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Proplem Eormulation

Two objects P and Q. Q is fixed and P will move to fit Q .
Two finite sets of points { p;} = P and { g;} = Q are selected.
Compute the closest pointin { p;}to { q; }.
f(p) 2 qwhere |p-q| <|p-0’| Vq" €{ q;}.

Tl
SE Z” RSpi +T - f(pi) ”2
i=0

Find S,R,T such that E minimum



ICP Assumption

« Without lost ofi generalization we assume

: iy 1&
P’s centroid at the origin i.e. —2 Il Pill=0
=0

« We will do scaling and rotation on P while
translation on Q

n-1
« The new Error term : 2 lIRSp; = (f (p;) + 1)1’
1=0



ICR — Calculating eptimum S

«{ p:}'s centroid = p’
«{g:}.'s centroid = q’

« S optimum when:

1 n-1 |
- n;)‘p‘ < _ p's variance

S —
1 & | Q'S variance
m;\qj -q



ICR — Calculating eptimum 1

H

n—

E=Z|I RSp, —(f(p;)+T)|I°
e=3 RSp.—f(p)||2+n_ (201 (p),T)+(T,T))
= IRSp, — f (p)) I+ Q\f(p)”H It ef)

=0 =

« E minimized when nin f(p)+T|?=0

T=— 2R



ICR Calculating eptimum R

« Now' we need to minimize this part:
S lIRsp ~ F(p)I
« Withithe help of guaternion we have:
5 la(sp)a*~ 1 ()IF= 3. (1, IF ~2(a(Sp)a (p))+1 F(p)IF)
« We want to maximize the following term

n-1

> (a(sp)a*, f(p,))

=0



ICR Calculating eptimum R

n-1

> (asp)a*, f(p,))

i1=0

fromi equation albove, let r. = Sp; and t:=f(p;)
« By guaternion properties we have:

ni@qu t>=nZ;<qr. to) =

S (RaTa)=Y 'R T

=0
(n 1__ - j
g | 2R T
=0

Iy
|—\C)



ICR Calculating eptimum R

T n—l_T
« We want te maximize ¢ (Z R Ti]q
rlet ~_NRT -
C=>R T
« Since the matrix C Is symmetric we can compute

the eigenvalues and eigenvectors Ce; = A; €;
where 1<1<4.

«  0'Cq is maximized when q is the eigenvector
that corresponds to largest eigenvalue



Algerithm - Initialization

it P'has mere than 1000 peints, then
n = number_of_point / 1000

{p.} =every n point in P
Do the same with Q (we have { of 1)

Moves P’s centroid to origin (0,0,0)
Scale P according to the formula

Calculate P’s and Q’s principal axis
Rotate P such that their principal axis aligned together

Translate Q’s centroid to origin (0,0,0)



Algentnm - Leop

Compute the closest pointin { p;}to { g;}.
{g'}=1(p;) where{q/}<={q;}

Find { g’ } centroid

Translate Q such that { g’ } centroid at origin (0,0,0) =
optimum translation

Calculate optimum rotation based on { p; } and { g }
Rotate P

Repeat this process until optimum rotation and optimum
translation not significant (close to 0)

If optimum rotation and optimum translation close to O,
go to next initial guess



Algerithm — Initial Guess (1)

« Restore P and! Q to initial position

« Do the “algorithm — Initiation™

* Choose the “correct” principal axis as the
etational axis

« Rotate the “correct” degree

« Do the Algorithm - Loop



o

f ; ~1d I~ 1
Algertam — Inital Gue

12
U,
NS

QL)







o

Algortami—Inr

LommLs




QL)
et
G

Algertam — Inital GUess (S

e AT A A,
W T

g e e |
T T T i




Algorthm — Initial Guess (6)

o . . « Imagine the plane on
the right Is the search

o . o space, and the dot Is
the position where the

° ° ° |CP started

e = i * The Initial guess
helps the search

© % = process to be started
uniformly in the

° ° ® search space




Algorithm — Nearest Nelighlbor

« A node of near tree consists of
4 elements:

= Left Max Distance (scalar)
« Left Value (3D point)

= Right Max Distance (scalar)
= Right Value (3D point)

« The tree it self has the
following constraint:

= V points p € Leftchild,
| p— Lval | < LMaxDistance.

