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Profile summary

My work is centred on sensorimotor control and sits at the intersection of control, learning, robotics, autonomous systems,
and theoretical neuroscience. | am interested in how biological and artificial systems estimate state, learn, adapt, and
control skilled action under real-world constraints, including uncertainty, delay, noise, partial observability, and the physical
limits of embodiment. My research combines human sensorimotor experiments, computational modelling, haptic and
robotic interfaces, and real-time embedded control systems.

My research spans different stages of development and different motor systems, from speech acquisition in infants to the
learning of novel arm movements in adults. | have also designed and built robotic interfaces for studying human
movement, haptic interaction, motor learning, and movement assessment. These systems allow theoretical ideas about
feedback, learning, state estimation, and control to be tested in controlled but physically meaningful tasks. They have
supported research in our laboratory and in collaborations in the UK and internationally.

| have a background in electronic and electrical engineering, speech science, motor neuroscience, and robotics. This
allows me to take a multidisciplinary approach to understanding intelligence, movement, learning, and autonomy. A central
theme across my work is that human intelligence and artificial autonomy are embodied, closed-loop control problems that
require theoretical analysis, experimental investigation, and robust engineering implementation.
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Research outputs

Task-relevant haptic feedback improves asymptotic performance in de novo arm control acquisition
Howard, I. & Alvarez Hidalgo, L., 22 Apr 2026, In: Scientific Reports. 16, 1, 18776.

A Servo-Motor-Actuated Artificial Lung for Robotic Speech Production
Howard, I., 4 Mar 2026, Studientexte zur Sprachkommunikation Band 113: Elektronische Sprachsignalverarbeitung 2026.
TUD press, p. 94-101 8 p.

Investigating age-related decline in sensorimotor control using robotic tasks
Alvarez-Hidalgo, L., Edlmann, E., Schmidtmann, G. & Howard, I. S., 12 Jan 2026, In: Frontiers in Aging Neuroscience. 17
,21p., 1673516.

Motor imagery enhances performance beyond the imagined action
Gippert, M., Shih, P. C., Heed, T., Howard, I. S., Idaji, M. J., Villringer, A., Sehm, B. & Nikulin, V. V., 20 May 2025, In:
Proceedings of the National Academy of Sciences of the United States of America. 122, 20, e2423642122.

The impact of dwell time on the contextual effect of visual and passive lead-in movements
Alvarez-Hidalgo, L., Franklin, D. W. & Howard, I. S., 1 May 2025, In: Journal of Neurophysiology. 133, 5, p. 1520-1537 18

p.

State space model of airflow in the human vocal apparatus
Howard, I., Mar 2025, Studientexte zur Sprachkommunikation. TUD press, p. 180 187 p.



Kernels of Motor Memory Formation: Temporal Generalization in Bimanual Adaptation
Howard, I. S., Franklin, S. & Franklin, D. W., 20 Nov 2024, In: Journal of Neuroscience. 44, 47, e0359242024.

Dual Mode Control of an Inverted Pendulum: Design, Analysis and Experimental Evaluation
Alvarez Hidalgo, L. & Howard, I., 30 Dec 2023, In: Advances in Science, Technology and Engineering Systems Journal. 8
, 6, p. 120-143 23 p., 6.

Behavioral Motor Performance
Leib, R., Howard, I. S., Millard, M. & Franklin, D. W., 29 Dec 2023, In: Comprehensive Physiology. 14, 1, p. 5179-5224 46

p.

Design and Prototyping of a 3DOF Worm-drive Robot Arm
Howard, I., 30 Oct 2023, (E-pub ahead of print) In: Advances in Science, Technology and Engineering Systems Journal. 8
,5,p. 77-93

Human Evaluation of Robotic Grippers for Berry Picking
Alvarez-Hidalgo, L. & Howard, I., 14 Sept 2023.

Design and Kinematic Analysis of a 3D-Printed 3DOF Robotic Manipulandum

Howard, I. S., 9 Sept 2023, Towards Autonomous Robotic Systems - 24th Annual Conference, TAROS 2023,
Proceedings. Springer Science and Business Media Deutschland GmbH, p. 227-239 13 p. (Lecture Notes in Computer
Science (including subseries Lecture Notes in Atrtificial Intelligence and Lecture Notes in Bioinformatics); vol. 14136 LNAI).

