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Abstract 
A hyperspectral imaging microscope system (HIMS) was recently 
designed for color truth establishment of histological tissue slides 
used for whole slide imaging (WSI) systems color performances 
assessment. Here, we present the estimation procedure of the 
colorimetrical performance of the HIMS by measuring the 
transmittance spectra of spatially uniform neutral density and color 
filters and deriving the color coordinates in the CIELAB color 
space. The transmittance and CIELAB results are compared to 
reference transmittance spectra and subsequent CIELAB 
coordinates provided by measurement of the same region of interest 
with a spectroradiometer. To measure the same region of interest, 
the spectroradiometer is equipped with a fiber probe whose tip is set 
in one of the eyepiece tubes of the microscope. The CIE 1976 color 
difference, 𝛥𝛥𝐸𝐸𝑎𝑎𝑎𝑎∗ , is the metric used for goodness estimation. 

Introduction 
Whole slide imaging (WSI) systems are color reproduction systems 
used in digital pathology. As medical devices, their colorimetrical 
performance need to be assessed since the color content of a stained 
pathological image has potential influence on the readers’ 
performance and subsequent clinical diagnoses [1]. In the literature, 
color targets with miniature color patches were used to test WSI 
systems [2-4]. Such color targets were unable to represent both the 
spectral characteristics and microstructures of tissue samples. 
Recently, WSI systems were evaluated with real tissue samples 
based on the colorimetrical data obtained by a hyperspectral 
imaging microscope system (HIMS). However, the accuracy of 
HIMS was not reported [5].  

In the present paper, we develop a test method to determine the 
colorimetrical performances of HIMS by analyzing the 
transmittance and Commission Internationale de l’Éclairage (CIE) 
CIELAB coordinates of spatially uniform color targets. The results 
are compared to measurements obtained with a reference 
spectroradiometer using the CIE 1976 color difference, Δ𝐸𝐸𝑎𝑎𝑎𝑎∗ . We 
provide an estimation of the uncertainty on the transmittance and 
CIELAB coordinate results using the law of propagation of 
uncertainty and use Monte Carlo simulations to estimate the 
distribution of Δ𝐸𝐸𝑎𝑎𝑎𝑎∗ . 

Material and Methods 
Experimental setup 
Figure 1 presents the experimental setup. A retrofitted upright light 
microscope in bright field mode (AxioPhot 2, Carl Zeiss 
Microscopy, White Plains, NY, USA) is equipped with a tunable 
light source (TLS, 380 nm to 780 nm by steps of 10 nm, bandwidth 
10 nm; OL490, Gooch and Housego, TX, USA) to allow the 
acquisition of wavelength-dependent images by a scientific 
monochrome charge-coupled device (CCD) camera calibrated to a 

linear response (Grasshopper3 9.1 MP Mono USB3 Vision, Point 
Grey Research Inc., BC, Canada). To improve the spatial uniformity 
of the HIMS illumination, the light from the tunable source is 
directed by a liquid guide (LG) to an integrating sphere (IS; Sphere 
diameter: 50.8 mm; Port Diameter: 12.7 mm; Thorlabs, Newton, NJ, 
USA) set before the collector lens in the illumination path. The 
sample is positioned on a motorized stage controlled by a Motorized 
Stage Controller (MSC; MAC 6000, Ludl Electronic Products Ltd., 
Hawthorne, NY, USA) and is imaged using a 20x objective (Plan-
Apochromat 20x NA=0.8, Carl Zeiss Microscopy, White Plains, 
NY, USA). For comparison purposes, by measuring the same region 
of interest (ROI), the tip of an optical fiber connected to a reference 
spectroradiometer (SRM; PR-730 with fiber probe FP-730, Photo 
Research, Syracuse, NY, USA) is set in one of the microscope 
eyepiece tubes, replacing one of the regular eyepieces. 

