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ABSTRACT

According to the internal consistency of the refatiorientation and the epipolar geometry, this pageeply
analysis and discuss the relationship between ikgairientation and the fundamental matrix basedt@number
of the relative orientation, degrees of freedonthef fundamental matrix and the corresponding reladi between
the parameter of them. Experimental results of iesaghow that the proposed approach is practicadiles great
inspiration to the understanding of the mathemdfranciple about them, and the result of the Fumgatal Matrix
can convert to the result of relative orientatidxfter get rid of the error matching points, methafccalculating the
relative orientation through Fundamental Matrix cgat higher precision results.
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INTRODUCTION

Photogrammetry is an important branch of survey, iais the science of making measurement from gsagken
by camera so that object’s location, shape, sin€, its attitude and movement, as well as other gdacal
information in three dimensions shall be determirigte development of photogrammetry has passedghrthree
phases: from analog photogrammetry, analyticalgraimmetry to digital photogrammetry. Computeroiisis the
science of study how to make the computer perogiviimat is to say camera and computer are useelctmnize,
track and measure objectives instead of humannistartherly, computer vision can process the gcaptvhich
will be easily perceived by human vision or instants. Academician Zhang Zuxun has pointed out tth@igh
there are difference between digital photogrammatiy computer vision, the intersection betweengjratmmetry
and computer vision is getting more and more ingrdrtalong with the development of digital close gan
photogrammetry and the demand of computer visiodigifal close range photogrammetry pattern. linse¢hat a
new branch, computer vision of photogrammitryshall be formed in the field of computer visionder the
intersection between photogrammetry and compusiovi

The conventional process of Photogrammetry in aogagraphic surveying and mapping include: recdggiz
relative orientation of images, model connectiaute line connection, aerial triangulation and kladjustment to
determine the exterior orientation elements of da@mge and the three-dimensional information of tieasuring
pointd*®. Therefore, recognizing the relative orientatidhimages is the key step of all processes. Based on
stereopair constituted by two images, computerowigisually could simulate human eyes to do relesaundy.
Fundamental matrix is theory of algebras of epipgleometry between stereo points, and it is thedation of
image matching, camera calibration, 3D reconstuctias well as other related sttfdy Essentially, it is
completely equivalent to the relative orientaticgtvbeen the two images. Mr. Shan and others haveceedand
proved relationship between thEmMr. Zhang and others have proposed a method mfcbRelative Orientation
(RLT) based on and using four independent constcainditions of fundamental matfx Mr. Pan and others have
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proposed a method for solving the equation of thsed relative orientatiof”.

Based on these comprehensive studies, we can ee® itha close relationship between relative oatéon of
photogrammetry and fundamental matrix of compuision. This paper has made further study basedheset
foundations, and this paper has deeply analyzeddiasmlissed the internal relation between numbenzlative
orientation and degree of fundamental matrix freedas well as transition relation of their parameteetween
them. Through the experimental verification of reahges, the content of this paper has been prdvadl. in this
paper, Robust method has been used to solve eelatientation of aerial images, which can preferakimove
abnormal data in matching point set and can effelstirestrain accidental errors. The high precisibealculation
result in the paper has illustrated the meaningfudy.

CORRESPONDING CONVERSION AND RELATION DERIVATION BETWEEN MATHEMATIC
MODELS

(xw'o

B
X

Figurel: Geometry relationship between stereo images

As shown in Figure 1, the world coordinate syste@-XYZ, the photo plane-coordinate system of left photage
is 0-xy, and image space coordinate syste@-l3VW. Then, the photo plane-coordinateRyfthe three dimensional

point ism, and its image space coordinatefis,  as well as its space auxiliary coordinatefis And we can get
following relationships:

m = R = Rbm 1)
X 1 0 —-x, 11 Taz Tia

m= J’], n= [E' 1 —J-’.:.], R= [’-:"21 Tag 7":9] @
1 CI CI _f TSI T;: TSS

In the formula, 12 is the matrix about elements of interior oriematin the three-parameter, ang,Y,,f) are interior
orientation elements of camera, aRds the deflection matrix between image space doatd system and space
auxiliary coordinate, and the deflection angle Iemtw the axes can be set as, By
(There are a lot of Angle conversion systems intBdrammetry, and here we just use one of them.thadystems
can be converted to each other[4] )Rsoan be decomposed into following formula:

