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1. Introduction

Falling is a common problem for lower limb amputees, which can lead to reduced physical and emotional
health. The overall aims of this project were to: 1) establish a baseline fall detection algorithm derived from
simulated falls in a laboratory setting, and 2) utilize and refine the initial laboratory-based algorithm to
provide detection of fall events during activities of daily living in real-world environments. To achieve these
aims we performed two human subject experiments. The first experiment used 30 non-amputee and 5 lower
limb amputee individuals to simulate falls in a laboratory setting while wearing inertial measurement unit
(IMU) sensors. The IMU sensors recorded the motion of the body while falling and performing activities of
daily living that allowed us to use machine learning techniques to create an algorithm to detect a fall relative
to normal daily activities. The second experiment recruited 20 lower limb amputees to wear IMU sensors in
the real-world for two 5-hour periods. Participants were also asked to report any fall events that were not
detected so that the algorithm could be further improved. The outcome of this work is a fall detection
algorithm that will allow clinicians to better understand the number of falls that occur for lower limb
amputees. This initial study provides the foundation for a future large scale clinical trial where large
numbers of amputees can be supplied with IMU sensors in order to better quantify falling in the larger
amputee community and other communities that are at high risk for falling.

2. Keywords

Biomechanics, amputation, balance, fall detection, sensors, algorithms

3. Accomplishments

What were the major goals of the project?

Specific Aim 1: Establish a baseline fall detection algorithm derived from 
simulated falls in a laboratory setting. 

Timeline 
(months) Status 

Major Task 1.1: Human subject experiment (n=35) 1-7

Milestone 1.1.1: Obtain approval from the governing Institutional Review 
Boards. 2 Complete 

Milestone 1.1.2: Complete enrollment of all participants and collect 
experimental data. 5 Complete 

Major Task 1.2: Analyze Human Subject Data 5-8

Milestone 1.2.1: Perform machine learning analysis of falling data from 
healthy subjects and amputees to determine the initial fall detection 
algorithm. 

1 Complete 

Milestone 1.2.2: Perform hypothesis tests to evaluate the effectiveness of the 
falling algorithm. 1 Complete 

Milestone 1.2.4: Complete writing of manuscript and conference abstract 
describing initial algorithm development and results. 2 

Two Abstracts 
Completed, 

Manuscript in 
review 

Specific Aim 2: Utilize and refine the initial laboratory-based algorithm to 
provide detection of fall events during activities of daily living in pragmatic, 
real-world environments. 

Timeline 
(months) 

Major Task 2.1: Human subject experiment (n=20) 6-21
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Milestone 2.1.1: Obtain approval from the governing Institutional Review 
Boards. 2 Complete 

Milestone 2.1.2: Complete enrollment of all participants and collect 
experimental data. 15 Complete 

Major Task 2.2: Analyze Human Subject Data 21-24

Milestone 2.2.1: Perform machine learning analysis on complete dataset to 
determine final algorithm with all data. 2 Complete 

Milestone 2.2.2: Perform hypothesis tests to evaluate the effectiveness of the 
falling algorithm in the real-world. 3 Complete 

Milestone 2.2.3: Complete writing of manuscript and conference abstracts 
describing the algorithm development, validation and results. 3 

One Abstract 
Complete, 

Manuscript in 
preparation 

What was accomplished under these goals? 
We successfully completed Aims 1 and 2. In Aim 1, IMU sensors were placed on both shanks of 
healthy young adults (n=30) and individuals with a lower-limb amputation (n=5) while they 
performed four types of simulated falls and twelve activities of daily living. Sixty-four datasets were 
created with different setup parameters. Three types of machine learning algorithms (K-Nearest 
Neighbor, Support Vector Machine, and Random Forest) were used for activity classification. Total 
accuracy, fall detection accuracy and number of false positives were determined. Fall detection 
accuracy was not the same across fall types, and the type of algorithm and setup parameters played a 
key role in all accuracy outcome measures. Fall detection accuracy reached up to 94% depending on 
the machine learning algorithm used. In Aim 2, data were collected from 20 individuals with a lower 
limb amputation in real world environments during two, 5-hour periods, which was used to further 
refine the fall detection algorithms. Unfortunately, no real world falls occurred to test the algorithm 
performance. In addition, we also developed a novel automated neural network framework that uses 
multi-objective optimization to train both machine learning and deep learning models for fall 
detection. This framework facilitates the deployment of these models on hardware with limited 
resources, which will be critical for future development of IMU-based fall detection devices.  

What opportunities for training and professional development has the project provided? 

This project has provided professional development opportunities for graduate students Lindsey 
Lewallen and Mojtaba Mohasel through the development of research skills, training in technical 
writing and presenting their work at scientific conferences.  

