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Mobile Autonomous Systems

A cyber physical system capable of:
- Perceiving
- Reasoning
- Acting
Without Human Intervention!
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SLAM Error Impact on Planning
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Mean Error + Vehicle 
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System Constraints

Micro 
Aerial 
Vehicle

Compact
Ground
Robot

Micro
Autonomous
Underwater
Vehicle

Weight Power Dimensions

MAV ~250 g ~2.4 Ah 30 × 30 × 10 cm

CGR ~2.5 Kg ~2.5 Ah 40 × 30 × 20 cm

MAUV ~5 Kg ~0.5 Ah 45 x 12 x 12 cm



ORB-SLAM



ORB-SLAM



ORB-SLAM



ORB-SLAM



Motivation - Realtime Deadlines
Fresh Images, 20 FPS

50 ms
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Motivation - Realtime Deadlines

FPS drops → increased max error!
~2 FPS drop → worst case trajectory error increased ~0.8 m



ORB-SLAM Tracking
Simultaneous Localization and Mapping
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Decision Keyframe

After this, frame 
is ‘processed’

Per-frame Tracking
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Simultaneous Localization and Mapping

ORBImage
Image Stereo 

MatchingORB Pose 
Prediction

Tracking 
Local Map

Keyframe 
Decision Keyframe

After this, frame 
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MH05 - Jetson - 2x2 Mask MH05 - Jetson - 12x12 Mask

OASIS - Dynamic Masking
OASIS



OASIS - Dynamic Masking
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Evaluation - Setup

ETH Zurich EuRoC MAV Dataset

● 11 Indoor Industrial Captures + Camera Calibration and Intrinsics
● 20 FPS, 752 x 480 Stereo Images
● 200 Hz IMU Samples
● Ground truth measurements

Running ORB-SLAM3 on two platforms:

Each Trial Configuration Performed 10 times
Randomized Trial Execution
Same SLAM Configuration used across all trials
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Evaluation - Jetson Baseline

11.5% →0% deadline misses with OASIS
reduced mean ATE 30%, max ATE 60%  over baseline



OASIS Localization Results
Relative Pose Error vs Timestamp, MH01, Jetson



OASIS vs SotA Realtime
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OASIS vs SotA Realtime

OASIS reduces mean error by ~30% and worst-case error by ~70%



OASIS vs SotA Optimal
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OASIS vs SotA Optimal

OASIS is near optimal w.r.t. SotA!



Summary

● Missed deadlines are bad

● OASIS prevents missed deadlines with runtime control

● OASIS improves worst case pose error 
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Thank you! Questions?



BACKUP



SLAM Error Accumulation
Simultaneous Localization and Mapping



Keyframe SLAM
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OASIS - Dynamic Masking



ORB-SLAM3 Input Tracking
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OASIS - Budgeting / Mask Selection

At Runtime:
- Per frame Tracking Process Timestamps (ms) and SLAM Settings used as inputs into estimator
- Binary signal from controller, indicating process or skip cell during feature extraction 

Controller chooses mask size based a moving average estimator
- Total cells derived from SLAM configuration, size of layers of image pyramid 
- Infer time per cell from last Tracking timestamp
- Estimate frame budget with moving average of prior Tracking Process Timestamps
- Choose mask (growing from center) to fit into budget

OASIS



Evaluation - Jetson OASIS Mask
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OASIS Against SotA
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OASIS vs SotA

SotA solutions still suffer from deadline misses



Adding Periodic Stress



Summary

● Missed deadlines can have significant impacts to realtime machine perception pipeline 

● We introduce a fully online controller that budgets per-frame approximation via spatial 
masking to process the regions with most information (center of frame)

● We find OASIS preserves mean performance while significantly improving worst case 
performance of ORB-SLAM3 on the complete EuRoC dataset. 
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