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OTHER GUIDANCE 

The MCO should tell a clear rigorous research narrative of the research programme 
against the RAE2026 criteria

To enable you to provide an accurate summary of the research programme, it is advisable 
to write your 300-word statement prior to attempting to produce your MCO as this enables 
you to check the golden threads that run through your narrative and ensure its coherence.   

It should be systematic and demonstrate all aspects of the research and its findings such 
that the significance, originality and rigour of the research are evident to a specialist and to 
anyone with an understanding of research in Design

Panelists in RAE2026 will be specialists but not necessarily closely associated with your 
research. The MCO narrative must be succinct but clear. 

All MCO submissions must demonstrate how they meet the definition of research 
including: 

1. A process of investigation (demonstrating methods and methodologies) 
2. Leading to new insights and/or new knowledge (demonstrating literature and points of 
departure)
3. Effectively shared (has entered the public domain) 

Do not overfill the pages as this makes the MCO difficult to read. 

Title should be specific to the research and articulate 
the research question or what it is the research which 
is intending to achieve in the same way that you would 
name a journal article. RAE2026
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Index

GUIDANCE (see accompanying guidance notes also)
This page provides a structure that should be adhered to in ALL MCO’s.  It must NOT be 
altered to ensure consistency. 
All sections are required to provide RAE evidence.  
1. Descriptor (300-word statement required for all non-traditional outputs)
2. Use the researcher profile to explain your contribution and expertise as well as your 
background
3. Present research questions that will be ‘answered’ or ‘advanced in the MCO. Ie they are 
specific.
4. Research outputs should include the various components of this multi-component outputs. 
E.g. xx conference papers, xx journal articles, xx patents, xx prototypes, xx exhibitions,
5. Research Field refers to other key references in the field and should explain why your 
research is ‘original’ where your work is different and how and why it is different from previous 
work.
6. Research methods must explain and show the methods chosen and demonstrate HOW the 
research was conducted, what tests and experiments were conducted and what feedback was 
gathered and what are the risks associated
7. Research outcomes, findings and conclusions must be documented and explain their 
contribution to answering the research questions in 2 above. 
8. Research Dissemination should include all aspects of the research that has entered the 
public domain, either through scholarly publication or media. 

Example:
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Descriptor
Example:

GUIDANCE
The Descriptor is a requirement of the RAE2026 for all Multi-component outputs and is included here 
form completeness. It will not refer to RAE2026 because this will be published externally on PIRA by 
PolyU and will remain in the public domain in perpetuity. Do not include references to RAE or RAE criteria 
directly. 

Further guidance and examples of 300-word statements as included in the accompanying guidance. All 
aspects outlined below should be included in the statement in summative form. 
 
The guidance states the following: 

“300 WORD STATEMENT may engage with standard elements of any research endeavour such as:

• the research imperative. (why do the research and what is the context)

• outcomes of the research. (summary of findings)

• the research question(s);

• the research field and key works referenced. (who else is this research, why is your research distinctive 

and what is your point of departure)

• the research methods and materials.

• how the research was tested and the feedback used.

• the research conclusions.

• the novelty of the research outputs; and

• the dissemination and distribution of the research findings”
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Title: A Dynamic Manikin System for Objective Evaluation of Bra Designs

Descriptor

Funded by two Innovation and Technology Fund (ITF) grants totalling HK$2.8 million (2019–2023), this research 
addresses critical gaps in sports bra design by developing a dynamic biomechanical testing system that simulates 
human breast motion during physical activities. To overcome the limitations of traditional static dress forms and 
subject tests, Prof. Yick and the team engineered a soft-breast manikin that replicates 3D human body movement and 
soft tissue dynamics during running, cycling and jumping. This manikin enables the precise quantification of sport-
specific breast support needs, allowing for customised fit and enhanced comfort in sports bras.

By integrating biomechanics and anthropometry, the project systematically characterises the breast support 
performance and contact pressure of bras under realistic, dynamic conditions. More than 80 bra designs were 
rigorously tested, yielding actionable insights into the material properties and structural features critical for reducing 
breast displacement and discomfort. These findings provide designers and manufacturers with a science-driven 
framework to translate biomechanical data into practical design improvements and thereby ensure optimal comfort, 
protection and performance for users.

The project’s success is evidenced by three patents, a gold medal at the 2023 Geneva International Exhibition of 
Inventions, and extensive industry engagement. Collaborations with global brands (e.g. NIKE and GAP Inc.), 
international activewear manufacturers and a global testing corporation have resulted in licensing agreements and a 
start-up securing HK$2M for system refinement. The research is also recognised in Top Form Group’s 2024 CSR report 
and was featured in CHOICE magazine by the Consumer Council.  Research outputs have been published in 9 leading 
journals and conferences, advancing both biomechanical science and activewear design. Ongoing collaborations are 
supported by Non-Disclosure Agreements (NDAs), contract research and recently renewed licensing agreements, 
which underscore the project’s significant sustained impact on both academic research and industry practice.
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Personal 
Profile

GUIDANCE NOTE ON PERSONAL 
PROFILE
It is advisable to add a small official photograph of the 
researcher. It is not obligatory but provides a human 
link to the research.
This biography should include your expertise and 
research interests and explain to the reader your links 
to the research within this multi-component output 
such that they understand your contribution to the 
research outlined and if appropriate your research 
history. This is especially important if the research is 
interdisciplinary. 
It is important to present evidence-based profile rather 
than a promotional biography about how intelligent, 
innovative or important you are. The RAE2026 is an 
evidence-based assessment, and this includes how you 
present your profile. 
If you refer to experience it is preferable to provide the 
evidence of your achievements rather than a list of your 
activities.. You can use facts and awards to demonstrate 
your strengths if this is appropriate to the research 
presented. 
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Prof. YICK Kit-lun

Prof. Yick specialises in ergonomic design to improve human well-being, focusing on 
patient clothing, activewear and footwear. She integrates 3D anthropometry, 
biomechanical analysis and material science to enhance comfort and functionality, 
particularly for vulnerable populations. Her research involves developing advanced 
manikin systems for bra evaluation (MCO1) and applying 4D motion analysis to optimise 
sports bra fit and support for elite athletes (MCO3), translating biomechanical data into 
improved movement and power efficiency.  She has also established robust methods to 
predict pressure distribution and combine foot biomechanics and dynamic 
anthropometry to design custom orthotic insoles for diabetic patients (MCO2).

