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(54) APPARATUS AND METHOD FOR DYNAMIC GRAPHICS RENDERING BASED ON SACCADE 
DETECTION

(57) A method for rendering computer graphics
based on saccade detection is provided. One embodi-
ment of the method includes rendering a computer sim-
ulated scene for display to a user, detecting an onset of
a saccade that causes saccadic masking in an eye move-
ment of the user viewing the computer simulated scene,
and reducing a computing resource used for rendering
frames of the computer simulated scene during at least
a portion of a duration of the saccade. The computing
resource is reduced based on a confidence level of the
detection of the saccade. Systems perform similar steps,
and non-transitory computer readable storage mediums
each storing one or more computer programs are also
provided.
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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application is a continuation of and claims
benefit from United States Patent Application No.
14/845,862, filed on September 4, 2015, entitled "APPA-
RATUS AND METHOD FOR DYNAMIC GRAPHICS
RENDERING BASED ON SACCADE DETECTION," the
entire content and disclosure of which is hereby fully in-
corporated by reference herein in its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates generally to com-
puter generated images, and more specifically to real-
time rendering of computer generated graphics.

2. Discussion of the Related Art

[0003] Computer rendered graphics are used to
present various user interfaces and media to users. Real-
time rendering of computer graphics allows the graphical
content to be rendered in response to user inputs and
software state changes in real-time.

SUMMARY OF THE INVENTION

[0004] One embodiment provides a method compris-
ing: rendering a computer simulated scene for display to
a user, detecting an onset of a saccade that causes sac-
cadic masking in an eye movement of the user viewing
the computer simulated scene, and reducing a computing
resource used for rendering frames of the computer sim-
ulated scene during at least a portion of a duration of the
saccade.
[0005] Another embodiment provides a system com-
prising: an eye movement sensor, a display device for
displaying computer simulated scenes to a user, and a
processor communicatively coupled to the eye move-
ment sensor and the display device. The processor being
configured to render a computer simulated scene for dis-
play on the display device, detect an onset of a saccade
that causes saccadic masking in an eye movement of
the user viewing the computer simulated scene based
on signals from the eye movement sensor, and reduce
a computing resource used for rendering frames of the
computer simulated scene during at least a portion of a
duration of the saccade.
[0006] Another embodiment provides a non-transitory
computer readable storage medium storing one or more
computer programs configured to cause a processor
based system to execute steps comprising: rendering a
computer simulated scene for display to a user, detecting
an onset of a saccade that causes saccadic masking in
an eye movement of the user viewing the computer sim-

ulated scene, and reducing a computing resource used
for rendering frames of the computer simulated scene
during at least a portion of a duration of the saccade.
[0007] A better understanding of the features and ad-
vantages of various embodiments of the present inven-
tion will be obtained by reference to the following detailed
description and accompanying drawings which set forth
an illustrative embodiment in which principles of embod-
iments of the invention are utilized.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The above and other aspects, features and ad-
vantages of embodiments of the present invention will
be more apparent from the following more particular de-
scription thereof, presented in conjunction with the fol-
lowing drawings wherein:

FIG. 1 is a block diagram illustrating a system for
dynamic graphics rendering based on saccade de-
tection in accordance with some embodiments of the
present invention;
FIG. 2 is a flow diagram illustrating a method for dy-
namic graphics rendering based on saccade detec-
tion in accordance with some embodiments of the
present invention;
FIG. 3 is an illustration of computing resource reduc-
tion with saccade detection in accordance with some
embodiments of the present invention;
FIG. 4 is a block diagram illustrating a calibration
process in accordance with some embodiments of
the present invention;
FIGS. 5A-5B are illustrations of head mounted de-
vices in accordance with some embodiments of the
present invention.

DETAILED DESCRIPTION

[0009] The human visual system has an eye motion
called a saccade that is a rapid movement from one gaze
position to another. During a saccade, the brain masks
the signals that it receives from the optic nerve. This
masking effect is generally referred to as saccadic mask-
ing. As soon as the saccade is over and the eyes have
reached a stable new fixation point, the image that is sent
via the optic nerve to the brain is then used to "fill in" the
perceptual gap during the saccade. Other perceptual ef-
fects such as spatial updating and trans-saccadic inte-
gration also affect how the human brain perceive images
around a saccade event. Spatial updating refers to the
effect that a visual stimulus viewed prior to a saccade is
still perceived by the brain during and after a saccade
even when the visual stimulus is no longer visible. Tran-
saccadic integration refers to the effect that the brain in-
tegrates visual information from two or more fixation
points around saccades.
[0010] The saccade masking time can sometimes be-
gin before the saccadic eye motion by some number of
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milliseconds (such as approximately 30 ms). The eye
movement itself can last approximately 50-75 ms de-
pending upon the magnitude of the saccade. After the
eye motion stops, another approximately 30 ms of brain
signal masking may occur.
[0011] In computer rendered virtual reality (VR)
scenes, real-time image rendering takes a lot of central
processing unit (CPU) and graphic processing unit (GPU)
power and images are generated frequently (generally
at least 60 Hz) to give a good VR perception. Therefore,
rendering for VR can be very power consuming.
[0012] During a saccade, new images (frames) may
not be perceived by a user due to saccadic masking. A
saccadic masking period may easily be around 100ms
to 200ms in some cases. A system that knows that a
saccade masking period is occurring can avoid rendering
frames of images to save computing resources and pow-
er consumption. For example, at 60 Hz rendering and a
saccadic period of 100 ms, approximately 6 frames can
be skipped or rendered with less computing resources
during the saccade. In many VR systems, higher frame
rates such as 90 Hz or 120 Hz are used. In such systems,
more frames could be saved during a typical saccadic
period. The total power saving of applying this technique
may be related to the percentage of total VR viewing time
that is taken by saccadic masking periods.
[0013] In addition to power saving, in some embodi-
ments, the "saved" processing time may be used to
render low frequency updates such as complex lighting
calculations. Typically, scene lighting in 3D is relatively
slow changing and so can be calculated with greater tol-
erance for latency. Since saccades are not guaranteed
to occur at any specific rate, this technique is suited for
long duration (several seconds) calculations where there
is a statistical likelihood of getting a saccade. This tech-
nique may be used in conjunction with foveal rendering
and gaze tracking.
[0014] Various techniques for detecting saccades will
be discussed below. For example, saccades can be de-
tected optically using a high rate sensor such as a posi-
tion sensitive detector (PSD) or a Doppler Effect sensor.
In some embodiments, the onset of a saccade may be
detected by measuring electromyography (EMG) mus-
cles signals on the skin close to the eye muscles.
[0015] A more detailed description will now be provid-
ed. Referring first to FIG. 1, there is shown a system for
rendering images based on saccade detection that may
be used to run, implement and/or execute any of the
methods and techniques shown and described herein in
accordance with some embodiments of the present in-
vention. The saccade detection system 100 includes a
processor 101, a memory 102, a display 130, and a sen-
sor 110. The saccade detection system 100 may com-
prise, or be included with, one or more of a head mounted
display ("HMD") device, an augmented reality device, a
virtual reality device, a wearable device, a portable user
device, a smartphone, a personal computer, a television,
a tablet computer, a game console, etc. Generally, the