1 0 0
0 cosa sima
0 =sinag cos o

0 1 0
sinf 0 cosg

R=R,R:R, = —siny cosy 0 3
0 o 1
Similarly, the photo plane-coordinate on the righaige ofP is m’, and its image space coordinaterig, as well

as its space auxiliary coordinatef®’, then we can get following formula.

[cos_.l’i‘ 0 —sinf[ cosy  siny Dl
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' =R'm =R'O'm 4)
x’ 10 _}‘.:_D e vl T

m = v =10 1 =g R' = ?J:-_ ?J:: Ta:; 5)
1 oo —f T'aa T'aa T'aa

Given: The director vector of two photo sitesBison the basis of two photo sites, two plane-imsitgs and one
object point, then we can get following formula[8]:

mi(Bxim") =mT[B].m =0 (6)

Here, we plug formula (1) and formula (4) into fadan (6), we can get following formula.
m!OTRT[B].R'Q'm" =0 (7)

So the fundamental matrix is equal to2TRT[B].R'R’ in the case of lacking one scaling factor, and ave
overlap the world coordinate system and image spaoedinate system together( which meRas), then we can
get following formula:

n i i 1 0 —x 0 =By by [l vy a1 0 =4
F=|f; [5 fs|=|0 1 —‘:l by 0 byl v rml|0 1 -G 8)
Uz fe s oo —fl |-k, &b, 0 llr'sy ' 'm0 0 —F

Given the image plane center is the origin of implgme coordinate system, then parametgrs,, X'o andy’yare
all very close to 0. Also during calculation progesf fundamental matrix, the waveform normalizatifom
picpointed coordinate is necessary. And these frarameters can be similarly regarded as 0, priocatmera
calibration, then parameters in formula (8) abe, (&,, b, @', £, V", f, '), and the number of unknown
parameters is 8. In the case of lacking one sc#icr, degrees of freedom are 7 which is the sasribe freedom
degrees of fundamental matrix.

In those parametergiand [ are elements of interior orientation of two imagasd ©., &, b, «’, 5, y') are
parameters of relative positions, in which thregham are range shift scale ,and three of themratation scale.
Without regarding to scaling factor, then therefare parameters.

Given that ., is scaling factor parameter, then unknown pararsedre §,, b, @°, ', '), which is consistent
with the elements of relative orientation of indegent relative orientation method. We plug form(@ into
formula (7), and we get following correspondingat&nship between unknown parameters and elements o
fundamental matrix.

ol Eal Fal R -~ - o0 s . s
Jr'_ XX + Jr: X J + Jr3 X + Jr-‘lJ X + JrEJ J + Jrl.:n:l + Jr_ X + JrE.:I + Jr‘.:‘ - I:I (9)
Among,
¥ ¥ i
fi= b‘_r'-" 3 N L fo= by’ — byr's fza= F'ﬁ_r" 11— byr'sg)
¥ ¥ i Py
Jambyriyz—bar'y Fe=bar'yz— byr's; fo = Flbyr'ss— byr'yg) (10)
M Iy i P
fr=fbr's—byr's) fe= b’z —bar'ad fo=fFlby's—bo'ss)

Here, the relationships between fundamental matérments and camera orientation elements, relatieatations
are formed. Based on formula (10), we can get #teevof fundamental matrix is decided by focuseswofimages
and six orientation parameters of relative positielationships (3 range shifts and 3 rotation s)ala formula (10),
the result value of fundamental matrix in compuitision can be converted into the result of relatedntation of
photogrammetry, so the conversion can be usedbasige to help them converted into each other.dditeon, the
freedom degree of fundamental matrix is 7, whiledbgluction 2 focus, the freedom degree is changedi which
is consistent with numbers of relative orientati@mameters, also this can approve the correctrigbsse formulas.
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EXPERIMENTAL VERIFICATION AND ANALYSIS

Based on above results of formulas, which are uslatiab and Visual Studio2010 as tool and imagesteieo pair
as experimental data, this paper has conductedication experiment on corresponding conversionwieen
relative orientation elements and fundamental maémnd the conversion is used to practical expariné stereo
pairs relative orientation.

