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; MATHEMATICS FOR SYSTEMATIC MODELING_4 PLANE
- PLANES AND PANELIZATION
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- PLANE : DEFINITION
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PLANE BY PLANE BY PLANE BY
A POINT AND NORMAL VECTOR A POINT AND TWO VECTORS 3 POINTS

P : plane

~. P :plane ~. P :plane
v1 : vector1 RN

.
<
’
.

1 : point1
n : normal vector PP

.
~

2 point2
p2:p Q,x fo)

.
“
.

p :point . ‘
v2 : vector2
0.

p's : point3

vi kw2
(v1and vz cannot be parallel) (3 points cannot be on a line)
V1 n
V2
vixv2=kn (cross vector) Vi = p-p
V2 = p3 - p1

(v1and vz are perpendicular to n _
and the length doesn’t matter) (P2-p1)x (p3-p1)=kn



77777777777777777777777777777777777777777777

; MATHEMATICS FOR SYSTEMATIC MODELING_4 PLANE
- PLANE : DEFINITION IN GRASSHOPPER
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; MATHEMATICS FOR SYSTEMATIC MODELING_4 PLANE
- PLANE : DEFINITION IN GRASSHOPPER

PLANE BYA POINT AND TWO VECTORS
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; MATHEMATICS FOR SYSTEMATIC MODELING_4 PLANE
- PLANE : DEFINITION IN GRASSHOPPER
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MATHEMATICS FOR SYSTEMATIC MODELING_4 PLANE
. PLANE : DEFINITION IN GENERATIVE COMPONENTS

PLANE BY A POINT AND NORMAL VECTOR
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l Transaction File Fidg==1E]

- - - -
gt [Mew Transaction File] - GeneMeCamponems Vi - - * “ -
— e
liMicmStation @ v“[}a‘auﬂ vl||:|ﬂv‘? ﬂv‘é ﬂv|@ﬂv‘_- =
§ - v:;:v v._:v B 20 > ] w (1) 4
g¢ GenerativeCompaonents Vi == % i Ve 1 Defolt
iew 1, Defaul
File  Features Toggle Graph Toels Debug Help 0~ of )1'}_ -
baseCS.X¥Plane - | (= | (== | EHE]. |f+n ‘o- |)Z( .
EE| ‘%|E| ?JDIEIWI/IDIDD”’I"IH
ERER| 9 Ju|=
Active update method - [] Show settings properties
Feature Type ¢
=+ Plane
E.UWEM*#M."""""_ &
4 [l | ByDirectionAndDistanceFromOrigin_
FE SN S S SN SN S S SN EEEEEEEN
SEopssty E"Pf?m-' Origin Point
| Origin: 1Point {repl ) poird01 g
| Direction: |DirectionOrPoint... diregtion
-| DistanceFromQOrigin: double. [0 \——Normal Vec (0}
| Success: bool true
| % double 3
- }¥Z: double]] {3.000, 1.000, 1.000}
| ¥: double 1.
| £: double 1
|
Type: |P|am3
|
|Jpdate method: |ByDirectiDr|AndDistanDBFrorrﬂrigin Example
MName of feature: plane0i
' [ Create Mew ]’ Create Copy ] A

/ ”?E!De‘fauh
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MATHEMATICS FOR SYSTEMATIC MODELING_4 PLANE

. PLANE : DEFINITION IN GENERATIVE COMPONENTS

PLANE BY A POINT AND TWO VECTORS
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l Transaction File Fidg==1E]

