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Abstract 

Loughborough AnthropometriC 
Shadow Scanner (LASS) 

G08PON M. WEST . 

Traditional anthropometriC methods are Inadequate for both the 

amount of data collected and the time required to collect It. The Subject 

Of this thesis Is a study of the feasibility of producing a socially 

acceptable. whole body measuring machine capable of Obtaining three­

dimensional shape data of the human bOdy. I n particular the 

Investigation of a novel Idea ( Brlflsh Patent No. 85.24473) using 

television cameras and a particular form of structured light 

illumination. The geometry of the system is explained and some aspects 

of lens distortion investigated. A televiSion camera Interface has been 

designed incorporating a Single card computer to capture the video 

image and to transfer It to a MaCintosh computer. Programs written for 

both the computer and the Interface allow measurements to be made of a 

significant part of the human body and have prOduced results In both 

tabulated and graphical form. 

Compared with existing systems SUCh as stereo-photogrammetry. 

Moire topography. light slit scanning and rasterstereography which 

require sophisticated Image analysis techniques. the new system 

provides a more direct read-out of data. 

Body sway effects have been considered and the equipment has been 

used to measure the amount of sway In a small group of people. 
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I, Introduction 

J .1 .. Automated Anthropometry 

The measurement of human body size and surface shape is an 

important source of information, not only in textile manUfacturing 

technology but also in medicine, human factors and biOlogical sciences; 

Traditionally, anthropometric measurements have been devised 

solely to describe human variation in bOdy form, body proportions, and 

changes in size attributed to growth, race, and other variables of 

interest to anatomists and anthropologists, These anthropometric 

dimensions were taken to describe the linear distance between two 

landmarks, for example heights, breadth and depth, or around a body 

segment at a prescribed level such as circumference around the upper 

arm, In today's world, however, this classical approach to anthropometry 

is not sufficient to answer Questions relevant to the interaction of man 

with a multitude of changing man-made environments, While the 

traditional measures are still important, as they describe differences 

between, individuals and populations, the differences must also be 

considered as part of a 'man-machine system', Thus, in anthropometric 

studies today, functional measurements which describe physical 

characteristics in relation to man's performance must be considered as 

well as the more traditional type of measurements, There is a need for a 

data bank of both classical and functional anthropometry on British men 

and women for application to product design and as an aid to the 

manufacture of uniformly better fitting garments. 

The HUMAG research group in the Department of Human SCIences· 

has, over the past rew years, been involved in several size surveys of 

British boys and girls aged 5 to 16 years and British men aged 16 to 65 

years, In all of these studies between 4,500 and 6,500 people were 

1Q 
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1. Introduction 

measured. Further studIes of these magnltudes are not likely In the near 

future because they are costly, tIme consumIng and labour IntensIVe. 

The tradItIonal types of anthropometrIc survey take several. 

measurements on every subject in the sample. CaptIve audIences for 

these types of survey can usually be found in the schoOls. However, there 

Is IncreasIng concern about the number of measurements that are now 

requIred whIch w111 extend the measuring tIme beyOnd that which IS 

acceptable to pupils, teachers and parents. ThUS, an alternative 

measurement strategy Is needed. In essence thIs new strategy Is to 

develop a fully automated system whIch Is capable of measurIng 

accurately and comprehensively the sIze as well as the shape of the 

human body In order to provide data for the garment manufacturIng 

industry and others. It Is envisaged that the final automated system wlJl 
, 

result In a pIece of equIpment that Is readily transportable In order to 

co11ect survey data durIng, for example, the takIng of a sample 

population survey. 

Not all the appl1catlons Of shape measurement are to do with the 

manUfacture of clothing. AllIed to clothIng is the measurement of shoe 

lasts and of feet for the footware Industry. Perhaps more Important are 

the medIcal applicatIons. It Is reported in the Guardian newspaper 

(Rufford (1987)) that a CIvil Engineer Dr. J. Boot and a Surgeon Mr. D. 

Sharp have used raster-stereography in order to help with the work of 

skin grafting durIng plastic surgery. Other applicatIons include makIng 

measurements before and after surgery In order to Improve the 

manufacture of artIfIcIal l1mbs and other protheses. In the treatmentof 

cancer the shape of parts of the bOdy Is requIred so that suItable masks 

can be made to regulate the dose of radIation In crItIcal situatIons and 

also in the pOsltlonlng of the radIation source so that the correct area Is 

11 
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,. Introduction 

IrradIated 5erenson( 1968) and (Laursen,Andersen, and Hansen( (982». 

The treatment of slow heal1ng condItIons, such as leg ulcers, can be 

InvestIgated by doIng a before and after treatment scan, so that a 

reduction In the area of the ulcer, or otherwIse, can be detected In a 

reasonably short space of time. 

Measurements of lung vOlume, body volume and surface area are also 

useful parameters In medIcal research and In the InvestIgatIon of the 

effects of temperature and humIdity on the human body. 

( 



2. Aim of Study 

2.1 Aim of Study. 

The study was Initiated by a request from MarkS and Spencer Central 

Textlle Technology to provide comprehensive shape data of the human 

bOdy. These data were necessary to enable further work to be carried out 

In the field of computer aided design as applled to garment 

manufacturing teChnology. In particular the study Is to Investigate the 

pOSSlbllity of manufacturing a socIally acceptable non-contact· 

measuring machine which Is reasonably transportable and sufficiently 

speedy In operation to survey economically a large sample of the BrItish 

populatIon. 

The study is requIred to answer the fOllowing. 

I. Can a television camera be used as the non-contacting measuring 

transducer ? 

2. W11I the methOd of projecting a vertical shadow onto the body 

define the radius wlth sufficient accuracy? 

3. What are the problems aSSOCiated with body sway? 

4. What are the problems assocIated with seeing round 11mbsetc. ? 

5. How Is the Information to be Interrogated In use? 

( 



3. Review of Previous Work 

3.1 Silhouette Measurement 

One of the more obvious ways of measuring an Object remotely is to 

measure the width of it when back lit or measure the shadow of it 

fallIng on to an array of photo cells. If this is done when the Object Is 

being rotated, or some other scanning mechanism is being used, then the 

solid form can, In certain specIal cases, be deduced. 5uch methods are 

described by Ito (1979), Takada & Esaki (1981), Vietorisz (1984) and are 

satIsfactory for the measurement of non re-entrant Objects such as are 

produced by many manufacturing processes. Because of Its inability to 

measure re-entrant shapes it Is an unsu1table method for thIs partIcular 

application, but the traditional measurements of the human form,taken 

by a tailor, with a tape measure also do not measure the true surface 

form. 

3.2 Moire Fringe Method 

This method has· been used, in various forms, in the engineering 

industry for many years but usually where the fringes are created over 

small or very small distances. An analysis of the method is given by 

MeadOWS, Johnson, and Allen (1970) in which they both 111uminate and 

observe the object being measured through a 25 line/inch ruled grating 

which gave a resolution in the order of 0.25mm. Using finer gridS 

resolutions up to 2511 were obtained. The interference fringes produced 

by the grating were photographed using a conventional film camera and 

the resulting pictures analysed later. 

The depth of field using the above coarse grating was about 20cm. At 

distances greater than this the MOire contours washed out due to 
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diffraction effects. This method also produces extraneous noise-like 

terms due to the grid lines which may tend to obscure the contour 

pattern. Further work by Tokaskl n 970) ,whO used the Moire system to 

measure a human torso, showed that these extraneous effects could be 

el1lmlnated by moving the grating In Its plane and taking a double 

exposure WI~h the camera. He also mentions· too fine a grating causes 

diffraction of llght which blurs the shadow. Even If the grating Is coarse 

the shadow Is blurred by penumbra caused by the width of the llght 

source: 

Further problems are caused by an object which has a surface 

Incllned towards the l1ght source since the width of the shadow llnes 

Increase. 

In both of these appllcatlons of the Moire methOd the object being 

measured and the equipment were both stationary, an all round view 

being obtained by taking a second shot from the rear and combining the 

results. Because the photographs so obtained were Interpreted by a 

human observer the ambiguities whiCh occurred where the photographs 

overlapped could be more readlly resolved than might be possible with a 

computer controlled system. 

J.J Structured LIght 

In this context structured llght refers to llumlnatlon of the object 

to be measured by a pattern of llght and shade. The measurement or the 

position of a point In space Is essentially achieved by triangulation. The 

difficulty Is to define a point on what Is mostly a featureless surface. 

By projecting a pattern onto the surface to be measured, a measuring 

triangle Is defined between the ends of the line Joining the projector 

( 



3. Review of Previous Work 

and the camera, and the point on the surface denoted by a feature of the 

pattern. 

One such method by Gourlay, Kaye, Dennlson, Peacock, and Morgen 

(1984) uses a pattern of parallel vertical stripes projected on to a . 

human torso for the purpose of measuring the chest volume In lung 

function studies. Because the projector and the camera are mutually at 

right angles the contrasting edges of the light/dark stripes as viewed 

by the camera are a series of contour lines from whiCh the surface 

coordinates can be calculated. 

AgaIn, with this method, a film camera was used to collect the data 

for later analysis and both the subject and the equipment were 

stationary. Information Obtained In this way comprises a series of 

horizontal Slices Showing the form of the object being measured and 

spaced at convenient vertical Intervals as scaled from the photographs. 

A similar method by Laursen, Andersen, and Hansen(] 982) uses a 

single strip of light to define a horizontal contour on the SUbject. The 

height of the contour Is derived from a transducer mounted on the 

projector and a camera at right angles to the plane of the contour 

records the position of the contour of the body. By moving the projector 

and With multiple exposures of the camera a complete series of 

contours can be recorded. 

Both the Moire fringe systems described In 3.2 and the structured 

light system so far described require some human Interpretation In 

order to analyse the results but the system of Lewls and Sopwlth (1986) 

operates In a way that can be Interpreted entirely by computer. A 

projector Is used as above but this time a pattern of dots Is projected In 

order to define particular pOints on the body surface. The dot pattern Is 

viewed by two cameras simultaneously. The problem for the computer Is 

l§. 
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3. Review of Previous Work 

unambiguously to match each spot In the Image with the particular spot 

from the projector so that, by triangulation, Its position In space can be 

calculated. This problem is not as easy as It first appears because not 

all of the spots are always visible, Since some of them are obscured by 

projecting parts of the body or fall on steeply angled parts and are lost. 

