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Scheduling

Roadmap

Predict the energy 
consumption of 
tasks, AGVs

Prediction
Manage the energy 
usage, charging, 
pricing (priority)

Management
Schedule the tasks 
assign to AGVs
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Developed Models

● “An IoT-based Data-Driven Hedge System of Solar 

Power Generation”, IEEE Internet of Things Journal, 

2021.

Goal: Predict solar power generation

          Hedge low-radiation risk



Developed Models

● “Multi-Head Learning Model for Power 

Consumption Prediction of Uncrewed Ground 

Vehicles”, submitted to AAAI 2023.

Goal: Predict the power consumption (watt) of UGV



Dataset: “Energy consumption data for package delivery 
with an Uncrewed Ground Vehicle”

● 10 HZ data of Husky A200 UGV                                                                    
● Different routes and payloads
● Features: position, motor, electronic info
● Predict: power consumption (watt or A · V)

Transfer Learning

● Route A - Source:    24 trials for training, 10 for testing
● Route B - Target:     25 trials for training, 10 for testing
● Route C - FewShot:   7 trials for training, 10 for testing
● Route D - ZeroShot:                                        5 for testing



2SMH: 2-stage 
multi-head learning





MAE Evaluation

A: Source
B: Target
C: FewShot
D: ZeroShot



MAE Evaluation
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B: Target
C: FewShot
D: ZeroShot



MAE Evaluation

A: Source
B: Target
C: FewShot
D: ZeroShot



Loss Balance



Transfer Mechanisms



Developed Models

● “Multi-Head Learning Model for Power 

Consumption Prediction of Uncrewed Ground 

Vehicles”, submitted to AAAI 2023.

Goal: Predict the power consumption (watt) of UGV

Contribution:

A. Propose 2-stage multi-head learning
B. Multi-task for time-series prediction
C. High transferability
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Developed Models

● “Call Auction-Based Energy Management System 

with Adaptive Subsidy and Dynamic Operating 

Reserve”, Sustainable Computing: Informatics and 

Systems, 2022.

Goal: Maintain operating reserve rate at a stable level 

           Achieve the target distribution of energy supply  









Dynamic Operating Reserve Rate:

Adaptive Subsidy





Developed Models

● “Double-Environmental Q-Learning for Energy 

Management System in Smart Grid”, submitted to 

AAAI 2023.

Contribution:

A. Q-learning-based decision making
B. Clear states and intuitive actions
C. High interpretability   







What if get attacked?

Malicious Suppliers

Man-in-the-middle 



Developing Models

● “Secure Q-Learning for Energy Management 

System in Smart Grid”

Contribution:

A. Anomaly detection by deep learning
B. Fuzzy control module
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Connect with CoBotAGV

Price Quantity

AGV Reward Battery Level

Task Priority 
(weight, urgency)

Energy 
Consumption

● AGV (supplier) select tasks (demander)
● Based on priority of weight, urgency, … (price)
● Limited by the battery level (quantity)



AGV Problem Method

Task Selection Knapsack Multi-Objective 
Optimization

Path 
Arrangement

Traveling 
Salesman

Deep 
Reinforcement 
Learning

Research Plan

Referenced from:
"Hybridization of evolutionary algorithm and deep 
reinforcement learning for  multi-objective orienteering 
optimization", IEEE Transactions on Evolutionary 
Computation 



1 Accepted
1 Submitted
1 Writing

Scheduling

Roadmap

Prediction Management
1 Accepted
1 Submitted

1 Planned



1. Data from CoBoatAGV

a. Power Consumption (motor, battery, …)

b. Charging Information

2. Tasks of CoBoatAGV

a. Types of tasks

b. Types of anomaly

Current Issues



1. Refine prediction models to fit CoBotAGV

2. Develop scheduling methods

a. Task selection

b. Path arrangement

3. Establish management system for CoBotAGV

Future Works



Thank You for Your Listening !
Questions or Suggestions?

E-mail: f08922011@ntu.edu.tw
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