Prof. Yick’s role in research projects is characterised by her ability to define design 
criteria, propose material innovations and develop prototypes that address needs in 
sports, rehabilitation and personalised care. She maintains scientific rigor by 
establishing objective assessment frameworks to evaluate prototype performance. In 
addition to the government, which provides funding for her projects, her collaborative 
network includes the Hong Kong Intimate Apparel Industries’ Association, Hong Kong 
Sports Institute, activewear brands, global testing and certification firms, healthcare 
institutions, NGOs and the Laboratory for Artificial Intelligence in Design under InnoHK. 
These partnerships reflect her commitment to interdisciplinary collaboration, ensuring 
that her work contributes to both academic advancement and practical benefits for 
industry and society.

YICK KL | Section 2 ｜ Researcher Profile                                    
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PROFILE
It is advisable to add a small official photograph of the 
researcher. It is not obligatory but provides a human 
link to the research.
This biography should include your expertise and 
research interests and explain to the reader your links 
to the research within this multi-component output 
such that they understand your contribution to the 
research outlined and if appropriate your research 
history. This is especially important if the research is 
interdisciplinary. 
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than a promotional biography about how intelligent, 
innovative or important you are. The RAE2026 is an 
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evidence of your achievements rather than a list of your 
activities.. You can use facts and awards to demonstrate 
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presented. 
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Multi-disciplinary Research

A Dynamic Manikin System for Objective Evaluation of Bra Designs

Supporting & Collaborating Partners

YICK KL | Section 2 ｜ Researcher Profile                                    

Prof. YICK Kit-lun

Co-Investigators

Materials Scientist & 
Textiles Technologist

Mechanical Engineer

Prof. Yip Joanne
Professor, PolyU

Dr. Ng Sun-pui Zerance
Principal lecturer, 

HKCC, PolyU

Prof. Yip, a materials scientist and textile technologist, leads the selection and characterisation of advanced fabrics and 
materials to ensure that the manikin system accurately replicates human tissue properties for realistic simulation and 
reliable testing outcomes.

Dr. Ng, a mechanical engineer, oversees the structural design and mechanical modeling of the manikin, optimising its 
movement, articulation and response to dynamic forces to ensure  realistic performance testing.. 



Research 
Questions

Example:

GUIDANCE NOTES ON RESEARCH QUESTIONS 
This section is intended to explain to the reader the key context and purpose of the 
research. 

What is the broad summary of the research in this MCO under review 

It is essential that the reader can understand the aims and purpose of the research 
programme and the specifics of the research questions. 

These questions should be precise enough to articulate research problem/gap through the 
MCO and that allow the presentation of a clear research narrative resulting in the outputs 
and outcomes in subsequent pages of the MCO.   

Ideally the research questions would be limited with some sub-questions if necessary

Framing the research problem clearly for the reader is essential. 
2/12/2025 6

Research Questions

1. As compared with the traditional method of bra evaluation, which involves wear trials with human subjects, 
how should 3D bra shape and fit be objectively assessed?

2. How should the breast support performance of bras, particularly in various dynamic situations, be precisely 
characterised to provide reliable information for improving bra designs for effective control of breast 
displacement? 

3. Can pressure and wear comfort of bra designs be scientifically quantified and compared?

4. On the basis of breast biomechanics results, what are the key bra design features for stabilising breast motion 
and wear comfort?

YICK KL | Section 3 ｜ Research Questions 

Bras are one of the most complex engineered apparel products that have intricate construction details and 
unique fit requirements to improve body shape. However, owing to the inadequate evaluation methods available, 
little is known about the influence of bra design features and material properties on fitting, breast motion 
behaviour and pressure comfort in dynamic situations; thus, most bra designs are based on the experience of 
individual designers. The research questions for this project are as follows:

A Dynamic Manikin System for Objective Evaluation of Bra Designs



Research 
Outputs

GUIDANCE NOTES ON 
RESEARCH OUTPUTS

This section should explain all forms of research 
output that make up the MCO and that 
collectively answer the research questions.    

This may include the following 

Xxx Conference papers 
Xxx Academic Papers 
Xxx Book Chapters 
Xxx Professional press 

Xxx Exhibitions or Trad Shows 
Xxx Curatorial presentations 
Xxx Screenings 
Xxx Visual materials 
Xxx Patents
Xxx Prototypes 
Xxx Designs
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Research Outputs

• A manikin that includes a rigid human structure with a layer of soft artificial skin and changeable silicone 
breasts provides adequate breast shape geometry and properties for bra fit evaluation.

• By integrating a 6-degree-of-freedom (DOF) robotic automation system, the complex human body motion 
during various sports activities can be reliably replicated.  

• Custom-designed body landmarks and an optimised low-cost simple motion track system can effectively 
measure the 3D motion of the breast and body in X, Y and Z directions.

• Despite the discomfort caused by high bra pressure, tight-fitting sports bras with high pressure are associated 
with breast support, positive sensations of pressure comfort and a sense of security. 