In silico prediction of acute chemical toxicity of biocides in marine crustaceans using machine learning
Krishnan, R., Howard, I. S., Comber, S. & Jha, A. N., 20 Aug 2023, In: Science of the Total Environment. 887, 0, 164072.

Prior Movement of One Arm Facilitates Motor Adaptation in the Other
Gippert, M., Leupold, S., Heed, T., Howard, I. S., Villringer, A., Nikulin, V. V. & Sehm, B., 7 Jun 2023, In: The Journal of
Neuroscience. 43, 23, p. 4341-4351

Training a CNN to Estimate Voice Pathology from Connected Speech Using EGG to Automatically Label the Dataset for
Voicing
Howard, I., 30 Mar 2023, Host publication not specified in Elements.

P-20 Motor imagery of linked movements enhances motor adaptation
Gippert, M., Franke, L., Heed, T., Howard, I., Villringer, A., Sehm, B. & Nikulin, V., 2 Mar 2023.

P-94 Prior movement of one arm can facilitate motor adaptation in the other
Gippert, M., Leupold, S., Heed, T., Howard, I., Villringer, A., Nikulin, V. & Sehm, B., 2 Mar 2023.

Design and prototyping of a low-cost light weight fixed-endpoint orientation planar Cobot
Howard, I. S., 26 May 2022, In: 2022 International Conference on System Science and Engineering (ICSSE). 0, 0

Gain scheduling for state space control of a dual-mode inverted pendulum
Alvarez-Hidalgo, L. & Howard, I. S., 26 May 2022, In: 2022 International Conference on System Science and Engineering
(ICSSE). 0,0

Assessing reactive violence using Immersive Virtual Reality
Terbeck, S., Bacon, A. & Howard, I., 6 May 2022, In: PLoS ONE. 17, 5

A Real-time Double Emulsion Droplets Detection System using Hough Circle Transform and Color Detection
Zhu, S, Li, C., Rogers, J., Gianni, M. & Howard, I., 26 Nov 2021, In: 2021 27th International Conference on Mechatronics
and Machine Vision in Practice (M2VIP). 0, 0



3D Printed Mechanically Modular Two-Degree-Of-Freedom Robotic Segment Utilizing Variable-Stiffness Actuators
Wilmot, A. & Howard, I. S., 31 Oct 2021, Host publication not specified in Elements. Vol. 0. p. 228-237

EtherCAT Implementation of a Variable-Stiffness Tendon Drive with Non-back-Drivable Worm-Gear Motor Actuation
Howard, I. S. & Stoelen, M. F., 1 Jul 2021, Host publication not specified in Elements. Springer International Publishing,
Vol. 0. p. 381-390

State Space Analysis of Variable-Stiffness Tendon Drive with Non-back-Drivable Worm-Gear Motor Actuation
Howard, I. S. & Stoelen, M. F., 1 Jul 2021, Host publication not specified in Elements. Springer International Publishing,
Vol. 0. p. 294-303

Glottal Closure Instant Detection Using Echo State Networks
Steiner, P., Howard, |. & Birkholz, P., 31 Mar 2021, Host publication not specified in Elements.

Machine Learning Analysis of Speech and EGG for the Diagnosis of Voice Pathology
Howard, I., 31 Mar 2021, Host publication not specified in Elements.

Speech Fundamental Period Estimation using a Neural Network
Howard, I., 31 Mar 2020, Host publication not specified in Elements.

Asymmetry in kinematic generalization between visual and passive lead-in movements are consistent with a forward
model in the sensorimotor system

Howard, I. S., Franklin, S. & Franklin, D., 29 Jan 2020, (E-pub ahead of print) In: PLoS ONE. 15, 1, p. e0228083-
0228083

Alcohol, empathy, and morality: acute effects of alcohol consumption on affective empathy and moral decision-making
Francis, K. B., Gummerum, M., Ganis, G., Howard, |. S. & Terbeck, S., 1 Dec 2019, In: Psychopharmacology. 236, 12, p.
3477-3496 20 p.

