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Unified repair and verification formally guarantees the safety of policy 
networks, minimally deviates from the original performance of network, and 

does not require the modification of the training data to learn safety. 

Main Results (WM)

Conditional Constraint:

DNNs in Assistive Robotics

Control limits

DNN policies may demonstrate unsafe behavior 
in formerly unseen scenarios

NN Repair in Assistive Robotics
• Model the safety constraints as hard constraints 

on the networks’ output 
• Ensure the satisfaction of safety properties 

through global optimization as gradient descent 
approaches cannot provide any guarantees 

Overview of Our Framework
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NNRepLayer Verifier

Weight Modification (WM)
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▷ Safety predicate 

▷ Quadratic loss function

▷ Forward pass 

▷ Bounded weight error
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Real walking tests

Normalized L(-distance of each test
input to its nearest neighbor in the repair set.

Scalability Challenges

• Solving MIQP is a demanding process that 
scales with the size of network.

• Provable repair only restricted to DNNs with 
linear piece-wise continuous activations

DNN Expansion (DE)

(a) Detect Faulty Samples
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(b) Node Isolation Training
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(c) QP-tuned Output Layer

Our method,
• Guarantees the satisfaction of constraints for the 

adversarial samples 
• Offers a natural way to extend the network using 

the same activation functions as the other neurons
• Activates within the faulty region while preserving 

the original performance in the unaffected regions

Main Findings

Main Results (DE)

Newly Added 
Nodes Activations:
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Femur angle (state)

Shin angle (state)

Ankle angle (control)

Prosthetic Device Model

Bounding Constraint:


