
---xrv. INTERNATIONAL "CIPA:SYMPQSIUM 
,_D _~lphL:2 -:SOc.tobett991 

':PA.GLOCL'INl - .GA:BRa:ELBFAN!Jl -
_ ANCONA lTNIV.IE'RSITY-d'.fALY 

71WO :.;EXAMPLES-tlF•NON'.:.CONV:ENTIONALPHOTOGRAMMETRIC 
TECHNIQUEStTHE' NATIVITY'S INTERIOR FACADE'ANJ) THE Sl'JRE 
OAS:BARNABA?S1JELLTO;W:ER INTHESAGRADA FAMILIA 

-~BlfRt:ELONE 

.. ABSTRACT-
_- An? experimentaf:,rsIJnJ-eJJJfisome parts, ;{Jf_,the~Sq.grada Bamilia ;-irf1Ba.rcelone .was 
,·car;ri(fd,out: -1the:interiorside::{>fthitNatkV.ity'iFa.cdde.,an:d-'lhe:Sa.n:Barnaba's.Spire. 
·'the ;interior<Nativity'sfacade-wa.s:surveyed .with;-llJQ(lO--:.rail:eameramakin,g __ we_ _of 
01the" iensfi,ff-set;1thif,featureenabliqgithe -operator-to, enlarge "the _optical stereo-ba­
-s e :_ and, to select :the _-• most suitablt;.plac.!:.f or.. tbt;, p.o.,s.itionil}g,pf, the .. came..r:a s.ta.tjaN. 

·• rhg j}Jio.togrammetric.•measur.ements ,were-aari:.ied. autpat.flyJn-, ,ste_reas.q;py,,,wiJhia 
, Sle.T.tlOCOf!lParator:.;aruf pat~/-y,in. monoscppy Jn.:a:di_giti,zenc tahl.e .: 'fheJinaf..pla:ttitJg 
, , was &ar;ri.ed-out, with,AutoCAD· ,JQ .(TM). 'Ehe;SartBarnaba's..,/Ji!Uto.w.er, w~1b~-an­
. ,/y.,onrfinished,pyGaudi: The_spirewas surveyed from the road.level with"35.mm 
camera -~quipped-withlenses, 300 -mm,and 1000:mm,focaUe,igth; The plottirzg-.w.as 

, ,'J'IUide•in,•monoseopie,mode-With a'digitizer .. tbblef•in:Autocad JO (TM). 

\ 1; 'INTRODUCTION 
-An C?(perimental .survJ~Y -' of,.somt::pans _of the.:; S,~grada: FamiHa -in. •Ba;rce.lone .was 
-- carried.- out: the. interior :side: .of the NatiY!ty.'s · Fa.cade ... and: tbe~:San llam.aba 's. _spire . 
. :-The-suO'.ey .of the-.whole.:;fl;:mple::,would: be .toc:Lheay)!; in Jenns of, timeiMd .c.o~ts. 
'. The exµpl9yeq ;photggrammetric,Jechhjque,,was,.un.convemjon.aLand,the:ainuofth.e 

.- e~periment ,was,Jo establish,, wbether:. . .01,\notahese, methods; :eharacte:v:iiecL by low 
:: G.CJsts-: and~ efficiency f :are ,suitable:dal:so ,-for· ;rather'. difficult:, pr~jects ,,, w,as, tq -joc;lge 
'-·whether-or not'the· results ,are ·satisfactory in: qti'ality. 

-2. N.QN.,METRICCAMERAS 
~ •· ParadoxaJ.lyrtoo,ay:in.,atchitectutaj, pbo.tpgt.alllmet;rythere.,is _ a. s.eemj1.:1_gl y -co.ottadic­
!-.·tory trend:'. the> demand,fof photggrammetric. '.atchi-tee.tuxal,surve-ys: c.ontinuousl y;,jn­
: creases : ·just- -when ·'the··. traditional- manufa.cturers ,::s.tpp(:the_; pro.d11ctionc0fc, their 
;J.::ten:estniahmetric: .c.ame~s;: :a1rea¢y _ o.bsole.te1 .. and:.t.OQ ef pensiyei :ln .tbe;,sawe.1tiwe 
:: thermar-ket:and'th:erefore:the-' proouction;ofr,nontmetric_• ;c.ameras~_ i.,e,:am:aleJ.It.;JQJJri­
" :stie::cameras;vandr>~ge1formati professional :_oamera,s;, xare,:quite: liv;ly;; offeti;t1g.J1~w 
nmodels+•more,-and:more.1spphisticared,:fl¥linly;,be.cau.se _of.Jbe:massive erpploy ,,of 
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the electronics. The many requests of Architectural Photogrammetry could be pro­
bably satisffod also by means of these types of cameras. 

