An Investigation into the Viability of a Nonlinear
Anisotropic Cloth Model for Simulation

Rachel Strohkorb
TSR (") * 14"

+,-"_/01%(23'$4506(5/4"647" 85 %69" - ;;2-(™"

BU

Bournemouth
University



“1 Introduction
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"2 Previous Work

2.1 Mass-Spring

U<24"5("-/02""(/"O/ 7295483/ (<¥'(<2'06" ">
"13548" O2(</7" 5™ %=SVIS(/%" T S 5(*" 0654"
67D64(682'5™" -/ O L(6(5/469"2; :5-524-A" C<502"
32(65454&" 6" 1<A"5-6%A" 6--%36(2" 32" 1/4"2" (/"
JH(*572"292024("8'(<232'<6""'=224" O%-<"2; /("
1%(" 54(/" OB054&" (<5*" O/72%" 2D24" O/32"
2515-524(1 41" ('/;"(<2"13/ 832" 54 (5" O/ 720"
2::5-524-A"<6"" (6024" 196-2"54" (<2"54(2836(5/4"
"(218 (<2" O/ ("SO1/3(64(" =254&" (<2" C/30" /"
X636;:"647" US(054"HY 18" C</"C232" (<2":53" (" (/"
13/1/" 2" %" 548" (<2" X6-0C637"" = %923' 02(</7"
(/"54(2836(2" (<2"-9/(<" 163(5-92" W' D20/ -5(A" 647"
1/°5(5/4"™ 501%5-50A7 = F1%-5(" 54(2836(/3""
2'(506(2" (<2" D29/ -5(A" /;" 26-<" 163(5-92" 6" (<2"
42F('(502" (21'=6"27"/4"(<2"/3-2""2F23(27"/ 4"
26-<"163(5-92"=A"-63-U96(54&" (<2"N6AY/3"* 2352""
/;(<2'D28/-5(A'L(AL5-60AL(/'S'/3Y"™ (217" /3"
(<2" '602" /7' =2((23' 6--I-AW HIZI?
[4:/3(h46(2088" 2F1%5-5(" 54(2836(/3"" /;(24"
7/40(" 320654" * (692" %492"*" (<2" (502" * (21" 5"
D23A" "O6%%" O60548&" (<20" 1//3' -</5-2"" /3"
3269>(602" 611%-6(/4"7" X636;:" 647" U5(054"
13/1/727" 64" 50185-5(" O2(</ 78" C<23254" (<2"
163(569" 7235D6(3D2"" /;" (<2":/3-2"" 14" (<2" 06" ™"
1/54(""CH(<"32" 12-('(/"(< 2531/ *5(5/4""632'% " 27"
(/" =/4" (P%-(" 6" 554263" *A"(20" /" 2VU6(5/4"Y'
C<i-<" (<64" (<24" =2" */9D27" =A" 5(236(5D2"
O2(</ 7" H1 17" J(236 (548" (/C637™" (<2 * /M(5/4"
<6""64" 6" /-56(27"-/" (8" =%(" =2-6%" 2" 50 195-5("
54(2836(/3"" 632" 6=92" (/" %" 2" O%-<"963823" (502"
"L/ (5 H(C 25627

+0h-<" 23 /3(" <6"" &/42"54(/" 060548 50 1%5-5("
54(2836(/3"" 2D24" O/32" 2;:5-524(" \64&" 647"
_</"HSI"O/75;527" (<2"50195-5("54(2836(5/4" * /"
(<B('5("-/%97"=2"-/ O 192(27"152-2C5" 28"C5(</%("
26-<"163(5-92"<6D54&" (/" ~/4"5723" (<2"D29/ -5(A"
/:"2D23A"/(<23"163(5-92'6("26-<'(502" (217N<2A"



69" /" "</3(2427" (<2" 5(236(/4™ (/"
742" 5(236(5D2" *(218" K%7854&" (<6("
(<5™ 6113/F506(5/4" C6™ -9/"2"
24/%8<" (/" (<2" 6-(%69" " /9h(5/ 45"
13/D5727" */02" 7601548" ;/3-2""
C232" 677277 +/32" 32-24(3A8" ] %"
2( 69" HAI"54-326"27" (<2" *1227" /"
50165-5(" */9D2"" ;/3' 06" *>* 13548
'A"(20"" =A" 67754&" 64" 6775/ 469"
0/-69" " (21" (<6(" ;547" (<2" /1(506Y"
"13548" 7532- (/4" XA 548" (<5
0/-60" *(218" (<2A" 632" 6=02" (/"
*21636(2'(<253'O6(35F%" 27'(/" /9D2"
(<2'954263"" A" (20" /;" 2V06(5/4""54"
(<2" 89/=6y" (21" ;3/0" =2548"
T2124724(" /4" (<2" -%3324(" *(6(28"
0264548 (<6(" (<5*" OB(35F" 7/24i("
<6D2'(/'=2"-/ O 1%(27"2D23A";36027"

