AFRL-RH-WP-TR-2021-0017

EVALUATION OF KONAN MEDICAL CCT HD

James Gaska, Marc Winterbottom, and Steve Hadley
711 HPW/RHBC OBVA Laboratory

Eleanor O’Keefe, Elizabeth Shoda, and Alex Van Atta
KBR Inc.

April 2021
Final Report

Distribution Statement A. Approved for public release.

AIR FORCE RESEARCH LABORATORY
711™ HUMAN PERFORMANCE WING,
AIRMAN SYSTEMS DIRECTORATE,
WRIGHT-PATTERSON AIR FORCE BASE, OH 45433
AIR FORCE MATERIEL COMMAND
UNITED STATES AIR FORCE



NOTICE AND SIGNATURE PAGE

Using Government drawings, specifications, or other data included in this document for any purpose other than
Government procurement does not in any way obligate the U.S. Government. The fact that the Government
formulated or supplied the drawings, specifications, or other data does not license the holder or any other person
or corporation or convey any rights or permission to manufacture, use, or sell any patented invention that may
relate to them.

This report was cleared for public release by the Air Force Research Laboratory Public Affairs Office and is
available to the general public, including foreign nationals. Copies may be obtained from the Defense Technical
Information Center (DTIC) (http://www.dtic.mil).

AFRL-RH-WP-TR-2021-0017 HAS BEEN REVIEWED AND IS APPROVED FOR PUBLICATION IN
ACCORDANCE WITH ASSIGNED DISTRIBUTION STATEMENT.

//SIGNATURE// //SIGNATURE//
MARC WINTERBOTTOM, PhD R. ANDY MCKINLEY, PhD
Senior Research Psychologist Core Research Area Lead
Performance Optimization Branch Performance Optimization Branch
Airman Biosciences Division Airman Biosciences Division

This report is published in the interest of scientific and technical information exchange, and its publication does
not constitute the Government’s approval or disapproval of its ideas or findings.



REPORT DOCUMENTATION PAGE Form Approved
OMB No. 0704-0188

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including
suggestions for reducing this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway,
Suite 1204, Arlington, VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection
of information if it does not display a currently valid OMB control number. PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From — To)

01-04-2021 FINAL June 2016 — April 2021

4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER
FA8650-18-C-6932

Evaluation of Konan Medical CCT HD 5b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER
James Gaska', Marc Winterbottom!, Steve Hadley', Eleanor O’Keefe?, Elizabeth
Shoda?,, and Alex Van Atta® 5e. TASK NUMBER

5f. WORK UNIT NUMBER

Legacy RHM
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION REPORT
'OBVA Laboratory 2KBR NUMBER
Airman Biosciences Division Space and Mission Solutions
Airman Systems Directorate 2601 Mission Point Blvd., Suite 100
711" Human Performance Wing Beavercreek, OH 45431
WPAFB, OH 45433
9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING/MONITOR’S
Air Force Materiel Command ACRONYM(S)
Air Force Research Laboratory
711"™ Human Performance Wing 11. SPONSOR/MONITOR’S REPORT
NUMBER(S)

Airman Systems Directorate
Airman Biosciences Division
Performance Optimization Branch
Wright-Patterson AFB, OH 45433

AFRL-RH-WP-TR-2021-0017

12. DISTRIBUTION / AVAILABILITY STATEMENT
Distribution A. Approved for public release.

13. SUPPLEMENTARY NOTES
Report contains color. AFRL-2021-1239, cleared 21 April 2021

14. ABSTRACT

This report describes the evaluation of a new color vision test, the Konan Medical CCT HD, that was developed through a
Cooperative Research and Development Agreement between the 711" Human Performance Wing, Operational Based Vision
Assessment (OBVA) Laboratory and Konan Medical. The results of this evaluation show that the Konan Medical CCT HD is
precisely calibrated and replicates the scores of a similar computer-based color vision test developed for laboratory use by the
OBVA Lab. The CCT HD is a substantial improvement over other commercially available cone contrast tests (CCTs).

