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Abstract

The rigid wmathematical formulas for determining object-point coordinates of the pgnornmic.photograuhs taken .by a
Fish-eye lens in stereo close range photogrammetry are deduced. That are general dlfferenFlal formulas and suitable
to the modes of normal, parallel-averted, convergent and equal tilt photographs. The experiments are also presented.
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1. Introduction

The application for panoramic photographs by fish-eye
lens in  close range photogrammetry has been
expounded(cf.{2]). One group of the theoretic formula,
in which, is the formula of FDLT(Fish-Direct Linear
Transformation) and FDDLT (Fish Distortion Direct
Linear  Transformation) bearing the correction for
additional parameter derived on the basis of DLT
formula. Using the formula as stated, the layout can’t

be less than six control points in photographic object. .

It is diffieulty. for some close range photogrammetry to
do so before or after the event, such as the processing
for all of a sudden accident ete.. The principal

advantage for the panoramic photography by fish-eye.

lens is able to take huge object at very near
distance(even at 1-2m),having advantages of large area
coverd,high resolution,large negative content and
ete..Its photography use a simple and easy stereo close
range camera and has a fish-eye lens attached to it.
The camera is proceed with some calibration, adjustment
or refitting by general cawera(e.g.see gull 135). 1In
order to wmwake fish-eye lens applicable to stereo
photogrammetry in any state. The rigid mathematical
formulas arve derived in this paper and the tests are
conducted. In this way, the control points can be
greally  decreased and they only need to layout
according to control requirement of general terrestrial
photogrammetry. The experiment cited in this paper uses
the stereo-camera made by Shanghai 832  works
subordinate to Ministry of Public Security. Its
components consists of camera 135, base-bar, linker up
with cameras,tripod and so on. Four frame-marker are
carved into register plate of camera. There are three
specifications of base-bar 40cm, 100cm, 120cm. The
focusing installation of camera has been refitted.The
fish-eve lens is attached to the lens of camera 135 in
the test.The principal distance value f is kept from
change during photo process. Carrying on stereo
photography, the photographic cases may select at will
and the svnchronous photography may be performed.

2. General formula of fish-eye panoramic photograph

Proceed from the critical formula of determining ground
point coordinale in terrestrial stereo
photogrammetry,that is:

The ground point coordinate for left photo of stereo
pair is:
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The ground point coordinate for right photo of
stereo pair is: :
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where: o o
N, and N, are the coefficients of projective

masmification: a,b;c; and afbje’ are direction cosines on
left and right photo respectively, it can be determined
from the formula in paper[1], x.%frand xj2)f, are
elements of interior orientation on left and right
plioto respectively, % and %% are measuring image
coordinates on left and right photo respectively, XsYo
Zs is geodetic coordinate of object point,  XsYs.Zs,
and Xs.Ys.Zs. are coordinates of photographic station
on left and right photo respectively. Eq.(1) and (2)are
applied to photograph of central projection, whereas
the photograph taken by fish-eye len 1is spherical
central projection{2}:
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Substitute into Eg.(1),(2), then get the coordinated
formula for fish-eye panoramic photo pairs, the formula
for left photo is:
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the coordinated formula on right photo of fish-eye
panoramic photo pairs:
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where:  *i2{ and ¥3%7 are image coordinates measuring
on left and vight photo respectively for fish eve

panoramic photo pairs. Considering following formula:
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where: A is directional angle of base B.
Differential all variations of Eg.(3),(4), we can get
following Eg.(5)
dXe=
4 .
4X 5 X{-E2dB = X4 ;* dByT‘\" X{sin A)dA-

2 ry2 732
— Ny XA d¢,+N,X§——~———————(X’) Y dp,— Nux; Gudwy

’ * ’ )
IR PR R i ekt £ 2ARVRY P YRRELE AL ST
N X Dudfr— NaX § Dadfy— NiX 4 Eadto+ NoX { Exdt —
N X F a2yt NoX | Fadz) + NoXGEde | — NoX | Edx +
+ N X§Fdz{—N,X1{F,dz}
dYa':
dY;,-i—Y{ =Y X :

N2
vy g_x_)_g*_cY_deM N,y;_(X_z_)_‘*'T(.m.d%_ NYGudw

% *y/
—N,Y! XrYi—-viX| dky NoY X% YzP YiX3 dk,

P¥
+N\Y 5 Dydfy— NyY { Dydfy— NiY § Exd%o+ NoY { Exdxg
+N,Y | Fidzl 4 NyY} Erdx{ — N,Y{ Exdxf 4+ N1Y § Fidz]

+N,Y{Gdw,

—N,Y}{Fdz+
—N,Y{F,dz}

dZs
X4
P*

/y2 7y2
X;X;;‘*ngz >d¢1+NIZ{_(—2(_Z—)PL*(Y—L)——-d%+N1(fT‘

dBy +Z’

sz,+Z’ Yz dBy—Z,
-nzi (

- Z{(X1Y}

-—Z{G,)dw1+N,Z{G,dw,+

z4 XY Y’p Smb &7 CFYSNILIN N* [eaP*+ 2 (b X § — 0,Y HIdf,

+ N,

11 X5 —a,Y5)] d%+ NoZ{ Edxg

—N,Z{Didf,

N
N1 g pr + Z{ (bsX s — oY D15+ Ny Z{ Fadzf+ FRLeiP*
* .