 
Figure 1: Schematic layout of the HIMS equipped with a PR730 
spectroradiometer; SRM: spectroradiometer; FP: fiber probe; MSC: motorized 
stage control; IS: Integrating Sphere; LG: light guide; TLS: tunable light source 

Measurements 
The measurement procedure consists of measuring i) the sample in 
the light path and ii) no sample in the light path (100% 
transmittance), and for each case setting the intensity of the light 
engine on (regular measurement) and then off (background 
measurement) to account for persistent background illumination 
observed with the light source even when its intensity is set to zero. 
As an example, Figure 2 presents the light output spectrum at λ =
610 nm and shows the broadband background illumination light 
that remains present when the intensity parameter of the light engine 
is set to zero. Since the light collected by the numerical aperture of 
the detection fiber is naturally averaged out, 10 images are acquired 
at each wavelength and are spatially averaged to allow comparison 
to 10 measurements from the spectroradiometer. Temporal means 
and standard deviations over the 10 detected intensities are 
computed for uncertainty analysis. The transmittance values at each 
wavelength are then computed following 

𝑇𝑇(λ) = 𝐼𝐼𝑆𝑆(λ)−𝐼𝐼𝑆𝑆𝑆𝑆𝑆𝑆(λ)
𝐼𝐼𝑊𝑊(λ)−𝐼𝐼𝑊𝑊𝑆𝑆𝑆𝑆(λ), (1) 
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where 𝐼𝐼𝑆𝑆 (𝐼𝐼𝑆𝑆𝑆𝑆𝑆𝑆) and 𝐼𝐼𝑊𝑊  (𝐼𝐼𝑊𝑊𝑆𝑆𝑆𝑆) are the means values of the intensities 
of the signal measured with the sample in the light path and with no 
sample in the light path, respectively, with light intensity on (off). 
The uncertainty on the transmittance is estimated following the law 
of uncertainty propagation. For a functional relationship 𝒀𝒀 =
𝑓𝑓(𝑿𝑿) = �𝑓𝑓1(𝑿𝑿)𝑓𝑓2(𝑿𝑿). . . 𝑓𝑓𝑝𝑝(𝑿𝑿)� between the output quantities 𝒀𝒀 and 
the input quantities 𝑿𝑿, the uncertainty on 𝒀𝒀 is obtained by the Taylor 
expansion about 𝑿𝑿 mean values, µ𝑋𝑋 [6, 7]. The covariance matrix of 
𝒀𝒀, 𝑪𝑪𝒀𝒀 is computed as 

𝑪𝑪𝒀𝒀 = 𝑱𝑱𝑪𝑪𝑿𝑿𝑱𝑱𝒕𝒕, (2) 

where 𝑪𝑪𝑿𝑿 is the covariance matrix of 𝑿𝑿 and 𝑱𝑱 is the Jacobian matrix 
with [𝐽𝐽]𝑖𝑖𝑖𝑖 = 𝜕𝜕𝑓𝑓𝑖𝑖(𝑋𝑋)

𝜕𝜕𝑋𝑋𝑗𝑗
�
µ𝑋𝑋

. 𝑪𝑪𝒀𝒀 is an approximation if 𝒀𝒀 = 𝑓𝑓(𝑿𝑿) is non-

linear. Since the measured intensities 𝑋𝑋𝑖𝑖 =
�𝐼𝐼𝑆𝑆(𝜆𝜆), 𝐼𝐼𝑊𝑊(𝜆𝜆), 𝐼𝐼𝑆𝑆𝑆𝑆𝑆𝑆(𝜆𝜆), 𝐼𝐼𝑊𝑊𝑆𝑆𝑆𝑆(𝜆𝜆)� of the sample, the 100% 
transmittance and backgrounds are independent, the covariance 
matrix is diagonal with elements 𝑠𝑠𝑋𝑋𝑖𝑖

2 . The variance on the 
transmittance is 

𝑠𝑠𝑇𝑇2 = ∑ �𝜕𝜕𝑇𝑇(𝜆𝜆)
𝜕𝜕𝑋𝑋𝑖𝑖

�
2

4
𝑖𝑖=1 𝑠𝑠𝑋𝑋𝑖𝑖

2  , (3) 

A first step to converting the measured transmittance to the CIELAB 
coordinates is to first compute the CIEXYZ tri-stimulus coordinates 
defined as 

𝑋𝑋 = 𝐾𝐾�𝑇𝑇(𝜆𝜆𝑖𝑖)𝑆𝑆(𝜆𝜆𝑖𝑖)�̅�𝑥(𝜆𝜆𝑖𝑖)∆𝜆𝜆
𝑁𝑁

𝑖𝑖=1

= 𝑓𝑓1(𝑇𝑇)