15. SUBJECT TERMS
Human vision system, operational performance, contrast sensitivity, visual discrimination

16. SECURITY CLASSIFICATION OF: 17. LIMITATION 18. NUMBER | 19a. NAME OF RESPONSIBLE PERSON
OF ABSTRACT OF PAGES Marc Winterbottom
a. REPORT b. ABSTRACT c. THIS PAGE 19b. TELEPHONE NUMBER (include area
Unclassified Unclassified Unclassified 17 code)
N/A

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std. Z39.18




TABLE OF CONTENTS

LIST OF FIGURES ......oiiiiiiieee ettt ettt ettt ettt e e ssaesabe e saeenseensaeensaenseeenns it
LIST OF TABLES ...ttt ettt ettt ettt e e s e e eaaeeave e saeeaseeseeenseensee e il
LIST OF EQUATIONS ...ttt ettt ettt et ettt et eenbeesstesabeessaeenseenseeenbeeseeenne il
1.0 INTRODUCTION ....oooiiiiiiiiiieiieeie ettt ettt et e saeeteessaeebeessseebaessseesseesssesnseessseenseennns 1
2.0 METHODS ...t ettt e e b e e ab e e bt e e aseebaesabeensaeesseensaenaseenreenns 2
2 B O 1 1103 ¢ 1510 ) H OO TSP UPRU R RPRRRR 2
2.1.1.  Measurement MEthOd ..........ccoeviiiiiiiiiiiiiecieeieee et eee 3
2.1.2.  Calibration Measurement ReSUltS...........ccccociiiiiiiiiiiieiiiiceee e 4
3.0 COMPARISON OF TEST SCORES FOR OCCT AND KONAN CCT HD .................... 7
31 MEROM ottt e b e e teeerbeetaeenaeenneas 7
3.2 RESUILS .t e e e b e e e ab e e e aaeeenaeeeraeennreeas 7
4.0 CONCLUSION..... .ottt ettt ettt et e st e e beesseesbeesaseesbeesseesaseesseeenseenseeenseas 10
5.0  REFERENCES ...ttt ettt ettt e b et e e e saesssaeaeessseesaesnsaens 11
LIST OF ACRONYMS ..ottt ettt ettt et et e st e e teessaeetaesaaeesbeessseensaessseenseassseenseas 12



LIST OF FIGURES

Figure 1. Left: Distribution of RCCT scores (L-cone — 2,182 eyes tested; M-cone — 2,168 eyes
tested). Right: Distribution of OCCT scores (L-cone — 1,091 eyes tested, M — cone — 1,084 eyes

tested). Dashed line shows the USAF pass/fail criterion used until 2018. .......c.ccoceeiiiniiniincnnen. 2
Figure 2. L, M, and S Landolt C optotypes used in both the CCT HD and OCCT........................ 3
Figure 3. Left: desired vs. measured cone contrast for each cone type. Right: Error metric (E) for
CACKH COME LYPC. .iiiuiiieiiiie ittt et ettt e st e e et e e st e e e s abee e sbee e sbeeesseeesseeensseeensseesnseeennseeennnes 6
Figure 4. Correlation between L-cone OCCT and CCT HD test results. .........ccceeeeveriicnvencnnene 7
Figure 5. Correlation between M-cone OCCT and CCT HD test results. .......cccoovveeeveerieecieennnnnne. 8
Figure 6. Correlation between S-cone OCCT and CCT HD test results. ........ccoceveeieniiineencnnene 9
Figure 7. Correlation between the CCT HD and OCCT (left, M-cone) in comparison to the
correlation between the OCCT Test 1 and Test 2 (right, M-CONe). .......cceevviriieniieiiieniiiiieens 10
LIST OF TABLES

Table 1. Mean and maximum error for each cone type. ........ccoecueeiiiiiiiiiiiiieiieceeeeee e 5
Table 2. OCCT vs. CCT HD L-cone regression analysis results. ..........cccoccvevieeeiienieniieeneeeneene. 8
Table 3. OCCT vs. CCT HD M-cone regression analysis reSults. .......c..cccceecveveenerieneenieneenennn 8
Table 4. OCCT vs. CCT HD S-cone regression analysis reSults. .........ccccoeeeerieecieenieniieeneeeneene. 9
LIST OF EQUATIONS

e L 15T ) s N OSSR 4
EQUALION 2. ..ottt ettt et e h e et e bt e et e et e abe et e enbeebeeenteeneeenee 4
EQUALION 3. .ottt et e et e et e et e e et e e et e e na e e et e e e tteeennaeeenneeeenres 5

