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❑ Project background

❑ Model based design and docker

❑ Winch control hardware setup

❑ Winch system model development

❑ Winch controller design

❑ Controller software architecture, implementation and testing

❑ Conclusion
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Autonomous wireline operation
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Model based design and docker container
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Slides from Mathworks presentation
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Current hardware setup for winch control
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Equipment model and simulator: overview
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Equipment model and simulator
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Hydraulics Transmission and drum

Cable node Cable

Tool force

Tool Trap and Catcher
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Model calibrations
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Winch controller design: design system model
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Winch Mechanics

Drum

ToolMotor torque

Pressure dynamicsHydraulic Flow

Variable displacement pump

Variable displacement motor

Charge pump

Design model in state space

load pressure 𝑃𝐿 = 𝑃ℎ − 𝑃𝑙
𝑥 = [𝑥1, 𝑥2, 𝑥3]

𝑇 = [ℎ, ሶℎ, 𝑃𝐿]
𝑇, 
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Winch controller design: ARC controller design using 
backstepping
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Step 1: A desired load pressure 𝛼2 is designed for the system load pressure 𝑥3
such that the tool motion 𝑥1 will follow the desired motion trajectory 𝑥1𝑑. 

Step 2: Synthesize a control law 𝛼3 for the actual pump displacement 𝛼
such that the load pressure 𝑥3will track the virtual control function 𝛼2
designed in the first step.

Step 3: The actual control command 𝑣 can be calculated from inversed nonlinear 

mapping 𝑣 = 𝑓−1(𝛼3)
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Winch controller implementation
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Build container services from Simulink/SimScape  
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Figure courtesy of Ken Ditlefsen’s poster
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Model-in-loop testing
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Software-in-loop testing 
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Truck Testing
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Conclusion
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❑ Multi-domain physical system modeling using SimScape/Simulink
❑ Using existing libraries
❑ Customized component modeling using SimScape language

❑ Control algorithm design using Simulink/Stateflow
❑ Together with other tools (Control system Toolbox, Simulink Design Optimization) 

offered by Mathworks to speed up controller design

❑ MIL simulation and testing
❑ Quick what-if analysis and automation using Simulink Test

❑ Code generation for both controller and system model(Simulator)
❑ Eliminate manual coding and speed up implementation

❑ Containerized controller and simulator
❑ Facilitate CI/CD
❑ Democratize model simulation

❑ Build and test automation (SIL) using Jekins/Azure devops
❑ Automatic build and regression test


