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There are numerous techn available to acquire 
sional information for human body shapes. However with the 
development of solid state sensors and scanners process 
measur body surfaces been automated. 

The recent lopments of automated measuring techniques has 
expanded the areas of icat s and accuracies 

the f 1 shape. One must cons 
techniques and devices that are available 
they fall under the realt or semi-realtime 
mode. 

G.R.A. over the years have undertaken developments in both areas 
of realtime and semi-realtime photogrammetry{Robertson,Miles 
1984), (Robertson,Wyatt,1984) (Robertson,1986). In most cases 
Realtime data techniques or devices can be obtrus I non 
portable, and actually be too time consuming to effectively 
measure subjects. Example of this wou be measur 
of patients or handl 
patients or subjects. It is for the above reasons the author had 
undertaken research to deve techniques to not only effec­
tively decrease the time required for the init 1 data acquisi­
tion stage to final system throughput for 3D measure­
ments. 

G.R.A. was part of a research project to study various techni­
ques used in the acquisition of 3D human body shapes. Six 
systems were chosen for analysis: Mo , Rasterstereography, 
Laser scanning, Light sectioning, Integrated shape Imaging 
system and Sonic digitizing. 

The first phase of the study was an accuracy evaluation of the 
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systems. National Research Council of Canada standard object 
form for Moire (Figure 1.) and a head form was sent to our 
facility California. 

Inside radii 22.2Jmm 

Standard Model (Major Dimensions) 

Figure 1. Standard Model Form 

For the projected dot grid tterns several sizes were 
considered. A grid pattern of 600 and 400 micron spacing and a 
dot pattern of 300 and 400 microns were used for the test. The 
patterns were inserted into a standard 35 mm slide mount and 
projected onto the NRC standard object form and face form with a 
standard 35mm projector. The above pattern size provided a 
adequate coverage and density as seen by Figure 2. and 3. 

The NRC form and the face form were photographed with a 35mm 
Olympus camera, all data acquisition was acquired using the 35mm 
camera. We had chosen an off the shelf non-metric camera for 
several reasons. 

1) - show capabilities of using inexpensive standard cameras. 
2) - the accuracies would be more than adequate using 35mm. 
3) - show overall portability of the process (camera and 

standard projector). 
4) - easy set up time for walk thru frame for measuring entire 

body surface. (Figure 4) 

The photography was multiple convergent of the mould and face 
form with the raster used as a subsequent photo in one test, 
then only as a projected target pattern on the object. 
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Figure 2. and 3. NRC standard object and Head form 

Figure 4. Frame for full body measurement. 

DATA REDUCTION 

For the data reduction phase a GRA Pass 2000 system was used to 
read the 35mm frames. A CCD and PMT (photo multiplier tube) 
detector was used to scan the negatives. The Pass 2000 system 
has been described in earlier papers (Robertson,Wyatt 1984)(Rob­
erton 1986) The system has measuring accuracies within the .5 
micron range and can read a target in less than 1 second. 

Although this seems to have adequate throughput the author 
wanted to test the feasibility of faster thruput, the answer was 
to test with a lager scanning window and to compute a centroid 
of every targeted point within the window accurately and within 
the same time frame. This concept was tested with the CCD and 
the PMT detectors. The modified Perkin Elmer Microdensitometer 
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PMT allows 

An 
cm 

All 

1 

sent to 
tants 

scanning window but scans at a 
is relatively slow, also for 
accuracies and geometrically-

the PMT system is not 

was recorded time with a Rollei 6X6 
see Figures 5 and 6. 

a smal 
23 X 28 cm. 

area array with basic 
per second. Scan area is 

increments. For the configura-
body the would be 

processing capabilit 

object and face form was 
consul-

evaluat Table 3 shows the 
accuracy of the 
Each systems 

systems the NRC standard object. 
requirements are shown in Table 1. and 

e 2. 

Technique Known 
Length (mm) 

Measured Length (mm) % San1ple 
Dev. Size Min. Mean Max. 

Raster 

ISIS 

Sonic 

Laser 

Moire 

x = SOO.±. .10 799.49 
Y = 500.±. .10 499.SS 
Z = 295.1 .10 294.35 

X(l) 
Y(l) 
Z = 300 + .03 

- .13 

x = SOO .10 
Y = SOO.±. .10 
Z = (2) -

X = SOO .10 

237.37 

797.50 
499.S0 

Y = 474.3.±. .10 471.50 
Z = 300 + .03 299.07 

- .13 

x = SOO + .10 793.27 
Y = 500 + .10 497.20 
Z = lSS.7.±. .10 194.50 

(1) Data loss due to shadows 

(2) Data distorted by reflections 

799.S1 
500.04 
294.94 

256.04 

798.80 
500.09 

799.S5 
473.61 
300.14 

797.04 
500.50 
194.65 

SOO.17 
500.16 
295.33 

0.02 5 
0.00 7 
0.02 5 

271.68 14.60 

S00.20 0.10 
500.5 0.01 

474.94 
301.09 

798.32 
502.42 
194.S0 

O.IS 
0.14 
0.05 

0.30 
0.10 
3.00 

25 

9 
9 

1 
3 
6 

4 
5 
3 

Table 3. Accuracy 
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TABLE 1: SYSTEM COMPARISON 

