Temporal-controlled Frame Swap for Generating High-Fidelity Stereo Driving Data for Autonomy Analysis
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Motivation

Stereo vision data is critical for up-to-scale visual SLAM tasks.
Synthetic data from research simulators offers a scalable
solution to data scarcity, but the realism of dedicated research
simulators is not on par with state-of-the-art commercial
games. Meanwhile, commerical games like GTA V lack native
stereo support and restrict multiple viewport rendering,
severely limiting our access to high quality stereo data.
+ The goal is to develop a novel method to overcome the single
viewport limitation and enable dynamic stereo data
collection from commercial games.

Method

We present Temporal-controlled Frame Swap (TeFS), a novel
method that enables precise control over the passage of time
during stereo capture process.

+ Develops a customizable stereo camera setup attached to the
ego vehicle.

+ Leverages a single-thread architecture for precise temporal
control rather than a client-server model.

+ Implements a pseudo-pause function to halt the temporal state
for stereo capture while keeping the rendering engine active.

+ Swaps between left and right cameras at controlled moments
during pseudo-pauses.

+ Minimizes temporal disparity between left and right cameras
from 16.7ms to 0.2-0.3ms.

To demonstrate its generalizability, we implmented TeFS in both
GTAV and CARLA. Given that CARLA is research focused and
has native stereo support, it serves as a benchmark for validating
TeFS Stereo.
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Experiment Results
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+ GTAV-TeFS Stereo Odometry Eval on Feature-based vSLAM Models

GTAV-TeFS Dataset

We present GTAV_TeFS dataset, the first large-scale stereo
driving dataset based on the high-fidelity video game, GTAYV,
which includes 88000 high-resolution stereo RGB image pairs,
temporal information, GPS coordinates, camera poses,
full-resolution dense depth maps, and challenging-case
comparison groups, facilitating up-to-scale stereo odometry
tasks in a realistic commercial game environment

TeFS vs Native Stereo vs Simple Swap
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S, Metries
Scene Length(m) Weather Model APE(m)] APE(%)] _ RPE(m)] _ Loop Detected
ORBSLAM3 | 3.0£0.85 _ 042%0.11 _ 2.78%0.16 7
Extra Sunny OV'SLAM | 253121 0332016 0.0620.09 7
VINS Fusion | 295136 0392018 0.0920.26 7
ORBSLAM3 | 2031119 0.28%0.16_ 0032004
City 04 760.0 Cloudy with Rain | OV?SLAM | 21014933 _ 2.77%123 _02952.28 7
VINS Fusion 3.63+2.00 0.48+0.26  0.21+0.48 v
ORBSLAMS Tost track of the map
Night Thunderstorm | _OV’SLAM | 54.1944840  7.1156.35 _ 0.894.15
VINS Fusion Map range unreachable
ORBSLAM3 | 3.06:1.65 _ 0.26:0.14_ 0.11=0.12 v
Extra Sunny OV'SLAM | 481221 0392018 02120.19
VINS Fusion | 427173 0352014 0.1620.25 7
ORBSLAMS | 4.1912.39 0355020 0072040
Offroad 01 1206.0 Cloudy with Rain | OV?SLAM | 6.6054.10 _ 054034 0.2020.25
VINS Fusion | 497513208 4124273 0385473 7
ORBSLAM3 Tost track o the map
Night Thunderstorm | OV’SLAM | 91.9014550 7574379 0293231
VINS Fusion Map range unreachable
ORBSLAM3 | 8.191395 _ 0.25:0.2_ 039026 7
Extra Sunny OV'SLAM | [547%12.60 0482039 0.3622.07 7
VINS Fusion | 15444899 0485039 0.1640.21 7
ORBSLAM3 | 9.4512. 2920, 160,
Offroad 02 3230.0 Cloudy with Rain | OVZSLAM | 85.62465.35 _ 2.65+2.03 0142021
VINS Fusion | 7247%6196 236193 0.2220.70
ORBSLAM3 Tost track of the map
Night Thunderstorm | OV’SLAM | 160338239 4975249 0.34:3.54
VINS Fusion Map range unreachable

+ GTAV-TeFS Stereo and RGB-D Eval on Learning-basd DROIDSLAM

H

N Metrics(Corrected) Metrics(Raw)
Scene Weather Input Mode | 5r T APE%)]  RPE(] APE(m)]
Fxtra Sumny Stereo 1275058 02350.12063+0.14 | 736043371
RGBD 0.8610.45 0115006 0.6310.10 | 15.7716.79
City 04 Cloudy with Rain Sterco 17300905 0.300.12  0.631014 | 73.75033.65
RGBD 2995119 0394016 0.6240.10 | 13.1615.48
FET—— Sterco 640200 084027 0635020 | TA61L33.70
e * RGBD 3911239 0.645031  0.6210.15 | 10291477
Fatra Samny Sterco 3615115 030£0.10 058L0.19 | O8.68549.18
RGBD 1355054 0.1120.04  0.5840.18 | 19.7219.85
- — Sterco 62313.66 0512030 0392018 | 994414920
Offroad 01 |~ Cloudy with Rain RGBD 2641113 0225009 0.5810.18 | 18.5919.23
F— Sterco T8241611  1.501050 0.622031 | 1003215000
¢ RGBD 6.6854.42 0555035 0.6210.19 | 21.48L12.89
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