• Activity intensity, Young’s modulus of shoulder strap and bra cup, and underband tension are major bra 
parameters for effective control of breast displacement during exercises.

YICK KL | Section 4 ｜ Research Outputs

A Dynamic Manikin System for Objective Evaluation of Bra Designs

The project has yielded substantial research outputs, including three conference papers at international forums and 6 
refereed journal articles in top-tier journals, advancing knowledge of multiplanar breast support, pressure distribution, 
comfort and fit in sports bras. Three patents have been granted/filed for innovative system designs that allow 
designers to assess sport-specific support needs and achieve customised fits, demonstrating both academic and 
practical advancements in ergonomic sports bra design. The project received a gold medal at the 48th International 
Exhibition of Inventions in Geneva (2023) and secured licensing agreements with an international fashion brand, an 
activewear innovator and a start-up company. Leading companies, such as NIKE, GAP Inc., Gymshark and MAS 
Holdings, have invited the team for seminars, sample evaluations and keynote speeches in events such as the NIKE’s 
inaugural Breast Symposium. The project also earned Prof. Yick the 2024 School Knowledge Transfer Award and was 
featured in the CHOICE magazine.



Research 
Dissemination 

 

GUIDANCE NOTES ON RESEARCH 
DISSEMINATION

This section is designed to showcase all forms of public 
dissemination of the research. Clearly this includes 
academic conference and journal papers as links.

In addition, this may include links to mainstream and/or 
international media. As noted elsewhere it is preferable 
to use media links and your own images wherever 
possible as this can help avoid copyright requests. 

Research awards and prizes and other forms of 
recognition are all relevant in this section. 

This may also include screenings, shows or exhibitions 
designed to disseminate the research in the public 
domain. 

It is useful to separate different forms of media to assist 
the reading and understanding of dissemination.    
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Research Outputs

Category Contents

Conference 
Articles

• Sun Y, Yick KL, Tang KPM, Yu A, Yip J, Ng SP. (2020). Control performance of different bra designs and materials during 
physical activity. AATCC Sustainability Innovation and Fashion Technology International Conference (AATCC-SIFTIC 2020). 
October 15–17, Shanghai, China.

• LIU QL, Yick KL, Chan KC, Wong ST, Ng SP. (2022). Sports bra pressure: effect on core body temperature and comfort  
sensation. 13th International Conference on Applied Human Factors and Ergonomics, AHFE 2022, New York, USA, 24–28 
July 2022

• Hui KT, Cheah YT, Yick KL, Yip J, Ng Z, Ching H. (2024). Approach of evaluating breast motion for sports bra design. AHFE 
2024, Nice, France.

Journal 
Papers

• Lee CW, Yick KL, Ng SP, Yip J. (2020). Soft manikin as tool to evaluate bra features and pressure. IJFDTE, 13(2):204-212. 

• Tang KPM, Yick KL, Li PL, Yip J, Or KH, Chau KH. (2020). Effect of contacting surface on the performance of thin-film force 
and pressure sensors. Sensors, 20(23):6863.

• Zhang SC, Yick KL, Yip J, YU W, Tang KPM. (2021). An understanding of bra design features to improve bra fit and design 
for Chinese older women. TRJ. 91(3-4):406-420. 

• Sun Y, Yick KL, Cai Y, Yu W, Chen L, Lau N, Zhang SC. (2021). Finite element analysis on contact pressure and 3D breast 
deformation for application in women’s bras. Fibers and Polymers, 22(10):2910-2921.

• Lee CW, Yick KL, Ng SP, Yip J. (2021). Analysis of dynamic vertical breast displacement for the design of seamless 
moulded bras. JTI, 111(10):1470-1480.

• Hui KT, Zhang L, Yick K, Yip J. (2025). Running-specific breast manikin system for evaluation of breast movement and 
sports bra performance. JEFF, 20:1-6.

Patents • 用于胸罩优化设计的人体模型系统, China Patent filed on July 30, 2020.

• 用于评估文胸支撑性能的人体模型系统及评估方法, China Patent granted on March 28, 2025.

• 乳房运动模拟装置、方法、文胸及乳房假体评估系统, China Patent filed on April 24, 2025.

A Dynamic Manikin System for Objective Evaluation of Bra Designs

The research is supported by local government funding (HK$2.8M).

YICK KL | Section 4 ｜ Research Outputs
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GUIDANCE NOTES ON RESEARCH 
DISSEMINATION

This section is designed to showcase all forms of public 
dissemination of the research. Clearly this includes 
academic conference and journal papers as links.

In addition, this may include links to mainstream and/or 
international media. As noted elsewhere it is preferable 
to use media links and your own images wherever 
possible as this can help avoid copyright requests. 

Research awards and prizes and other forms of 
recognition are all relevant in this section. 

This may also include screenings, shows or exhibitions 
designed to disseminate the research in the public 
domain. 

It is useful to separate different forms of media to assist 
the reading and understanding of dissemination.    
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Research Outputs | 01 Conference Articles

YICK KL | Section 4
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LIU QL, Yick KL, Chan KC, Wong ST, Ng SP. (2022). 
Sports bra pressure: effect on core body temperature 
and comfort sensation. 13th International Conference 
on Applied Human Factors and Ergonomics, AHFE 2022, 
New York, USA, 24-28 July 2022.

Sun Y, Yick KL, Li PL, Tang M, Yu A, Yip J, Ng SP. 
(2021). Control performance of different bra 
designs and materials during physical activity. 
In E3S Web of Conferences (Vol. 237, p. 04026). 
EDP Sciences. 3rd International Symposium on 
Architecture Research Frontiers and Ecological 
Environment (ARFEE 2020). 
https://doi.org/10.1051/e3sconf/202123704026

Hui KT, Cheah YT, Yick KL, Yip J, Ng Z. (2024). 

