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1. On the Gait of Animals 5 5
2. On the Motion of Animals Biomechanics

Author: Aristotle and Gait —~
Analysis

* Biomechanics is the study of forces that apply on a
body and the effects that they produce.

* Biomechanics uses anatomy and physiology and
principles from mathematics and physics to |
understand human movement. Nicholas Stergiou
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Highlight: A study conducted by Stanford Research
Institute (SRI) International in 2013 provided a
comprehensive report for the Biomedical Technology
capabilities in Nebraska. In this report, SRI
International stated that “You are home to world-
class research in biomechanics.” UNO Biomechanics
was ranked as No. 7 (tied with Northwestern
University and University of Pittsburgh) in the United
States.




Phase 2 Expansion

e 2025: The Department of Biomechanics has
18 tenure-track/tenured faculty and we
continue to grow

* Sixty percent of faculty are Pls on federal
grants. Two Science journal covers.

* Since its inception in 2016, the Department of 4
Biomechanics faculty secured >S50mil of
federal funding. 1/3 of the external funding
that is awarded to our university.

* Our Equipment is almost 100% grant funded
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and our facilities 100% privately funded! Q?w ik oo =
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Division of Biomechanics and Research Development (Director: Stergiou) includes:

1. Biomechanics Research Building (opened in 2013)
2. Center for Research in Human Movement Variability (MOVCENTR — established
in 2014)
3. Department of Biomechanics (established in 2016)
|. BSin Biomechanics (about 40 students)
II. MS in Biomechanics (about 20 students)
I1l. PhD in Biomechanics (about 40 students)
* First Research Oriented Department at our university.
* First such academic Department in the world.
4. Center for Research in Cardiovascular Biomechanics (CRiB — established in 2024)
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NIH P20 Centers of Biomedical Research Excellence
2014: The Center for
. (COBRE)

Research in Human
Movement Variability (the = Phase |: Developing research infrastructure,
MOVCENTR) is created. First mentoring junior investigators, $10.4 million
with this theme in the world. dollars in funding, largest research grant in the

history of my institution

= 2014-2019

= Phase Il: Further strengthen research
infrastructure developed in Phase I, $10.9 million
dollars in funding, surpassed the previous record

An Economic Impact
evaluation of the MOVCENTR
since 2019 was estimated to

e . 2019-2025
be 527.5 million impact on = Phase Ill: Just awarded. The center will transition
the Omaha metropolitan to independent status, $6 million dollars in
community. funding

= 2025-2030
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MOVCENTR Cores

* Movement Analysis Core (Director: Dr. David Kingston)

= To provide biomechanical testing and support for
research within the center and the community

= Quantitative Analysis Core (Director: Dr. Aaron Likens)

= To provide analysis and interpretation of data in addition
to instruction of nonlinear methods

* Machining and Prototyping Core (Director: Dr. Brian Knarr)

= To provide design, consultation, manufacturing, and -
prototyping services to the center and the community oy
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Personal Research Focus:
Human Movement
Variability.

* Variability is a fact of life.
Repetition without
repetition.

* The Importance of Variation
In Human Movement | Dr.
Nick Stergiou | TEDxUNO

* https://www.youtube.com/watch
?v=0vjVilLFziV4

Stergiou N. (2004). Innovative Analyses of Human Movement. Human Kinetics Publ.
Stergiou N. (2017). Nonlinear Analysis for Human Movement Variability. CRC Press.
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MOVEMENT UNDER THE MICROSCORE

Visual3D v5 Professional”
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Stergiou et al. (2006). J Neurol Phys Ther, 30(3):120-129.
Harbourne & Stergiou (2009). Phys Ther, 89(3): 1-15.



Stergiou N. (2004). Innovative Analyses of Human Movement. Human Kinetics Publ.
Stergiou N. (2017). Nonlinear Analysis for Human Movement Variability. CRC Press.
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VARIABILITY IS NOT NOISE BUT HAS PATTERNS

There are a few big, many medium size, and a huge number of small size fluctuations even in
most fundamental movement such as walking. Pink noise type of a process (or a distribution)
with a frequency spectrum such that the power spectral density is inversely proportional to the

signal's frequency. Such patterns are everywhere.

11

Stride Interval {s)

o an wl

Number of Strides

Stergiou N. (2004). Innovative Analyses of Human Movement. Human Kinetics Publ.
Stergiou N. (2017). Nonlinear Analysis for Human Movement Variability. CRC Press.
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PATHOLOGY AFFECTS THESE HEALTHY PATTERNS.

