
1 Haptic Primitives

⇒©s
~q (~xproxy) = s~q (1)

·©s
~x (~xproxy) =

{
~0, if |~x− ~xproxy| = 0

s ~x−~xproxy

|~x−~xproxy| , if |~x− ~xproxy| 6= 0
(2)

/©s
~q,~x (~xproxy) =

{
~0, if |~m| = 0

s ~m
|~m| , if |~m| 6= 0

(3)

~m = ~q [~q · (~xproxy − ~x)]− (~xproxy − ~x) (4)

‖©s
~q,~x (~xproxy) =

{
0, if (~xproxy − ~x) · ~q ≥ 0
s~q, if (~xproxy − ~x) · ~q < 0

(5)

~f(~xproxy) = k (~xprobe − ~xproxy) (6)

argmin
~xproxy∈R3

|~ε (~xproxy)| (7)

~ε (~xproxy) = − ~f(~xproxy)

+
∑

i

⇒©si

~qi
(~xproxy)

+
∑

i

·©si

~xi
(~xproxy)

+
∑

i

/©si

~qi, ~xi
(~xproxy)

+
∑

i

‖©si

~qi, ~xi
(~xproxy) (8)



2 Haptic Modes

Viscosity Mode

~ε(~x′proxy) = −~f(~x′proxy) + ·©s=τvisc(V (T−1~xproxy))
~x=~xproxy

(~x′proxy) (9)

Force Mode

~ε(~x′proxy) = −~f(~x′proxy) +⇒©s=τforce(|~V (T−1~xproxy)|)
~q=

~V (T−1~xproxy)

|~V (T−1~xproxy)|
(~x′proxy) (10)

Gradient Force Mode

~ε(~x′proxy) = −~f(~x′proxy) +⇒©s=τgrad(|~∇V (T−1~xproxy)|)
~q=

~∇V (T−1~xproxy)

|~∇V (T−1~xproxy)|
(~x′proxy) (11)

Surface and Friction Mode

~n =
~∇V (T−1~xproxy)∣∣∣~∇V (T−1~xproxy)

∣∣∣ (12)

Nf = min(τsurf(V (T−1~xproxy)), k~n · (~xproxy − ~xprobe)) (13)

~ε(~x′proxy) = −~f(~x′proxy) + ‖©s=τsurf(V (T−1~xproxy))
~x=~xproxy, ~q=~n (~x′proxy)

+ /©s=τµ(V (T−1~xproxy))Nf

~x=~xproxy, ~q=~n (~x′proxy) (14)

Vector Follow Mode

~ε(~x′proxy) = −~f(~x′proxy) + /©s=τvec(|~V (T−1~xproxy)|)
~x=~xproxy, ~q=

~∇V (T−1~xproxy)

|~∇V (T−1~xproxy)|
(~x′proxy) (15)

Front Shape Mode

~ε(~x′proxy) = −~f(~x′proxy) + ‖©s=τplane(|~V (T−1~xproxy)|)
~q=

~V (T−1~xproxy)

|~V (T−1~xproxy)|
(~x′proxy) (16)

Vortex Tube Mode

~ϕ =
(

~∇× ~V (T−1~xproxy)
)
× ~V (T−1~xproxy) (17)

~ε(~x′proxy) = −~f(~x′proxy) + ‖©s=τtube(|~ϕ|)
~x=~xproxy, ~q= ~ϕ

|~ϕ|
(~x′proxy) (18)