𝑌𝑌 = 𝐾𝐾�𝑇𝑇(𝜆𝜆𝑖𝑖)𝑆𝑆(𝜆𝜆𝑖𝑖)𝑦𝑦�(𝜆𝜆𝑖𝑖)∆𝜆𝜆
𝑁𝑁

𝑖𝑖=1

= 𝑓𝑓2(𝑇𝑇)

𝑍𝑍 = 𝐾𝐾�𝑇𝑇(𝜆𝜆𝑖𝑖)𝑆𝑆(𝜆𝜆𝑖𝑖)𝑧𝑧̅(𝜆𝜆𝑖𝑖)∆𝜆𝜆
𝑁𝑁

𝑖𝑖=1

= 𝑓𝑓3(𝑇𝑇)

, (4) 

where 𝑆𝑆(𝜆𝜆) is the relative spectral power of the CIE D65 standard 
illuminant, �̅�𝑥(𝜆𝜆), 𝑦𝑦�(𝜆𝜆) and 𝑧𝑧̅(𝜆𝜆) are the CIE 1931 color matching 
functions [8-10] and 𝐾𝐾 = 100

∑ 𝑆𝑆(𝜆𝜆𝑖𝑖)𝑦𝑦�(𝜆𝜆𝑖𝑖)∆𝜆𝜆𝑁𝑁
𝑖𝑖=1

 is the normalization factor. 

The corresponding covariance matrix is 𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑿𝑿𝒀𝒀𝑪𝑪 = 𝑱𝑱𝑿𝑿𝒀𝒀𝑪𝑪𝑪𝑪𝑻𝑻𝑱𝑱𝑿𝑿𝒀𝒀𝑪𝑪𝒕𝒕 
with 𝑱𝑱𝑿𝑿𝒀𝒀𝑪𝑪 the corresponding Jacobian. Considering 𝑁𝑁, the number 
of measurement wavelengths, 𝑪𝑪𝑻𝑻 is a 𝑁𝑁 × 𝑁𝑁 diagonal matrix with 
elements �𝑠𝑠𝑇𝑇(𝜆𝜆1)

2, … , 𝑠𝑠𝑇𝑇(𝜆𝜆𝑁𝑁)
2� defined by Eq. (3) since the 

transmittance measurements are independents of one another. 
𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑿𝑿𝒀𝒀𝑪𝑪 is a 3 × 3 covariance matrix. 

The CIELAB coordinates are defined from the tri-stimulus values as 

𝐿𝐿∗ = 116𝑓𝑓 �
𝑌𝑌
𝑌𝑌𝑛𝑛
� − 16

𝑎𝑎∗ = 500�𝑓𝑓 �
𝑋𝑋
𝑋𝑋𝑛𝑛
� − 𝑓𝑓 �

𝑌𝑌
𝑌𝑌𝑛𝑛
��

𝑏𝑏∗ = 200�𝑓𝑓 �
𝑌𝑌
𝑌𝑌𝑛𝑛
� − 𝑓𝑓 �

𝑍𝑍
𝑍𝑍𝑛𝑛
��

, (5) 

where 

𝑓𝑓(𝑡𝑡) = �
√𝑡𝑡3 if 𝑡𝑡 > 𝛿𝛿3

𝑡𝑡
3𝛿𝛿2

+ 4
29

otherwise  𝑤𝑤𝑤𝑤𝑡𝑡ℎ 𝛿𝛿 = 6
29

, (6) 

and (𝑋𝑋𝑛𝑛,𝑌𝑌𝑛𝑛,𝑍𝑍𝑛𝑛) are the tri-stimulus values for a perfectly 
transmitting sample. Since Eq.(6) is nonlinear, the corresponding 
covariance matrix is 𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪 ≃ 𝑱𝑱𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑿𝑿𝒀𝒀𝑪𝑪𝑱𝑱𝑪𝑪𝑪𝑪𝑪𝑪𝒕𝒕with 𝑱𝑱𝑪𝑪𝑪𝑪𝑪𝑪 the 
corresponding Jacobian. 𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪, is 3 × 3 covariance matrix. 

 
Figure 2: Spectrum output of the OL490 light engine at 𝜆𝜆 =  610 𝑛𝑛𝑛𝑛. Inset: 
spectral output of the 41 spectral bands (𝐵𝐵𝐵𝐵 = 10 𝑛𝑛𝑛𝑛) used to obtain the 
hyperspectral images. 