By using the two cameras sufficient Information Is obtained to Identify 

all the spots using only the computing power of a small stand alone 

computer. 

Again this system produced only a view from one side. A second 

pattern of dots, prOjected further round In order to Increase the vIewing 

angle, was succeSSfully tried and the second array of dots 

differentiated from the first by a marked difference In brightness. It 

was not considered feasible to produce a complete 360 degree view. 

3.4 The Oxford OrthopaedIc Centre <lSIS) 

ThiS method described by Turner-Smith (1 982) Is~,fhlghlY 

successful device deSigned specifically to measure the shape of the 

human back. Essentially It uses structured light In the form of a sIngle 

hOrIZontal llne of light. The projector and a television camera are fixed 

relatIVe to one another In a SWinging frame, whiCh rotates at constant 

speed through a vertical arc, In order to scan the measuring area In one 

sweep. From a knowlege of the geometry of the system and the position 

of the Image of the line as seen by the television camera, the three 

dimensional shape of the Object being measured can be easily calculated 

by a computer. AgaIn only one vIew is catered for and there would be 

some difficulty In combining several systems In order to achieve 

complete 360 degree measurement 

< 



4. Materials & Methods 

4.1 LASS principle of Operation 

I!,OUGHBOROUGH 

QNTHROPOMETRIC 

0HADOW 

0CANNER. 

CAMERA 

CENTER OF 
ROTATION 

PROJECTOl 

fig 4.1 General Arrangement of the System 

The general arrangement is as shown in figure 4.1. 

In this figure the person being measured is placed on a turntable 

such that they can be rotated through 360 degrees in measured angular 

increments. A shadow of a straight edge Is projected from a sl1de 

projector to fall on the body In a vertical plane. This plane Is arranged 

to pass through the center of rotation of the turntable. The whole scene 

Is viewed by a television camera which is also allgned so that some 

known point at the edge of the fie Id of view also coincides with the 

center of rotation of the turntable. Because the plane of the shadow 

passes through the center of the turntable, all pOints where the edge of 

the Shadow falls on the body define the horizontal radii at pOints In the 

vertical plane. If one horizontal Ilne of the scene viewed by the 

( 



4. Materials & Methods 

television camera Is considered, the distance, from the reference point 

which coincides with the center of the turntable, to the shadow Is 

accurately related to the radius of the body at that point. Clearly further 

TV lines will measure radll further down the body and information from 

a transducer mounted on the turntable w111 give the angle at which the 

radl1 were measured. In other words the full shape of the body is defined 

in cylindrical co-ordinates. If the TV camera is mounted at right angles 

to the plane of the shadow then any re-entrant parts to be measured w111 

be obscured by other parts of the bOdy. A more suitable angle between 

the camera and the prOjected shadow is 45 degrees which is a 

reasonable compromise between a gOOd viewing angle for the re-entrant 

parts, and a sufficiently wide viewing angle to allow the radii to be 

measured with sufficient resolution. 

From the television camera the video signals are processed by a 

special interface unit, so that numerical values are generated 

corresponding to the radii at any angle of the turntable. It is this 

information which Is then passed to a main computer for storage and 

display. 

( 



4. Materials & Methods 

4.2 The TelevIsIon Camera as a Measuring Deyfce 

4.2. I system Geometry 

The televIsIon camera Is a devIce for tranSlatIng a vIew oran object 

Into electrIcal sIgnals In a reasonably hIgh definitIon and lInear fashIon. 

With the use of modern electronIcs these sIgnalS can be translated Into 

measurements whIch can be stored numerIcally In a computer. FIrst the 

geometry of the optIcal system must be understood sInce, in thIs 

partIcular appllcation, the camera w111 vIew the Object to be measured 

at an oblique angle whIch w1111ntroduce a certaIn amount of dIstortIon. 

In order to make meanIngful measurements the camera must first be 

callbrated. In fig 4.2 the plane of callbratlon Is parallel to the Image 

plane of the camera and Is denoted by X*. A poInt X Is on any other plane 

either nearer to, or further away from the camera than the X* plane. 

The followIng relatIonshIps show that the sIze ( MI ) as seen by the 

computer w111 depend on the dIstance that the Object beIng measured 

(X) Is from the plane of callbratlon X*. 

( 



4. Materials & Methods 

x 

r- Z -1"~I~-­
Z=Q 

K 

flg 4.2 Geometry of Normal system. 

I 
LENS 

x* = Measured value on the reference plane at Z = Q 

By slmilar trlangles -

x X* _!l... 

Z+K K 

x* K 
= -- = 

x Z+K 

The computer readout = M x I where 

Z + 

K 

M = The magnification of the camera/computer system. 
M is adjusted during calibration so that MI = X* 
Then 

or 

MI =....xIL 
Z+K 

X = MI( Z + K ) 
K 

= MI~ + 1 ) 
K 

In fig 4.3 is shown the case where the object being measured ( r) is 

inclined towards the camera. Since now the measurement involves the Z 

axis a non linearity is introduced as shown in the following calculation. 

( 



4. Materials & Methods 

'* X r 

I.--z -..l 
...... I--.....:.....----K 

Z=o 
.... ... 

fig 4.3 Geometry of Inclined system. 

I 
LENS 

.. 

'* If X = MI ( by calibration) 

X = r COS" 

Z = - r sin" 

and from previous calculation 

X = MI( Z + K) 
K 

substituting for X and Z 

K r COS" = -Mlr sin" + KM! 

r = KM! 

K cos e + MI sin" 

= MI 

cos e + MI sin" 
K 



4. Materials & Methods 

4.3 Detal Is of the System 

The system comprises; 

a) Television camera 

b) Interface unit containing the follOWing. 

1) Line synchronisation counter. 

2) VOltage comparator. 

3) Fast memory. 

4) Computer/controller card. 

5) Sync. driver circuits. 

6) Video monitor driver circuits. 

c) Slide projector. 

d) D.C. supply for the projector. 

e) Rotary table. 

n MaCintosh Plus computer. 

4.3.1 TelevIsIon Camera 

preliminary experiments were tried using a camera with a vldlcon 

television tube. While these were fairly satisfactory better results 

were obtained from Pansonlc WV-1550 cameras which use NEWVICON 

tubes. The NEWVICON tubes are more sensitive (0.3 lux ) and do not 

bloom with high brightness. 
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HORIZONTAL SYNC . 

5KHZ 
16 MHZ 12 /512 COUNTER .. 
OSCILLATOR 15.62 

.JL 

, 
. SYSTEM ~LOCK 

VIDEO IN VOLTAGELEVEL 
• DETECTOR MEMORY 

(COMPARATOR) 

fig. 4,4 loter(aca Unit l:;!im~lifiad \. 11 ) 
Block Diagram. v 

TO COMPUTER 

4.3.2 Interface Unit 

A simplified block diagram to show the relationship between the 

line synchronisation counter, the vOltage comparator and the fast 

memory is shown in fig 4.4 above. The 16 MHz crystal oscillator is 

divided by 2 to provide an 8 MHz clock signal. The division by 2 ensures 

an equal mark/space ratio in the resulting signal. Further division by 

512 produces a pulse with a repetition rate of 15.625 kHz which is used 

as the line synchronising signal for the TV camera. When the camera 

recieves this signal a new line is started in the raster of lines forming 

the picture and, at any instant the number in the counter is a measure of 

how far the line has progressed, in time, from when it started. During 

the line scan a vOltage comparator is monitoring the voltage level of the 

video si,gnal from the camera. When there is a sudden change from bright 

to dark in the field of view of the camera, the voltage comparator 

detects the change in the video signal and causes the reading of the 

counter to be stored in the memory. With the camera set up as described 
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above, the readIng now stored In the Interface memory Is directly 

proportIonal to the radius of the bOdy beIng viewed, at the height and 

angular posItion which pertaIn at that Instant. 

4.3.3 Computer/controller card 

AssocIated with the Interface memory Is a single card 

microcomputer WhiCh performs most of the housekeeping functions of 

the interface. At the end of each line It reads the count from the fast 

memory Into its own memory system. In addition it counts the lines and 

generates the frame synchronising pulse after 300 lines. Because of the 

tIme required to process the InformatIon by thIs computer the radIus 

data Is collected only every 15th line, gIving 20 readings every frame of 

the picture. With the arrangement of lens and position of the camera 

normally.used, this gives readings at approximately 1 cm Intervals In a 

vertical line. Having collected the data from one frame ( 20 readings) 

thiS Is now transmitted by the Interface computer to the main computer 

for storage or further processIng. The cycle then repeats as necessary. 

4.3.4 sync. drIver cIrcuits & VIdeo monitor drIVer cIrcuit. 

As IS the normal practice the television camera and the video 

monitor accept Signals via 75 ohm co-aXial cables. The synchronising 

signals from the computer/controller card are at logic levels and are 

not sufficiently powerful to drive the cables. In addition the 

synChronising signals are required to be combined together to form a 

composIte synchronisation signal for the camera. The monitor requires 
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this composite signal combined with the video output of the camera. The 

circuitry to perform the above Is shown In fig A I In the Appendix. 

4.3.5 Slide proJector 

A flourescent strlpllght was tried Initially, shining against an 

opaque straight edge, but this was far from satisfactory owing to the 

width of the light source and the distance of the straight edge from the 

required position of the shadow. The best solution was to use a standard 

35 mm slide projector ( REFLECTA DlAMATOR AF ) fitted with a slide 

made with a razor blade for the straight edge. 

4,3.6 D.e.Supply fOf the PfoJectof 

The television camera Obviously responds to the light level of the 

scene being viewed. 1f the scene Is illuminated from lights supplied 

from the 50 Hz mains supply then the 111umlnatlon w111 vary In br1111ance 

at 100 Hz rate,lf Incandescent lamps are used, since the lamp filament 

Is heated equally by the positive or the negative half cycles of the mains 

supply. This variation In brightness w111appear as modulation on the 

resulting video signal from the TV camera. By synchronising the 

Integration time of the camera with the frequency of the mains supply 

this video modulation can be avoided or alternately the proJector can be 

driven from an electrically smooth D.C. SUPply. This latter method was 

chosen and a suitable regulated 24 volt supply was constructed using 

the circuit of fig A21n the Appendix. 
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4.4. , lInesync counter. comparator and memory board. 

