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Research question: How can the contact wrench (force and torque) at the end-effector of a 3-DOF robot arm be Results:

estimated in real-time without the use of a force/torque sensor? The wrench observer successfully estimated external
forceftorgue estimates (task space OR joint space) tOrqueS pr‘|mar||y On J0|nts 2 and 3 (approx. _0.1 Nm

Research Methods: —»| Wrench Observer — » . . .
Two primary methods will be researched: and -0.04 Nm, respectively) during the period when an
| - external force was applied (~1.5s to 3.5s). This

* Momentum-Based Observer: , , o .
o Leverages the robot's dynamic model and —>  Controller > Plant Dynamics estimation accurately coincided with observed

momentum principles. f deviations in the positions of these same joints from
o Equation: Figure 1: Block diagram illustrating the observer and control loop structure their desired path. Joint 1 remained largely unaffected
i ~—=sss — Obstacles and Challenges: in both estimated torque and position. Upon force
we =K, |p — f(u n CT(€, 5)5 — G + VVZ) dt Achieving accurate wrench estimation rem.o.val (~3.5s), the estimatgd torques and joint
using only indirect joint position errors began returning towards zero,
o Wy: Estimated wrench measurements, which can be noisy demonslt.rating the obszr.ver'ifability tot()jetect tI?e
o K, : Momentum gain matrix and affected by model inaccuracies.  €xterna mtekrahc‘tlon and its effect on robot tracking.
o p: Momentum Setting up the robot dynamics tooka " ——— . rw|b~=-:m
o u: Control input (joint torques) ot time | i F -
o ¢:thevector of joint positions _ Ve \ N Ensuri.ng tt\e OUtCOWES in Simulink is a e I
® 5 . the vector of joint velocities /gure d - thethingI'm struggling now
o CT(& &)é&: Coriolis and centrifugal matrix Setup and External My regular class works affeFts my T . s
o G(&): Gravitational torque vector Force on 3-DoF Robot ~ Progress of research, especially the P
Capstone project. B | |
Work Completed: Future Works:
. Developed kinematic and dynamic models for the * Implemented EKF-based wrench observers and preliminary ~ F/gure 3: Desired & Actual  Figure 4: Estimated Torques
3-DOF robot arm simulation testing Joint positions
* Developed and tested a PID controller via  Conduct initial hardware tests comparing observer
simulation and preliminary hardware deployment estimates against Force/Torque sensor data Acknowlgdgements:
 Designed and implemented Momentum-based  Perform detailed analysis of experimental data to evaluate | thank.leh.uang (J) Garra.rd and Dr. We.nlong Zhang
wrench observers in MATLAB/Simulink observer performance, robustness, and real-time feasibility 10" their guidance and advice on dynamic setup anc
* Performed preliminary simulation testing of the * Refine observer parameters and models based on observers building.
observer experimental findings
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