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BACKGROUND

Mass customisation pipeline – Data acquisition 

Mass customisation (MC) combines the flexibility and 

personalisation of customised products with the low unit 

costs associated with mass production. Product 

customisation in healthcare has been shown to produce 

improved patient outcomes, comfort, and satisfaction – 

especially in the orthotics sector. Additionally, the global 

foot orthotic market size is $4.22 billion in 2024 and so 

shows a good potential of benefitting from MC inclusion.

This research aims to investigate the potential of applying 

MC to the orthotics sector of the healthcare industry.

- Standardised MC pipeline: 

This study is focussed on the first step of the pipeline. The 

aim is to identify the accuracy and sensitivity of the chosen 

lowest fidelity data acquisition method for the MC pipeline 

– 2D RGB imaging.

Accuracy of 2D images to predict 
foot size – proposed use in a mass 
customisation pipeline for the 
production of orthotic devices

METHODS
Data capture and 2D image generation:
3D texture scans of participant’s feet 

with an attached marker were captured 

using a 3D scanner and run through a 

blender programme to create synthetic 

2D RGB image data sets. 

For each participant, the programme 

generated images of their captured scan 

rotated about the X and Z axes at known 

angles: ±0o, 1o-10o, 15o, 20o, 30o, and 45o

Peter Mazzey, p.mazzey21@imperial.ac.uk

Dr Connor Myant

CONCLUSIONS
• Lowest fidelity data acquisition method is suitable

• Similar trends noted for each of the scans across 

the rotated angles

• %error for each of the scan's plateaus between 

+10o to -10o

• Average %error at 0o for all scans is -1.02%

Data 
Manipulation

Design Synthesis

Product 
Fabrication

Data Acquisition

Sensitivity testing:
Each of the images in the data sets were segmented and 

sized using AI-based algorithms to determine the foot’s 
height and width. These were then compared to their 

measured size to calculate the accuracy of the given angle.

Z

XY

RESULTS 
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V

BACKGROUND

MATERIAL TARGET PROFILE 

Metastatic bone disease is a common complication of 
cancer, particularly affecting the vertebrae and leading to 
severe symptoms like pain, reduced mobility, and 
neurological issues, significantly impacting patients' quality 
of life. The NHS Long Term Plan for Cancer emphasizes new 
interventions to improve the quality of life for terminally ill 
patients, highlighting the need for an implant to address 
spinal lesions.

This research focuses on designing and optimizing a 
biocompatible, radiopaque material that matches 
surrounding bone structure and mechanical properties.

Photopolymer Development for 
Minimally Invasive Spinal Implant 
for Metastatic Bone Disease

METHODS

ANISOTROPY EFFECT 

Testing for directional weaknesses:
 A commercial LCD printer was used to 
print cylindrical 10x5mm compression 
samples in three different orientations and 
three post processing states.

For the tensile tests, dogbone specimens 
were printed in four different orientations 
and three post processing states.

Sterilisation effect: Similar cylindrical specimens were 
printed and autoclaved to test for the effect of sterilisation 
on the mechanical properties. 

  

• Foldable
• Arbitrary shape
• 1 cm3 volume

• Feature 
resolution in 
the order of 
1 µm

• Base mechanical 
      properties
• Biocompatibility
• Radiopacity

Milena Siapera, e.siapera23@imperial.ac.uk
Dr Connor Myant

CONCLUSIONS
• Post processing with temperature removes the 

anisotropic effect on the mechanical properties.
• The 45-degree orientation shows directional 

weaknesses and premature failure.
• Sterilisation increases the Young’s Modulus in 

compression by approximately 10%. 

STERILISATION EFFECT 

• Patient specific
• Customisable
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Electric Vehicles (EVs) present both a challenge and an
opportunity for future electricity grids. Their comparatively
large loads require grid reinforcement or at the least congestion
management in distribution grids, but their large energy storage
capacity may also enable them to contribute significantly to
flexibly run power systems. To get EV owners to agree to service
provision from the batteries of their EVs, it is crucial for their
driving habits to be unaffected. This in turn means that plug-in
times are unknown ahead of time to a potential flexibility
provider, an “aggregator”, creating a dilemma for the
aggregator as the grid operator demands planning security
while the flexible resource is uncertain until real-time.

Other uncertain variables, such as residential demand, are
similarly uncertain, but this does not pose a problem to the
involved stakeholders as these variables can be “aggregated”
for several consumers, with aggregate variables being
predictable, thanks to the law of large numbers. A similar
approach is proposed here for flexible EV charging with
aggregate boundaries for the power and energy capacity.