CIrcuItry for two cameras to operate wIth common line 

synChronIsatIon but WIth separate vIdeo comparators and memorIes Is 

contaIned on the one cIrcuIt card (fIg. A3 In the AppendIx). Its purpose IS 

to store the value of tM llne sync. counter Into the approprIate memory 

when either vIdeo Input sIgnal IndIcates a transitIon from llght to dark 

or from dark to light. 

IC 18 Is the master clock for the system and Is crystal controlled at 

15.000 MHz.· ThIs sIgnal Is dIvIded by 2 In the fIrst stage of the 

74HCT 153 counter IC Ito provIde an 8 MHz waveform whIch now has an 

accurate 1:1 mark:space ratIo. The 8 MHz waveform Is used to sample 

the Input waveform after the comparator. ThIS part of the cIrcuIt wl11 

be descrIbed later. 

Further dIvIsIon by ICI, IC2 and IC3 produce a pulse at 15.525 KHz. 

Fortunately the rIpple carry output from IC3 Is the correct length for. 

the camera lIne synchronIsIng pulse. Outputs from the counter chaIn are 

provIded, In parallel; to both camera memorIes. The more sIgnifIcate 9 

bIts of the counter output, whIch effectIvely dIvIde the perIod of one 

televIsIon lIne scan Into 512 parts, are stored In the memory Integrated 

cIrcuIts for eIther camera when the comparator sIgnals that a shadow 

edge is beIng scanned at that moment. Camera A memory is contained In 

IC9, IC10 and ICll whlle thatof camera B Is contained In ICI2, IC13 and 

IC 14. Each of these ICs is a 74L5189 whIch will store SIxteen 4 bIt 

words. As each camera memory comprIses 3 of these ICs the total 

storage capacity of each camera memory Is sIxteen 12 bIt words. NIne 

bIts are used to store the line sync. counter data, one bIt provIdes a 

black to whIte or whIte to black transItIon flag and the remaining two 
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bits are not used. The memorIes are Intended to store InformatIon 

gathered durIng the perIod of one line. It Is possIble to store the 

posItIon In the lIne, as measured by the line scan counter, of up to 

sIxteen lIght to dark transItIons or vIce versa. Camera A memory Is 

addressed by the output of IC 15 whIch Is a 74LS 1974 bit binary counter 

and similarly camera B memory Is addressed by IC 15. Both counters are 

incremented by the appropriate memory write pUlses which are Inverted 

by part ofthe 74HCT04, IC 17. 

The video signal from camera A enters at SK I connected to pIn A4 

where It IS AC coupled by Cl and D.C restored by Dl to 1.8 volts at the 

Junction of RI and R2. From the variable output of R2 Is obtained the 

comparator reference voltage, which Is the level above which the Signal 

Is regarded as white and below which the signal Is regarded as black. 

The output of the comparator has now only two vOltage levels 

corresponding to black or white and shown as waveform B In fIg A4 In 

the AppendIx. This waveform Is connected to pin 2 of IC5 which Is the D 

Input of a 74HCT74 D type blstable. As the 8 MHz clock sIgnal (waveform 

A ) prOVides the clock Input to the IC, any changes on the D Input Signal 

are now synChronised with the clock rising edge ( waveform C ). A 

second blstable circuit In IC5 Is clocked by the 8MHz clock Inverted by 

part of IC 17 and which has its D Input connected to the first bistable 

output. Because of the Inversion of the clock Signal this second blstable 

Is trIggered half of a clock cycle later to produce the waveform D In fig 

A4. Waveforms C and D are IdentIcal except that they are shifted In time 

by half of a clock cycle. When both of these waveforms are applIed as 

Inputs to the SN74HCT85 exclusive OR gate IC8 the output corresponds 

to the non overlappIng parts of the two waveforms. When Inverted by the 

second exclusive OR gate ( Its other Input Is tied to a logIc 1 by resistor 
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R5 ) the waveform is shown at E. This waveform, which corresponds to a 

change from lightto dark or from dark to llght at the input, is used as 

the write signal to the memory so that the readings from the l1ne sync. 

counter are stored in thememory every time the television camera llne 

scan crosses a shadow boundary. 

Since the memory Is only capable of storing the readings taken 

during one llne scan the Information must be transferred to the main 

computer memory before more data can be obtained. In order to 

synchronise the data transfer, and to make sure that the data gathered 

during one llnescan IS not overwrltten by the data from the next l1ne 

before It Is transferred to the main computer memory, the dual 0 type 

blstable I.C 19 Is used. A pulse from the Computer/Controller card 

labelled "l1ne grab" sets the first blstable as Its 0 Input Is permanently 

connected to a logic one. The output of this bistable is the 0 input of the 

second which is now primed to set when the next llne sync pulse, 

connected to its clock input, occurs. As soon as the second bistable is 

set It enables I.C:s 5 & 5 which allows data to be collected and also 

resets the first bistable which removes the logic one on the second 

blstable 0 input. The next llne sync pulse therefore resets the second 

blstable and the data gathering cycle for one llne is complete. 

The memory address lines are taken from the counter I.C:s 15 & 15 

which are capable of advancing the memory address one for every 

light/dark transition of the Input. In this case, however, only the last 

transition In the llne Is required so the address counters remain 

permanently preset to zero. A "grab flag" signal from I.C.19 Instructs the 

Computer/controller card to read the Information from the fast memory 

Into Its own memory. prior to sending It In serial form to the main 

MaCintosh computer. Because of the time required to transfer the data It 
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Is only possible to read every 15th line of the television frame, and so 

give 20 readings per frame. 

4.4.2 Sync.drlver & VIdeo monitor cIrcuIts 

The raster scanning of the camera tube requires synchronisation 

pulses which determine both the start of a new line and the number of 

lines in one complete picture frame. Most cameras operate with an 

interlaced scan, where the first line of alternate frames is started at 

the centre of the picture so that the remaining lines fit between the 

lines of the previous frame. For this equipment It was decided that this 

was unnecessary and a simple 300 line non interlaced scan was chOsen . 

HORIZONTAL 
... 4f---- PICTURE ----I~ 

+-tJ..1 BACK PORCH 
9.2 MICRO SECS. 

L.. HORIZONTAL SYNC FRONT PORCH r- 4.6 MICRO SECS. 3.4 MICRO SECS. 

VERTICAL 

I ~ VERTICAL S~:~~II~~~OISPLAY PERIOO~RIOO TOV.sY~ r: SIGNAL T START 288H 08.23mS (0.253mS)-1 
4H (0.253 ms) 20H (1.27mS) . 

fig 4.5 Synchronising Waveforms. 

Both the line sync. pulses and the frame sync. pulses are combined 

into a single composite synchronisation signal as shown in fig 4.5. The 

pulse lengths actually used are slightly incorrect but they were more 

readi1y obtained from simple electronics and operated very 

satisfactorily. 
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The lIn,e sync. pulse was 4 micro-seconds long and occurred at a 

frequency of 15.625 KHz whlle the frame sync. pulses were 256 micro­

seCOnds long and occurred every 300 lines. No attempt was made to lock 

the synchronisation system to the 50 Hz mains supply. 

4.4.3 24y D.C. power Supply 

This power supply Is deSigned to give 0-24 volts at 12.5 Amps 

continuously. Referring to figure A2 in the Appendix a 35 volt 

transformer supplies a conventional bridge rectifier REC I and a 10,000 

uF smoothing capacitor C I, which on load provide 40 volts to the 

regulator circuit. For the regUlator a standard 3 termInal regulator I.C. 

is used, shunted by 4 PNP3055 power transistors, which handle nearly 

all the output current. In fig A2 a voltage is developed across RI as 

current Is drawn through the regulator. This In turn Increases the 

emitter base voltages of the 4 power transistors in parallel via the 5th 

PNP3055 transistor. used to boost the avallable base current. As a 

consequence of increased emitter base voltage the power transistors 

turn on and supply current to the load. ReSistors R2-R5 are included to 

force the power transistors to share the current. 

4.4.4 Heat sink calculations 

Each PNP3055 is rated at a case temperature of 25 deg. C. and a 

maximum junction temperature of 200 deg. C. 

Therefore the thermal reSistance to case is 

Rc = (200-25)/115 = 1.5 deg./watt. 

J.1 
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Assume 0.4 deg.lwatt for the mica washer 

Therefore thermal reSistance, junction to heat sink 

= 1.5 + 0.4 = 1.9 deg.lwatt 

Required 300 watts @ 24 volts 

= 300124 = 12.5 Amps per 4 tranSistors. 

= 12.5/4= 3.125 Amps per tranSistor. 

Assume 3.5 Amps to allow for non-Sharlng and allow 15 volts drop 

across the regulator. 

Therefore the power dissipation per tranSistor 

= 3.5*15 = 52.5 watts. 

Heatslnk temperature = 200 -52.5*1.9 = 100.25 deg. C. 

Total power dissipated by the heat sink. 

= 52.5*4 = 210 watts. 

Required thermal reSistance of heatslnk for an ambient of 35 deg. C. 

= (100.25 - 35)/210 = 0.31 deg.C/watt. 

As a result of this calculation a commercially available heat sink. 
, 

having the nearest but lower thermal reSistance was used. 
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4.5. 1 COMPUTER and SOFTWARE 

There are two computers In the system. A single board computer In 

the Interface unit and an Apple MaCintosh computer as the main system 

control computer. The Single board computer Is necessary because the 

MaCintosh does not have a readlly avallable parallel Interface. 

Communication between the two Is via an R5232 serial link. When using 

small Single board computers, there are often dlff1cu1tles In 

programming and, In particular, debugging the programs because this 

type of computer IS generally too small to contain an Edltorl Assembler 

program or sufficient RAM memory. The computer chosen for this 

project uses a Rockwell R65Fll microprocessor chip and the R65FRl 

FORTH development ROM. Together these allow programs to be wrltten 

and compiled in the FORTH high level language but stl11 within the very 

small single board computer. The great advantage is that all the 

Interface ports are avallable when testing the programs. 

Since the FORTH language was necessary for the small computer, and 

since It Is a very powerful high speed language, It was used for all the 

programs. 

To get the programs Into the Single board Interface computer the 

Apple MaCintosh was used as a terminal and the programs down loaded 

from the Apple MaCintosh disc drives. 