1



1.0 INTRODUCTION

The Rabin Cone Contrast Test (RCCT) was developed by the U.S. Air Force (USAF) to
replace pseudoisochromatic plate tests (PIP tests), which had been in use for many years to
screen for color vision deficiency (CVD) (Rabin, 1996; Rabin, 2004; Rabin, Gooch, & Ivan,
2011). However, the PIP tests do not quantify type or severity of CVD (Rabin et al, 2011;
Barbur & Rodriguez-Carmona, 2017), which is critical in order to quantify the potential effects
of CVD on performance and safety. Additionally, the PIP tests can be memorized, which clearly
diminishes their effectiveness for screening purposes for career fields where CVD could be a
serious safety concern. The USAF adopted the RCCT in 2011 for aircrew vision screening and it
has been shown to very reliably screen for CVD (Rabin et al, 2011; Hovis, 2017). However,
technology improvements, hardware improvements, and understanding of color deficiency has
evolved in the years since the RCCT was introduced. The next generation Operational Based
Visual Assessment (OBVA) CCT, or OCCT, was therefore developed with improved and precise
color calibration, adoption of a validated and peer-reviewed threshold estimation procedure (Psi
method, Prins, 2018), improved test-retest reliability (specificity), and a simplified four
alternative forced choice response using a Landolt C optotype. The very precise color
calibration of the OCCT eliminates the large ceiling effect that is evident with the RCCT. The
development of the OCCT is described in more detail in a previous report (Gaska, Winterbottom,
& Van Atta, 2016). Figure 1 shows the distribution of OCCT scores vs. the distribution of
RCCT scores (Winterbottom, Gaska, Wright, & Hadley, 2017). As shown, approximately 60%
of the participants simply score at the maximum value of 100 on the RCCT. However, the
OCCT, with precise color calibration, can achieve the very low cone contrast values needed to
accurately quantify cone contrast thresholds even for CVN individuals. The OCCT data reveals
that the USAF pass/fail threshold of 75, used until 2018, is 3.7 standard deviations below the
mean cone contrast for CVN individuals. The capability to test CVN individuals is essential in
order to research the relationship between color vision and operationally relevant performance,
and enables early detection of disease, improved ability to quantify the effect of hypoxia and
other environmental stressors on vision, and to investigate the potential effects of
chemicals/pharmaceuticals. The precise calibration also enables binocular testing, which is not

possible with the RCCT due to the ceiling effect.

1
Distribution Statement A: Approved for public release. =~ AFRL-2021-1239, cleared 21 April 2021



0.70 : 025 :
378D

1 )
0.60
0.20
0.50
0.40 : |
i '
i '
: :
:
: d ;
: '
H
; :
# 1 1
'
'
. '
H 000 =E H_o = ® . T il I I
R ] o«
| =

]
.

=3
=
e

Proportion

o
w
o
=]
o
o

Proportion
(=]
s
o

o
.
(=]

o
8

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 50 95 100
RCCT Log CS (OD or 05) OCCT Log CS (OD or 05)

Figure 1. Left: Distribution of RCCT scores (L-cone — 2,182 eyes tested; M-cone — 2,168
eyes tested). Right: Distribution of OCCT scores (L-cone — 1,091 eyes tested, M — cone —
1,084 eyes tested). Dashed line shows the USAF pass/fail criterion used until 2018.

In 2016, the OBV A Laboratory partnered with Konan Medical through a cooperative
research and development agreement (CRADA) to develop a commercial version of the OCCT —

named the CCT HD. This report describes the evaluation of the pre-production version of the

CCT HD.

