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This document provides additional materials to supplement our main text.
First, we add more details about the Transmittance Adjustment Device (TA)
in Sec. 1, and then, we present details about our Adjustable Transmittance Dy-
namic Vision Sensor (AT-DVS) in Sec. 2, and then we discuss more on the event
timestamp error in extreme conditions in Sec. 3, and then we show more quanti-
tative and qualitative results in our TemMat dataset in Sec. 4, and downstream
CV task results in Sec. 5. Finally, we summarize the limitations that still exist
in EvTemMap in Sec. 6.

1 More details of Transmittance Adjustment Device(TA)

In EvTemMap, the most critical step is to establish the mapping relationship
between time and light intensity by adjusting the transmittance of the optical
system. There are many ways to change the transmittance. We introduce the
aperture shutter in the main manuscript. Here we compare it with other optional
TA devices and analyze their pros and cons.

1.1 Key characteristics of TA

The brightness change caused by the change in transmittance is the cause of
the event in EvTemMap. Thus, TA becomes the key to the whole system and
methodology. In the main manuscript, we emphasize that the TA must be able
to ensure that the transmittance can continuously increase from 0. Why is it so
important that the starting value of transmittance is 0, and what if it is not?
Back to the basic formula for time mapping:

Imax(x, y) =
exp((Vref + Vthd) · CPD)− 1

h(t∗(x, y))
, h(t∗) =

∫ t∗(x,y)

0

TR(t)dt. (1)

In the main manuscript, we regard Vref as 0 because we assume that the lumi-
nance recorded at the previous moment L(x, y, ti−1) before the initial positive
event (IPE) is 0. Assuming that the transmittance of the starting optical system
is not 0, i.e., there is some light incident, Vref is no longer 0 but is a coordinate-
dependent value Vref (x, y).
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(a) Start from transmittance = 0 (b) Start from transmittance = 0.3

Fig. 1: Image from Temporal Matrix with Various Initial Transmittance Val-
ues. When the transmittance increases from a non-zero value, the grayscale mapping
is shown in (b).

Figure 1 shows the image from Temporal Matrix obtained by increasing the
transmittance from different values. It is evident that when the initial transmit-
tance value is non-zero, the reconstructed image obtained from the Temporal
Matrix exhibits certain texture characteristics. However, its grayscale represen-
tation fails to accurately depict the luminance relationship. For instance, the
brightest area on the screen may appear to possess the same grayscale as the
background. This example underscores the importance of ensuring a transition
from a transmittance value of 0.

1.2 Aperture shutter

Aperture shutters, also known as integral central shutters, are currently used
in some high-end DSLR lenses, like Hasselblad XCD 4/45P, of which the shut-
ter speed is as fast as 1/2000 s. In our EvTemMap, we borrow the concept of
aperture shutters, but it actually differs from the ones on a traditional camera.
In a conventional camera, the exposure process occurs during the entire pro-
cess of opening the aperture, holding the aperture for exposure, and closing the
aperture, whereas the “exposure” process for EvTemMap occurs basically only
during the opening of the aperture. Such an aperture shutter allows EvTemMap
to have extremely short exposure times. Also, the asynchronous data transition
mode of the event camera can support higher EvTemMap frame readout speeds.
Transmission rate variation function. Here, we depict the aperture shutter
specific transmittance variation function TR(t), as shown in Eq. (2). We assume
that the motor moves at a constant speed, i.e., the aperture radius varies uni-
formly with time. Since the area of a circular aperture is square to the radius,
the change in transmittance is also quadratic. This is the TR(t) used in our
experiments.

TR(t) =


t

tend

2

, 0 < t <= tend,

1, t > tend.

(2)

Key Points. The aperture shutter, also known as the integral central shutter,
is designed to be positioned at the heart of the optical lens group. Specifically,
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it is mounted on the aperture diaphragm position within the optical system.
This positioning is crucial as it facilitates uniform adjustments in image bright-
ness across the entire image plane with changes in aperture size. Such uniform
adjustments are essential to adhere to our definition of “transmittance”.

