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Fig. 1. LookToFocus allows users to control focus by looking at a region of interest (ROI). LookToFocus performs manual image focus
and is faster and more intuitive than TapToFocus, a touch-based method.

We present LookToFocus, a method to perform real-time manual camera focus based on eye tracking. LookToFocus and two alternative
methods for manual focus! photography tasks were compared in a user study. A novel manual focus camera simulation was used to
test the methods. The first two methods were LookToFocus and LookToFocusNB (no bounding box). The third method, TapToFocus,
used touch for manual focus and image capture, analogous to typical smartphone interaction. LookToFocusNB had the fastest mean
capture time at 1429 ms; the mean capture times were 1431 ms for LookToFocusNB and 2416 ms for TapToFocus. When compared to
TapToFocus, LookToFocus and LookToFocusNB had faster capture times because these algorithms start converging to the optimal
focus as soon as the user spots the target. LookToFocus and LookToFocusNB also had no significant decrease in sharpness error

compared to TapToFocus. Users preferred LookToFocus over both LookToFocusNB and TapToFocus.
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1 INTRODUCTION

Smartphones capture over a trillion images every year [Haueter 2022]. The quality of these images is largely decided

by the focus. Typically, users capture images in an autofocus (AF) mode that sets the focus automatically through

!When using eye-tracking, we use the term “manual focus” to imply user-controlled focus (but not with the hands).
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algorithms that analyze basic scene content. However, sometimes a user wants focus on a particular scene region or
object that is missed by the algorithm. In such cases, a manual focus adjustment is needed [Wildfellner 2012]. Manual
focus is commonly done using a region of interest (ROI) selected by positioning a bounding box with a finger touch.
The focus is then adjusted by an AF algorithm based on the specified ROI There has been little research on methods to
improve the user experience when focusing images on a smartphone camera. Additionally, much of this work does not
take advantage of pipelines for standard manual focus operations.

Recent smartphone designs include front-facing cameras with the potential for accurate eye tracking [Liu et al.
2015; Paletta et al. 2014]. We propose, LookToFocus, a new method that uses eye tracking for manual focus image
capture. Our method is fast and accurate as it employs techniques used in standard manual focus pipelines; this is in
contrast with previous work which does not use manual focus techniques [Clancy et al. 2011; Fuhl et al. 2017]. Figure 1
illustrates how LookToFocus works. In this paper, we compare TapToFocus, a touch-based image capture method, and
LookToFocus for the task of image capture when adjusting focus.

Additionally, a novel manual focus simulation platform is presented that allows for repeatability and accuracy in
experimental testing. An autofocus dataset [Abuolaim et al. 2018] was used to emulate a camera experience on a desktop
by presenting different photos from a focal stack depending on the target region chosen by the user in an experiment
task (e.g., “focus the camera on the face”). The goal was to evaluate the viability of eye tracking as an image capture
method through quantitative and qualitative measures.

This work has the following contributions:

(1) Presenting LookToFocus/LookToFocusNB as methods for real-time manual focus with eye tracking. This method
is the first to implement eye-tracking focus using standard manual focus operations.

(2) A novel manual focus simulation platform to test image capture methods.

(3) The first user study to compare tap-based and eye-tracking based methods for manual focus. In our user study,

we evaluate TapToFocus, LookToFocus, and LookToFocusNB.

1.1 Background

Focus is an important part of imaging because it determines what parts of an image are sharp [Shirvaikar 2004]. Almost
all consumer cameras are equipped with autofocus (AF) algorithms that choose an ROI and adjust the focal length so
the ROl is in focus [Jeon et al. 2011; Vuong and Lee 2013]. An ROI is said to be in focus when the ROI is within the
depth of field (DOF) of the lens system. The DOF is the range of distance from the camera where objects are considered
to be acceptably sharp [Liao et al. 2019]. AF has been widely studied [Abuolaim et al. 2018; Jeon et al. 2011; Ooi et al.
1990; Vuong and Lee 2013; Wang et al. 2021], with many different approaches. But, there is not always a single correct
solution for what parts of the image to prioritize when implementing AF [Abuolaim et al. 2018]. Figure 1 illustrates two
different focus settings that are acceptable depending on the user’s intent. Sometimes an “incorrect” focus is chosen by
the AF algorithm, and when this occurs the user must perform manual focus to specify the desired ROIL

A typical manual focus operation on a smartphone consists of a user tapping on the screen to set an ROI with a
fixed-size bounding box (BB); the algorithm then maximizes the ROI sharpness. Measuring the sharpness of an ROI is
done through various methods. An example is a Sobel filter [Shih 2007] which measures the gradient in the horizontal
and vertical direction by performing convolutions with edge-detecting filters within the ROIL The gradient magnitude
can then be computed from the horizontal and vertical gradients. Maximizing the gradient magnitude within the ROI

maximizes the ROI sharpness [Kittler 1983].
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The AF used to maximize ROI sharpness typically consists of two parts: phase di erence autofocus (PDAF) and
contrast detection autofocus (CDAF). First, given an ROI, an estimated optimal focal position is computed using PDAF.
Then, this estimated focal position is ne-tuned with CDAF. CDAF performs a local search for the maximum ROI
sharpness by moving the focal position back and forth. One e ect of CDAF is jitter from the local search.