2.0  METHODS

2.1 Calibration

An ideal Cone Contrast Test (CCT) will generate a stimulus that provides precise contrast
to a given cone while maintaining zero contrast to the other two cones. This ideal is practically
impossible because of individual differences in cone mechanism spectral sensitivity even within
the CVN population. The individual variability limitation of normal observers is well
understood and does not invalidate the CCT because the magnitude of individual differences in
the normal population is much less than the differences between CVN and CVD observers. The
CCT starts with the spectral sensitivity of the cones of an average normal observer, in this case
the Stockman and Sharpe (2000) 2° cone fundamentals. Given the cone spectral sensitivity and
the spectral power of the monitor primaries, one can use matrix algebra to compute the
intensities of monitor primaries (r, g, b) needed to isolate the contrast provided to one of the cone

types (L, M, S) of the average normal observer, where L indicates the cone most sensitive to

2
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long wavelengths (red), M indicates the cone most sensitive to medium wavelengths (green), and
S indicates the cone most sensitive to short wavelengths (blue). Figure 2 shows the appearance

of the Landolt C stimulus for each of the three cone types.

Figure 2. L, M, and S Landolt C optotypes used in both the CCT HD and
OCCT.

While one can compute the primary intensities required with double precision floating-
point accuracy it is not certain that these intensities can be accurately and reliably generated on a
monitor. The methods used to maximize the accuracy and reliability of a device use colorimetric
or radiometric instruments to characterize the device, and then calibrating the device (i.e. putting
the device in a known state) that maximizes the accuracy, and reliability. A more detailed
description of this calibration procedure is provided in a previous report (Gaska et al, 2016).
However, the OBVA lab is responsible for validating their device. Here, we describe the
colorimetric measurements used to evaluate how well the Konan CCT met the goal of stimulus
accuracy and intended cone isolation.
2.1.1. Measurement Method

An Ocean Optics Maya 2000 Pro spectrometer was used to measure the spectral
irradiance of light generated by each color patch. The dot product between the spectral irradiance
and the three (L, M, S) Stockman and Sharpe (2000) 2° cone fundamentals was used to compute
L, M, and S cone excitation levels for both background and stimulus. Cone contrast c¢(/,m,s) is
computed by taking the difference between the cone excitation levels of a stimulus e(/,m.s) and
the cone excitation levels of a uniform background b(/,m.s) and dividing the difference by the
cone excitation levels of the background as shown in Equation 1. A more detailed description of

the display characterization procedure can be found in Gaska et al, 2016.

3
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e(l,m,s) —b(l,m,s)
b(l,m,s)

c(l,m,s) =

Equation 1.

Cone contrast values were computed by the difference between the cone excitation of the
stimulus and background (A) by the background excitation (AL/L, AM/M, AS/S). The desired
contrast condition was varied over the range of 0.001 to 1.0 in 0.1 log unit steps in low to high
order. The cone isolation conditions were ordered as L, M and S and the colorimetric data array
was captured using 2 nested loops with the outer loop = desired contrast and the inner loop =
cone isolation type. This block of measurements was repeated 21 times and averaged over time.

The total measurement time was approximately 8 hours.

2.1.2. Calibration Measurement Results

Figure 3 shows the calibration test results. The left column of the figure plots the desired
cone contrast on the horizontal axis and the measured cone contrast on the vertical axis. L, M
and S results are plotted using red, green and blue symbols, respectively. The right column of
the figure plots an error metric as a function of desired cone contrast. The error metric, E, was
computed by taking the Euclidian distance, D, between the desired cone contrast and the
measured cone contrast in 3-dimensional cone contrast space and normalizing the distance by the

desired cone contrast of the isolated cone type, Ciso.

E =100-D/C;s,

Equation 2.

4
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Where

D= \/(Lmeasured - 1\/Idesired)2 + (Mmeasured - 1\/Idesired)2 + (Smeasured - Sdesired)2

Multiplying by 100 converts the proportional error to percent error. The average percent
error for the L, M and S cones was 7.0, 8.7 and 4.4, respectively. The largest average percent
error was obtained from the M-cone data set with the maximum (26.9) at the desired cone
contrast of 10-1 or 0.1 percent. These results demonstrate that the Konan CCT provides highly

accurate cone contrast stimuli. Descriptive statistics for all cone types are shown in Table 1.

Equation 3.

Table 1. Mean and maximum error for each cone type.

Mean Percent Error

Max Percent Error

L

M

S

L

M

S

6.98

8.65

6.02

14.51

26.96

6.02
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Figure 3. Left: desired vs. measured cone contrast for each cone type. Right:

Error metric (E) for each cone type.
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3.0 COMPARISON OF TEST SCORES FOR OCCT AND KONAN CCT HD

The OBVA and Konan CCTs should provide the same scores for an individual observer.
Therefore, a regression plot of all observers’ OBVA CCT and Konan CCT HD scores should
result in a slope of 1 and an intercept of 0.