saccade detection system 100 may comprise any proc-
essor-based device having at least one sensor.
[0016] The memory 102 may include one or more of a
volatile and/or non-volatile computer readable memory
devices. In some embodiments, the memory 102 stores
computer executable code that causes the processor 101
to automatically detect an onset of a saccade and reduce
the computing resource used for rendering frames of a
computer simulated scene during at least a portion of a
duration of the saccade. The computer readable instruc-
tions may instruct the processor to detect a saccade
based on information from the sensor 110. The memory
102 may further store an eye movement model used to
determine whether the detected eye movement consti-
tutes a saccade that causes saccadic masking and/or to
predict a duration of the detected saccade. The eye
movement model may include parameters calibrated for
individual users through one or more of the calibration
processes described herein. In some embodiments, the
memory 102 further stores computer executable code
that causes the processor 101 to provide interactive au-
dio and video content to the user. For example, the in-
teractive video content may be virtual reality or augment-
ed reality content. Video content may comprise computer
generated images rendered in real-time. In some em-
bodiments, computer executable code causes the proc-
essor 101 to perform one or more steps described herein
with reference to FIGS. 2 and 4 below. In some embod-
iments, the memory 102 may be at least partially imple-
mented by one or more of a local, remote, and cloud-
based storage.
[0017] The sensor 110 may be or comprise one or more
of a camera, an optical sensor, an infrared sensor, an
EMG sensor, an optical reflector sensor, a range sensor,
an optical flow sensor, a Doppler sensor, a microphone
and the like. Generally, the sensor 110 is configured to
detect a rapid eye movement such as a change in eye
movement direction, acceleration, and speed. Eye move-
ment may be tracked based on a series of detected eye
gaze positions relative to the frame of the captured image
and/or the head of the user. For example, the sensor 110
may capture a series of images of the pupil of an eye,
and each a gaze location may be determined based on
the location of the center of the pupil within the captured
frame.
[0018] An EMG sensor is a sensor that detects the
electrical potential generated by muscle cells. An EMG
placed on or in proximity of the orbital or periorbital region
of an eye can measure the amplitude and/or direction of
eye movement based on electrical potential generated
by muscles that control eye movement (e.g. the lateral
rectus, the medial rectus, the inferior rectus, the superior
rectus, the inferior oblique muscles, etc.). In some em-
bodiments, the EMG sensor may be placed directly on
the skin of the user over the muscle that the sensor is
configured to measure. In some embodiments, the EMG
sensor does not contact the skin of the user. In some
embodiments, an EMG may detect an onset of a saccade
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based on muscle signals prior to the start of saccadic
movement of the eye.
[0019] An optical reflector sensor may be a sensor that
detects eye movement by detecting changes in light re-
flected off of the eyeball. For example, an optical reflector
sensor may work in a similar manner as an optical track
ball device. A range sensor may be any sensor config-
ured to detect the presence of nearby objects without
physical contact, such as a Doppler sensor, a passive
optical sensor, an infrared sensor, a radar, and the like.
Since a human eyeball is not perfectly spherical, the prox-
imity between a sensor at a fixed distance from the skull
of a user and the portion of the eyeball in the sensor’s
direct line-of-sight changes with eye movement. For ex-
ample, the cornea of an eye is raised relative to the sclera,
therefore, a shorter detected range may indicate that the
cornea is in the sensor’s direct line-of-sight. A micro-
phone may be used to detect audio signals produced by
eye movement. For example, amplitude of the sound pro-
duced by an eye movement may correspond to the am-
plitude of the eye movement. Directional eye movement
may also be detected based on their respective sound
profile.
[0020] The display 130 may be or comprise one or
more of a display screen, a projection device, an aug-
mented reality display device, a virtual reality display de-
vice, a HMD, and the like. Generally, the display 130 is
configured to show computer generated graphics from
the processor 101 to a user. While the display 130 is
shown to be part of the saccade detection system 100,
in some embodiments, the display 130 may be separately
implemented from the saccade detection system 100.
For example, the processor may output the generated
graphics to an external display device to display to a user.
The saccade detection system 100 may monitor a user’s
eye movement as the user views the computer generated
graphics shown by the display 130 and/or real-world
scenes.
[0021] In some embodiments, the saccade detection
system 100 further includes a graphic processing unit
(GPU) that may be integrated with or discrete from the
processor 101. The GPU may perform at least some of
the rendering calculations in generating graphics to dis-
play to a user. Generally, computing resources may refer
to either or both of CPU and GPU processing resources.
[0022] In some embodiments, the saccade detection
system 100 further includes a physical structure that
holds, supports, and/or mounts the sensor 110 in a po-
sition suitable for sensing the user’s eye movement. For
example, in some embodiments, the physical structure
may hold a camera slightly in front the user’s eye or an
EMG sensor directly on or in close proximity of the outer
corner of the user’s eye. Examples of such physical struc-
tures according to some embodiments are provided in
FIGS. 5A-5B below. In some embodiments, only one eye
is monitored, while in other embodiments, the system
monitors both eyes with sets of sensors. In some em-
bodiments, one or more of the sensors comprise multiple