Reserve Provision from Electric Vehicles: Aggregate 
Boundaries and Stochastic Model Predictive Control

Rated Charger 
Power

Required 
energy

Battery 
capacity Flexible 

Charging

Aggregator does not know 
charging requirements and 
availability in advance

Grid operator has to procure 
services in advance (i.e. day-
ahead) for secure operation

? !

INTRODUCTION

The proposed algorithm exploits the fact that charging behaviour becomes easier
to predict as the number of included chargers increases. The size of the EV fleet
that the aggregator controls thus also has a profound impact on the financial
performance of the scheduling algorithm as increased certainty allows the
aggregator to commit to more reserve service provision.

The proposed SMPC is compared against two benchmark algorithms: one which
naively uses a deterministic version of our model and makes a single-scenario
prediction (BM1) and one that, unrealistically, has perfect future knowledge
(BM2).

The effect of fleet size levels off above 400 EVs with SMPC reducing costs by 60%
here, close to the 70% that are possible with perfect foresight.

RESULTS

AGGREGATION METHOD

STOCHASTIC MODEL PREDICTIVE CONTROL
Model predictive control (MPC) is a control algorithm that, at
each time step, optimises a process over a finite time horizon.
Stochastic MPC (SMPC) adds robustness to this approach by
ensuring the optimisation probabilistically considers a range of
potential scenarios. The scenarios are derived from the
predictions of a multiple linear regression model as well as the
error distribution in its training set.
The SMPC builds on a two-stage stochastic optimisation where
the first stage decides day-ahead reserve provision while the
second stage solely manages real-time charging decisions. The
first stage occurs every day at 2pm (for the day-ahead reserve
service auction) while the second stage optimisation is carried
out in all settlement periods. At each settlement, the SMPC
algorithm considers the future scenarios for each of the
boundaries with the first-stage optimisation considering the
whole next day (66 settlements ahead) while the second stage
only considers 18 settlements.

Building on previous
work, energy and
power potential are
constrained by three
boundaries.

These boundaries can be stacked for any number of EVs, resulting in aggregate
boundaries for a conceptual single battery of the whole EV fleet.
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(1.) Figure 1 shows that actuators with equal tension on both sides (10) exhibit 
less deformation, while those with differing tensions (15-20 front, 7-8 back) 
show greater deformation. This demonstrates that larger tension differences in 
GRXEOH�OD\HU�NQLWWLQJ�SURGXFH�PRUH�VLJQL¿FDQW�DFWXDWRU�GHIRUPDWLRQ�

(2.) Figure 2 demonstrates that the drop-needle technique utilizes the knit 
structure's pressure to achieve the desired deformation and functionality. 
The results show that adjusting needle numbers and layouts with tubular 
NQLWWLQJ�HQKDQFHV�WKH�DFWXDWRU¶V�LQÀDWLRQ�HIIHFW��)LJXUH���LQGLFDWHV�WKDW�DOLJQLQJ�
the drop-needle arrangement with the actuator's airbag density improves 
collaboration between the knit structure and the actuator.

Soft Wearable Robotics: 
Innovative Knitting-Integrated Approaches 

for Pneumatic Actuators Design

This paper is accepted in ACM DIS 2024 Provocations and Works-in-Progress (PWiP) program 
0LQJNH�:DQJ
��P�ZDQJ��#LPSHULDO�DF�XN
<L�=KRX��\�]KRX��#LPSHULDO�DF�XN��5HEHFFD�6WHZDUW��U�VWHZDUW#LPSHULDO�DF�XN

Abstract
This study focuses on compatible and compact textile architectures to support actuators to be seamlessly integrated, aiming to enhance wearability and interactivity 
in human-robot interaction. Through a design-driven approach in which various knitting techniques and parameters are used to create sleeves that house silicone air-
pocket, it explores principles and variations of textile-based pneumatic actuators design.