SYSTEM ACCURACY 1 

Raster Good 

Hoi re Adequate 

ISIS Poor 

laser Good 
Scan 

light Undetermined 
Sect i oni ng 

Soni c Poor 

Good . 1rrm <: 

Adequate . > 1rrm 

3rrm <: 

Poor • > 3rrm 

5 Approximate time 
required for single 
object measurement 

HARDIJARE COSTS 2 MANPOtJER 
OPERATING REQUIREMENTS 

SKIll 4 TIME (MU05 

Very expensive 2 45 

Inexpensive 2 140 

Moderate 0 20 

Expensive 3 25 

Expensive 10 

Moderate 96 

2 Inexpensive· 25,000 <: 

Moderate . 25,000 - 50,000 
Expensive . 50,000 . 100,000 
V Expensive· > 100,000 

6 A· Under hair 
B - In orifices 
C . In shadows 
D - In confined spaces 
E . due to noise or reflections 

3 

FUllY SPEED Of INABILITY TO 6 

AUTOMATED IMAGING MONITOR 

Yes Seconds A,B 

No Seconds A,B,C,D 

Yes 1.5 sec A,B,C,E,D 

Yes 2 sec - 10 min A,D 

Yes 1.2sec, 2sec, 3min A,B,D 

No 10+ min E 

Cost for track 4 Little SKill - 0 
system not 
included 

Semi skill - 1 
Skilled labour· 2 

PORTAB i 1I TY 

Good 

Fair 

Good 

Poor 

Poor 

Good 
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TABLE 2: SYSTEM COM~ARISON 

SYSTEM SIZE OF FIELD IMAGE 
REPRESENTATl<»l 

HUMAN BOOr 

REGrOW MEASURED 

Raster Unl imi ted PLanar Surface 7 Full body 

Moire X - 500 ITTTl Planar Surface 8 Back, head 
Y . 800 ITTTl 

Z - 400 ITTTl 

I SIS Full body Planar Surface Back, face 

Laser Upper torso 360 deg Full body, 

Scan cartesian hand, face, 
coordinates upper torso 

Light 360rrm - l eng t h 9 360 deg Lower leg, foot 
Sect i oni ng 100rrm . radius cyliMrical 

coordinates 

Soni c X - 2 m 360 deg Anatomi ca l 

Y - 2 m cartesian lancinarks, 
Z -2m coordinates 

7 360 deg with mirror backdrop 

8 360 deg dual image with reference points 

9 foot measuring device 

EXISTING SYSTEM 
APPlICATI0t4S 

GR()JPS 

Experimentally on Robertson Photogammetry Inc. 
humans Los Angeles, USA 

Calgary, Ottawa, Canada 

Used clinically 
for scoliosis 
screening 

Cl inicat 
monitor shape 
change in 
scoliosis 

Variety of hospitals & 
scoliosis clinics 
U of Ver-mont 
Burl ington, USA 

MERU . USC 
Vancouver, Canada 
Oxford metric (UK) 

Experimental Hymarc Eng. 
on humans Ottawa, Canada 

Clinical Research Center for Studies in Ageing, 
in the creation Sunny Brook Medical Center 
of prosthesis Toronto, Canada 

Anatomical Biokinetics, DREO 
landmarks Ottawa, Canada 
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Figure 5. Face form 
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Figure 6. 
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CONCLUSIONS 

11 the Raster method the highest accuracy. 
Although the other systems except Moire, provide a constant 
scan of the resulting more data points on the body 

e, some have referred to it as a higher recording resolu-

The raster techniques can also provide for a higher resolution 
points with projec on the 

subject. hi or dot 
is not required for most areas the only effective 

areas are fine details 

has the differences between realtime and semi-
data ac sition. with the lopment 

resolution automated film scanners and more powerful 
computers providing thruput at near time rates, it could 
actual be faster to read the photoimage than it would be to 

realtime. 

The raster or modif raster technique for measuring body 
is truly portable, speed of recording is dependent only 

on film speed and illumination. With multiple 35mm cameras and 
frame an entire body surface can be recorded in less than 1 
second with proposed data thruput of 20 minutes. This would 
enable a number of subjects to be measured in very little 
t f utiliz the resolution and accuracy a conventional 
photographic image. 

I wish to thank B. Gallup and N. Shewchenko of Biokinetics and 
Associates for their assistance. 
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