Approach of evaluating breast motion for sports bra 

design. AHFE 2024, July 2024.
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Lee CW, Yick KL, Ng SP, Yip J. (2020). Soft manikin as tool to evaluate bra 
features and pressure. International Journal of Fashion Design, Technology 
and Education, 13(2):204-212.

Lee CW, Yick KL, Ng SP, Yip J. (2021). Analysis of dynamic vertical breast 
displacement for the design of seamless moulded bras. The Journal of The 
Textile Institute, 113(4):637-646.
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Tang KPM, Yick KL, Li PL, Yip J, Or KH, Chau KH. (2020). Effect of contacting 
surface on the performance of thin-film force and pressure sensors. 
Sensors, 20(23):6863.

Zhang S, Yick KL, Yip J, Yu W, Tang KPM. (2021). An 
understanding of bra design features to improve bra fit 
and design for older Chinese women. Textile Research 
Journal, 91(3-4):406-420.
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Sun Y, Yick KL, Cai Y, Yu W, Chen L, 
Lau N, Zhang S. (2021). Finite element 
analysis on contact pressure and 3D 
breast deformation for application in 
women’s bras. Fibers and Polymers, 
22(10):2910-2921.

Hui KT, Zhang LY, Yick K, Yip J. (2025). Running-specific breast 
manikin system for evaluation of breast movement and sports bra 
performance. Journal of Engineered Fibers and Fabrics, 20:1-16.
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Three Chinese patents (Nos. 202010742991.6, 202210893024.9 and 202510525704.9) have been granted or filed for system design, an algorithm for the 
breast control index and robotic replications in different sports.

Chinese Patents
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Prototype III

2019 Nov 2020 Dec 2025 Jan2022 Jun

Prototype IIPrototype I Prototype IV

• By using a robotic 
manipulator, the system 
can replicate varying 
body motions during 
various sports 
activities repeatably 
and consistently.

• Models the vertical dynamic 
movement of the breasts, 
moving up and down in a 
continuous repeatable motion.

• Its motion is governed by a 
concave cam profile based on 
the extracted waveform pattern.  

• The simulated walking speed 
ranges from 2.5 to 4.2 km/h.

• The simulated running 
speed increased to 6 km/h.

• Motion parameters and the 
peak and valley of 
displacements are 
measured with a variation 
of less than 5%. 

• Includes inputs of human 
motion coordinates.

• The simulated running speed 
increased to 10 km/h.

• The 3dBMS motion replicates 
trajectories of human 
running in vertical, rotational 
and leaning directions, with 
strong correlation 
coefficients (r2 > 0.966).

2.5–4.2 km/h running speed 6 km/h running speed 10 km/h running speed Multiple motions

VIDEO Link VIDEO Link

https://ira.lib.polyu.edu.hk/video.jsp?id=115363a
https://ira.lib.polyu.edu.hk/video.jsp?id=115363b
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Research Field

Research Context and Intellectual Positioning
Breast biomechanics research has gained prominence due to 
widespread exercise-induced breast discomfort, as reported by 
44%–72% of women and 44% of elite female athletes (Brisbine 
et al., 2020; Scurr et al., 2014; Chen et al., 2019). Despite this 
urgency, critical gaps persist, including the following:

1. Design Limitations: Current sports bras fail to adequately 
control excessive breast motion during exercise, with 90% of 
women across breast sizes wearing ill-fitting bras (Coltman et 
al., 2018), highlighting systemic flaws in biomechanical 
integration during product development (Norris et al., 2021).

2. Methodological Constraints: Research validity is 
compromised by inconsistent biomechanical protocols (e.g. 
static postures vs. dynamic activities) and confounding factors 
in pressure measurement, such as posture variability and 
subjective preferences (Zhang et al., 2009). McGhee and 
Steele (2020) further critique the field’s reliance on poorly 
designed studies, which hinder translational advancements.

3. Original Contribution
By rectifying the methodological shortcomings identified in 
prior studies (McGhee & Steele, 2020), this work provides 
novel protocols for quantifying breast kinematics and bra-
body interactions under real-world exercise conditions. These 
insights challenge the status quo of ‘one size fits all’ bra 
design paradigms and offer actionable solutions to improve 
women’s athletic performance and health outcomes.

YICK KL | Section 5
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Key References

• Brisbine BR, Steele JR, Phillips EJ, (2020). Breast pain affects the 
performance of elite female athletes. Journal of Sports Sciences, 
38(5):528-533.

• Chen X, Wamg J, Wang Y. (2019). Breast pain and sports bra usage 
reported by Chinese women: why sports bra education programs are 
needed in China. Fibres & Textiles in Eastern Europe, 27(4):17-22.

• Coltman CE, Steele JR, McGhee DE. (2018). Which bra components 
contribute to incorrect bra fit in women across a range of breast sizes. 
Clothing and Textiles Research Journal, 36(2):78-90.

• McGhee DE, Steele JR. (2020). Biomechanics of breast support for 
active women. Exercise and Sport Sciences Reviews, 48(3):99-109.

• Norris M, Blackmore T, Horler B, Wakefield-Scurr J. (2021). How the 
characteristics of sports bras affect their performance. Ergonomics, 
64(3):410-425. 

• Scurr J, Hedger W, Morris P (2014). The prevalence, severity, and 
impact of breast pain in the general population. The Breast Journal, 
20(5):508-513. 