Detalls of both the APple MaCintosh programs and the interface 

programs are in the Appendix. 
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46 I Determination of Errors 

Measurements With the camera revealed a further distortion not 

accounted for by the calculations In 4.2.1. The fOllowing experiments 

were carried out In order to determine whether the error lay In the lens, 

the camera tube or some other cause. 

The lens was first Investigated as In fig 4.6. 

Microscope 
mounled on x/y 
coordinale lable. 

Lens 

fig 4.6 Lens Test 

Sc.le Viewed 
by Lens 

A pocket microscope which had an eyepiece graticule was used to 

view the image of a linear scale ( steel rule) produced by the lens. One 

particular line in the microscope eyepiece graticule was then aligned to 

the 1 cm lines of the scale and a reading taken from the scale of the X 

axis of the co-ordinate table. This was repeated for every 1 cm mark of 

the scale within the field of view of the lens. Because the same mark 

was used every time in the microscope. the effects of the microscope 

lens are constant and do not influence measurement. The results are 

shown in chapter 5. and indicate that there was no measurable error in 

the lens. 
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furtner tests were made on tile camera tube wntcn was tested wltn 

the arrangement or flg 4.7. 

Camera body 
mounted on x/y 
coordinate table. 

lens mounted 
Independently 
from the camera 

fig 4.7 Camera Tube Tests 

This time the camera body was mounted on the co-ordinate table 

whl1e its lens was mounted separately. The object being viewed 

comprised two contrasting areas with a vertical divide between them. 

As the interface electronics were designed to digitise the position of a 

change of contrast between bright and dark a numerical value was 

obtained which was related to the position of the image of the boundary 

between the contrasting areas on the camera tube. By traversing the 

camera on the co-ordinate table the response of the camera/computer to 

various positions of the pattern on the tube face could be determined 

directly. Again the results are tabulated in chapter 5. but no significant 

non-linearity was found. 

4.6.2 Effect of Light Levels 

With the camera pointing to a contrasting edge, created by 

projecting the shadow of the edge of a razor blade onto a plane surface, 
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a read1ng of the pos1t1on of th1s edge was obta1ned by the computer for 

dIfferent levels of the IncIdent 111umlnatlon. The 111umlnatlon level was 

measured over the range of 500 to 2500 lux usIng a G.E.C. Mlnllux 

PhotoelectrIc Photometer type PI. 

< 
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4.6.3 System CalibratIon Method 

Co-ordinate table (/cam ... .. ' mounted on a rotary table .. ' 

1""'------" .. ':'1 •• '/~;~ection of tralJerse 
./ during calibration. /< m~m~m.mmD 

Uertlcal screen 
Diagram to show Calibration Set-up 

Projector 

fig 4.8 

The above diagram shows how the calibration was carried out. At 

first the rotary table was set so that the co-ordinate table axis was 

parallel to the plane of the· projector. This is easily verified by 

traverSing the table so that the screen is moved towards or away from 

the projector. If the shadow projected onto the screen does not move 

across the screen during the traverse, then the axis of the co-ordinate 

table is parallel to the line to the projector. 

The same technique is used to set up the angle to the camera. The 

rotary table was rotated through 45' and a mark on the screen was 

viewed by the T.V. camera. Again the co-ordinate table was traversed 

and the position of the camera adjusted so that the mark appeared 

stationary during the traverse. 

Having set the relative positions of the projector and the camera the 

system was calibrated by first rotating the rotary table so that the 

( 
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screen was normal to the plane of the projector. Readings were then 

taken using the television camera/computer system to measure the 

pos1tlon of the shadow for various settings of the co-ordinate table. 
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4.7.1 Body Measurement 

The accuracy of the system Is best Investigated by the callbratlon 

method previously described, but It Is necessary to demonstrate that the 

system wl11 measure a shape corresponding to a human form. This study 

does not go as far as the measurement of a swaying human being, but the 

system was tested as far as was pOSSible, by using a window dressers 

mannequin as the subject.. The arms were removed for all of these tests. 

as the computer program does not allow for Interpolation behind them, 

but see page 58 for a discussion of this problem. 

The mannequin was placed on a hand operated rotary table In front of 

the projector and television camera as described In 4. 1. As the table was 

rotated at S' increments, the MaCintosh computer was Instructed to 

take a measurement. This process was then repeated until 72 sets of 

measurements corresponding to the radII of 72 vertical sllces covering 

the full 350' of rotation were obtained. Results were obtained In both 

numerical and graphical form. 
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4.8.1 MeasurIng Body sway 

The method used by LASS to define a radius by prOjecting a shadow 

of a straight edge onto the subject in order to take measurements, is 

prone to errors if the SUbject sways whl1e being measured. In order to 

make a proper assesment of the problem and to provide data to help in 

the design of a compensating solution, the equipment bu11t during the 

stUdy Phase of LASS was used. 

As part of LASS, two cameras were Interfaced to a computer such 

that the numerical value, proportional to the length of the TV horizontal 

scan line up to the point where the Image In the camera changed from 

bright to dark, was fed to the computer for every 15th line of the scan. 

That Is 20 readings were taken of the width of that part of the bright 

part of the image in the field of view. By viewing the sUbject with two 

cameras at right angles (see fig 4.9) against a dark background, it was 

possible to measure Simultaneously the position of the right shoulder 

and the curve of the back. Processing by the computer took about 5 

seconds for the 20 measurements by each camera. 

4.8.2 Camera Alignment 

To facilitate camera alignment the electronic interface is arranged 

so that the signal fed to the TV monitor is switched between the two 

cameras every time an active measuring line occurs. The effect Is that 

the picture Is divided into 20 horizontal stripes where alternate stripes 

display the scene from different cameras. The boundaries of the stripes 

are where the actual measurement takes place. 
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Camera B 

CAMERA RRRANGEMENT 
FOR SWRY MERSUREMENT 

fig. 4.9 Camera A 

Camera A was first set up to view a plane surface where the sUbject 

would stand. By exPloring with a pointer on the surface whlle looking at 

the monitor, It Is possible to establish the field of view and the 20 

Individual measuring planes. In this experiment the measuring planes 

were approx 1.25cm apart. Adjustment of the scale was by means of the 

zoom lens of the camera. This was adjusted to give direct read-out from 

the computer In mllllmeters. The second camera was then adjusted In a 

Similar fashion. To align the two cameras together the plane surface 

was angled at 45 degrees to each camera whIch could then both view 

two diagonal lInes, In the form of a cross, on the surface. Whllelooklng 

at the monitor the second camera was adjUsted so that the cross, as 

seen in the stripes, was complete. 

& ( 
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4.8.3 sway Measurement 

The subjects were then stood In place of the plane surface and the 

computer set to automatically scan for a period of 60 seconds. Because 

of the relatively long t1me between scans ( 5 secs. >, it Is possible to 

miss the higher frequency components of the sway prof11e, but then this 

experiment Is meant to give a measure of the problem not as a deflnlt1ve 

study on body sway. 



5. Results 

5. I ExperIment to determIne the linearity of the lens 

Lens Calibration 
The adjacent table of results 

vvere obtaIned by traversIng a 

mIcroscope across the Image 

produced by the lens. The Object 

seen by the lens vvas a lInear 

scale. 

T 
R 
A 
V 
E 
R 
S 
E 

o 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
110 
120 
130 
140 
150 

600 
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400 

:300 

200 

100 

0 
-20 

fig 5.1 

0 

Traverse 
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408.5 
441.6 
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496.8 
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Lens Calibration Curve 
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The above data were analysed by a statistical program on a computer 

and the fOllowing results were obtained as a result of a llnear 

regreSSion calculatIon. 

Data File: LENS CAL 

Sum of Oeg. of 
Source Squares Freedom 

Model 279191.39& 

Mean 
Squares F-Ralio 

279191.39& 17808.9M 

Ourbin Watson Statistic 14 15.!'l77 

N 15 

L 2 
( e ;-e ;-1) 

:ermination 0.999 

d = i=2 'relation 1.000 

N 
r Estimate 3.959 
'atistic 1.4!'l4 

~ 
2 

I e; 

i=1 
\Ith~re ~ ;s the error ( res;dua 1 ) for the ith case I 

ent 
Std. Err. 
Estimate 

1 
Statistic 

Constant 
SCALE 

10 

R 
e 
5 
I 
d. 0 u 
8 
I 
5 

• 

• 

97.513 
2.6!)!) 

• 
• 

• 
• 

• 

1.690· 
0.021 

• 
• 

• 
• 

51.565 
133.450 

• 
• 

• 
• 

-10+---r-,~---r--"---T---,r--T---r--1 
-20 0 20 40 !\O 60 100 120 140 1!'l0 

SCALE 

fig 5.2 Lens CalibratIon Beslduals 

The residuals now show a random scatter. Therefore the source of 

error is not due to lens distortion. The errors seem larger in this 
44 
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resIdual plot than the prevIous, but thIs IS due to the fIner resolutIon of 

the measurement. 

S.2 ExperIment to determIne toe linearIty or toe camera tube 

Camera Calibration 

Traverse Computer 

o 
0.5 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.5 
6.0 
6.5 
7.0 
7.5 
8.0 
8.5 

430 
410 
392 
367 
342 
319 
297 
278 
253 
226 
203 
182 
163 
137 
110 
86 
66 
47 

These results were obtained 

by traversing the camera body 

across an image produced by a 

stationary lens. 
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300 
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O+---+---+---+---;---;---~--~--_r--_r--~ 
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fig 5.3 TRAVERSE 

camera Calibration Curve 

The following are the results obtained by analysing the above data 

using a statistical program on a computer to perform a linear regression 

calculation. 

D.ta File: CAMERA CAL 

Variable 
Name Coemclent 

Constant 
TRAVERSE 

434.421 
-45.903 

Data File: CAMERA CAL 

Sum of Deg. of 
Source Squares Freedom 

Model 255220.640 
Error 119.360 16 

Total 255340.000 17 

Coefficient of Determination 
Coefficient of Correlation 
Standard Error of Estimate 
Durbin-Watson Statistic 

Std. Err. t 
Estimate Statistic 

1.236 351.565 
0.246 -184.954 

Mean 
Squares F-Ratlo 

255220.640 34211.635 
7.460 

1.000 
1.000 
2.731 
1.495 

Again the residuals show a random scatter which means that the 
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error was not due to the distortions Introduced by the camera tube. 

5.3 Effects of J1IumlnatJon 

With the length of one line of the television screen represented by a 

scale of 0 - 250 In arbltary units, the camera was pointed at a 

contrasting edge and Its position measured with differing llght levels. 

