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R, ABSTRACT

This project reconstructs a 3D image structure from a 2D image structure using a method
described in “Image — based 3D Reconslruction of Generalized Box with User Sketch” by Anton
Yakubenko, Anton Kenouchine and Vladimir Vezhnevets. In this project, we will reconstruct an
image of a box created from a 3D program. First, 3D edges are reconsiructed from the given lines.

Then missing 317 edges are obtained from those 3D edges. Finally surface is constructed for each

face.
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A 4 ar ar r n g .
DINYAVU ray LDT project nau"thN camera centre (C') 1% lagunts matrix camera
fo P =K'[R|1]

. zZK x|
VINAMN NMHUAYATOIAVUY ray X (z) = ]

0
® =0 ﬁJu camcra centre (IJ

SN ALKk
¢ z=qa L"ﬂugﬂmuuﬁ( . xJ

I

. AN (o A ]
project 2 YAl lFpiuasiansaz 1ad

K'x K'x
R way P ‘)=Kf[@|r Y S KRK ' (12)
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fadunnga 2 99 Tasldanudiiug 1 = pxg
Aamduninga Inoldaums 7 = (K1) x (K'RK 'x)
VINAUAUITA identity
(Ma)x (Mb) = M " (axb) 16 M~ =M™ = (M)

I=K"T(tx(RK'x))=K""[t], RK ' x
\—(—/

F

Tash F ﬁlu fundamental matrix

F=K""[t],RK"

(13)

(14)

_1s)

(16)

9
o o dw ETRY
70 x uag & FUTUTHY (v o x) dadu T =0 w1

X"TFx=0

(17
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2.4.1 qmauﬁ’ﬁmm Fundamental matrix

o] R =t S - "W
® F iUl rank 2 L homogeneous matrix Tawdl 7 degrees miuoaszaoiu

® Point correspondence:

¥ ;8 P! - .

e "’..,.“;”‘. T
& T Tx =90

® Epipolar lines:

Ll LN

= :
- I = FTx’ (il epipolar line Y939A '

- 1I'=Fx Al epipolar lnc w0398 x e e

$ Tipipole:

-Fe=0
-FT'=0
®  MIAMUIUIIN camera matrix P, P’
P=K[r|0]
P'=K'[R|{]
F=K""[t], RK""

2.5 siuvHaNa 3§ 1Ml (Internal calibration)
Internal calibration matrix (K) fin mislaouninfinavesnmlumiite pixels l1lda
world coordinated Tuviiapfiadning #alsznovlde parameter fognolu camera 7 14iafy

a o 1 o]
anue e, Auniavesgalumw dludy

a, 0 u,
K=[0 «a v, (18)
0 0 1

[ - ) [ __ ar - -, -
- - a,a, dluamugnaldnalumenues pixel

13"

o3 ° 1
iy, v, (Hudwmiavegaluniy

¥ d
2.6 Msudasnum3snas {(Matrix transformation)
. . [~ = a 1 g/ e a
Matrix transformation L‘iJ‘Llﬂ'l‘ilﬂﬂtmﬂ']l;mu\'ﬂmﬂﬂﬂﬁlﬂ 9 AWM TAUUUMNTHDUINN-
A g dli o A o ] . , c; ar
INBNBNINTHOUA MUY (translation) WU (rotation) HazmTilasuuilasviiavesing

1a0M5 transformation  Tavaznademsiiuaudimiuyalu coordinate fivayaifiod ud
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Translation ¥3omsdougailumadeudumisvesyalunuaduaseluauia