3. THE SELF-CALIBRATION FOR NON-METRIC CAMERAS 
With these ideas,. a strategy was designed for a quality control of an unconventio­
nal, low cost, efficient photogrammetric technique. Metric cameras are supplied 
with a calibration certificate made by the manufacturer. For non-metric cameras 

- this lack of a-priori information must be replaced by equivalent metric information 
obtained a-posteriori by extra measurements made directly in the field. Not only 
that, but also the lens distortion, in practice null for metric cameras, for non-metric 
cameras is significantly different from zero and it must be estimated and corrected. 
The required additional infonnation can be supplied by three-dimensional coordi­
nates of the Control Points (Abdel-Aziz, Karara, 1). In the classical photogramme­
try the control points are used as well but their quantity can be considerably 
reduced in comparison with non-metric cameras. Nevertheless in Close-Range 
Photogrammetry the cost per unit for Control Points is rather low and almost inde­
pendent from their quantity, the cost for the set-up of the control net being prevai­
ling. A computer program capable of dealing with non-metric cameras was 
therefore written, based on a self-calibration procedure (Fangi, Presta 2). Its main 
features are: - suitable for non-metric cameras - employ of graphical tablets ;as 
measuring devices of enlarged paper prints of the photos - multi-image restitutipn 
- interactive graphical editing with any:CAD (Computer Aided Design). The pr;o­
gram not only computes some coefficients for lens distortion correction, testing 
their consistency, but also calibrates the digitizer table taking into account for nqn-

,. 
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perpendicularity and for scale difference of the X and Y axes. · 

4. THE PHOTOGRAMMETRIC PROGRAM AS RESIDENT PROGRAM 
INSIDE INDEPENDENT CAD PROGRAMS 
After the orientation of the photograms, (the computation of those parameters for 
the transfonnation from the photo-coordinates to the ground coordinates), the ope­
rator can switch to the plotting phase. The plotting can be carried out directly insi­
de an external CAD. That means that the photogrammetric program is quitted, and 
the CAD is activated. For the plotting of primitives the 3-D coordinates of the 
points are furnished by the photogrammetric program, recalled just by pressing a 
key, in the same way as they would be typed in the k~yboard (Fangi, Presta 2). 
The advantages are as follows: 
- interactive graphical editing, 

- - little training period, because the operator usually knows already the CAD, em-
ployed also for different purposes . 
- high quality CAD, continuously up-dated 
- modularity of the system 
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- large transportability of the plotting files. 

5. MONO-RAIL CAMERAS AND LENS OFF-SET 
They are large-format professional cameras, where the lens plane and the negative 
plane can be moved and rotated with respect to each other in any direction (see fig. 
1). They are obviously non~metric cameras. 
The above mentioned capabilities can be useful in architectural photogrammetry: 
1) rectifi~ images are taken directly from the field, 
2) it is possible to increase the base/distance ratio of a stereo-pair getting a better 
accuracy in direction of the depth and mainly improving the flexibility and the ef­
ficiency of the survey. They enable for large. taking bases, keeping the parallel li­
nes in the main object plane· (i.e a facade) again parallel in the image plane. In 
practice the operator can choose in a easier way and with less limits the positions 

-of th~ shooting stations. Mono-rail cameras add the advantages in flexibility of 
monoscopic takings to the advantages of the stereoscopy (Fangi, 4). 

i 
. i 

I 
I 
i 
i 

Fig. 1 - Scheme of mono-rail camera · 

6. 1HE PHOTOGRAMMETRIC SURVEY OF THE INTERIOR SIDE OF 1HE 
NATIVITY'S FACADE 
Making use of this type of camera the photogrammetric survey of the interior Na­
tivity's facade was carried out. Three stereo couples were shot, one for the upper 
part, with horizon~ axes, and two couples from the ground, one with horizontal 
axes for the lower part, and one with inclined axes for the middle part (see fig.2). 
The camera was a Fatif 9x12 cm with 150 mm lens. Let's take into consideration 
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Fig. 2 - Interior Nativity's Facade. Lay-out of the photographic stereo-pairs 
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Fig. 3 - Stereo pair made with off-set ·lens camera versus the equivalent stereo­

pair made with centered otpical axis 
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f of iWlt;mcei t'ne'. stertl;"b~jai1f S-ti i1n' ii1f i- Wrth a' centered' axis camera'. equipped 
¥/tirii ffi;€ shltie feriif • rri~: nega'· '®e' sraie s6buM be~ i1I'ictea:sed fr6ih 9'.ro· i 1 cm' for the 

