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2 Background and Related Work
2.1 Reprojection
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2.2 Offloaded Rendering for XR
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2.3 ILLIXR Runtime
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OpenXR Application Rendering
(e.g., Game Engines: Unreal, Unity, Godot)
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OpenXR Application Rendering
(e.g., Game Engines: Unreal, Unity, Godot)

Pose

Pose
Estimation

Latest
Image

Reprojection

Display Presentation

Estimation

Reprojection

Display Presentation

Latest
Pose

" Rendered |
Frame + Depth

Decoder

Encoder

Latest
Image

(a) Original on-device runtime

(b) XRgo runtime at the client and server

Figure 1: (a) Overview of rendering-related components in the base XR runtime with on-device application rendering. (b)
Overview of the XRgo runtime, highlighting the key architectural differences from the on-device runtime. Application rendering
is shifted from the client device to a remote server. The client and server instances of the runtime interface through network
backends that transmit poses (from the client) and encoded frames and depth data (from the server).
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Figure 2: OW transforms a uniform grid of vertices (a) using
the depth image (b) back into world space as a reprojection
mesh (c), thus serving as a continuous scene approximation

for rendering at different views.
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Figure 3: Without any depth adjustments in (a), the color
interpolation between foreground and background is obvi-
ous. Correcting for this in (b) leads to small bump (overhang)
artifacts. For backgrounds without complex patterns, these
artifacts remain unobtrusive.
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Figure 4: A 2D example scene and overlaid reprojection mesh.
Given the orange box in the foreground and green waves in
the background, the reprojection mesh forms an approxi-
mate scene. To avoid over-stretching between the orange and
green vertices, the boundary background vertex is adjusted
to match the foreground depth. This creates a slight over-
hang, where some background colors are closer than they
should be, but reduces foreground-background stretching.
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(a) 16x16 mesh (b) 64x64 mesh
Figure 5: Resolution of the reprojection mesh affects the
quality of the scene approximation. The (a) 16x16 mesh does
not capture as many details as the (b) 64x64 mesh, but the
former requires less compute (and power) for reprojection.
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(a) Bistro scene (b) Spaceship scene

Figure 6: (a) The Bistro scene and (b) the Spaceship scene
captured from a camera in the Godot Game Engine preview.
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(b) Per user ratings for Spaceship.

Figure 7: Raw user study results with quantified and color-coded rating values from Section 5.3. Each user (x-axis) rated their
experience with offloaded rendering on each network condition (y-axis) using both reprojection algorithms (paired bars, left is
TW and right is OW). Parts (a) and (b) show results for Bistro and Spaceship respectively. Higher rating is better, with 4 (dark
green) indicating that the test configuration is indistinguishable or better compared to the baseline, and 1 (red) indicating
that the test configuration is unacceptable. For the local rendering configurations (not shown here), all users rated them as
unacceptable, with the exception of user 28 who rated Bistro as worse but acceptable.
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Figure 8: Aggregated votes by (a) reprojection, (b) network
latencies, grouped by constant latencies on the top and live
network on the bottom, and (c) network variability.

(a) Reprojection

gr m(Tgur ) w x »n (Fgar ) m m x
x (Fgur ) mw ws x pr Wm  Sgurs »
88" & X we s r oW »rer »
egr mw x » oW x x x
s ms Tgurs » s XX Sp WM Wg T g r Wes
i m wmrx T 1s Srsus x x
s s Ss s ®»S » XX s s
sgnfi m wro mows mWs
6.1.1 Reprojection Algorithm.
OW outperforms TW on average. * gur S S T8
ws rx wmgs xT » s » 4x sp ser
8 x ss i IR » »s x xs M
PX W WX SW X s w »T T 1s s
MSszZr p WS r » m SS ® &
fi » =« wfirmamgs s sgnfi w wrr swos
T gur s s s ®owr prmms xS
8 au Pr R s w w7 pProw

s
wap r T %x wp r/ g e n( g au )



XRgo: Design and Evaluation of Rendering Offload for
Low-Power Extended Reality Devices

MMSys’25, March 31-April 4, 2025, Stellenbosch, South Africa

3 3: Slightly worse or almost the same
I 4: Indistinguishable

zZa ™w I 1: Much worse and not acceptable
[ Ow [ 2: Worse but the experience is acceptable
30{ 1.03 3.03 3.28 2.93 3.10 2.69 3.07 2.00 2.48
0 207
3
o
>
#*
101
oA

20ms Live Wi-Fi 50ms Live 5G

(a) Rating distribution for Bistro

Network Conditions

4 1.00 3.00 3.10 2.76 2.97

2.34 2.86

1.76 2.69

Local 20ms Live Wi-Fi 50ms Live 5G

(b) Rating distribution for Spaceship

1.0

3.28

<
5
S 31 2.48
2
S 2.0
o
o 21
>
<

1- " — =t

Local 20ms Live Wi-Fi 50ms Live 5G

(c) Average user rating for Bistro

Network Conditions

20ms

Live Wi-Fi

Local 50ms Live 5G

(d) Average user rating for Spaceship

Figure 9: Finer-grained rating distributions (a, b) and average ratings (c, d). 95% confidence intervals are plotted on the average
ratings. For paired bars: left is TW, right is OW. The left column is Bistro and the right column is Spaceship. Higher is better.

t-test | Wilcoxon OLR
p-value | p-value coef  p-value
Analysis for Aggregated Results in Figure 8
OW s T ’
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S S WS 1
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Analysis for OW vs. TW at High Latency and Variability
(G #as)
r( % 0 1
Table 1: Statistical tests from Section 5.3.3. For the t- and
Wilcoxon test, we only compare average latency under the
same network variability condition (live or const). For OLR,
we parameterize average latency as a continuous variable;
bolded categorical variables are binary-encoded as 1. All p-
values labeled 0.000 are <0.0005. For analysis of OW vs. TW at
high latency and variability, data is aggregated by comparable
latency (5G + 50ms) and variability (Wi-Fi + 5G).
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For paired bars: left is TW, right is OW. Lower is better.
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