• Zheng R, Yu W, Fan J. (2009). Pressure evaluation of 3D seamless 
knitted bras and conventional wired bras. Fibers and Polymers, 10(1), 
124-131.
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model

Multi-motion

Multi-component

Phase I

a. Silicone breasts design

b. Human motion analysis

c. 3D dynamic body 

movement simulator 

(3dbms) design 

Phase II

a. Optimised motion track system

b. 3dBMS validation 

c. Algorithms for assessing bra 

performance

Phase III

a. Customised pressure sensors 

for measuring body-bra 

pressures

b. Analysis of bra pressure and  

comfort

Phase IV

a. Multi-motion activities, 

including running, jumping 

and cycling

b. Evaluation of the support 

levels of sports bras

YICK KL | Section 6 ｜ Research Methods
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This phase aims to characterise the breast shape geometry and material properties of soft breast tissues to 
replicate the dynamic displacement of the human breasts (with a bra size of 36C). 

1st row: Encapso K+2s Encapso K+3s Encapso K+4s

2nd row: Gel+0010 Gel+0010+1s Gel+0010+2s

3rd row: Gel2 Gel2+0.5s

4th row: Gel+0.5s Gel+1s Gel+1.5s

Fabrication of silicone samples for manikin breasts

 

Phase Ia: Design of Silicone Breasts

Related Journal Paper:
Lee CW, Yick KL, Ng SP, Yip J. (2020). Soft manikin as tool to evaluate bra features and pressure. International Journal of Fashion Design, Technology and 
Education, 13(2):204-212.
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Motion measurements of the human body and breasts under 30 bra 
conditions at various running speeds

This phase aims to define the motion range of human subjects during various running speeds (from 
4 to 10 km/h):

• Maximum vertical displacement: 100 mm at the clavicle and 140 mm at the nipple

• Shoulder/trunk rotation: ±15.5° at maximum, with a leaning angle of 5°

• Significant motion differences exist between the subjects (all in bra size of 36C) and at various bra conditions.

Phase Ib: Analysis of Human Motion and Bra Support

YICK KL | Section 6 | Research Methods

Related Conference Paper:
Sun Y, Yick KL, Tang KPM, Yu A, Yip J, Ng SP. (2020). Control performance of different bra designs and materials during physical activity. AATCC-SIFTIC 2020. 

October 15–17, Shanghai, China. 
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Phase Ic: Design of the 3D Dynamic Body Movement Simulator (3dBMS)

With reference to the running 
motions of human subjects, the 
motion range of the 3dBMS are 
specified to mimic the trunk 
movement that corresponds to the 
rhythm of body motion in running.  

Related Journal Paper:

Lee CW, Yick KL, Ng SP, Yip J. (2021). Analysis of dynamic vertical breast displacement for the design of seamless moulded bras. Journal of the Textile Institute, 
111(10):1470-1480.
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Phase IIa: Optimised Motion Track System

• This phase aims to optimise the locations of body landmark and motion 
cameras for effective tracking of 3D body position and breast motion.

• A breast control percentage is formulated to determine the level of control of 
breast displacements in the X, Y, and Z directions of the bra.

A graph of z-coordinates of the clavicle marker in 1.3 seconds 

A graph of the x-coordinates of the clavicle marker in 2 seconds 

Shoulder angles in 2 seconds
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Phase IIb: Validation of the Dynamic Manikin System
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Related Journal Paper:
Sun Y, Yick KL, Cai Y, Yu W, Chen L, Lau N, Zhang SC. (2021). Finite element analysis on contact pressure and 3D breast deformation for application in 
women’s bras. Fibers and Polymers, 22(10):2910-2921.
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Phase IIc: Breast Control Performance of Bras

Nipple coordinates – clavicle coordinates

Peaks

Valleys 

Peak valley

An − Ab

A𝑛

× 100%,
Percentage of change in
nipple displacement (PND) =

where An represents the relative nipple displacement (RND) in braless 
condition, and Ab is the RND in bra-wearing condition.

Peak − Valley (Nipple coordinate − Clavicle coordinate)

Clavicle displacement
× 100%

Relative nipple 
displacement 

(RND)
=

Findings:
• The choice of cup fabric, shoulder strap width and 

underband tension have major effects on the control of 
breast displacement.

• Woven bra cups with a narrow strap show good 
performance in controlling excessive breast displacement 
during motion.

Changeable 
bra style no.

Front panel 
style

Shoulder 
Strap 

material

Shoulder 
strap style

Bra 11 Compression 
(moulded cups) 

- high 
underarm

Elastic strap
Straight

Bra 12 Cross back
Bra 13 Foamed front 

strap
Straight

Bra 14 Cross back
Bra 15

Compression 
(moulded cups) 
- low underarm

Elastic strap
Straight

Bra 16 Cross back
Bra 17 Foamed front 

strap
Straight

Bra 18 Cross back
Bra 19

Encapsulation 
(cut and sewn 

cups)

Elastic strap
Straight

Bra 20 Cross back
Bra 21 Foamed front 

strap
Straight

Bra 22 Cross back

Changeable bra 
style No.

Cup 
material

Strap width 
(cm)

Wire No.

Bra 21

Moulded

1.2
W2460

Bra 22 W2860

Bra 23
1.6

W2460

Bra 24 W2860

Bra 25

Woven

1.2
W2460

Bra 26 W2860

Bra 27
1.6

W2460

Bra 28 W2860

Bra 29

Knitted

1.2
W2460

Bra 30 W2860

Bra 31
1.6

W2460

Bra 32 W2860

This phase aims to develop an index of breast displacement to 
facilitate the comparison of bra designs and communication 
amongst industry partners. 
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Phase IIIa: Evaluation of Bra Pressure and  Comfort

This phase aims to characterise the contact pressure induced by different bra designs and properties by using a 
low-cost reliable force or pressure sensor.

Company 

name

Model 

No.

