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Abstract

The éccepfedf méthod’_for scoliosis detection involves
;isual observation. Such Abservation of the patieht . over é.
iong termkrih order to mqnitor ,pdssibie progression.of‘
scoliosis deformity would be_"highly ' éubjgcﬁive | énd
unreliable. Al;hbugh x<rays = are .used- fof long term
monitoriﬁg of thejspinal shape, an  alterna£iye‘ method is
desirable because of the risk associated with x-rays..This
thesis deéls with'the develppmeht‘of a,techniqué Qéing ﬁpire
tépcgréphy“to monitér a'scoliOSis patient over a iong‘term.
‘The technigue is 'bpth' cOnvenient .and-7non4invasive.' The
thesis describes features of the moire'ﬁechnique in relation
to accuraéy, : réproducisility- and ;reliabilityl Aléop
cpnrelatiéns petween ;hg-internalvépinal deformity and the

external back shape of scoliotic pétiéﬁts»were establishéd;”
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Sc011051st is deflned as an abnormal lateral dev1atlon'

of the sp1ne. Assoc1ated Wlth thls' lateral dev1at1on 'is

b

-vertebral rotangonvawh1ch- is ~the. major cause. of  trunk

defogmity; Over 80% of' the cases of ‘SCOlfCSiS'ﬁfbund-"in

children today,j are:'of“‘the 1d10path1c type, mean1ng the

cause of 1'he splnal deformlty is not known.

- -

R o, L : o
> The ,ea}ller scoliosis is diagnosed, the more effective

is/the treatment; and in an effort to achieve this,ﬁCILnical:

5creening‘ is .currentlv‘*done in schools. This process:

L]

.o “[j "
1nvolves visual observatlon .u51ng the fo"ward ‘bend ¥ test -

where the rib hump is observed as the ‘child bends forward

v

The *1b hump~he1ght 1s used as a measure of deformlty, and
is deflned as the dlfference in height between_the sides of

N

the thoracic cage.
Often a child diagnosed'with scolfosis has 'a mild curve
not yet requ1r1ng treatment. It 1s then necessary to monltor

the progre551on of the curve. ThlS s currently done using

x-raysdwatvthe rate of two to four roentgenographs per year..

From teach rOentgenograph the severlty of the curve is

_ measured by u51ng the Cobb method whlch -measures the lateral
deviation of the spine. ¥

“The cllnlcal management of sc011051s depends cruc1ally

upon the detectlon of the progre551on “of the deformlty,'and

if treatment has been started 1t _ valuab}egn to have a

—
<

4
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sensitive technique for the detection of change in the
deformity. CUgrently, orthopaedic management tends to focus
upon the ‘spinal deformity as measured by“the Cobb angle;
whereas the sn;face deformity and its cosmetic implications
may be 'of greater interest to the patient Mplre topographic
techniques are recéiving considerable attention as a
possible nethod.for.detecting and_monitoringrscoliosis (1).
1The teal‘orating or shadow moire technique, and 'the grid.

projection:method are both advocated (2,3).

‘The projection grating techniques for the analysis‘ of
the cosmetic deformity 1is used in this" investigation.
Algebraic relationships'between the moire fringe patterns
and surface contours have been well established by others
(4,5). Although moire topographlc techniques are thoroughly
destrlbed 1n,l1tetature, the effectiyveness of the tool with

© regard to monitoring scoliosis has not vet. been

demons.rate .

”Tne purpoce ofvthis.pfoject was twoiold. The’first, waa-
to establish the errors -and inaccyracies of a particulat
projeCtionfrmoife axstem that. was already being _uéed_
‘iclinically ’Featutes of the system and procedure, which may
lead to errors in the described topography, were considered.
This approach was 1ntended to leuu to the 1dent1f1cation of.
critical Stepefﬂin_ the process‘ and p0551bly direct the

investigators to procedural " or system 1mprovements.

Secondly, the results of this 1nvestigation were intended to



\
demonstrate how gffeétivély\mpifg tb§§graphy can be used as
a replacement for #—ray mpnftoring'of.écdliosig.
In this regafd,.viﬁh is esééntial to understand the
following aséectsIQfohé-application of moire topography:
1. the~ihhéfén£ éccﬁrgcy of thé moire technique,
2. the ‘r'é‘pll.:-oduc'ibi'lity~ of -patient orientation in the
'bostural frame, ' -
3; :gﬁe smallest measu}équ‘scoliosis deformation that the
.system is fbﬂdéteét:(sensitivity), _ :
"4, the AaBility» to~ predict - changes in spinal shape by
,ébéenving'cﬂgnges in back surface shape. |

'Fot 'ﬁhé' moire topographié teéhniqﬁe to be effective,
_posﬁgraixﬂwﬁdability must be minimized so as to be
cpnsiéerably less_fhi? the magnitude of changes in scoliotic
shape. The postural frame is'tequﬁred to eliminate postu;al
variability while, at ﬁhe same time, permitting changes in

. scolictic shape to be measured.



2. Moire Methods

2.1 Formation of Fringes

The term moire phenomenon describes the patterns which

occur when two or more periodic structures overlap. 1In
J

experimental ‘mechanics, the technique utiilizes moire
‘patterns to measure displacements, or the shape of. a’
surface. This technique is used extensively in research and

industrial applications.

The periodic structures most commonly used in the moire
technique are line grids consisting of nparallel dark and
bright lines. The grid pitch s is defined as the distance
between the centre of the 1lines. The ratio of the
transparent 1line width to the pitch can range between 0 and
1. A direction perpeﬁdicular to the lines in the plane Jf
tHe grid is termed the principal direction, while a
direction parallel to the 1lines 1is térmed the secondary
directign. If the density. _of the grid is greater than 40
liffes/mm, then light diffraction effects become dominant,
and coherent 1light is reQUired for observation of moire
patterns. In this situation, " the periddig struéture is
referred to as a grating. In‘&his thesis, the term grid is
used as this particular description- deals -only - with
incoherent optics, aﬁd a grid spacing considerably greater

than 40 lines/mm. The ratio of transparent line width £o

pitch is equal to unity.

/
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} When two grids are superimposed, the fnté;ference moire
fringes are the result of a difference in pité@, Fig 2.1a,
or in orientation, Fig 2.1b; The" frequency of\\the moire
pattern is . the beat frequency of the two grids ;ﬁs is less
than the frequency of the'individual.'grids. Therefore, 1if
the pattern  is placed far enough from the'obsérv r, the
observer is'only able to resolve the‘light and'gafk ffinggs

and not the individual grid lines. The dark fringes are\due

to the dark lines of one grating falling into the spaces
. the other, wher;as the '1light fringes are the result of tﬁe-
dark lines coinciding with those of the oghe:. The diétancé
between twé successive moire fringes;7formea<\by the
superposition of the two ‘similar grias 'is " called the
interfringe spacing. This‘distance m;y be'heasﬁrea between
either the two darkest or two briéhfeét centré iinés'bf‘ the

successive moire .fringes.

The moire £echnique involves fhé Qse of‘a subjecﬁ ~grid
which characterizes the state 6f defbfmafionbofﬂa surface. A \
second grid, or"iéference grid _vis',Aiﬁtrddﬁced; ,The
supéfposition of thesé' two Kg;ids‘proéuqé,a-mqire patterﬁ
which is formed on thé' ihégehvplane'qof vthe_iobservation
system. From thé‘vgélaﬁibnéhip- Sétwéeh’ ﬁhev sﬁbjgct .and
reference grids,ltﬁe bSSe;vation . system, ané the Sufﬁéqe_,;
‘under study, it is .pos;iblellto déte:mine £hé étré{h, or .

'shape‘of'a surface.



WCENTER OF DARK FRINGE
n

"_CENTER OF DARK
FRINGE

(b)

Moire fringes as the interference of two . |,
overlapping grids having (a) difference in pitch
and (b) difference in orientation,



Moire patterns are producedz by several different
methods. One'ébvious method is by direcfly superposing the
grids and observing the resulting fringe @attern. In t§i§
case, light which is‘incident on the first grid is modulatea
by the structure's transmittance  function. The second
Structure also allows through only certain parts of the
modulated light beam. The resultant 1light inéensi£y‘is
therefore the incident light intensity multiplied by the
first structures transmittance function-and then by that of
the second. The moire pa£tern as observed is termed a
%ultiplicative moire,

Another common method\of producing moire fringes is by
double exposure. A ‘photdgraph is taken of ﬁhe first grid
which may be the éubject grid '5esc;ibing~_the‘.deforméd
surface. The subject grid is then replaced by a reference
grid and the same film 1is exposed. When the film 1is
developed, - the. image- isé a record of the sum of the two
'grids. The moire patt?rn proauced in this way 1is termed
a@ditivé moire. |

Subtractive moife occurs when the final image contains
the difference of | the two gridé light intensities énd not
their sum, énd may be gbtained by polarization teghniques.

This moire 1is diffficult to produce and currently is of no

practical use to the engineer (6).

Br§ﬁ§dahl (6) showed mathematically that the

multiplicative process has inherently higher contrast than -



the additive process. However, any difference in éohtrast
“may be overcome by wusing development procedures in .the

\

darkroom,

2.2 Indicial Method
_— |

The indicial errgsentatioh of moire patterns--ié the
most wideiy used of all methods of analysis. From_Fig..2.2,
" the centre lines of the dark iines of .one grid are 1indexed,
felative to the origin, with m; while the other grid lines
are indexed with>n. The two grids are. supe:imposed with a
difference 1in o%ientqtion. The‘ centré lines of the light
fringes are denoted by a number O to N, where N is referred
to as the fringe order. A light fringe occurs when-the dark
centre lines of the two grids are coincident.’ The pattefn of
‘the two superimposed grids is seen to consist of quadfangles
which have their corners lying on a bright moire fringe. The
dﬁagonals of each quadrangle coppespond'ﬁo moire fringes

satisfying either

N =m+n (2.1)
N=m-n o (2.2)
Poincs s,- - . _o-respornd to a moire fringe . for ‘which- eq.
2.1 1s z1id, while pcints E,F,G,H correspond to a moire

fringe for whic - eqg. 2.2 is valid.



-n-2

Fig,_2.2. Schematic reprbsentatidn of .indicial formatiok of
R subtractive and additive moire patterns. ‘
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.The family of'fringes for which eq. 2.1 1is wvalid 1is
.called the additive moire patterﬂ, while the family of moiﬁe,
fringes for which’eq. 2.2 is valid .is called the subtractive
moire pattern. The visible moire pattern is the pattern in
which the interf;inge spacing is the longeét; this. 1s the
pattern in which the frinées coincide‘with the shortest
| diggonals of the individual éuédrangles. The visible moire
pattern in Fig. 2.2, is the pattern containing the fringe

EFGH and belongs to a subtractive moire pattern.

Note that hére, the terms additiVevahd sﬁbtractive
refer torfhe parametric equations'éescribing:}the patterns.
Prebiously, the terms‘additive.and.sgbtractive.wére applied’
to describe the behaviour of the light 1intensities 1in. tﬂe

Q

formation of the patterns.

2.3 Moire Fringe Orientation and Spacing

The pitch of t%e specimen grating‘is s', and thélpitch
of the reference grid is s (Fig. 2.3). The- orientation}
between the two grids is measured by the anéle'¢gwhiéh'is
defined as the ahdie measufed from the referénce"grig line
to the subject grié line. ¢ }s_ pdsitive when measured
counterclockwise. Before defo;maﬁi;n of the sttuctufe and
subject gfid, theApitch ofvthe two grids are assumed to be

equal, ahdlthe grids'are assumed to be‘perfectly aligned.

A moire fringe pattern results after deformation of the

structure and s' no longer equals s, and ¢ is - not equal to
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Fig. 2.3. Fringe orientation and spacing as a function of =

interfering grids. ’

)
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éero Flg 2.3, The 1nterfr1nge spac1ng S is defined. to be
, - S
the» perpendlcular dlstance between two nelghborlng frlnges.

. The® angle 6 is the orientation of the fr1nge5'.es measured

\

. from- the Secondary dlrectlon vof the reference grld wthh

defines the x axis. The pr1nc1pal dlrectlon of -the reference

grid defines the y axis. \

T

Following -the analysis of Chiéng (7); ‘then from Fig.

T (2.3)
AB =5 / sing e
and y o “ . .
) o o ;;gh= s; /fSin(07¢)" . ST (2.4)

S Ty

3\Eqnatfng equations52.3,and 2.4 and solving for s'

s’ = s(sin(6- ¢))/51n9 = s(sinfcos¢-cosfsing)/siné
’ B ' (2.5)

Sei;ing for 6, ;he-fringe prientétion;_
6 =’tani;'(S(ein¢))(sces¢rs;;)' ' '_iz.a)

.nlse'from Fig. 2.3; |

fs ;‘isrn¢v j . o o »(2.7)

and QS

S = 1;05(9—1/2—¢) =-isin(0—¢)_i :., '(2.851

Substituting equations (2.7,8) into (2.5);

s
-



13
_s' = lsingsin(6-¢)/siné = S(sin¢)/sin0“: '(Z.é).

and solving for $§, the interfringe spacing;

”

; s = s'(sind)Ysing L T (2?10)N
From équafion (2.6),
tané ="s(sing¢)/(scos¢-s') - (2.71)
) A. [ Py . ' .
and therefore, . S - e

sinf = s(sﬁn¢)/ /(s?(sin2¢)+(scos¢;—s*)’) S (2.12) .

Finally, thé'interfringe'spacingls is given as,

-8 = s'(s) / /75?(siﬁf¢)f(écos¢-s')‘) ". ‘(2;13)ﬂ
‘Consider the ﬁolléwing caées;
i{ fhe reference grid aﬁd-subjéct gridxlare.'é;igned (¢=0)
and s is not equal to s'}ﬁFroﬁ‘eQUation 2.6f_b;0.ana the
fringes are parallel to,tﬁe grid liﬁés. -
2. Awheﬁ ¢ is small and‘s eduals s'. From _equation Z.é; 6

'appboaches. 90° and the fringes are ap?roximately.
- . 3
perpendicular to- the reference grid lines.

kv

2.4 Mismatch Methods '

-

- There are various ways of increasing the sensgitivity of -
‘the moire method. One way is to decrease the pitch of the
grid'which'Will increase the number &f resulting :fringés. '

)

Diffraction éfﬁects, limit this method to 40 lines/mm as
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déScribéd.Eaflief;

.Anothérl ﬁéthbd which ~can ‘pe used st& increase the
>$ensiﬁivityi.isi tﬁe; ﬁismatdh ﬁecﬂnigue. This technique
4ihv61ves; tHe wsé 4df éithén‘an-initial difference in pitah
beﬁween the two gridé'which ié"known as linear mismatch; or
an”initiél "difference ,ih> orientationﬁ_which” is known as
rotéfional mismatch. | | | | °

As was shown in sectioh.(2.4) by eq. 2.6, fringes which
are created from é‘différencé in pitch are parallel to the
vg{id ‘lines. Therefdré, the linear mismatch technique can be
Iﬁsed o increase the sensitiyity in the principal direction.
ltpnvéﬁsely,“frihges ﬁreated from a small rotationai angle ¢
. were " shdwn ‘through the. use of .eg. 2.6 to be nearly
lperpehdib@lar to the grid 1lines. Therefore, rotatidnal
 mism;tcb increases the sensitivity in  the  secondary
; dirécéion.of_thé reference grid. These two techniQue; can be
cbmbiﬁed‘to increase the sensitivity_in'both directions.’

2.5 Moire. Methods

Currently, there are- four methods.which can be used in

'thg.méire,technique. These.me£h0d5 ére as_followS}

J&.-intrinsié moi:eﬁﬁo:-defqnmét%pn énélysis; '_ >

i2{ 'feﬁiéciioé"moifé,7whi§h*is’used“to obt;in the slopes of
'the surface, | - ‘ “

'3;.:shédOw—mdiré,‘which'is used tO'oﬁéain.the shape of the
._ surface, . | |

‘¢

o
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4, projection moire, alsovused to determine the shape of

- s
LY @ 14
: -«

“the surface. .

Both the shadow j”and . projection technlques are
applicable “to the problem of :measuring the shape of“a
person's -‘back. The xfheory of these two techniques 1is

described in this rhes;s, and the‘comparative advantages and

~

‘dlsadvantages of each applied to this problem are discussed.

[

2.5.1-Shadow Moire

o

This method Uses a reference and subjectlgrid..However,

the subject grid is not a separate griqd, but is ‘the shadow

-

: o . . G e
cf the reference grid as cast onto the subject's surface.-

The  shadow, or  subject . grid, is disforted by the:

. 4
-

out-cf-plane depth of the surface, and ! when it is viewed

together with the reference grid, mogre?fr1nges are created.

This analy51s follows the one developed by Chlang(7)

in which the llght source and camera are* assumed to be ar:;wu

finite distance away*from the structure. Both ‘the llght

source and .aperture of “the ‘camerad aré approximated by a

-~

point and are assumed,to@behlocated- at .the same “distance

‘

away- from the @rid plahe as 1llustrated in Flg (2.4). The:.

3

surface of the subject is assumed to have a p01nt_ touchingm

the grld surface at a, as 1llustrated A frlnge order N is-

\«‘;

"obserVed at p01nt f on the surface through p01nt ‘d- of- the

_ grld and bs the result of 1nterference be-ween the lines:

\contalned in ad of the reference grid; and 11nes 1ni ab, as’

-



et 4

' SOURCE f=—

—=|CAMERA

)

' Fig. 2.4. Shadow moire method. -
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projected onto the surface, of the shadow subject grid. If

the 'lineélpf;the-feférence and subject grids are indexed by

m and n ;espgctiyely, then ad=ms, and ab=ns, and,

*
A

'_bd'QAad ~ ab = (m-n)s = Ns (2.14)

where s isgthe:pitch of ‘the grid.

But ,v ‘.f. T "" >_," X
i Qd:;»wn(tana' + tanﬁ“iA | : (2.{5)
then ) A )
W = Ns / (tana' + ténﬁ") | . .(2f16)
or

W= Ns/(x*/(L+W)*(d=x ') /(L+W))

PR

Ns (L+W) /d (2.17)

I4

where d is‘the:distance Separating the light,squrce‘and‘the'

‘ -

camera and L is their distance from the .grid plane.

S ) ' '
Equation (2.17) can be simplified to; "~

W =Ns / (d/L - Ns/L) (2.18)

For greater accuracy, it is'necesséry " to- correct for the

perspective effect of the coordindtes..From:Fig. (2.4)
(x-x')/W = (d-x)/L " (2:19)
or

x' = x f:W(d“X)/L ‘ , (2.20)
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Also, ' ; ‘ -
- y' =y - W(d-y)/L° : (2.21)

where (x,y) are’' the apparent coordinates, and (x',y") are

‘

the actual coordinates.

2.6 A Comparison ~of the Shadow and Projgctioh_ Moire

Techniques

One - advantade- of théW §£;aow ~system 1is that the
sensitivit& may éasily‘be changed by altering ‘the position
of the light source. The sensitivity increases as the
'distance between the.camefa and the light saurce increases.
Increésing the obliquity of the light source may result in
shadowing part of the subjeét. This may be easily resol&ed 
by placing light sources symmetrically aboutlthe camera.

For -the projectéd ‘grid method,  the anglé + of
‘:i;;pmihation is fixed for a giVen camera object distance.
‘Aiso, for fhe gingle beam projection méthgd, the obliquity
. of 'phe light source, and therefore thé sensitivity, is
limited. Although a double- beam projection method‘ is
possible, as proposed by Halisua et al (8), this method is

impractical as there must be precise alignment of the

. o ' : I AN

individual grids to assure coincidence of the two fitringe
) - A

~.patterns.

Also, for the shadow techniques’; only the moire fringes

s

have to be resolved by the camera. Whereas the pfojective

- requires the individual qrid lines to be resolved

3

technique
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which further reduces the attainable sensitivity.