L4
o @ W

[~ P 9 =1 A a ] = P w Y A 1w
L‘ljuﬂ'ﬁlﬁﬂu'}ﬂq RLIAN AR Hﬂ%%lﬁﬂﬂﬂ'ﬂlﬂuﬁEluﬂﬁ‘l’l’lx‘ilﬂﬂjﬂuﬂ’)UE&’EJS‘VINTIWI'Iﬂu‘lqﬂﬂﬂ

ar
211
4

4

<] A - &4 o A o 1 &
E]’l‘il‘ilglﬂuﬂ']'ilaﬂu,lulﬂ‘l')!,!.ﬂu X,yHidz 1’7'5ﬂlﬂuﬂ]ﬁlﬁﬂuﬂ’]ll'ﬁuqcl‘LIWQﬁ'ﬂJllﬂu

— ﬁ’?ﬂ?ﬂti%ﬂ@%ﬂi}%’—a{d—)%%ﬂ_""ﬁ' i
a
a4
ot ar ar A
ANUTUAUTAIU

x2 'f.\' AI
Y | =61+ W (19)
ZZ ! Zl

X+

Translated along X axis

X4

Transhated along Y axis Trnslued along x y z axis

71 2.9 MWUEAINS transform IAQUUD translate [3]
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. 2 =y & o a Y 9 o
Rotation Apn1siyugalumuidsevuny ununitsimdmuald duilunsvnyuiag

@ cf 3 i 1w o 1 . iy
WNAAUUIAGNILYAHYUANATUYNAIAUTOUUAUHIYUAINGTI M3 rotation HE1W150

1

y 135919

fmindeamaitgnyuingseuuny x, y n3e z awnioin 18

2 g
1Al

&

Aail

T
~

ae# pitch, yaw 1Az row Al

¥ o
VDEIUNA

o

3
a

gt |rotarely [rotate], # [rotate],[rotate]

M umanyulunuuny x, y #5e z auddy

a odmg o wa o {
wnandg luligaenianisddunveamsgo

- __2 1 00— — — o— __'__x}_'_ - -
v, 1= 0 cos{pitch) —sin{ pitch) 3, (20)
z, 0 sin(pitch)  cos(pitch) | z,
y =21 L e
(v, | [ cos(yaw) 0O sin(yaw) X,
Yo l= 0 1 0 v, (21)
1z, | |-sin(yaw) O cos(yaw) | z|
X, cos(roll} —sin(rofl) O x
v, | =| sin(roll) = cos(rolly 0|y, (22)
z, 0 0 1|z
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A5 degree rotated along X axis 45 degree rotaled along Y axis 45 degree rotated along Z axis

-7
ransform AGQLL11 rota
L]

- Sq vy A T
2.7 ﬂ1§aﬂﬂq1NWﬂWﬁ1ﬂmﬂﬂﬂ)iﬂ']ﬂﬂ1wﬁlf11ﬂuﬂﬂﬂﬁqﬂ (Mlnlmllﬂtlﬂn of

reprojection error)

[l 1] 3 E [
vinfirundganiegluisdesniwegns i epipoles - yatiuozaguFURAATY
o

= 1 : yw ) 2 19 o 1 '
camera centres T3 Gl T lilanes@dali higaifuegludwmislavasszu uddiiyn
& a A ) ' 3 9 o A x
lagavilansaiugafioguy epipole 15192031/ 19aluszumninezdouiluyafiognss camera
1 3
centres DU 9 AU W ANIANA 1 uaz 1 i ldaoandoeiy epipole
ad “ o 1 kY L3 i . 1
Tunsi®l g Anseinuude 9 Taons191l52 To1ian rigid transformation Twue
A ;A A T . 2 4
azgﬂmmmu HURE v N9A origin A0 (0, 0, 1) Tu homogeneous coordinates 84n7311U
epipoles 8199 YAUNUAVULAY x 7199 (1,0, /) 1@z (1,0, /) awd1ay mwes £ i o
' 3 o, . s -3 4 @ =t
WIBAIUIT epipole 19717 infinity U5 loB1I910 rigid transformation 2 A0 ITNAnTZND
o o ]
NHATINUDININFUTZ0ZH19V0950
4
AINUIS VT AUYA hemogeneous coordinates fio u=u"= 0,0, 1)T HUagE epipoles 2 a7
wegnya (1,0, /) waz (0, O°