Sensor 

type

Principle Operating 

range

Active 

sensing 

area 

(mm)

Thickness 

(mm)

Tekscan 

(USA)

FlexiForc

e A201-1

Force 

sensor

Electrical 

resistance

0–454 g 9.53 0.203

SingleTact 

(USA)

S8-10N Force 

sensor

Capacitanc

e

0–1000 g 8 0.35

Novel.de

(Germany)

Pliance X Pressure 

sensor

Capacitanc

e

0.5–60 kPa 10 0.95

Related Journal Papers:

• Tang KPM, Yick KL, Li PL, Yip J, Or KH, Chau KH. (2020). Effect of contacting surface on the performance of thin-film force and pressure sensors. Sensors, 
20(23):6863. 
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Phase III - b: Evaluation of Bra Pressure and  Comfort

Findings:
• Use of soft breast manikin system for evaluation of bra 

pressure improve the reliability and variations induced by 
human body

• Flexiforce show a strong linear relationship with  pressure 
data measured by Pliance-X (R2=0.9)

• Tension in underband and shoulder straps significantly 
increase bra-skin pressures but resulting in positive 
sensation towards bra pressure comfort and breast support 
during exercise.

Pressure (kPa)
Mean ± SD (range)

Rating (1=the least 
comfort, 7=the best 

comfort)
Mean ± SD (range)

Shoulder 
strap

2.33 ± 1.60 (0.25-10.41) 5.53 ± 1.36 (2.0-7.0)

Wire-mid 0.29 ± 0.36 (0.03-2.03) 5.30 ± 1.58 (2.00-7.00)

Wire-tip 2.88 ± 1.20 (1.08-7.37) 5.48 ± 1.35 (3.00-7.00)

Underband 1.61 ± 0.85 (0.60-4.04) 5.30 ± 1.56 (1.00-7.00)

Gore top 1.40 ± 0.80 (0.21-4.99) 4.10 ± 1.65 (1.00-7.00)

Related Papers:
• LIU QL, Yick KL, Chan KC, Wong ST, Ng SP. (2022). Sports bra pressure: effect on core body temperature and comfort sensation. AHFE 2022, New York, USA, 

24-28 July 2022.
• Zhang SC, Yick KL, Yip J, YU W, Tang KPM.  (2021). An understanding of bra design features to improve bra fit and design for Chinese older women. Textile 

Research Journal. 91(3-4):406-420. 
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Phase IVa: System for Multiple Motions with Multi-Component

Findings:
• The robotic arm can replicate the movement of the torso, and the soft breast prostheses can mimic that of the female breast. 
• This new approach can be used for evaluating sports bras to compare their support levels across various sports.

Experimental results for comparing human and robot 
marker motions 

• Designing a manikin with soft breast prostheses and incorporating with a commercial 6-DOF robotic arm. 
• A soft silicone rubber was used for the fabrication of artificial breasts.
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Related Papers:

Hui KT, Cheah YT, Yick KL, Ng SP, Yip J, Ching H. (2024). Approach of evaluating breast motion for sports bra design. The 15th International Conference on AHFE, 
Nice, France, July 24–27, 2024.

Hui KT, Zhang LY, Yick K, Yip J. (2025). Running-specific breast manikin system for evaluation of breast movement and sports bra performance. Journal of 
Engineered Fibers and Fabrics, 20:1-16.
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https://openaccess.cms-conferences.org/publications/book/978-1-964867-26-7/article/978-1-964867-26-7_5
https://openaccess.cms-conferences.org/publications/book/978-1-964867-26-7/article/978-1-964867-26-7_5
https://openaccess.cms-conferences.org/publications/book/978-1-964867-26-7/article/978-1-964867-26-7_5
https://journals.sagepub.com/doi/epub/10.1177/15589250251333421
https://journals.sagepub.com/doi/epub/10.1177/15589250251333421
https://journals.sagepub.com/doi/epub/10.1177/15589250251333421
https://journals.sagepub.com/doi/epub/10.1177/15589250251333421
https://journals.sagepub.com/doi/epub/10.1177/15589250251333421
https://journals.sagepub.com/doi/epub/10.1177/15589250251333421
https://journals.sagepub.com/doi/epub/10.1177/15589250251333421
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Displacement–time graph of the breast for a human subject walking at 4 km/h and the derived cam 

profile design to simulate the vertical breast movement.

The motion of the manikin is governed by the 

shape profile of the groove.

Features:
• The manikin is designed to model the vertical dynamic movement of 

the breasts, which can move up and down in a continuous repeatable 
motion.

• A pneumatic system is used with an auxiliary mechanical device to 
give the manikin dynamic movement.

• Its motion is governed by a concave cam profile based on the 
extracted waveform pattern.  

• The simulated walking speed ranges from 2.5 to 4.2 km/h.
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Dynamic Manikin System - Prototype I (November 2019)
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Dynamic Manikin System - Prototype II (December 2020)

Dummy connecting points with a different distance from the centre of 

origin on the circular cam.

Features:

• The concave profile of the cam in Prototype I resulted 
in an uneven motion, adversely affecting the rhythm of 
the motion of the BMS.

• On the basis of a multibody dynamic simulation 
software, the cam design is revised to a circular shape 
for improved motion.

• The simulated running speed can be increased to 6 
km/h.

• Motion parameters, including the peak and valley of 
displacement, the peak and valley of velocity, the peak 
and valley of acceleration, and stride frequency are 
measured with a variation of less than 5%.
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Dynamic Manikin System - Prototype II (December 2020)

Clavicle Nipple

4km/h 6km/h 4km/h 6km/h

Vertical displacement 
(mm)

0.9994 0.9979 0.9988 0.9975

Vertical velocity (mm/s) 0.9933 0.9974 0.9983 0.9958

Vertical acceleration 
(mm/s2)

0.9745 0.9946 0.9668 0.9885

In describing the variation of the moving distance of the simulator, the coefficient of multiple determinations 
(CMD) was used to measure the similarity of the kinetic data of the breast motion by the simulator. This value ranged 
from 0 to 1, in which the CMD value is calculated using the equations below: 

Findings:
The CV values of the clavicle and nipple motion data are less than 5%. The motion data of the clavicle and nipple 
exhibited a high level of repeatability, with CMDs ranging from 0.9668 to 0.9994.