sensor and/or sensor types.
[0023] In some embodiments, the user’s eye gaze may
be tracked by the sensor 110 or a second sensor (not
shown). For example, the system may use the sensor
110 to track the user’s eye gaze positions as an input to
a VR or AR system and also use the eye tracking data
for saccade detection. In some embodiments, the user’s
eye gaze may be tracked by a camera and/or an EMG
sensor, and the saccade detection is based on only the
EMG sensor or another sensor not used for gaze track-
ing. The system may further include a sensor for detect-
ing the end of a saccade. By way of example, the sensor
for detecting the end of the saccade may be or comprise
sensor 110, a sensor used for tracking eye gaze, and/or
a separate sensor.
[0024] In some embodiments, the saccade detection
system 100 may include other input/output devices such
as speakers, audio output ports, keys, touch pads, touch
screens, microphones, gyroscopes, wireless transceiv-
ers, and the like. In some embodiments, one or more
methods and functions described herein may be per-
formed by a remote device and communicated to the
saccade detection system 100 via a wired or wireless
data connection. In some embodiments, the processor
101 is configured to use the tracked eye movement and
data received from a remote source to determine the con-
tent to display to the user on the display 130. For example,
the processor 101 may cause the display 130 to display
local or external content in an augmented reality or virtual
reality manner based on the user’s tracked eye move-
ment. The processor 101 may further determine whether
and how to reduce the computing resources used for
rendering frames of the content based on detected sac-
cades.
[0025] In some embodiments, each component shown
in FIG. 1 is enclosed and/or affixed to a portable housing
such as a head mounted device (HMD) or a wearable
device. In some embodiments, one or more components
shown in FIG. 1 may be separately implemented and
communicate with the system through a wired or wireless
connection. For example, the sensor 110 may be a sen-
sor placed near a computer monitor or television set, and
the memory 102 and the processor 101 shown in FIG. 1
may be implemented with a personal computer system,
a game console, or an entertainment system.
[0026] Referring to FIG. 2, there is illustrated an exam-
ple of a method 200 for rendering images based on sac-
cade detection. In some embodiments, steps of method
200 may be performed by one or more server devices,
user devices, or a combination of server and user devic-
es. Generally, the steps of method 200 may be performed
by one or more processor-based devices such the proc-
essor 101 of the saccade detection system 100 and/or
other control circuits.
[0027] In step 210, the system renders a computer sim-
ulated scene for display to a user. In some embodiments,
the computer simulated scene is rendered in real-time
based on user inputs and/or program states. In some
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embodiments, the computer simulated scene is rendered
at a constant frame rate such as 60Hz, 90Hz, 120Hz,
etc. In some embodiments, the computer simulated
scene is rendered at a variable frame rate. The computer
simulated scene may comprise one or more of a VR
scene, an AR scene, a 3D scene, a 2D scene, and the
like. The rendering of the computer simulated scene may
include the rendering of 2D objects, 3D objects, back-
grounds, shadows, lighting effects, user interface ele-
ments, and the like. In some embodiments, the computer
simulated scene may be part of an interactive movie, a
video game, a simulator software, and the like.
[0028] In step 220, the system detects an onset of sac-
cade that causes saccadic masking. A saccade generally
refers to a quick movement of eyes between two phases
of fixation. A saccade is distinguished from other types
of eye movement such as ocular tremor, ocular drift, and
smooth pursuit. A saccade of sufficient magnitude caus-
es saccadic masking in brain perception. The system
may distinguish a saccade that causes saccadic masking
from microsaccades, which are small involuntary eye
movement. A saccade may be detected by detecting a
sudden change in one or more of direction, speed, and
acceleration of eye movement. In some embodiments,
an EMG sensor may be used to monitor for muscle sig-
nals associated with an onset of a saccade. For example,
a saccade may be detected by detecting a spike in the
electrical potential generated by one or more muscles
that control eye movement. In some embodiments, a sac-
cade is detected when an acceleration of eye movement
that exceeds a predetermined threshold is detected. In
some embodiments, the detection of saccade may be
based on an eye movement model. For example, a the
threshold of eye movement acceleration used for detect-
ing saccade may be based on a user’s demographic or
may be calibrated for the individual user using one or
more calibration methods described herein. Generally,
any known method of saccade detection may be used
without departing from the spirit of the present disclosure.
[0029] In some embodiments, a duration of the sac-
cade is predicted after step 220. In some embodiments,
the duration of the saccade may be predicted based on
at least one of an eye movement model and a magnitude
of a measurement used to detect the onset of the sac-
cade. The eye movement model may be based on sta-
tistical data relating to durations of saccades in human
eyes and/or be calibrated for the individual user. Statis-
tical data relating to durations of saccades in human eyes
may be based on a survey of the general population that
provides information on the typical saccade durations of
most people. In some embodiments, the duration of the
saccade is predicted based on the magnitude of the sac-
cade at the onset. The duration of a saccade may gen-
erally correlate to the magnitude of eye movement ac-
celeration at the onset. Therefore, the system may meas-
ure the data relating to the acceleration at the onset to
predict the duration of the saccade. In some embodi-
ments, an EMG sensor measures electrical potential