A major aspect“of the process is the quantification of.
data. The shadow technique has several disaayantages in this
area. In a flat region of the surface, there are fed’ffihges
resulting.vin poor local sensitivity. Aléo, it is difficult
to determine the sign of fringes and therefore differentiaﬁe

between concave and convex regions.‘' This would pose a

problem when automation of the system is achieved.
The projected grid method, in which both. the ssubject

[

and reference grids are available, can overcome these

 problems. There are ways of eliminating height ambiguities

- i

and interpolating fringes simultaneously.

The  first method 1involves the'shift'éf the reference
grid. The- fringes shift™in particular directions depending
on the slope of the surface. and the direction of the shift

and ‘therefore the direction of the surface's slope can be

~deduced (7). Interpolation can also be done by shiftiné-tﬁe

grid by kmdbwn amounts and any fringe. can be "brought into

coincidence with any point of the surface.

/

The other two methods involve the use of either linear

mismatch which involves changing the pitch of the requenpé

grid; or iovtational mismatch which involves .changﬁng the

[N

orientation of the reference grid.

The projection grid technique is adaptabl% “te

¢

automation. With video systems, such as thoéecdéscfibed'by
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Hormiere and Mathieu (9) and Idesawa et al (10), the §hift,
rotation or change in pitch of the'feference grid are easily
performed electronically, making such systems very

~

versatile. .



>3. AppTication of Moire Topography,to Measurement of

Scoliotic Deformity

3.1 School Screening

klf:In 1970, Takasaki (11) described the appliégﬁion of the
shadow moire technigue to coqtouring a ﬁumgn body. In a
subseduedtkpaper (125, he 'suggested methods of overcoming
the prégiémg associatgd with this apélication; such as poor
_contfas€ of the fringe patternAon a human dey. He showed

mathematically, that * the moige fringe pattern remains

stdtionary against any translational movement of the grid. in’

its own planef Such a movement smooths‘the'structure of the
grid 1lines, and the moire which forms between higher
harmoniés of shadow and grid, cr higher harmonics»of the
grid and shadow. This leaves a pattern with improved Clarity
and ease of interpretation. 53 aisp showed that shadow free
illumination Qaé pqssible‘by';blécing lights symmetrically

about the view;dg aperture.

Takasaki's shadow technique has been wused extensively-

in Japan since 1976, when a school screening program was
started on a national basis. In Japan there are 15 million
primary school and junior high students. To conduct school

screenings for scoliosis by visual examination . on a national

scale requires a large number of skilled examiners and a

large number of working hours for each examiner. Use of the

moire. method for spinal examinations permits objective and

21
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uniform criterea for frihges the abnormal, ' conserves
manpower, and promotes efficiency of the initial-scrgehing
step. The shadow moire method is particulary'hseful in this
regard, as no quantification of data is required; the child
needs only' to stand square behind the grid and asymmetry of .

the pattern-is noted for abnormal spinal development.

Since 1976, the shadow technique has. been applied to
the school screening of scoliosis in Japan. For example, the
total number.of children screened at one centre (Chiba
University) had reached 30,000 by 1980. Gopd results have
been oBtained in accuracy and efficiency as répofﬁed by

Ohtsuka (13).

{

The shadow technique has also been applied to sch&ol
screening in North America. Adair (14) screened-a popuiatioq
of school children. The results from the examination showed
it . to be more efféétive for detecting scoliosis than the
qlihical examination of -the child during the forward bend
fést; The apparatus, especially developed fo: this purpose
is now available commercially [Atomic Eneréy of Canada Ltd.;
Commercial Prodﬁcts, Ottawa.] The apparatus consists of a
falling grid screen connected to a framework to mount the
camera and light. source.  Haack (15),of the University of
Nebraska, adapted this basic design, and Huurman (16)
sucéessfully .used this device in a school écreening program

in Nebraska.
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Bio-Tek Instruments Inc. (17) has also designed a
pértable ‘moire contourgraph for the purpose of school
screening, and is currently manufacturing the Bio-Tek M-500
§éolio§is Screehing System consisting of a positioning
device, a statiénary screen, and a framework to mount the

camera and light source.

N

"Tﬂe projection technique has also been,used for school
screening; Suzuki et al (18) first announced the use of the
projection'moire techniqué in 1971. Since then, Suzuki et al

, .
(19) have commercialized a moire topogragp?Acamera (FM40)
for the purpose of detecting sgoliosis, and is produced bx
the Fuji Photo Optical Co.,' Ltd. The basic unit of thi;
system is a contour moire fringe generating camera. This is
provided with projection type optical systemQénd a moire
fringe generating optical system for photographing
transformed grids. y1t also incorporates' a relay optical
system fot the option of transmitting the generated moire
pattern to’éu;ecording caﬁera or to a TV monitor. The éystem‘

is contained on one of two stands; one is light weight and

pc table and is used for school screening, while the other

is more durable and less portable. The interval of the
contour moire fringes is designed to be every 5mm of depth
when the camera is placed 180mm away firom the subject. This
projettion ‘system does not allow the use of mismatch
techriques or intefpolation'by movement of the réference.

grid, and, <cimiliar to the shadow technigue, the local

sensitivity is poor. This system was designed to accompany
. ) q
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Co

the positioning device designed by Inoue et al (20). This
positioning device consi;ts of a flat plate hinged at'iﬁs
bottom end fo a horizontal base‘board SO that the plate may
be inclined at any desired angle. The examinee stands on the
base board close to the plate with pﬁé ﬁull lengﬁh of thi.
‘body leaning face down on the pléte} When the plate is
inclined at an angle of 5 to 1Q° to the wvertical, and the
examinee is positioned onto the, holdér, the body can be held
motionless. The FM40 projection system was designed to be

capable of adjusting the plane of the camera's grid to be

parallel to the plane of the holder plate.

3.2 Monitoring-the Progression,of the Scoliotic Curve

The application of moire topograpﬁy to monitoring the
progression of the scoliotic curve utilizes the fact that 1in
most structural curves of" the spine,.' there is éh
accompanying asymmetry of the back. To measure the defofmitj”
of the patient, it is necessary to extract from the moire:
tdpoéram, parameters describing the déformity which are
independent of the coordinate system and ~the patient's

-

position.

.willher (21), used Eﬁeﬁgﬁiédw method fo study asymmetry
in moire f ° natterns, and used no positio: ..ug device. He
use the data qualitatively, and vdid” &o‘ quantification of
. data. For each pattern, he  judged th; level of.maximum

asymmetry. He then chose two points on the same horizontal
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line, at the same distance to the vertical mean line. These
two points should, 1in a symmetric spfﬁe, be.foudd,on‘the
same contour line. By recordinglthe number of ffinges which
differentiate these points, the difference in distance to
the grid between thése points can then be calculated. He
compared this to the Cobb angle with no significant results.
Emans et al (22) psed{,the "above téchﬁique at Children's
Hospital Mediéalv Center, Boston. They studigd 72 patients
and found that no patients showed a progression of 5 or mopé
degrees by x-ray, without also showing greéter than one
fringe interval of moire. The authors concluded that moire
topography may be sufficiently vaccurate to partially

éupplant x-rays in the follow up of scoliosis.

Some researchers, such as Roger (5) and Stokes (23) use
a parémetef known as the hump angle which measures the trunk
gotétion. This 1s obtained by measuring thé slope of the
line tangent to the two peaks of the rib humps. Stokes used
the FM40 projection moire camera t§ study the'reiationship
between the major Cobb aﬁgle and the maximum angle of trunk
rotation. Although there was a wide scatter of res lts, and
a low correlation coefficient between thé two parameters, -he
made a, sigﬁificant discovery. The maximum value of hump
éngle occurred on the average at . a level of 3 vertebrae
-below the apex for curves in the thoracic region. Thisvis

due to the downward sloping of the ribs awéy from the

vertebral column.
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Shinoto et al (24), aiso studied the relation between
the maximum value of'hump ang;e and the major Cobb angle.
Using the FM40 moire system in conjunction with the
positioning device designed by Inoue as described earlier;
they studied the effectiveness of treaﬁment_by noting the
change in value of thé max imum ‘hump‘ angle and ..the
cbrrespoﬁding' change in Cobb“ahgle. They observed that in
some ' cases the wvalue of the hump angle was reduced
remarkabiy in comparison with thg correction of the Cobb
ahgle. Conversely, there were some'cases ';hose hump angle
increased in spite of an improvement of Cobb anéle. However,

when the moire technique is being used to compare to results

4 . . . . . '
obtained from x-rays, it is important .that the patient be

placed :in the same position for each process. The

’

positioning device wused ih this study requires the patient

. to lié forward which could decrease 'the lateral curvature of

the spine as seen when the batient is x-rayed in the upright

'position. It would need to be shown that no changes occur by

taking x-rays when the patient is in the forward position.

Armstrong et él (25) have proposed an index to measure
the Aasymmetry of the éurfaqe of the back, which is based on
a lafge number of’éoints taken from the complete surface of
the baék and uses a single lbngitudinal axis about which the
asymhetry is assgsse@. Thirteen(batieqts Vere'assessed with
this inaex, and the results were compared to the major‘Cobb

_ o . _ :
angle. The results were inconclusive due to the small sample

size.



3.3 Automation of the Moire Projection Method

‘There have been several attempts to automate this
process. Yatagai Fuji et al (11) describe a semi-automatic
fringe analysis systeﬁ called Rifran (Riken Interacgive
‘FRinge ANalyzer). This system provides for automatic peak
detection and allows for interactive correctién of fault
data points. Most of the operations are interactively
performed by the use of a light pen connected to a TV
monikor- as an input device. A TV camera makes- image data
aquisition. A TV monitor displays not only the imaée to be
anal&zed, but also displays resultant data and the
information required for interactive operations. A'bTV /0
controller t;aﬁsfers video signals to a éomputer, and
results of the analysis to the TV‘Tonitor, and also makes
interface with the light pen. Software has been devélopeé to
construct the 3-D éhape §f the surface being, measured.

Shinote et al (24) have used this system in conjunction with

the FM 40 moire system.

Idesawa et al (26) have proposed a system which
provides for automatic generatibh and analysis of a moire
fringe pattern. A grid is cast on the subject, and is
observed with an elecfronic scanning device, such as a TV
caﬁera. and "photodiode array. A moire fringe pattern is
observed on a monitor TV. The procedure of scanning and-
sampling in the image input device corresponds to

superposition of a' reference grid in the <conventional
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brojeéﬁ?on type moire topography. In the sganning method it
is possible to chahge, the phase, ‘the pitch; and. the
‘di;ection of the scanning -lines,\ and therefore, wvarious’
contours éii be immediétely generated. This allows the sign
.determination and interpolat%on of moire contours to be.
made. The authors have modified theiéommercially.avaiiable
moire camera (FM40, Fuji Photo Optical Co.) for the scanning
moire method. The developed software_system'provides>fdf‘two
modes, the automatic mode, and the man-machine interactive
mode (Rifran, as described earlier).

However, the 1inherent accuracy, .and therefore the

effectivéness of these systems Wwith regard to monitoring

scoliosis, has not yet been demonstrated.
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4. ‘Theory
"( . b

"t

This analysis follows the one‘.developed by Yoshino -et-
al (27) and further developed- by Roger - (5), where the
subject and reference' grids are located on a plarie, and two

coordinates axes (x,y) arérdefined on this plane.

4.1 Analysis of Moire Friﬁge Formation

<
L]

In this analysis, the camera nodal point (C), and the

projector nodal point (P), are placed at distances Le and L
respectively frqm the reference plane (S-S) (the plane _on
which the réference grid 1is  projected Eo én image of
parallel vertical grid lines, Fig (4.1)). The optical axis
of the camera intersects the reference pléné aﬁ the origin

N

(0) of the coordinate system, and defines the z axis. The x

-

anA 1 avac Aara 1nm +tha wmafammommn - R T S Y
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Fig; 4.1. Physical layout of projector (P), camera (C) and

reference plane (S-S). The z axis is coincident
with the optical axis of camera and the x axis is
perpendicular to the optical axis of the camera.
The y axis parallel to the projected grid 'lines.
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Fig. 4.2. Configuration with subject profile B=B.
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indexed by n felatiVe to the origin. The grid 1line appears
to the camera to be projected at A on the reference planef a

distance x from the origin (Fig. 4.2).

A - moire fringe pattern is then - produced by
superposition of the two transparencies. . To increase the

!
local sensitivity of this technique, rotational mismatch is

used (Chapter 2), and the reference grid is rotated an angle

¢ to the subject'grid.

The moire fringe pattern produced can be described by

the indicial equation (Chapter 2) as;

]
1+
o
—
~
XS}

where N

If-

x - x' Ax | o - (4.2)

i

then the x coordinate in the éiject grid is represented by
X = ms + Ax (4.3)

‘The x' coordinate of the rotated reference grid can be

expressed in terms of the (x,y) coordinates of the subject

: grid;

X' = xcos¢ + ysing = ns' + A (4.4)

where N is the linear mismatch of the grids at the origin

for the . two photographs. Solving equations 4.4, 4.3 for m
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and n, and substitution into the indicial’éQUation yields;

N = (xcos¢+ysing-N)/s' - (x-Ax)/s . (4.5)

Solving for Ax:

“

Ax = s(N+X/s') + x(1-scos¢/s') - ys(sing)/s' (4.6)

However, the fringe indexed by NZ in the indicial’
equatioh derived in Chapter 2, is a bright fringe as it 1is
the curve of intersection where the lines of the two' grids
coincide. To creaté a dark fringe along this béurve,rithe

reference grid would move one-half of 1ts pitch with respect

~

to the subject grid. As it is usually easier to

r

locate a
dark rather than bright fringe, -equation 4.6 “cal  be
corrected to allow for the measurement of dark fringes as

follows;

Ax = s(N+\/s'+1/2) + x(1-scose¢/s') - ys(sing)/s" (4.7)

In practice, the same  grid - is projected. onto the

reference plane as the subjéct, and therefore s=s' and

S

Ax = s(N+X/s+1/2) + x(1-cos¢) - ysing (4.8)

It is shown later that the correction term . (A/s'+1/2) -.1is
‘ , [

accounted for directly with a single measurement.
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4.2 Determination of the Topographic Height

The 2z coordinate, or height, of a point on the back of
the patient can be derived in terms of Ax. From the gepmetry-‘

of Fig (4.2);
Ax/z* = X/(chzf),
or
z' (X+Ax/XAx) = L /X
Solving fof z'; : § N
z' = LCAg/(X+Ax) = L./(1+X/Ax) o (4.9)
Novw it is possible to derive é relétionship for X%;
x - (@~x")L/L, + x'  (4.10) :
Subs;ituting

c and x' = x+Ax .

AL = LP«_L
-into equation 4.10 and rearranging yields;

1+X/A}

(dLC+xAL+AxLC)/,(x;P) (4.11)
Substituting equation 4.11 into 4.9; .

zf.= LC/(dLC+xAL+AxLC5/AxLP

. or

~

z! = L,/(1+d/Ax(1+xAL/dL,))
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‘ o (4.12)

In this experiment, L,=L_ and,

zt! = L/g1+d/Ax) (4.13) .

a

The x and y coordinates, cortected«for perspective are:

t

X x(1-z*/L) o (4.14)

v o= y(i-zt/L) |  (4.15)

4.3 Determination of Absolute Fringe Orders

One of the first steps after the photographs have been
taken . involves the identification of specific moire fringe
order vélues. To achieve this, reférence_liﬁes are marked on
the projection grid (Fig. 5.1). The identification of.a
reference line on the reference grid and objecﬁwgrid allows
Ax  to be-measured directly. One-sgch refefencé l}ne passes
through the origin of the local coérdinate system (0), and

is approximately in the center of the subject's .back. At

this location both x' and y equal zero. From equation 4.8;
SN' = x,co8¢ (4.16)
or
r“?vN' = X,C0S¢/sS . (4.17)

where N' is the absolute fringe order at the origin of the

‘ subject grid and x, 1is ' the apparent displacement of the
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Qrigiﬁ of the subject grid.

Becauée the locafioq of the reference poi;t can be
expected to fall between specific fringe brders,
interpolation along - a line' perpendiéular to the fringe
contours is used to establish numerical.values-forteach
fringe in the whole patternu'TﬁeseLfringe order values occur
in increments of one and include (A\/s+1/2) as a fractional

value.

4.4 Physical Interpretation of Contour Surfaces

(i) For no rotational mismatch (¢=0) and &/ax>>1,

eqgn. (4.13) reduces to;

“

z' = z = (sN+X)L/d . (4.18)

The contour planes are parallel to the reference plane, and
are equally spaced. The fringes as observed, are lines of
intersection of the subject with the contour planes.:

ii) wWith rotational mismatch, (¢#0) and d/Ax>>1,
z' =z = s(N+\/s+1/2)7/d - ax - by _ (4.19)
where:

a

Sl

-(1-cos¢)L/d

and

v

‘b = sineL/d



36

As the,heighe of a'point (z') is now a function'of'(N,x,§5,
the fringe pattern: is no lenger @ representation of
contours; however along ‘any fringe, the height is well
defined. |

Equation 4.19 can be seen to consist of 'a reference plane.

4
s

ax + by + z =90 (4.20)

from which the measurements are made. The orientation g of

" the reference plane in the (x,y) plane is:

\
|

tanf = -a/b

The inclination, the angle‘between the reference plane and

the (x,y) plane, a of the reference plane is:

. : : téna = y(a?*+b?) ; o (2.21)

The spacing, V, between the contour planes -is;

- v s sua/laTey  (4.22)
_Forba given ﬁglue of ¢, the inclination and orientation( of
the !reference planei’and contour ?lanes is constanty and
therefore the contour planes are‘parallel.'As the rotatiou
angle 1is altered, the planes arfe inclined with respect to
the x and y axes resulting in a different slicing of the
subject and the creation . of a new fringe pattern. For a
given value of ¢, the spacing between the contour planes is
constant;.and the planes are equally spaced.
iii) The last case to be considered is when $##0, and the

: o, . ° . :
(x,y,2) coordinates are corrected for perspective, From
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equation 4.13,

1/(1/L+1/2)

zt = L/(1+d/Ax) = 1/(1/L+d/AxL)
or

zt = zL/&z+L) o
and

z

C = z(1-2'/L) (4.23)

Multiplying eguation (4.18) by (4.23) and substituting for

(x,y) using equations (4.14), (4.15):
z' = C,(1-2*/L) -ax - by
a .
where :
Co = S(N+A/s+1/2)

Solving fbr'z‘, the following expression is obtained;

z' = C,/(1+C,/L) - a/(1+C,/L)x - b/(1+C,/L)y
or

z'' = C," - a'x - b'y ' (4.24)

The surfaces contours are not quite parallel or equally
spaced . as :the constants a' .énd b' depend on the fringe

number N,



5. Apparatugiand Procedure

5.1 Perspective Grid Slide

The grid slide used in this investigation was a
perspective grid slide. A pérspective grid slide 1is not a
simple equispaced grid, but 1is prepared so that when
projected onto a reference plane‘at a particular angle of
incidence, it displéys an equispaced line grid of pitch s'.
The angle of incidence, f, 1is the acute angle between the
optical axis of the projector and the reference plane (Fig.
4.1). The preparation of this slide for che purpose of
brojection moire topography 1is described .- Miles and
Séeight(4). ‘The particular grid slide uscd in this
inyesﬁigétion was de&eloped by Roger(5). and produced a
uniform grid spacing when projected onto the reference plane

(AN
at an angle cf incidenge 3, such that;
o

tanf = 0.25

In pfactice'the grid was projected separately on to the
reference plane and onto the subject resulting in two grid
photographs. To permit precise élignhent of the two‘grids, a
patt of the.reference scfeen (datum screen) appeareé in both
photographs. Superimposed' on the griu lines, were parallel
dark refe:ence lines (I,II) as illustrated in Fig. 5.1.. The

left hand line I appeared on the %datum'screen in both

photographs,'and was used for determining the scale factor

38
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-REFERENCE

LENGTH III— ,'IH

» X 1 —=| |=— s: GRID PITCH
| I

II

Fig. 5.1, The‘grid description illustrating the reference

line used for determination of scale, I; and the

reference line II used for determining the fringe
number at the subject origin.
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and the rotation of the'reference'gfid with respect to the
subject/grid.‘Point 0, located at the interéection of 1line
IT and the horizontal line III, defines the origin of the
éoordinate system (x,y,z). The apparent displacement of line
I1 of the subject grid with respect to thé reference grid

was used to determine absolute fringe orders.