On one end, we could be rigid as we see in
orthopedics where you may behave like a robot
due to an injury

Or at the other end, we could be very noisy like a
frail older adult

HEALTH IS A RICH BEHAVIORAL STATE
... complex but with beautiful patterns

“Life is an aperiodic crystal, it is not random, but
also is not periodic, it is something in between...”
by Erwin Schrodinger: What is Life” (1944)

Variability may be the spice of life!!!

Stergiou et al (2006). J Neurol Phys Ther, 30(3):120-129.
Stergiou & Decker (2011). Human Mov Sci, 30(5):869-88
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EpBropnxavikng + Texvnt Nonpoouvn (Al) = kaAutepn
Katavonon tng avBpwrvn kivnon, Tng mpoAndng
TPOUUATIOMWY KAl TNG OIOKATAOTAONC.

H Al erutpémnel Tnv avaAuon TEpACTLWY OYKWV deSouEvVwvV
armo Bivteo kal aloBnTAPEC, KABLOTWVTOC TNV EPYOOTNPLOKNA
akpiBela mpooBaotpn otnv kaOnuepvn wr.

Kupiec Edappoyeg

Avalvuon Kivnong xwpic Znpadia (Markerless Motion
Capture) => OpenCap, DeepLabCut, and Vuemotion

MNpoAnyn Tpavpatiopwv: MovtéAla HnXavikng padnong
(rt.x. Random Forest) pnopouv va tpoBAEPouv Tov kivbuvo
TPOAUUATIOMWV.

E€atopkeupévn Antokataotaon: Digital Twins yla
QTOTEAEOHATIKA TTAQVA duoLkoBeparmeiac.

ABAntkn Antdédoon: E€atopkev péva mpoypappoTa
T(POTIOVNONG OE TIPAYLOTIKO XPOVO.

OpOBomnedikn ka MpocBeTIKA: XelpoupyLkn akpifeta kot
KAAUTEPQ TIPOCOETIKA HEAN.

Topuéag

MpoBAeywn
TpaupaTICHWYV

Meiwon Ymrorpotrwyv

Ayopa Al Fitness

AmroteAseopaTikérnTa Al

Emidoon / Z1oixeio

85% akpifeia o€
TPAUNATIONOUG
OTTIoBIWV PNnpPIaiwyY

23% peiwon oTa
TTO000TA
ETTAVOTPAUUATIONOU

MpoBAewn via 4,8
010. doAdpIa WG TO
2028

25% BeATiwon otnv
akpipela Twv TTAGVwWYV
TTpoTTéVNong

https://motion-gpt.github.io/



| AUTH Biomechanics

» Gaitprint: “...a set of
kinematic and kinetic
features measured during
locomotion that uniquely
identify an individual.”

Tyler Wiles

Types of biometric authentication
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The GaitPrint
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Data in Each Spit (%)

@

Identification Accuracy (%)

@

Trial 1 4299% 60.35% 67.80% S817T% T480% S402% 7066% 6594%

«Our results suggest the existence of a gaitprint, a
persistent walking pattern with sufficient information
about the individual to make them identifiable.

*Uniqueness of gait kinematics demonstrated 98.63%
accuracy in 81 adults,

Euclidean Distance (ED) Cosine Similarity (CS)

+ldentification accuracy is maintained with reduced
gallery size.

*Multi-day gait identification is feasible

Wiles et al (2024). Comput Struct Biotechnol J Apr 12:24:281-291.

Random Forest (RF) Support Vector Machine (SVM)



Evaluation
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Symbolic Regression

- Collected Data
- Predicted Data

Thigh Pitch Angular Acceleration (“Iszl
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Distilling Free-Form Natural Laws
from Experimental Data

Michael Schmidt® and Hod Lipson®3*

SCIENCE ADVANCES | RESEARCH ARTICLE

COMPUTER SCIENCE
Al Feynman: A physics-inspired method for
symbolic regression

Silviu-Marian Udrescu' and Max Tegmark'-2*

Distilling Laws of Human Movement
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Symbolic Regression
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Symbolic Regression
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Symbolic Regression

MOMAN GaitPrint: An IMU gait

inoiscrice database of healthy older adult
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Overground walking
1944 trials
4 minutes / trial
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Prediction Accuracy

- Collected Data
- Predicted Data
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