How were the results disseminated to communities of interest? 
The results from Aim 1 were accepted and presented at the annual meeting of the American Society 
of Biomechanics in August, 2021. A research poster describing this work was also presented at the 
UT Austin Department of Mechanical Engineering Graduate Student Research Poster Session. A 
manuscript describing this work was reviewed and currently being revised based on the reviewer 
comments. A second conference abstract related to Aim 1was accepted and presented at the North 
American Congress on Biomechanics in August, 2022. Research related to Aim 2 was accepted and 
presented at the annual meeting of the America Society of Biomechanics in August 2023. A 
manuscript describing the Aim 2 work in currently in preparation. The three conference abstracts can 
be found in the Appendix.  

What do you plan to do during the next reporting period to accomplish the goals? 

Nothing to report 
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4. Impact

What was the impact on the development of the principal discipline(s) of the project?

This work represents an important first step towards improved understanding of the incidence of 
falls. More in-depth and immediate information regarding a patient’s falling history will help 
clinicians identify individuals who may need increased rehabilitation intervention to help prevent 
future falls. In addition, information collected in a future large-scale clinical trial using this 
algorithm could help identify individuals at risk of falling based on their clinical profile (age, sex, 
height, weight, amputation etiology, comorbidities, activity level, K-level and prosthetic hardware), 
allowing clinicians to be more proactive with an individuals’ rehabilitation and help prevent future 
falls. In addition, an understanding of fall frequency could significantly improve rehabilitation 
outcomes and accelerate the service member’s return to active duty. In the general DoD and VA 
community, reducing and/or preventing falls can assist in maximizing patient outcomes and quality 
of life while reducing the emotional and monetary costs associated with falls. 

What was the impact on other disciplines? 

The primary outcome from this research (a validated algorithm to detect falls in lower limb 
amputees) primarily constitutes a Knowledge Product that directly impacts rehabilitation science. 

What was the impact on technology transfer? 

Nothing to report 

What was the impact on society beyond science and technology? 

This research provides a platform for quantitative analysis of falling frequency in the lower limb 
amputee community. While it is accepted that lower limb amputees are at higher risk for falls than 
the general population, quantifying falls can be used to better understand the level of risk that falls 
present for amputees. This information can help clinicians reduce amputee falling through improved 
clinical interventions. A clinician’s ability to identify which patients experience a higher number of 
falls or are at greater risk for falling will allow them to better personalize a rehabilitation plan and 
improve prosthesis prescription to help reduce falling. The future goal of this project is to create an 
algorithm that will be able to detect fall incidence in the amputee population in real-time. This will 
allow medical personnel to be more quickly alerted to potentially injurious falls and reduce delays 
for emergency intervention. In addition, providing a patient’s fall history to clinicians in real-time 
will allow them to determine which individuals may need increased attention and rehabilitation 
before their next planned visit, helping prevent future falls. This project is an important first step in 
realizing this goal and provides the foundation for analyzing falls in other patient populations.  

5. Changes/Problems

As noted in previous reports, our initial Aim 1 data collection was delayed due to the COVID-19 
pandemic. In addition, in Aim 2 the original plan was to implement the best performing algorithm 
developed in Aim 1 in IMU-based activity monitors such that the system would send an alert to the 
investigative team if a fall was detected. This information would be used to refine the algorithm in 
the case of a false negative or false positive fall detection. The activity monitor data was to be 
uploaded to the cloud server through a low band frequency LTE signal that AT&T is currently 
broadcasting. The proposed work was based on the agreement by AT&T to let us use this signal. 
However, due to the COVID-19 pandemic and fiscal pressures, AT&T subsequently discontinued 
the availability of the signal and cloud service so we are not able to complete Aim 2 as proposed.  
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Revised Statement of Work 
In our approved revised statement of work, we modified Aim 2. We proposed to fit up to 20 
individuals with a lower limb amputation with an IMU sensor and data logger (3-Space™ Data 
Logger - Yost Labs) over two separate 5-hour periods. Five hours was the limit of onboard data 
storage for the IMU sensors. Individuals were asked to leave the clinic and perform their normal 
activities of daily living. In the event of a fall, they were asked to record the approximate time of the 
fall and the activity they were doing. They were also asked to complete a fall questionnaire at the 
end of each 5-hour period. The raw IMU data was downloaded upon the individuals’ return 
following each 5-hour period. The fall detection algorithm developed in Aim 1 was then applied in a 
post-hoc analysis to determine the sensitivity/specificity of the algorithm in real world environments. 
The updated algorithm was then re-applied to the original laboratory based data to determine how 
the algorithm performed on the original data after being modified for the real-world environments. 
We successfully completed the revised statement of work and a corresponding manuscript is 
currently in preparation. 