5.2 Arrangement of Apparatus

The arrangement of the camera and projector. wére_ as
shown in Fig. (4.1), The camera f(a Minolta X700) included a
100mm focal length lens; while the projector had a lens with:
a focal length of 90mm. The caﬁera and projeéﬁor were a
common distance L away from the reference screen and were

N

separated by a distance d. For a constant grid pitch on the

P=

reference plane,

fanp =.0.25 = d/L

The distances d and L were 700 and 2800 mm respectively,

produéing a grid pitch of 2.34 mm.

5.3 quitioning the Patient.

The shape of any surface 1is 1independent of the
coordinate system or frame of reference in which it is
measured. However, each Mmoire contouring system defines a
unique frame of reference in which the contours are

measured. Each time a patient's back is contoured, a unigue
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set of coordinates discribing that surface is obtained. To
measure the progression of the deformity of a patient, it is
necessary to determine the relationship between each

coordinate set.

This 'probiem is approached in fwo ways. First, some
descriptors of the surface which are independent of the
frame of reference are used as reference pofnt%; The spinous
process. of the seventh cervical Vertebra(C?) 'is a
'conspiCuous Tandmark and is wused for a refeﬁence point.

Another reference point used is the fifth lumbar

vertebra(LS) (Plate. 5.1).

For each measurement, it would be ideal if the surface
could be placed with the same position and orientation.
However, the surface of the back may change < due to random
volUnﬁary postural changes or due to involuntary,stfuctural
changes. Therefore, for repeated mesurements it is important
to control postural changes»and to'placé;the back'surface in
a fixed position and orientation. A postural frame ‘is used
in an effort to achieQe standérdization of position without

' alterihg structural changes.

The ~postural frame. used 1in this investigatioﬁ'wés
designed for alignment of the lower limbs (Plate.’ 5.1) and
therefore 'iny provides 'a minimum amount. of postural
-restraint. Further postufal; festraint may 1include hip
alignment, sternum locatibn and shoulder alignmeht. With

fegard to these considerations, .it is not certain whether
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Plate. 5.1, A patient standing in the pbsitioning device.”
: Markers are used to locate the L5 and C7
vertebrae. : o

COLOURED PICTURES
Images cn couleur
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restrictive postural control serves .o mask the structural

changes that the mdire technique is attempting to detect.

Elsewhere, various degrees of restraint have beald,
applied. Willner(2j), uses no positioning Qeyece, but only
requires the patients to stand in a vrelaxed, square
position. Conversly, Bio-Tek Instruhents Incorporated( )
is currently manufacturing a portable moire contourgraph for
the purpose of school screening which includes a positioning
device that fixes four anatomital‘landmarks; the midclavicle
bony landmerks, and the anterior superior iliac spines"over
the pelvis. However,  some members‘ af/ the medical
community(1), feel that in severe sccliosiemthe orieotation
of the thorax is deviant ﬁrom the orientation‘of tge pelvis.
Therefore, by pcsitioning both the pelyis and also the
clavicles, a twist may be introduced. Alternatively a three .
point fixation devicé, where the hips and sternum are

standardized, have been used but it Awas found that the

patient® could rotate about the sternal pad(1).

From the engineeringfstanapoint, the goal is to provide

i reference surface from which measurements are made. The

purpose of the positioning. device then, 1s to permit’
reproducibility of posture and therefore allow only shape
changes due to structural changes'of the patie?t. It need;
to be shown that alignment of the shoulders and hips will

provide the necessary standardization of,position.




.

'Alternétively; a posture other than upright may provide
lmore cdntrol over @ person's shapé} For eXample,'.Harada. et
al(28), required the patient to be in the forward bending
pbsition, énd Shinoto et al(24) used a posifidning "device .
wﬁere» the patient lies againsﬁ a surface which is inclined
étwé émall angle' to _ the vertical; HodéVer, it is the
cosmetic - éépearaﬁce while in the standing pasition, and not

the measured shape which is important to the patient.

%
\.‘

5.4 Photographic Procedure

"For the first few tests, using Kodak tethnical Pan Film
2415 with'an IS0 rating of 125, a set of photos with various:
exposures (Table 5.1) was taken of the grid projected onto

the reference screen to record the reference grid. -

"Exposure

& f / number
g Time - : ' .
1/30(secs) 2.5 4 4.8 5.6
1/15 4 4.8 5.6

Table 5.1 : Exposures used in the photographic Qrdéedufe

Papér markérs were used to locate the :qférence poi~ts c7
and L5 on the patient. The refefenﬁe screen is removed andg
the'gatient’po§i£ionediih the s£anding frame Qith 1th¢‘ feet
alig_,d »againgt'-the lower bar. The patient was asked to
‘grasp the support‘uprights at éhoqider ﬁeight,, and at the
same time ‘to stand tall and to look stréight ahead (Fig

5.2). The centre of the camera's view finder was aligned to
’ * ’ . . '. - ‘S(Z:

Ry
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a

ﬁ‘correspond to point O, Fig (5.&), of the grid, and a set of

ekposures (Table 5.1) was taken.

To develop the film, a high'¢ontrast developer (Kodak
D-19) was used. For increased contrast, a developing time of: 
two minutes was added. to the t.me specified by " the

manufacturerf Standard small tank processing procedures,: as

'specified by the manufacturer, followed;

"More recently, -a reduced range of exposures has been

used as better control if the darkrogm process has evolved.
. « . 4 . ! J‘.' .

P AN
4%

\

'5.5 Formation of the Fringe Pattern _ -

Two negatives from the set of exposures, “dnéh each’ of
the reference and subject grids, were, choseA so as to‘
produEe clear frihges when overlayed. These two negatives
wereu’theny'superimposed betwéeq two glass plates so that
points E, Fig. f5.1, of the. two images coincide. The
superpositioning of the two imégesrresults in the formatfon
of a multiplicative fringe ‘pattern(2.1). As mentioned in

(2.1), ' the multiplicative fringe pattern is preferable over

the additive fringe/ipattérn created by using double

exposure,fas the former has inherently higher contrast.

The friH§e pattern praduced in this way has poor local
on- ivity as. the fringes are widely spaced (Plate. 5.2).
T sensitivity could be increased by a 'aecregse in grid

pitéh.'vHowevér, this is undesirable as any reduction would

1imit the depth of focus. Therefore, to increase the local

J
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sensitivity,. rotational mismatch was used (2.4). The
reference grid was rotated with respect to the subject grld
based on a compromise petween two extremes. For a small grid
rotation, the fringes are widely‘spaced,*while for eatreme
rotational miamatch; the fringes are merely interaections'of
nearly horizontal planes with the back of the patient. For av
camera with a horizontal view of the subject, this system is
insensitiVe to topographlc detailr For a relatiye grid
“rotation of 10 to 15 , approx1mately 20 to 30 fringes appear
on the patlent between L5 and C7: This provides acceptable

spacxng of frlnges as well as monotonic change of fringe

order with position (Plate 5.3).

5.6 Ouantification of the Analyéis

The moire fringe slide was projected onto a digitizing
slaten and the following points were digitized:

1. a local origin (E) and another point on " the .poéiti&e_

- S Y

axis (Fig. 5.1),

2. two porﬁts (G and H) on the sutjegt gridrfor determining
the scale factor, |

3. th' pointe ‘on the "vertical’ aXiS>Hijfthﬁd Totated
reference _grid ‘for the purpose of determlnlag( theﬁv
rotation angle,

4. the progectlon of a known refererce (O) point onto - the’
subject,

5. the anatomical 1andmarks'denoting‘t5 and C7 vertebrae.
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. A typical fringe pattern usiha‘no‘rotatlonal
mismatch. . . . « '



Plate.

5.3.

"A typical frlnge pattern when rotat*onal

mlsmatch is applied.

48
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The absolute fringe ordér at the origin (0) was
deterﬁiﬁed using equation 4.17. The fringes adjacent to the
reference point were then determined using interpolation.
The rémainde} of the fringes were numbered incrementally
proceeding from the ‘LS»fringe, Each fringe was located by
digitizing points along the centre 1line, .and coordinates
(x‘,v‘,z‘f of _the ~points were determined by applying
eqﬁations (4.8, 13, 14,ﬁi5). These codrdinates were taken
relative to the L5 vertebra. A flow chart of the program is
included in Appendik (B).

- The digitized: coordinaﬁes include random errors. To
minimize this error, a smoothing process was introduced’
where the algorithm of Dierkx (29) was applied several times
to determine the optimu; smoothing function. Details of‘this

-

‘process is given in Chapter 7.

The coordinates of the contours were then complétéiy‘i
defined by applying Digrckx's algofitﬁm. Thg: algo;ithm.
determines a smoothing spline function, and detefmines
automatically the number of nodes and their position. The
number of nodes is less than tpe' numbér of data pointé.
Compared to a cubic spline algoriﬁhm, this algorithm
requireé less storage space as only tﬁe  position -~ of nbdes
and, coefficients of the normalized B splines, and not all of

the raw data points, need to be ‘stored.

v

Of particular clinical interest is a transverse profile

of the subject which demonstrates asymmetfiés present in the
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“
\

trunk. To obtain a cross-section, intersection points of a
given elevation plane with the digi;iied points -were
determined. Fringe values at other points along this line

.

are obtained by interpolating between fringes on either-

side.

Fig. 5.2 illustrates a typical profile obtained from an
analysis of the topography. Two features of this:brofiie ére
clinically significant, and have been used glinically in
monitoring the progréssiqnv of the deformity by several
researchers including RogerfS) and Stokes et al(23). The
i&clinatidh or slope across the rib hﬁmps is a measure of
trunk rotation and‘is obtainedvbf meaéuring the slope of. a
line tangent to the two peaks of rib humps. The depth of the
valiey segment with respect to the two peaks 1is the
parameter of clinical significance. fhe depth is made
nén—dimensional through divisioa by the distance between

tangent points. In the example of Figqg. 5.2J° the slope

profile is 7° and the depth width ratio is 0.07.

,5.7'Establishmént of a <correlation between internal and

5

external deformities

pr ‘the moire technique to be effective 1in monitoriﬁg
the progression 6f.tHe déformity in a scoliotic patient, a
relatiénship between the ipternal»spihal déformity, and the
external cosmetic deformity must be established. For this

reason, a longitudinal study of patients with idiopathic
. SR , ‘
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ANG1 ?
n/y .07

Fig. 5.2. Typical Profile at elevation 1-1. The dashed -
lines represent range of profile from repeated
analysis. '

o

3
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scoliosis was  conducted. The patients had both
anterior-posterior x-rays agd moire photographs taken in the
positioning device, described in (5.4), to standardize
ﬂposition. The Cobb_angle and the vertebral rotation at the
;;apex from the roentgenographs ﬁere measured, and their

a

relative level noted. From the moire analysis, the trunk

rotation and a measure of the valley depth to trunk width

were determined. These were also measured at .a reference
profile at approximately . the L& level. Because of the”

sloping ribs in the thoracic spine, the trunk, rotation: was
measured at two levels below the apex for thoracic curves
(23). The relative trunk rotation was determined by noting

the change from the reference level.



6. Error Analysis’

r

Unfortﬁnafely, " experimental error °is an 1inherent
feature of any measurement system. These errors arise in the
following basic steps which were described in detail earlier
in this feport: 1
1. determinétion of tﬁe absolute f;inge number , N',. using

equgtiph»4r17, ‘ | T
2. evaluation of Ax, using equation 4.8, " _ -
3. evaluétion of the h ight z' using equation 4.13.
In this investigatioh the standard deviation ko), determined
through experiméﬁtation, 1s used as a megsuré of the error'
*}n a particularfﬁaéamete . The error in z'. is determined és

a- function of the error in each physical measurement. From

equations (4.8, 13, 17) the following is apparent:

z' = £(L, 4, Ax)
. , e
Ax = g(N', s, ¢, x, ¥)
N''|= h(S, ¢, xo) " ' ?\QK

therefore,

Z-' = f(Lr dr g(h(S,(ﬁ,X{o) S>“,¢,X:Y)) = F(L,d,S,(f),Xo,X,y)

The error in.z' is a function of the-errors in L, 4, s, ¢,

Xo, X and y. To determine the relationship between the error
in z' and 1its <causes, the chain .ulie of differential

< cdlculus is applied (30):

53
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12 t 2 t 2 t t ' 2
(6zt)¢ = (22> s.)° + (2™ sd)° + [(2Z> 24X + 2dZ" dAx DN 5
‘ (aL ) (ad ) [(aax ds dax dN' Bs ) s]
¢
t t ' 2 t ' 2
+ [(22% dAX + dz% dAX BN § + (0z% dAX AN gx
[(an 30 aax dN' 24 ) o0 ( ‘)

anx dNT dxg 0

t 2 t 2
. H(QZZ DAX 5x)¢ 4+ (DZ: BAX g . ’ (6.1)
e ;(an ox ) (an dy 2

{‘.I

K Fa, 0.9 0g, Oxo, Ox, 0, are the respective errors .
AL i . Sy P :

' forlaLﬁfzgﬁ, -9s, a&,, d%Xo, 0x, dy. Differentiation and

[N

substitution yields:
t t t ”

(o,t)2 = [Z 2 + [z on 12 + z4d N 2

z ol g ol e s

tq - . ‘
+ [Z;T%;IHT ((x - xo) sin ¢ - ycos ¢) o, ]2

¢ [—2% (1 - cos o) oy ]2 + [—28 . sin o GyJZ

Ax(ax+d) Ax( Ax+d)
st cos 6o ]2 - NN
Ad( ax+d) 0 A ' :
ﬁhere:
N = N - N' = relative fringe number

In addition to errors in physical measurements, other
sources of error must be considered. The reproducibility of

patient positioning must also be evaluated.

¢
b~ IR

.



7. Results

Uncertainty in z' depends on systematic errors as ‘Qell
as random ‘érrors in physical measurement. Some parameteré
such as the digital coordinates Xd and Yd, have iqherent
random errors for eacﬂ feading takenf Othérs such as ¢ and-
the scale factor, are’ fandom "because a different error
exists for each “analysis. However; within each analysis .
theéé errors are constant and produce a systemétic error 1in
z'. Some barameters, .such as measufemeﬁts d and L are
systematic and do nof change from analysis to analysis. For
a par;icular parémeter a, the standard deviation is o;, and

the contribution of this single parameter to an error in z°t

~

is:

g, = (az‘/aa)olu_ , . _ (7.1)

7.1 Systematic Errors . .

'Considerv-the terms -which include systematic errors
only. Uncertéinty in L includes two factors.~,Firs£; the
exact nodal loéations of the camera and projgctof are
aifficult to determine. These points lie close to thel focal
distance in front Qf- the film piane. Sécéndly, any
unevenness 0of the reference plane will also produce é,f
‘systematic variation in L. Measurements carried out as a

part of this investigations have shown that variation ‘in

screen flétnés&f?s minimal. Ungertéinty in L aswell ‘as d is

primarily debendent on the uncertainty in ‘the location of
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the nodal points. The estimated error in L and d could not
be determined precisely; however, their effect on the result

(o;') is insignificant; (Table 7.1).

Variation in grid spacing (s) was estimated by
overlapping two reference grids. o, was estimated by
shifting the reference grids with respect to each other in

the (x) direction only. This resulted in the appearance of

°

one fringe over the entire reference area containing 320

grid lines for an estimated error 0.007mm.

\ Coordlnates were measured on the prOJected image, whlch
1nvolved scallng of the digitized coordlnates Xd and Yd It
follows then that the appro%rlate version of equation (4.8).'

is:

Ax = Ns + F(Xd(1-cos¢)-¥dsing) (7.2)

where " F is the scale factor

The error in z‘ 1nduced by- an error in scale factor is:

0.t = (32/28%) (34%/2F) (0,)"

= (Z‘d]Ax(Ax+d)9 (Xd(1—cos¢)-¥dsm¢)oF - (7.3)

%y' repeaﬁing digitizing,,.aF‘ was détermined to be .
0'0004 Similarly, the standard deviation (a¢) of rotaéion
anghe-if was determined to be 0.06°. In this experiment, L,
was set equal to Lg. If AL is not equal to zero, equation

(4.12) results in:
~

0.t = (32'/3AL)gy, = (x / Ax(1+a/Ax(1+xAL/dL))*) o,

R -y
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(7.4)
where o, is approximatély equal to o .
7.2 Random Errors
Conversion  of visual data into numerical data
introduces randcem er in the digitized coordinates of

~

'goihts -on each fringe since the fringe centre line location
is based on observed 1light intensity. To determine the
.. standard ‘deviation of this digitized error, a straight line

Vhorlzontal ‘fringe was" progected onto the digitizing platen.
“Zv

Through repeated dlglt121ng, oy was éetermlned to be‘O.SOmm.(
5 ‘L' o - -
’ %hls defines the error, measured in a direction normal" to

the fringe centre 1line, resulting when fringe coordinates

are digitized.

Based on this known value of digitizing error,"

“optimized smooth polynomial splines were used to define each
fringe contour by the following method.
1.. a polynomial was used to represent a typical fringe in

terms-of its centreline location;

-

2. simulated data points were generaged‘and scatfértd about

sy,

; thev'défined curve using a stanééfq deviation 6f 0.50 mm
(perpendicular distance from curvé centreline); |
3. the algorithm of Di#fkx was applied several times to

determine the'optimum smoo;hing‘functioh.

In dpplying the above technlqgé{ the most effective,-

smoothing was achieved when th §tandard deviation of

N 3
o .

PR
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&

perpendicular distance between data'points on the Dierckx
”m ' . .
polynomial ang, the corresponding points on the initial

seventh order polynomial was minimized. The .optimum number

" of 'data podints  was determined te be 100 for which o, was

)
o

determined to be 0.014mm and o, was determin&d to 0.13mm.

The .error in x was small sirce the fringe was predominantly

parallel to the x axis. Errors in z'

for points between
o :

fringes " can be. eXpected to be slightly higher . due to .

;interpolation required.

A,

‘Ten percent of c. - ’data points at each end of. the
fringe‘ were not included 'in the~ above. calculatlon. of

standard dev1atlona~ bedruse thls portlon of each frgnge is

:not of clinical 51gn1r1tance and tth ends of pgiynomlal"

spllnes tend to-have the poorest flL.'
‘ A e -k C 5

Based ‘on error 1nformat10n before and after “ the above

/)l v

smoothlng technlquefﬁis applled it 1s apparent that the

“a

fprocedure effectlvely reduces the random error 1ntroduced by

?

jdlgltlZlng

7.3 Reproducibility of Patient Pgsftioning

.,r%)
n 1‘\

» one feature of c11n1c51“51gn1f1cance is“the dlfference
iR helght of “the r1b s’humps RE ‘).‘ ' To . evaluate - the
reproducibility of patlent po51tlon1ng, ’aﬁ eeries: of
photographs was taken where the patlent was placed inv.the

standlng frame, photographed and removed ~ Figure (5.2)

ﬂlllustrates the resulting range of ‘tYpiéal ‘profrle: An

. _ - i .
W , - e L “» s

L

%
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exact‘anlaysis of the difference in z* gvalues: betwee \,f{b

'humps showed the repeatability, ﬁo'be +4.4mm (o,'), which

incluées the error due to posture changes and errors in the

phy51cal measurements.~ The resu1f ng error in &' caused by

‘partlcular parameters are .tabulated in Table 7.1. The total

/M
" A\‘/

uncérta&ﬁt 1n z' . from e ﬁmtlon (10) is 0.81 mm. The largest
Y n eq % _ .
er50ﬁ571n;z areAcaused by errors in, s and .¢. The other

p&famétérs

’

'“étweEnuIntefnal-ahd External Deformities

A total of 63 curves from 48 patients were analyzed.

