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Development of a rendering and force-reflective simulation program for

wax crayon drawing using a force feedback device
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ABSTRACT

The objective of this research project is to develop an algorithm for wax crayon drawing
and force-reflecting simulation using a force feedback device. This project is divided into two
major parts. In the first one, force-reflecting simulation of wax crayon drawing is presented. In
this part, some physical properties of both crayon and paper will be described. The second part is
focused on graphic rendering of wax crayon drawing which present simulation of the interaction
between wax crayon and paper.

In this project, the force feedback device PHANToM has been used for development and.
All tasks of this project were developed and tested on Microsoft Windows XP by HDAPI to

interface with Microsoft Visual C++
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Suffix | Data Type.+i% _ Typical Ctype : OpenGL Type Name

B 8-bit integer Signed char GLbuyte

S 16-bit integer Short GLshort

I 32-bit integer Int or long GLint ,GLsizel

F 32-bit floating point Float GLfloat , GLclampf

D 64-bit floating point Double GLdouble , GLclampd

Ub 8-bit unsigned number | Insigned char GLubyte , GLboolean

Us 16-bit unsigned number | Unsigned short GLushort

Ui 32-bit unsigned number | Unsigned int or unsigned long | GLuint ,Glenum , GLbitfield
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3N 2.3 dredemsaiagdanmmdenly openGL

Begin( GL_TRIANGLES);
Vertex3£(1.0,1.0,1.0);
Vertex3£(1.0,-1.0,1.0);
Vertex31(1.0,1.0,-1.0);

End();
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giTexSublmage2D(GL_TEXTURE 2D, level, xoffset,
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(width, height)

p X

(0,0)

g’ﬂﬁ 3.1 M3 texture mapping 1AY height map JUUIAANA (0, 0) D (width, height)
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a =2Z'=(0, gradientX, 1)

. (3.2)
f=X'=(1, gradientY, 0)
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M =Y'= crossproduct(a, 8) (3.3)
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convertToGray(image) /* Vaouma il gray scale*/
calculateGradient(grayImage)/*A1 0 Wi local gradient™/

calculatePerturbedDirection(gradientImage)/*A1430l NANNDINAT local gradient*/
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...// calculatePerturbedDirection

w = image.width

h = image.height

for each i, j
alpha.set(0.0, gradientX[(j * w) + i], 1.0)
beta.set(1.0, gradientY[(j * w) + i], 0.0)
MVector = crossProduct(alpha, beta)
crossProductMag[(j *w) +i] = MVector.magnitude
MVector.normalize()

k4
perturbedDirection[(j * w) + i] = MVector/ «lam iviaunu x yz¥
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...// CalculateFrictionForce
if(state == stuck)
Jriction =- frictionStiffness *tangentDistance*direction
if(abs(friction) > staticFriction)
state = sliding
friction = -direction*dynamicFriction
frictionForce = friction
else
if(abs(velocity. magnitude < velocityThreshold))
state = stuck
stuckPosition = position +
(staticFrictionD/frictionStiffness) *frictionF Direction
JrictionF = -frictionStiffness *(position - stuckPosition)
else
SrictionF = -dynamicFrictionD*velocityDirection
JrictionForce = frictionF

JrictionFDirection = friction.normalize

[ a s o v v Y A A
5.4 9aNDINUMNIUMIAIWAISaHAINSY

do o @ o A a 3 a
1. CalculateForceAtCrayonSurface ﬁ‘lquﬂwmmummmusmmﬂuuﬁummm

I A A ‘1' J - ' A A
unsdinou Iaeh crFactor Li‘_lummmﬂﬂwqummmmu

...// CalculateForceAtCrayonSurface
for each i
crayon.stressedLength[i] = crayon.maskPaper[i] + crayon.waxHeight[i] -
(position[1] - crayon.maskCell[i])
if(crayon.stressedLength[i] > ()

stressedForce += (crayon.stressedLength[i] * crFactor)
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angle = 141]5314']1\3ﬂTLLWUQWﬂlcﬁﬁuuﬂ‘lJ‘Vlﬁ'ﬂ'NilﬂQﬂ'liT]ﬂﬂ'\W
directionalFactor = cos(angle)
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AN 5.1 AU IVOIRNYATO U

-Yo=1/ f05-1 171
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U.V = U.magnitude * V.magnitude * cos(igiJSzWJ'NUV)
UV=Ux*Vx+Uy*V.y

cos(LpJS:‘HﬁNUV) = (i* V.x+ j* V.y)/(V.magnitude * pow((i*i + j*j), 0.5))

4 1 " . é J A
iio'ldA1  directionalFactor 1A999M1A1 heightDifFactor FijuAINNULANAIYD

