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Appendix

A.1 Hypercoordinate in 2-hyperaxis

Given an object p in a 2-hyperaxis using 3 pivots, pjp2ps, as shown in Figure A.2(A). With
Equation (5.6), the object p’s first relative coordinate D(p|p,pyps, P1P2) can be computed.

The second relative coordinate D (ply,pops, P12ps) is illustrated in Figure A2(B).

A.2 The number of pivot object from k to k + 1

We compute the relative coordinate D(p, pips...px) using an inductive method. Figure A4
shows a hyperaxis formed by k + 1 pivot objects. The formulation is given in Figure A.1

and Figure A3,
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In the Apipsps|p,p,, the following equation holds:
(dist(ps, palpsps))? = (dist(p1, ps})® — (D(ps, p1p2))?
In the Ap'ply,p, Dalpipss (00D’ = Dlpypaps)

(dist{p, Dslpips))? = D2*(p, p1paps) + (D (ps, pip2) — D(p, pipa))?
In the Apippa,

(dist(p1, Plpipa))* — (dist(ps, pp1ps))® = (dist(p, p1))? ~ (dist(p, ps))?
In the Ap1p'plpipy AP'DlpipaPs
v pp L pips N pplpyps L P13 = P'Plpips L P11a
(dist(p', pa))*= (dist(p/, p1))* — (dist(p1, Plpyps))® + (dist(ps, Plpipa))?
= (D*(p,prpeps) + D*(p,p1pa)) — (dist(p, p1))? + (dist(p, ps))?
From the Figure A.2 (B), apply the cosine law in Ap'psps|pips- P33 |pips » Pslpips

__ {dist(p’ palpy py))* —(dist{p pa))+(distlpa.plp 5y )
D(_p: p1p2p3)““ S 2dist(p3,pslilp2) S
__ (dist(p,p1})* ~(dist(p.pa))* +{dist(ps p3))* —2D(pa;p1pa) D(p:p1pa)

‘2\/ (dist{p1,p3))? —(D(pa.;p1p2))?

Rigure A.1: HyperMap: Expressions for Computing Relative Coordinate
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Figure A.2: Relative Coordinate Computing in 2-hyperaxis (Note ' denotes plp,pypg)
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In the Apyprr1PE+1lppa...pr» the following equation holds(Lemma 1):
(dist(prr1, Prttlpipn..n ) = (dist(pr, Prr1))? — o (Dlprsr, mipa .. .25))
In the AP’P|pmz.--mPk+1 IP! P2 Ph
(dist(p', prilpips.pe))? =D*pypipa . piprr )+
Yoia(D(Prat, o2 .. px) = Dip,pipe . .. px))?
In the Apyppr41,
(dist(p1, plpipus ) — (dist(prr1, ppapat1))® = (dist(p,p1))? ~ (dist(p, pis1)Y
In App’plplpk+1 rAp’?"mPk-;-J’k-H
pp’ L p1oktr 0 pplpipyy L PPk = P'Plpypieyy L P1PEHL
(dist(p', prs1))?= (dist(p',p1))? — (dist(p1, Plprpa ))? + (dist{Pry1, Plpypesi )
= (L5 D*(p, p1pa .. .p5) — (dist(p,p1))? + (dist(p, pry 1))
From the Figure A4 (B),
apply the cosine law in Ap'Dry 19541 lpy pa..pe -

(dist(p’ Pri1lpypg...pp ) (st (e’ pry1 ))® +(dist{Pr+ 1,00, p...op N
D(P.PIPQ . .pk'l'l) = PLE madi“(l’k-tl;Pk+1|:1pg...ik) (Pt Plrea:-ien )
_ (dist(pp1))* ~ (dist(ppey s ) +(dist(pr pr41))2 =250 70 g D(Pit s P1P2...pk ) DIp.F1P2.. D)

2,/ (dist(p1 1))~ 5ag Diprsipipeps?

Figure A.3: HyperMap: Expressions for Computing Relative Coordinate
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Figure A.4: Relative Coordinate Computing in a k-hyperaxis.
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