A Modular 3D-Printed Inverted Pendulum
Howard, I. S., 28 Jun 2019, Host publication not specified in Elements. Vol. 0. p. 413-424

Modelling Vowel Acquisition Using the Birkholz Synthesizer
Howard, I. & Birkholz, P., 31 Mar 2019, Host publication not specified in Elements.

Characterization of Neural Tuning: Visual Lead-in Movements Generalize in Speed and Distance
Howard, I. S., Franklin, S. & Franklin, D., 2019, Biosystems & Biorobotics. Vol. 0. p. 1030-1033

Virtual morality in the helping professions: Simulated action and resilience
Francis, K. B., Gummerum, M., Ganis, G., Howard, I. S. & Terbeck, S., 4 Jul 2018, In: British Journal of Psychology. 109,
3, p- 442-465 24 p.

Using State Feedback to Control an Articulatory Synthesizer
Howard, I. & Birkholz, P., 31 Mar 2018, Host publication not specified in Elements.

Simulating Moral Actions: An Investigation of Personal Force in Virtual Moral Dilemmas
Francis, K. B., Terbeck, S., Briazu, R. A., Haines, A., Gummerum, M., Ganis, G. & Howard, |. S., 1 Dec 2017, In:
Scientific Reports. 7, 1, 13954.

Active lead-in variability affects motor memory formation and slows motor learning
Howard, I. S., Ford, C., Cangelosi, A. & Franklin, D. W., 10 Aug 2017, In: Scientific Reports. 0, 0



Robotic actuation of a 2D mechanical vocal tract
Howard, 1., 31 Mar 2017, Host publication not specified in Elements.

Virtual morality: Transitioning from moral judgment to moral action?
Francis, K. B., Howard, C., Howard, I. S., Gummerum, M., Ganis, G., Anderson, G. & Terbeck, S., Oct 2016, In: PLoS
ONE. 11, 10, e0164374.

Adaptive tuning functions arise from visual observation of past movement
Howard, I. S. & Franklin, D. W., 24 Jun 2016, In: Scientific Reports. 0, 0

Towards a Mechanical Vocal Apparatus for Vowel Production
Howard, I., 31 Mar 2016, In: ISBN: 978-3-959080-40-8.

Enhanced cross-limb transfer of force field learning for dynamics that are identical in extrinsic and joint-based coordinates
for both limbs

Carroll, T. J., de Rugy, A., Howard, |. S., Ingram, J. N. & Wolpert, D. M., 18 Nov 2015, In: Journal of Neurophysiology. 115
, 1, p. 445-456 12 p.

Creating the cognitive form of phonological units: The speech sound correspondence problem in infancy could be solved
by mirrored vocal interactions rather than by imitation
Messum, P. & Howard, I. S., Nov 2015, In: Journal of Phonetics. 53, 0, p. 125-140

Neural Tuning Functions Underlie Both Generalization and Interference
Howard, I. S. & Franklin, D. W., 25 Jun 2015, (E-pub ahead of print) In: PLoS ONE. 10, 6, p. €0131268-e0131268

The value of the follow-through derives from motor learning depending on future actions.
Howard, I. S., Wolpert, D. M. & Franklin, D. W., 2 Feb 2015, In: Current Biology. 25, 3, p. 397-401

Learning to pronounce first words in three languages: an investigation of caregiver and infant behavior using a
computational model of an infant.
Howard, I. S. & Messum, P., 2014, In: PLoS ONE. 9, 10

The effect of contextual cues on the encoding of motor memories.
Howard, I. S., Wolpert, D. M. & Franklin, D. W., May 2013, In: J Neurophysiol. 109, 10, p. 2632-2644

Gone in 0.6 seconds: the encoding of motor memories depends on recent sensorimotor states.
Howard, I. S., Ingram, J. N., Franklin, D. W. & Wolpert, D. M., 12 Sept 2012, In: J Neurosci. 32, 37, p. 12756-12768

31.1: Invited Paper: Programmable Electrostatic Surface for Tactile Perceptions
Radivojevic, Z., Beecher, P., Bower, C., Cotton, D., Haque, S., Andrew, P., Henson, B., Wall, S. A., Howard, I. S., Ingram,
J. N., Wolpert, D. M., Salo, A. O. & Xue, T., Jun 2012, In: SID Symposium Digest of Technical Papers. 43, 1, p. 407-410 4

p.

