
LHMM: A Learning Enhanced HMM Model for

Cellular Trajectory Map Matching

Weijie Shi, Jiajie Xu∗, Junhua Fang, Pingfu Chao, An Liu, and Xiaofang Zhou



Cellular Data

Two Basic Concepts
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Existing Methods

Hidden Markov Model (HMM)
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Existing Methods

HMM’s Drawback
The  observation probability 𝑃𝑃𝑂𝑂
and transition probability 𝑃𝑃𝑇𝑇
are guided by explicit features (like distance)



Existing Methods

Sequence to Sequence Model (Seq2Seq)



Seq2Seq’s Drawback

Existing Methods

Facing severe error propagation



Existing Methods

Advantages of HMM and Seq2Seq



Learning Enhanced 

Hidden Markov Model

Learning Enhanced Hidden Markov Model

Aim to using Neural Network instead of hand-designed heuristic
to learn Observation Probability 𝑷𝑷𝑶𝑶 and Transition Probability 𝑷𝑷𝑻𝑻



Challenge 1 – Multi-relation Representation Learning

Multi-relational Graph 
for CTMM
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Cell Tower-Cell Tower

Embedding Representations
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Road-Cell Tower

Co-occurrence

Sequentiality

Topological structure

How to effectively capture
these relations and 
embedded them into a 
shared space?



Solution 1 – Multi-relation Representation Learning

𝑥𝑥3

Step1:  Initialize

[0,0,1,0,0,0,…]

Step2:  Message passing
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Step3:  jointly aggregate the message
And update the 

[0.052,0.712,0.52,…]



Challenge 2 – Learning for Observation Probability

For 𝑃𝑃𝑂𝑂 : there are too roads with high relevant with the point 𝑥𝑥2

Choose which road?



Solution 2 – Learning for Observation Probability

For 𝑃𝑃𝑂𝑂 : capture the implicit point-road with context-aware knowledge



Challenge 3 – Learning for Transition Probability

For 𝑃𝑃𝑇𝑇: how to test the detour of the moving path?



Solution 3 – Learning for Transition Probability
For 𝑃𝑃𝑇𝑇: capture the implicit features between trajectory and path 

Explicit Features
of 𝑐𝑐𝑖𝑖−1𝑘𝑘 → 𝑐𝑐𝑖𝑖

𝑗𝑗



Challenge 4 – Improved Lattice Graph

how to remedy the detour of the moving path?



Solution 4 – Improved Lattice Graph

using shortcuts to provide chances to skip the unqualified candidate set



Experiment - Dataset

DATASET CHARACTERISTIC



Experiment - Evaluation criteria

• Precision and Recall

RMF

CMF

• Route Mismatch Fraction (RMF)
• Corridor Mismatch Fraction (CMF)



Experiment - Evaluation criteria

• Precision and Recall
• Route Mismatch Fraction (RMF)
• Corridor Mismatch Fraction (CMF)
• Hitting Ratio (HR)
• Average inference Time (Avg Time)



Experiment – Overall Performance

HMM based methods

Seq2Seq based methods



Experiment – Ablation Results
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Summary
• we have developed a learning-enhanced HMM map-matching 

approach for cellular trajectories. 

• A representation learning component is designed to fully capture 
multi-relational information tailored for the CTMM task. 

• A learned observation probability captures the implicit context-
aware correlation between roads and points for better positioning 
denoising, and a learned transition probability models the hidden 
relevance between moving paths and trajectories. 

• These two probabilities then guide the path-finding process on 
an improved candidate graph. 
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