generated by muscles that control eye movement and
the prediction of the duration of the saccade is based on
the value of the measured electrical potential. In some
embodiments, the speed of eye movement may be cal-
culated from at least two images captured by an image
sensor to detect a saccade. The duration of the saccade
may be predicted based on the speed of eye movement
shortly after the onset of a saccade. In some embodi-
ments, the system monitors for a peak eye movement
speed and/or eye movement deceleration during a sac-
cade and predicts the end of the saccade based on the
detected peak eye movement speed and/or eye move-
ment deceleration.
[0030] In step 230, the system reduces computing re-
source used for rendering frames of the computer simu-
lated scene during at least a portion of a duration of the
saccade. In some embodiments, the system may reduce
the computing resource used for rendering frames by
skipping one or more frames of the computer simulated
scene, repeating one or more frames of the computer
simulated scene, reducing a rendering detail of one or
more frames of the computer simulated scene, reducing
a rendering resolution of one or more frames of the com-
puter simulated scene, and/or adjusting a variable frame
rate for rendering the computer simulated scene. In some
embodiments, the system repeats the frame generated
just before the reduction period to avoid performing cal-
culations for the frames during the reduction period. In a
system with variable frame rate rendering, such as a sys-
tem with a variable frame rate GPU, the system may
pause rendering until the end of the saccadic masking
period or render at a lower frame rate during the reduction
period. In some embodiments, the system reduces the
rendering details by reducing the details in the texture
map, reducing the polygon count of the 3D models, and
reducing lighting effects such as shadows, reflections,
and subsurface scattering. In some embodiments, the
frames in the reduction period may be generated with a
technique similar to the reprojection technique in group
of pictures (GOP) video encoding. With bidirectional pro-
jection, a B frame references images preceding and fol-
lowing that frame, and contains motion-compensated dif-
ference information relative to the referenced frames.
[0031] Generally, during the reduction period, the sys-
tem renders the computer simulated scene in a way that
requires fewer calculations by the CPU and/or the GPU
of the system. Due to saccadic masking, spatial updating,
and/or trans-saccadic perception, frames, and/or ele-
ments and details of a frame may be omitted without be-
ing perceptible to a viewer.
[0032] In some embodiments, the reduction of com-
puting resources used for rendering frames lasts for at
least a portion of the predicted duration of a saccade.
For example, with a 60Hz rendering, if a saccade is pre-
dicted to last 100ms, the reduction may last 1-6 frames.
In some embodiments, the system may be configured to
leave a "safe" zone at the beginning and/or the end of a
detected saccade period in which the frames are ren-
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dered as normal. In some embodiments, the system may
take in to effect that saccadic masking may persist for
some time after the end of saccadic movement of the
eye and allow the reduction period to exceed the expect-
ed duration of saccadic eye movement. In some embod-
iments, the system does not predict the duration of the
saccade and the reduction period may be set to a default
minimum length for all detected saccades. For example,
if only saccades having an onset magnitude that typically
corresponds to at least 100ms of duration are detected
in step 220, the reduction period may be set to 90ms for
all detected saccades without the system predicting a
duration for each detected saccade.
[0033] In some embodiments, in step 220, the system
also determines a confidence level of the detection of the
onset of the saccade. The confidence level may be based
on the clarity of the measured signal and/or the magni-
tude of the change in one or more of eye movement di-
rection, acceleration, and speed. In some embodiments,
the system determines the amount of computing resourc-
es to reduce based on the confidence level. The amount
of computing resources to reduce may be based on how
many frames to skip, how many frames to repeat, how
much rendering detail to omit, the rendering resolution,
the rendering frame rate, etc. For example, with a high
confidence level, the rendering resolution may be
dropped to a fourth of the original rendering resolution;
while with a low confidence level, the rendering resolution
may be dropped to half of the original rendering resolu-
tion. In some embodiments, the system selects from two
or more methods of reducing the computing resources
for rendering frames of the computer simulated scene
based on the confidence level. For example, with a high
confidence level, the system may skip or repeat frames;
while with a low confidence level, the system may reduce
the detail of the rendered frame.
[0034] In some embodiments, the amount and the
method of reduction may correspond to the temporal lo-
cation of a frame within a saccade period. For example,
less reduction may be made to frames nearer to the be-
ginning and the end of a saccade period as compared to
frames in the middle of a saccade period.
[0035] In some embodiments, the system is further
configured to reallocate the computing resources saved
in step 230 to perform low frequency update calculations
for rendering the computer simulated scene. For exam-
ple, the system may reallocate the computing resource
to perform complex lighting calculations for the computer
simulated scene. In some embodiments, the freed com-
puting resource may be used by other application and
system processes.
[0036] Since each individual’s physiology varies, in
some embodiments, prior to the process shown in FIG.
2, the system may lead a user through a calibration se-
quence to generate or configure an eye movement model
individualized for the user. For example, the system may
instruct a user to move their eyes from one angular po-
sition to another. The system may then compare the

