Supplementary Material for FactoredSweeper:

Optical See-Through Display Integrating Light Attenuation
and Addition with Single Spatial Light Modulator

1 CoOLOR DIFFERENCES FOR OBJECTIVE FUNCTION
1.1 Objective Function with CIE94

CIE94 AEy, is designed to provide metrics closer to human color
perception than CIE76. AEy, is calculated as
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In addition, kz, k¢ and ky are adjustment factors for each environ-
mental condition and are normally set to 1 under standard conditions.
K| and K are weighting factors set to K} = 0.045 and K; = 0.015
for image evaluation.

With AEy,, we rewrite Eq. (9) as
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1.2 Objective Function with CIEDE2000
CIEDE2000 AE is calculated as
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2 OPTIMIZATION OF COMPARISON METHODS

We describe the optimization details of the comparison method
used in the simulation and the actual measurements. We denote the
subsets of ¥ as ‘Pg =[Py mr1:m) € RLXM (4 = 1,2), the subset
of I'as 'y = Iy, and Gy = diag(g(I'nr))-

In the absence of color filters, we instead introduce a weight o,
for the real light contribution. To align the conditions of our method
with those of other methods for the contribution of light to reality,
we define this o, as the brightest white that can be represented by
the weighted sum of the color filters when the spectrum of reality
passes through a color filter. The formulation can be written as

iy, = X", ", 2"|T = Pxy,¥{g(T)). (18)

To make this iy, the "brightest white", we optimize Iy, to satisfy
X" =Y" =Z" and maximize Y" as

minimize(|X" —Y"|+ X" = Z"|+ |V =2"|=¥"),  (19)
M

then we set oy, = ¥ /100. Using AdamW optimizer with Ir=1e-2
and 1000 iterations, we found ¢, = 0.178 in our setup.
2.1 Addition-only OST-HMD

In the case of additive OST-HMDs, where the virtual image is over-
laid on the globally dimmed environmental light (e.g., Microsoft
Hololens 2), the real environment can be considered to be uniformly
dimmed and then light is added. As with other methods, we assume
that an optical path using LEDs and color filters is used to form the
virtual image. The image formation can then be formulated as

M
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Discretizing this equation, we obtain

M
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With Wy, this image formation is obtained as matrix form:
I = o,R+¥GyH". (20)

2.2 Single-SLM Light Attenuation Display

In the initial single-SLM LAD [17], the optimization is performed
only on CIEXYZ, and only 25 colors in the color chart are optimized
at most. Therefore, to extend this image formation formula to PNMF
and to represent any color, we formulated the subtruct-only image as
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i(A,x) =
Discretizing this equation, we obtain

M
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This image formation is obtained as matrix form:

I = RO(YGyHD). 1)



2.3 Single-SLM OCOST-HMDs

In Fig. 4, the single-SLM OCOST-HMD can be considered to have
a color filter Yy 1(A) = 0 when the LED is off. At this time, the
color filters contribute only to the formation of the virtual image.
The overall image formation can be formulated as
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Discretizing this equation, we obtain
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This image formation is obtained as matrix form:
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