6. Products

Publications, conference papers, and presentations 

Lewallen, L.K., Pew, C.A., Wurdeman, S.R., and Neptune, R.R. (2021). Detection of different fall 
types in healthy young adults. 45th Annual Meeting of the American Society of Biomechanics, 
August 10-13, Atlanta, GA. 

Mohasel, M., Lewellen, L.K., Pew, C., Neptune, R.R. (2022). A machine learning scheme to identify 
falling for lower limb amputees. North American Congress on Biomechanics, August 21-25, Ottawa, 
ON, Canada. 

Lewallen, L.K., Pew, C.A., Wurdeman, S.R., and Neptune, R.R. (2022). Detection of different fall 
types in healthy young adults. Department of Mechanical Engineering Graduate Student Research 
Poster Session, March 4, Austin, TX. 

Molina, L.K., Pew, C.A., Wurdeman, S.R., and Neptune, R.R. (2023). The influence of machine 
learning configurations on the detection of fall types in individuals with lower-limb amputations. 
IEEE Sensors (in revision). 

Mohasel, M., Molina, L.K., Wurdeman, S.R., Neptune, R.R., and Pew, C.A. (2023). Development of 
an automated framework for a TinyML-based fall detection system. 47th Annual Meeting of the 
American Society of Biomechanics, August 8-11, Knoxville, TN. 

Mohasel, M., Molina, L.K., Wurdeman, S.R., Neptune, R.R. and Pew, C.A. (2023). A machine 
learning scheme to identify falling for lower limb amputees, IEEE Sensors (in preparation). 
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Technologies or techniques 

The algorithms generated by this work along with the human subject data used to generate the 
algorithm is available to the research community upon request. 

Inventions, patent applications, and/or licenses 
Nothing to report 

Other Products 
Nothing to report 

7. Participants & Other Collaborating Organizations

What individuals have worked on the project? 

Name:   Richard R. Neptune 
Project Role:    PI 
Researcher Identifier:  NIH eRA Commons ID: rneptune 
Nearest person month worked:  1 
Contribution to Project: Dr. Neptune helped put together the IRB application 

for approval from both UT Austin and HRPO. He 
oversaw the entire project and supervised the 
graduate student working on the project.  

Name:   Lindsey K. Lewallen 
Project Role:    Graduate Student 
Researcher Identifier:  N/A 
Nearest person month worked:  6 
Contribution to Project: Ms. Lewallen helped put together the two IRB 

applications, collected and processed the Aim 1 data, 
and developed the machine learning algorithms.  

Name:   Corey A. Pew 
Project Role:    Collaborator 
Researcher Identifier:  N/A 
Nearest person month worked:  1 
Contribution to Project: Dr. Pew helped develop and refine the machine 

learning algorithms.  

Name:   Shane R. Wurdeman 
Project Role:    Collaborator 
Researcher Identifier:  NIH eRA Commons ID: wurdemans  
Nearest person month worked:  1 
Contribution to Project: Dr. Wurdeman served as the project’s clinical partner 

and collected the real-world data in Aim 2.  
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Has there been a change in the active other support of the PD/PI(s) or senior/key personnel since 
the last reporting period?  

Nothing to report 

What other organizations were involved as partners? 

o Organization Name: Hanger Clinic

o Location of Organization: Austin, TX

 Partner's contribution to the project: Collaboration, helped with subject recruitment
and data collection.

o Organization Name: Montana State University,

o Location of Organization: Bozeman, MT

 Partner's contribution to the project: Collaboration, helped with algorithm
development.

8. Special Reporting Requirements

Collaborative Awards: Not applicable 

Quad Charts: Uploaded separately 

9. Appendices

• Lewallen, L.K., Pew, C.A., Wurdeman, S.R., and Neptune, R.R. (2021). Detection of different fall
types in healthy young adults. 45th Annual Meeting of the American Society of Biomechanics,
August 10-13, Atlanta, GA.

• Mohasel, M., Lewellen, L.K., Pew, C., Neptune, R.R. (2022). A machine learning scheme to
identify falling for lower limb amputees. North American Congress on Biomechanics, August 21-
25, Ottawa, ON, Canada.

• Mohasel, M., Molina, L.K., Wurdeman, S.R., Neptune, R.R., and Pew, C.A. (2023). Development
of an automated framework for a TinyML-based fall detection system. 47th Annual Meeting of the
American Society of Biomechanics, August 8-11, Knoxville, TN.

• Lewallen, L.K., Pew, C.A., Wurdeman, S.R., and Neptune, R.R. (2022). Detection of different fall
types in healthy young adults. Department of Mechanical Engineering Graduate Student Research
Poster Session, March 4, Austin, TX.
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