- - - -
gt [Mew Transaction File] - GeneMeCamponems Vi - - * “ - E@g
— — "
liMicmStation @ "“Defauﬂ vl||:|ﬂ"; ﬂ"é D'|ED"--'. 0 - I
: . |
§ - - | A - = B 20 474 w i -
g¢ GenerativeCompaonents Vi ' oo 2 w8 View1, Default EI o
File  Features Toggle Graph Toels Debug Help 0~ of )1'}_ " f& &
baseCSX¥Plane - R | ) 2 | I ﬁ|E|['£].||'+n o | g . _
eSSBS Em s neg 20 1A
ERER| 9 Ju|=
Active update method - [] Show settings properties
Feature Type ¢
=+ Plane
iluwﬁqulllllllllll i
[wl-| ByCrigin\ectors
.IIIIIIIIIIIIIIIIIII- . . .
Property Expre?m- Or|g|n Point
-| Originvector: double(] {2.2.11142
[ XVector: doublel] {1.1 {:}~¢{-1—1-a}-)—Vector’|
- Y\lector: double]] {0180, 1. 1H
-| ZVlector: double]] {0.0.1} ds2=—Vector2
| TransformOption: . TransformOption. Orthogonal
| Shearfngle: double 90
| Success: bool frue
» | ¥ double 2
- XYZ: double]] {2 000, 2.000, 1.000}
[ | ¥: double 2
| Z: double 1
Type: |P|am3
|
Update methed: | ByOriginVectors Example
MName of feature: plane02
' [ Create Mew ]’ Create Copy ] A
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MATHEMATICS FOR SYSTEMATIC MODELING_4 PLANE
. PLANE : DEFINITION IN GENERATIVE COMPONENTS
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PLANE BY 3 POINTS
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| Origin: IPoint {repl ) pointl
| XPaint: |Paint (repl ) pointdT Point2
| ¥Paint: IPaint {repl.) pointlé——— Pint3
| TransformOption: . TransformOption. Orthogonal
| Shearfngle: double 90
| Success: bool true
| % double 1
| }Y¥Z: double] {1.000, 3.000, 0.000}
| ¥: double 3
Z: double 0
Type: |P|am3
i
|Jpdate method: |Bl,'0riginx‘r’PDims Example
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PLANE BY A POINT AND NORMAL VECTOR
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—
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| - | bv &
X plane
| Plane Def_initio' | / L’_;—; '
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PLANE BY APOINT AND TWO VECTORS
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PLANE BY 3 POINTS
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; MATHEMATICS FOR SYSTEMATIC MODELING_4 PLANE
- PLANE : DEFINITION IN RHINOSCRIPT
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PLANE BY A POINT AND NORMAL VECTOR

(} [unsaved] - Code Monkey L':' M
File Edit View Source Tools Help
- g -
NeEdd Beem-| o-~af | &)
4 X
2 -
N s il
4
l 5
& Call Main ()
| | 7/25ub Maini() .
l B8 Dim arrPt, arr‘.i’e::,l arrPlane & @c’,\o
S -
Hl g arrPt = Array(0,0,0) Q° Q}A =
Y 10 arrVec = Array(l,1,1) {@Q 0\6\
. o) X
11 LA R R R R R RN R RN RERRRRRERRERRRRRRRRRRRRRRRERRRRRRRRERNRERNNRN.]
l 12 arrPlane =t Rhino.PlaneFromNormal (arrPt, arrvec) E
13 LA R B R BN RN R R RERERRERRERERRERRERRRRRRERERRERRERERERRERRENRNENRNNDN.'
NEE L
I 15( | End Sub
! 1 | 1l | b
' Line & | Column 20 Proc: kain
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PLANE BY A POINT AND NORMAL VECTOR

(} [unsaved] - Code Monkey l = =g |_-Ehl
File Edit View Source Tools Help
Pad L, ]
Dedadd Bae-
4Pk X
2 -
| 3
4
4 N
| o
6 Call Main() . .
2@ 5ub Main () arrP%Ene(O) ¢ Origin Point o
8 Dim arrPt, arrPlane(0,0) : X Value of Or}g}n
H g e arrgiane(g,%) f g Xaiue og 8r}g}n
10 Tl R B arrPlane(0,2) : alue o rigin
11 arrPlane(l) : X Axis Vector
— RETEARNE. arrPlane(1,0) : X Value of X Axis
13 arrPlane(1l,1) : Y Value of X Axis
| |14 arrPlane(1l,2) : Z Value of X Axis
15 End Sub —
r arrPlane(2) : Y Axis Vector
1 [ i - arrPlane(2,0) : X Value of Y Axis
T T arrPlane(2,1) : Y Value of Y Axis
, arrPlane(2,2) : Z Value of Y Axis
arrPlane(3) : Z Axis Vector
B arrPlane(3,0) : X Value of Z Axis
arrPlane(3,1) : Y Value of Z Axis
arrPlane(3,2) : Z Value of Z Axis
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PLANE BY A POINT AND TWO VECTORS

