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ABSTRACT

Latency can be detrimental for the experience of Virtual Reality.
High latency can lead to loss of performance and cybersickness.
There are simple approaches to measure approximate latency and
more elaborated for more insight into latency behavior. Yet there
are still researchers who do not measure the latency of the system
they are using to conduct VR experiments.

This paper provides an illustrated overview of different approaches
to measure latency of VR applications, as well as a small decision-
making guide to assist in the choice of the measurement method.
The visual style offers a more approachable way to understand how
to measure latency.
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Latency can provoke unpleasant effects and dangerous
situations.
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or get sick [17].

formance [9]

If latency is too high, people lose per- ‘_
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They may hit a wall

they thou,
far away.

ght was still

Or
volved third parties [23].

worse, injure unin-

To effectively combat latency,
we must first find it, i.e. mea-
sure it. Only then we can take
appropriate action.
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When talking about latency, we usually refer to Motion To Photon Latency or End To End Latency.
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movement can
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a head mounted
display (HMD),

a rigid object,

a motion
controller,
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on screen.
——

The screen may be ‘
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, a computer

monitor,
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‘ For measurement, both the movement and its effect on screen are captured by either

or a photodiode
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| The most straightforward form of latency measurement is Frame Counting,. |

The screen shows the

virtual counterpart.

A camera records
the scene.

He et al. [8] move a
tracked wand in front of

a screen.
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Similar, Wu et al. [24]
use a moving bar.

" The position of the real and virtual
bar can be extracted automatically |====
via thresholding.
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Many approaches use a Pendulum g - TS

MeEed [21] proposes Sine Fitting:

He attaches a and the position
tracked object to / is rendered on a
a pendulum, screen.

A camera records both, the real and the virtual pendulum. FI"?-"-E‘ -
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He fits a sine curve (e.g. cos(2r * frequency = deflection + phase)). The fit prevents inaccuracies of the
thresholding, and low sampling frequency in the video.

§| }/' a & 4 4 ' The motion to photon la- »
Ry * a ‘ a__B—~—"4 tency can be derived as a
L —~ > -JL —— . — - ——— W
- — _ phase :
latency = W time

phase difference

The predictability of a pendulum is used in other approaches4
to measure latency. Mine et.al. [13] uses a pendulum and two
photodiodes:

J

brightness
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latency time
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| Other approaches |

Liang et al. [11] record a pendulum and
the timestamp of the last tracking data.

Once the pendulum
overlaps the reference
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Measuring latency with
HMDs is difficult because

|

’the image of the screen

which creates a scram-
bled image if the camera
is not right in front of

the lenses.

’ Feldstein et al. [5] ‘

pop out the lenses K
f’ s ‘ € 3 !v HA\

I The scene follows the
HMD movement with

Without lenses, they
can record both the
real HMD motion and
the virtual motion on
screen.

Kijima et al. [10] use two
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than the vir-
tual counter- |
part

which is used
| to determine
the latency.

when the HMD is moved, the

One is lit by
first photodiode is not shown

a laser pointer o,
as long as the on anymore. - / e e
“| HMD is in rest & % fﬂ sy '/,,,_/_"".7 \ ¥
Y | i \ P4 ¥ % #
. | position, F S i 3 4 ¢ §
. 8 ~ 7 ' : @
Raaen et al. [16] i The screen brightness W
use two photodi- X the .other N changes once the
odes. ~G monitors R PN 1] simulation register the
' the screen |~ : movement.




Ka-Boom!!! Visually Exploring Latency Measurements for XR CHI 21 Extended Abstracts, May 8-13, 2021, Yokohama, Japan

One photodiode picks
up the real gradient’s
brightness.

Measuring latency continuously is desirable to
capture the time varying behaviour.

Method 1
I Di Luca et al. [4] move an HMD |

They calculate the
latency via cross
correlation.

% 2 wﬂ e tpalic SN ‘
| Another photodiode
| picks up the screen
“. . |brightness. "
: { s }

Though, only calculating one
value, this approach allows to
correlate a reading of every
frame on the screen.

but
lags behind.

il -
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[y An oscilloscope compares screen.
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They use additional
lenses to correct for
the lens distortion.

encode the HMD rotation
with multiple discrete val-
ues on the screen.

Stauffert et al. [20] use a
similar approach

They are able to calculate
the latency for every frame
but only report one aver-
age.
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They report the latency
difference for every
frame and visualise how
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Augmented Reality
measurements work

Stauffert, et al.

that
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Gruen et al. [7] use a video see
through system.
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the

Method 3 “

N f
i
oy

Ve
/ / Lt
] b A synchronised

camera observes

. A hlgh reso-
lution timer

is observed by a

the HMD screen

Swmdels etal. [2 [
record

2]

gy e

camera. n® : :
. a virtual version pro-
jected on a half sil- | «
Method 2 vered mirror
Billeter et al. [2] uses an op- “\ F 4
tical see through system CUER \ .
.4 }:" ) 4 /{,' < @ of a real rotating
o ’ Y. object
7 "Bl Bk N
 amae ik . d L @ ]
~y - AN e
i : " where one camera can 0: ; ;
- record both the real and e o
the ertual LED timer side to calculate the la-
by side. tency from the an-
gular difference.
i ? .
Which approach to use? LWT&F’;.‘;’“—NWM—W -| Record some real object and
| SR P — its virtual counterpart on .
Frame counting is the screen. — Then analyse the video
. ™) 1
fastest and easiest method: ‘ , " to find the time differ-
% L l" ence between some de-
Sine fitting guards " r - tectable event.
- W g

against imprecisions

due to limited spatial
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7| tion of cameras.

The best case would be to measure
during VR exposure to know what
has actually happened instead of

Photodiode-based methods
can offer more precision and
higher temporal resolution to
observe latency’s temporal
behaviour.

measuring before.

QR
e/

They, however need more in-
vestment in hardware, a thought
through setup and appropriate soft-
ware for analysis.

Choose what fits for your experiment
but always measure latency! No exper-
iment should be reported without a la-
tency measurement.
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