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perpendi culary to th i s plane and in tersected the face at about 3 em f rom 
the mi dd l e line of the head, so as to show one s i de of the nose well on the 
photograph. The projector was pl aced at the same di stance from the control 
poi nt pl ane so that the base was about 25 em. A gr i d was proj ected on the 
ri ght s i de of the face; i t was ori ented by means of the level i ng screws of 
the tr i pod i n a way that a cer tai n gri d l i ne passed th roug the pupi ls . The 
posi t i on of the ear is of great i mportance for the desi gn i ng of g l asses, and 
i t cohld not be measured i n the normal way . Therefore i t was targeted by 
means of a smal l plate, the di stance of which from the contro l poi nt plane 
was read at the t i me of photography. 

The t i me of exposure was 1 sec. The photographs were devel oped us i ng a sen
s i t i z i ng devel opi ng agent, Acuf ine . 

The photographs were measured i n a monocomparator. In additi on to the f i du
c i al marks and s i x control poin ts , measurements we re made of the pupi ls , of 
the ta rgeted poi nt on the ri ght ear, of 30 - 35 gr i d points on the face, and 
of 4 poi nts projected on to the cont rol point pl ane. Fol low i ng th i s procedu
re , the measurement of one photograph took about 20 mi n. 

The f i nal computation was performed us i ng the general b l ock adj ustment prog
ram menti oned above. For the determi nati on of the pupil s , i t \'1/as set down as 
a condi t i on that the poi nt c l osest to the pupi 1 ( < 1 mm ) and the puri 1 
are at the same di stance f rom the contro l poi nt pl ane. All poin ts werw i n
c luded i n th i s computati on so as to reduce to a mi ni mum the i nf l uence of 
the somewhat disadvantageous geometry . Fur thermo re , the use of a separate 
i ntersecti on program wou l d demand an extra effor t . 

The standard error of un i t we i ght i. e., that of one coor di nate observat i on , 
as deri ved f rom the computati on vari ed between 5. 0 )Jm and 10. 0 )Jm. 

The li sts of the coordi nates thus obtai ned we re del ivered to t he orderer of 
th i s research . By means of the coordi nates of the pupi ls and of one ear, the 
resul ts are t ransf ormed i nto the same system; th i s makes possi bl e the deter
mi nati on of the di mensions needeed by the desi gners. 



distance between the po i nts on the face was about 3 mm dur i ng photographv . 

Of the grid , a set of 5 x 7 po i nts , used for the cal i b rat i on of the projec
tor , was measured in a monocomparator , PK1 of Ze i ss/Oberkochen ; futhermore, 
about 70 such po i nts were measured that wou l d be actua li zed in the measure 
ment of faces . 

2 . 4 The camera 

The camera uded in photography was the TMK of Zeiss/Obe r kochen ( c = 60 mm ) . 
The camera was equ i pped wi th a Ze i ss front lens, Nr . 2, thus g i v i ng a depth 
of focus of 62 em + 6 em . 

3. Ca li b rat i on of the projecto r 

The projector was ca li b rated at the beg i nn i ng and end of each period of 
photography of about 2 hours . Th i s was done by proj ect in g the gr i d from a 
distance of 65 em perpend i cular on to the control po i nt p l ate and by photo
graph i ng i t wi th the TMK located as close as poss i ble to the projector . In 
add i t ion , a measur i ng was used to measure the d i stances from the project i on 
center of the proj ector to the contro l po i nts . For th i s purpose , the posi
t ion of the p roject i on center i n the lens tube had been determined before 
hand . From the photog raph , the cont ro l points and 35 gr i d po i nts used for 
ca li b rat ion were measured i n a monocomparator . 

In the computat ion that followed , the exte ri or or ientat i on of the metric 
camera was dete rmi ned ; a l so the object coo r dinates of the gr i d po i nts were 
determ i ned , assum i ng that they al l we re in the same p l ane . After this, the 
exter ior and interio r or ientat ions of the projector were comp uted . In this 
computat i on, the object coo r d i nates of the projected grid po i nts , obta i ned 
i n the p reced i ng phase , were used as control po i nt coo r d i nates , and the ob 
se r vat i ons of distances to the p roject i on center , ment i oned above , served 
as add i tiona l obse r vat i ons . The standard erro r s obta i ned for the coord i nates 
of the project i on cente r, determ i ned by means of the d i stance observations , 
we re ± 1. 5 mm i n the p lane para ll e l to the p i cture plane and ± 0.5 mm i n the 
d i rect ion of photog r aphy . The d i v i s ion o f the computation i nto two phases 
was due to the genera l b lock ad j ustment program used , wh i ch t reats the i nte
rior or i entat i on of al l photog r aphs in the same computation i n an i dent i ca l 
manne r. 

Also rad i a l and tangent i a l d i stort i on parameters could be inc l uded i n the 
dete rmi nat ion of i nte ri or o ri entat i on ; th i s gave the d i stort i on of the p ro
j ect i on lens see n i n Figure 2 . However , because the distort i on values were 
re l at i ve l y l ow i n the a rea to be measured , d i sto r t i on pa r ameters we re not 
determ i ned i n the final computat i ons . The i nf l uence of th i s on the f i na l re 
s ul t was on an ave rage± 0 .1 mm . The computat i on of the cal i b rat ion photo
graphs showed a lso that inter io r o ri entation had been we l l preserved during 
al l pe ri ods of photog raphy ; consequently , the i nter io r or i entat i on obta i ned 
by ca li bration performed at the beg i nn in g of each pe ri od was used for a l l 
cases wi th i n the per i od i n quest i on . 

4. The measu rement of faces 

When photog raph i ng the faces , the met ri c came ra was placed at a d i stance of 
67 em f rom the control po i nt plane i n a way that the photographi ng ax i s ran 
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Figure 2. A contact print of 
a TMK photograph for the cali 
bration of the projector. 

Figure 3. A contact print of 
a TMK photograph for the mea 
surement of faces. 



Figure 4. Set-up for photography. 

5. Conclusion 

The method used proved to be very well suited for the application in ques
tion, and the objectives set were attained. The method is rapid in the pho
tographing and measuring phases, but fluent computation would demand a com
puter program better suited for this kind of a purpose. 

In the case at hand, the accuracy requirements were not particularly high, 
but the use of projected grid makes possible an increase in accuracy. This 
can be achieved by carefully calibrating the bundle to be projected, which 
can be done rather easily, at least in some cases. Futhermore, if the photo
graphing set up is so arranged that, in the determination of the most criti
cal coordinate, theinfluence of projection bundle is the greatest, the accu
racy of the final result is improved. 
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