2'15(2" =2548" 2;5-524(" (<2' O6"*>"1348"
O/729" (59" "h;;23"";3/ 0"546--36-52"7"~ 42"/ ;"
(<22'5™" (<6(" -9/ (<"54" (<2"3269"C/NT" /2" 4/ ("
73//1'6™ O%-<"%4723'5(*"/ C4"C258<("6""-9/ (<"
~326(27"=A"(<2" 06" ">"13548" O/ 729" 14" ;6-(3"5("
/(24737 /1" D23AB((9281(/"(<2"1/54('C<232"(<2"
06" *>* 13548 0/729'9/ /0" D23A"%432605" (5-" =A"
~/0163" /4" figure IN'I('C/HIT'=2"1/"*5=02"(/"
a5e<(24" LI 6' 06"">"1348" "A'(20" =A"
54-326"548" (<2' '1348" -/4'6A(" /7' (<2'
" (306-(06360" " 1354&"8" =%("54-326"548" (<2" * 13548"
~/4" (64(""73D2""%1"-/4D23624-2"(5O2'H) 17

N/"-/0=6('(<5"8"D/9724(<69"2(1697H) I"-326(27"
6"0/729";/3"542F(24"5=92" -3/ (<8" /3" -9/ (<" (<6("
772" 4/(" " (32(-<" %4723 5("" /CA4" C256<(1" N<2"
~9/(<"/=K2-(5""-/OL/" 27"/ ;'O / " (SAVHET 647"
'/02" (358647 VI67"2782""632"-/4" (365427" (/"
=2'6058427"(/"(<2'C2;("'647"CB31"7532-(5/4""/ ;"
(<2";6=35-1'N<2" 2'2782""632" (<24"-/ 4" (365427"
(/"OB54(654"(<253'/ &5464'5248(<7", <263';/3-2""
632" 0/72027" C5(<" " 1354&™" /4" =/ (<" 7568/ 469""
/7' 26-<" \WET? D/IT24(<69" 2(" 6% (<24"
/30W6(2" 64" 501%B-5(" 54(2836(/3" (<6(I""
2::5-524(" 6" 24:/3-548" (<2' 2782" R24&(<"
~/4" (3654("" %'548" . /4"(365427" ]683648564"
+2-<645-"7" N<253' O/729 (2" (<2"
2::5-524-A" /7" (<2" 06" *>"1%54&" O/728" C<52"
O60548"%1";/3'/42'/;5(*'8326(2" ('C26042" *2""

Figure 1. The Mass-Spring Model (left, from [7]) droops
significantly under its own weight, while a cotton cloth swatch
(right) barely stretches.

2.2 Position-Based Dynamics
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2.4 Continuum Mechanics
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Figure 2. The data used in both [14] and my own project for the weft, warp, and shear modes of fabric. This force-displacement data

was converted into strain-stress data using the appendix from [14]. Graphs also from [14].
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3 Methods
3 1 Cloth model
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Figure 3. The S-Matrix used to filter for fixed points in the modified conjugate gradient method [1].
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Figure 4. GNATV cloth hangs from top corners (left) and left corners, as a
Slag (right).
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Figure 5. Number of calculations needed to
compute the force vector for each of MS and
GNATV. The number of force calculations is
equal to the number of springs in MS and 3
times the number of triangles in GNATV.
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Figure 6. Number of calculations needed to
compute the Jacobian matrix with respect to
position for each of MS and GNATV. The
number of force calculations is equal to the
number of springs in plus the number of mass

points MS and 9 times the number of triangles in
GNATYV.
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Figure 7. Introducing unrealistic irregularities in the b-spline curve relating stress to strain
(right) will often result in the failure of the cloth object (left).
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Figure 8. Increasing the step size in the strain direction leads to interesting results. Top left: weft
step of 0.04 instead of 0.004. Top right: warp step of 0.1 instead of 0.0005. Bottom [eft: shear step of
0.1 instead of 0.01. Bottom right: all three previous steps applied.

Increasing the strain step size seems to correspond with ‘loosening up’ the cloth object, making it

less stiff.
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Figure 9. Increasing the maximum weft from 1052 to 2052 and adjusting the data points accordingly,
with the addition of a linear trend between 0.057 and _0.1.
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Figure 10. Increasing the maximum warp from 2998 to 3998 and adjusting the data points accordingly,
with the addition of a linear trend between 0.08 and 0.13. Step size has been adjusted to 0.005 to speed
convergence.

;

NN
r
l‘ljf
"l
"W
EE N
AEm
.l.l.l:l[
4
a3 .l.l.l

-50.01—o*"
:

o
/

0.0
-0.140 -0.070 0.000 0.070 0.140

E:_E.
HI.:II

p— |
L
_
l-.‘!.
I N
_

1

1
N

u

‘.
r

Figure 11. Increasing the maximum and minimum shear from 60 to 100 and adjusting the data points
accordingly.
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Implimentation can be found on my github: https://github.com/rstrohkorb/GNATV cloth_sim
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