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Laboratory for the Study and Simulation of Human Movement Goals

Laboratory for the Study and Simulation of
Human Movement

Study of Human Movement

Build a database of functional movements performed by persons with
and without disabilities

Analyze data from motion capture using EMS and/or Optotrak, video
data capture, electrical activity in muscles using EMG, and
force/pressure data

Simulation of Human Movement

Simulate movement by programming haptic devices to guide people in
performing upper-extremity functional tasks
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Representative Projects Computer Vision

Applying Computer Vision to Analyze Human Functional Movements

Design a computer vision system with a goal of obtaining reliable
segmental motion data, which can distinguish one individual from another
and identify abnormal motion patterns.

Identify phases of gait reliably. Compare gait patterns of individuals

Analyzing upper extremity movements

A Gait Video
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Using Computer Vision to Analyze Human Gait Motivation and Goals

Using Computer Vision to Analyze Human Gait (Lawson,
Vishnoi)

Mobility is fundamental for health and function and we are studying it.

Objectives

Analyze human movement using a data capture method that is
inexpensive, quantitative, sensitive and non-intrusive in natural
environments

Use these data to identify problems and develop new treatments

Zoran Duric (GMU) Study and Simulation of Human Movement 5/ 1 5 / 1



Using Computer Vision to Analyze Human Gait Processing

Identifying Phases of Gait Cycle (Lawson, Vishnoi)

Synchronized Gait Videos: Same Person Two People
Zoran Duric (GMU) Study and Simulation of Human Movement 6/ 1 6 / 1



Using Haptics to Simulate Functional Movements

Using Haptics to Document Functional Movement in
Persons with and without Disabilities (Narber)

Background

Virtual reality has been applied to both the evaluation and treatment
of persons with Traumatic Brain Injury (TBI)

Haptics can be used to manipulate virtual objects

We have used haptics to simulate fine-motor functional movements
(e.g. writing)
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Using Haptics to Simulate Functional Movements Haptic Templates

Haptic Templates (Narber)

TABLE I
SKILL EMPHASIS FOR SIMULATIONS: LOW, MEDIUM, HIGH

Cognitive Motor

Associativity Planning Sequence Move Interact

WorkB M L L H H

LetterB H H M M M

Sand M H H M L

Tool H M M L M

M4 M M H M M

We have defined three sub-skills correlating to cognitive
thought processes. Associativity is defined as both recall and
object/shape association. Having this skill allows the subjects
to make connections to what they have done in the past, and
to recognize when steps need to be performed or what a
shape/object is [16]. Planning is the ability to examine the
situation and set up a sequence of steps on your own in order
to successfully accomplish the task. Sequence is defined as
knowing what order one must follow to correctly complete a
task in a specific way [17]. Sequence and Planning skills are
both present in many of the same tasks; however, sequence
is emphasized more when a specific plan is required and the
subject must be able to recognize this.

We have also decided to further define motor skill into two
sub-skills: movement, and interaction. Movement is defined as
the person’s ability to navigate the simulation’s cursor through
the scene. Jerky, non-smooth movements constitute problems
with their movement skill. The ability to grab and manipulate
objects within the scene is defined as the subject’s interaction
skill.

B. Simulations

1) Haptic Training Application: In order to establish a
common skill set among subjects, a training application (see
Fig. 1(a)) was designed to walk subjects through simple tasks,
including moving a cursor through the virtual space, touching
objects in several locations, grabbing and moving an object,
and rotating an object. This program provides a baseline for
future studies and familiarizes individuals with the device
before progressing onto the more difficult scenarios, which
may cause some frustration.

2) Workbench Cleaning: This simulation was aimed at
assessing fine motor skill. It is a task derived from reaching
tasks; therefore, we expect to see linear paths from subjects
who complete it faster [15]. Subjects were tasked to use a
haptic device to touch and grab a variety of tools and move
them onto a pegboard where tool silhouettes were present
(see Fig. 1(b)). The subject needed to match the tool to the
appropriate silhouette. Therefore, the subjects needed to be
able to match shapes, which is a cognitive skill; however, the
focus of the simulation was on the subject’s ability to grab
and move the tools. Grabbing the tools and moving them to
corresponding silhouettes was of primary interest.

3) Letter Blocks: In order to test the cognitive abilities of a
subject, we designed a scenario in which the user is presented

(a) Training (b) Workbench

(c) Letter Blocks (d) Sandwich

(e) Tool Use (f) M4

Fig. 1. Pictures of Simulations

with 9 blocks, each of which have 6 different letters (see
Fig. 1(c)). Every letter is present with vowels, and common
consonants appearing more than once. The program checks
for block proximity; if two blocks are close enough in 3D,
then they are considered next to one another. The side of the
block that is facing forward determines the letter used. The
subject is tasked to move the blocks around to spell three-
letter words. When a word has been spelled, the user must
then click a separate button to record it. The ratio of number
of words spelled to the number of submission clicks and total
number of words spelled within 2 minutes are both examined
as measures of accuracy. The simulation places emphasis on
the user’s ability to recognize the letters, and construct words.
The user must use some level of planning: deciding which
words to spell, when to swap a single letter for a new word
(e.g. cat, bat, sat), when to rotate the blocks for new letters,
or whether or not to spell multiple words on screen.

4) Sandwich Making: In order for a person to be self-
sufficient, they have to be able to identify sequential processes
and perform them in the appropriate order; for instance,
putting on shoes requires us to put on socks first. Thus a test
must be developed to identify if a person had TBI that affected
their process skills.

