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EDUCATION

PhD Candidate | Zhejiang University September 2022 — July 2027 (expected)
Control Science and Engineering (Robotics). Supervisor: Profs. Yue Wang, Haojian Lu, Rong Xiong

BEng (Chu Kochen Honors Program) | Zhejiang University September 2018 — July 2022
Mechanical Engineering. Minor in Mathematics. GPA 3.96/4.0 (89.84/100), Top 5%

RESEARCH EXPERIENCE

Diffusion-based motion planning for continuum robots

»  Formulated motion planning as a path generation problem in the configuration space based on the kinematics model.
Trained a diffusion model to learn the inverse mapping from end-effector positions to robot configurations, generating
multiple feasible solutions. Trained a diffusion model conditioned on the start and goal configurations to generate smooth
intermediate sequences, enabling point-to-point and obstacle-avoidance motion planning in the workspace.

Certifiably global optimal sequential state estimation

»  Relaxed the robot state estimation problem in the time domain (or the arc length domain for continuum robots) into
a semidefinite programming (SDP) problem using the Cayley map, minimising discrete observation errors subject to
boundary constraints. Introduced redundant quadratic constraints to maintain the tightness of relaxation. Solved the
resulting SDP using CVX + MOSEK in MATLAB, and verified tightness by the rank of solution matrix.

External force estimation in continuum robots: Closed-form solution, solver and validation [Video]

e Derived a closed-form solution for external force estimation of Kirchhoff rods, and extended it to multisectional
tendon-driven continuum robots. Developed a high-order state estimation algorithm with Gaussian process regression,
deriving prior mean and kernel functions from stochastic differential equations and fusing discrete noisy measurements
from optical fibre Bragg gratings into posterior state distributions. Exploited Gauss—Newton algorithm for solving sparse
block tridiagonal systems with O(n) time complexity. Achieved superior estimation accuracy and noise robustness with
a 10x speedup in computational efficiency, compared to conventional non-linear solvers (e.g., BFGS). Real-time
applications are demonstrated.

Optimal path tracking control in actuator space for tendon-driven continuum robots [Paper] [Code] [Media]

«  Based on the inverse kinematics, applied dynamic programming to find the shortest actuator path. Derived optimal
time allocation considering actuator constraints. Designed and implemented a control framework, where trajectories
planned offline serve as feedforward and inverse Jacobian computed online as real-time feedback, achieving accurate tip
pose tracking. Built a multisectional tendon-driven continuum robot hardware and developed the corresponding software
(C++) and interface (PLC) to achieve >100 Hz stable asynchronous real-time closed-loop control.

Efficient multi-solution solver for the inverse kinematics of 3-section constant-curvature robots [Paper] [Page]

e Formulated an analytical reduction theory that compresses a highly non-linear system of equations into a one-
dimensional problem. Implemented a bounded error approximation to traverse the feasible space with resolution
completeness. Developed a solver in MATLAB that eliminates initial values and local minima dependency of traditional
non-linear optimisers, achieving 85% reduction in computational latency while providing multiple solutions.

Riemannian optimisation for kinematic closed-chain robots

e Modelled kinematic closed-chain robots with joint constraints as bounded Riemannian submanifolds. Developed
numerical tangent-space projection and retraction methods for state updates subject to high-dimensional non-linear
equality constraints, and tangent-cone projection for joint-limit equality constraints. Developed a motion generation
algorithm for highly redundant closed-chain robots, enabling shape control with improved efficiency and stability.

INTERNSHIP EXPERIENCE

Intern | Zhejiang Humanoid Robot Innovation Center Co. Ltd., Ningbo, China

e Dynamic parameter identification and control optimisation November 2024 — January 2025
Developed a regression algorithm to identify latent system parameters, including joint friction and damping coefficient.
Designed robust data collection and statistical fitting pipelines. Analysed the frequency spectra of reinforcement learning
control signals via FFT, and proposed differentiated lower limb joint bandwidth allocation method, which are shown by
experiments to improve walking gait and motor control stability.
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» Inverse kinematics analysis of parallel joint mechanisms July 2024 — August 2024
Modelled non-linear constrained kinematics for parallel-link ankle and waist joint mechanisms. Developed a numerical
solving algorithm and implemented a C++ toolkit that achieves stable computation at 500 Hz. Analysed statics of both
serial and parallel mechanisms, solving for the boundaries of permissible workspace and analysing torque transmission,
which provide key parameters for reinforcement learning of humanoid robots.

Intern | ABB Corporate Research Center, ABB Engineering (Shanghai) Ltd., Shanghai, China

»  High-precision on-site calibration for industrial manipulators July 2021 — August 2021
Applied Lie group SE(3) and Lie algebra se(3) to build geometric models for 6DOF industrial manipulators. Proposed
an on-site calibration procedure and algorithm. Constructed a non-linear least-squares problem using canonical blocks,
and calibrated latent model parameters with the Levenberg—Marquardt algorithm, reducing absolute positioning errors.

