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A computer algorithm for
reconstructing
a scene from two projections

H. C. Longuet-Higgins

Laboratory of Experimental Psychology, University of Sussex,
Brighton BN1 9QG, UK

A simple algorithm for computing the three-dimensional struc-
ture of a scene from a correlated pair of perspective projections
is described here, when the spatial relatlonshlp between the two
projections is unknown. This problem is relevant not only to
photographic surveying' but also to binocular vision?, where the
non-visual information available to the observer about the
orientation and focal length of each eye is much less accurate
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Nature, 1981
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8 N
EJ # build constraint matrix 5 >§)i\l:
A =np.stack([x2[:, O]*x1[:, O], x2[:, O]*x1[:, 1], \
x2[:, 0], x2[:, 1]*x1[:, O], x2[:, 1]7*x1[:, 1], x2[:, 1], \ Y
x1[:, 0], x1[:, 1], np.ones(npts)], axis=1) |

| # compute SVD matrix factorization *i
| U, D,V =nplinalg.svd(A) :
l

i # extract Fundamental Matrix from the column of V
‘1;" # corresponding to the smallest singular value ﬁ
 F=V[, -] E.
f F = F.reshape(3, 3).T 1
|

i # Enforce rank 2 constraint
U, D, V=np.linalg.svd(F)

- ——

F=U @ np.diag([D[0], D[1], 0]) @ V.T




e et el -—q—%
|
|

{] # build constraint matrix

| A=np.stack([x2[:, O]*x1[:, O], x2[:, O]*x1[:, 1], \

H'* x2[:, 0], x2[:, 17*x1[:, 0], x2[:, 1]*x1[:, 1], x2[:, 1], \
|

x1[:, 0], x1[:, 1], np.ones(npts)], axis=1)

# compute SVD matrix factorization
. U, D, V=np.linalg.svd(A)

| # extract Fundamental Matrix from the column of V
i # corresponding to the smallest singular value

-' F= V[:a - ] |
! F =F.reshape(3, 3).T |
! # Enforce rank 2 constraint |
U, D,V =np.linalg.svd(F) ‘:
. F=U @ np.diag([D[0], D[1], 0]) @ V.T |
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' |

# build constraint matrix

A = np.stack([x2[:, O]*x1[:, O], x2[:, O]*x1[:, 1], \
x2[:, 0], x2[:, 1]1*x1[:, O], x2[:, 1]*x1[:, 1], x2[:, 1], \
x1[:, 0], x1[:, 1], np.ones(npts)], axis=1)

# compute SVD matrix factorization
U, D, V =np.linalg.svd(A)

# extract Fundamental Matrix from the column of V
# corresponding to the smallest singular value
F=VI[:, -1]

F = F.reshape(3, 3).T

# Enforce rank 2 constraint
U, D, V = np.linalg.svd(F) |
F=U @ np.diag([D[0], D[1], 0]) @ V.T 1




# extract Fundamental Matrix from the column of V
# corresponding to the smallest singular value

F=V][: -1]
F = F.reshape(3, 3).T




# build constraint matrix

A = np.stack([x2[:, O]*x1[:, O], x2[:, O]*x1[:, 1], \
x2[:, 0], x2[:, 11*x1[:, O], x2[:, 1]*x1[:, 1], x2[:, 1], \
x1[:, 0], x1[:, 1], np.ones(npts)], axis=1)

m-—-———vﬁ
! |
|

# compute SVD matrix factorization
U, D, V =np.linalg.svd(A)

# extract Fundamental Matrix from the column of V
# corresponding to the smallest singular value
F=VI[:, -1]

F = F.reshape(3, 3).T

i # Enforce rank 2 constraint

U, D,V =np.linalg.svd(F) |

. F=U @ np.diag([D[0], D[1], 0]) @ V.T |
1
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|

|

— e o o

e

- L e e -




p;Fp; =0
F11\
Fi,

Xr1 X110 Xr1 Y10 Xr 1 Yr1 X110 Yr1Yiv Ve X110 Vi 1 F5q

XrnXin XrnYin Xrno YrnXino YrnYin Yrno Xino Yin 1 F23

A
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LJ # build constraint matrix