The curves consisted of 47 thoradic c¢uMes and sixteen

4

lumbar curves. Fer “the purpose of this study, the curves
8 L : . . . .

ca w@re‘-divided into two groups consisting of curves with the

. Cobb- angle less than 30 degrees and of .curves with Cobb
‘angle greater than 30 degrees.. Each of these groups was

further subd1v1ded 1nto thorac1c curves and lumbar curves.,

.\w,

“ ; N
TN .

&
Overaiﬂ,’ the % i
‘mean of 28°. Detalls of each group are glven;rn Table'Z.pFor
‘eachﬁ%group;v‘rhe.vertebrd rotation at the apex;of rhe eurve
;as piotted against”rhe trunk ?otatien at the same leyél;

; .-and for thoracic curves, at a .2vel of 2 vertebrae-below the

apex (Figs. 7.147.4). There wag‘generally’a wide scatter of

7

‘results, with generally poor correlation® cbeff1c1ents

ll .. -‘.‘j e Q Vs . " & i
b (ranging from 0.6 to 0. 7) Stokes (23), who dld 51m11ar
[ . feog L :

'E}"

contribute:negligibly to the.-error in z'. (Table

'was a wide range of Cobb angles w1th a:

‘.S#
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\
Parameter -Error . Erro.r_lmmm({“jiue to a
(a) (og) ‘ (0, (0, ) , MM
L 4 mn . 0.026 ,A1§;e>_»'
a U dm o 0.10 -t
s ~0.007 mm | 6.64 |
AL | 5.7mm - 0.006 -
F o " 0.00041 0.07 ;f
-@% e 0.001 rad 0.2  €
“ Xo ' 0.04 mm ' ': 0.21% u ;? |
Gox 0.014 mm ‘ 0.0614f- - V
y S 0.13 mm 0.14 .,
‘Taglé 7.1. Summary of. Ergors Contributihg to Errors
in Topograph?& Helght ‘,53 : : | \

CommentS: Parameters L, 4, s:and ﬁL idclude systematlc ’ -
e L S
errors only F, ¢, and Xo 1n¢1ude random errors

but are systematlc for a given trial. Cooﬁdinates-x and y,

-~

include fully gandpm errors., . - ,
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. <t y :
study, noted a correlation coefficient of 0.7 and concluded

that there was no'relationship between the apical vertebra
’rotétion and the external rib hump. )

However, Qhen ﬁhe trung rotation was taken relative to
a trunk rotation at the L5 level, the scatter was
significaﬁtly reduced (F?géd .7.4—7;8), showing significant
nelatiohships (P=0.005)'vbetweenvthese parametefgi Aitﬁoqgh

there was also a high correlation coefficient, . for. these

variables in the lumbar spine, there wagiinsufficient data '

J *..
relation$hipi; =«

to properly test for a significant

v
<

Several researchers, such as Stokes et al (23)y
et al (24), Armstrong et al (25), have attempted to observe

a relationship between the topographic measurements  and the
. . . Ry .

Cobb angle. However, 1in ‘this Q@@%udy no significant.

a

relationships between the Cobb angle and the trunk deformity

were found. It was not expected that ' a relationship would

exist, as fhe topographic measurements measure the rib hump,.

or the axial .rotation deformity of the back surface, whereas
. o ~ - ¢

. g @
at the skeletal level, the Cobb angle is primarily a measure

. Gy
of the lateral deviation of the spine. i ,,:gé.

Gt

\éhihdtqwgﬁu“‘

Ty
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No. of Curves

Overall + 63
Cobb angle < 30° 52

Cobb angle > 30° - 11

~« Thoracic 47
Lumbar - .16
a Table 7.2

and standing AP xrays.

0-
0.

32

Cobb Angle, degrees

Range

53

29

53

50

53

K4
Mean

14.
42.
25

30.

'26.5
5.

5

0

5

: Details of the 63 structural curves in the
48 patients studied by the means of moire topography
For the purposes :f this study,
‘curves were divided into four groups.  *
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Vertebral Rotation VS Trunk Twist

30 ' o T
- :
% .
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!
T
: (82 ‘
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R ® o © -
i 1 i
. "
APICAL ROTATION (deg.) sgg"

) 2
3

Fig. 7.1. Apical vertebral rotation versus trunk rotation
at +the curve apex for curves with a Cobb angle
less than 30 deg.. Thoracic and Lumbar data are
both included. ' :
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Fig. 7.2. Apical vertebral rotation versus: trunk rotation
at 2 vertebrae below the curve apex for thoracic
v : curves with a Cobb angle less than 30 deg..’
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TRUNK TWIST (deg.)

Vertebral

Rotation VS %iﬁnk Twist
y

3o T
" 4
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x *
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*
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ﬁb,
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®
m
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|

Fig.

7.3.

APICAL ROTATION (deg.)

Apical vertebral rotation versus trunk rotation
- at curve
greater

curves .with a Cobb angle

apex for ‘
deg.. Thoracig-and lumbar data

~-than 30
are both included.




Vertebral Rpth;ion VS Trunk Tuwist (2 below)
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APICAL ROTATION (deg.)

* - Fig. 7.4, Apical vertebral rotation versus trunk rotation
at 2 vertebrae below the curve apex for thoracic
curves with a Cobb angle greater than 30 deg..
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Vertebral Rotation VS Relative Twist
30 x T
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_ APICAL ROTATION (deg.)
A
Apical vertebral rotation versus relative trunk

rotation at curve apex for curves with a Cobb
angle less thar 30 deg. Thoracic and lumbar data
are both included.ﬁ : . : K
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Vertebral Rotation VS Relative Twist (2 below)
30 T
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APICAL ROTATION (deg.)

Fig. 7.6. Apical vertebral rotation versus relative trunk
' rotation at 2 vertebrae below the curve apex for

" thoracic, curves with a Cobb angle less than 30

'deg..“ e ; : o

.

<



69

Vertebral Rotation VS Relative Tuwist
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o

Fig. 7.7. Apical vertlebral rotation versus relative trunk
“ ‘ rotation at. curve apex for curves with a Cobb
gngle -greater than 30 deg. Thoracic and lumbar

data are both included. . s
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R

Variobral. Rotation V'Sf Rolatl\_/a Twist (2 below)
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Fig. 7.8. Apical vertebral rotation versus relative trunk
. rotation at 2 vertebrae below the curve apex for

thoracic curves with a Cobb angle. greater than 30

‘deg.. : o
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Conclusions

N~

The projection moire method used in this investigation

is capable of determining the topographiCal contour of a

k4

patlent to w1th1n a. standard deviation of less than one
millimetre. Further 1mprovement can be achieved by an
improved orid slide and by "improving. the method of}
deterpining the rotatron_of the'reference\érid witﬁ‘respect
to the subject grid. All other parameters that are used to
calculate. the- contour information contribute insigniflcant
errors.

It was found that the minimun;restriction postural
frame used‘ in this investigationm! permitted‘ postural

variatiofy -greatly in excess oI the sensitivity of the moire

measurement system. The next step in  the investigation

r—
- ’
/

requires the development - of n postuﬁ@l frame that further - -

-
b @,

reduces the freedom of the soucct' tof take an"arbltrary‘
stance. It 1is suggested that both hlps and both shoulders

should make contact w1th the postura__frame.flt would then

[ - ,_"v ;53" 2 -:.

need’ to be shown that sucﬁ postural frame does not’ alter

. Y

‘the appearance of sc011051s and that chanzes in thew.trunk.”k

deformity due to progression of the . scollos1s can still be'
, . i )
détected. In work published by T#lbourne et al.(31), the

changes in the trunk deformity over time can be'ekpe d 3
. . . 4

be in the range of 10 to 20 mm; based. cu measurements— t n
in. a forward bend position. In: .this regard, the moire

»

topographlcal procedure is a promising method of m nitoring ‘

3

sc011051s. gHowever, automation of the process is -a

-

~ ‘ L
. T

7 1 7 RN - . ..J/,;.;
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requ1rement for fast accurate processing of the patientsif

Automatlon WOuld requ1re sophastlcated equlpment and would

("& LS

B
be ]UStlfled ‘on an’ economlc basis only if a 1arge&numbéﬁ- of .

patlents were processed dally The cost of auggmatlom then,

. - \‘_/
;vmayvbe prohi vely h1gh for smaller centers;
ST ) : ) .k i :.‘,r'. ’ . v v ¥ "
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Appendix A

e

LIST OF SYMBOLS -

.
-

Nonmenclature

¢ .

 Camera nodal point.
Horizontal distance which separates llght

source and camera

ce Ml

'\J

Distance from referenc@ pﬂane to progector @5

nodal point

Distance jfrom Teference plane to camera}nodal

.point

. Common value for L
* Relativ fringe jorder
Absolute frlnge“pr&er of ‘Téference. poxht
'Qi+by'ﬂ absol§te frlnge order S

,Local origin-
Pro;ector nodal . pornt o :
Interfringe spacing: which is the perpendlcular
distance betweert adjacent fringes 3

‘{m

. '«a‘:'

23

and I

N

B i [P
t?,ﬁg itch of “the subject grid .

;Pitch of the, reference grid

Horlzont§§§8%stance from the orlgln to position
“fine onto the reference plane

of a gri

RS

DR
o

The horlzontal distance between the origin
of the *eference gridiwith respect.; to the
origin cf the subject grid

The horizontal and vertical dlstances from the

or1g1n to the apparent p051tlon of a subject
grid'line in the reference plane
"Surface coordinates- o
The difference in height between the
of the thoracic cage

Estimated differencegbetween L

x - x'

4

RCH

The angbe of 1nc1dence ok the ‘projector
- defined as the, acute angle between the opticall

axis of the prOJector and the reference plane |
.The orientation of the fringes.as.measured

‘counterclockwise from the secondary dlfectlon
of 'the reference grid
Linear mismatch gf reference grld W1th respect,

to sub}ect grid
1% f reference gr1d w1th reapect to

‘Rotat™
“subject grid

Estimated error

Estimated error.

" scale factor

Eatimated‘error
Estimated error
Estimated error

in the
in the
in the
in the

in' the.

Fl

7

r

determlnatlon'

determination
determination

grid p1tch s

L n° determination
The estimated errors in the coordinates -

of d
of the

of L

of!kb

by

1nuthls exper;ment -

f

e

Sl
.

U
§1des, .

and L
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"Estlmatéd error. in the determlnatlon of the
rotation angle

rY

of zt

'Estlmated error in the determlnatlon
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]Appenqix B : Flowchart

ol
B

-FLOWCHART- - PROGRAM DIGIT

RO~y
L

Ay

MAIN

. .,
. ¢ o
T . ’ ' ‘l

T INITIALIZATION ™
o ~___ROUTINES -

7ﬁew_frame'b

Ay

A

.DIGITIZE, or
_TRACK, o7 .
BRANCH ON SFKey

NEXT 1sec

o

yes

”f:m'Enéggoutine

'(ALL OK? no
. e :

“

< MORE,pATIBNTsé:>
[ no ~

SAVE ON - .
DISC. L~

v END

. PATIENT
“DATK' ENTRY

DRGSR VN

| Skip_plot,.indit

" PROCESS SLIDE
REFERENCE PTS

Vert_sec't

Ve

ENTER FRINGE #

|*& DIGIT C7,LS

"INITIALIZE CRT

f AS PLOTTER

e

.,4‘;5



ANALYSIS OF-MOIRE FRINGES

pRo@M DIGIT : USERS MANUAL
1)

2 ‘\‘

'PROGRAM SEGMENT : MAIN oy i

.G\‘OSUBS IR o ‘@

v

1. DEBUG: Routine which set up to.eight variables: Debug I
©.to Debug 8. Setting any of these flags to 1 cause
particular values to be dumped to the thermal prlnter 2

‘2. DATA INI?} Inltlallzatron of variables used in the
analysis’/ of 'digitized data. This routine also sets up“
‘the rotatlon matrix to produce the oblique view.

3. TITLE Th15 subp;ogram .prqQduces 5, title block Whichj
- outlines the limits of the program for the user.

.‘ a @4'

P
[PF L SN -



PROGRAM DIGIT

.81

o

PROGRAM SEGMENT: NEW_FRAME

GOSUBS ) o

1.

For

o)

‘prev1ous pat ents (:) ‘and’ (H5“are rep=ated.

9%

START: This routine guides the wuser through the
beginning of the program. It prompts the user to power
on the disc drive and to 1nsert the appropriate discs

-

into the drive. . 3

" After "this is done a list of files- I's displaved and the
‘user is prompted for the patient nameé and history number
~and whether this is a clinical patient or a test set
model. Any previous ‘information on this patient is
displayed along with a prompt to enter “the approprlate

examination number -If this is a hew patient then a file

“based on his hospital number is creatgd and the user is
asked for the follow1ng information: .

"‘m ) .
a) &rthdate (yy?mm/dd) r s
c) f Photo~" (yy/mm/dd Py . =
‘ay’ e ts” - (up. to. 18 characters)

@

¢
S
e b

‘CdECK _DATE: Checks for too many days or months that ‘may

give in response to a date prompt:

DIGIT: Prompts the user .to power on the- dlgltl%et vand -

align the platten axi's.'with the p051t1ve X ax1s of ‘the
slide. . ‘ .

. e y ’ N~ /

E‘U ) s ) ,:,.:_

N




PROGRAM' DIGIT

PROGRAM SEGMENT: SKIP_PLOT_INIT

“J

-GOSUBS

1. SETUP: Guides the wuser 1in digitizing the correct
reference points from.the Moire slide. These reference
points are needed to establlsh frame work,, within which
the subsequent analysis 1s done. , A

-2, -DISPLAY Sends a message to the LED on the dlgltlaer . ;gﬁg,
NOTE: Thls is the only- actujl Subroutine’in the program.. Rt
As a subroutine it cannot be ea51ly ellmlnated - K ﬁi‘

3. DIGIT:. Sends the apprﬁprléte 51gnals to the d1g1tlzer SR
telling it is- ready 'to ,grecelve data. One of three Sy
responses can occur: .

i . a)_ : gslpresse?on the cursog (tHis
¢ o BIT (STAﬂUS o %’;n“whhrh case .an. x and.s yo oo b
.coordinate are. f‘.léﬂVeaﬁwgn digitizer - units.” e
JThese coordinates - “%are then conwgrted ' to ‘

millimeters and ; used with fringe, data to

calculate spa*lal coordlnates of the point. ’
“ 2 \ !
¥ ‘b) One of the - keys the. dlgltrzer keypad. is

Y pressed ' (BIT (STATUS" B #0). I'f this occurs-a
, , special. condltlon ex1s--;’eg end of fringe, and
- ' causes the progaam te/branch off accbrdlngly

) c)_ﬁif neither (a) nor (b))« exist then the x,and 'y

s ‘»;g};feoordinates are received and . converted to .
“ millimeters and’  used to position the cross on
/ﬁ ~ the "CRT. -This ‘acts to ‘track the digitizer
Lk ., cursor. Tt ' - , .

e ;o _ : i .

4. GTSURF: “Comwerts ‘the: corrected x and y. coordlna*es into

" x, y, z coordinatés using the fringe number and ‘the data-
Qetermlned in-S/R SETUP .

Lo . ‘hu‘ an . N E
B . . *“'\‘. . oo . : . B
o : L. . r R R



PROGRAM DIGIT

w

PROGRAM SEGMENT: VERT_SECT

GOSUBS e

1.

2.

* DISPLAY - see program segment SKIP_PLOT INIT:

GTSURF‘—_see progkam segment SKIP_PLOT INIT

DIGIT - see‘progfam'segment SKIP_ PLOT INIT.

PRINT ° KEY -VALUES ' '- routine causes the functlon of, Fa to
Fe on the dlgltlzer keypad ta be pranted

*

PLOT INIT - sets the17CRT to be < thé graphlcs output

device. It goes . oﬁ‘%o set the limits and scale of the -

<
. N )

display. 4 e o e s

v'
oo

PRI



Cy

PROGRAM DIGIT

PROGRAM SEGMENT: SKIP_GTSURF e 3,

84

e

s

GOSUBS:

. DIGIT - see program segment SKIP_PLOT_INIT,

s

2. GTSURF - see program segment SKIP_PtOT;TNIT.:,
. P - - ., . R

PLCT_?T’“’J plots on the CRT the point j.qs't" digitized,

DLSPLAY = see program segment SKIP_PLOT INIT.

MESSAGE - displays a'message indicating that.the fringedl
are, cpmpwete and to start digitizing the body. outline.: L
. Ty ’ S , T . o : L .

i

END_ROUTINE  converts h(#),: Yim(*) “and zm(*) " to

digitizer units and stores them - in. the. integer array
Surf(*). This matrix, along%,witﬁ*fan'indexsgf fringe- -

- psints is stored on disc for fuﬁd%e‘réfereﬁxe:..a

.

A o S

\ la
s
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sk

A e O b—TITLE

85

Y v
o
i\iif  {PROGRAM Digit * .,
‘\__..~~DIAGRAM OF ROOT SEGMENTS. .
'4{?‘ . . . o ~ l;\&‘,
¥ MAIN )
"‘ + . . )t _"'—DEBUG . - .
o o o : 7
—— DATA_INIT -~ . °, ’

SKIP_PLCT_INIT | .