PUBLICATIONS

External force estimation in continuum robots: Closed-form solution, solver and validation
Under Review. The International Journal of Robotics Research (IJRR), 2026
Ke Qiu, Fei Wang, Sven Lilge, Yujie Cui, Rong Xiong, Haojian Lu, Yue Wang

An actuator space optimal Kinematic path tracking framework for tendon-driven continuum robots
The International Journal of Robotics Research (IJRR), 2025
Ke Qiu, Hongye Zhang, Jingyu Zhang, Rong Xiong, Haojian Lu, Yue Wang

An efficient multi-solution solver for the inverse kinematics of 3-section constant-curvature robots
Robotics: Science and Systems (RSS), 2023
Ke Qiu, Jingyu Zhang, Danying Sun, Rong Xiong, Haojian Lu, Yue Wang

Learning-based dynamics modeling and robust control for tendon-driven continuum robots
International Conference on Intelligent Robots and Systems (IROS), 2026
Ziqing Zou*, Ke Qiu*, Fei Wang, Haojian Lu, Rong Xiong, Yue Wang

Learning the inverse kinematics of magnetic continuum robot for teleoperated navigation
International Conference on Intelligent Robots and Systems (IROS), 2024
Pingyu Xiang*, Ke Qiu*, Danying Sun, ..., Yue Wang, Rong Xiong, Haojian Lu

Reinforcement learning of serpentine locomotion for a snake robot
International Conference on Real-time Computing and Robotics (RCAR), 2021
Ke Qiu, Hang Zhang, Yikai Lv, Yunkai Wang, Chunlin Zhou, Rong Xiong

AWARDS

IROS Best Paper Award Finalists 2025
A4X Robotics Scholarship 2025
Outstanding Postgraduate Student, Zhejiang University 2025, 2023
Outstanding Graduate of Zhejiang Province, Zhejiang Provincial Government 2022
National Scholarship, Ministry of Education, China 2021
First-Class Scholarship, Zhejiang University 2021, 2020, 2019
First-Class Scholarship, Chu Kochen Honors College 2021, 2020
First-Class Scholarship, Department of Mechanical Engineering 2020, 2019

ACADEMIC SERVICE

Reviewer for: IEEE Transactions on Robotics (T-RO), IEEE Transactions on Soft Robotics (T-SRO), IEEE/ASME
Transactions on Mechatronics (TMECH), IEEE Transactions on Automation Sciences and Engineering (T-ASE),
Cyborg and Bionic Systems (CBS, Science Partner Journal), IEEE International Conference on Robotics and Automation
(ICRA), IEEE/RSIJ International Conference on Intelligent Robots and Systems (IROS).

SELF-ASSESSMENT

Strong mathematical foundation with end-to-end research and development experience in robotics. Experienced in non-
linear optimisation, state estimation, motion planning, and robot control, with a strong ability to tackle unexpected and
novel technical challenges. Adaptable and fast to learn new concepts and technologies, with strong communication and
collaboration skills. Responsible, proactive, and highly motivated.
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External force estimation in continuum robots: Closed-form solution, solver and validation
Under Review. The International Journal of Robotics Research (IJRR), 2026
Ke Qiu, Fei Wang, Sven Lilge, Yujie Cui, Rong Xiong, Haojian Lu, Yue Wang

An actuator space optimal Kinematic path tracking framework for tendon-driven continuum robots
The International Journal of Robotics Research (IJRR), 2025
Ke Qiu, Hongye Zhang, Jingyu Zhang, Rong Xiong, Haojian Lu, Yue Wang

An efficient multi-solution solver for the inverse kinematics of 3-section constant-curvature robots
Robotics: Science and Systems (RSS), 2023
Ke Qiu, Jingyu Zhang, Danying Sun, Rong Xiong, Haojian Lu, Yue Wang

Learning-based dynamics modeling and robust control for tendon-driven continuum robots
International Conference on Intelligent Robots and Systems (IROS), 2026
Ziqing Zou*, Ke Qiu*, Fei Wang, Haojian Lu, Rong Xiong, Yue Wang

Learning the inverse kinematics of magnetic continuum robot for teleoperated navigation
International Conference on Intelligent Robots and Systems (IROS), 2024
Pingyu Xiang*, Ke Qiu*, Danying Sun, ..., Yue Wang, Rong Xiong, Haojian Lu

Reinforcement learning of serpentine locomotion for a snake robot
International Conference on Real-time Computing and Robotics (RCAR), 2021
Ke Qiu, Hang Zhang, Yikai Lv, Yunkai Wang, Chunlin Zhou, Rong Xiong
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