput 

• use a spectrally-flat reflectance standard 
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Phantom validation – system 

calibration introduces error 
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Perfect Agreement

Spectralon - Day 1/2

Spectralon - Day 2/1

8.4 ± 4.9% 

12.5 ± 6.1% 



Sources of calibration error 
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Light source fluctuations 

(e.g., lamp warm-up) 
Day-to-day calibration 

errors 
Fiber bending 

->20% variance 3-7% variance ->11% variance 



How can we eliminate these 

sources of error? 

• Phantom reference variability 
– Use a single, well-characterized reference phantom measurement 

for relating diffuse reflectance to optical properties 

 

• Calibration errors and temporal variations in source 
throughput 
– Take calibration standard measurement close in time to tissue 

measurement 

– Remove human component 

 

• Fiber bending losses 
– Ensure that fibers are in same orientation for calibration standard 

and tissue measurement 

 



Self-calibrating fiber optic 

probe 



Calibrating for wavelength 

response 
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Spectral calibration – SC vs. 

Spectralon 
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(a) (b) *Spectralon measurement after phantom #17, 

45 minutes after phantom #1 



Lamp warm-up 
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Error reduction: 20% to 1% 



Day-to-day calibration errors 
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Accuracy comparison: SC vs. 

Spectralon 

Spectralon-Calibration Self-Calibration 

Target / 

Reference 
Day 1/1 Day 2/2 Day 1 /2 Day 2 /1 Day 1/1 Day 2/2 Day 1 /2 Day 2 /1 

Error in [Hb]  6.98.1 8.84.5 8.44.9 4.51.5 8.58.6 7.68.1 7.04.4 8.63.9 

Error in ms’ 3.02.8 4.54.2 9.03.2 12.56.1 3.22.3 2.8 2.8 3.83.4 2.11.1 



Summary and conclusions 

• Mitigating calibration errors is critical for quantitative 
tissue spectroscopy 
– Comparison of results across instruments and clinical sites 

 

• Inverse MC model obviates need for measuring a tissue 
phantom at each spectroscopy session 
– Reference phantom measured and characterized in a controlled 

environment 

 

• Works best when throughput calibration is accurate 
– Self-calibration probe improves accuracy of calibration over 

current methods 

– Saves time in the clinic 
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