SKI

ah

;:>/|

v — SETUP VERT SECT )
' ' Lo _ : Q.
-+ | b—DISPLAY 4 ..

|t .+ [—DISPLAY
—DIGIT - | o

L_G§SURF

L 3

L GTSURF .
B~

| LquLT"'

. F—~GTSURF

4

P_GTSURE . | 4

| e ;@Tgp"rs o
BDpIiGIT : R el

— DISPLAYY

|~ MESSAGE  » |

_NEW_FRAME 'F-PRINT_KEYVALUES

B D L—pLOT_INIT
b— sTarT" L

- CHECKDATE

L— pINIT

fad

_ END_ROGTINE -,



I : . Appendix C
| o L
|

10 /(En “DGT.V1I:TISY
20 /. REM- MOIRE PHOTOGRAPH DIGITIZING ROUTINE UHDEFSOING
30 " REM . REMOVATIONS TO DIGITIZE IN CONMTINUOLE .MOLE.
40 REM _ - In this version,.the No. of point: d\gf?nzed fper frangs
50 REM ‘may be 1n the range of [ 2 to Saa ]~ o
60 REM Of these points, & VAFIARBLE Mo, of porrits will ke srtorsd.
70 REM The final (say 23> points wil)l be determimed b oag algorithm
80 REM the sédtion called ‘Poimt_calc”
se REM SEPT. 13, 1984 ,
100 OPTION BASE | -
110 PRINTER I3 16
120 NORMAL L .
130 OVERLAP )
140 EXIT GRAFPHICS . >
156 I -.====3==x================-‘===========:===========E===============:= N
160 COM Fil${€], INTEGER Rec_no : ) R
176¢ INTEGER Nf,Nc, Nt )
180 DIM Xm(2SdY,Ymig56>,2mi85¢>, 3
19@ DIM Rote2,3),R(2),B¢37,Xvictar €00, vy : [ . radd. . R
00 o - ’ '
209 INTEGER Surf{809,37, Indext a8, Hhighs. Linds Hroral, Lnl
210 DIM Namesc15y,Datef<132(6]
2280 DIM PdiZa,Xref 2, vref (2, 0riguZ Landnart Fod 023
238 DIM Mezz1s[(62),Titles 200121, Instrangflaal Hizto
240 | IRSEISSSCREEXTTRISSREIESESFS=I=== z=======3=¢c
1<) * GOSUB Debug - T OFGF TFRCH TNG WAFTAELES
2680 GOSUB Data_init v IMITIALIZE DATH
278 ~ GOSUB Title : :
280 Neu_fname: GCLERR I ENTER NEW DATH
299 ' EXIT GRAPHICS « )
3e0 GOSUE .Start | QUERY USEFR FOF NAME AND NO. OF FATIENT
310 Dig_intte: GOSUB Dinit . ] ' INTIRLIZES DIGITIZEFR ﬁ\ﬁLlGNE + RRIZ O
F GRATING -
320 Skip_plot_1nit? GOSUB Setup
' 330 Factor=Tr- Dist
340 ; As="ROTATED GRATING"
3%0 ' CALL Display(Sc,ARs> >
360 ! As="LOWER TICK"
379 ' CALL Display(Sc,As$>
3890 P GOSUB-Digit
390 Xref(1)=Xd-Txl
400 Yref(l1)=yYd-Tyl
410 EXIT GRAPHICS
420 As="UPPER TICK.""
430 CALL Display(Sc,As> b
440 GOSUB Digit
450 Xref(2)=x. . .1 .
460 Yref(2)=sYd-Ty.
- 470 DxrefmXref(/ -Xr&f (1D .
480 DyrefsYref(I)=Yref (1>
490 R.ref=SQR(Dxref~2+Dyrerd2)
See -’ Sinn=Dxref. R_ref :
S10 Coss=Sinn#lyref Dxret
520 A$="CENTER ON BRLCK"
$30 CALL Display(Sc,As
540. GOSUB Digit : -
550 Pd(1)=sXd-Tx1! ) .
560 Pd(2)=Y¥d-Tyl .
S7e Xdo=Pd(1)/Factor
580 Dx1=Xdo-0rig(1l)
599 ~ Nlines=Dx1-¢ . ) )
606 Delx=Nlines*Coss I =Derig- & CALCULRTE DEL::
€10 ' IF Debug4=0 THEN 780 . o
620 PRINTER IS © ' '
630 PRINT USIMG "4(K,MDDD.DD,2av";"Tils ";T 1, "Tuls ";Tol. "TlZ=s 7

x2,"T¥Yes "; Tyl

86 :



800

Gev_sratus:

-

PRINT USING."3£K;MUDD.DD,2XJ”;"TP

OUTPUT Sc; "0S"

"

™

= "iTr,"COSN='";(asn, "FACTOR=

640
“sFactor
650 . PRINT - USING "4<Ch ,MDDD.DD,2%,"}"“FEF"] = ";Hrc(fi-."TFEF'Il? RS
ref (1Y, "XREF(2)m ":vref(2), "YREF(2)= "“;VYref(a) . o
660 - FRINT USING "4<¢K,MDDD.DD,2x>"; D= "jid," I “ivd,"F. 1 = "i1Fa
19, "FPD(2o= "iPaC2) '
€70 ' FRINT USING "2CK,MDDD.DD,2Xx>";"xXDi= ";¥dc 'Dat= ".D.1. HLIKNE:=
"INl ines
6cO R PRINT USING “3<K,MDOD,DD, 25 >"y"C08E= "yCo z, "I FIG= cTerg, "DE
LX= "3Delx .o
€90 PRINTER 1S 16 ¥
700 PRINT ® C7T~-T1-MM LANDMARK
710 Vert_sect: ! !
720 Vs Na}
73@ CQUTPUT-Sc; "DF™ ' CLEAF HHMNOTATION EIT
740 Lsect=9 :
750 lout =@ : ,
768 Fringes=2 ' ZERD CRIER FFINGE + EBCGDV OUTLINE FFING
E - .
770 FOR N=1 TO 3
780 AS="FRINGE AT "&lLardmarl $(N.
799 CALL Display(Sc,As> : N

810 ENTER ScjStatus
820 IF. BIT(Status,@.«.@ THEM Entrw

839 v GOTO Get_status

849 Entry: QUTPUT Sc;"ON".

850 ENTER Sc;RAinc

860 BEEP

87o IF N=3 THEN Cont_1S

880 . Fringes=Fringes+Ainc ' COUNT TOTRL FFINGE®:
890 IF Fringes<(=Max_fringes THEN Cont 1%

500 | =

910 EXIT GRAPHICS

920 BEEP

930 PRINT LIN(S) ; .

940 PRINT "TOTAL ND. OF FRINGES = ";Fringes

9%@ PRINT "MAKIMUM ALLOWABLE = ";Ma. fringesz=~2

960 PRINT " . -

978 PRINT "ADJUST SO THAY THEFE ARE LE:ZZ THEN "iMa frirgszi-13"

FRINGEZ" . ’ -

9g8e _PRINT “RUN ME AGAIN WHEN YOU HAYE DOHE 300"

999 , STOP

1800 Cont_15:

1019 i R$="DIGITIZE "&Landmark$(NJ .

1020 CALL Display(Sc,RAs>

1830 GOSUB Digit =

1040 PRINTER IS © .

1950 IF Debugé=l THEN PRINT "Xd= ";Xd;" V= ovyvd

1060 . PRINTER 1S 16

1870 IF Yd>=@ THEN Ainc=-Rinc -

1080 Delfr=Delx+Ainc

1890 Bel=Delfr B '

1100 IF N=2 THEN Temp_delfr=Delfr ' SRYE THIZ FFINGE HNUMEEF
1118 EXIT GRAPHICS . : Y

1120 ! PRINT LINC2){"AINC= “;Ainc;" DELS=  “;Delv;” EEL= "IE
el . ! .
1130 GOSUB Gtsurf ,

1140 IF Debugd4=@ THEN 1210 o
1158 FRINTER IS @ /

1160 PRINT "AINC= ";Ainc}" DELiX=  “;Delw=;" DELFR= /";Delfr
1170 PRINT "X@= (Pd(1xy ";Fdil);" KM= wllne Mod "iNmcMegt o H=
"N .

1180 k PRINT "v@= (Pd(2)) ";Pd(2);" YM= C¥mENYY UpvmeNrst NS
":N . .

1190 PRINT “2M= (Zm(N>) "3Zm(N) 3" N=  “;H



1780 Dig_boed:
1790
1680
1810

88

1200 PRINTER IS 16

1218 NEXT N .

1220 De!fr=Temp_delfr N

1230 Bel=Delx+Delfr

1240 Z0SUB Beep

12358 GOSUB Print_keyuvalues
260 X13mXm(2) : ‘

1270 ) 215=2m(2> : ' o

1280 ' GOSUE Plot_1nit : - -

1290 lerase=0 ' .

1300 FOR I=1 TO 3 i : _—

13180 X1=Xm(l)=X15 ‘

1320 Yi=Ym<C1)

1330 21=2m¢1>-21S

1340 PLOT Xi,Y1,-2 : . L

1350 PRINT USING 1360;Lardmark s 1 21, 7L &

13680 IMAGE %X, 13A,2%,"x1= “,1@D.DD, 2, "v1= ", 1@D.DD

1370 LABEL USING "K";Landmark$<l)

1380 NEXT 1

139¢ GOSUB Beep

1400 lerase=] ~

1410 Skip_gtsurf: ! .

14208 . .Frmi=Fringes-1!. ‘ .o

14730 Naxpta=Max_pts;Eodypts-?' t MRAFTS - WILL EBEE UFDATED AFTEF

' ERCH FRINGE

1440 P_fringexl .

1452 Isec1=p P I FLAG USED IN REZETTING [Ma pr:]

1450

1470 FOR lsec=1 TO Frairges

1480 Select:

1490 S: IF l!sec>! THEN Isec1=9

1500 IF Isec-1=Frml THEN Z I BCDY OGUTLINE CONDITIOH

1510 Frieft=Frml-(lsec—1> ‘ t FRINGES LEFT

15¢0 : PpfringsMaxpts/Frleft I POINTS-FER-FFINGE
$30 Q Ppout-Bodypt.*fha\pt,-INT'FpFr1ng)*Fr1coz> - POINTS-FE

R QUTLINE

1540 EXIT GRAPHICS : ) B
15%0 IF Isef<-Frm1 THEN PRINT LIN(‘ " HOTE:  C We. of Ful

NTS per FFINGE should not exceed: "j;INT Fpfringi;"." o

1S5¢6¢a PRINT LINC1>; " NOTE: . There 18 room for: "INT/épnu'

>-1;% POINTE 1n the BODY _CONTOUR." .

1578 Z: - ! :

1580 Index(Isecr=lout=Nt=E}l_+lag=9 !

11598 MAT Xuictor=ZEF ' 2ZERCQ THESE “AFIABLET

1600 MAT Yvictor=2ZER ) ! :

1610 OUTPUT Sc; “SKo"

1629 ' As="FRNG="&VALS Isec 28" N="LYVALFUN B","

1630 . CALL Displav(Sc,Rs)

1640 . IF Isec<{=xFrml THEN Digit_line - .

1650 Body_cut: ! -

1660 . WRIT Time

1670 Mess1$="DIGITIZE BODY OUTLINE..."

1680 A$="BODY OUTLINE..." - . é

1698 CRLL Display(Sc,Rs$> ’ -

1709 GOSUB Message

1710 lout=1

1728 GOSUB Beep

1738 Digit_line: - | \

1740 Index(lsec)=N

17358 Lsect=]sec ’ v

1760 IF lout¢>1 THEN Call_gtzurf ! DQING FRINGES

1770 Lsect=lsect-1 BN

I DIGITIZING ROUTINE FOR BODY DUTLINE

GO3UB Digit

DISP. "POINTS REMAINIHG:";Maxpts+Eoduptz=Nr;"
IF E1_flag=1 THEN Lh(uk_bod




1329
1838
1848
' 1850
18609
1879
1889
1390
JND s
1509
1910
1920
1939
1940
1950
1960.
1970
1980
1999

rl
Pl sY)
2029
2030
2040
2050
20860
2870
2080
2090
219090
2110
2129
2130
2140
2150
2150
2176
.2189
21986
2298
2210
2220
2230
2240
2250
c26@
2270
2280
2290
2300
2310
2320
2330.
2340
235¢
2380
2370
2380
2339
2400
2410
2420
2430
2449
2450
2450 )

Check_bad:

Call_gtsurs:

u

He it _zection:
Lazt_section:
Check_end:

End_rautineg:
Endr:

IF Mt =Maxpts+Bodypt: THEr SOSUR Erra

GOTD Dig_bod
il

WAIT Time#S
EXIT GRAPHICS
CvsmUYr ;

GOSUB Beep :
IHPUT “Are2 vou SATISFIED with theg EBODY DUTLINE ©

1F UPCs(vsC1)o="Y" THEHN
Maxpts=Maxpts-Npointz{lzec
Isec=Isec+l
Bel=Bel-1
GOTO Redo_line
1
GRAPHICS
0SUB Digit_fr
Maxpts=Maxpts-Npointstlsed?
IF (lsec=Frml> AND (Max_pt:z-N Bodupt -0

Zectrt 1N

L3

THEMN

I MOT EHOUGH BODY FOINTS HAYE EEEHN LEFT... NIT FARTAL
MEXT Ise« ’
l ¥ ‘ .
E 1SS RS EEN S -
" DUTPUT Sc;"SKa" ’
QUTFUT Sc;"DCT .
VEmUY" ’
GOSUB Beep ,
INPUT "IS ALL OK 7 (IES/NO;",Y![I.IJ
Y$=UPCS(YS$)
IF Y$(i;1)="Y" THEN GOTO End_routing
PRINT " REDO ENTIRE FRAME"
Ygz="y" .
P_fringe=8 ‘
GOSUB Beep
INPUT *. IS PRTIENT PERSONNAL DATA OK & «WEI. MO " V¥
YEmUPCSCYS)
IF vsC1;1)="Y"
GOTO New_frame
| mzzz=zrg=k==
! EXIT ROUTINE : . ‘
EXIT GRAPHICS
Lindex=Lsect+lout+1

I-

THEN GOTO Dig_inmit

‘Index(Lindex>=N

TOTAL MUMBER OF FOINTS
NLUIMBER OF HEIGHT FOINTS

Ntotal=N-1 ' !
Nhighs=Index{lLsecri-1 !
DISP " WORKING ..."

FOR I=1 TO Ntotal .
Surfcl,1)axkmcl>#40
Surf(l,2)=Yml1)>*40
Surf(l,3r=Zm(l>*40

MEXT 1

ys=rwr

READ #1,Exam+1

PRINT »1,Exam+1;Inde<(+?.Ntolal,Nh1ghs,L1nde:.Surfl*\

ASSIGH #1 TO =« -

YE="NY

S

! THESE “ARIAELESZ

Fils=Hists$ ARE
Rec_no=Exam+1 : . 1 COMMON TO ~NDF_MT
IMPUT "Put this datx into MEW DATA FILE & v HI ", V¥

THEN 2440
TRANSFER

IF UPCSCcYs${l;1Io<xny"
DISP " _LORDiIng DATA
LOAD Trans_progs&Tapes, |
Yg=rye :

INPUT "MORE FRRMES 7
IF UPCSCYSOLy1Io="y"

FROCEAM 'HDC_MT]..."

CHANDY, TS
THEN Mew_frame

N

SISIE Ee

DIGSITIZED
DIGITIZED



| ===s=z==s=s==s==== ENTD 0F M A I H ===z=zz===z==z====

Setup:

Digit:
Ds:

Begin:

N

REWIND . ":T1S"

SECTIGN. "SUB3:A7,2"
t

FRINT LIMC19)

PRINT " POWER DM DIGITIZER,FPPESS _COHT
PRUSE ~ ° :

PRINT LINC1O)

RRINT "o .

PRINT "ALISGNE AXIS BY :*

"

PRINT » | Ao DIGITIZING POINT AT LEFT END OF HOFIZONTAL A
"PRINT * " - ' :
PRINT " B DIGITIZING FOINT TO FIGHT 0N SAME AITE", LINe
PRINT " PRESS _CONT T CONTINUE"

OUTPUT Sc;"IN"-
OQUTPUT 3Sc;“AR"
PAUSE
PRINT LIN:S
RETURN )
' SET UP THE DIRITIZER
R$="SUBJECT GRATING"
CALL Display(Sc,As)
As="LOWER TICK MARK"
CALL Display(3c,As)
GOSUB Digit
Tx1=Xd
Tyl=Yd
"RA$="YPPER TICK MARK"
CALL Display<Sc,As)
GOSUB Digit
. Tx2=Xd
Ty2=aYd
Deltx=Tx2-Tx1
DeltyaTy2-Tyl

Tr=SQRR(Deltx~2+Delty~2) L

Sine=leltx. Tr .

Cosn=]

IF ABS(Deltx»<=19~({=-3> THEN RETUEN © 1 CHECK FOF
Cosn=Sine*Delty /Deltx '

RETURN b

| =za= ‘

' DIGITIZING IN SINGLE SAMPLING MODE
QUTRUT Sc;"Sko” ¢
QUTPUT Sc;"sSG" : .

1 .
DUTPUT Sc; "0sS"

ENTER 3cj;Status

IF BIT<{Status,7><>8 THEN Check_pad y
IF BIT«Status,2> THEN Tk_pt

IF P_fringe=@ THEN Begin

QUTPUT Sc;"oC"

ENTER Sc;Xd,vYd

‘Kd=aXd- 40

Yd=Yd-43
GOSUB Gtsurf .
RKe=Xmn=-X15+Xadd(1)>
YeaYmn-Y1S+Yadd(l)
POINTER Xc,Y¥c,2
GOTO Begin
I TAKE A POINT
QUTPUT Sc;"0D"

>

IMALL ANGLE



.

' < \
3110 ENTER Sc;%dl Ydl,Penn Hnn
3120 ©. 0, Xd=Xdl-s4@ . .. -
3130 Ut yg=vdi-40 : )
3140 ) “ IF Tout<{>1 THEN Bep : R
3150 . Nt =Nt +1 i .
‘3160 XvictorNt)=Xdl . .
3170 Yuictor(Nt)=Ydl | ’ . . ‘
3180 Bep: BEEP . . T -
3198 RETURN o S oL
3280 Digit fr ' DIGITIZING A FRIMGE -IH rON*IHUuU€'1DDE y
3219 D¢y T { CONSTRAINTS: .
3220 ! a. Moue the platen slowLu vo opick up mors pnln"
3239 ! b. The obj2ctive iz to pick upt arcund 120+ pmln z
3240 Dc: QUTPUT S""CN32:6“ ", I~delrta T=22,75 320, dslra D=9, Spn
3259 Digrt_cont: ! '
3260 OUTPUT Sc;"OS" . s
3270 ENTER Sc;Status :
3289 IF‘BIT(SLatus,T>”‘B THEN Check_pad
3290 IF BITC(Status,2)<>8 THEM Tk _ptc
3300 . ’ GOTO Digit_cont
3310 - ! QUTPUT S:;“oC®
3320 ! ENTER Sc;Xd,Yd
3338 ! Ad=Xds4@ - - '
3340 ! ~ Yd=Yd-40
3350 ! GOSUB Gtsurt )
3360 | Xc=Xmn-X15+XKadd
3370 ! Yc=Ymn-Y1S5+Yadd
3380 ! Q INTER Xc,Ye,2
‘3390 ! GOTO Digit_cont :
3400 Tk _ptc: OUTPUT Sc;"0D"
- 3410 ENTER Sc,Xu!ctor(Nt*l) Yuictor(Nt+1) ,Penn, Ann
3420 . . Nt=aNt+1 t
3438 PRINT‘erctor(Nt) Yuictor(Nt)
3440 GOTO Digit_cont
3459 { THESE (2) TESTS,ARE USED TO DIGITIZE IN ONE DIRECTICON
3460 ! IF (FRACT(Isec~s25<>8> AND (RuvictoriNt+l :iurztorite o THEH In
git_cont . : -
3478 1, IF (FRACT(Isec- 2>=0) AND (Ruictor Nt +1 . Huictars Mt o THEN Ihg
it_cont
3489 | ======zs==z==== . ’ I\
3498 Point _cala: ' POINT CALCULRTIONS ALGORITHM
3508 Pc: ! This is where the points ars -determinsd for It ags
3518 ! For a look at this algorithm, RUH the PrSar amn
3520 ’ ! "CALC_N" on micro-floppy - warving Mrsq
353e EXIT GRAPHICS
3540 ' Nregq=Ppfring R ! Yarrable Hoo regquired
3558 - NpointsaNt ' No. pts. taken @ - 404
3560 Nni=y : :
3570 . Nn2=Nt
3580 " Nstep=! ‘ ¥ '
3590 : +IF lout=1 THEN Skip_calc ’
3600 o © IF Nt<=Ppfring+1 THEN Skip_cale
3618 : . Nn1=MAXC1, INTC,05%Ne » )
3620 o Nn2sMAX(1, INTC(,95*%Nt))
3630 ‘Nstep=MAX (1, INT(Nt."Nreq>®
36408 . Npoints=MAX{O, INT(, 3*«Nv-Nstepd +1 | (FUIS 1| END EQOINT -
3650 Skip_calc: ! . - . .
3660 ! PRINT LINC2);" No. Xd Yg*
3670 _ M=t . g
36880 FOR -I=Nn1 TQ Nm® STEP Nstep . N
3690 ’ Xd=Xvictor(l, 49 ’
3ree ’ YdaYuictor(ld 40
3718 ! . PRINT USING 3628;11,xd,''d .
3720 IMAGE SD,2(3%,19D.DD> : B
3730 GOSUB Gtsurf .

3740 : NaN+1 - R



4249 PRINT LIN(I)L:
‘'d to do this more than oncc."\\\\\\\Eﬁ
4250 PRINT LINC2);" REMINDE®I..

ts remaining for the BODY OUTLINE.”