Q [unsaved] - Code Monkey L':' M
File Edit View Source Tools Help
oy - Q -
NrEgdd Beem-| o-~aff @)
4 X
2 -
N s =
4
l 5
& Call Main ()
| | 7/25ub Maini()
| B8 Dim arrPt, arrvVecl, arrvVec?, arIPla_nEI i
Hl a arrPt = Arrayi(0,0,0) & 1
\\
MY 10 arrVecl = Arrayi(l,1,1) (\QO N Q
11 arrVec2 = Arrayi(0,1,0) O.*\\ A‘Z’(}O A‘Z’c}o
l 12 .IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII.
13 arrPlane = Rhino.PlaneFromFrame (arrPt, arrVecl,arrVec?2) ;
| 14 EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEmmd
15
I 16| | End Sub -
! 4 | m | 3
' Line & | Colurmn 39 Proc: kain
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- A plane is “imaginary” geometry (like a vector).
- A plane doesn’t have a boundary.

- Different points and normal vectors
can define an identical plane.
(normal vectors are parallel)

- Mathematically, rotation around the normal
does not matter.
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In some cases direction of a plane

S Case 1) Rotation on a plane Case 2) Bisector plane
(direction of normal vector) matters

SRR :
nl
Positive direction of rotation Bisector plane is calculated by
on a plane is defined by bisector vector of normal vectors.

right-hand thumb rule.



{ MATHEMATICS FOR SYSTEMATIC MODELING_4 PLANE
- COORDINATE SYSTEM (AXIS SYSTEM)

COORDINATES SYSTEM BY
ORIGIN AND XYZ VECTOR

Some platforms use
coordinates system to
define local coordinates

ABSOLUTE (WORLD/GLOBAL) COORDINATES



3 MATHEMATICS FOR SYSTEMATIC MODELING_4 PLANE
- COORDINATE SYSTEM IN GENERATIVE COMPONENTS
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- YVector: double]] AN =TT Y Vectar
- ZWector: double]] FANEETD 7 vontar
| TransformOption:... Transf-::-rmCl|:::1i-::-n.Drt'zl_-::sgérﬁr'L ]
| ShearfngleXY: double 90
| ShearAngleYZ: double 90
| ShearfingleZX: double 20
| Success: bool true b
Type: !Cmrdinatf:System
Update method: |ByOriginVectors Example
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Create New H Create Copy ] Apply ||
Transaction File fa i8R0 ” | =" |De¥au|t =
. I = I
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CONSTRUCTION PLANE / AUXILIARY COORDINATE SYSTEM o

MATHEMATICS FOR SYSTEMATIC MODELING_4 PLANE
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{ MATHEMATICS FOR SYSTEMATIC MODELING_4 PLANE
- CONSTRUCTION PLANE IN RHINOCEROS
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MATHEMATICS FOR SYSTEMATIC MODELING_4 PLANE
ax+by+cz+d
X+y+z

EQUATION OF PLANE
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ex

Polynomial Equation
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Vector Equation n-(x-p) =0

n : normal vector
X : any point ™
o x - p : difference vector

When two vectors’ dot product is zero,
they are perpendicular.
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Relationship of Polynomial and Vector Equation PLANE EQUATION
ex) n=(1,1,1) p=(33,4) n-(x-p) =0
1 X 3
11 = y - |3 =0
1 y4 4
1 -3 DOT PRODUCT
1] = y-3 =0 a=(asay,a:) b=(bby,b.)
1 z-4 a-b=axb+axb,+axb:
1x(x-3)+1x(y-3)+1x(z-4)=0 - z

1y -~
.
\\‘ N
Tn
RS

X-3+y-3+z-4=0

x+y+z-10=0
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Relationship of Polynomial and Vector Equation PLANE EQUATION
n=(nxny,nz) P=(px Py, Pz) n-(x-p) =0
Nx X Px
ny | = y | - | p =0
Nz Z Pz
DOT PRODUCT
Nx X - Px
ny] =l v-pvy ] =0 a=(a,aya) b=(bsby,b)
Nz Z - Pz
p a'bzaxxbx+ayxby+aszz
Nx(X-px)+ny(y-py)+nz(z-pz)=0 % i
b n=(nx Ny, nz)
=(a,b,c)
NxX+NxYy+NzZ -NxPx-NyPy-NzpPz = 0 % “\o‘:;\

