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In one embodiment, with respect to stationary data col-
lection, the motion capture system was able to accurately
capture a grid of markers spaced approximately 3 cm apart
(e.g. as shown in FIG. 5A). Preliminary analysis identified
maximum longitudinal strains less than 0.40, within the
physical limitations of skin, in an appropriate distribution
(FIG. 5B). The process for calculating lines of non-exten-
sion from the strain field data (e.g. as described in conjunc-
tion with FIGS. 2A, 2B above) found a pattern of lines of
non-extension as shown in FIG. 5C.

The entire range of strain (maximum and minimum of the
total strain), longitudinal strain, circumferential strain, and
sheer strain for each data point are found.

A three-dimensional pattern processor 526 processes the
data provided thereto to connect the calculated angles from
LONES processor 522 from each data point into anatomi-
cally feasible contours. In this way, the system is capable of
generating designs for flexible apparel. Such apparel
includes but is not limited to athletic or other clothing,
portions of space suits and in particular. The system is also
useful for generating designs of tissue-engineering scaffolds,
medical diagnosis for skin surgery and the design and
development of soft exoskeletons.

In one exemplary embodiment the above described tech-
nique was utilized on a knee. In this exemplary embodiment,
an eight camera Vicon (Centennial, Colo.) motion capture
system was used to track one hundred forty four (144) 4-mm
and 6-mm spherical reflective markers positioned approxi-
mately 3 cm apart around a healthy adult female knee joint
with care taken to make a grid with the markers aligned in
rows and columns (see FIGS. 3A, 3B). In the exemplary
embodiment shown in FIGS. 3A, 3B the markers are dis-
posed in a substantially rectangular grid pattern. Other
patterns (both grid and non-grid patterns—e.g. lattice pat-
terns) may, of course, also be used. In preferred embodi-
ments, the markers are disposed in a uniform grid pattern.
Such a grid pattern facilitates use of nearest neighbor
computations. It should also be appreciated that the distance
between markers impacts the accuracy of anatomical repre-
sentations and the ability to make physiological implica-
tions. Thus, the closer the spacing of the markers, the more
accurate the anatomical representation and the greater the
ability to make physiological implications based upon the
anatomical representation. Of course, by spacing markers
more closely in a given area (e.g. 1 cm spacing or less), the
larger the number of data points which will be generated and
consequently the more time it takes to perform computa-
tions. Thus, a trade-off may be made between the amount of
data needed and the time required to measure and process
the data. In one embodiment, the resolution of the motion
capture system is the limiting factor in selecting spacing
between markers.

With the markers are properly positioned, stationary (i.e.
static) data collection is performed. Position data is captured
by the motion capture system with the body joint (e.g., knee)
extended (initial position) and then again with the body joint
flexed (final position).

The acquired position data is filtered and averaged so
there is one position for each marker in each position, which
then serves as input to the analysis/calculations methodol-
ogy described above.

Also, with the markers properly positioned, motion (i.e.
dynamic) data collection can be performed. It should be
noted that the same body marker grid should be used in both
the stationary (i.e. static) data collection and the motion
(dynamic) data collection. Motion capture position data are
collected for an entire flexion and extension cycle (~6
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seconds) for the entire movement for every/any body joint.
In the dynamic case (e.g. 2-6 seconds of movement captured
at a rate of about 15-30 frames per second), an analysis
program compares each frame to the initial position (first
frame). The resultant output is strain data for each point that
can be combined and analyzed over time or for the duration
of the movement. Significantly, the system also can be used
to produce video files to display the strain and directions of
the non-extending lines graphically on a 3D reconstruction
of the body (e.g., leg).

The technique described herein allows new data to be
generated and with this new data, one can calculate the lines
of non-extension, or contours of the skin that remain a
constant length during motion as described herein above.

The system and techniques described herein result in a
new understanding of the relationship between the structure
of skin and the strains it experiences during natural joint
movement. The system and techniques described herein may
find application in a wide variety of areas including, but not
limited to, design of tissue-engineering scaffolds, medical
diagnosis for skin surgery, the design and development of
soft exoskeletons, commercial spacesuits and athletic gar-
ments.

It should also be appreciated that the above-described
techniques can be used to calculate the angle of the line of
non-extension, line of minimum extension, or line of mini-
mum compression for each frame.

Referring now to FIG. 7, a computer 752 suitable for
supporting the operation of an embodiment of the inventive
systems, concepts, and techniques described herein includes
a processor 754. Processor 754 may, for example, be pro-
vided as a dual-core processor, such as one of the types
available from the Advanced Micro Devices Corporation of
from Intel Corporation. However, it should be understood
that computer 752 may use other microprocessors. Com-
puter 752 can represent any server, personal computer,
laptop, or even a battery-powered mobile device such as a
hand-held personal computer, personal digital assistant, or
smart phone.

Computer 752 includes a system memory 756 which is
connected to the processor 754 by a system data/address bus
762. System memory 756 includes a read-only memory
(ROM) 758 and random access memory (RAM) 760. The
ROM 758 represents any device that is primarily read-only
including electrically erasable programmable read-only
memory (EEPROM), flash memory, etc. RAM 760 repre-
sents any random access memory such as Synchronous
Dynamic Random Access Memory (SDRAM). The Basic
Input/Output System (BIOS) 196 for the computer 752 is
stored in ROM 758 and loaded into RAM 760 upon booting.

Within the computer 752, input/output (I/O) bus 764 is
connected to the data/address bus 762 via a bus controller
766. In one embodiment, the /O bus 764 is implemented as
a Peripheral Component Interconnect (PCI) bus. The bus
controller 766 examines all signals from the processor 754
to route signals to the appropriate bus. Signals between
processor 754 and the system memory 756 are passed
through the bus controller 766. However, signals from the
processor 754 intended for devices other than system
memory 756 are routed to the /O bus 764.

Various devices are connected to the I/O bus 764 includ-
ing internal hard drive 768 and removable storage drive 770
such as a CD-ROM drive used to read a compact disk 771
or a floppy drive used to read a floppy disk. The internal hard
drive 768 is used to store data, such as in files 774 and
database 776. Database 776 may include, for example, a
structured collection of data, such as a relational database. A
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