Related Patent:

Chinese Patent, 202210893024.9 “用于评估文胸支撑性能的人体模型系统及评估方法”. Granted (2025)

https://ira.lib.polyu.edu.hk/handle/10397/114455
https://ira.lib.polyu.edu.hk/handle/10397/114455
https://ira.lib.polyu.edu.hk/handle/10397/114455
https://ira.lib.polyu.edu.hk/handle/10397/114455
https://ira.lib.polyu.edu.hk/handle/10397/114455
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Dynamic Manikin System - Prototype III (June 2022)

Features:
• The vertical and rotation motions of the manikin is controlled by the 2-axis motor controller, which is a 

programmable device that can be coordinated in a predetermined manner with the motion of an electric motor.
• To simulate the running motion by the vertical motion shaft and rotational step motor, the shaft moves up and 

down in a specific distance with a designed speed to control the manikin’s vertical motion, and the step motor 
repeats the rotation with a specific angle in clockwise and counterclockwise directions to simulate the shoulder 
rotation of the human body in running motion.



Research Methods, 
Prototypes & Materials 

GUIDANCE NOTES ON RESEARCH 
METHODS & METHODOLOGIES, 
PROTOYPES & MATERIALS 

This section is designed to show and explain the chosen 
methods and methodologies undertaken to conduct the 
research and to answer the research questions outlined 
on the previous pages. 

It should show how the research has been conducted, 
what tests, experiments were done or what prototypes 
were developed and tested and what feedback was 
gathered and analyzed. 

If these are documented further in academic papers or 
conference papers it is not necessary to paste papers into 
the MCO, but it is helpful to the reader to provide a live 
DOI link for the reader to access any papers that refer to 
or articulate in more detail the methods and 
methodologies deployed in the research experiments. 

It may be helpful to explain what any paper contains (in 
brief). This allows the reader access to in-depth studies.   

The research may or may not include the requirement for 
ethics approval and how it was obtained and how any 
relationships with other communities have been managed 
to ensure ethical research was conducted throughout. 

It may also be advisable to identify any risks  or limitations 
of the research and how these have been mitigated.   

2/12/2025 30

Research Methods, Prototypes and Materials 

YICK KL | Section 6 | Research Prototype

A Dynamic Manikin System for Objective Evaluation of Bra Designs

Dynamic Manikin System - Prototype III (June 2022)

The 3D coordinates of the body landmarks during running are precisely 
quantified for design inputs of the 3dBMS.

Measuring the shoulder and trunk rotations in running motion.

The 3dBMS can replicate  the human running motion in vertical and 
rotation directions at the speeds of 4, 6 and 10 km/h.
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Dynamic Manikin System - Prototype III (June 2022)

Features of the 3dBMS :

• The simulated running speed is increased to 10 km/h.

• The motion in vertical, rotational and leaning directions of the 3dBMS can 
successfully replicate trajectories of the human body in running motion, 
with a strong correlation coefficient (r2 > 0.966)

https://polyuit-my.sharepoint.com/:i:/g/personal/tcyick_polyu_edu_hk/EQ91i06b7QlGh4oKv3j6wpsBo7C529zdgS2mMKZVt0tNRg?e=KflWu7
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Dynamic Manikin System - Prototype III (June 2022)

Algorithms of bra performance from the 3dBMS:

• Formulation of breast control algorithms based on the 3D motion data for quantification of bra performance

• Pressure sensation and tolerance at different body regions classified into high/moderate/low tolerance points in 
relation to the levels of discomfort induced by bra pressures
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Dynamic Manikin System - Prototype IV (January 2025)

Features of the artificial torso model:

• 3D body scanning with breast volume 
control of from a digital female avatar

• 3D printed PLA shell mould for a tailored 
torso model

• Casting and fabrication of silicone breasts 
and skin layer based on their mechanical 
properties and deformation behaviour

An UR10e 
model from 

Universal 
Robots

Features of Dynamic Motion :

• The dynamic motion of the torso model is controlled by a robotic 
manipulator. It can replicate the body motions during various 
sports activities repeatably and consistently.

• With inputs of human motion coordinates, the UR10e robotic 
arm can successfully simulate the running and walking motions.
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Research Outcomes:

The dynamic manikin system design successfully replicates the 3D body positioning and posture changes, and the 
corresponding breast motion during sports activities in active women. The system effectively reduces the noise from 
human wear trials, providing realistic results on bra performance in controlling breast displacement, fit and pressure. 
This enables advancements in bra designs.

Findings:

The dynamic manikin system is a low-cost, simple and reliable method for obtaining repeatable and objective results 
on fit, breast motion and contact pressure during exercise and sports activities. It is suitable for industry application 
and provides scientific and practical guidelines for bra designers to strategically manipulate key design parameters for 
optimal breast motion control and bra wearing comfort.

Further Research:

Future work will focus on enhancing the dynamic manikin system by including more diverse breast models of 
different shapes and age groups. This will further improve the system's ability to provide comprehensive and 
representative data for bra design and evaluation.

A Dynamic Manikin System for Objective Evaluation of Bra Designs
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Category Contents

Award
• The 48th International Exhibition of Inventions of Geneva, Switzerland, 26–30 April 2023 (Gold Medal)

• School Awards for Outstanding Achievement 2024 in Knowledge Transfer: Industry (Team).