FZIX—aY D] dx} —N,Z1Es 3P*
+Z{ X5 —aY$) Idz] — N, Z 4 Fydz) (5)
where:
? /7
Gi=Lh Cicosn=Y{sint);  Go=-Zi-(Xfeosty=Yisin®)y

!
Xi=a(x—x{) —a{ (=20

=p5 (=2 —bl(Z—20)

X:ik =a3(x1—‘xo) —a (‘7 —"o)i

F=phy(xy—x) — b (21— %) s

—-YixXHIdk+

284

=03(%y— Xg) — ¢,(21— 29) 5

=f1cos Wy= sin &L (2, 2p) cos K+ (x;— X)) sin k13
P )

vi—aY! IX L —alY],
( = !P*'GAYI )’ Dzz(b'\/lp” = )’E‘=<
Xl —alY! b X1 —a31 | [ biXNT—aiY!)

EZ:(b‘LP* XY“>; FF( S )F_(_’“ﬁ“ﬁ")

From Eq.(5),we can calculate the estimation of
accuracy for coordinates of undetermined point and
extract the permissive value of elements of interior
and exterior orientation. The formula is also the
general equation of fish-eye panoramic photograph, that
is, applied to close range photogrammetry of arbitrary
phiotographic case. The following sections are discussed
respectively the mathematical formula for fish-eye
panoramic stereo photogrammetry of normal, equally
tilted, parallel-averted and convergent photography.

D,= hX{—aY]

3. The Tormula of fish-eye panoramic photo

pair at normal photography

At normal photography, two photographic optical axes of
fish-eve photograph pair are horizontal, parallel each
other and perpendicular to direction of photographic-

base. The rotation matrix in this case is identity
matrix. But the normal photo in reality still remains
with elemental slender error of exterior orientation
49y 49y, dwy, dw, dky, dk,. When the case of small angle
existes, the approximation of the small value first
order is applied. Thus the rotation matrix is:

1 de —dk
Ri=R,=R=~ —d¢ | —dw 63
—dk  dw 1

Substituting Ry R: into Egs. (3),(4) respectively aund

then get Eas. (7):
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1. The formula for fish-eye panoramic photograph when
equally tilted photography.

Photography with equal tilt is that both two optical
axes of camera for fish-eye lens are relative to
horizontal direction to tilting jointly a same angle,
righl. now:?y=9,=k;=k,=0, ®;=w,=0. But in parctical’
operation, the value of small angle is existence
throughout 4%1.d%..d%  and dka , therefore the rotation
mateix of divectional cosine Ri, R. has the following

Torm:
1 d¥cos) = (dh++ sinwdp) 7
Ri=R;=R=| — (i¢ + sin wdk) cos W ~ sin @
L cos wdk sin @ cos W
1 de —dk
| —dy — si
d?  cosw sin @ (8)
I dk st @ cos W

According to Tavlor's formula to expand Egs.(8),the
first order terms are taken and substitute into
Fgs.(3),(4), then get the formula of equally tilted

photoqrdnhv (9):
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5. The formula of fish-eye panoramic photo pair in
parallel-averted photography
Parallel-averted photography is that both twe
photographic optical axes of fish-eye photo pair are
horizontal, perpendicular to the direction of

photographic-baseline and avert a certain angle %,
this time, #,=%=7%0,0,=0,=k=k=0hut in reality.
w1=d0y, ©0,=d0, k=dk,, k,=dk,, S0 that the rotatlon
matrix form of directional cosine follows:

cos® sin® — (cos?dk+ sinpdw)
Ri=R,=R=| —sin¢ cos? sin #dk— cos Pdw
dk dw 1
cos? sin® —dk
| —sin® cos® dw 10y
dk dw t
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The first order term is still taken when derivated
Egs. (10) .Substituting Fas.(10) in Egs.(3),(4), we ean
obtain the formula of parallel-averted photography, the
derived meathod is the same as before and it is omilted
here.

6.  The formula of fish-eye panoramic photograph under
convergent photography
The  convergent photography is  that both
photographic optical axes of fish-

eve photograph pair are horizontal and rotated over a
certain convergent angle v .

According to reason.the angle should be: o,=k=¢=0w
=k;=0, ?:=%,but in practice it always retains error.