Speech Development: Toddlers Don't Mind Getting It Wrong
Messum, P. & Howard, I. S., 2012, In: Current Biology. 22, 5, p. R160-R161

A Single-Rate Context-Dependent Learning Process Underlies Rapid Adaptation to Familiar Object Dynamics
Ingram, J. N., Howard, I. S., Flanagan, J. R. & Wolpert, D. M., 29 Sept 2011, In: PLoS Computational Biology. 7, 9

Modelling Caregiver Tutored Development of Pronunciation in a Young Child
Howard, 1., 31 Mar 2011, In: ISBN: 978-3-942710-37-4.



The Computational Architecture of Elija: A Model of a Young Child That Learns to Pronounce
Howard, 1., 31 Mar 2011, In: ISBN: 978-3-942710-37-4.

Modeling the development of pronunciation in infant speech acquisition.
Howard, I. & Messum, P., 1 Jan 2011, In: Motor Control. 15, 1, p. 85-117

Separate representations of dynamics in rhythmic and discrete movements: evidence from motor learning
Howard, I. S., Ingram, J. N. & Wolpert, D. M., 2011, In: Journal of Neurophysiology. 105, 4, p. 1722-1731

Workspace comparisons of setup configurations for human-robot interaction
Zacharias, F., Howard, I. S., Hulin, T. & Hirzinger, G., Oct 2010, In: 2010 IEEE/RSJ International Conference on Intelligent
Robots and Systems. 0, 0

Multiple Grasp-Specific Representations of Tool Dynamics Mediate Skillful Manipulation
Ingram, J. N., Howard, I. S., Flanagan, J. R. & Wolpert, D. M., 13 Apr 2010, In: Current Biology. 20, 7, p. 618-623

Context-Dependent Partitioning of Motor Learning in Bimanual Movements
Howard, I. S., Ingram, J. N. & Wolpert, D. M., 2010, In: Journal of Neurophysiology. 104, 4, p. 2082-2091

KLAIR: a virtual infant for spoken language acquisition research
Huckvale, M., Howard, I. & Fagel, S., 6 Sept 2009, (E-pub ahead of print) In: Interspeech 2009. 0, 0

A modular planar robotic manipulandum with end-point torque control
Howard, I. S., Ingram, J. N. & Wolpert, D. M., 2009, In: Journal of Neuroscience Methods. 181, 2, p. 199-211

Statistics of Natural Movements Are Reflected in Motor Errors
Howard, I. S., Ingram, J. N., Koerding, K. & Wolpert, D. M., 2009, In: Journal of Neurophysiology. 102, 3, p. 1902-1910

Modeling motor pattern generation in the development of infant speech production
Howard, I. & Messum, P., 1 Jan 2008, In: Proceedings of ISSP 2008 - 8th International Seminar on Speech Production. 0,
0, p. 165-168

Composition and Decomposition in Bimanual Dynamic Learning
Howard, I. S., Ingram, J. N. & Wolpert, D. M., 2008, In: Journal of Neuroscience. 28, 42, p. 10531-10540

The statistics of natural hand movements
Ingram, J. N., Kording, K., Howard, I. S. & Wolpert, D. M., 2008, In: Experimental Brain Research. 188, 2, p. 223-236

Teaching a vocal tract simulation to imitate stop consonants
Huckvale, M. & Howard, I., 1 Dec 2005, In: 9th European Conference on Speech Communication and Technology. 0, 0,
p. 3213-3216

Learning to control an articulatory synthesizer by imitating real speech
Howard, I. & Huckvale, M., 1 Jan 2005, (E-pub ahead of print) In: ZAS Papers in Linguistics. 40, 0, p. 63-78

A Neuroeconomics Approach to Inferring Utility Functions in Sensorimotor Control
Koérding, K. P., Fukunaga, I., Howard, I. S., Ingram, J. N. & Wolpert, D. M., Oct 2004, In: PLoS Biology. 2, 10, €330.