The experiment was carrIed out twIce, once at each edge of the field of 

vIew, wIth the followIng results. 

lUX .............. 1 st posItIon ......... 2nd posItIon 

2500 

2000 

1500 

1000 

500 

p 
o 
~ 

~ 
o 
n 

71 244 

73 244 

74 245 

76 246 

82 246 

84~--------------------------~ 

62 

80 

78 

76 

74 

72 

70+---------r-------~r-------~ 
o 2 3 

fig. 5.4 Effect of Illumination 
position A. 

lux x 10"3 
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247 

P 
246 0 

T 
l 
I 245 0 
n 

2 244 

243 
0 2 3 

fig. 5.5 Effect of illumination 
IUK K 10'3 

Position B. 

The apparent movement of the image is due to the fact that the 

electrical signal from the camera, in response to a contrasting edge, is 

not infinitely steep. The comparator, which is detecting a particular 

vOltage level on this sloping waveform, will pick off a different point on 

the slope depending on the maximum amplitude of the slope. This 

amplitude is of course dependent on the light levels. More careful design 

of the comparator circuit may lessen this effect. 

5.4 Results of Calibration 

The following is the data from a series of calibration runs to 

determine the accuracy of the system and also where in the equipment 

any source of error may lie. 

The conditions for runs 0 & 1 were :-

Camera aperture 

F oca I I ength of Zoom I ens 

Focussing distance 

The conditions for run 2 were:-

f 8.0 

70 mm approx 

1.9 Metres 
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Camera· settlngs as above but the camera was moved so that the 

lmage was dlsplaced relative to the camera tUbe. 

The condltjons for run 3 were :-

5ettlngs were the same as 2 above but the projector lens was 

stopped down and the camera aperture adjUsted to f 5.6 to compensate 

for the change of llght level. 

The condltions for run 4 were :-

For thls run the Zoom lens was adjusted to a focal length of 30 mm 

in order to make the lmage, as seen by the camera, small compared to 

the wldth of the screen. The focus was set to 1.7 Metres. 

5.5 Table 1. Resylts of 5 calibration runs. 

Dlst. Run 0 Run 1 Run 2 Run 3 Run 1 
0 1 1 0 -1 0 
5' 5 6 1 3 1 
10 9 10 9 8 8 
15 11 15 13 13 11 
20 19 19 17 17 18 
25 21 21 22 22 23 
30 28 29 27 27 27 
35 33 31 31 32 33 
10 38 38 36 36 37 
15 13 13 11 11 12 
50 17 18 15 15 17 
55 52 52 50 51 52 
60 57 57 55 56 56 
65 62 62 60 60 62 
70 67 67 65 65 66 
75 72 72 70 70 71 
80 77 76 75 75 76 
85 82 81 , 79 ' 80 81 
90 87 86 81 85 87 
95 92 91 89 90 91 
100 97 97 91 95 97 
105 102 102 99 100 101 
110 107 107 104 , 105 107 
115 113 112 109 110 111 
120 118 117 111 115 117 
125 124 122 119 120 121 
130 128 127 125 126 127 
135 133 132 130 131 133 
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Table 1. continued. 
140 139 138 135 136 137 
145 145 143 140 142 143 
150 150 148 145 147 149 
155 155 153 150 153 153 
160 161 159 156 158 159 
165 166 164 161 163 165 
170 172 169 166 169 169 
175 177 175 172 174 175 
180 180 181 177 180 181 

5.6 Analysis of calibration results 

Obviously with each experimental arrangement there will be 

differences in zero offset and slope of the resulting readings. If we are 

to compare the results then these differences need to be excluded. A 

good way to achieve this is to calculate the linear regression on the 

results from each run. In this way accurate values of zero offset and 

slope are obtained. The important errors are the residuals resulting 

from the regression calculation since, in practice, errors in zero offset 

and slope can easily be corrected. It is interesting to see the plot of 

these residuals as shown below. 
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Clearly the changes in the experimental set-up had little effect on 

the error curve. The conclusion is that the error is due to the light 

output of the camera lens being less at the edges and this along with the 

effect of illumination on the comparator input is producing this error. 

5.7 Results from the Prototype System 

Having determined that the remaining slight non-linearity cannot be 

easily eliminated at source it was decide to use a non-linear calibration 

curve. To this end the five sets of results were subjected to a 

polynomial regression analysis with the idea that the resulting curve 

would define the relationship between the camera results and the actual 

measurements. The Standard Error of the Estimate from this is shown 

below in Table 2. 
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5. Results 

Table 2. Accuracy of the Prototype system. 

Callbrat10n Run 

Run 0 

Run 1 

Run 2 

Run 3 

Run 4 

standard Error of the Est1mate 

0.560 

0.513 

0.350 

0.365 

0.554 

The above results indicate that the errors of 95% of the 

measurements wlll lIe wIthIn + or - 2 tImes the standard error as gIven 

above, which in the worst case is within +- 2x 0.560 = +- 1.12 mm. 



5. Results 

5.8 Measurement of a Manneauin 

The final output of the LASS equipment Is of course the numerical, 

values which define sufficient points, on the body being measured, to 

define its shape with the required accuracy.The following Table 3. Is of 

the values of the radii of those parts of the mannequin shown 

graphically later. Each horizontal row contains the figures for 1 vertical 

slice and so there are 72 rows representing radial slices at 5 degree 

Intervals. Numbers at the beginning of each row represent the top of the 

picture and of course those at the right of each row the bottom. Each 

number is the radius in mm. 

5.8.1 Table J. RadlJ for the Manneguin 

82 88 95 102 108 110 107 96 76 77 78 78 77 77 77 
101 99 98 97 95 93 91 88 86 83 80 77 73 70 67 
99 99 97 96 94 93 90 88 86 83 80 77 74 71 68 
108109 112 117 123 126 127 123 103 99 97 103 94 94 92 
95 95 95 94 93 91 90 88 86 83 80 77 75 73 71 
93 93 93 93 92 90 90 88 86 84 81 78 76 73 72 
90 90 90 90 90 < 90 88 87 86 84 81 79 76 74 73 
89 89 90 90 89 ,88 87 86 84 83 81 79 77 75 74 
88 88 88 90 89 88 87 86 84 82 81 79 77 75 75 
68 68 90 91 91 90 87 84 83 62 60 79 77 75 75 
88 88 90 92 95 95 93 86 82 81 80 82 79 76 75 
88 88 90 94 97 99 99 95 84 80 80 78 81 77 75 
88 89 93 97 101 ·104 105 100 86 79 78 78 77 77 76 
68 90 95 100 105 108 108 104 89 78 78 78 77 77 76 
86 89 94 99 105 110 112 110 100 78 77 77 77 77 76 
86 91 97 103 109 114 115 111 100 77 77 77 77 77 77 
82 86 93 99 107 114 117 114 103 77 77 77 77 77 77 
80 84 90 97 105 112 115 112 101 77 77 78 77 77 77 
77 82 88 95 102 108 110 107 96 76 '77 78 78 77 77 
75 80 B6 92 97 102 104 101 90 76 77 77 77 78 78 
73 77 B2 8B 93 97 98 95 84 76 77' 77 77 78 79 
71 75 60 64 88 90 91 87 77 75 76 77 77 78 80 
69 72 75 80 82 84 84 80 74 75 75 77 77 78 80 
67 69 72 74 76 77 77 73 73 75 75 77 77 79 80 
65 67 69 69 71 71 71 72 73 75 75 76 77 78 80 
65 M 67 68 69 70 71 72 73 75 75 76 77 ' 78 60 
67 68 69 69 70 71 72 73 74 75 76 77 78 79 80 
71 73 74 75 73 73 73 75 76 77 78 79 80 80 82 
75 78 82 85 86 79 77 77 79 80 80 82 82 83 84 
81 8S 89 94 97 97 80 80 82 83 64 84 8S 86 86 
86 90 96 102 107 109 104 85 84 86 87 B8 B8 88 89 
90 96 102 109 115 119 115 79 88 89 90 92 92 92 91 
95 101 lOB 115 123 127 124 115 92 93 94 95 95 95 94 

54 
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77 
65 
67 
93 
70 
71 
73 
74 
75 
75 
75 
75 
76 
75 
76 
76 
77 
77 
77 
79 
80 
60 
81 
81 
81 
80 
81 
82, 
84 
87 
89 
90 
93 
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Table 3. Continued. 

99 106 112 120 128 134 131 122 97 95 97 98 99 98 97 95 
104109 116 123 130 133 132 124 102 99 99 101 101 101 99 98 
107112 117 123 129 132 130 123 104 102 102 103 103 103 102 101 
109112 117 122 127 129 127 119 105 105 105 105 105 105 104 103 
110112 115 120 124 125 122 113 107 107 107 107 107 106 106 105 
110110 113 117 119 119 114 109 109 108 108 108 108 108 107 106 
109110 112 114 114 112 110 110 110 110 110 110 109 108 108 107 
109110 111 112 112 112 112 112 112 112 111 111 110 109 108 lOB 
110110 112 113 114 114 114 114 114 113 113 112 112 110 109 lOB 
112112 113 114 115 115 115 115 115 114 114 113 112 110 lOB 107 
115115 116 116 117 117 116 116 116 115 114 112 1 I I 109 107 106 
119119 119 119 119 119 119 117 116 115 114 112 110 107 105 103 
122121 121 121 120 119 119 117 116 114 112 110 107 104 101 99 
122122 121 121 121 119 118 116 115 113 110 108 104 101 98 95 
121121 121 120 119 lIB 116 115 113 111 lOB 105 101 97 94 90 
119119 119 lIB 117 116 114 113 110 lOB 106 10 I 97 93 B9 86 
115115 115 115 114 113 112 110 lOB 105 101 97 93 88 85 81 
111111 111 110 110 109 108 106 103 100 96 93 88 84 BD 77 
106106 106 106 105 103 102 100 9B 95 91 B7 83 BO 76 73 
99 100 100 100 99 98 97 95 93 89 86 82 78 75 72 69 
93 93 94 94 93 93 91 89 87 84 80 71 73 71 68 64 
86 86 87 88 87 86 85 83 81 78 75 72 69 67 63 60 
BD 80 Bl 82 Bl BD 79 77 75 73 70 67 54 62 59 56 
75 76 76 76 75 75 73 71 59 67 65 52' 50 5B 55 52 
73 73 73 73 73 72 71 69 57 55 52 60 58 56 53 50 
7272 72 72 71 71 69 68 67 64 62 60 58 56 53 50 
71 71 71 71 71 71 70 69 67 06 64 52 59 57 54 51 
71 72 73 73 73 72 71 71 59 67 55 52 60 58 55 52 
73 74 75 75 75 74 73 73 71 69 57 64 62 59 56 53 
75 76 77 77 77 77 75 75 73 71 58 65 62 60 56 54 
76 79 80 60 BD 79 7B 76 74 72 69 66 63 60 57 54 
81 82 82 82 B2 81 80 78 75 73 70 67 64 60 58 55 
84 85 85 85 84 83 82 80 77 74 71 68 64 61 58 55 
86 88 87 87 B6 85 83 81 79 75 72 69 54 62 58 56 
90 90 90 89 86 66 84 62 60 77 73 69 66 62 59 56 
93 93 92 91 90 88 86 84 . 81 78 74 70 67 63 60 57 
95 95 94 93 92. 90 88 85 82 80 75 72 68 64 60 58 
97 97 96 95 93 91 89 86 84 80 77 73 69 65 62 59 
99 96 97 96 95 93 90 BB 65 B2 78 74 71 67 64 61 