measurements obtained by the sensor to the expected
eye movement to configure the eye movement model for
that user. The eye movement model may then be used
to detect a saccade that causes saccadic masking and/or
predict the duration of the saccade.
[0037] In some embodiments, in addition to or instead
of performing a calibration sequence, after step 220, the
system may detect an end of a saccade period for cali-
bration purposes. The end of a saccade period may be
detected by eye tracking methods and may correspond
to a return to an eye movement speed or pattern corre-
sponding to other types of eye motion states such as
fixation, ocular tremor, ocular drift, microsaccade, and
smooth pursuit. The end of a saccade period may be
detected by the same or a different sensor used to detect
the onset of the saccade in step 220. The measured du-
ration of a saccade period may be compared to the pre-
dicted duration of the saccade to calibrate the eye move-
ment model used to predict the duration of the saccade.
A more detailed description of the calibration process is
provided herein with reference to FIG. 4 below.
[0038] In some embodiments, the saccade detection
in FIG. 2 may be used in conjunction with foveated ren-
dering. Foveated rendering is a technique in which the
image resolution or amount of detail varies across the
image according to fixation points. When a saccade is
detected, the system may assumed no fixation point dur-
ing the duration of the saccade and reduce the image
resolution or the amount of detail in the rendered image
to a baseline value across the entire image.
[0039] Referring to FIG. 3, there is shown an illustration
of reducing computing resource with saccade detection
in accordance with some embodiments of the present
invention. In FIG. 3, eye velocity or acceleration may be
tracked by a sensor such as sensor 110 in FIG. 1. When
eye velocity or acceleration exceeds a threshold, the sys-
tem may detect a saccade onset 310. In some embodi-
ments, the onset may be detected based on muscle sig-
nals prior to the increase of eye velocity or acceleration.
In some embodiments, the onset of a saccade may be
detected shortly after the actual beginning of the saccadic
movement.
[0040] In some embodiments, the system also predicts
a duration of the saccade 312 based on measurements
at the onset of the saccade. In some embodiments, the
prediction may be based on the magnitude of the accel-
eration at the saccade onset 310. When a saccade of a
magnitude that causes saccadic masking is detected,
the system may reduce the computing resource used for
rendering frames by skipping one or more frames of the
computer simulated scene, repeating one or more frames
of the computer simulated scene, reducing a rendering
detail of one or more frames of the computer simulated
scene, reducing a rendering resolution of one or more
frames of the computer simulated scene, and/or adjust-
ing a variable frame rate for rendering the computer sim-
ulated scene. As shown in FIG. 3, the computing resource
used for rendering frames of the computer simulated
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scene drops during a portion of the predicted duration of
saccade. The computing resource line generally repre-
sent the load on the CPU and/or GPU for rendering the
images. For example, the computing resource line may
represent the number of calculations performed per mil-
lisecond by the CPU/GPU. The system returns the ren-
dering method back to the normal baseline just prior to
the predicted end of a saccade period. The predicted end
of a saccade period may correspond to the predicted end
of saccadic movement or the predicted end of the sac-
cadic masking perceptual effect, which could last for
some time after the end of the saccadic movement.
[0041] FIG 3 is provided as illustrations of concepts
only. FIG. 3 does not correspond to actual saccade de-
tection or computing resource reduction and is not nec-
essarily to scale.
[0042] The reduction in computing resources during
saccade periods can reduce the overall power consump-
tion of the rendering device. For portable devices using
batteries, the reduction of power consumption can lead
to increased battery life between charges. The computing
resources may also be allocated for other uses such as
high latency updates for rendering the computer simu-
lated scenes. The computing resources may also be
freed up for use by other application and/or the operating
system processes running on the device.
[0043] Referring to FIG. 4, there is illustrated an exam-
ple of a saccade duration prediction with feedback cali-
bration. The sensor 420 is configured to measure one or
more of eye movement direction, speed, and accelera-
tion and provide the measurement to a saccade detection
module 422. The sensor 420 may be the sensor 110
shown in FIG. 1 and/or may comprise one or more of a
camera, an optical sensor, an optical image sensor, an
infrared sensor, an optical flow sensor, an EMG sensor,
a position sensing device, a Doppler effect sensor, and
the like.
[0044] The saccade detection module 422 analyzes
the data from the sensor 420 to determine whether a
saccade that causes saccadic masking is occurring or is
about to occur. In some embodiments, saccade detection
module 422 may base its determination on the eye move-
ment model 450 or a separate model. For example, an
eye movement model may include an eye movement ac-
celeration magnitude threshold indicative of an onset of
a saccade that causes saccadic masking. For embodi-
ments with an EMG sensor, the threshold may corre-
spond to a muscle signal voltage.
[0045] After an onset of a saccade is detected, the sac-
cade duration prediction module 425 predicts the dura-
tion of the saccade. In some embodiments, the saccade
duration prediction module 425 bases its prediction on
one or more of the magnitude of eye movement at the
onset of the saccade and a detected peak acceleration
or speed of the saccade. The saccade duration prediction
module 425 further bases its prediction on an eye move-
ment model 450. The eye movement model 450 may
correspond detected saccade magnitudes to saccade

