TurboMap: GPU-Accelerated Local Mapping for Visual SLAM
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Introduction Barriers to Parallel Execution Evaluation Setup Stress Test

We process sequences faster than real-time to force a high keyframe
insertion rate.

We evaluate TurboMap and ORB-SLAMS3 in stereo-inertial mode using
EuRoC [3] and TUM-VI [4] SLAM datasets, averaging over 5 runs.

TurboMap is a GPU-accelerated and CPU-optimized local mapping 1. Shared-state updates serialize execution.

backend for real-time visual-inertial SLAM, built on ORB-SLAM3 [1].
= Local mapping modifies keyframes, map points, observations, and

the covisibility graph. Table 3. Comparison with high keyframe rate (avg. 5 runs, desktop).

TurboMap shows less degradation since LBA and KF Culling skip less.

= Visual-inertial SLAM has three interdependent components:
tracking, local mapping, and loop closing.

Table 1. Evaluation platforms.
= These are shared with tracking and loop closing, so every update
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= Transferring keyframes each time would erase any gain from
Local Mapping Pipeline parallel execution. Table 2. Average local mapping performance, reported as oo
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= GPU keyframe storage. Each keyframe is copied to the GPU once
0 1 2 3 4 5 6 7

on insertion and stays resident. Only immutable parts (keypoints

MHO1 V101 Room1l ) - . . .
and descriptors) are stored, avoiding excessive synchronization.
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= Keypoint Correspondence Search on the GPU. Search is decoupled Jetson
from triangulation, so all matches are found in parallel before any
map point is created. New map points are then created on the CPU.

Figure 2. Local mapping breakdown across EuRoC and TUM-VI.
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https://github.com/sfu-rsl/TurboMap

= Map Point Creation — finds keypoint correspondences across References

= Map Point Fusion on the GPU. Similar to keypoint correspondence

neighbouring keyframes, then triangulates matches into new 3D
map points.

= Map Point Fusion — finds and merges duplicate map points across
neighboring keyframes to keep the map sparse and consistent.

search, all duplicate candidates are first identified in parallel on the
GPU, then merged sequentially on the CPU.

= Keyframe Culling optimized on the CPU. A per-map-point counter

array replaces the nested scan over

keyframe observations.
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= Local Bundle Adjustment (LBA) — jointly refines local keyframe

. . . . . o = Local bundle adjustment accelerated by the GPU. We use a GPU
poses, associated inertial variables, and map point positions.

block solver [2] which computes the Schur complement, the major

= Keyframe Culling — removes keyframes whose observations are bottleneck, more quickly.

already covered by others, keeping the map compact.
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