These results have been plotted on the following pages. 
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5. Results 

5.9.1 Results of the Sway Measurement 

Measurement of sway was taken on 16 subjects, 8 male and 8 

female. DetailS of the subjects are shown below jn Tables 4 & 5. 

Table 4. DetailS of the Male Subjects used for sway 

Measurements. 

SUbJ.No. Helght.cm, welght.kg. Age.years. 
1 179.8 73.0 55 

2 185.1 91.0 56 

3 173.5 77.0 24 

4 189.2 70.5 42 

5 175.7 71.5 35 

6 180.4 88.0 47 

7 170.9 61.5 38 

8 178.9 60.0 45 

Table 5, DetailS of the Female Subjects used for Sway 

Measurements, 

SUbJ,No, I:!elght,cm, Welght.kg, Age,years, 
1 162.5 52.5 38 

2 154.8 61.5 50 

3 162.0 65.0 34 
4 150.5 55.0 28 

5 171.2 64.0 42 
6 165.5 58.0 37 

7 173.3 73.5 26 

8 155.5 50.0 46 

Although 20 measurements were taken by each camera these data 

were reduced to a pojnt at the top and a second pojnt 19 cms beneath, 

whIch wjth approxjmately 11 frames tImes 2 cameras gIves 44 readjngs 

62 



5. Results 

In total for each subject ( all readIngs are scaled In mllJlmetres ). While 

not strIctly true the two planes of measurement are now referred to as 

'shoulder' and 'waIst'. 

A prelImInary examInatIon of the results showed a faIrly random 

movement In any dIrectIon. In the partIcular context of movement while 

the subject Is beIng measured. It was decIded that the amount of 

movement durIng any measurIng Interval Is the Important factor. 

Therefore the results were converted to dIrectIonal vectors for both the 

shoulders and the waiSt. As there seemed to be no way of predicting the 

direction from one moment to the next the direction of the vector was 

ignored. 

Because the dIstrIbutIon of the vectors show a posItIve skew the 

logarithm of the results were taken and were found to have a more 

normal dIstrIbutIon. The statIstIcal analysIs for both males and females 

is shown below. 

Table 6. AnalYSis of the Male Shoulder Vector 

Data Flle: MALE SWAY 
Variable: LOG.SH.VEC. 

Minimum: 0.000 
Range: 3.186 . 

Observat ions: 141 

Maximum: 3.186 
Median: 1.498 

Mean: 1.489 Standard Error: 0.067 

VarIance: 
Standard Deviation: 
CoeffiCient of Variation: 

Skewness: -0.294 

0.631 
0.794 
53.336 

KurtoSis: -0.640 



5. Results 

Table 7. Analysis of Male Waist Vector 

Data File: MALE SWAY 
Variable: LOG.W.VEC Observations: 141 

Minimum: 0.000 Maximum: 3.097 
Range: 3.097 Median: 1.498 

Mean: 1.426 Standard Error: 0.068 

Variance: 
Standard Deviation: 
Coefficient of Variation: 

Skewness: -0.3 I 6 

0.661 
0.813 
57.01 I 

Kurtosls: -0.616 

Table 8. Analysis of Femal.e Shoulder Vector 

Data FIle: FEMALE SWAY 
Variable: LOG.S.DIF.VEC Observations: 64 

Minimum: 0.00 I Maximum: 2.780 
Range: 2.779. Median: 1.445 

Mean: 1.485 Standard Error: 0.085 

Variance: 
Standard Deviation: 
CoeffiCient of Variation: 

0.459 
0.677 
45.618 

Skewness: -0. I 64 Kurtosls: -0.720 
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Table 9. AnalysIS of Female WaIst Vector 

Data File: FEMALE SWAY 
Variable: LOG.W.D.VEC Observations: 64 

Minimum: 0.000 Maximum: 2.840 
Range: 2.840 Median: 1.350 

Mean: 1.326 Standard Error: 0.087 

Variance: 
Standard Deviation: 
Coefficient of Variation: 

5kewness: -0.054 

0.487 
0.698 
52.637 

Kurtosls: -0.760 
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5. Results 

To return from the lognormal distribution to the normal distribution 

the following formulae apply. 

If II and 0_ are the mean and standard deviation of y = loge X. then, It 

can be shown that the mean and standard deviation of x are :-

Mean = ew 1120-2 

Standard Deviation = ell+ 1120-2(eo-2- 1) 1/2. 

The conversions then are: 

Male shoulder 

Mean = 6.077 mm. 

standard Deviation = 5.699 mm. 

Male waist 

Mean = 5.792 mm. 

standard Deviation = 5.605 mm. 

Female shOulder 

Mean = 5.553 mm. 

Standard Deviation = 4.238 mm. 

Female waist 

Mean = 4.804 mm. 

standard Deviation = 3.805 mm. 



6. Discussion 

6.1 Errors due to Camera Angled View 

It is necessary to incline the camera to view the subject being 

measured at an angle to the normal to the projector. Thls ls so that re­

entrant parts of the body can be measured. As shown ln sect10n 4.2.1 

thls prOduces dlstortion of the image. The results given ln sectlon 5, 

whl1e taklng lnto account the major dlstortlons due to the angle, have 

assumed that all horlzontal 11nes of the T. V. plcture represent the same 

dlstance on the the scene belng vlewed. In fact all the callbratlon 

flgures glven refer to the central 11ne of the plcture. For any future 

implimentation of thls system lt will be deslrable to lncorporate some 

form ofcompensatlon into the computer program ln order to correct the 

resulting measurement. 

6.2 Dealing with the sway problem 

Although the amount of sway of a person has been measured ( sect 

4.3 ) there has been no attempt to allow for it in the measurements so 

far. In a final verslon of the system either some form of support or 

restralnt could be used to e11mlnate the sway altogether, or the amount 

of sway could be independently measured ( say with cameras, or other 

type of sensor, whlch rotated wlth the person betng measured ). Havlng 

measured the sway simultaneously with measurlng the radll of the body 

the latter measurement can be corrected by subtractlng the former. 

When the body sways the actual polnt on the surface belng measured 

w111 not be the point where the measurement was intended to take place 

but, provlding a sufficlently large measurlng point density ls achleved, 

thls w1l1 not be a problem. 
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6. Discussion 

6.3 Mask1ng by Arms and legs 

The measurement of radius will result in a single value for anyone 

point. Clearly when the measurement reaches a point Obscured by an arm 

. then the radius being measured will be that of the outside of the arm not 

Torso 

Am 

o 
R2 

fig. 6.1 Change of Radius Due to an Arm. 

that of the torso. Fortunately as shown in fig. 6.1 the value of the radius 

as the measurement proceeds from the point RI to the point R2 will 

suddenly increase in value. This increase can be detected by the 

computer and the value of the radius at RI used to extrapo late the torso 

radius for the parts obscured by the arm. The curve of the outside of the 

arm will be measured and these data can be used to create an 

approximate shape for the unmeasured part of the arm. 

The legs also present a similar problem and some computer 

extrapolation will have to be used to fill in the missing data. Extra 

information can be obtained to help with the extrapolation by causing 

the camera to take silhouette views at particular angles during rotation. 

From such views an indication of arm, leg, and also torso, diameter can 

be obtained. 



6. Discussion 

6.4 USIng the Information 

The results obtained so far either as a series of numbers In the 

computer, or as plotted graphs, while looking fairly Impressive are not 

of Immediate use to a garment designer. Tradltlonaly tape measures 

have been used by tailors In order to make proper fitting clothes. The 

tape measure Is very suitable In that It usually does not measure the 

true surface distance, but stretches across Indentations, In the manner 

that cloth does ( modern stretch fabrics excepted ). First then it is 

necessary to define what sort of measurement Is required, whether a 

surface distance or a tape measure distance or perhaps a direct distance 

as required generally in engIneering. 

The second problem Is to defIne exactly the end poInts of the 

measurement. Even for the more obvious measurements such as waist or 

chest It Is not easy. Where is a waist ? On some people it is the 

narrowest part around the middle but on others it Is the widest. Even If 

we know exactly where we want to measure, hOw do we Interrogate the 

data. An obviouS Way Is to produce a plot of the data on the computer 

screen and then with a light pen or some similar technique, Indicate the 

end pOints of the measurement. This method will probably be 

satisfactory but, unless done with care on a high resolution screen, 

could Introduce errors at least as great as the original measuring errors. 

If the LASS system Is to be used, as expected, to measure large 

numbers of people with subsequent computer analysis of the data then 

standards, such as the definition of the position of a waist, will have to 

be defined or computer analysis wl11 be Impossible. 

( 



5. Discussion 

6.5 RelatIonshIp wIth other methods. 

Although the Subject of this thesis Is only a feasibility study, the 

achievements made Indicate strongly that the method surpasses the 

previous methods In several ways. 

It Is capable of measuring re-entrant shapes (to a limited extent> 

and Is therefore superior to the silhouette measuring technique. 

The results of the LASS method are suitable for unambiguous 

computer Interpretation, which makes this technique superior to the 

Moire fringe method, which requires a human operator to Interpret the 

fringe patterns. The amount of computation required Is also less. 