4260 PRINT LINCB)Y;"
427 PRINT LINCZ);"
4289 PRUSE

4290 RETURN

4300 Erri: | ERROQR:

4310 AS="ERROR 2 CONT.."

TOD MANY BODY FOIMTS HAYE EEEN

92

3vse Ii=1i+1

3750 NEXT 1 .
‘\37?8 Mpoints(lsecr=li-1 ’

3780 PRINTER IS 16 : .

3790 PRINT "FRINGE No.: "elzeci” H= aHa T HFOTIHT = Py Mo e 2
" Isecy;" HT=  “jNt;" MARPT3= “jMaxpt: -

3800 PRINTER IS 16

3819 Pc_ret! RETURN

38290 | mazxmx=

3836 Graurt: PAC1)=Xd-Tx1 I PEFIFECTIVE

3840 Pdu2)aYd-Tyt -

38%0 Pd¢1 =Pd(1Y Factor-0Origll:

3869 Pgi2>=Pd(2Y Facror-0rigle)

3879 Delta=3#Be | +Pd(lr+n1-Cosz =FdiZ *31nn

3880 IF lout=1 THEN Delta=e© 2

3890 Sss=Deltas(Projec+Deltal .

3900 Zmna=Sss*Camera

3910 ZmiNI=2Zmn

3929 Kmn=Pd(1#(1-Sgs5) *

3930 * Xm(N)=Xmn

3949 Amn=Pd(2)*#(1-Sss)

3950 Ym(N>=Ymn

3969 - RETURN

3970 | =mam

3988 Plot_1nit: I INTIALIZE PLOT MODE

3999 PLOTTEQ.IS»IS,"GRRPHICS”

4800 P LIMIT 9,184,8,149

4010 SHOW -17S,575,-450, 359

4029 AXES 100,100,0,0

4930 FRAME

4040 X1bl==230

4039 Yibl1=345

4060 D1=-2%

40780 MOVE 289,309

4080 LABEL USING, "#,K";"PATIENT: "%H13+t$[1;=]

4990 . MOVE 200,275

4100 LABEL USING "K";"DATE: "%D$(1;31]

4110 RETURN A

4120 | mmm=

4138 Errl: I ERROR: TOD MANY POINTS TAKEH LH THE LAST FFIMGE

4149 . BEEP ) .
4150 EXIT GRAPHICS -
4168 El: PRINT LINCSY;" ERROR #1 ¢ Too manse point: haws besn rtakbsn an
"this, the last fringe." - .

4179 PRINT LINCBO; " You can CONTIMUE on - kesping am mand

the No. of points” v ) : ‘

4189 PRINT LIN(B);" remaining [("j;Max_ptz=-Ni"] . aF.. Lt
4190 PRINT LINKB>;" o MAY CHDMISE to RE-DIGITIZE thasz
fringe; taking fewer points.” ’ .

4200 PRINT LINCLI)}" This can be dong in twc wavz:"

4210 PRINT LINCO) " a. DIGITIZING v E R Y S L
o WLy - .

4220 PRINT LINCG@>;" b. DIGITIZIMG. quickl: -~ BUT

CRREFULLY" . » i )

4239 PRINT LINCOY;" Both of these technigques should produ
ce fewer points digitized.,"

Don 't be concerned 1f WOUL alE regqulrs

There are OHLY: "ifss_prta-HI" poin
rxxE"

PRESS CONT  to 3o on."

DIGITIZED



CALL Dlsp1ay(8c,ﬁ£§

93

4229

4330 BEEF

4349 EXIT GRAPHICS
3%06 EZ: PRINT LIMcZM;" EFROR BZ :  Too many point: haus Bsr tabare an
the body outline.” . R ' -

4360 PRINT LINc1»;" AT] points: drgrrized after th: wa )

not be ztored 1n the”

4372 PRINT LINCO;" permarent f11sz,"

4389 PRINT LINCAY ;" You maw comtinus drgrtrEieng thougre, !
f nearlu finished." . ) .

4390 PRINT LINCLO;" If more point:z ars nesd2d, 2 il d
go back one fringe"

44009 PRINT LINcd>;" ,oand digitizs Fswer pointi, Thy: would
leave more for the" . -

4419 TPRINT LINua; " . tody outline."

4429 PRINT LINC2y;" PRESS _CONT to go on.”

44309 PRUSE

4440 RETURN °

4450 Warnl: 'PRINT LINCS)

4460 EXIT GRAPHICS

44709 BEEP . ) E

4480 PRINT LINCS," WARHIMG: We ars.wsing: “iHpoonrz lzac 0" FOINT

S per FRINGE."

44390 RETURN

4500 . | =maasx

4519 Message! PRINT LIN(ZB

4520 EXIT GRAPHICS

45306 PRINT Mess!s$

4549 WAIT 1808

4550 GRAPHICS

4560 RETURN

4570 | ma=n

43580 Print_keyvalues: PRINT LINCSD

43590 t PRINT " PRESS Fa TO REDIGITIZE R POINT «HOT a point on a
fringe!! " ) .

460@ ’ PRINT * 4 Fb to REDIGITIZE A LINE - FRIMGE OF BODY Q0T

LINE" ) :

4618 Pk: PRINT " “¢ Fg¢ 7 IMDICARTE END OF LINE"

4620 I PRINT " s Fd T S o FRAME"

4630 ! PRINT " 7 Fe IF ALL I3 Ok (80 FAP“SLIN S

4640 PRINTER IS 16 :

46508 Ipkeys=1 .

4650 RETURN

4670 . ! ====

4680 Check_pad: !

4690 OUTPUT Sc;"OK" ’

479006 Cp: ENTER Sc;Pad_status

4710 ! IF Pad_status=1 THEN GOTQ Errcr_pt " IMDICATES LAST FOIMT IHLCORFECT - Fa

472 IF Pad_status=2 THEN GOTO Redo_line ! : ENTIRE FRIMGE ’ - Fb

4738 IF Pad_status=4 THEN GOTO End_line ! c END OF - Fc

4749 ! [F Pad_status=g THEN GOTO End_frame ! END OF FRAME . - Fda

47%0 IF Pad_status<>16 THEN GOTO Trouble ! OKRY S1GH ) - F.

4769 . | = N

4770 Errar_ptr PEN Erase {--- SET PEM T EFASE LINE

473@ Ep: Nisec=Index{Isec? OTHIS IS 1z POINT QF SECTION ‘_;‘
4790 Nm2=N-2 ' o LAST GOOD POINT; IF 17 12
IN THE PREVIOUS

4808 IF Nm2<MNizec THEN MNm2=Nigzgc | SECTION THEH START NITH 18T FT 0o

F SECT.

4810 -Nm1=aN-1 ! PT. TO EE REMOYED

4820 7/ IF Nmi<Misec THEM MHmi=Nirgzc ! CHNNDT GO EBACK ToO FREWIOW: SECT.

4830 PLOT Xm{Nm2>=¥15,¥YmiMm2),-2 ! MOVE TO THE LAST G000 FT

4844 PLOT XmiNmli-%15,¥YmcMNm1)>,-1 ! ERASE LINE

4850 PEN Pdrauw . C .

48€9 PLOT Xm(Nm2)=%15,Ya¢Nm2),-2 1 MOWE BACL TO Ga0D FT,

4870 X@=Xm(Nm2>=-X15



4880 YO=Ym(NM2)

4890 20=2m(Nm2y-213

4900 N=Nm1

4910 . . QUTPUT Sc; "SKB"

4920 ' OQUTPUT 3c¢;"SG"

49309 . GOTQ Call_gtsur( ' V'
49409 | IZIXIEEBI[RITRES B B
4950 Redo _linel i RE-DO A LINE ¢(IH COHTINUOUST MODE  QOF EUDT‘QQILIHE
4960 R1: © EXIT GRAPHICS -
4970 K DISP

4980 ) GOSUB Beep .

4999 X IF (Isec=1> AND ¢Iseci=1> THEM Dontredo 1ins
5089 Maxpts=Maxpts+Npointz(Isec-1" )

S010 Isec=Isec-1 . I RESET. FFINGE Hao.
5020 ) Bel=Bel+l : .

56730 PRIMT LINCS);" NOTE: Yoo are now o going back OHE FRINGE.
5840 PRINT LINCI;" Yau w1ll maou be on FRIHGE Mol R
[ .

5059 GOSUB Beep

5060 . WAIT Time+1l

sev9 ! a TRRCE ALL

ses@ ! TRACE WAIT 150

5090 GRAPHICS

5100 Nel=N-1 . ‘

S110 N=Index(lsec’ ' RESET M
5120 FOR Ivwu=1 T0 3

5130 ) IF (luu=2) AND ¢Iour=1: THEH Dontreda_lins
5140 X@=Xm(N)=X15+Xadd(Tuuy

5150 YBayYm(N)+Yadd(Ivuy

5160 IF Ivu=2 THEN Y8=2Zm(N>=-Z15+Yadd<Ilvu.

S170 Du=N

5180 IF luu=3 THEN GOSUB Rot_vu

$190 ' PEN Erase

5200 : ) PLOT X0,Y0,-2

$210 : . POINTER X9,Y0,2

5220 ' FOR Iclear=N+! TO MNel i '
5230 KO=Xm(Iclear)-X15+Xadd vl

5240 ) Y@=Ym(lcleard>+YaddiIvul -

$258 IF luu=2 THEN Yo=2ZmeIclear ~21S+Vadd Tvu:
S5260 - Du=Iclear

s27e | - IF Tvu=3 THEN GUSUB Rot_uu

5280 PLOT X0,Y@, -1

15290 ' ’ NEXT Iclear

5300 NEXT Iuu

5310 Ierase=l )

5320 OUTPUT Sc;"SKB" 4

5338 POINTER 0,8,2 -

$3490 Dontredo_liner !

5359 IF Isec=] THEN Isecl=1

5360 GOTO Select

5370 | azsxza=== . -

5386 End. line: ! N .
5398 El: AS="FRINGE="%VALS Izec)&" "ZYALF Nt " "

5490 - CALL Displayc(Sc,As)>

5410 DISP

54280 E1_flag=l

5430 | ‘GOSUB Point_calc

Sd4ad ! TRRCE ALL

5458 ! TRACE WAIT 1350

5450 . . | DRAW THE !st VIEMW

54790 NiaIndex(lsec): . 3 : -

5488 IF lout=1 THENNLI=NT=1

5450 o N2=N=-1 T

5500 - POINTER Xadd(ly,Yagdd1),z2

5510 . . FOR. IaN1+1 rogﬁﬁﬁff; . .

! v T ‘ AREEN

i
&~



Ty ot

5528
5330
5540
3550
5560

‘5578

5589
5590
S600
5610

+5620

5630
5640
5650
5660
5670
5680
5690
5700
5710
5720
5730
5748
5750
5760
5778
5780
5799
5300
5810
5828
5830
5840
5850
5968
5870
5838
5898
5900
5910
5920
5930
5948
5350
5960

5978

5980

PEN Pdrauw

IF lerase=1 THEM PEMN Eraze

IF Eline=! THEN PEN @
X1=Xm(I1)=X15

Y1=¥ml)
Z1=2mCI>-215

I[F N>Index(Isec) THEMN Skip_rotsz

XKo=u 1
ve=v1
) . 20=21"
Skip_notii-  PLOT X1,v1,-
© Xe=X1
Yo=Y
0=21
lerase=0
PEN Pdraw
"IF Eline=l THEN Eline=9
NEXT !
IF Iout-l THEN E} _ret

)
!
POIHTER Xadd(2>,Yadd(2»,2
Pts_ used=N2-N1
KO=Xm(N1)=X15+Xadd(2>
20=Zm(N1)>-215+Yadd(2)
PLOT X@,28,-2
. FOR I=Ni+1 TO N2
X1=Xm¢1)-X15+xadd {2
Z1=Zm(1)~-215+Yada(2)
PLOT Xi,21,-1
NEXT 1T
. |
POINTER Kadd(3) Yadd(3>,2
Du=N1 !
GOSUB Rot_vu !
PLOT X8,Y8, -2
FOR I=Ni+1 TO N2
Dyu=] !
GOSUB Rot_uu !
PLOT X©,Y0, -1
NEXT I
POINTER 9, a 2
IF Debug4=0 THEM Skip_dbg+
PRINTER IS @

PRINT USING "2¢(K,MDDY. DD,Z\

‘ PRINT LINCLY
FOR I=N1 TO N2 STEP 2
PRINT USING "2¢(DDD, 4x,

;XmCI+1)35 YmkI+1);Zm(I+1)

5990

6009

6010
6020
6838
6049

. 6058

6060
69789

© 6088

€090
6100
6110
6120
6130
61480
6158
6160

> NEXT 1
) PRINTER IS 16

Eline=t
lerase=l -
Bel=Bel~1 '

PLOT ©,10800,-2
IF Isec >Frm! T

El_ret: '
RETURN
| memzxzs=csxz=zzm=
End_frame: EXIT GRAPHICS
. PRINT LINC1@)
Ef: PRINT * END OF FRAME "
’ ' GOTO Check_end
| =sm=sn=s=z===

Trouble: EXIT GRAPHICS
PRINT, LINCIO)

HEN End_frame

DFAW BODY
DRAW THE &nd VIEW

QJUTLIHE DMLY

DRAW THE 3rd “I1EW

DUMMY VARIRBLE IS SET
FOR THIS SUB (Rot_vuy

“

DUMMY VRRIABLE [S SET
FOR THIS SUB

(=3

"5 "BELS

¢MDDD. D,

"tEBel ,"ISECE “"ilzec

95

ZHvat Iy vme Iotme T Zme Do I+

‘3kip_dbg4: IF Npoints(lsec):Ppfring+S THEM GOSUB Marni

FOR DIGITIZIHG MEXT

END OF DATA FOR THIZ

FRINGE

FATIENT



6170 Mrr:
61880

6190

6200

6210
6228

6230
6248

- 6250
6260
6270 Rot_uu:
6280
6290
6308
6310
6320
6330
6340

6350 | =z=z===

6360 Start:
6378 Ph:
6388 P:

6330

6490

6410

6420

6430 Inpat:
6449

1 ’ s
6450 :
6468

6470

6480

.64%98

6500 Cont_2:
6510

6520

- 63538

6548 01d_pat:
6550
6568
6579
6589
6598
6508
6618
6628
6630

6640
6650
6668
6678
6680
IRED",Exam$
6690
6700
6719
6728 Xxdate:
6730
§740
6750,
6760

-~
o
PRINT "™ NOT A YALID KEYEOARRD ENTRY -' " '
PRINT ™"
FRINT " PRESS AN AFPPROPRIATE KEYW "
WAIT 1009 ’
PRINT *» v
GOSUB Print_keyvalues
QUTPUT Sc'"SKB"
WAIT Time ¢
GRAPHICS
RETURN -
)
CACL)EXm DU =-X1S
R(2)=Yml{Du)
HCS)=Zm(Duv)r=-215
-MAT B=Rot=+A
X0=BC1)+Xadd(3,
. Y8=B(2)+Yadd (3>
RETURN .
Soxm=zszzz=as===x . PATIENT HISTORY "S.EI:TII:IH oz SSoxoS=s=c==S==a=x=x
FRINT LINC1O)
PRINT "POWER ON DISC DRIVE"
FRINT "ENSURE THAT DATA DISC #1 I3 IN HE, 4"
FRINT "“AND DI3C #2 I3 IN H5,0,1 IF HECESZAFY",LIM 1.
PRINT “USE APPROPRIATE PATIEMT DATH _UF TEST DATA DIZC:E,LINL-
PRINT "TO CONTINUE PRESS “CONT" "
PAUSE ‘

1 .
INPUT " PLERSE %NTER FATIEMT "2 LAST MAME,FIRSTY,Haf(1:12), Hafl i

Hist${1;5]1=" e
INPUT “ENTER PHTIENT«HDSPITHL #" Hist$[1;£]
Hist$=UPCS(TRIMS(Hist$)>) ' :
IF Hist$(1;11="9" THEN Hist$=Hist$(2]
IF Debug2=1 THEN PRINTER IS @
Blank=0
New=@
GOSUB Check disc
IF New=1l THEN GOTO New _pat
' HARVE FOUND PRTIENT FILE
{pav=]
Files=Masters R
IF Ds=1 THEN Files=351laves
ASSIGH #1 TO Hists&Files
'‘BUFFER #1
_ READ #1,1;Mames$<*),Dates )
Exam=VAL(Name$(2>[8;21 +1
Exam$=VYALS(Exam>
PRINT Hame$C1),Mame$ 2> LINY 23, 3PAC2  { "EXAMHE" 1 2FR 2 s “"DATE

Py

FOR I=3 TO Exam+!

PRINT SPR¢3),I-2;"~ “;Datedi[-2:01:57,Hames 1

NEXT I , .

PRINT LINC3) ,

EDIT "THIS IS THE HMSSUMED EXAMI.ATION HUMEEFR, ELIT IF RECL
Exam=VAL(Exams$’

Icoment=Exam+2 ]
GOSUB Rotation ;
INPUT "ENTER DATE OF PHOTO Y. MM-DD ", DSC1;5)
GOSUB Check_date ’
IF D_ok=t THEN Xxdate_ok
GOTO ®xdate

| ==ssExz=a

6770 Hxdars _ok! Date$(Exam>(1;2]= Dx[l,ﬁl

6788
6759

Dates(Exam;[3;21=Ds$[4;
Dates(Exam)[5; <]=D$[r;21
<y



6800
6810
6820
6830
6840
6850
6860
6870
6880
6890
6900
6910
6920
6930
6940
6959
6960
6970
6980
6990
7000
7010
‘7020
7030
7040
7850
7069
7070
7088
7090
7108
7119
7120
7139
7149
71%0
7168
7170
7188
7198
7200
7210
7220
72380
7240
7250
FILE
7260
7270
728@
7299
7380
7319
7320
1311
7338
7340
- 7350
7360
7370
73880
7399
7400
7410
7420
7430

Mew pat!

IR

Names¥
INPUT
Name$
RERAD
PRINT
RETUR
| =m=
NEW P
IF Bl
Exam=
Fat_n
Files
IF Ds
CRERT
RSSIG
BUFFE

(Icoment )sRPTS$C", ", 18> . ' R
“EMTER AMY COMMENTS TO THIS EARM",Hams$¢[oamant
(220832)=VALS(Exam> ’

#1,1

#l, 1 MNameS(xs Datefi~)

N. B

=

ATIENT FOUND

ank>@ THEN I=Blank *

1 .

um=]

=Masters

=] THEN Files=Slaves

E HistsxFiles,Max_sxamnz+1,2

N #1 TO HistsaFiles '

R #1

In_tayrth: INPUT "ENTER BIRTHDATE 'TYfMMfDD‘",DL[1E8)

Bdate_ok:

Adate:

GOSUB

IF D_o
BEEP

IGOTO 1
‘! z===
Births
Births
Births$
Sxsl1;
INPUT

Sxs$=UpP
Name$ ¢
Names$ ¢
Name$ ¢
Name$ ¢

INPUT "“E
GOSUB Check_date

IF D_ok=1 THEN Xdate_ok
GOTO Xdate

Xdate_ok!

ITREDTX
Dates
Dates

" Dates
Icome
Names
PRINT
INPUT
READ

! DAT
PRINT
RETUR

| ===

End_history:

PRIN
ASSI
sToP

Check_date
k=1 THEN Bdate_ok

n_birt

=====xx

(1;21=Ds01;21]

(3;21=Ds(4;21

[S;2]1=Ds$(7;2]

{1="F" .

"ENTER SEX OF FHTIENT CE oMLt sa80101]
C$(Sxs$)> :

1>=Nas

2)01;6)=Births(1;61

2507;11=Sx$01;1] _

2>(8;2)=VALS(Exam)
NTER DRTE OF PHOTO (YY- MM-DD>",D$(1;3

== V«‘\
1>013;21=Ds(1;21

(1>03;2]=Ds(4;21]

(1505;21=Ds[?;2]

nt=3 .

