The reconstruction problem

Both intrinsic and extrinsic parameters are known: we can sole the reconstruc-
tion problem unambiguously by triangulation.

Only the intrinsic parameters are known: we can sole the reconstruction problem
but only up to an unknen scaling &ctor

Neither the extrinsic nor the intrinsic parameters are available: we can sole the
reconstruction problemub only up to an unkmnen, global projectie ransformation.

Reconstruction by triangulation

Assumptions and problem statement
Both the &trinsic and intrinsic camera parameters areAkno

Compute the location of the 3D points from their projectipnand p,

 What is the solution?

- The pointP lies at the intersection of the eaways fromO, throughp, and fromO,
throughp,.
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» Practical difficulties

- The two rays will not intersect>actly in space because of errors in the location of
the corresponding features.

- Find the point that is closest to both rays.

- This is the midpoinP’ of line sgment being perpendicular to both rays.

» Parametric line representation (eview)
- The parametric respresentation of the line passing thrBugimd P, is given by:
Pt) =Py +t(P,—-Py) or
X(t) = X1 +t(X2 = x1) and y(t) =y1 +t(y2—y1)

- The direction of the line is gen by the vectort(P, — P,)




« Computing P’

- Parametric representation of the line passing thradgénd p;:
O +a(p —0O) =ap

- Parametric representation of the line passing thrangand p, :

Or +b(pr —OF) =T +bR" p,
sinceOf = RTOR+T =T andpt = R"pR+T

(Pr =Py P =)

- Suppose the endpoini; andP, are gven by

P,=agp, and P, =T +byR" p,
- The parametric equation of the line passing thrdaghndP, is given by:
Py +c(P2—Py)

- The desired poinP’' (midpoint) is computed foc = 1/2

0




« Computing ag and b,
- Consider the gctorw orthogonal to botth andr is given by:
w=(p-0)x(pr—Or)=p xR py
(sincepr’ = R(pr -~ Or))
- The lines going throughP, with directionw is given by:
2o + oW =2aop; +c(p X R py)
- The liness andr intersect aP,:
2o + Co(Pr X R'p) =T + bR py
(assumes passes throughR, for ¢ = ¢)

- We @an obtainag andbg by solving the follaving system of equations:

aop —boR p; +co(p xR p,) =T
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Reconstruction up to a scale factor

Assumptions and problem statement
Only the intrinsic camera parameters arevkmo
We haveestablishedh > 8 correspondences to compuie
Compute the location of the 3D points from their projectipnand p; .

Comments:

We @annot recuer the true scale of the wed scene since we do not knthe
. T
baselile T (recallZ = f a).

Reconstruction is unique only up to an unknascaling actor

This factor can be determined if we kmthe distance between dtvwpoints in the
scene.

Estimate E
- We can estimatd= using the 8-point algorithm.
- The solution is unique up to an unkvroscale &ctor

Recover T

Oy +Tz -TW Ty  —TyT, O
ETE=STRIRS=S'S= 0-TyT, TZ+T; -T,T, o
0-T.Tx  —T.Ty Ti+TyQ

To amplify the recwery of T, let’s dvide E by |[T||:

El R T, -T,T, B

E'E = T, Ty 1—'?'5 -T,T,0 where T =T/|[T||
O+s &z 22
=% Tt 1-Ti5

(we can computé much easier fronk ' E)



Recover R
It can be shan that
R =w; +w; X w, wherew; =E; x T

Ambiguity in (T, R)

There is a twfold ambiguity in the sign of andT
There will be four diferent estimates fofl( R)

3D reconstruction

Let’'s compute thez coordinate of each point in theft camera frame:

P, P, R(P, -T)
= f — and =f, —=f ———
P=hz ez, TR -T)

The first component, of p, is:

RI(P, -T)
"RY(P, -T)

r =

Z
SubstitingP, = % into the abwe euation we get:

|
(fr R1 = Xy R3)T-,|=

Z = f
T (R - X Ry)T Ry

Z
ComputeX, andY, from P, = %
|

Compute K,,Y,,Z,) fromP, = R(P, - T)

(sinceP, = R(P, —T))
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Algorithm

Input: a set of corresponding poirgsand p,
1. EstimateE
2. Recoer T
3. Recwer R
4. ReconstrucZ, andZ,
5. If the signs o, andZ, are:
5.1 both ngative for some point, change the signioénd goto step 4

5.2 one ngdive, one positve, for some point, change the sign of each entry of
E and goto step 3.

5.3 both positie for all points, &it.

Comment: the algorithm should not go through more than 4 iterationgZjvh
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Reconstruction up to a pojective transformation

- We will not discuss this case (more complicated)

- Look in the book if interested (pp. 166-170)