(a) Leftimage (b) Right image

Figure 2 The stereo images of building

(a) Left Image (b) Right Image

Figure3 The stereo images of Corridor

Table 1 The resulting value of thereative orientation and fundamental matrix

Fundame
Relative Fundamen Relative
ntal Fundamental Fundamental
orientation tal orientation
matrix matrix elements matrix
elements Matrix elements
elements
b, 322 f, 0020 b, % 5 00003
0.83 0.087/
Ea:_. m fz 04192 EaJ_ m fa 0.0177
0.46 36.806 0.019/
b, 2m fa 2 b, m fa 0.0019
¢+ 0.02 -0.481 ¢+ 0.009/ -0.019
® T grad T 6 0 0 9 & rad fa 8 149 =990
= » 0.01 -1 0 = ' 0.003/ 8853 1905
0.0575 o 0.0038
& F orag s -350 954 @ F rad fs 946 4611
Q r 0.01 f, -95.55 = - 0.001/ f, -0.009
T orrad T8 63 ¥ rad ] 2
43.2/ -35.07 21.8/ -0.001
f mm fz 57 f mm fz 9
42.8/ 95.389 21.9/
f' VSO o f' P fa 0.0092
127.72 0.0000
f’B 12 f’B 02
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1. Relativerelationship verification

The image size of stereo pair is 3264 pix2U48pixel, and the pixel is @ (shown as below picture 2 and picture
3). We can obtain characteristic points on follogvimages, and then conduct stereo pair relativentation and
fundamental matrix calculation to verify the cotrexss of formula (10) result.

Firstly, the SSD characteristic point extractiogaaithm™ is used to obtain characteristic points set oresteair.

In figure 2, there are 15 characteristic pointg] 42 in figure 3. And then the independent relativientation

method is used to get the value of relative origomaelements'?. Finally, the method of 8 poffit is used to get
the value of fundamental matrix. In table 1, thiegiation result of two methods are listed.

In table 1, the value of relative orientation el@iseis calculated by the method of single relativientation. And
then the value of fundamental matrix elements isveaed based on formula (10), while fundamentatrimas

calculated by eight point method. By comparisordarrthe situation of lacking one scale factor, ameéntal matrix
of f. —f: calculated by factorsh(,b,.b_a',5'y",f f') is roughly equal with fundamental matrix F. Besathe
data in calculation is not very accurate, the abrealts are not totally equality, which is in limgth actual
calculation environment. Hereby, based on abowveltsgshe corresponding conversion between relatientation
elements and fundamental matrix elements builhig paper is correct. The conversion can be acslyrathieved
by formula (10).

2. Application and Verification

During relative orientation of aerial images, cludeastic point extraction algorithm is generallged to obtain
corresponding matching pointsand then set the initial value of relative orieistatelements. According to
coplanarity condition equation and using the cawaté of matching points, the final values are dated via

iterative computation. When matching characterigtimts, the points may be affected by noise amebabal data.

The noise is generally caused by accidental ertuctwsuits Gaussian error distribution and the atffean be

decreased by redundant observation. The abnornelcda be divided into two categories: incorrecatmn and

incorrect matching. Characteristic point incorrlxtation means the error range is more than thieglsp those

points can seriously affect the accuracy of catauaresults. Characteristic point incorrect matchimeans when
building corresponding relationships between charatic points, the incorrect relationship occdrfer different

kinds of reasons, this also can affect the whobegss of relative orientation.

