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NOV21 – SLAM-PPT

• We have 2 students presenting today:







MASt3R-SLAM: Real-Time Dense SLAMwith 3D
Reconstruction Priors

Presented by: Aryan Chauhan

























Add results, baseline, ablation study

• What conclusion do you plan to draw from the results?
• Max 4-5 lines per slide



Addmore demos and videos, visual
graphs/tables + 2-3 key observations
• Point out limitations
• Suggest improvements
• Engage the audience









Future work

• Kindly add future work to address limitations
• Suggest improvements



cuVSLAM: CUDA Accelerated Visual Odometry and Mapping

Presented by: Karteek Gandiboyina



PROBLEM&MOTIVATION

• Real-Time V-SLAM on Edge Devices
• Lack of Unified Multi-Sensor Support



Definitions / Background

• Visual Odometry (VO): Estimates the robot's pose sequentially,
using only local visual information (e.g., between two consecutive
frames). Suffers from accumulating drift over long trajectories.
• SLAM: Combines VO with Loop Closing (LC) and Global
Optimization to eliminate accumulated drift and build a globally
consistent map.
• cuVSLAM Architecture: Uses a fast, smooth Frontend (VO) for
immediate pose updates and a robust, asynchronous Backend
(SLAM) for map consistency.





Method details
2DModule 3DModule
Real-timeextraction and trackingof featureson the 2D image
plane

Estimate the camera's 6-Degrees-of-Freedom (6 DOF) pose
(position and orientation) and build the local 3Dmap.

• Feature Selection: Identifies and extracts high-contrast image
keypoints for tracking

• 2D Tracking: Tracks the movement of these features across
consecutive image frames, often usinga method like the
Lucas-Kanade algorithm.

• Landmark Triangulation: Uses the 2Dobservations from one or
more camera views (from the2Dmodule) to calculate the 3D
coordinates of the features

• 2. PoseEstimation (Localization): Determines the camera's 6
DOFpose (translation and rotation) using the newly tracked 2D
features and their corresponding 3D landmarks in the map

• Saves the new 3D landmarks and camera poses to the local
odometry map.

• Local Refinement: Initiates a local Sparse Bundle Adjustment
(SBA) to optimally refine the recently calculated poses and
landmark positions for improved local accuracy.

Output:

2D Observations: A set of tracked feature points and their
coordinates on the image plane

Output

• 6 DOF Poses: The accurate position and orientation of the
camera/robot in the world.

• 3D Landmarks: A consistent set of 3D points representing the
environment.



Method details

Sterio Multi-Sterio Visual-Inertial Mono-Depth Mono
• Cross-Camera

Triangulation:
Performs left-to-right
feature tracking to
obtain stereo
observationsand
calculate 3D
landmarks on
keyframes.

• Pose Estimation:
Uses thePnP
algorithm on
subsequent frames.

• Enhanced
Robustness: Treats
the configuration as
multiple stereo pairs
tomaintain
robustness in
feature-poor areas.

• Setup: Builds a
Frustum Intersection
Graph (FIG) to
manage cross-
camera tracking only
between cameras
with overlapping
Fields of View (FoV).
Requires
synchronized
images.

• Factor Graph
Optimization:
Defines the robot's
state as a 15-DOF
vector (Pose,
Velocity, Biases).

• Key Factors:
Constrains
consecutive states
using IMU
preintegration
factors, visual
factors, and a prior
factor. Includes a
crucial Gravity
Estimation step.

Dense Frame-to-Frame
Estimation: Estimates
pose using a
combination ofmultiple
factors in an
optimization problem :
1. Visual Factor
(reprojection error).
2. Dense Intensity &
Depth Factors (per-pixel
constraints).
3. Point-to-Point Factor
(using 2Dmatches).

• Relies onmotion
baseline to
triangulate points
from different
camera poses.

• Initialization: Uses
the Fundamental
Matrix and RANSAC
for the first frames to
estimate the initial
pose up-to-scale.



Loop closing and global map refinement
• LoopClosure Detection: Identifies when the robot revisits a

past location to detect andmeasure accumulated drift
(odometry error) across the long trajectory.

• Pose Graph Optimization (PGO): Adds a constraint for the
detected loop, then globally optimizes the entire history of
camera poses to distribute the error and correct themap's
overall shape.

• Global Bundle Adjustment (BA): Final step that simultaneously
refines both the globally corrected poses and 3D landmark
positions for maximum finalmap accuracy and consistency.



Stereo/Multi-Sterio Visual-Inertial Mono-Depth Mono



Results



Results



Limitations

• Reliance on Features: Accuracy drops significantly in environments with repetitive
textures, lack of features (e.g., white walls), or motion blur.

• Initialization (Scale Ambiguity): Monocular mode requires motion to initialize and
estimates pose only up-to-scale, requiring external sensing or a dedicated
initialization sequence.

• Sensor Dependency: Robustness relies heavily on accurate sensor calibration
(intrinsics/extrinsics) and hardware synchronization for multi-camera and VIO
modes.

• Lost Tracking/Kidnapping: The system requires external localization (e.g., LiDAR or
an external module) to recover the correct global pose after tracking is fully lost.



Future work

• Kindly add future work to address limitations
• Suggest improvements



Thank you!

Any Questions?