(Icoment )=RPTS$(", ", 18X . -

USING "K";“ENTER COMMENTS <¢MAN. 1& CHARACTEFS -
""yHames${Icoment)

#1,1 - ,

A FOR EXAM i IS STORED IN FILE i+1
ER IS 16
N

Ys-llYll » [v)
PRINT " END OF FILE #-°s"

\
&

INPUT "WOULD ¥0U LIKE TO INITIALIZE HIZTORY # % cr TR

IF UPC$C(Y${1;11x="N" THEN GOTD End =

FOR I=1 TO Numpat -
7 History$(I)=RPT$(",",5)

NEXT 1 '

READ #2,1

PRINT #2;Historys$cs)

GOTO Cont_2

T LINC2); "PROGRAM ENDING
GN #2 TO +

.97

-

PRINT #1,1;Names(*),Date$(+1INQOTE DATA FOR EXAM #1 Iz =TOFED IN



D r.: ) : L o
. . El S N Ty g
! . Y o & 9 8\‘ .
: U
. ll}, . 'v‘-“ ”... . ¢ E A
PR . s .
¢ . : v : . . ‘ \ . g
7449 - END | . SRS S . SPR
7450 File_full: ! S B Co
7450 Ff: "PRINT LIN(luJ'" FILE FuLL" e : .
7470 .. . PRINT LIN¢ 24,"ST0P " oo : : T
7480 STOP e - e s L e
-7490 END Leho T ' ’ . :
7500 End_patr: R ISERBL A& = Ty , o : f;i . AR -
7519 PRINT "PATIENT NOT ON'FILE : 13 THI: A MEG PRTIENT. o"
7520 : INPUT “YES ORZNO", Yscx;ig “ : - s
7539 A YE=UPCSYVE) . - ~ . ]
7540 . IF Y$C1§12a"y" THEN GOTO Heu_par . ; ! ; _
7550 PRINT “PLERSE CHECK DRTA AND RE ENTER " . e
7550 : PRIMT*™PATIENT HO., GIYEN: ";Hists(1;s) ' .
C 7570 WAIT Time ) - o S
7580 . G0TO Start ' , r .
.?598 | :z::;::::::::::ﬁe:::;: OTHER SUBROUTIHES R
7608 Check_datre: IF DSCE;13="-" THEN D$="@4BS$(1]
7610 0s: IF D$CS;11="2" THEN"D$=D$C1;3)5"2"uDEl4] . : : .
7628 Ss: : IF VRL(D3{4:CJJR=12 THEN Check_day ’ -,
7630 _ PRINT "TOU MANY MONTHS pe
7640 . D_ok=@
7650 RETURM, , :
7660 | ==max _
767@ Check _day: IF YALCDS(73212¢=31 THEN Dats_ok
7630 : PRINT. “TOO MANY DAYS !" .
7650 . D_ok=0
7700 Date_ock: D_ok=1
7710 ' RETURN 7 '
7720 . | ==sm=
3730 Check_disc: Ds=o S
7740 Mess1$="LEFT HAND DRIVE-:HE,0,0"
7750 . Dis=Masters(1;7] :
7760 o ON ERROR GOTO Bomb! : -
7?70 Mas_sti. MASS STORAGE IS D1sCi; ?]
7780 . CAT.TO Catsc#) A '
7798 ‘ PRINT LINC1),Mess1$, LINCLD
7800 . FOR I=1 TO 15 STEP 5 ’ : .
7810 PRINT USING\"S(6R, 4\'“‘LaYS(I~.LavS'I+1 TR T E Bt B
+3),Catscl+42 . -
, 7820 NEXT I -
© 7830 FOR TI=1 TO Files per disc : h
7848 IF Cat$<I»a"" THEN New=1 ' N
7858 IF Newal THEN Xit ' .
7860 - - IF laLS(I‘C1,63<>H1>v3[1«JJ THEM. ¥_f11%
7870 . Ipatz] o ,
78se . GOTO Xit /
7898 X_file: NEXT. I , , , B
7908 IF Ds=! THEN Xit!l Ve . ' o
7918 ‘01$=S|avt$[l 73 . N .
7920 : Me<515="RleT HAND DRIVE—: JE, 1 o L ! . :
7930 . .+ Ds=l =, : ' : N
7940 ' - GOTO Mas st b - Sl
?9%0 Bombl: ° BEEP - o ' ‘ B
7960 . IF ERRN=38 THEN PRINT "NO BISC IN DRIYE : . S e
7976 T IF ERRNCDE® THENTPRINT "ERROR MUMBER. #°; .
798a . PN IF ERRN< >89 THEN STOP . . )
7990 WAIT 1888 .. .
8000 DFF ERROR : v . _
80180 . GOTO Svart - ¢ . £ D
8820 fiv Yl m==z=wa= ’ ! . , . )
8030 Kitd: FRINT LINCS,"H1STORY NUMBER NOT FOUND oM THIS ZET OF 01 a0zl Ing o
ERT HEXT SET OF DISCS. ™ ' : : ’
8040 PRINT "THENVPRESS"COHT“" P .
8050 PAUSE R ' o ' o
8860 GOTO Check_disc 7 o ) o
8078 Hitv: RETURN . :



4

8080
8090
81080
8110
81280
8138

8140

8150
8160
8170
8188
81950
8200
8210
8220
8ese
gz4e
82%0
8260
8279
8280
8290

8380 .

8319
832¢

.833a

8340
83%e
8369
8379
8380
8390
8400
8410
8428
8430

8440 "

8450
8460
8470
8480
845@
8500
8510

8520

8530
8548

, k)
.
| =m==c . 4 ) . \ t\); N
Debug: Debugl=2a;" ! CHECK INITlHLZZHTION OF DATH: f )
. Debugl=@ ! CHECK PRTIENTWFILES E l '
De: Debug3=@ ! CHECK ORIENTATIOM OF :LIDES k ¢
. Debugd4=Q ! CHECK XN‘TIRL FRINGE DRTA ﬁﬁ )
Debug5=n ! CHECK DIGITIZING OF FRINGE DATH i \
Debugs=9 | CHECK SFKeys '
Debug?=0 ! CHECK BODY OQUTLINE ° . o
Debug3=0 ! CHECK ENDING ROUTINE “
RETURH i
| ==za= - N

Data_init:

8550

8560
gs7e
85880
8598
8608

. 8610

8620
8638
8640
8650
8660
8678
8688
8690
8709
8718
8720
8730

Rotationt

¢ ' Y

DISP "WORKING..."
Max_pts=800
Bodypt3=29
Max_fringes=40

Numpat=5@
Max_exams=19 (\

i OMAYXIMUM HO, OF - POINTS
]
]
]
I
!
Lnk=6 : | DO NOT-LOAD PLOTTIMG FROGRAM
; O
1
]
1
]
|

MIM. # 0OF POINTS BODY QUTLINE'

MAXIMUM NO. OF FRIMGES IHCLUDES EODV QUTLIHE
| MAXIMUM MO, OF PRTIENTS

SMAXIMUM NO. 0OF EZAMIMATIONS

" Sc=706 SELECT CODE FOR DIGITIZER
Pdraw=1l DRAW LINE - . |OUEE WITH
Erase=-1. ERASE LINE FEH STHTEMENT

Dist=452.9 480.5 DISTANCE BETHéEN SCALE MARKERS

T552.24 . 2.47 ° GRATING 3PRACING AT THE 3CREEN
Orig(1)=200 321 2 COQRD. ©F GRATING CENTER
Orig(2y=226 | 242 ¥ COORD. OF GEATING CEMTEFR
‘Dorig=1as (% DISTAMCE OF DIGITIZED CENTEF FFOM TFUE CEHTEF
Camera=2300 | DISTAMCE FROM CHMERR Th SCREEN
Projec=700 {  DISTANCE FROM CAMERA TO PROJELTOR
Master$=":H&,8,8" ! PRIMARY DISC STORAGE FOR DATR
Slaves$=":H6,0,0" 1 . SECONDRRY DISC SRR ‘
Tapes=":T15" ! TAPE Ti15 . ‘¢ PROGRAME
Trans_prog$="NDF_MT" | MOIRE DATA ‘TRANSFER PROGRAN

Load_disc#l":ﬂ?"
Maxfiles=30 s ! MAXIMUM NIUMBER OF FILES OH THO DISCE
Files_per_disc=85 ! MAXIMUM FILES PER DIZC
Memory=1.135E6 !

File_size=256%41%11l !

Files _per_ - - =INT(Memaoru-File_zized ' OMAXIMUM FILES FEF DIZC
PRINT LIN Z0;vi "LES= ";Files_per_diz« “

Files _pe~_diszc=.°% I MAXIMUM FILES FER DISC

Time=10808¢ .

DATA ©8,0.3,-300,+79,8

FOR Id=1 "0 3 4
READ ~» ICId>.Yadd{Ild>

NEXT 1d

RESTORE

Landmarks$(l>="C7"

Landmark5(2)s"L§“

Landmapk $ (3> =/ MM

FOR Id=1 TO Max_exams
Dares(ld)=RPTS$(",",6>

NEXT 1Id

DEG ‘

Theta=30 : .* 1 ANGLES FOR OBLIQUE “IEMNW

Beta=7S : - ) o :

€C1=C0S<(Theta>

S1=SIN(Theta)

C2=C0S(Beta’

S2=SIN(Bet a> . .

Rot(1,1>=C2 °

Rot(1,2>=-52#C1 -

Rot(1,3»=51%S82

Rot(2,1)>=82

Rot(2,2>=Cl#C2

Rot (2,3,=-C2#31 ) B

K



8740 -
8750
8760
8779
8780
8790
8800
8810
8820
8820
x_fringez
8840

100

” -
Rot(3,1>=0 . -

Rot (3, 2)=S1

Rot(3,3s=C!

WAIT Time

DISP :

IF Debugl=8 THEM RETURN

| ZE==ESSE==CSXSRSSSIR=T

PRINTER 1S ©

PRINT "INTIAL DATA *“,LINCL® .

FRINT "MAX_PT:S= ";Max_pns.“EODTPTS: ";Bodwpvg.”MHL_FFINGEE= "iMa

PRINT "Nﬂﬁ.‘PRTIENTS";NumpaL,”NHH. EMAMS= "iMa. <. ams, "MALL, FILE

§= "jMaxfiles,"FILES PER DI3SC= "yFiles_per_disc,LIMNLY

8859

8850

*;Dist
geve

8880

CODE= "5S¢
8898

8900

8919 Beep:
8928

893e

8940

8950

8960

8970 Title:
8988

8990

9009

selo

(128

PRINT "DORIG= ";Lorig, "CAMERA= "
PRINT "ORIGu1x= ";0r1gyls, "ORIGHE

Camera, "FROJEC= “"iFropsc
v= M0y, tEs i "DIETRHCE=

SLINK= "iLnk (LIHC L

PRINT "DRAW= ";Pdraw,"ERASE= "jEri:zs,
lade s, "TAPE= " Tapezs,"SELECT
b 4

PRINT “MASTER= "jMasters$, "SLAVE= "

iy o

PRINTER IS 16
RETURN

FOR Bp=5@ TO 126 STEP 20

BEEP . : )
KAIT Bp :

NEXT Bp
RETURN

PRINT LINCZ2OD
Title${l =RPTE." ", 48)&CHRSCL28
Title$C(2)3RPTSC™

FRINT USING “K"; ™%
PRINT USING "K,80x,K";TitlesC1x(1;301aCHRS (128 ;Titlef 12015 3BI50HRE

o, 300 - . :
£ les(10&Tit1es {1 2&CHRECLZS

~,

9020 —""PRINT USING "K,SOX,K";Title*(?X{i:3BJ&CHRS(128):TLtlés'I‘EI:SOJ&CHF!

128>
9239

PRINT USING "K,18X,23R, 19X, K";Tit1es 1>[1;30I&CHRS 125 1 "MAIRE SHADD

W' TOPOGRAPHY";Tit1e$(1501;30]1&CHRS(128)

2049

9059
128
9850

PRINT USING "K,21X,17R,22%,K"*;Titlesc13(1;30)8CHRS: 13 ; "GLENFOSE HO
SPITAL";Titlesc1)>({1;301&%CHR$ (1287 - .
PEINT USING “K,58%,K"3Tit1e8C1)01;3018CHRE 122 1T i lase 11011 30300

HE T

PRINT USING “K, 15X, 27A, 17H,K";Title$cl (15 30I8CHRE 125 1 "FROSFAN TO

DIGITIZE FRINGE?:;T111eSLIFE1;3E]&DHR$(128?

se7e

PRINT USIMG “K, 13K, 22/, 19K, K" ;Titles 12 (13301XCHRF LIS I"WERSION 4.1

- AUG.1984";Titles 1 >{1;301&CHR$(128)

9080

PRINT USING “K,ISBR,K";Titlef(Iﬁ[l;SBJ&CHﬂzfIEGQ:RFTIJ"_“V136':Tlr

1e$s(1>01;30]1%CHRS 128>

9890
128>
9100

PRINT USING "K,4X,46R,DD,3%, K" Titlas¢1)(1;3014CHRS: 123

PRINT USING "K,§0X,K";Tit1e$C1301;3818CHRS (1282 iT1iles 10013 IMILCHRS

CULIMITATION

.

S: - a) MAXIMUM NO, 0OF EXAMINATIONS...";Max_exams;Titles(1:(1:301%0HRE 128

S110

PRINT USING L"K, 17X, 23R, DB, 8%, K ";Title$(1)[1;30I%CHRE L 1 b MAXIMU

M NO. OF FRINGESz.......";Max_?ringesrl;TinIeS(l)Cl;3G]&CHR£u123F

9120

9130
(128)
9148

PRIMT USING "K,17X,32R,DDD,8x¢,K";Titlesil 01
UM NO. OF POINTS........"iMax _pts;Titles(1:01;39I&CHRE L
PRINT USING "K,593,K"'*it123(17c1;3B]&CHR3il:E::Til]E$‘l”flﬁjU]&CHpﬁ

FOILCHRE L2Z e MAVIIN

=

| PRINT USING "K,1X,S58R, 1X,K";Title$<1501;30ILCHRS 12%; "NOTE? DO NOT

DIGITIZE NdRE POINTS ON FRJINGE THAN INDICARTED";Tirled(1)[1;3ulnCHRES 12350

9150

PRINT USING "K,138R,K";Title$(1>01;30I%CHRS 122 (RPTE " _* 183 Tar

1es(1>0t;30]4CHRS 128D

9150
128
9170

PRINT USING "K,860%,K":Title$¢1 0[1;230]&0HRS 1225 T les 100100 TuCHFS

PRINT USING “"K,19%,24A. 194, K" ;Tit1ed 1201330 1&CHRE 125 1" T CONTINUE

PRESS CONT “;Titlesc1y[1;38I4CHRS(123)

9180

FRINT USING "K,60%X,K";Titlesi1 01;20)%CHRS 123 Tt 1l 1 [ 1120 ]R0HRE

<
~



(128>
9138
9200
9210
9220
9230
9240
9258

8,124,98,0,0,118,8

9269

9,0,0,118,9

927

9280
9299
93060
9310
93289
9339
9340

567890, []=- o

9350
9360
9378
9380
9399
9490
9419
9428

101

PRINT USING\"V”;TitleialW&T|tleiu1J#CHR!K123-
PRUSE ; 3
RETURN ‘\
! ===3= \
SUE D\splgy(Se\ect;Hi)
OPTION BASE 1
DATA 229,254, €6,252,1 , 142,128,119,

A

3z,

T

"DATH S9.62,26,122,222,142,246, 45,

DATH 1,9, “18,;4 162,132,62,:24,“54
INTEGER RC72) .
DIM DsC[2401], Hlphasc._
JUTFUT Select;"BPlBg, 10@\

READ AC#) I
D‘-II "
Dizplay: IF LENCA$I>ID THEN A$="LINE TOO LONG"
Hlph«""RBLDEFhHIJKLNNDPnPCTH”HA:_ab-dwfahl]llmnupqr'tu“m w1274

“R1pha$(78,701=CHRS (347

FOR I=1 TO LENCAS$)
‘p=POS(Alpha$,AS(I, 11/
IF P=@ THEN P=S53 -
Ds= Ds&"'DD“““HLStI-%”,”&?HLSquP-;

NEXT 1

QUTPUT Select USING "K";D$

SUBEND : ,



Appendix D

~C THIS PROGRAM GENERATES A FRINGE USING SEVENTH ORDER
C POLYNOMIAL
LOGICAL*1 FREEIO(1)/'x'/
DIMENSION XIN(800),YIN(800),X(800)
DIMENSION R(800),Xw(8000),Y(800) ,
DIMENSION IR(800),YW(800),A(800) . o
DIMENSION SL(200),XS(200),¥YS(200) -
DIMENSION N1(800),S¥1(200)
DIMENSION XS1(200,200),¥S1(200,200)
DIMENSION sx1(2oo) SR1(200)
INTEGER N,LA, IR
REAL INCR,R, A :
DOUBLE PRECISION DSEED, xo YO
READ(5,FREEIO)M,K,D
AO=—417;6
A1=36.931
~ A2=-.7459
v A3=.005337
A4=2.59E-6
AS5=-2,1807E-7
A6=1.012E-9
A7=-1,4721E-12
XI=81.075
XE=209.05
N=M
INCR=(XE- XI)/M : o
DO 10 I=1, : !
10 XIN(I)=0.5*INCR+(I~1)*INCR+XI
DSEED=325017.D0
CALL GGNML (DSEED,N,R)
DO 20 I=1,M ,
Y1—AO+A1*XIN(I)+A2*(XIN(I)**2 ) +A3%
&(XIN(I)**3,)+A4x(XIN(I)*%4,)
Y2=A5%(XIN(I)**5,)+A6*%(XIN(I)*x6, )+A7*(XIN(I)**7 )
YIN(I)=Y1+Y2
SM1=A1#2*A2*XIN(I)+3*A3*(XINXI)**2.)
&+4*¥A4x (XIN(I)*%x3,)
SM2=5%A%* (XIN(I)*x%x4.)+6%A6* (XIN(I)*x*5,)
& +7%xA7# (XIN(I)*%6.)
SM=SM1+SM2
R(I)= R(I)*D
THETA=ATAN (-1, /SM)
X(1)= congHETA)*R(I)+x1N(I)
Y(I)=SIN(THETA)*R(I)+YIN(I)
- 20 CONTINUE :
C NOW THE ¥ VaLUES ARE SORTED INTO INCREASING ORDER
~ © LA=N ~
DO 50 'J=1,M :
A(J)=X(J) ' -
50 IR(J)=J
‘CALL VSRTR(A LA ,IR)
DO 40 K¥=1,

102
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J=IR(KK)
' YW(KK)=Y(J)
40 XW(KK)= A(KK)
II=1
T I1=Mx%, 1
I2=Mx.,9
M=I2-1I1+1
DO 45 I=11,1I2
Y(II)=YW(I)
X(II)=XwW(1)
45 II=II+1
o WRITE(4,1000)M
. DO 51 I=1, ,
51 WRITE(4 100)X(I) Y(I) ‘
C NOW® THExSMOOTHING FUNCTION IS CALLED.THE OPTIMUM
. C VALUE OF THE SMOOTHING FACTOR S IS .
C FOUND IN, THE RANGE OF M+.75M,M-.75M
XM=M
S1=M-,75xM
S2=M+,75%M
55 XMULT=(S52-%81)/5.
L=6
DO 70 KK=1,L
SL(KK)=S1+(KK-1)*XMULT
S=SL(KK) - :
CALL SMOOTH(X,Y,M,K,D,S, xs YS,SX,SY,SR,N)
"WRITE(4,1000)M
DO 90 x-1 200 '
90 WRITE(4}100)XS(K),YS(K)
SR1(KK)=SR
SX1(KK)=SX
SY1(KK)=SY
N1(KK)=N \
DO 60 J=1,M\
XN(JKK)X%J)
¥YS1(J,KK)=YS(J)
60 CONTINUE ' : .
70 CONTINUE
C DETERMINE THE OPTIMUM VALUE OF THE SMOOTHING FACTOR
DIFF=SR1(1)
DIFF2=SR1(2)
LJ=L+1



79
80
81

DO 80 J=3,LJ

IF(DIFF2: GT DIFF)GO TO 79
DIFF=DIFF2

IF(J.EQ.LJ)GO TO 81
DIFF2=SR1(J)
DO 91 Jg=1,L .
IF(DIFF.NE.SR1(J))GO TO 91
WRITE(6,600)M,N1(J)
WRITE(6,500)S1,52,SL(J)
WRITE(6, 300)SX1(J) SY1(J), SRT(J)
IF(J.GT.1)S1=SL(J~ 1)
IF(J.EQ.1)S1=SL(J)
IF(J.EQ.6)S2=SL(J)

IF(J.LT.6)S2= SL(J+1)

GO TO 9?2

- CONTINUE

CONTINUE 1

IF (XMULT.GE.0.25)GO TO 55 o . -

FORMAT(2F11.3)
FORMAT(3Fi1.3)
FORMAT(3F11.4)
FORMAT(F7.4) '
FORMAT(3F14.7)
FORMAT (216)

FORMAT(1I4)

STOP
SUBROUTINE SMOOTH(X,Y,M,K,D,S, XS, YS SX,SY, SR, N)
DIMENSION X(800) Y(800) w(soo) (800)

DIMENSION SC(800) xs(zoo) YS(200)

DIMENSION DELX(ZOO) DELR(200) DELY(ZOO)
DIMENSION A(8),R(7),2(7) @

' INTEGER B NDEG, IER

" REAL DERIV YVAL INCR,SM,A,R MEANX,MEANY,MEANR

COMPLEX Z
NU=1. -

A0=-417.6
A1=36.931

A2=~.7459
A3=.005337
24=2.59E-6

A5=-2,1807E-7
A6=1.012E-9
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A7=-1.4721E-12
C CALCULATE N,W
N=800
DO 10 I=1,M
W(I)=1%/(Dxx%2.) : :
IF(W(I).LE.O.)RETURN - k
10 CONTINUE :
X1=X(1)
XE=X (M) -~ ‘
CALL SMOOT(X,Y,W,M, X1 ,XE,K,S,N,T,NK",C, IER)
IF(IER.GT. O)Go TO 80
C DIVIDE SMOOTH INTO 200 INTERVALS
INCR=(XE-XI)/200.
DO 40 I=1,200 : :
40 XS(I)=.5*INCR+(I-1)*INCR+XI
DO 79 1I=1,200 . ' . -
ARG=XS(I) '
DO 76 J=K,NK1 , :
IF(ARG .GE. T(J+1)) GOTO 76
L=J . :
: GOTO 77 ‘
76 CONTINUE -
77 CONTINUE : ~
SM=DERIV(T,N,C, NK1 NU,ARG,L)
SM=-1./SM
NDEG=7
¥S(I)=YVAL(T,N,C,NK1,ARG,L)
(8) AQ- YS(I)+SM*ARG
7)=A1-SM
A(6) Az
A(5)=
A(4)=

A(3)= A5

A(2)=A6

A(1)=A7

CALL ZPCLR(: %G, Z,IER)

DO 82 JJ=1,7
82 R(JJ)=REAL(zZ(. )
. C DETERMINE WHICH. Gt 7S CLCSEST TO ARG, =XP

DIFF=(R(1)-AKZ .