durations. The eye movement model 450 may initially be
based on statistical data relating to durations of saccades
in human eyes and later be calibrated for the individual
user.
[0046] Also after an onset of a saccade is detected,
the saccade duration measurement module 430 moni-
tors for the end of the saccade period and calculates the
duration of the saccade. The end of the saccade period
may be detected by eye tracking methods and may cor-
respond to a return of eye movement speed or pattern
corresponding to other types of eye motion states such
as fixation, ocular tremor, ocular drift, microsaccade, and
smooth pursuit. The end of a saccade period may be
detected by the sensor 420 and/or one or more other
sensors. The calibration module 440 compares the pre-
dicted saccade duration from the saccade duration pre-
diction module 425 and the measured saccade duration
from the saccade duration measurement module 430 to
determine the accuracy of the prediction. The calibration
module 440 may update the eye movement model 450
based on the comparison. For example, if the saccade
duration prediction module 425 tends to underestimate
the duration of a saccade, the calibration module 440
may update the eye movement model 450 to correspond
measurements at the onset of a saccade with a longer
saccade duration.
[0047] While the eye movement model 450 is shown
to be used by the saccade duration prediction module
425 in FIG. 4, in some embodiments, the saccade de-
tection module 422 also uses the same or a different eye
movement model 450. In some embodiments, the cali-
bration module 440 may base its calibration on multiple
saccade duration predictions and saccade duration
measurements, and only update the eye movement mod-
el 450 when a trend is observed.
[0048] Referring to FIG. 5A, there is shown an illustra-
tion of an augmented reality type HMD with which the
technique disclosed herein may be implemented. The
HMD device 500 includes a frame 510 holding sensors
513 and 515 in positions suitable for monitoring a wear-
er’s eye movement. While two sensors are shown in FIG.
5A, the techniques described herein may be implement-
ed with HMDs having only the first sensor 513 or the
second sensor 515.
[0049] In some embodiments, the HMD device 500 in-
cludes two sensors; one sensor is used to detect the
onset of a saccade and another sensor is used to meas-
urement the duration of a saccade. In some embodi-
ments, one sensor is used to detect both the onset of the
saccade and the end of the saccade. In some embodi-
ments, the HMD does not include a sensor for detecting
the end of a saccade. The HMD device 500 also includes
a display device (not shown) that is configured to provide
an augmented reality scene to the user. The first sensor
513 may be an optical sensor that is positioned to capture
images of the user’s eye. The second sensor 515 may
be an EMG sensor that is either contacting or in close
proximity of the temple region of the user as shown in
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FIG. 5A. An EMG sensor may be placed in other posi-
tions, for example, below the user’s eye, near the inner
corner of the eye, etc. In some embodiments, two or more
EMG sensors may be placed in different areas. The sec-
ond sensor 515 may comprise other types of sensors
such as a low resolution image sensor, a high frame-rate
image sensor, an optical reflector sensor, a range sensor,
and a microphone. In embodiments in which the second
sensor is an image or optical sensor, the second sensor
515 may be placed near the first sensor 513. The place-
ment of sensors in FIG. 5A are provided as an example
only. Generally, the placement of the sensors may be
configured variously based on sensor type and the user’s
physiology without departing form the spirit of the present
disclosure.
[0050] Referring to FIG. 5B, there is shown an illustra-
tion of a virtual reality type HMD device with which the
technique disclosed herein may be implemented. The
HMD device 520 encloses the field of vision of the user.
Sensor(s) described herein may be placed on the user
facing side of the HMD. For example, an image sensor
may be positioned just above the display screen inside
the HMD device 520 and an EMG sensor may be posi-
tioned on a portion of the HMD device 520 resting against
the orbital or periorbital areas of the user.
[0051] In both FIGS. 5A-5B, detected saccades may
be used by the HMD devices 500 and 520 to determine
how to render computer generated graphics to display
to the user. When a saccade is detected, the processor
of the HMD devices 500 and 520 may reduce the com-
puting resources used for rendering frames of the com-
puter simulated scene. The determined and estimated
gaze locations may also be used to predict a future gaze
location which allows the computer to determine the fix-
ation point of the user when the next frame is displayed
to facilitate foveated rendering.
[0052] In some embodiments, one or more of the em-
bodiments, methods, approaches, and/or techniques de-
scribed above may be implemented in one or more com-
puter programs or software applications executable by a
processor based apparatus or system. By way of exam-
ple, such processor based apparatuses or systems may
comprise a computer, entertainment system, game con-
sole, workstation, graphics workstation, server, client,
portable device, pad-like device, etc. Such computer pro-
gram(s) may be used for executing various steps and/or
features of the above-described methods and/or tech-
niques. That is, the computer program(s) may be adapted
to cause or configure a processor based apparatus or
system to execute and achieve the functions described
above. For example, such computer program(s) may be
used for implementing any embodiment of the above-
described methods, steps, techniques, or features. As
another example, such computer program(s) may be
used for implementing any type of tool or similar utility
that uses any one or more of the above described em-
bodiments, methods, approaches, and/or techniques. In
some embodiments, program code macros, modules,

loops, subroutines, calls, etc., within or without the com-
puter program(s) may be used for executing various
steps and/or features of the above-described methods
and/or techniques. In some embodiments, the computer
program(s) may be stored or embodied on a computer
readable storage or recording medium or media, such
as any of the computer readable storage or recording
medium or media described herein.
[0053] Therefore, in some embodiments the present
invention provides a computer program product compris-
ing a medium for embodying a computer program for
input to a computer and a computer program embodied
in the medium for causing the computer to perform or
execute steps comprising any one or more of the steps
involved in any one or more of the embodiments, meth-
ods, approaches, and/or techniques described herein.
For example, in some embodiments the present inven-
tion provides one or more non-transitory computer read-
able storage mediums storing one or more computer pro-
grams adapted or configured to cause a processor based
apparatus or system to execute steps comprising: ren-
dering a computer simulated scene for display to a user,
detecting an onset of a saccade that causes saccadic
masking in an eye movement of the user viewing the
computer simulated scene, and reducing a computing
resource used for rendering frames of the computer sim-
ulated scene during at least a portion of a duration of the
saccade.
[0054] While the invention herein disclosed has been
described by means of specific embodiments and appli-
cations thereof, numerous modifications and variations
could be made thereto by those skilled in the art without
departing from the scope of the invention set forth in the
claims.