Compared with the Structured Light method, and LASS Is of course 

one form of that method, the whole surface of the body has been 

measured, whereas previous methods have only been capable of taking 

one view of the body at a time. 

The Oxford OrthopaediC Centre (1515) equipment Is also limited by 

taking only one view of the subject. 

Clearly the methods which take one view at a time, such as 1515, . 

could be used to take several views and so digitise the whole surface of 

the body. The problem Is that the several views could not be taken 

simultaneously because of the mutual Interference between their light 

projectors, and so the separate views would probably require human 

Intervention for their Interpretation In order to achieve a ·best fit' 

where the views overlap. 

There are disadvantages to the LASS method. A single television 

camera, if the system Is to have a reasonable resolution, does not cover 

a very large area oT the SUbject. Typically 400 X 300 mm. Tor I mm. 

resolution. Seven cameras are required then, to cover the two metre 

'.'-
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height Of a tall Subject. More cameras than this could be needed If 

compensation for sway Is taken Into account. 

Whlle various mechanical scanning techniques could be used to cover 

a larger field of view than a single television camera a bank of 

television cameras Is I1kely to provide a cheaper solution because they 

are a standard mass produced product. A bank of television cameras will 

also provide a better vertical resolution than IS likely to be achieved by 

a single mechanical scanning system. 

It Is not very desirable to have to rotate the subject because It can 

exagerate the sway problem and perhaps cause the subject to stand In a 

less than relaxed posture. The dlfflculty with keeping the subject still 

and rotating the cameras and projectors about them Is largely one of 

safety because of the fairly large rotating mass that would be required. 

II 



7.Conclusions 

7.1 Conclusions 

There is little doubt that the Questions posed In Section 2 .. Aim of 

Study· can all be answered pOSitively. 

The television camera is a suitable measuring device with a 

resolution of 1 in 512 approx. Unfortunately the aspect ratio of the field 

of view of the camera which is 4 : 3 is widest In the horizontal 

direction whlle the human body Is of course taller than it Is wide. 

Perhaps the cameras can be used rotated through 90· but at worst it 

simply means using more cameras. 

From the results so far obtained the method using the projected 

shadow works as expected, and because of lts slmpllcity, gives very 

rapid results. With a standard error of the estimate of 0.56 mm. Is 

shown to be suffiCiently accurate. 

The remainIng problems to do with body sway, effects of limbs and 

deallng with the final result have been discussed in the previous section 

and are also the Subject of future research under a program sponsored by 
." 

the SERCI ACME DIrectorate ( Ref. GR/E 04097 Dr. P R M Jones and Mr G M 

West. 1986). 
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A2 Control Programs which run In the Apple Macintosh 
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9.Aopendix. 

A.I Interface Computer Software 

The following programs were all designed to run In the Interface 

computer. 

( PROGRAM PAGE I ) 

HEX 1 E CONST ANT ULB 

1 C CONSTANT LLB 

15 VARIABLE L1NCNT 

( PROGRAM PAGE 2 ) 

ASSEMBLER HERE 

PHA, 

L1NCNT LDA, 0= NOT IF, 

OF 11 LDA, LLB ST A, 

00 11 LDA, ULB ST A, 

L1NCNT DEC. 

PG LDA. BF :# AND. PG ST A. 

ELSE. 

03 11 LDA, LLB ST A. 

00 .11 LDA, ULB ST A, 

14 LDA. LI NCNT ST A, 

PG LDA, 40 :# ORA, PG ST A, 

( I nputl output buff er addresses 

( 

(Storage area for the T.V.l1ne count 

( 111585 GMW) 

( Set active I1nes to every 15th 

( 

( Sync pulse width 

( Set no of active I1nes to 20 ) 

THEN, LLB LDA, ( Clear timer IRQ) 

PLA, RTI, 0040 ! ( SET VECTOR) 



( PROGRAM PAGE 3 ) 

FORTH 

: INTRPT E8 MCR C! 

20 IER Cl ; 

o VARIABLE ADATA 

C8 ALLOT ( B44 ) 

o VARIABLE BDATA· 

C8 ALLOT ( B44 ) 

o VARIABLE AYSTORE 

o VARI ABLE BYSTORE 

o VARIABLE L1NE.FLAG 

CODE LFIND BEGIN, 

9.Appendix. 

( Set Interrupt vector 

L1NCNT LOA, L1NE.FLAG CMP, 

0= UNTIL, NEXT JMP, END-CODE 

( PROGRAM PAGE 4 ) 

CODE GRAB! 

0'" LOA, 

PE STA, . 

0'" LOA, PG STA, 

20 "'LOA, PG STA, 

BEGIN, PA LOA, 

OC '" AND,· 

0= UNTIL, 

NEXT JMP, END-CODE 

( PROGRAM PAGE 5 ) 

( Here to "GRAB" data from camera A 

77 
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CODE GRAB2 

30'# LOA. 

PE STA. 

( Here to "GRAB" data from camera B 

0'# LOA. PG STA. 

20 '# LOA, PG ST A, 

BEGIN. PA LOA, 

OC'# AND, 

0= UNTIL • 

. NEXT JMP, END-CODE 

( PROGRAM PAGE 6 ) 

HEX 

CODE A 1 STORE 

A YSTORE LDY. 

80 '# LOA, ( SELECT ACAM ) 

PE ST A. PF LOA, 

ADATA.Y STA,INY, 

PA LOA, 01 '# AND. 

01 '# EOR, ( INVERTLSD) 

ADATA ,Y STA, INY, 

TV A, AYSTORE ST A, 

NEXT JMP, END-CODE 

( PROGRAM PAGE 7 ) 

HEX 

CODE A25TORE 

AYSTORE LDY, 

( 

( Here to store camera A data 
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PS LOA, OF # AND, 

CLC, 9F # ADC, PE 5T A, 

PF LOA, AOATA ,Y 5TA, INY, 

PA LOA, 0 I # AND, 

AOATA ,Y 5TA, INY, 

A I # LOA, PE 5T A, 

PF LOA, ADATA ,Y 5TA, INY, 

PA LOA, 01 # AND, 01 # EOR, 

AOATA ,Y 5T A, INY, 

TY A, A Y5TORE 5T A, 

NEXT JMP, END-CODE 

( PROGRAM PAGE 8 ) 

HEX 

CODE B I STORE 

BY5TORE LOY, 

40 # LOA, 

PE 5T A, PF LOA, 

BOATA ,Y 5TA, INY, 

PA LOA, 01 # AND, 

. 01 # EOR, 

BOATA ,Y 5TA, INY, 

TY A, BY5TORE 5T A, 

NEXT JMP, END-CODE 

( PROGRAM PAGE 9 ) 

HEX 

CODE B25TORE 

( Here to store camera B data 

( 



9.Appendix. 

BY5TORE LDY, PB LDA, 

.A L5R, .A L5R, .A L5R, .A L5R, 

CLC, 4F # ADC, PE 5T A, 

PF LDA, BDATA ,Y 5TA. INY, 

PA LDA, 01 .. AND, 

BDATA ,Y 5TA, INY, 

51 .. LDA. PE 5T A, 

PF LDA, BDATA ,Y 5T A, INY, 

PA LDA, 01 .. AND, 01 .. EOR, 

BDATA.Y 5TA. INY, 

TY A. BY5TORE 5T A, 

NEXT JMP. END-CODE 

( PROGRAM PAGE 1 0 ) 

HEX 

: AMEM :' ;" AY5TORE C@! 0 DO 

ADAT A I + C@!. 

LOOP; 

: BMEM ." ;" BY5TORE C@ 0 DO 

BDATA 1+ C@. 

LOOP; 

( PROGRAM PAGE 1 1 ) 

: NEW5TART 0 AY5TORE ! 0 BY5TORE!; 

: SNAP 1 13 LI NE. FLAG Cl 

BEGIN LFIND 
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GRAB 1 A 1 STORE B 1 STORE 

LlNE.FLAG C@ 1-

OUP LlNE.FLAG C! 

0< UNTIL; 

: SNAP2 13 LI NE.FLAG C! 

BEGIN LFIND 

GRAB2 A2STORE B2STORE 

LlNE.FLAG C@ 

1- OUP LI NE. FLAG C! 

0< UNTIL ; 

( PROGRAM PAGE 12 ) 

: ACAM 1 NEWST ART SNAP 1 AMEM ; 

: BCAM 1 NEWST ART SNAP 1 BMEM; 

: ACAM2 NEWST ART SNAP2 AMEM ; 

: BCAM2 NEWST ART SNAP2 BMEM ; 

: BAUD HEX OOOC 18 ! ; 

OECIMAL 

INTRPT 

: ALIGN BEGIN 19 LlNE.FLAG C! 

BEGIN LFIND 

GRAB 1 

LlNE.FLAG C@ 1-

OUP LlNE.FLAG C! 

0< UNTIL AGAIN; 



9.Aopendjx. 

A.2 Control programs whIch run In the Apple MacIntosh 

( GET CAMERA INFO ) HEX 

CREATE ACAM 1 $ ," ACAM I" 

CREATE BCAM 1 $ ," BCAM I" 

CREATE ACAM2$ ," ACAM2" 

CREATE BCAM2$ ," BCAM2" 

CREATE INTRPT$ ," INTRPT" 

CREATE All GN$ ," All GN-

CREATE FILENAME$ ; 01234567890123456789" 

400 CONSTANT R5TORE.5IZE 

CREATE R5TORE R5TORE.5IZE ALLOT 

CREATE RBUF R5TORE.5IZE ALLOT 

CREATE RDISC.8UF 1770 ALLOT (6K) 

( GET CAMERA INFO ) DECIMAL 

VARIABLE C.NT. 

VARIABLE RZERO 

VARIABLE R5CALE 

VARIABLE RDlFF 

-684 R5CALE! 423 RZERO ! 

VARIABLE CON.cOUNT 

VARIABLE RDI5C.POINT 

VARIABLE RECORD. COUNT 

VARIABLE CAMDATA NEXT.FCB CAMDATA! 

VARIABLE RANGLE 

VARIABLE THETA 

( 
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o RANGLE ! 0 THETA! 

VARIABLE KK 16650 KK! 