The metric we use to compare measurements with the hyperspectral 
microscope to the ground truth obtained while measuring with the 
spectroradiometer is the CIE 1976 color differenceΔ𝐸𝐸𝑎𝑎𝑎𝑎∗ . It is the 
Euclidian distance between two points with coordinates (𝐿𝐿1∗ , 𝑎𝑎1∗, 𝑏𝑏1∗) 
and (𝐿𝐿2∗ ,𝑎𝑎2∗ , 𝑏𝑏2∗) in the CIELAB color space. 

Δ𝐸𝐸𝑎𝑎𝑎𝑎∗ = �Δ𝐿𝐿∗2 + Δ𝑎𝑎∗2 + Δ𝑏𝑏∗2  , (7) 

where Δ𝐿𝐿∗ = 𝐿𝐿2∗ − 𝐿𝐿1∗ ,Δ𝑎𝑎∗ = 𝑎𝑎2∗ − 𝑎𝑎1∗ and Δ𝑏𝑏∗ = 𝑏𝑏2∗ − 𝑏𝑏1∗. Since 
normally distributed coordinates (𝐿𝐿1∗ , 𝑎𝑎1∗ , 𝑏𝑏1∗) and (𝐿𝐿2∗ , 𝑎𝑎2∗ , 𝑏𝑏2∗) form a 
distance Δ𝐸𝐸𝑎𝑎𝑎𝑎∗  that is not normally distributed, the law of uncertainty 
propagation does not apply to Δ𝐸𝐸𝑎𝑎𝑎𝑎∗ . For a given set of CIELAB 
coordinates (𝐿𝐿1∗ , 𝑎𝑎1∗ ,𝑏𝑏1∗) and (𝐿𝐿2∗ , 𝑎𝑎2∗ , 𝑏𝑏2∗) and their covariance 
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matrices obtained from the measurements with the hyperspectral 
microscope and the spectroradiometer, we compute their normal 
distribution using Monte Carlo simulations with 1000 samples. 
Then we compute the 106 Δ𝐸𝐸𝑎𝑎𝑎𝑎∗  to obtain its statistical distribution. 

Samples 
We measure a set of Kodak Wratten (KW) gelatin neutral density 
filters (𝑂𝑂𝑂𝑂 = [0.1, 0.2, 0.3, 0.6, 1.0, 2.0]) and compared the 
transmittance spectra acquired by the camera for linearity 
assessment. For colorimetrical performances assessment, we 
measure a set of KW color gelatin filters (#12: yellow; #25: red; #32: 
magenta; #47: deep blue; #58: green). For traceability assessment of 
the HIMS, we develop a color phantom using dots of Roscolux color 
filters (Figure 3). These dots are glued on a 1.4 mm-thick cardboard 
with a series of 24 punched holes to allow transmittance 
measurements. One of the punched holes is dedicated to the 100% 
transmittance measurements. The choice of color filters is 
established to match the color gamut of the hematoxylin-and-eosin 
(H&E) stained tissue samples to be measured by the HIMS.  

 
Figure 3: Color filters phantom: 23 Roscolux filters dots are glued on a 
cardboard slab. The empty slot is for 100% transmittance measurements. 

Results 
Using the set of KW gelatin neutral density filters, we compare the 
transmittance from the camera measurements, 𝑇𝑇𝑆𝑆𝑆𝑆, to the 
transmittance from the spectroradiometer, 𝑇𝑇𝑆𝑆. At each wavelength, 
we compute a linear interpolation weighted by the uncertainty on 
𝑇𝑇𝑆𝑆𝑆𝑆 and assuming 𝑇𝑇𝑆𝑆 as the ground truth. There is a linear 
relationship between 𝑇𝑇𝑆𝑆𝑆𝑆 and 𝑇𝑇𝑆𝑆 for all wavelengths in the 𝜆𝜆 =
390 nm to 770 nm range but not for 𝜆𝜆 = 380 nm and 780 nm. At 
these wavelengths, the incident illumination is barely above noise 
level (see inset, Figure 2) which lead to huge uncertainty values on 
𝑇𝑇𝑆𝑆𝑆𝑆. One should note that at these wavelengths, the values of the 
color matching functions �̅�𝑥(𝜆𝜆), 𝑦𝑦�(𝜆𝜆) and 𝑧𝑧̅(𝜆𝜆) are small. Hence, the 
impact of transmittance measurements error on the CIEXYZ and 
CIELAB coordinates is limited. Figure 4 presents the results at 𝜆𝜆 =
550 nm and the linear interpolation (slope 𝑎𝑎 = 1.000, intercept 
𝑏𝑏 = 1.721 × 10−3, root mean square error rmse = 3.880 × 10−4). 
Figure 5 presents a boxplot of the distribution of Δ𝐸𝐸𝑎𝑎𝑎𝑎∗  for the neutral 
density measurements.  