1.3 Rotary polarization reducer
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Fig. 2: The principle of rotary polarization reducer for adjusting transmit-
tance. (a) When the polarization axes of the two polarizers are orthogonal to each
other, the transmittance rate is 0. (b) When the polarization axes of the two polarizers
are at 45 degrees, the transmittance rate is 1/2.

A rotary polarization reducer consists of two stacked polarizers. When nat-
ural light passes through the first polarizer, only the polarized light of a partic-
ular polarization direction can be transmitted; when that polarized light passes
through the second polarizer, only the component that conforms to the polariza-
tion direction of the second polarizer can be transmitted. Thus, we can change
the transmittance rate through the system by changing the angle between the
polarization directions of the two polarizers, as shown in Fig. 2.
Transmission rate variation function. We fix one polarizer and rotate the
other at a constant speed. The angle between the polarization axes of the two
polarizers changes uniformly from 90 degrees to 0 degrees, and the transmittance
increases from 0 to 1.

TR(t) =

cos(
π

2
(1− t

tend
))

2

, 0 < t <= tend,

1, t > tend.

(3)

Key points. The polarization reducer can be mounted anywhere in the optical
system, as long as its aperture is large enough not to obscure the image plane.

1.4 Liquid Crystal Optical Switch.

The Liquid Crystal Optical Switch is based on the same principle as the Rotary
Polarization Reducer. It consists of a liquid crystal rotator and a fixed polar-
izer, as shown in Fig. 3. The liquid crystal rotator changes the polarization of
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(a) (b)

Fig. 3: (a)Liquid Crystal Optical Switch from LBTEK. (b) Working principle of Liquid
Crystal Optical Switch.

the incident light by applying an external voltage, thus avoiding the need to
mechanically rotate the polarizer.
Transmission rate variation function. Since the working principle of the
liquid crystal optical switch is the same as that of the rotary polarization reducer,
the transmittance change function can be referred to Eq. (3). Only, due to the
voltage control, the change of polarization angle can be set artificially and not
necessarily linear, which is more flexible.

1.5 Comparison of different transmittance adjustment devices

Shading properties. We describe why the transmittance must increase from 0
in Sec. 1.1. Poor shading performance can lead to incorrect grayscale mapping.
One of the great advantages of the aperture shutter is that it ensures that there
is virtually no light transmission when the aperture is fully closed. For rotary po-
larization reducers as well as liquid crystal light switches, the shading properties
are significantly poorer than that of aperture shutters.

Rotary polarization reducers and liquid crystal optical switches tend to be
wavelength selective in their leakage rates when "fully closed". In our experi-
ments, we find that the leakage rate of red light is lower than that of blue-green
light. Therefore, to make these two transmittance change devices comparable to
the performance of the aperture shutter, a red light filter can be added to the
optical system.
Diffraction effect. The diffraction effect occurs when the aperture of the optical
system is very small, and it causes a decrease in optical resolution. According
to the Riley Criterion, in photographic lenses, we can establish the relationship
between the optical resolution and the aperture:

d = 1.22 · λ · F#, (4)

where d denotes the smallest size that the optical system can resolve, λ is the
wavelength of light, and F# is the aperture number of the lens, e.g ., F16.
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(a) (b)

Fig. 4: An EvTemMap image shooting a well-lit outdoor scene from indoors
with an aperture shutter. (b) is the red part in (a). The window stripes in the
darker background on the right are clearer, while the window stripes in the brighter
background on the left are degraded.

Figure 4b presents an example of image degradation due to diffraction effects,
where the window on the right is in a darker background with a sharper outline
of its stripes, whereas the window on the left is in a very bright background,
where the diffraction effect of the background light obscures the details of the
window’s stripes, making it difficult to distinguish them clearly.

The reason for this phenomenon is that during the opening of the aperture
shutter, the brighter the position triggers the IPE at the moment when the
aperture is smaller, when the optical resolution is lower. The effect of the aperture
shutter on the optical system is not limited to changes in transmittance, but
also includes changes in resolution and changes in depth of field. The aperture
corresponding to the window on the left side of Fig. 4b is F22, and the wavelength
is 550 nm. According to Eq. (4), the minimum resolution size can be obtained as
14.76 microns, which is about 3 pixels. This explains why window stripes with
a size of around 2 pixels do not appear clearly.

