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Abstract

The ultrasonic equipments permit to obtain a two dimensional display of the
body's cross section through which the ultrasonic waves are propagated. This
analogue appears on a screen and then photographed by an oscilloscope camera.

The photograph is an image gray-scaled of the internal bodies existing on
that section. : ‘

The ultrasonic photographs are subjected to a variety of distortions resul-
ted from the combined effect of many factors including :ultrasound properties
electronics, display process and mechanical system.....;in addition to the
deformations produced by the film and the camera's lens.

This paper searches the distortion's pattern of the ultrasonic eguipment.

It states a general procedure of system calibration of the ultrasonography
under the.actual operational conditions. A final mathematical model which
describes the performance of the intire ultrasonic system only ,after discar-
ding the effect of the camera and film,is derived.

Close Range Photogrammetric techniaues are applied to attain the right size
and shape of the invisible photographed bodies.

Introduction

Close Range Photogrammetry may have a considerable role in a new field of
application ; that's of Ultrasound. The majority of ultrasonic equipments
are used for medical purposes, but they also have several applicatiocns in
civil engineering ,as detecting and measuring of thin internal cracks inside
the materials to predict any destructive failures .

The fidelity of the ultrasonography has not been examined before .and the
dimensions are extracted directly without any refinment or evaluationcof the
~eir accuracies .

This paper is a part of the author's PH.D (still under preparation) , in
which she suggestes a simple procedure to refine the ultrasonic imageries
and to overcome the difficulties of non metric camera . Although this resea-
rch was developed for an ultrasonic instrument used for medical purposes
(gray-scale sonograph ,the Greatone III),fig (.1.) ,but it may be applicable
for similar equipments of other applications, as well as photographs obtai-
ned from Cathode Ray Tubes .

/

Ultrasonic waves have the ability of penetration through different materi-
als or tissues , and be reflected at their boundaries. The reflection depe-
nds“on the difference in densities and acoustic impedances between the two
internal bodies and upon the orientation of the reflected surfaces.They are
emitted in very short pulses by a transducer ,fig (.1.),able to receive the
reflected echoes between pulses and transformes them into electrical energy.

The voltage generated is proportional to the intensity of each returning
wave. Echoes are then detected and analysed before being displayed on a
screen as different degrees of gray, relative to their amplitudes. Thus a
two dimensional display of the cross section is obtained .

Tn addition , these apparatues have the ability of giving images of succes~ :
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sive parallel sections at constant intervals (0.5- I cm),which can be consi-
dered as contours, perpendicular to the transducer's face.

This analogue is then photographed by an oscilloscope camera (HP model 197
A7) ,using either Polaroid or X-Ray films. The camera fit all oscilloscopes
having the standard II x I4 cm rectangular bezel. The mounting frame is de-
signed for 2 cm (3/4 in)bezel depth ,permitting direct attachement +to the
oscilloscope as showing in fig 2 . .

Mechanical transducer's
arms.
The transducer

Fig -I-
The ultrasonic Greatone IIT

fig =-2-
The HP camera fitting
the oscilloscope of the
ultrasonic equipment.




The resulted image is subjected to the effect of the following sources of
errors :

- unstability of Polarcid films

-use of non metric camera of unknown interior orientation

-properties of propagation and reflection of the ultrasonic waves

-the scanning process obtained by the motion of the transducer over the
body ' ’

-distortions at the Cathode Ray Tube

-other factors concerning the electrical and mechanical systems .

Compensation of systematic errors has been carried out by dividing  the
previcus factors into two main groups :

-Group A is consisting of the combined effect of the lens and film defor-
mation

~-Group B is the ultrasonic instrument as a whole ,including the transdu -
cer ,wave's properties ,C R T's distortions, electronics.......

The effect of each individual source of errors has been analysed -and a
mathematical model with correction parameters has been developed for each

group .

To eliminate the distortions resulting from groupA, a.standard Resgau ,
fig 3 , having the same dimensions of the oscilloscope (7.5 % 9.8 em )
consisting of thin wires of aluminium (0.3 mm),has been fixed in front of
the screen (i.e between the camera and the CRT )and then photographed.

This type of photographs where the camera and film are the only sources
of errors , are called PHOTO I .

The mathematical model describing the relationship between the 'set of
observations X ,Y of the Reseau's points measured by a mono comparator and
the coordinates X , y of their corresponding images on PHOTO I was found
to be of the form :

aX +by +
1 s c

%= - Lk (D) +enyraxnt
a X +b§ + 1 * *
X o7 (..I..)
a,x + by + ¢
7 = ”“22 _____ Z: ..... 2.4 g (§3 +y §2) + 62§ ¥+ d2§
a X + boy + 1

ai”bi’ c. are the parameters for the projectivity relationship
bétwedn the plans of the film and the Reseau.
- k is the coefficient of symmetrical lens distortion.
e, ,d, are parameters to account the non linearity and curvelinear
P

$1ardid film deformations .

The general form of least souares adjustment

AV+Bp =7
was applied to find the values of the previous parameters.

The validity of the adjustment procedure was statistically tested; it was
accepted at 0.05 significance level,and all parameters wers found to be si-
gnificant.