( SERIAL INPUT) 

: HSHAKE 

BEGIN S.?TERMINAL 10> UNTIL 

BEGIN S.?TERMINAL 2000 0 DO LOOP S.?TERMINAL '" UNTIL; 

: RGET (GET DATA FROM SERIAL lIP INTO RBUF ) 

HSHAKE S.?TERMINAL RBUF 2DUP Cl 

I + SWAP S.EXPECT ; (S.EXPECT RESETS S.?TERMINAL ! ) 

HEX 

: R;SAVE (SAVES R.BUF IN RSTORE AFTER ";" ) 

1 C.NT I RBUF DUP C@OVER + SWAP2DUP DO IC@ 

SWAP I + SWAP 7F AND 3B '" IF LEAVE THEN LOOP 

DO IC@ 7F AND RSTORE C.NT @ + Cl 1 C.NT +! 

LOOP C.NT @ 1- RSTORE C! ; 

( GET CAMERA INFO) 

DECIMAL 

: R.CON ( CONVERTS RSTORE TO BINARY IN RDISK.BUF) 

o RSTORE CON. COUNT @ 0 DO CONVERT SWAP I 2 /MOD DROP 

0= IF 2~ C.NT I ELSE C.NT @ + 

RZERO @ - RSCALE @ I 000 ~I THETA @ 

0= NOT IF DUP 10000 KK @ ~I THETA @I DUP ROT SWAP 

SIN 10000 ~I SWAP COS + 10000 SWAP ~I THEN 

RDISC.BUF 2 - I 2 ~ + ! THEN 

83 
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o SWAP LOOP 2DROP; 

( GET CAMERA INFO ) HEX 

: RCON I 28 CON. COUNT ! RCON ; 

: R.CON2 50 CON. COUNT ! RCON; 

: RDlSC.PRINT 1 ( PRINTS DAT A IN SINGLE EDGE SENSING FORMAT) 

eR 500 DO I 28 /MOD DROP 0= IF CR THEN 

RDISC.BUF I+@ 5.R 4 +LOOP eR; 

: RDISC.PRINT2 ( PRINTS DATA IN DOUBLE EDGE SENSING FORMAT) 

o RDIFF! CR RDISC.8UF DUP 140 + SWAP 4+ 

DO I@ DUP 8 .R C.NT @ 0= IF RDIFF ! I C.NT! 

ELSE ROI FF @ - 12.R eR 0 C.NT ! THEN 4 +LOOP ; 

: DISC.PRINT! ( NO. OF RECORDS --- ) 

eR 50 * 4 DO I 50 /MOD DROP 0= IF CR THEN 

R.D1SC.BUF I+@ 4.R 4 +LOOP CR; 

( GET CAMERA iNFO) HEX 

: ACAMI (GETS DATA FROM CAMERA A) 

ACAM1$ COUNT S.TYPE OD S.EMIT 

RGET R;SAVE RCON 1 2 SYS8EEP ; 

: R.ACAMl (GETS DATA FROM CAMERA A & PRINTS IT) 

ACAMl CR RDISC.PRINTI ; 

: BCAMI (GETS DATA FROM CAMERA B) 

BCAM I $ COUNT S.TYPE OD S.EMIT 

RGET R;SAVE RCON 1 ; 

: R.BCAMI (GETS DATA FROM CAMERA B & PRINTS IT) 

84 
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BCAMI CRR.DISC.PRINTI; 

: ALIGN (ALTERNATELY SWITCHES CAMERAS) 

AlIGN$ COUNT S.TYPE OD S.EMIT ; 

: RINTRPT (STARTS INTERRUPT PROGRAM IN CAMERA INTERFACE) 

INTRPT$ COUNT S.TYPEOD S.EMIT ; 

: RI BEGIN R.ACAMI AGAIN; 

: SI BEGIN RBCAMI AGAIN; 

: RY BEGIN RACAM I KEY DROP AGAIN; 

: RT BEGIN 3 @CLOCK + R.ACAM 1 BEGIN @CLOCK OVER = 

UNTIL DROP AGAIN; 

( CAMERA INFO. TO DISC) 

DECIMAL 

: RSAVE (RECORD NUMBER IN RECORD.COUNT ) 

RDISC.BUF RECORD. COUNT @CAMDATA @WRITE.FIXED 

?FILE.ERROR; 

; RREAD ( RECORD NUMBER --- ) 

RDISC.BUF SWAP CAMDATA @ READ.FIXED 

?FILE.ERROR ; 

; READ.MAX ( NUMBER OF RECORDS --- ) 

I + I DO RDISC.BUF I 80 * + I CAMDATA @ READ.FIXED 

?FILE.ERROR LOOP; 



( 

( PLOT ROUTINES) 

: CLEAN 

9.Appendix. 

PAGE CARTESIAN ON LOWERLEFT 250250 XYOFFSET 

200250 XYSCALE XY AXIS; 

: RPLOTI 076 MOVE.TO 76 8 DO 

RDISC.BUF I+@ RANGLE @ SIN 20000 ""I 80 I - DRAW.TO 

4 +LOOP -10 0 MOVE.TO ; 

: RPLOT2 

CLEAN 20 0 DO 20 I - RDISC.BUF I 16"" + 2DUP 

@ lOO 250 ""I lOO SWAP - SWAP 6 "" MOVE.TO 8+ 

@ 100250 *1 100 SWAP - SWAP 6 * DRAW.TO 

LOOP -10 0 MOVE.TO ; 

DECIMAL 

: DUMP ( ADDRESS COUNT ---) 

OVER + SWAP DOIC@. I 40 !MOD DROP 0= IF CR THEN LOOP; 

: Z (REPEATS RACAMI EVERY 3 SECS & SAVES TO DISC. ) 

I RECORD.COUNT! BEGIN 3 @CLOCK + ACAMI RSAVE 

J RECORD.COUNT DUP @. +! CR BEGIN @CLOCKOVER = 

UNTIL DROP AGAIN; 

: PLOT (RECORD NO. --- PLOTS +- 18 RECORDS EITHER SIDE) 

CLEAN 90 54 DO DUP I DUP 5 * R.ANGLE ! 

+ BEGIN DUP 72 > IF 72 - THEN DUP 73 < UNTIL 

RREAD RPLOT I LOOP DROP ; 

: ZZ (REPEATS RACAMI & SAVES TO DISC. ) 

I RECORD. COUNT ! BEGIN ACAMI 2 SYSBEEP RSAVE 

I RECORD. COUNT DUP @ . +! CR AGAIN; 
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( SLICE PLOT) 

: SPLOT ( 72 READ.MAX ) 

4 * 8 + 72 ) DO DUP R.DISC.BUF I 80 * + + @\ 2/ 

DUP I 5 * SIN * I 0000 / SWAP I 5 * COS * ) 0000 / DOT 

LOOP DROP; 

: SlICE.PLOT ( 1ST SLICE # LAST SLICE # ---) 

PAGE CARTESIAN ON 150 150 XYSCALE CENTER XYAX1S 

SWAP DO I SPLOT LOOP -150 -150 MOVE.TO; 

: CIRC ( CALCULATES CIRCUMFERENCE: SlICE# --- ) 

o C.NT ! 4 * 8 + 72 1 DO DUP R.DISC.BUF I 80 * + + @\ 

C.NT +! LOOP DROP C.NT @\ 50000 572958 */ . CR ; 

(DISC SORT) 

: NEW CR (SETS NEW FILENAME FOR DATA) 

: ENTER NEW FILE NAME - • FILENAME$ 20 INPUT.5TRING 

CR 1500 FILENAME$ NEW.FILE CAMDAT A! 

150 CAMDATA @\ SET.REC.LEN ; 

: OLD CR (READS FROM OR RE-WRITES INTO OLD FILE) 

: ENTER OLD FILE NAME - ., FILENAME$ 20 INPUT.STRING 

CR FILENAME$ CAMDATA @\ASSIGN 

150 CAMDATA @\SET.REC.LEN CAMDATA @OPEN ?FILE.ERROR; 

(DATA INYX FORMAT) 

VARIABLE YSCALE I YSCALE ! 



9.Appendix. 

: YGET ( LINE NO. --- LINE DATA STARTING FROM BOTTOM) 

76 SWAP 4* - RDISC.BUF + @I ; 

: XYPRINT ( PRINTS DATA IN Y X FORMAT) 

1 18 DO I 2IMOD DROP 0= IF CR ELSE 5 SPACES THEN 

18 I - DUP 8 - YSCALE @I * 5 .R 1 + YGET 5 .R -1 +LOOP ; 

: XY ( GETS DATA & PRINTS IN XY FORMAT) 

BEGIN KEY DROP ACAMl XYPRINT CR CR AGAIN; --) 

(DATA IN R H FORMAT) 

: RGET ( NNN --- CALCULATES RADIUS FOR 45 DEGREES) 

DUP 7071 KK @I 

*17071 + 1000000 SWAP */ SWAP OVER ABS 

(# # # 46 HOLD #S SIGN #) 

TYPE; 

: HRPRINT ( PRINTS DATA IN H R FORMAT) 

1 18 DO I 21M0D DROP 0= IF CR ELSE 5 SPACES THEN 

18 1- DUP 8 - YSCALE @I * 5.R 5 SPACES 1+ YGET DUP 5.R 

4 SPACES RGET 

-1 +LOOP; 

: HR ( GETS DATA & PRINTS IN HR FORMAT) 

BEGIN KEY DROP ACAMl HRPRINT CR CR AGAIN; 

( CAll BRATE ) 

: SETUP ( SET ZERO AND FULL SCALE ) 

o RZERO ! 1000 RSCALE! 0 THETA! CR 

." SET TARGET PATTERN TO ZERO & PRESS ANY KEY" CR 

KEY DROP ACAMl 9 YGET RZERO ! BEGIN CR 

.- SET TARGET PATTERN TO FULL SCALE AND ENTER THE FULL SCALE 

88 
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VALUE" CR 5 INPUT.NUMBER UNTIL ACAMl 10009 YGET *1 

R.SCALE ! BEGIN CR : ENTER CAMERA TO ZERO DISTANCE" 

5 I NPUT.NUMBER UNTIL KK ! BEGIN CR : ENTER MEASURING ANGLE" 

5 I NPUT.NUMBER UNTIL THETA! CR ." CALIBRATION COMPLETE" CR ; 

HEX 

: ALIGN (ALTERNATELY SWITCHES CAMERAS) 

ALlGN$ COUNT S.TYPE 00 S.EMIT ; 
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