Lwo

wy=dwy, k=dk, P,=d9; ©;=dWs k;=dk;, ?1=¥. So the
formula of relative to Egs.(10),(6) lollows:
cos? siny —dk; 1 de, —dk,
Ry=| —sin? cos? —dw, Ry~ —de, 1 ~—do,
dk, dw, 1 dk, dw, 1
SubstitutingR: Rz in Egs. (3), (4) respectively, then we
can obtain Egs. (11)
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After differential Eus.(7)-(11) and deriving the local
derivative of all coefficients, we can obtain the
differential formula applied to the photographs of
normal, parallel-averted, equal tilt and convergent.
According to differential formula, we can calculate the
valuation of coordinated accuracy to be located point
of all photographic case and derive permiting value for
elemental error of inner and exterior orientation, by
the way, the meathod derived in this paper is also
applied to aerophotogrammetry and space photogrammetry.

7. Experiment

indoor and outdoor experiments are performed in
order to examine that the theoretic formula of stereo
photogrammetry carring on a variety of photographic
cases using fish-eye lens is correct or not and has the
possibility for using it.The stereo cameras developed
by Shanghai 832 works subordinate to ministry of publie
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securily are adopted in this test. The focuses of fish- practical possibility and more experimental data, the

eve leus as 16mm are substitute for original lens. uormal photography is carried on for the car of
Since 0ct.1989, aiming at the markers made by metal in analogizing traffic accident and blc§c]es co}11ded on
the three dimensional indoor appraisal field are the  spat. Theirs ~ photographic-baseline — are
successively carried on photography of the photographic vespectively: B=120cm and B=40cm, photographic distance
cases in normal and  convergent.Its photographic Y=6.5m and Y=3.0m, meanwhile, the distances concerned
distances Y used are about 2.2m, more then 60 marking are measured by steel rule on the spot and has been
points are laid out at corners of outdoor building.The compared with the distances obtained by photogrammetric
three dimeneional coordinates of marking points are method.Tmage  coordinates —are measured by stervo
determined Ly operating the methods of forward comparator HCZ-1 made in China. More than 160 image
intersection and multi-angular height measurement using points are collected in all in this test. According to
theodolite J6.The photo pairs of equally tilted and the mathematical forlulas mentioned above, the Basic
parallel-averted are taken using fish-eyve lens. Its language has been programmed and has been run at = IBN-
photographic distances Y used ave about 7.5m and the PC/XT. All steps of rumning operation use Chinese
photouraphic-baseline B=120cm. The accuracy comparison promptings for wusing it conveniently. Photographic
has heen  performed using the computed results of the paramelers and angular elements of exterior orientation
formuta mentioned above. For the sake of obtaining -are listed in Tab.1.
i
Tab.1
o-distance | photo-base
photo pair No. name 7 o, %, 7 P ”ho‘g(itbtaﬂt° B em)
i indoor appraisal field| o 0 0 0 0 0 2.2 120
2 indoor appraisal field|so.30°| o 0 0 0 0 2.2 120
3 outdoor marking 20.30° o ]20.30°| o 0 7.5 120
4 outdoor marking 0 {+10.309 o 0 |+10.30° o 7.5 120
5 car and bicycle 0 0 0 0 6.5 120
8 car and bicycle 0 0 0 0 0 0 3.0 10
The accuracy estimation was taken the pointing method and the comparative difference is ObzgiH%%L~ The
coordinates measured by theodolite as true value and mean square error was calculated by m==:t\/ EQ%T_- '
was compared with the results solved by corresponding see Tab 2
formula above mentioned using fish-eye photographic
Tab.2
: uantity of myx my mz Remarks
pair Ng. | duantity o (mm)
checking point (mm) (mm) me
1 39 1.1 1.5 0.7
2 42 1.3 1.9 1.4
3 45 3.1 5.4 3.1
1 45 3.5 5.2 3.2
5 12 8ides  mg=9.7mm ms is the mean square error of
6 15 sides  ms=14.3mm length of line segments
The relative error of relative to  photographic v References
distance is my/Y=1/1400.Through the theoretical
deriving = and proving and  experiments,the [1] Wang Zhizhuo,1990.Principles of Photogrammetry with
conclusion can be reached as follows: The differential Remote Sensing. Publishing House of Surveying and
formulas derived in this vpaper applying to all Mapping Beijing, China, PP. 372-387.
photgﬂraphic cases using fish-eye lens are exact and [21 Li Guangwen Li weiqian,1988 The Application of the
precise. From Eas.(5), the accuracy of undetermiped Panoramic Photograph by Fish Eye Lens in Close Ranue
po}nts goordlnates apd elemental errors .of exterior Photggrammetry. In: 1Int. Arch. Photogramm. Remole
ovientation can be estimated. Proceeding with all sorts sensing. ,Kyoto-Japan, Vol.27, Part B5 PP.346-355.
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