Table 1 presents the main parameters of the statistical distribution, 
the 25% quartile, the median and the 75 % quartile values. For 𝑂𝑂𝑂𝑂 =
0.1 to 1.0, the 75 % quartile values range from 0.53 to 1.07 when 
the median values range from 0.43 to 0.76. For 𝑂𝑂𝑂𝑂 = 2.0, the 75 % 
quartile is larger at 4.93 and the median value of Δ𝐸𝐸𝑎𝑎𝑎𝑎∗  is 3.39 with 
upper whiskers close to 10 because of small transmittance values. 
There is a good agreement between the CIELAB coordinates issued 
from the 𝑇𝑇𝑆𝑆 and 𝑇𝑇𝑆𝑆𝑆𝑆 measurements. However, these samples have 

colorimetric coordinates, i.e. 𝑎𝑎∗ and 𝑏𝑏∗, close to zero and the 
lightness, 𝐿𝐿∗, is the only significant contributor to  Δ𝐸𝐸𝑎𝑎𝑎𝑎∗ . 

 
Figure 4: Comparison of the transmittance measured by the HIMS (𝑇𝑇𝑆𝑆𝑆𝑆) to the 
reference transmittance measurements by the spectroradiometer, 
𝑇𝑇𝑆𝑆. 𝑇𝑇𝑆𝑆𝑆𝑆 versus 𝑇𝑇𝑆𝑆 is fitted with a linear model weighted by the uncertainty on 𝑇𝑇𝑆𝑆𝑆𝑆 
for 𝜆𝜆 = 550 𝑛𝑛𝑛𝑛. 

 
Figure 5: Boxplot of the distribution of 𝛥𝛥𝐸𝐸𝑎𝑎𝑎𝑎∗  for the KW gelatin neutral density 
filters (𝑂𝑂𝑂𝑂 = [0.1, 0.2, 0.3, 0.6, 1.0, 2.0]). 

 
  

IS&T International Symposium on Electronic Imaging 2020
Color Imaging: Displaying, Processing, Hardcopy, and Applications 123-3



 

 

Table 1: 25% quartile, median value and 75% quartile of the 𝜟𝜟𝑪𝑪𝒂𝒂𝒂𝒂∗  
distribution for the KW gelatin neutral density filters (𝑶𝑶𝑶𝑶 =
[𝟎𝟎.𝟏𝟏,𝟎𝟎.𝟐𝟐,𝟎𝟎.𝟑𝟑,𝟎𝟎.𝟔𝟔,𝟏𝟏.𝟎𝟎,𝟐𝟐.𝟎𝟎]) 

 𝛥𝛥𝐸𝐸𝑎𝑎𝑎𝑎∗  

 25% quartile Median 75% quartile 

OD    

0.1 0.34 0.43 0.53 
0.2 0.37 0.45 0.55 

0.3 0.55 0.68 0.85 

0.6 0.35 0.49 0.69 

1.0 0.51 0.76 1.07 

2.0 2.22 3.39 4.93 

For colorimetrical performances assessment of the HIMS, we first 
measure 𝑇𝑇𝑆𝑆𝑆𝑆 and 𝑇𝑇𝑆𝑆 of five KW color gelatin filters. Figure 6 
presents the results for filters #32 (magenta) and #47 (deep blue), 
two colors likely present in the color gamut of H&E stained tissues 
that the HIMS is designed for to measure. The agreement between 
𝑇𝑇𝑆𝑆𝑆𝑆 and 𝑇𝑇𝑆𝑆 is good within the error bars (coverage factor 𝑘𝑘 = 2) for 
most wavelengths but for 380 nm, 390 nm and 780 nm where the 
input signal is comparable to the background signal noise level. The 
same behavior is true for the other color filters of the set. Figure 7 
presents a boxplot of the distribution of Δ𝐸𝐸𝑎𝑎𝑎𝑎∗  for all KW color filters 
whereas Table 2 sums up the significant parameters of these 
statistical distributions. Filters #32 and #47 have 75 % quartile 
values (median values) of 1.40 (1.20) and 0.94 (0.74), respectively. 
The red color filter #25 is also of interest for matching the H&E stain 
gamut but give higher values of 3.62 for the 75 % quartile and 2.13 
for the median value of Δ𝐸𝐸𝑎𝑎𝑎𝑎∗ . Filters #12 and #58 are less of a 
concern since they are out of the H&E color gamut. The agreement 
between the color coordinates issued from 𝑇𝑇𝑆𝑆𝑆𝑆 and 𝑇𝑇𝑆𝑆 is considered 
reasonable. 

