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Deterministic guarantees for obstacle 
existence detection using LiDAR-based 
geometric reasoning.

Use downward-facing LiDAR to verify a clear 
landing path. On collision risk, decelerate 
and hover. Override and Control modules 
coordinate to maintain capability within tight 
bounds amid disturbances.

Obstacle distance (Y) vs 
Obstacle height (X) in 
meters.
Obstacles always 
detected in green region.

Mission Layer - Neural Probabilistic Circuit (NPC) Software Simulation

Evaluation Platforms

Integration and Future Work

Certifiably Safe and Robust Perception for Urban Air Mobility

Use a simpler computer vision model to 
verify a more complex one’s predictions.
This allows us to “verify” some of the 
predictions made by the complex model.

Mission Layer - SafeLander

Perception Simplex: Using simplicity to guard complexity
● Two-Layer Design: Separating safety assurance from mission objectives.
● Safety Layer: Detecting any and all surrounding objects (level 1A).
● Mission Layer: Recognizing any and all surrounding objects (level 1B).
● Decision Module: Safety override with mission layer feedback (level 2).

Perception Simplex Design Assurance Levels (DALs)
● Level 1A: Collision avoidance

○ The risk of colliding with surroundings should be avoided at all costs.
● Level 1B: Regulatory rules

○ Without breaching level 1A, avoid violating any regulatory rules.
● Level 2: Mission objectives

○ Without breaching levels 1A and 1B, complete assigned missions.

PlanningMaintain(x)=1, PlanningStop(x)=0 
PlanningDecelerate(x)=0, …

Planning Action Predicate: 

Predicate Extraction

Landing(x)=1, Altitude_below_10(x)=1, 
Velocity_more_than_1(x)=1 …

Environmental Predicates: 

Markov Logic Network Weight Formula(Knowledge Rules)
10.02
8.03
8.47
8.77

…

Landing ∧ Altitude_below_10 ∧ Velocity_more_than_1 → 
Decelerate
Cruising ∧ Altitude_below_50 → Up
Obstacles_in_1m_radius → Stop
Landing ∧ Velocity_more_than_2 → Decelerate

Inference Observed Action Predicates

Maintain(x)
Decelerate(x)

…

Probability

0.02
0.88 Decelerate

Correction!

Post-Safety Verification

Work in Progress: 
Introducing Unreal 
Engine 5 as an option.

● Synergistic connections between the decision 
module and the mission layer components: online 
feedback and learning.

● Fusion between the mission layer components: 
Cooperation between the NPC and SafeLander.

● Complete development of the Biped evaluation 
platform and scenarios.

● Integrated evaluations of the end-to-end 
perception simplex pipeline with the evaluation 
platforms (Biped-Quanser, Minihawk).