Diffraction effects are insignificant in rotary polarization reducer systems
and liquid Crystal Optical Switch systems because they do not rely on aperture
adjustment to change transmittance. In the case of the aperture shutter system,
we can also regulate the light intensity of the incident optics system as a whole by
adding a light attenuator to ensure that the brightest position in the scene also
triggers the IPE at an appropriate aperture size. Figure 5 shows an EvTemMap
image acquired using an aperture shutter in an extremely bright environment
with the addition of an OD2 attenuator. The OD2 attenuator can attenuate the
incident light intensity to 1% of the original value. When collecting using the
aperture shutter system, the brightest part of the image plane triggers the IPE
when the aperture reaches F16, and the darkest part triggers the IPE when the
aperture reaches F4. Due to the overall attenuation of light intensity, sufficient
optical resolution is ensured at the brightest point.



6 Y. Bao et al.

Fig. 5: The EvTemMap image acquired with an aperture shutter with an
OD2 attenuator at 8000lux. It still maintains good resolution in the brightest
positions.

1.6 EvTemMap with reduced transmittance

In the main text, we describe the principle and experimental results of EvTemMap
in grayscale reconstruction when the transmittance increases. What will happen
when the transmittance decrease?

Figure 6 shows the EvTemMap images of a motion scene with increased
and reduced transmittance. Figure 6b looks noisier and has a di�erent grayscale
mapping relationship compared to Fig. 6a. According to the basic principle of
the event camera, when the transmittance decreases, the brightness of each part
of the image plane decreases and triggersnegative events in turn. Unlike the
regular case of EvTemMap, when the transmittance decreases, the starting lu-
minance of each pixel is not the same and is not 0. Therefore, Eq. (1) no longer
holds.

The reason that the signal-to-noise ratio of EvTemMap images with reduced
transmittance is worse is that the starting luminance of each pixel is no longer
0 and is large, and is therefore more susceptible to noise, leaving pixels with
the same I max with di�erent Vref instead. The reason the grayscale mapping
looks strange is similar to the phenomenon demonstrated by Fig. 1b. Each pixel
has a di�erent baseline Vref , so the brightness change caused by the decrease in
transmittance does not necessarily result in negative events occurring earlier at
positions with larger I max .

Additionally, EvTemMap with reduced transmittance also has the problem
of being susceptible to interference from motion events. The state before the
transmittance decreases is that the transmittance is 1, and at this point, numer-
ous motion events occur at moving edges. Due to therefractory time of event
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(a) EvTemMap image with increased transmit-
tance

(b) EvTemMap image with reduced transmit-
tance

Fig. 6: Comparison of EvTemMap results of increased and reduced trans-
mittance. (a) is the result of increased transmittance in the main text. (b) is the
result of reduced transmittance in the same scenario. The blue arrow represents the
direction of motion. The red box indicates the abnormal dark edge.

(a) EvTemMap image with default setting (b) EvTemMap image with proper setting

Fig. 7: EvTemMap images under di�erent hardware parameter settings. (a)
The default parameter settings of the event camera are adopted, re�ecting more random
noise. (b)The threshold of the event camera is raised, the time response of the event
camera is optimized, and a better-quality image is obtained. The �mean� and �std� in
the red box represent the mean and standard deviation of the grayscale in that area.

cameras (i.e., when a pixel generates an event, it no longer generates an event
for a certain period of time), these locations that once generated motion events
actually generate events later when the transmittance decreases. As can be seen
in Fig. 6b, the edge indicated by the red box is darker than both sides, and the
reason for this is that negative motion events are triggered at these locations
before the transmittance is reduced.

2 Details on DVS hardware setting

A good DVS hardware parameter setting helps improve the image quality of
EvTemMap. In addition to the parameters related to the event threshold, the
parameters related to the event camera time response are equally important in
EvTemMap. We attach our �.bias� hardware parameter �le suitable for EvTemMap
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