: p o 3 . ~ o 'Y
die 7(1,0, /) =(1,0, f)'=0dniu fundamental matrix 98§ gUuufiendai

)
F=|-fd a b (23)
-fd ¢ d

w1 ndu cpipolar ﬁmutlﬂﬁufx‘ﬁ]ﬂ 0, 1)T (Ef&ﬂﬁ'ﬂfﬂﬂ homogeneous coordinates)
1 o dy =
1ay epipole (1, 0, f) 15N epipolar line 420 At) ﬁ'mrmmmmauﬁ’uugﬂaﬁmﬂﬁ'aﬂ

cross product (0,7, 1}x (1,0, f)=(1,-
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oy MdsaeaveessosiInInidunage origin Ao

a

f2

A AN =— (24)

] 1 1 ¥
14 fundamental matrix i U&Y cpipolar RaoandasfulugUdu 4 feil

AW =FO.)" =(=f'(ct +d),at +b,ct +d)” 5 _

¥
1 1 =1 9 o
aumide lfezuaasiudu ()1 homogencous  vector  UAIRITIADIVDY

Ll H) c%. - ) =~
ITYSH VOUAUUIINGA origin AO

2
G, 2(0)? = (et +d) 2 (26)
(at+b)" + [ (ct+d)
ALUNEITDIVDIT LU HIINIHUARAD
2 2
s() t \ {ct+d) N

1+ (@) + [ (et + d)

}y

=1 1 ci Ll P -1
Q1Hﬁ]ﬁ]ﬂl§1ﬂﬂﬂ’liﬁWﬂTﬂuﬂﬂﬂﬂﬂﬂlﬂdﬁ\?ﬂ“ﬂuu

1] ¥ b4
maunsammiiesiiga leemaiinuaagdadieady Taosagsinimuou lnaans

~¥1A 1 differential

3 2t _ 2(ad —bc)(at +b)(ct +d)
A+ 1Y (@t b)Y + f (et +d)?)?

s'(8) (28)

¥ [ E
Maxima 40¢ minima Y84 s(f) sufinvudlo s'(1) = 0 Awomsaeunouly s'()wn

1T o 1 a' r oo :Vd'!
AT IN LUASINDATVDUAINIAD O \lﬂNElHUl"U
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J@) =t((at +B)* + [ (ct +d)*)? —(ad - b)A + £217) (at + b)(ct + d)

_Q (29

L

g
V-
T

{ a ] o o A%
3111 2.11 Fr9819904H9nG Y cost Ua three minima (4]

’ A . g v . J
il minima (18 maxima 993 5() W1AU1H91NIINVBY polynomial 1 uiln
Lo w £ e oA & v 1 & 1 . ' 1
polynomial f189 6 Fudazan3aziiinaieldu1nadt 6 1A Faezidl1a1 minima 3 Awag A1
T o o ] a E4 o s o ar
maxima 3 A1910HaNTY s(0) anlesgaduysaivesilandy s(r) v ldnnsinvesilafsu
T o @ ' = 1 T A ] c?)’ &
SOuazmflanyu s() 9110151095 WdasAIINgN1T (4) NdeuInntuAB 1
ATIRADVAIVDL s(f) NAIUITIVOUAAZTIN (complex 3 real) Vas f(r) Frldanny
' - I o = ' & ' mm
ganlunisnaduasndaudii real n3e complex Bnoenanilafonlsszasnaeumainyes

! { = J’ 4§ S 8 .
s() A £ o Mszuzmstioofigafadmile 1 = o szasandoafuidu epipolar — fit =1

Tugiusn

2.8-1 ﬁﬂ N15Y09-Anton-Ya kub‘enko,_ATft'D‘lri{onouch‘ine, Viad imir Vezlinevets

2.8.1 M9 %'Nl.ﬁ'umau 33A (3d Edge Reconstruction)
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. ¥ o { o aan
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