CLAUSES

[0055]

1. A method comprising:

rendering a computer simulated scene for dis-
play to a user;
detecting an onset of a saccade that causes sac-
cadic masking in an eye movement of the user
viewing the computer simulated scene; and
reducing a computing resource used for render-
ing frames of the computer simulated scene dur-
ing at least a portion of a duration of the saccade.

2. The method of clause 1, wherein the onset of the
saccade is detected using one or more of an optical
sensor, an optical flow sensor, an electromyography
(EMG) sensor, a position sensing device, and a Dop-
pler effect sensor.

3. The method of clause 1, further comprising: pre-
dicting the duration of the saccade.
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4. The method of clause 3, wherein the predicting
the duration of the saccade is based on at least one
of statistical data relating to durations of saccades
in human eyes and a magnitude of a measurement
used to detect the onset of the saccade.

5. The method of clause 3, further comprising:

detecting an end of the saccade; and
calculating the duration of the saccade based
on at least a detected end of the saccade.

6. The method of clause 5, further comprising:

comparing the calculated duration of the sac-
cade to the predicted duration of the saccade;
and
using results of the comparison to adjust a model
used to predict the duration of the saccade.

7. The method of any one of clauses 1-6, wherein
the reducing of the computing resource comprises
one or more of skipping one or more frames of the
computer simulated scene, repeating one or more
frames of the computer simulated scene, reducing
a rendering detail of one or more frames of the com-
puter simulated scene, reducing a rendering resolu-
tion of one or more frames of the computer simulated
scene, and adjusting a variable frame rate for ren-
dering the computer simulated scene.

8. The method of any one of clauses 1-6, further
comprising: determining a confidence level of the de-
tection of the onset of the saccade.

9. The method of clause 8, further comprising: de-
termining an amount of computing resource to re-
duce based on the confidence level.

10. The method of clause 8, further comprising: se-
lecting from two or more methods of reducing the
computing resource for rendering frames of the com-
puter simulated scene based on the confidence lev-
el.

11. The method of any one of clauses 1-6, further
comprising: reallocating the computing resource to
perform low frequency update calculations for ren-
dering the computer simulated scene.

12. The method of clause 11, wherein the low fre-
quency update calculations comprise lighting calcu-
lations.

13. The method of any one of clauses 1-6, further
comprising: calibrating an individualized eye move-
ment model for the user viewing the computer sim-
ulated scene, wherein the detecting of the onset of

the saccade is based on the individualized eye
movement model.

14. A system comprising:

an eye movement sensor;
a display device for displaying computer simu-
lated scenes to a user; and
a processor communicatively coupled to the eye
movement sensor and the display device, the
processor being configured to:

render a computer simulated scene for dis-
play on the display device;
detect an onset of a saccade that causes
saccadic masking in an eye movement of
the user viewing the computer simulated
scene based on signals from the eye move-
ment sensor; and
reduce a computing resource used for ren-
dering frames of the computer simulated
scene during at least a portion of a duration
of the saccade.

15. The system of clause 14, wherein the eye move-
ment sensor comprises one or more of an optical
sensor, an optical flow sensor, an electromyography
(EMG) sensor, a position sensing device, and a Dop-
pler effect sensor.

16. The system of clause 14, wherein the processor
is further configured to predict the duration of the
saccade.

17. The system of clause 16, wherein the duration
of the saccade is predicted based on at least one of
statistical data relating to durations of saccades in
human eyes and a magnitude of a measurement
used to detect the onset of the saccade.

18. The system of clause 16, wherein the processor
is further configured to:

detect an end of the saccade; and
calculate the duration of the saccade based on
at least a detected end of the saccade.

19. The system of clause 18, wherein the processor
is further configured to:

compare the calculated duration of the saccade
to the predicted duration of the saccade; and
use results of the comparison to adjust a model
used to predict the duration of the saccade.

20. The system of any one of clauses 14-19, wherein
the computing resource is reduced by one or more
of skipping one or more frames of the computer sim-
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ulated scene, repeating one or more frames of the
computer simulated scene, reducing a rendering de-
tail of one or more frames of the computer simulated
scene, reducing a resolution of one or more frames
of the computer simulated scene, and adjusting a
variable frame rate for rendering the computer sim-
ulated scene.

21. The system of any one of clauses 14-19, wherein
the processor is further configured to: determine a
confidence level of the detection of the onset of the
saccade.

22. The system of clause 21, wherein the processor
is further configured to: determine an amount of com-
puting resource to reduce based on the confidence
level.

23. The system of clause 21, wherein the processor
is further configured to: select from two or more meth-
ods of reducing the computing resource for rendering
frames the computer simulated scene based on the
confidence level.

24. The system of any one of clauses 14-19, wherein
the processor is further configured to: reallocate the
computing resource to perform low frequency up-
date calculations for rendering the computer simu-
lated scene.