DIFF2=(R(2) ..i.G.
DO 78 11=3,8 R



/15
78
83

106

IF(ABS(DIFF2).GT.ABS(DIFF)) GO TO 75

DIFF=DIFF2

IF(II.EQ.8)GO TO 83

DIFF2=(R(II)-ARG).

XP=DIFF+ARG 4
YP1=A0+A1%XP+A2x (XP*%2,)+A3* (XP*x3, ) +Adx (XP*%*4,)
YP2=A5% (XP**5, ) +A6% (XP*x6., ) +A7* (XP*xx7 )
YP=YP1+YP2

" DELX(I)=ABS(XP-ARG)

79

89

DELY(I)=ABS(YP-YS(I)) -
i

DELR(I)=SQRT((DELX(I)*DELX(I))+(DELY(I)*DELY(I)))
CONTINUE

SUMX=0.

SUMY=0.

SUMR=0.

DO 89 I=1,200

SUMX=SUMX+DELX(1I)
SUMY=SUMY+DELY(1I)
SUMR=SUMR+DELR(1I)
MEANX=SUMX/200
MEANY=SUMY /200
MEANR=SUMR, 200

, C CALCULATE THE STANDARD DEVIATION

81

"SR=0.

SX=0. —

SY=0.

DO 81 1=1,200 _
SX=(DELX(I)~MEANX)**2+SX
SY=(DELY(I)~MEANY)*%2+SY~
SR=(DELR(1I)-MEANR) **2+SR
CONTINUE

 SX=SQRT(SX/199.) "

80
100
200
300
400
500
600

SY=SQRT(SY/199.)
SR=SQRT(SR/199.)
CONTINUE
FORMAT(2F11.3
FORMAT(3F11.4
FORMAT(3F12.5
FORMAT(3F13.6
.7
3)

N Nt N, e

FORMAT(3F 14
FORMAT(F11.
RETURN
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END o
SUBROUTINE SMOOT(X,Y,W,M,XI,XE,K,S,N,T,NK1,C,IER)
SMOOTH DETERMINES A SMOOTHING SPLINE APPROXIMATION
(NORMALISED B-SPLINE REPRESENTATION)
OF A GIVEN DISCRETE FUNCTION..
DIMENSION X(1000),Y(1000),w(1000),T(1000)
DIMENSION C(800),A(800,20), H1(10),H2(10)
DIMENSION B(800,10),G(800,10),2(800),v(800),H(12)
DATA INITIALIZATION STATEMENT TO SPECIFY :
TOL: THE REQUESTED RELATIVE ACCURACY FOR
THE ROOT OF F(P)=S
MAX: THE, MAXIMAL NUMBER OF ITERATIONS ALLOWED IN THE
NEWTON PROCESS
DATA' TOL/0.01/,MAX/20/
BEFORE STARTING COMPUTATIONS A DATACHECK IS MADE

-IF THE INPUTDATA ARE INVALID CONTROLE IS REPASSED TO

THE DRIVER PROGRAM (IER-]O)
IER=10
IF(K.LT.2. OR M.LT.2%K) RETURN
IF(XI.GT.X(1).0R.X(M).GT.XE) RETURN'
WMAX=W( 1)
IF(WMAX.LE.Q.) RETURN
DO 20 I=2,M ) :
IF(X(I-1).GE.X(I).OR. W(I).LE.O0.) RETURN
IF(W(I).GT.WMAX) WMAX=W(I)

20 CONTINUE

COMPUTATIONS ARE STARTED
IF(S.LT.0.) S=0
S2=SQRT(S) .
K1=K+1
M1=M-1 »

WE CHOOSE THE INITIAL VALUE FOR THE NUMBER OF KNOTS,

S.NE.QO : N=3K+1

S.EQ.0: N=M+K+1 (INTERPOLATION)
IFIB1=1
IFIB2=2
NMIN=3%K+1
NMAX=M+K 1
NN=N
N=NMIN
IF(S.EQ.0.) N=NMAX

[9

WE CHECK WHETHER THE REQUIRED STORAGE SPACE LXCEEDS THE

-

I
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AVAILABLE STORAGE SPACE

100

IF(N.GT.NN) GO TO 930

WE CHOOSE THE KNOTS T(K),...... T(NK1+1) IN
THE RANGE (X1,XE)

120
140

160
180

200

NK 1=N-K1
M2=N=2%K 1+1
D=M1/M2+1
IR=M1-Mzx(L-1)
MI=L+1 -
ME=M-L - )
NI=K1+1
NE=NK1.

.DO 160 JJ=1,2

IR1=IR/2

IF(IR1.EQ.0) GO TO 140
DO 120 J=1,IRI
T(NI)=X(MI)
T(NE)=X(ME)

NI=NI+1

MI=MI+L

NE=NE-1

ME=ME-L

CONTINUE

IF(JJ.EQ.2) GO TO 180
IR2=2*%IR1-IR+1"

L=L-1

IR=M2-IR-IR2

MI=MI-1

ME=ME+ 1

CONTINUE
IF(IR1*%2.EQ.IR) GO TO 200
T(NI)=X(MI)

IF(IR2.EQ.1) GO TO 200
T(NI)=(X(MI)+X(MI+1))*0.5
T(K1)=X1I

T(NK1+1)=XE

WE CHOOSE 2K ADDITIONAL KNOTS FOR OUR
B-SPLINE REPRESENTATION 5 oL

Fi1=T(K1+1)-XI
F2=XE-T(NK1)
DO 220 J=1,K
1z2=K1-3J
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C
C

IN=N-IZ
T(IZ)=T(IZ+1)-F1
. T(IN+1)=T(IN)+F2
220 CONTINUE
THE ELEMENTS OF A AND 2 ARE COMPUTED
DO 240 IR=1,NK1
Z(IR)=0.
DO 240 IK=1,K!1
A(IR,IK)=0.
240 CONTINUE
L=K1
DO 360 IT=1,M
ARG =X(IT)
F(ARG.GE.T(L+1) .AND.L.NE.NK1) L=L+1
IF T(L) <=X<T(L+1) ONLY THE NORMALISED

B-SPLINES NL-K,K(X),....NL,K(X) HAVE
A VALUE DIFFERENT FROM ZERO. WE COMPUTE
H1(K1-1)=NL-I,K(X),I=0,1,....K :
H1(1)=1.
DO 300 J=1,K
H2(1)=0.
Ji=J+1
DO 260 1=1,J
"LI=L+I
LJ=LI-J

F1=H1(I)/(T(LI)-T(LJ))
H2(1)=H2(I)+F1*(T(L1)-ARG)
H2(I+1)=F1x(ARG-T(LJ)) '
260 CONTINUE
DO 280 I=1,J1
H1(1)=H2(I)
280 CONTINUE
300 CONTINUE

~

A IS A“2K+1) BANDED POSITIVE’ EFIINITE MATRIX.

THE ELEMENTS ARE STORED IN COMPACT FORM.
LK=L-K
DO 360 L1=LK,L
K5=L1-L+K1
Z2(L1)= Z(L1)+H1(K5)*Y(IT)*W(IT)
DO 360 L2=L1,
K6=L2-L+K1
LR=L2
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IK=K1-L2+L1 ‘
A(IR,IK)=A(IR, IK)+H1(K5)*H1(K6)*W(IT)

360 CONTINUE

WE FIRST DETERMINE THE LEAST SQUARES
SPLINE FUNCTION (P=INFIN.)
ITER=0 .
DO 380 IR=1,NK]1
. DO 380 IK=1,K1
380 G(IR,IK)=A(IR,IK) -
LS=K1 :
DECOMPOSITION OF THE POSIITIVE DEFINITE BANDMATRIX G= A+B/P
400 CALL BANDET(G,LS,NK1,IER) : .
IF(IER.EQ.0) GO TO 420
G WAS FOUND TO BE NOT POSITIVE DEFINLTE
ITER=0 (G=A) THIS RESULT IS THEORETICALLY IMPOSSIBLE
ITER=1 OUR INITIAL CHOISE OF P WAS TOO SMALL (B SINGULAR)
IF(ITER.EQ.0) GO TO 960 S o ’
P=P%10. . ‘ A
GO TO 704Q
WE SOLVE THE SYSTEM OF EQUATIONS G*C=Z AND FIND THE
COEFFICIENTS OF THE B-~SPLINE REPRESENTATION .
420 CALL BANSOL(G,LS,NK1,2,C)
IF(S.EQ.0.) GO TO 910 ‘ o
WE COMPUTE FP=F(P) :
FP=0.
L=K1
DO 440 IT=1,M
ARG=X(IT) '
IF(ARG.GE.T(L+1) .AND.L.NE.NK1)L=L+1
DO 425 I=1,K1 : o
IK=L+I-K1
425 H(I)=C(IK) ‘
DO 435 J=2,K!1
DO 435 JJ=J,K1
I=J+K1-JJ
LI=L+I-K1
LI=L+I~-J+1
435 H(I)=( (ARG-T(LI))*H(I)+(T(LJ)-ARG)*H(I~-1))/
&(T(LJ)-T(LI))
440 FP=FP+W(IT)*(Y(IT)-H(KT))=*x2
TEST ON CONVERGENCE
IF(ABS((FP-S)/S).LT.TOL) LREZJRN

S

~
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IF(ITER.NE.O) GO TO 600 :
TEST WHETHER.THE NUMBER OF KNOTS MUST BE INCREASED
IF(FP.GT.S)GO TO 800
THE ELEMENTS OF B ARE COMPUTED. B IS A (2K+3)
BANDED POSITIVE SEMIDEFINITE MATRIX.
THE ELEMENTS ARE STORED IN. COMACT FORM
- LS=LS+1 -
DO 460 IR=1, NKI1
DO 460 ' IK=1,LS
460 B(IR,IK)=0. : ' .
DO 560 L=LS,NK1 ‘ _
DO 480 J=1,K1
Li=L+J
L2=L1-LS
K5=K1+J ;
H(J)=T(L)-T(L2)

480 H(KS)=T(L)-T(L1)

F1=-H(LS)*H(K1)

DO 560 J=1,LS

DO 560 I=J,LS

F=1. :

DO 500 LL=1,K1

L1=J+LL-1

L2=I+LL-1 _

F2=H(L1)%H(L2)/F1
500 F=F%F2 '

IR=I-1+L-K1

IK=LS-I+J

L1=L+J-1

L2=L+I~1

L3=L1-K1

© L4=L2-K1 _ B

560 B(IR,IK)=BKIR;IK)+(T(L1)-T(L3))*(T(L2)—T(L4))/(F*F1)
WE CHOOSE THE INITIAL VALUE OF P .

ITER=1 ‘ ' ' '

P=0.0001/WMAX

GO TO 700
TEST WHETHER S>F(P) : R
ITER=1: THE LEAST SQUARES POLYNOMIAL OF DEGREE K IS THE"
TRIVIAL SOLUTION OF OUR SMOOTHIING PROBLEM
ITER>1: F(P)**~0.5 IS NOT CONCAME. (THEORETICALLY
IMPOSSIBLE) : _
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C
C

c

e

C
c

e

600 IF ((S.GT.FP) .AND. (ITER EQ. )) GOTO 920
IF ((S.GT.FP) .AND. (ITER.GT. 1)) GOTO 950 :

TEST ON THE NUMBER OF ITERATIONS, - . L

' IF(ITER.EQ.MAX). GO TO 940

COMPUTATION OF DFP=FIRST DERIVATIVE OF F(P)
‘DO 680 I=1,NK1 , -
L1=I-K1 ' d .
IF(L1.LT.1) Li=
F=0.
DO 620 I2=L1 I
13=I2-I+LS.

620 F=F+C(I2)*B(I,13)

- IF(I.EQ.NK1) GO TO 680
L1=I+K1 :
IF(L1.GT.NK1) E1=NK1
I1=I+1
DO 640 I2=I.t,L1
13 I+LS-1I2

F=F+C(I2)*B(I2, 13)
640 CONTINUE
coV(I)=
680 CONTINUE

. CALL BANSOL(G LS, NK1 v,C)
DFP=0.

DO 690 I=1,NK1 . .
X DFP=DFP+C(I)%V(I) L
690 CONTINUE . =

DFP=~2,%*DFP*PINV* 3

WE CARRY OUT ONE MORE STEP OF THE NEWTON PROCESS‘

FP2=SORT(FP) .
P=P+2.*FP2/S2% (S2%Fp2- FP)/DFP
ITER=ITER+1
THE ELEMENTS OF G=A+B/P ARE COMPUTED.
G IS A (2K+3) BANDED POSITIVEVDEFINITE MATRIX.
THE ELEMENTS ARE STORED IN COMPACT FORM .
700 PINV=1./P s )
~ DO 720 IR=1,NKI1 .
G(IR, 1)=PINV%B(IR,) .
DO 720 IK= 2,Ls - ' :
720 G(IR,IK)= A(IR IK—1)+PItV*B@IR,IK) '
GO TO U0 ‘ R
WE INCREASE THE NUMBER OF KNOTS AND

112
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RESTART THE COMPUTATIONS -
800 IF(N.EQ.NMAX) GO TO 910
‘IFIB3=IFIB1+IFIB2
IFIB1=IFIB2
IFIB2=IFIB3 |
N=NMIN+IFIB3 .
IF(N.GT.NMAX) N=NMAX
GO TO 100 '
BORDERLINE CASES
910 IER=-1
RETURN
920 IER=-2
RETURN
ERROR CODES \
930 IER=1 )
RETURN .’
940 'IER=2
RETURN - '

<~ 950 IER=3

aaan a0

e X!

RETURN
960 IER=4%, . -
° RETURM + ' : /
END ' ' *

A

SUBROUTINE BANDET(G, LS NK1,IER)
BANDET DECOMPOSES THE 2*LS-1 BANDET NK 1%NK 1’

POSITIVE DEFINITE MATRIX G IN AN UPPER TRIANGULAR

MATRIX AND ITS TRANSPOSE USING THE-METHODS OF .
CHOLESKY. THE TRTANGULAR MATRIX IS RETURNED IN G.
INTEGER P,Q,R,S ' .
DIMENSION G(800 10)
ATTENTION: MATRIX G MUST HAVE THE SAME DIMENSIONS
AS SPECIFIED IN THE DRIVER PROGRAM
DO 500 I=1,NK1
P=1 ,
IF(I.LE.LS) P=LS-I+1
R=I-LS+P -
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DO 300 J=P,LS

S=J-1
Q=LS-J+P
Y=G(I,J)-

F(P.GT.S) GO TO 200
DO 100 K=P,S
Y=Y-G(I,K)*G(R,Q)
Q=Q+1
100" CONTINUE
200 IF (J.EQ.LS) GO TO 400
G(I,J)=Y*G(R,LS) '
R=R+1
300 CONTINUE . _
400 IF(Y.LE.O.) GO TO 600 A
G(I1,J)=1./SQRT(Y)
500 CONTINUE
NORMAL RETURN TO DRIVER PROGRAM
IER=0 2
RETURN , :
MATRIX G WAS FOUND TO BE NOT POSITIVE DEFINITE
600 IER=-1 .
RETURN
END- .
: SUBROUTINE BANSOL (G,L$,NK1,2,C)
'BANSOL SOLVES ,THE SYSTEM DECOMPOSED BY BANDET WITH RIGHT
HAND SIDE Z. THE SOLUTION IS RETURNED IN C
INTEGER P,Q,R
DIMENSION G(800 10), Z(NK1) C(NK1)
ATTENTION: MATRIX G MUST HAVE THE SAME DIMENSIONS AS
SPECIFIED IN THE DRIVER PROGRAM
L=LS-1
DO 300 I=1,NKI
¥=2(1)"
IF(I.EQ.1) GO TO 200
P=1 -
IF(I.LE.LS) P=LS-I+1
Q=1
DO 100 J=P,L
K=P+L-J
0=0-1 .
¥Y=Y-G(I, K)*C(Q)
100 CONTINUE

-



+. 200 C(1)=Y*G(I,LS) ,
‘300 CONTINUE t
DO 600 I=1,NKT
- R=NK1+1-1I
¥Y=C(R) . .//“
IF(R .EQ.NK1) GOTO500
P=1 . 17 '
IF(NK1-R.LT.LS) P=LS-NK1+R
Q=R P '
‘DO 400 J=P, L T
K=P+L-J - i o
Q=Q+1 :
Y=Y-G(Q, K)*C(Q)
400 ‘CONTINUE
500 C(R)=Y*G(R LS)
600 CONTINUE -
RETURN
END

HeXe¥e:

.REAL FUNCTION YVAL(T,N,C,NR1,ARG,L)
C S(X) =ARG.
: DIMENSION T(N), (NK1),H(6)
YVAL = 0. '
K1=N-NK1
DO~ 100 I=1,K1
© IKSL+I-KI1 o :
100 H(I)=C(IK) . o N
- DO 400 J=2,K1 , . ' :
DO 400 JJ=J,K1
I=J+K1-JJ
, LI=L+I-K1
" LI=L+I-J+1
H(I)=((ARG- T(LI))*H(I)+(T(LJ) -ARGY *H(1-1))/
“& (T(LJ)-T(LI)) -
'400'CONTINUE
YVAL=H(K1)
RETURN
END
FUNCTION DERIV(T,N,C,NK1,NU,ARG,L)
C GIVEN THE NORMALIZED B~ SPLINE REPRESENTATION OF A



