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BACKGROUND THEORY OF

THE MODELING FRAMEWORK

SLDS-HDP-HMM and AR-HDP-HMM 

(Theoretically Infinite-State HMM Models)

HDP-HMM Sticky-SLDS-HDP-HMM 2

Sticky-AR-HDP-HMM2

MOTIVATION AND PROBLEM STATEMENT

• Connected vehicles rely on V2V networks. Scalability is one of the main

challenges, preventing rich collaboration and sensor information sharing.

• Proposed approach:

replace data communication and networking

with model communication and networking

• Generating precise models is the first key task to realize this idea.

• Bayesian Non-Parametric Inference approaches are studied for adaptive

model construction.

• A scheme based on extended Switching Linear Dynamical Systems-

Hierarchical Dirichlet Process-Hidden Markov Model (SLDS-HDP-HMM) is

considered.

• The resulting stochastic hybrid system (SHS) model, which tracks the joint

vehicle-driver behavior, is continuously updated by adding/removing

necessary/unnecessary states on the fly.

OTHER EXAMPLES AND APPLICATIONS

Discrete States (Modes) of Acceleration inferred by SLDS-HDP-HMM Model

Example Application: Cooperative Adaptive Cruise Control 

Learn and update model : Use a 

switched system structure such 

as HMM +  ARX hybrid system. 

Control:  Use exchanged models 

in model-predictive CACC 

controllers.

Result is an order of magnitude 

improvement in spacing error in 

CACC1.
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A simple vehicle movement model
Accuracy vs Rate for Baseline and MBC 

methods, assuming PER =0

Use MBC4