25. The system of clause 24, wherein the low fre-
quency update calculations comprise lighting calcu-
lations.

26. The system of any one of clauses 14-19, wherein
the processor is further configured to: calibrate an
individualized eye movement model for the user
viewing the computer simulated scene, wherein the
detecting of the onset of the saccade is based on
the individualized eye movement model.

27. A non-transitory computer readable storage me-
dium storing one or more computer programs con-
figured to cause a processor based system to exe-
cute steps comprising:

rendering a computer simulated scene for dis-
play to a user;
detecting an onset of a saccade that causes sac-
cadic masking in an eye movement of the user
viewing the computer simulated scene; and
reducing a computing resource used for render-
ing frames of the computer simulated scene dur-
ing at least a portion of a duration of the saccade.

28. The non-transitory computer readable storage
medium of clause 27, wherein the onset of the sac-
cade is detected using one or more of an optical sen-

sor, an optical flow sensor, an electromyography
(EMG) sensor, a position sensing device, and a Dop-
pler effect sensor.

29. The non-transitory computer readable storage
medium of clause 27, wherein the reducing of the
computing resource comprises one or more of skip-
ping one or more frames of the computer simulated
scene, repeating one or more frames of the computer
simulated scene, reducing a rendering detail of one
or more frames of the computer simulated scene,
reducing a rendering resolution of one or more
frames of the computer simulated scene, and adjust-
ing a variable frame rate for rendering the computer
simulated scene.

30. The non-transitory computer readable storage
medium of any one of clauses 27-29, wherein the
one or more computer programs are further config-
ured to cause the processor based system to exe-
cute steps comprising:
predicting the duration of the saccade.

31. The non-transitory computer readable storage
medium of any one of clauses 27-29, wherein the
one or more computer programs are further config-
ured to cause the processor based system to exe-
cute steps comprising:
determining a confidence level of the detection of
the onset of the saccade.

32. The non-transitory computer readable storage
medium of any one of clauses 27-29, wherein the
one or more computer programs are further config-
ured to cause the processor based system to exe-
cute steps comprising:
reallocating the computing resource to perform low
frequency update calculations for rendering the com-
puter simulated scene.

33. The non-transitory computer readable storage
medium of any one of clauses 27-29, wherein the
one or more computer programs are further config-
ured to cause the processor based system to exe-
cute steps comprising:
calibrating an individualized eye movement model
for the user viewing the computer simulated scene,
wherein the detecting of the onset of the saccade is
based on the individualized eye movement model.

Claims

1. A method comprising:

detecting a saccade in an eye of a user viewing
a computer simulated scene;
determining a confidence level of the detection
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of the saccade; and
reducing a computing resource used for render-
ing frames of the computer simulated scene dur-
ing at least a portion of a duration of the saccade,
wherein the computing resource is reduced
based on the confidence level.

2. The method of claim 1, wherein the saccade is de-
tected using one or more of an optical sensor, an
optical flow sensor, an electromyography (EMG)
sensor, a position sensing device, or a Doppler effect
sensor.

3. The method of claim 1, further comprising:
predicting the duration of the saccade.

4. The method of claim 3, wherein the predicting the
duration of the saccade is based on at least one of
statistical data relating to durations of saccades in
human eyes or a magnitude of a measurement used
to detect the onset of the saccade.

5. The method of claim 3, further comprising:

detecting an end of the saccade; and
calculating the duration of the saccade based
on at least the detected end of the saccade.

6. The method of claim 5, further comprising:

comparing the calculated duration of the sac-
cade to the predicted duration of the saccade;
and
using results of the comparison to adjust a model
used to predict the duration of the saccade.

7. The method of any one of claims 1-6, wherein the
reducing of the computing resource comprises one
or more of skipping one or more frames of the com-
puter simulated scene, repeating one or more frames
of the computer simulated scene, reducing a render-
ing detail of one or more frames of the computer
simulated scene, reducing a rendering resolution of
one or more frames of the computer simulated
scene, or adjusting a variable frame rate for render-
ing the computer simulated scene.

8. The method of any one of claims 1-6, wherein the
detecting a saccade in an eye of a user viewing a
computer simulated scene comprises:
detecting an onset of the saccade prior to a start of
saccadic movement of the eye.

9. The method of any one of claims 1-6, further com-
prising:
determining an amount of computing resource to re-
duce based on the confidence level.

10. The method of any one of claims 1-6, further com-
prising:
selecting from two or more methods of reducing the
computing resource used for rendering frames of the
computer simulated scene based on the confidence
level.

11. The method of any one of claims 1-6, further com-
prising:
reallocating the computing resource to perform low
frequency update calculations for rendering the com-
puter simulated scene.

12. The method of claim 11, wherein the low frequency
update calculations comprise lighting calculations.

13. The method of any one of claims 1-6, further com-
prising:
calibrating an individualized eye movement model
for the user viewing the computer simulated scene,
wherein the detecting the saccade is based on the
individualized eye movement model.

14. A system comprising:

an eye movement sensor;
a display device for displaying computer simu-
lated scenes to a user; and
a processor communicatively coupled to the eye
movement sensor and the display device, the
processor being configured to execute steps
comprising:

detecting a saccade in an eye of the user
viewing a computer simulated scene;
determining a confidence level of the detec-
tion of the saccade; and
reducing a computing resource used for
rendering frames of the computer simulated
scene during at least a portion of a duration
of the saccade, wherein the computing re-
source is reduced based on the confidence
level.

15. Computer software comprising instructions which,
when the software is executed by a computer, cause
the computer to carry out a method according to any
of claims 1 to 13.
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