Introduction

Previous research on soft wearable robotics has identif ied design 
considerations related to the human wearability of soft robotics, including 
safety, stability, comfort and portability [1]. Most previous work has adopted 
a rudimentary strategy of attaching the robotic device to the wearer's body 
using bulky straps/tubes/bands, resulting in poor interactivity and wearability.
The miniaturisation and seamless integration of soft robotic components 
into wearable forms is a critical gap that requires investigation into how 
these elements can function cohesively within garments or accessories. The 
development of lightweight and powerful actuators become a research priority 
[2]. Therefore, the integration of textile structures should be considered as an 
HVVHQWLDO�SDUW�RI�VRIW�ZHDUDEOH�URERWLFV�>�@��7KLV�ZRUN�H[SORUHV�DQG�GLVFXVVHV�
innovative integration approaches of knit structure and pneumatic actuators to 
EULGJH�LGHQWL¿HG�JDSV�

Methods

We fabricated a range of knit sleeves to house the silicone actuators integrated 
with different knitting techniques and varying parameters such as stitch density 
and knitting tension. Each actuator connected with a manual air pump was 
then inflated to qualitatively evaluate its mechanical properties and compare 
bending stiffness, shape-changing and relationships between actuators and 
knitting structure.

 

Results & Discussion

Conclusion

6RIW�ZHDUDEOH�URERWLFV� LV�QRW�RQO\�DQ�H[WHQVLRQ�RI� WUDGLWLRQDO�URERWLFV�DSSOLHG�
to the human body but also a new technological paradigm of multidisciplinary 
innovation. Future plans can include experimenting with various actuator 
materials (figure 4), shapes to fit ergonomic interaction (figure 5) and a 
varieties of knitting techniques (figure 6). Quantitative methods,such as  
applying precise control will further evaluate the mechanical relationship and 
performance of knitted pneumatic actuators. 

Reference

>�@�0HQJMLD�=KX��6KDQWRQX�%LVZDV��6WHMDUD�,XOLD�'LQXOHVFX��1LNRODV�.DVWRU��(O�� OLRW�:ULJKW�+DZNHV��DQG�<RQ�
9LVHOO��������6RIW��:HDUDEOH�5RERWLFV�DQG�+DS�� WLFV��7HFKQRORJLHV��7UHQGV��DQG�(PHUJLQJ�$SSOLFDWLRQV��
3URF�� ,(((���������)HE������������±�����KWWSV���GRL�RUJ���������-352&��������������&RQIHUHQFH�1DPH��
3URFHHGLQJV�RI�WKH�,(((�
>�@�<RQJMXQ6KL�:HL'RQJ�:HLTL/LQ�DQG<RQJ]KXR*DR������6RIW:HDUDEOH5RERWV��'HYHORSPHQW�6WDWXV�DQG�
7HFKQLFDO�&KDOOHQJHV��6HQVRUV� �%DVHO��6ZLW]HUODQG��������� �2FW���������������KWWSV���GRL�RUJ���������
V��������
>�@�9DQHVVD�6DQFKH]��.DXVDO\D�0DKDGHYDQ��*DEULHOOH�2KOVRQ��0RULW]�$��*UDXOH�
0LFKHOOH�&��<XHQ��&ODUN�%��7HHSOH��-DPHV�&��:HDYHU��-DPHV�0F&DQQ��.DWLD�%HUWROGL��DQG�5REHUW�-��:RRG��
�������'�.QLWWLQJ�IRU�3QHXPDWLF�6RIW�5RERWLFV��$GYDQFHG�)XQFWLRQDO�0DWHULDOV���������-XQH�����������������
KWWSV���GRL�RUJ���������DGIP�����������

Table 1: Experimental Parameters

Figure 1: Actuator performance under 

different knit tensions. 

Figure 2: Comparison between full-needle (left) 

and drop- needle (right) knit layer.

Figure 3: Silicone mold graphic (above) and the 

drop-needle layout diagram (below).

• $�JDXJH���'XELHG�GRXEOH�EHG�NQLWWLQJ�PDFKLQH����QHHGOHV�SHU�LQFK�
• .QLWWHG�VDPSOH�VL]H��ZLGWK�RI�����URZV�DQG�KHLJKW�RI����QHHGOHV
• 7ZR�W\SHV�RI�WXEXODU�VWLWFK�WHFKQLTXHV��IXOO�QHHGOH�	�GURS�VWLWFK
• Two shapes of silicone actuators
• Eight prototypes in four comparison experimental groups 

Figure 4,5 & 6: Silicone molding process (left), ergonomic 

interaction (middle) and knit design variations (right).

Bio
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“ This paper presents an opportunity to bridge 
soft wearable robotics and textiles, offering 
OLJKWZHLJKW��ÀH[LEOH��DQG�HUJRQRPLF�VROXWLRQV 
for human-robot interaction. ”
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