3.1 Method

Twenty-seven observers with a wide range of color discrimination capabilities were

tested using the Konan CCT HD and OCCT. Each test was administered twice and the test

SCOrcs were averaged.

3.2 Results
Figures 4, 5, and 6 show the relationship between the OCCT and CCT HD for the L, M,
and S cone test results, respectively. Tables 2, 3, and 4 summarize the results of the regression

analysis for each cone test.
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Figure 4. Correlation between L-cone OCCT and CCT HD test results.
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Table 2. OCCT vs. CCT HD L-cone regression analysis results.

Coefficients  Standard Error  tStat P-value  Lower 95% Upper 95%
Intercept -0.018 0.131 -0.139 0.851 -0.287 0.251
Slope 1.021 0.062 16.343 7.45E-15 0.892 1.150

As shown in Table 2, the estimate of the L-cone intercept (-0.018) is within the 95%
confidence interval and the estimate for slope (1.021) is within the 95% confidence interval.

Note the highly significant P-value for the slope estimate reflects the probability that the slope is

Zero.
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Figure 5. Correlation between M-cone OCCT and CCT HD test results.
Table 3. OCCT vs. CCT HD M-cone regression analysis results.
Coefficients  Standard Error | tStat P-value  lower95% Upper 95%

Intercept -0.043 0.117 -0.365 0.718 -0.284 0.199
Slope 0.965 0.058 16.703 4 .51E-15 0.846 1.084

As shown in Table 3, the estimate of the M-cone intercept (-0.043) is within the 95%

confidence interval and the estimate for slope (0.965) is within the 95% confidence interval.
8
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Figure 6. Correlation between S-cone OCCT and CCT HD test results.

Table 4. OCCT vs. CCT HD S-cone regression analysis results.

Coefficients  Standard Error  tStat P-value Lower 95% Upper 95%
Intercept -0.121 0.116 -1.041 0.308 -0.360 0.118
Slope 0.965 0.102 9.434 1.03E-09 0.755 1.176

As shown in Table 4, the estimate of the S-cone intercept (-0.121) is within the 95%

confidence interval and the estimate for slope (0.965) is within the 95% confidence interval.
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4.0 CONCLUSION

The results of this evaluation show that the Konan Medical CCT HD is precisely
calibrated and replicates the scores of the OCCT. In fact, the correlation between the CCT HD
and OCCT is nearly indistinguishable from that of the correlation of the OCCT with itself.
Figure 7 shows the correlation between the CCT HD and OCCT (left, M-cone) in comparison to
a similar correlation for the OCCT administered on one day, and then repeated on a second day

(right, M-cone).
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Figure 7. Correlation between the CCT HD and OCCT (left, M-cone) in
comparison to the correlation between the OCCT Test 1 and Test 2 (right,
M-cone).

The CCT HD, with very precise color calibration, can achieve the very low cone contrast
values needed to accurately quantify cone contrast thresholds even for CVN individuals. The
capability to test CVN individuals is essential in order to research the relationship between color
vision and operationally relevant performance. Additionally, the CCT HD, with precise
calibration and excellent test-retest reliability can also enable early detection of disease,
improved ability to quantify the effect of hypoxia and other environmental stressors on vision,
and improved ability to investigate the potential effects of chemicals/pharmaceuticals. The
precise calibration also enables binocular testing, which is not possible with the RCCT due to the
ceiling effect. The RCCT was a substantial improvement over PIP tests when it was introduced,

and the CCT HD is a substantial improvement over other commercially available CCTs.
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LIST OF ACRONYMS

CCT Cone contrast test

CRADA Cooperative research and development agreement
CVD Color vision deficient

CVN Color vision normal

L-cone Long wavelength sensitive cone
M-cone Medium wavelength sensitive cone
OBVA Operational Based Vision Assessment
OCCT OBVA cone contrast test

PIP Pseudoisochromatic plate

RCCT Rabin cone contrast test

S-cone Short wavelength sensitive cone
USAF United States Air Force
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