Portal constraint links two bodies together (the body and it’s portal clone)
via two portals defined on a further two objects.

These portals are defined by a local anchor and direction on the ’portal’
bodies @; and d; to portal bodies A and B together with a scaling n from portal
1 to 2. A body enter in the direction of d1 and is emitted in the direction of d2
Tt is assumed that the mass/inertia of body 2 are nxmass/inertia of body 1 so
that the bodies can be treat equally in terms of the constraint.

We then havei: .

71 = R(04) d1, 2 = R(0p) ds as the world-space portal directions

p1 = R(04)d1, po = R(0p) dy as the world-space relative portal positions
ay =04 +arg (cfl) , ag = 0p + arg (d_;) as the world-space portal angles

Furthermore, defining:

§1 =T —pP1 —Ta, S2=7T2—P2—Tp

as the vectors from portal position in world space to object positions, we
can define the constraint by:

n81 - iy + 82 - T2
C(f): 781 X 11 + Sy X 7o
(91 — Oél) — (92 — 042) — T

Computing the time derivatives of the quantities above:

- N d = —
gnl =wa X Ny, §TL2 =wp X N2
atP1 = WA X P1, P2 =WB X P2
d - - N d - . - N
dtsl =1 — (wa X P1) — Va, aS2 = Uy — (wp X P2) — Up
d . — d . _
a1 = wa, 02 =WB

We can find the velocity constraint:

n[(50) 7+ 51 (0] 4 [(452) 7o+ 52 ()]
V= | nl(ER) x5 (L] + [(L5) e+ 5 < (470)
& (01 —a1) = 5 (62 — az)

Expanding the inner parts of the equations:
(£5) ity = (B) — (wa X P1) — Ta) - 71

51 - (%ﬁﬁ) =8 - (wa X 1)

+ similar results.

We can define:
U = — (wa X P1) — Ua, s = Uy — (wp X P2) — UB

And express the velocity constraint more succintly by:
n (U -7 4+ wa (51 X A1) + (U - iz +wp (52 X 7i2))
V(¥) = | n(t x 71 +wa (81 -71)) + (o X flg +wp (52 - 7iz))
(w1 —wa) — (w2 —wp)



P = i =0T
— o = T
%uxvzi%[ﬂxuzi[ﬂx

We find the jacobian of our portal constraint as:

it 0 iy
LT ST
J= —n [ii1] 0 — [r2]
0 1 0
And our effective mass matrix:
ST T T
nny - nny .
1 ~ ﬂ 1
K=_-1 —nlil, —n [ + 5
0 0
R ~ T
iy ig 0
I SaT
tap | —lEl | | el | Fg | 0
0 0 -1
Noting the lovely facts:
N " T (1T o
al (@) =l = @l ([d) . Il =
T s T T R - -
U ([u]x) =u-[U], =uxu=0
We show: .
nit] . iy . n” 0
=1 [ii1] —nlil, | = 0 7
0 0 0 0

And so we arrive at a very simple effective mass matrix:
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