= V points p € Rightchild,
| p -Rval | < RMaxDistance.



Algorithm — Nearest Nelighlbor

« |nsertion of a point p is done
as following:

« If{p-Rval|>]|p-_Lval],
update RMaxDistance and
Insert p to Rightchild

« If|p-Rval|<|p-_Lval],
update LMaxDistance and
Insert p to Leftchild

« [ficurrent node Is a leaf, insert
p to either Lval or Rval as long
as It is empty.



Algorithm — Nearest Nelighlbor

«  Finding nearest neighbor of point piis
done as follewing:

«  First test each of the Lval and Rval
positions to see if one holds a point
nearer than the nearest so far

discovered.
Right = Ifd=|Lval—p | < currentNearest then
. Child currentNearest = d

e

Lval is current nearest point

= Ifd=]|Rval-p | <currentNearest then
currentNearest = d
Rval is current nearest point

«  Now we test to see if the branches
below might hold an object nearer than
the best so far found. The triangle rule
IS used to test whether it is even
necessary to descend.

= If currentNearest + LMaxDistance >
| p - Lval | then search LeftChild

= If currentNearest + RMaxDistance >
| p - Rval | then search RightChild




Algoerithm - output

1 n—-1 : 1 n-1
Error==5 || p,— f(p) ||| |variance==> (Error—|(p,~f(p,))|)
L i—0
Range X -V :
Error 0.217558 beslteration 63
Number of (p;, f(p;) ) Variance 0.114638 | bestGuess 8
pairs that the distance | | ;e 0- 10 = 280 rouele 0.714590
| P; — f( pi) | range 10 - 20 =393 | bestMatrix
range 20 - 30 =281 | jioosr  ooseraz  oosos  0.000000
Between range 30 - 40 = 254 | 0000243 -0.050136 -0.998742 0.000000
0.000000 0.000000 0.000000 1.000000
x/100 * r range 40 - 50 = 184
and range 50 - 60 = 45 bestVector
range 60 - 70 = 6 0.000062 -0.056674 -0.000111
*
y/100 *r range 70 - 80 = 8
: range 80 -90 =4
Whereris range 90 - 100 = 23
max (| pi—f(pi)|) -
min (| pi—f(pi) )




Error Normalization

«  The sguares are the points of
R o object A

«  The circles are the points of

object B

« There are 2 possibilities, scale to
A or scale to B

« In case 1 the “Error” obviously

smaller (in distance) than the
“Error” In case 2

« Case 1 and case 2 should have
the same error term

« We normalize the error by divide
the error value with object’s
variance




Current ICP vs “Basic” ICP

« \We cap the maximum point in the computation
o be around 1000+

Experiment With PS No PS
Fish3 (19505) vs Fish4 (18878) | 64s >5 minutes
Human3 (166776) vs Human4 |48.67s >5 minutes
(14603)

Demo



Current ICP vs “Basic” ICP

* Near Tree (n log n) vs “naive” nearest

neighbor n2
Experiment With NT Naive
Fish3 (19505) vs Fish4 (18878) | 75s 200s
Human3 (166776) vs Human4 | 53s 198s

(14603)




Current ICP vs “Basic” ICP

* [nitial Guess algerithm, helps to escape
fremi lecal minima, and “guaranteed” to
find global minima



EXperiments Result

WE ETE - R u— * 59 * 55 test

L rE i | = 11 categories
= B 1 == = Airplane

[ '!]1"'—“ « Bird

8| e |1 rhabd
| |

= Car

= Chair

« Comp

= Fish

= Human-a
= Human-b
= Sphere
= [ree

Error; * Error; Var; * Var;



PDrawna

CK

Our algorithm considers case 2

as global optima

We human will think case 1 as
the global optima

/ .

= Improve the algorithm from:
‘OOJm to point” to “point to

triangle”
-4
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