(0,0, iy gl P=(PxPrpz)
= ( 0,0, (nxpx+nypy+nxpz)/nz) AN

ax+by+cz+d=0



ANGLE BY NORMAL VECTORS




ANGLE OF PLANE AND LINE §

ANGLE BY PROJECTED LINE

ANGLE BY NORMAL VECTOR AND TANGENT VECTOR
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ROTATION OF PLANE = ROTATION OF POINT + ROTATION OF NORMAL VECTOR
> >
\. rotation \\
N axis \
N
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PROJECTION ONTO PLANE
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PROJECTION IN NORMAL DIRECTION PLANE: n=(x-p) =0

Nn ; normal vector
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PROJECTION ONTO PLANE

PROJECTION IN NORMAL DIRECTION

x:

0



PROJECTION ONTO PLANE

PROJECTION IN NORMAL DIRECTION

PLANE: n-(x-p) =0

x=?

XxX=q+kn

n-((q+kn)-p) =0 ~——
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PROJECTION IN NORMAL DIRECTION PLANE: n=(x-p) =0

X=q+kn

n:-((q+kn)-p) =0 -

n-q+kn=n-n-p =0

Knn=n-p-n-q

kin> =n-p-n-q

n-(p-q)
In|?
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PROJECTION IN NORMAL DIRECTION PLANE: n=(x-p) =0

X=q+kn

n:-((q+kn)-p) =0 -

n-q+kn=n-n-p =0

Knn=n-p-n-q

kin> =n-p-n-q

_ nh-(p-49)
L
= a+ n-(p-a)



PROJECTION ONTO PLANE
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PROJECTION IN ARBITRARY DIRECTION PLANE: n=(x-p) =0

Nn : normal vector

q : point to project
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PROJECTION IN ARBITRARY DIRECTION PLANE: n=(x-p) =0

X=q+km

n-(q+km)-p) =0 =
nq+rkn-m-n-p =0
Kn-m=n-p-n-q

Kin=m) =n-p-n-q

= n(p-q)
n-m
S n-(p-a)
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PLANE: n- (x -p) =0

INTERSECTION

LINE: x=q+km

n-(q+km)-p) =0 =
nq+rkn-m-n-p =0

Knm =n"p-n-q

Kin=m) =n-p-n-q

= n(p-q)
n-m
S— n-(p-a)



INTERSECTION OF PLANES
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PLANE1: ni=(x-p1) =0
n2: normal vector

PLANE2: n2+(x-p2) =0

pz piane point
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, q Ime pomt

m: line direction q="?




INTERSECTION OF PLANES
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PLANE 1: ni-(x-p1) =0

PLANE2: n2+(x-p2) =0
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m: line direction q="?




INTERSECTION OF PLANES
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PLANE 1: ni-(x-p1) =0

PLANE2: n2+(x-p2) =0
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m: line direction q="?



INTERSECTION OF PLANES

n2: normal vector

N\,
R4
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, q Ime pomt

m: line direction

n1
n2

pz piane point
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PLANE 1: ni-(x-p1) =0

PLANE2: n2+(x-p2) =0



INTERSECTION OF PLANES

n2: normal vector
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m: line direction
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PLANE 1: ni-(x-p1) =0

PLANE2: n2+(x-p2) =0



INTERSECTION OF PLANES

n2: normal vector
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m: line direction
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PLANE 1: ni-(x-p1) =0

PLANE2: n2+(x-p2) =0

LINE: x=q +km

m=n1xN2
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PLANE 1: ni-(x-p1) =0

PLANE2: n2+(x-p2) =0

LINE: x=q+km

m=n1x N2

q= p1+j(n1xm)

n1

n2
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PLANE 1: ni-(x-p1) =0
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PLANE 1: ni-(x-p1) =0