We decided on a sandwich making task, peanut butter and
jelly in particular (see Fig. 1(d)). The user is presented with
all the necessary components: bread, knife, plate, peanut butter
jar, and jelly jar. The person has to understand that a single
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including moving a cursor through the virtual space, touching
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with 9 blocks, each of which have 6 different letters (see
Fig. 1(c)). Every letter is present with vowels, and common
consonants appearing more than once. The program checks
for block proximity; if two blocks are close enough in 3D,
then they are considered next to one another. The side of the
block that is facing forward determines the letter used. The
subject is tasked to move the blocks around to spell three-
letter words. When a word has been spelled, the user must
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number of words spelled within 2 minutes are both examined
as measures of accuracy. The simulation places emphasis on
the user’s ability to recognize the letters, and construct words.
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(e.g. cat, bat, sat), when to rotate the blocks for new letters,
or whether or not to spell multiple words on screen.
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with 9 blocks, each of which have 6 different letters (see
Fig. 1(c)). Every letter is present with vowels, and common
consonants appearing more than once. The program checks
for block proximity; if two blocks are close enough in 3D,
then they are considered next to one another. The side of the
block that is facing forward determines the letter used. The
subject is tasked to move the blocks around to spell three-
letter words. When a word has been spelled, the user must
then click a separate button to record it. The ratio of number
of words spelled to the number of submission clicks and total
number of words spelled within 2 minutes are both examined
as measures of accuracy. The simulation places emphasis on
the user’s ability to recognize the letters, and construct words.
The user must use some level of planning: deciding which
words to spell, when to swap a single letter for a new word
(e.g. cat, bat, sat), when to rotate the blocks for new letters,
or whether or not to spell multiple words on screen.

4) Sandwich Making: In order for a person to be self-
sufficient, they have to be able to identify sequential processes
and perform them in the appropriate order; for instance,
putting on shoes requires us to put on socks first. Thus a test
must be developed to identify if a person had TBI that affected
their process skills.

We decided on a sandwich making task, peanut butter and
jelly in particular (see Fig. 1(d)). The user is presented with
all the necessary components: bread, knife, plate, peanut butter
jar, and jelly jar. The person has to understand that a single

Haptic training task
Trajectories in the Workbench task

Making a sandwich task
TABLE I

SKILL EMPHASIS FOR SIMULATIONS: LOW, MEDIUM, HIGH

Cognitive Motor

Associativity Planning Sequence Move Interact

WorkB M L L H H

LetterB H H M M M

Sand M H H M L

Tool H M M L M

M4 M M H M M
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Fig. 1(a)) was designed to walk subjects through simple tasks,
including moving a cursor through the virtual space, touching
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and rotating an object. This program provides a baseline for
future studies and familiarizes individuals with the device
before progressing onto the more difficult scenarios, which
may cause some frustration.

2) Workbench Cleaning: This simulation was aimed at
assessing fine motor skill. It is a task derived from reaching
tasks; therefore, we expect to see linear paths from subjects
who complete it faster [15]. Subjects were tasked to use a
haptic device to touch and grab a variety of tools and move
them onto a pegboard where tool silhouettes were present
(see Fig. 1(b)). The subject needed to match the tool to the
appropriate silhouette. Therefore, the subjects needed to be
able to match shapes, which is a cognitive skill; however, the
focus of the simulation was on the subject’s ability to grab
and move the tools. Grabbing the tools and moving them to
corresponding silhouettes was of primary interest.

3) Letter Blocks: In order to test the cognitive abilities of a
subject, we designed a scenario in which the user is presented
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with 9 blocks, each of which have 6 different letters (see
Fig. 1(c)). Every letter is present with vowels, and common
consonants appearing more than once. The program checks
for block proximity; if two blocks are close enough in 3D,
then they are considered next to one another. The side of the
block that is facing forward determines the letter used. The
subject is tasked to move the blocks around to spell three-
letter words. When a word has been spelled, the user must
then click a separate button to record it. The ratio of number
of words spelled to the number of submission clicks and total
number of words spelled within 2 minutes are both examined
as measures of accuracy. The simulation places emphasis on
the user’s ability to recognize the letters, and construct words.
The user must use some level of planning: deciding which
words to spell, when to swap a single letter for a new word
(e.g. cat, bat, sat), when to rotate the blocks for new letters,
or whether or not to spell multiple words on screen.

4) Sandwich Making: In order for a person to be self-
sufficient, they have to be able to identify sequential processes
and perform them in the appropriate order; for instance,
putting on shoes requires us to put on socks first. Thus a test
must be developed to identify if a person had TBI that affected
their process skills.

We decided on a sandwich making task, peanut butter and
jelly in particular (see Fig. 1(d)). The user is presented with
all the necessary components: bread, knife, plate, peanut butter
jar, and jelly jar. The person has to understand that a single
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Using Haptics to Simulate Functional Movements Haptic Testing

Haptic Testing

Objective

Determine whether normal individuals can improve their performance on
two basic tasks: a fine motor manipulation and a word assembly task
testing cognitive skill

Experiments and Findings

21 college students, aged 18 to 30, participated

George Mason University IRB approved study

The subjects were presented with the haptic training program

After completing the training program, the subjects went through the
workbench cleaning and letter block spelling simulations 3 times

A statistically significant motor-learning effect found for the
workbench cleaning simulation

Zoran Duric (GMU) Study and Simulation of Human Movement 9/ 1 9 / 1