During the process of relative orientation, noiffleat can be decreased by characteristic pointesalhs much as
possible. And abnormal data must be removed wtschsually by the method of pick up gross errorsindur
photogrammetry process. While, it is very complepick up gross errors, and there are no very deandaries
between characteristic point incorrect locatiorarelateristic point incorrect matching and Gaussiaise, so the
whole result is often not very good.

In order to verify application value of this papgudy, and via Robust method for fundamental mateiative
orientation method has been converted. In belowupgs, the image size of stereo images is 7500 :i&800 pixel,
and the pixel is 90m. Firstly, in the stereo images of picture 4, ttyeforty or sixty characteristic points are chosen
to build relative relationships. And then, gengvhbtogrammetry relative orientation method is usedalculate
relative orientation elements. Thirdly, classic Rstmethod for fundamental matrix is used to caleul
fundamental matrix elements, the calculation reshi#tll be converted into the result of relativeentation via the
formula 10 for comparison. The comparison resuisted in Table 2.

(a) Left Image (b) Right Image

Figure4 The stereo images of aviation
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In table 2, when characteristic points number isrtty, the accuracy between the result of relatientation and
the result converted by fundamental matrix is Mittie difference. When characteristic points numizeforty, the
result of relative orientation is not improved, ylee result of fundamental matrix is improved tongoextent. When
characteristic points number is sixty, the resfilfumdamental matrix is largely accurate than reéabrientation.
The reason is, during relative orientation caldatat gross error has not been removed. When thexemare
matching points, incorrect matching shall be induirevitably, so the accuracy of calculation isaféd. However,
RANSAC calculation method of fundamental matrix caell remove abnormal data, so good accuracy résult
obtained. Robust method for fundamental matrixrsfarence to relative orientation calculation, #melcross study
between them is very necessary.

Table 2 The resulting value between the relative orientation and fundamental matrix

o Number Theval_ueof Error va_mlueof Fun_damental Fnr;ﬁ:a\l/)gjgs
Classification Of relative relative matrix method 8
Points orientation orientation result value m;tr:(',)é
P_:-_,_‘ 0.011326 0. 000 105 0.011 416 0. 000 125
b, 0. 036 394 0. 000 094 0. 036 412 0. 000 102
a' 20 - 0. 002 108 0. 000 089 - 0. 001708 0. 000 099
B -0.021748 0. 000 307 -0.030919 0. 000 401
1|f" 0. 235701 0. 000 216 0. 235703 0. 000 226
E:'_,_‘ 0. 019 486 0. 000 223 0. 010 486 0. 000 105
b, 0. 036 702 0. 000 196 0. 036 202 0. 000 074
a' 40 - 0. 000 108 0. 000 299 - 0. 002208 0. 000 053
_,I'_:,’ ! -0. 035701 0. 000 421 -0. 016703 0. 000 388
Y 0. 235702 0. 000 526 0. 234301 0. 000 221
E:'_,_‘ 0. 029 448 0. 001854 0. 009 246 0. 000 051
b, 0. 026 662 0. 000 398 0. 032114 0. 000 056
a' 60 - 0. 002308 0. 000 850 -0.002 198 0. 000 049
_,l'_? ! - 0. 040919 0. 000 917 -0.022919 0.000 114
¥ 0. 135702 0. 002726 0.221 702 0. 000 126
CONCLUSION

According to internal consistency between relativéentation of photogrammetry and epipolar geometdfy
computer vision, this paper has deeply analyzedfsential relationship between them. From the viévelative
orientation numbers and freedom degree of fundamhematrix, the relationship between them has bewhyaed,
also the corresponding conversion formula betwetative orientation and fundamental matrix has beetucted
and demonstrated. The experimental result of stenages has presented the corresponding converdationship
is practical and achievable. When the photo foswsvailable, we can use relative orientation tatlgettundamental
matrix of stereo images. Conversely, we can gative orientation from fundamental matrix. In adutit according
to the result of relative orientation converted Bpbust method for fundamental matrix, it is usefaf
photogrammetry relative orientation and fundamematrix calculation to learn from each other, atgbacross
development of digital photogrammetry and computgibn have been promoted.
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