PLANE2: m2+(x-p2) =0 ——

LINE: x=q+km

m=n1x N2

q= p1+j(n1xm) —

n2-(qg-p2) =0 -~
n-(p1+j(mxm)-p2) =0
jm2=(n1xm)=n2-(p2-p1)

n2 - (p2 - p1)
n2- (N1 xm)

j:

B n2 - (p2 - p1)
q=p1t n2-(nxm) (n1xm)
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150° rotation
rotation2
-50°
20 distance1
-1.0 1.0
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2.0

150° rotation1
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rotation2
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distance1
2.0
-1.0 0 1.0

unfolded shapes

unfolded shapes
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distance1
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HOW TO MAKE UNFOLDED SHAPE RECTANGULAR?
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lv1| =1, |v2| =1, |x| =1
angle of x and v2 = A

angle of -x and vi1 = A

X =V2 = COosA

-X =V1 = COsA

X=V2 = -X=V1

X=Vv2 + X=v1 =0

- X=(v2+v1) =0

> x=mx (V2+ V1)

unfolded shape
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lv1| =1, |v2| =1, |x| =1

angle of x and v2 = A

angle of -x and vi1 = A

cos A

X = V2

-X =V1 = COsA

X=V2 = -X=V1

X=Vv2 + X=v1 =0

- X=(v2+v1) =0

> x=mx (V2+ V1)

n = v2x(mx(va2+vi))

unfolded shape
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o ___# _____ _;ﬁ_-_-_-_-_-_-_-_-_-_-_-_-_-_\-\*—-_
edgth1!  length2 length3 length = length1 + length2 + length3

unfolded shape
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length
R ——- 8 - —
legth1! length2 length3 length = length1 + length2 + length3

unfolded shape
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lengthl

length2

\ length3

unfolded shape

length = lengthl + length2 + length3
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PLANE AND

In|=1
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c = kn+c
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INTERSECTION OF axon
PLANE AND
SPHERE

L > n*(kn+c-p)=0

plan




INTERSECTION OF
PLANE AND
SPHERE

L > n*(kn+c-p)=0
k(m=n)+n-(c-p)=0

kln]> =n-(p-c)

plan




INTERSECTION OF
PLANE AND
SPHERE

L > n*(kn+c-p)=0
k(m=n)+n-(c-p)=0

kln]> =n-(p-c)

k=n-(p-¢)

plan




INTERSECTION OF
PLANE AND
SPHERE

L > n*(kn+c-p)=0
k(m=n)+n-(c-p)=0

kln]> =n-(p-c)

k=n-(p-¢)

)

¢ = (n-(p-c))n+c

plan




INTERSECTION OF
PLANE AND
SPHERE

> n*(kn+c-p)=0
k(m=n)+n-(c-p)=0

klm]? =n-(p-c)

k=n-(p-c)
¢ = (n-(p-c))n+c

2 = r? - d? (The Pythagorean theorem)

plan




INTERSECTION OF
PLANE AND
SPHERE

L > n*(kn+c-p)=0

k(m=n)+n-(c-p)=0

klm]? =n-(p-c)

k=n-(p-c)
¢ = (n-(p-c))n+c

2 = r? - d? (The Pythagorean theorem)

|(n=(p-c))n+c-c|

|(n=(p-c))n|
= (n=(p-c))[n|

(n=(p-c))

plan




INTERSECTION OF
PLANE AND
SPHERE

> n*(kn+c-p)=0
k(m=n)+n-(c-p)=0

klm]? =n-(p-c)

k=n-(p-c)
¢ = (n-(p-c))n+c

2 = r? - d? (The Pythagorean theorem)

|(n=(p-c))n+c-c|

|(n=(p-c))n|
= (n=(p-c))[n|

(n=(p-c))

P =P -(n-(p-¢))

plan
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INTERSECTION OF TWO CIRCLES
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X=7? y=7?
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r. cos 62
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X=7? y=7?

{ risin@: = r2sinB:

rrcos@: + rzcosf. = d

r. cos 62
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INTERSECTION OF TWO CIRCLES d=|ci-c2|
X=7? y=7?
 risin6i = r2sin6:

. ricosBr + rzcosf: = d

[(r1sin61)°= (r2sinB2)?