Some research explores speeding-up manual focus with eye tracking. A full depth map of the scene [FuRDa{73l
can be used to control the lens position as the user moves their eyes across the image. However, acquiring a full depth
map is not trivial because it requires both time and scene constancy; this is not practical for real-time imaging situations.
Others [Clancy et al2011] used eye-controlled focus for an endoscope, but this system can't be extended to consumer
cameras because it makes strong assumptions about endoscope images.

Additionally, a few high-end DSLR cameras implement eye-controlled focus within a view nder [Weinblatt 1986].
However, it is not clear if view nder eye-controlled focus is preferred by the professionals with access to these high-end
cameras as no user study has been done. Next, since real-time eye-control focus is only available on proprietary devices
with view nders, there is no public framework for testing these types of interfaces. Thus, in our work we also provide
a method for how to use a simulation platform to accurately model real-time eye-control focus. Finally, it is not clear
if eye-control focus within a view nder could extend to eye-control focus without a view nder. Eye-control focus
without a view nder could be used on mobile devices (e.g., smartphones) and reach a much larger audience than just
professional photographers. This is our motivation for testing eye-control focus in a setting without a view nder.

There is also extensive work on using eye tracking for general-purpose target selection [Putze26iél; Skovsgaard
et al. 2010; Vertegaal 2008; Zhu et 2018]. A lot of this work suggests eye-tracking can perform faster target selection
than other methods of input. However, it is not immediately clear if eye-tracking is faster or preferred for the task of
manual focus. This is because manual focus naturally has jitter; that is, visually, the image changes as the eyes move.

Finally, we distinguish eye-controlled image focus from work that studied focus in the context of imaging the eye [Liu
et al. 2007].

The lack of real-time eye-controlled focus methods is the impetus for our work. Thus, we propose real-time eye-
controlled focus modeled from a typical manual focus operation. This is explored and reported through a corresponding
user study.

2 MANUAL FOCUS SIMULATION PLATFORM
2.1 Camera Simulation

Ideally, we would use a smartphone for our initial implementation of LookToFocus, but it is not currently possible to
obtain PDAF/CDAF camera information without proprietary access. Prior work [Abuolaim £2@18] acknowledges
this limitation and models AF using the concept of focal stacks. Each focal stack in their dataset contains 50 di erent
focal positions.

We propose a novel manual focus camera simulation by using their AF dataset and modifying their data bfowser.
This dataset consists of ten scenes captured by a Samsung Galaxy smartphone, where each scene is captured using
stop-motion animation. For this research, we do not use the temporal aspect of the dataset and instead sample focal
stacks at di erent time steps within the scenes. See Figure 2.

An important challenge in the simulation is to accurately model manual focus on a typical smartphone. We do this
by rst allowing the user to select an ROI. On a standard camera, an AF algorithm is called to maximize the sharpness

2Code for this simulation and data are at https:/github.com/tedlasai/LookToFocus
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Fig. 2. The focal stack. Focal position is simulated by transitioning through images in the stack. The yellow box appears when using
the LookToFocus and TapToFocus methods.

within a xed-location ROI. However, in the simulated camera, the ROI location is continuously updating; thus, our
simulated camera requires a modi ed AF model. Our modi ed AF aims to mimic the combination of PDAF and CDAF
on standard cameras.

PDAF can be simulated by running CDAF on the ROI selected for all images in the focal stack and computing the
optimal focal positior> [Abuolaim et al 2018]. Then, an error toleranceis used to emulate the inaccuracy of a standard
camera PDAF [Abuolaim et a2018]. This simulated PDAF uses a uniform random sampling between and>, to
return a realistic PDAF focal position estimafe

We discovered that using an error tolerance is not just helpful for realistic PDAF simulation, but also for replicating
the CDAF used on a standard camera. With this in mind and as stated above, we implemented a new AF algorithm.
First, we iteratively call PDAF (every 8 ms) with each new ROI and then adjust the current focal pogitiatil it is
within a thresholdCfrom the aforementioned position estimate(i.e.,j2 5] Q. Each iteration of PDAF can only
move2 forward or backward in steps of one. Sinéecan be randomly updated at each time-step, it can cgdse5j to
cross the thresholrepeatedly; this causes the focal position to jitter in a manner similar to CDAF. Finally, we set

= Cso the jitter stops once the current focal position equals optimal focal positibn §).

For LookToFocus/LookToFocusNB, image capture uses a dwell-time criterion. For TapToFocus, image capture is
done by pressing a capture button. Additionally, we call PDAF every 8 ms because this is the standard time for lens
movement on a smartphone camera in preview mode. With this 8 ms delay, we found our simulation to be comparable
to modern smartphones.

2.2 Image Capture Methods

We used the camera simulation platform shown in Figure 3 to support three image capture methods:

TapToFocus - A tap on the touch screen moves the BB. The center of the ROl bounding box is speci ed by the
location of the tap. Then, the user can take the image by tapping on the capture button displayed on the screen.
The BB is visible to the user in this method.
LookToFocus - Eye tracking is used to move the BB. The center of the BB is de ned as the average of the last
# gaze estimates from the eye tracker; this smooths the bounding box location. Additionally, we used dwell
to capture the image. We detect a dwell by averaging the horizontal and vertical gaze variance for the last
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