ANUFITTHINNIBAATINANAVNNIFATOU

a { { v a o Y
Ysnadninaeldinmasouthaudazya suasldenn
smearFactor = max(0, directionalFactor + heightDifFactor)

smearedWax = (smearFactor * centerPixelWax)/sumOfsmearFactor
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..AddNewWax

i =3 a
findNextPoint(tanVelocity)/*f1 tan YOINIIMIT INTONANNYOINITIIA IUUITEUIY x

2%
slope = calculateSlope(stuckPoint, nextPoint)
Jforce = calculateForce()

drawFactor = calculateDrawFactor()

slope :
) force
‘ .
r
ﬂ’)'lil’cl»ﬁlﬂ@ﬂﬁ&’ﬂ'l‘kl-#—’?f mmqwmns:mmﬁ
oY Y09 currentPoint oY Y09 nextPoint
Y  -force




39

do Ao 1 { a ~ u
4. UpdateColor iuilandunfunmaninannmsnanwiion wennauluea

494 Kubelka-Munk Theory Iasldnannisdiog

...// UpdateColor
Ihwow 11 factor FSUNavEIRNUGIRTAOMA

wax.transmitC = pow((currentColor.transmit * currentColor), waxHeight*wow) * wax.color;

wax.scatterC = 1 - pow((1 - currentColor), (currentColor.scatter * waxHeight*wow))

wax.color = wax.transmitC + wax.scatterC

v v
/fwax.color WUdEADININI R G B Uenfiu
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Crayon Color R G B T S
Yellow 0.950 | 0.550 | 0.200 | 0.605 | 0.042
’ Blue 0.300 | 0.500 | 0.900 | 0.715 | 0.054
J Red 0.950 | 0.450 | 0.450 | 0.065 | 0.051
‘ ) Green 0.350 | 0.800 | 0.350 | 0.385 | 0.096
, Periwinkle | 0.700 | 0.700 | 0.900 | 0.385 | 0.210
- Sea green 0.600 | 0.900 | 0.650 | 0.330 | 0.150
Orchid 0.850 | 0.400 | 0.840 | 0.660 | 0.090
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Paper Friction FuiszanusudoanuYed wax Smsvaodu 0.15
Wax Friction dulseansusufeanuveanszay dmsualndu 0.75
EY
crFactor ANUATUNMIUILIINAVDY wax 2.0
Max Contact anugennlasulaaly 0.0001
Plane Stiffness ANVUTIVDINTEAIY 0.25
Wax Stiffness AU 0.2
Friction Stiffness ANVLYIVDINTEMHEMT VR WIBLT AT BAN Y 0.15
4 = _
Static Coefficient dulszansusudoamuaia 0.8
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M3N U1 AuaudALT

Crayon Colour R G B T S
red 095 (045|045 | 0.605 | 0.051
orange 0.999 | 0.55 | 0.2 0.605 | 0.042
yellow 0.95 0.9 0.2 0.715 0.111
green 035 | 0.8 | 0.35 | 0.385 | 0.096
blue 0.3 0.5 | 09 0.715 | 0.054
purple 065 |04 109 |0.385 | 006
brown 0.8 0.55 | 0.5 0.3025 | 0.15
black 0.26 0.251 0.245 1 0.11 0.24
grey 0427404 0.39 ' 0.44 0.51
white 0.8 0.8 0.79 0.55 0.33
¥ periwinkle | 0.7 0.7 | 0.9 0.385 | 0.21
' sea green | 0.6 09 | 0.65 | 0.33 0.15
“ orchid 085 | 04 | 0.84 | 0.66 0.09
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mMsAanalisunsy Crayon

ANIARIMITEUVAG
1. Pentium PC 1.6 GHz
2. Windows XP with Service Pack 2
3. gUnsal PHANToM

4. PHANTOM Device Driver Version 4.2 11a% HDAPI

YUABUMIAAAI T 11

1. Aaldsunsy CrayonSetup.exe 190 Next

Welcome to Crayon setupl

This progam vl instal Capon on pour computer.

w.wumdmmummmmmmm-mw
instalahon.

To proceed. pesss the “Nexl™ button
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- . a o a Q’I‘ v
2. 1290 Location N3ZNINITAAND L1AINA Next

Ploase select the location where you woukd ke 10 inetall Cragon, then press Nest.

¥ ¥ v )
3. 399UNIsARAAUA MA09n13a§1e Deskiop Icon IHDNINTBINUIWYNT T3 Create
A vy a o A 4 =
Desktop Icon n30t1n84mIsizen lilsunsuihanudoninisanunegnii Launch Program Now

qaMunAy Finish



Crayon

You may now nun Ciapon.
Ploase choote if you want & deskiop shortoat crested.

F Croote Reskiop loon
¥ Launch Progam Now

4. msiBonlyaulsunsude Start->Programs->Crayon WioN Desktop Icon el
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4. mnuisauae lddudadunszamiiodssnisnagyl s nanwaudeans

Optical properties of simulated crayons

Y v J : i ' g
5. 11ApIN15e0ANN 1sunsy natjy Exit n3odlanniia1aves Windows
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