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On Runtime Monitoring Fallbacks

safety filtering is one strategy for doing nutine

monitoring for computing a fallback policy
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But so far we have assumed that the monitor fallback are

pre computed offline but as we saw in the online updates

lecture if the conditions or safety spec changes online VX
and H x may not be valid anymore

III what is another strategy we could take for designing
a runtime monitor a fallback policy

IAI let's take an on planingontrolappoch specifically

model Predictive control MPC Idea is simple
measure the current state t

optimize a totally optimal trajectory from It
get It H

execute just the first action UI
let the real system evolve for one step to 1

repeat
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Under the hood we are still solving an opt problem
minimize Cost trajectory
tret sit dynamics

initial state x ̅
But we are typically re solving it online starting only
from current x ̅ solving it locally and doing it for shorter
time horizon H CCT

MPChoint
task horizon

TODAI Two case studies on how MPC can be

used to do runtime monitoring fallbackplanning
Bonus we will see VLMs Lms pop up to

help us generalize MPC ingredients

Sinha et al Real Time Anomaly151 Detection Reactive Planning w Lms
BestPaperAward Robotics science Systems 2024

We will use a running example throughout of
an autonomous drone navigatingthrough environment
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Now you want to let your maybe youtrainedyoursystemrobot operate fly whenconditions here maybe its previous deployment

are nominal but if anything goes wrong we want to

have a fallbank ex landing ingrassypatch hoveringjett
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How to plan a recovery fallback

Monitoring as Semantic AnomalyDetection

consider example above how can we detect such weird

open ended scenarios Here let's take the notion of
semantic anomaly detection heart use commonsense

knowledge of LUMS to detect these hazards
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Textual
endding ectors of the robot's prior experiences



Now construct a nommmonitor which checks how
similar the textual description of a deployment scene

is with a nominal scene

Vonatata yNominalDat
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Fallback Planning as an MPC Problem

what in

IEEEiˢ we can stayhere for all time

Our fallbackplanner will solve a special MPC problem where

we keep multiplebranches for
each recovery behavior

minimize cost x 7
t dynamics

EX'r extent
7 X2 endrecovery 2x ̅ to ok kit it in area



The pinktray Xo k is shared by all recovery policies
allows the method to call the LLM one more time for
slower reasoning about the anomalies figuring out

if it really should activateany recovery behavior of

if its ok it should return to nominal operation

Lematata NominalDat
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Recovery zones made sense in the drone now example

but it's a bit strange in domains like manipulation

But the notion of monitoring fallback MPC is

still relevant

We will use running example of manipulato which
has learned some behaviors via a diffusion policy



Here the diffusion policy has
learned to approximate a multimodal

distribution over actions
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future sequenceof endeffectorposesde abgon sample Usually we just sample Tnp at Ot

execute this is SOTA But not all samples

are created equal some fail some are inappropriate

for the context ex putting gripper inside mug

Let's pose a type of MPC problem which will let

us do monitoring fall back
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maybe we would want to use vom as our cost

function but we need to translate each attion to observe

outcomes for evaluation This isthe model in model predictive

control mlc



In this work we have similar philosophy to prior
work if we can translate everything into text represent

then we can use the VLM's reasoning as an adaptable

semantially aware cost function
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If you think about it the VLM is now responsiblefor

implicitlysolving this MPC problem b c it not only evaluates
but also selects the minimizer of b c it selects the

textual description that corresponds to the best action sample


