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ABSTRACT   

Performance assessment and standardization are indispensable for instruments of clinical relevance in general and   clinical 

instrumentation based on photon migration/diffuse optics in particular. In this direction, a multi-laboratory exercise was 

initiated with the aim of assessing and comparing their performances. 29 diffuse optical instruments belonging to 11 partner 

institutions of a European level Marie Curie Consortium BitMap1 were considered for this exercise. The enrolled 

instruments covered different approaches (continuous wave, CW; frequency domain, FD; time domain, TD and spatial 

frequency domain imaging, SFDI) and applications (e.g. mammography, oximetry, functional imaging, tissue 

spectroscopy). 10 different tests from 3 well-accepted protocols, namely, the MEDPHOT2, the BIP3, and the nEUROPt4 

protocols were chosen for the exercise and the necessary phantoms kits were circulated across labs and institutions enrolled 

in the study. A brief outline of the methodology of the exercise is presented here. Mainly, the design of some of the 

synthetic descriptors, (single numeric values used to summarize the result of a test and facilitate comparison between 

instruments) for some of the tests will be discussed.. Future actions of the exercise aim at deploying these measurements 

onto an open data repository and investigating common analysis tools for the whole dataset. 

Keywords: performance assessment, standardization, diffuse optics, near-infrared, phantom, absorption, scattering 
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1. INTRODUCTION
Near-infrared spectroscopy (also known as diffuse optical spectroscopy) is a technique that uses the physics of photon 

migration within tissue to monitor and image different parts of the human body in-vivo. Its low-cost, portable, non-

invasive, and real-time nature enabled the development of a wide variety of diffuse optics-based instrumentation for varied 

purposes. However, a major bottleneck in the path towards commercialization of this technology is the pressing need for 

performance assessment and standardization. Having robust and standardized performance assessment methodologies help 

in the quality assurance of the instrument at a clinical level and allow for easy re-calibration if necessary.    

The BitMap exercise is an initiative aimed at enforcing such a culture of performance assessment at a multi-laboratory 

level. A total of 29 instruments, from 11 institutions spread across 7 EU countries were enrolled for this exercise. 10 

different tests from 3 well-accepted protocols, namely, the MEDPHOT2, the BIP3, and the nEUROPt4 protocols were 

chosen for the exercise and the necessary phantoms kits (see Fig.1) were circulated across labs and institutions enrolled in 

the study. A classification of the instruments based on the modality and application is presented in Table 1. The exercise 

is broken down into three actions aimed at  

1) Measure and compare individual instrument performance against the phantoms and protocols.

2) Deployment of the data into an open data repository

3) Testing the resulting dataset against standard analysis models.

Table 1. Overview of the instruments enrolled for the exercise. 

Application 

Modality Total 

CW TD FD SFDI 

Spectroscopy 1 9 1 0 11 

Imaging 0 4 0 1 5 

Oximetry 2 8 1 0 11 

DCS 0 2 0 0 2 

Total 3 23 2 1 29 

DCS = Diffuse Correlation Spectroscopy, CW = Continuous Wave, TD = Time Domain, FD = Frequency Domain,  SFDI = Spatial 

Frequency Domain Imaging 

Action 1 of the BitMap exercise, particularly the MEDPHOT protocol (which involves 32 phantoms), results in a 

substantial amount of data for each instrument for each test. This prohibits an easy yet quantitative comparison of the 

results of the test between the different instruments considered in the exercise. Thus, there is a need for a single numeric 

value that could effectively summarize the result of a given test. This entity, known henceforth as the synthetic descriptor/ 

synthetic indicator, can then be used to compare the performance of the different instruments against that particular test. 

In this work, we discuss in detail the design and comparison of the synthetic descriptor for the Linearity and Coupling test 

of the MEDPHOT protocol. This is particularly important as this test alone invokes the use of all the 32 phantoms of the 

MEDPHOT kit.    

2. RESULTS

Figure 1. The (a) Responsivity phantom used in the BIP protocol. The (b) entire MEDPHOT kit comprising of 4 scattering (rows) and 

8 absorption (columns) series and the (c) solid switchable phantom used in the nEUROPt protocol for the contrast measurements.   
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A detailed description of the three protocols and an overview of the global methodology of the BitMap exercise is available 

here2–5. In this work, we will particularly deal with the Linearity and Coupling assay of the MEDPHOT protocol. 

The Linearity test is important to check whether the system can follow changes in a given parameter (µa  or µ′s ) without 

distortions. It is particularly important in spectroscopy, where preserving the shape of the spectrum is essential to accurately 

estimate the relative abundance of tissue constituents. Coupling, on the other hand, tests for the extent of absorption-to-

scattering coupling and vice versa, which can produce artifacts and cause deformations of the optical property spectra. 

The MEDPHOT kit (Figure 1 (b)) comprises 32 phantoms labeled with a letter and a number. The letter stands for the 

nominal scattering (A, B, C, D corresponding to µ′s to roughly 5, 10, 15, 20 cm-1 respectively @ 800 nm) and the number 

indicates the absorption (1, 2, 3, 4, 5, 6, 7, 8 correspond to µa of 0, 0.05, 0.10, 0.15, 0.20, 0.25, 0.30, 0.35 cm-1 respectively). 

Measuring all the phantoms (at a single wavelength) and plotting them as shown in Figure 2 (and Figure 3) we obtain the 

result for the Linearity and Coupling tests of the MEDPHOT protocol. While a wealth of information regarding a particular 

instrument can be deduced by these plots, it is quite challenging to use this to compare the results between different 

instruments.  

The synthetic descriptors used to generate a comparative figure of merit plot for Linearity and Coupling in the BitMap 

exercise (Figure 4) presented in the title of each of the subplots of Figure 2 and Figure 3 are obtained as follows. 

Linearity (a,b in Figures 2&3): The median value of the relative deviation between the data-points (filled circles) and 

the linear fit (dashed line) over the different series is considered to represent the median deviation from linearity for the 

specific optical property. 

Coupling (c,d in Figures 2&3): The median value of the absolute slopes of the linear fit (dashed line) over the different 

series is considered to represent the coupling between the two optical properties. 

As the corresponding titles suggest, the deviation in linearity is given as a percentage value while the coupling is 

presented in cm-1 as a relative change in the measured optical property corresponding to a fixed variation in the other 

optical property (0.01 cm-1 of µa and 1 cm-1 of µ′s). 

Figure 2. An exemplary plot of the linearity and coupling between the optical properties.The title of each subplot describes the 
synthetic indicator of the linearity or coupling observed which will be used for the figure of merit plot (Figure 4). 
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According to these definitions, the ideal instrument would have four of these values as close to zero as possible. Two 

examples cases from the BitMap exercise, one which fares well in both the tests and one which relatively underperforms 

in both the tests are presented in Figures 2 and 3 respectively.   

Figure 3. A second exemplary plot of the linearity and coupling between the optical properties.

Figure 4. Figure of Merit plots for the (left) Linearity and (right) Coupling tests of the MEDPHOT protocol. The x and y axes 

in both cases are plotted on log scales. 
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Not all the 29 instruments enrolled for the exercise are eligible for all the tests employed in the exercise. The design and 

physics behind some of the instruments disqualify them from certain tests. Each data point in Figure 4 is representative of 

the response of one instrument enrolled in the exercise. The spread of the data points in both the subplots suggests that the 

deviation in the linearity of both the optical properties for most of the instruments (> 85%) is under 10%. Similarly, most 

instrumentation experience a variation of at most 0.1 cm-1 in µ′s with a 0.01 cm-1 change in µa and within 0.05 cm-1 variation 

in µa with 1 cm-1 in µ′s. Another interesting thing to note here would be the fact that most of the pentagons (which 

corresponding to the spectroscopy application) are close to the bottom left corners of both the subplots (the regions for the 

ideal performance). This hints at the fact that spectrometers by design outperform other kinds of diffuse optics 

instrumentation in this test.  

3. CONCLUSIONS

In conclusion, 29 diffuse optics instruments from 11 different institutions across 7 EU nations were enrolled in a large-

scale multi-laboratory performance assessment exercise. A total of 10 tests based on 3 international protocols were 

employed and the preliminary data analysis was performed. The methodology involved in the design of a comparable 

metric for one of the 10 tests, namely the Linearity and Coupling assay of the MEDPHOT protocol was presented in detail. 

Future actions of the exercise aim at deploying these measurements onto an open data repository and investigating common 

analysis tools for the whole dataset.  
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