To derive the mathematical model describing the performance of the intire
‘nstrument , an ultrasonic image of an I00 mm Test Object, fig L was deve-
loped . Tt is consisting of a series of 0.75 mm (0.3 in) diameter stainless
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steel rods (pins) arranged in a standard IO0 mm x IOO mm sauare pattern full
of special liouid . This type of photographs ,where the distortions are fu-
netion of the all factors of both Group A and Group B are called PHOTO IT .

The x',y',the pin's coordinates on PHOTO II,are first refined from the ef-
fect of the camera and film according to eouations (1) as follows :

a_x' + biy‘ + ¢

x = =i _— -1+ (x'3 + x'y'2> +oe x'y' + d x'
agx’ by + 1l (..2..)
v+ '+
- ayx by 2 ok (y,3 . y,x,2> sex'y 4 dgy,#
aox' + boy' + 1
Where :
- a; ,b; ,cq .8 ,d; and k are KNOWN parameters

- x , y are the coordinates of PHOTO II refined from the effect of
the Group A factors .

The relationship between X ,Y the object coordinates and x , y the new
photo coordinates was derived as :

_ 2 2 3 2 2 .22
X = A +AX+ Ay A3x y o+ AXT A5y + Aé(x +xy7) + A7(x + y9)7.
_ 2 2 3 2 2, .22
Y =B +Ex+ By B3x Y+ Bx Bjy + Bé(y +y x7) + B7(x + 5.
(0-3'o>
Where :

A. ,B, are the correction parameters for the effect of Group B fac--
tdrs * ONLY .
Fig 5 is a schematic graph summerising the procedure .
These two non conformal polynomials (.3.) were accepted at 0.05 signifi -
cance level ,after applying the least squares adjustment to obtain the values
of -coefficients A.l and Bi .

Thus equations ( 3 ), now with KNOWN parameters , may be used DIRECTLY to..
obtain the true coordinates X and Y of any invisible body photographed by
that ultrasonic instrument.

The Reseau is considered as a CONSTANT system of coordinates for both PHO-
TO T and PHOTO II to overcome the missing of fiducial marks : all the coor-
dinates are first referred to it .

Application Techniques :

Whatever the object to be photographed (materials,bodies or internal orge.
ans ..), many advanced technioues may be used to enlarge the field of the
ultrasonic photogrammetric applications .

After the measurment and refinment of photographs of parallel cross sec -
tions taken at constant intervals ,one will obtain a Three Dimensional
Digital Model of the internal object . This may be introduced in a Computer
Graphic to deduce as much information as needed :

- numerical parameters can be easily derived ,as areas ,volumes,curvatures
nass distributions, center of gravity ....

- illustration of renuired graphics as contours ,profiles , 3 - D models,
prespective drawings .....

If an Image Generator is connected,and codes of reflectivity and ..colour

B
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are added to the computer input , a 3- D Real Time Display of the internal
bodies may be processed on a cathode ray tube screen ,fig 6 .

CONCLUSIONS

- This procedure is an external refinment of the photographs obtained b,
scanning on a CRT,as the ultrasonic equipments ,under the actual opera-
tional conditions . It does not require any modification in the design
of the internal parts of either the instrument or the camera .

- Refinment of distortions resulting from the camera and film is occured
by introducing a standard Reseau having the same dimensions as the CRT
between the camera and the screen , and referring all the object and the
photo coordinates to it .

- This procedure will be applied ONCE for a selected ultrasonic instru-

all the following photographs .

- The true coordinates of the invisible objects are then DIRECTLY obtained
by resolving the STANDARD mathematical model having as input : the photo
coordinates of the object 's image(s) and the parameters's values .

Acknowledgement :

I would like to express my sincere gratitude to all my professors of pho-
togrammetry in Cairo university : Dr M.Shaaban , Dr Y. Abdel Aziz , Dr S.El
Ghazaly for their supervisions and valuable suggestions and Br S.El Hakim to
his helpful remarks . I also desire to express my greatful appreciation to
Prof . Dr I.Harley and Dr I.Dowman in University College London ,department
of Photogrammetry +to their interest ,cooperation and all the facilities
that had been offered to me to achieve this research ..

Special acknowledgements are offered to the staff and members in both
universities .

References :
I. Abdel aziz .Y and Karara .H.M ,Accuracy Aspects of Non Metric Imageries,
Photogrammetric Engineering , Vol 40 , (1974)
2. Wong.K.W , Photogrammetry Quality of Television Pictures , University of
I1linois ,civil engineering , Vol I7, , (1963)

3. Wong.K.W , Mathematical Formulation and Digital Analysis in Close Range
Photogrammetry , Photogrammetric Engineering ,Vol 4T (1975)
4.:Three Dimensional Imaging , Proceedings of the Society of Photo OPtical
Instrumentation Engineers , Vol I20 , (1977)

5. Hobbins.J.C and Winsberg.F ,Ultrasoncgraphy in Obstetrics and %ynecglogy

1977
6. Thompson.H.E and Bernstine.R , Diagnostic Ultrasound in Clinical Obste -
trics and Gynecology , (1978)
7. Operating and Service Manual of Model I97 A Oscilloscope Camera ,
Hewlett-Packard Company ,Colorado,U.S.A (1975)

8. Standard of the Standard IO0 HMillimeter Test Object , AIUM Meeting ,
Seattle , Washington (1974)