Industry 
Seminars / 
Exhibitions

• The Future of Intimate Apparel and Activewear, 29 October 2021

• Fashion Tech Salon, NIKE Product Creation Team, June 2021

• Video sharing at soft manikin.mp4

Media Reports
• Support performance of sports bras (專家評審運動內衣對胸部的支撐), Choice, Consumer Council, Vol. 525 on 15 July 2020. 

• Environmental, Social and Governance Report 2024, Top Form Group (Stock Code: 333), p. 19.

Collaborations
• Research contracts with SGS and testimonials

• Licensing agreement with Top Form and OLAB, and testimonials

A Dynamic Manikin System for Objective Evaluation of Bra Designs

YICK KL | Section 8

https://ira.lib.polyu.edu.hk/video.jsp?id=115363c
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The 48th International Exhibition of Inventions 
of Geneva 2023: A Gold Medal Award

The exhibition is held from 26 to 30 April 2023 at Palexpo.  It is 
an annual event dedicated to inventions to discover all the 
latest innovations worldwide.

School Awards for Outstanding 
Achievement 2024 in Knowledge 

Transfer: 
Industry (Team)

Research Dissemination | 01 Award
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The dynamic manikin system was introduced to 
industry partners at the first seminar held at the 
Laboratory for Artificial Intelligence in Design (AiDLab),
with more than 70 industry participants in October
2021. It was also shared online via Fashion Tech Salon
2021, which was organised by PolyU.

By invitation from the product creation director of
NIKE 360 Holding B.V., an online seminar of the
latest bra research projects, including the dynamic 
manikin system design, was held in June 2021.

Research Sharing with the Fashion Tech 
Salon and NIKE Product Creation Team

Keynote Speech at AiDLab
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Video of Dynamic Manikin System

https://ira.lib.polyu.edu.hk/video.jsp?id=115363c
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Bra Tests Reports for the Consumer 
Council and ESG Report 2024, Top Form 

Group 

Laboratory demonstration of the novel dynamic
manikin system was offered to representatives of
t h e  Consumer Council and various industry
partners, including t he c hairmen of t h e  
Hong Kong Intimate Apparel Industries’ 
Association and Top Form Group.

As invited by the Consumer Council, the manikin system was adopted for fit and

pressure assessments of sports bras. Related results and bra images are

published in the Choice magazine, Vol. 525, on 15 July 2020.
ESG Report 2024, TopForm Group, p.19

Bra performance tests and reports 
for the Consumer Council

Top Form Group is an international activewear innovator (US$40M 
revenue).

消費者委員會 - 版權所有 Copyright reserved – 
Consumer Council

https://www.consumer.org.hk/tc/article/525-sports-wear
https://www.consumer.org.hk/tc/article/525-sports-wear
https://www.consumer.org.hk/tc/article/525-sports-wear
https://www.consumer.org.hk/tc/article/525-sports-wear
https://www.consumer.org.hk/tc/article/525-sports-wear
https://www.consumer.org.hk/tc/article/525-sports-wear
https://www.consumer.org.hk/tc/article/525-sports-wear
https://www.consumer.org.hk/tc/article/525-sports-wear
https://www.consumer.org.hk/tc/article/525-sports-wear
https://www.consumer.org.hk/tc/article/525-sports-wear
https://www.consumer.org.hk/tc/article/525-sports-wear
https://www.topform.group/assets/upload/filem/7/Top_Form_2024_ESG_Report_(EN_Final)_1.pdf
https://www.topform.group/assets/upload/filem/7/Top_Form_2024_ESG_Report_(EN_Final)_1.pdf
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Two contract research projects on objective evaluation of bra performance with stringent requirements and high 
quality standard were completed with industry partners, including SGS Testing Service (HK) and GAP Inc.

Bra 4
Medium 
support

Bra 2
High 

support

Bra 3
Medium 
support

Bra 1
High 

support

Contract research for 
Industry and International 
Testing Services
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SGS is the world’s leading testing, inspection and 
certification company (US$6.2 billion revenue).
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The Top Form Group is a 
full-service design and supply 
chain partner to global brands 
and retailers, with 
unparalleled expertise in 
manufacturing intimate 
apparel.

Under the NDA, non-exclusive licensing agreements were signed by industry partners for the further development of 
the system.

Testimonial from the Top Form 
Group

Mr. Kenneth Wong, Managing Director of 

the Top Form Group stated, ‘Thanks to the 

insights from the dynamic manikin system’s 

test results, we’ve gained a better 

understanding of our product performance 

and design features. Our US customers are 

impressed and have newfound confidence in 

our latest product designs and 

developments!’ 

- Annual Corporate Social Responsibility 
report 2024 of Top Form Group
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The licensing agreement with OLAB Co. Ltd. for adopting the soft manikin system for bra performance evaluation and 
testing service.

Upgrade version of the soft 
manikin with bone structure

Collaborations

This upgraded version received the 
2024 ‘Innovation Anywhere’ 
Award, presented by the Hong 
Kong Trade Development Council 
and the Shanghai Chapter of the 
Hong Kong Chamber of Commerce.
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Hop Lun is a leading global fashion lingerie and 
swimwear company based in Hong Kong (revenue 
UD$420M). 

MAS Holdings is a global apparel tech conglomerate 
providing concept-to-delivery solutions for the 
world’s leading apparel brands (revenue US$2billion).
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Delta Bogart Lingerie is a top leading name in 
intimate apparel, sports and swimwear 
manufacturing, with brands, licences, private 
label manufacturing and marketing spread in 
20 countries (revenue US$46M).

A keynote speech invitation from NIKE at their first 
breast symposium in their head quarters in Oregon, 
USA. 
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