New Developments in Speech Pattern Element Hearing-Aids for the Profoundly Deaf
FAULKNER, A., WALLIKER, J., HOWARD, I., BALL, V. & FOURCIN, A., 1993, In: SCANDINAVIAN AUDIOLOGY. 22, 0,
p. 124-135



Further developments of a neural network speech fundamental period estimation algorithm
Howard, I., 1 Dec 1991, In: IEE Conference Publication. 0, 349, p. 340-344

Feature extracting hearing aids for the profoundly deaf using a neural network implemented on a TMS320C51 digital
signal processor

Walliker, J. R., Daley, J., Faulkner, A. & Howard, I., 1991, In: Final Program and Paper Summaries 1991 IEEE ASSP
Workshop on Applications of Signal Processing to Audio and Acoustics. 0, 0

Real-time portable multi-layer perceptron voice fundamental-period extractor for hearing aids and cochlear implants
Walliker, J. R. & Howard, I., Feb 1990, In: Speech Communication. 9, 1, p. 63-72

Two-level recognition of isolated word using neural nets
Howard, I. & Huckvale, M., 1 Dec 1989, In: IEE Conference Publication. 0, 313, p. 90-94

The implementation of a portable real-time multilayer-perceptron speech fundamental period estimator
Howard, I. & Walliker, J., 27 Sept 1989, (E-pub ahead of print) In: First European Conference on Speech Communication
and Technology (Eurospeech 1989). 0, 0

AUTOMATIC PHONETIC FEATURE LABELLING OF CONTINUOUS SPEECH
Huckvale, M., Howard, I. & Barry, W., 1 Jan 1989, In: 1st European Conference on Speech Communication and
Technology, EUROSPEECH 1989. 0, 0, p. 2565-2568

THE IMPLEMENTATION OF A PORTABLE REAL-TIME MULTILA YER-PERCEPTRON SPEECH FUNDAMENTAL
PERIOD ESTIMATOR
Howard, I. S. & Walliker, J. R., 1989, p. 1206-1209. 4 p.

SPEECH FUNDAMENTAL FREQUENCY ESTIMATION BY MULTI-CHANNEL PEAK-PICKING
Howard, D., Faulkner, A. & Howard, I., 1 Jan 1987, In: European Conference on Speech Technology, ECST 1987. 0, O, p.
1318-1321

SPEECH FUNDAMENTAL PERIOD ESTIMATION BY A NOVEL PARALLEL PROCESSING METHOD
Howard, I., 1 Jan 1987, In: European Conference on Speech Technology, ECST 1987. 0, 0, p. 1309-1312

THE APPLICATION OF ADAPTIVE CONSTRAINT SATISFACTION NETWORKS TO ACOUSTIC PHONETIC
ATTRIBUTE DETERMINATION
Howard, I. & Huckvale, M., 1 Jan 1987, In: European Conference on Speech Technology, ECST 1987. 0, 0, p. 1075-1078

TOWARDS A COMPREHENSIVE QUANTITATIVE ASSESSMENT OF THE OPERATION OF REAL-TIME
FUNDAMENTAL FREQUENCY EXTRACTORS.

Howard, D., Maidment, J., Smith, D. & Howard, |., 1 Dec 1986, Host publication not specified in Elements. Vol. 0. p. 172-
177

Quantitative comparisons between time domain speech fundamental frequency estimation algorithms,
Howard, I. & Howard, D., 30 Sept 1966.

Qualifications

Engineering and technology, Doctorate, Speech Fundamental Period Estimation using Pattern Recognition, University
College London
Award Date: 1 Apr 1991

Engineering and technology, First Degree, Electrical and Electronic Engineering, B.Sc.(Eng.)
Award Date: 1 Jun 1984