(ricos01)’= (d - rzcos 62)

r. cos 62
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INTERSECTION OF TWO CIRCLES d=|ci-c2|
X=7? y=7?

 risin6i = r2sin6:

. ricosBr + rzcosf: = d

[(r1sin61)°= (r2sinB2)?

(ricos01)’= (d - rzcos 62)

[ r?sin?61 = r2?sin?6-.

| r°cos’6 d?- 2drz2cos 62 + r2*cos®6:

r. cos 62
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INTERSECTION OF TWO CIRCLES d=|ci-c2|
X=7? y=7?

 risin6i = r2sin6:

. ricosBr + rzcosf: = d

[(r1sin61)°= (r2sinB2)?

(ricos01)’= (d - rzcos 62)

[ r?sin?61 = r2?sin?6-.

 ri°cos’6 d?- 2drz2cos 62 + r2*cos®6:

- r128in%01 + r1’cos?01 = r2?sin?62 + r2?cos?6-
+ d? - 2d r2cos 6

r. cos 62
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INTERSECTION OF TWO CIRCLES d=|ci-c2|
X=7? y=7?

 risin6i = r2sin6:

. ricosBr + rzcosf: = d

[(r1sin61)°= (r2sinB2)?

(ricos01)’= (d - rzcos 62)

[ r?sin?61 = r2?sin?6-.

 ri°cos’6 d?- 2drz2cos 62 + r2*cos®6:

- r128in%01 + r1’cos?01 = r2?sin?62 + r2?cos?6-
+ d? - 2d r2cos 6

r. cos 62

ri%(sin’6:+ cos?01) = r(sin’0.+ cos?0)
+ d? - 2d r2cos 6:
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INTERSECTION OF TWO CIRCLES d=|ci-c2|
X=7? y=7?

 risin6i = r2sin6:

. ricosBr + rzcosf: = d

[(r1sin61)°= (r2sinB2)?

(ricos01)’= (d - rzcos 62)

[ r?sin?61 = r2?sin?6-.

 ri°cos’6 d?- 2drz2cos 62 + r2*cos®6:

- r128in%01 + r1’cos?01 = r2?sin?62 + r2?cos?6-
+ d? - 2d r2cos 6

r. cos 62

ri%(sin’6:+ cos?01) = r(sin’0.+ cos?0)
+ d? - 2d r2cos 6:

r’ = r22 + d?> - 2dr2cos 6.

d?> - i+ r?
2d

r.cos 6. =
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INTERSECTION OF TWO CIRCLES d=|ci-c2|
X=7? y=7?

 risin6i = r2sin6:

. ricosBr + rzcosf: = d

[(r1sin61)°= (r2sinB2)?

(ricos01)’= (d - rzcos 62)

[ r?sin?61 = r2?sin?6-.

 ri°cos’6 d?- 2drz2cos 62 + r2*cos®6:

- r128in%01 + r1’cos?01 = r2?sin?62 + r2?cos?6-
+ d? - 2d r2cos 6

r. cos 62

ri%(sin’6:+ cos?01) = r(sin’0.+ cos?0)
+ d? - 2d r2cos 6:

r’ = r22 + d?> - 2dr2cos 6.

d®>- i+ r?

6, =
2 COS 02 2d
X = d- rzcos6:
- d- d®>- i+ r?
2d

>+ - rf

2d
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X=7? y=7?

 risin6i = r2sin6:

. ricosBr + rzcosf: = d

[(r1sin61)°= (r2sinB2)?

(ricos01)’= (d - rzcos 62)

[ r?sin?61 = r2?sin?6-.

 ri°cos’6 d?- 2drz2cos 62 + r2*cos®6:

- r128in%01 + r1’cos?01 = r2?sin?62 + r2?cos?6-
+ d? - 2d r2cos 6

r. cos 62

ri%(sin’6:+ cos?01) = r(sin’0.+ cos?0)
+ d? - 2d r2cos 6:
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FOLD 3’ x 1" SHEET TO HAVE THE MID POINT OF
RIGHT EDGE ON THE SPECIFIED LOCATION
LIKE THE LEFT DIAGRAM.
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