F* A = np.stack([x2[:, O]*x1[:, 0], x2[:, O]*x1[:, 1], \

; x2[:, 0], x2[:, 11*x1[:, O], x2[:, 1]*x1[:, 1], x2[:, 1], \
x1[:, 0], x1[:, 1], np.ones(npts)], axis=1)

|
|

)

| # compute SVD matrix factorization
. U, D, V=np.linalg.svd(A)

| i # extract Fundamental Matrix from the column of V
tf # corresponding to the smallest singular value
 F=V[;,-1]

( F = F.reshape(3, 3).T

| # Enforce rank 2 constraint
U, D,V =np.linalg.svd(F) |
/ F=U@ np.diag(ID[0], D[1]. 0]) @ V.T 1
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. a-——--—-----------------------—-"---------------—-—~—-———--———ﬁ|

LJ # build constraint matrix

F* A = np.stack([x2[:, O]*x1[:, 0], x2[:, O]*x1[:, 1], \

; x2[:, 0], x2[:, 11*x1[:, O], x2[:, 1]*x1[:, 1], x2[:, 1], \
x1[:, 0], x1[:, 1], np.ones(npts)], axis=1)

|
|

)

| # compute SVD matrix factorization
. U, D, V=np.linalg.svd(A)

| i # extract Fundamental Matrix from the column of V
tf # corresponding to the smallest singular value
 F=V[;,-1]

( F = F.reshape(3, 3).T

| # Enforce rank 2 constraint
U, D,V =np.linalg.svd(F) |
/ F=U@ np.diag(ID[0], D[1]. 0]) @ V.T 1
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# build constraint matrix
A = np.stack([x2[:, O]*x1[:, O], x2[:, O]*x1[:, 1], \
x2[:, 0], x2[:, 1]1*x1[:, O], x2[:, 1]*x1[:, 1], x2[:, 1], \
x1[:, 0], x1[:, 1], np.ones(npts)], axis=1)

# compute SVD matrix factorization
U, D, V =np.linalg.svd(A)

# extract Fundamental Matrix from the column of V
# corresponding to the smallest singular value
F=VI[:, -1]

F = F.reshape(3, 3).T

# Enforce rank 2 constraint
U, D, V = np.linalg.svd(F)
F=U @ np.diag([D[0], D[1], 0]) @ V.T



' |

# build constraint matrix

A = np.stack([x2[:, O]*x1[:, O], x2[:, O]*x1[:, 1], \
x2[:, 0], x2[:, 1]1*x1[:, O], x2[:, 1]*x1[:, 1], x2[:, 1], \
x1[:, 0], x1[:, 1], np.ones(npts)], axis=1)

{ # compute SVD matrix factorization
;‘ U, D, V =np.linalg.svd(A)

# extract Fundamental Matrix from the column of V
# corresponding to the smallest singular value

- F=V[;, -1]

f F = F.reshape(3, 3).T

! # Enforce rank 2 constraint
:f U, D, V = np.linalg.svd(F)
. F=U @ np.diag([D[0], D[1], 0]) @ V.T
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|

# build constraint matrix
A = np.stack([x2[:, O]*x1[:, O], x2[:, O]*x1[:, 1], \
x2[:, 0], x2[:, 1]1*x1[:, O], x2[:, 1]*x1[:, 1], x2[:, 1], \
x1[:, 0], x1[:, 1], np.ones(npts)], axis=1)

# compute SVD matrix factorization
U, D, V =np.linalg.svd(A)

# extract Fundamental Matrix from the column of V
# corresponding to the smallest singular value
F=VI[:, -1]

F = F.reshape(3, 3).T

# Enforce rank 2 constraint
U, D, V = np.linalg.svd(F)
F=U @ np.diag([D[0], D[1], 0]) @ V.T



8 N
EJ # build constraint matrix 5 >§)i\l:
A =np.stack([x2[:, O]*x1[:, O], x2[:, O]*x1[:, 1], \
x2[:, 0], x2[:, 1]*x1[:, O], x2[:, 1]7*x1[:, 1], x2[:, 1], \ Y
x1[:, 0], x1[:, 1], np.ones(npts)], axis=1) |

| # compute SVD matrix factorization *i
| U, D,V =nplinalg.svd(A) :
l

i # extract Fundamental Matrix from the column of V
‘1;" # corresponding to the smallest singular value ﬁ
 F=V[, -] E.
f F = F.reshape(3, 3).T 1
|

i # Enforce rank 2 constraint
U, D, V=np.linalg.svd(F)

- ——

F=U @ np.diag([D[0], D[1], 0]) @ V.T
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