 
Figure 6: Transmittance spectra of KW color gelatin filters #32 (magenta) and 
#47 (deep blue) measured by the spectroradiometer (𝑇𝑇𝑆𝑆, plain blue) and the 
camera (𝑇𝑇𝑆𝑆𝑆𝑆, dash red). 𝑇𝑇𝑆𝑆𝑆𝑆 and 𝑇𝑇𝑆𝑆 overlap within the error bars (coverage factor 
𝑘𝑘 = 2) for 𝜆𝜆 =  390 𝑡𝑡𝑡𝑡 770 𝑛𝑛𝑛𝑛. 

 
Figure 7: Boxplot of the distribution of 𝛥𝛥𝐸𝐸𝑎𝑎𝑎𝑎∗  for the KW gelatin color filters 
(#12: yellow; #25: red; #32: magenta; #47: deep blue; #58: green) 

Table 2: 25% quartile, median value and 75% quartile of the 𝜟𝜟𝑪𝑪𝒂𝒂𝒂𝒂∗  
distribution for the KW gelatin color filters (#12: yellow; #25: red; 
#32: magenta; #47: deep blue; #58: green) 

 𝛥𝛥𝐸𝐸𝑎𝑎𝑎𝑎∗  

 25% quartile Median 75% quartile 

Filter ID    

#12 1.16 2.31 3.87 
#25 1.07 2.13 3.62 

#32 1.01 1.20 1.40 

#47 0.58 0.74 0.94 

#58 0.95 1.44 2.12 

Figure 8 presents the gamut of the color filters composing the 
traceability phantom developed by our group in the CIELAB color 
space along with their color appearance. Figure 9 presents a boxplot 
of the distribution of 𝛥𝛥𝐸𝐸𝑎𝑎𝑎𝑎∗  for the phantom. The agreement between 
the color coordinates issued from 𝑇𝑇𝑆𝑆𝑆𝑆 and 𝑇𝑇𝑆𝑆 is considered 
reasonable since the 75 % quartile values of Δ𝐸𝐸𝑎𝑎𝑎𝑎∗  (median values) 
range from 0.52 to 1.59 (0.39 to 1.11). This phantom will be used 
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on a regular basis to check the colorimetrical performances of the 
HIMS. 

 
Figure 8: CIELAB coordinates of the Roscolux color filters composing the 
traceability phantom 

 
Figure 9: Boxplot of the distribution of 𝛥𝛥𝐸𝐸𝑎𝑎𝑎𝑎∗  for the Roscolux filters composing 
the traceability phantom. 

Conclusion 
The HIMS can be used to establish the color truth of tissue slides 
used for assessing the colorimetrical performances of WSI scanners. 
In this study, we present the transmittance measurements and 
subsequent color space coordinates obtained by HIMS and compare 
the results to ground truth measurements established using a 
spectroradiometer equipped with a fiber probe whose tip is set in 
one of the eyepiece tubes of HIMS to measure the same ROI. We 
measure a set of KW neutral density filters to assess for linear 
relationship between transmittance measured by HIMS to the 
transmittance by the spectroradiometer. The results are satisfactory 

for λ = 390 nm to 770 nm where the tunable light source of HIMS 
produces an illumination that is above the background signal noise 
level. We assess the colorimetrical performances of HIMS first 
using a set of KW color filters and a traceability phantom composed 
of 23 Roscolux color filters. The 75 % quartile values of Δ𝐸𝐸𝑎𝑎𝑎𝑎∗  range 
from 0.52 to 3.62 for filters with color in the H&E tissue stain 
gamut. The corresponding median values range from 0.39 to 2.13. 
These results are adequate for assessing commercial WSI systems, 
where the nominal errors are usually greater than 20 Δ𝐸𝐸𝑎𝑎𝑎𝑎∗ . 
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