( ' ,: '. . - ' ' . - ~ .,, ' ' ' \ ' . ,, '. ' ' ' .~'.- . . : ·. ' ' ' ' . : ' - . : ' 

sa&e· 6\lerfap;: aiierifatfvel'y wWfr _ the sifu6; f6r&at,· the _ same -lens . and the . same 
6v&rap:;- ihe' cll's"tutte: fi6fu' ifie· Wist ro' rtie· object sfr6hrct bb increased from 60 to· 1·6 
tH;v.)}i'fr~ tb~'. b'.ts'e:: s'hbfrrtf b'e rtdttcetit iW th'e smri.e' rifue ft6ni ti.5 to 7.6 Ill (the ba­
sf/di:st'a'.Ate ri'rlo w6ulc:t tti·a:rrgb; HBm Ns1 td r !foY. 't'ri~-r would be just not poss1Me. 
rg E6Wtibf pilttiil were·· s'ohiey·ed by tit'iers&c'ti:bn' #o'i-A. a iwo' rheooolites base·. the 
ctuB.'tfriti 6f tWe ge&l~if6 i./6'-lR.(~'&• atb~i two tWnir;L With the classical photograrri~ 
Hi.'6tiy for fue three stereo' mtxfots; partly ovettapping; a least of 9 points_ would be 
h'&de,f the stvrNg rH dine'. woMa &e· at6uHd Ralf im. fro'Wf o'nTy. 

1. t6Nd Fb'c/;;l· Li!.NsF;§ 
1£i#es; ~1th' 11arge c9Verage ahgie's' Me gefie,ra:11y used 111 phot6grammetj,, (wide­
~ •gi¢J id tfiti'. fasi t~;at i su~ta:bfe ph'o'td-~cale is needed for objects hardly reacha­
ble or . vefy . far,, f-H:ltri the a£~es:sible places:, ,Icmg ~ocal Jenses are used 
(riatr6w~:mtie)1: the covefrige ~gfo rs naif8~ anYi the foci! lens fa large in compa­
nsdir _with ihi fregatNe fdtinat: ~fed ifr this: cas;6 the· equiprii'erii of irietrit cameras 
ii -ci~frei irrfi1'ted, wiin~ die iiotmi1 pii'cit8-Hiiiikei_ ~1/ler~ a wide droite 6t any focal 
iefoies at fatHei lo~ p'fitd: it ~ttii dem'o'Hstrated lj:itttgi;· 3J that fo bider io' use Iorig 
t&id Ieflses ti/id no'ri-m'einc cameras; ihe cifuiera Station pbsitions in'ust be 'icnowri. 

8. rim PHbfotHUdfflvnfffitc' §tiiiVEY OF nm SkN BARNAB·k s SPIRE 
The sii.H :Biififa:b~'s sj>tfe· is i&ateH aliout 100 r# aBove the ground level. The sur­
vey was ciitrltid But t6'f ecdrid&y rea~dfi.s ff8m the gtorind and therefore long focal 
len~e~ \.1/ete requ'ired: .TH& ph&tds WHe:slidi from the fout directions corresponding 
tS ilie fdiif_ ~effites bf ilie poiygon surfuundirig the temple (fig.4). A 35 mm reflex 
~attieti; blyirlpHs b-M4; eq~ipp~d_witti a 306' ilifu and a 1000mm lenses was used. 
ElMen pfidt&s_ wef~ s#ot wttb 300 tnili ierit Tub taking distailteS from the spite 
weffi fangiiig ffoiii a: fHftHriiifrH bf i 50 rh to a maximum of 180 m about. 

9. nm CONTROL mfwdRK 
For t~e survey of the cbnttoi points a traverse was established all around the tetn­
p1e; ~e tfa❖e~ was ~dtt#,Osed i>y rive ~htHo~t An bperi arm conrie~ted in the sa­
ilie refereiite ~y~t~lli Uie ihtHitit side Bf iiie church (fig. 5). From the traverse by 
thtets~~tidri 31 ccintrbi pdfots fdt t~e spilt were determinate. From the interior side 
19 coiitfol pbtnts wef~ ~~tveyed: Fforri Uie traverse vertices, the phbi6gramilietiic 
sfatioris werb surveyed alsd. their cddfdirlates were needtd because of the long fo­
cal iehses .cls~4. the. ~dJHstllieii.i tor th.~ coricl-01 t,oirifs. \Vas earned out t~ a Ieasi 
sqWHf s fJr8cedifre. Ail fie coBtfo1 pbitits Were cditicidihg with hatiifal tldhlls iri 
ille obJeH H1k. 1j: : 
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10. 1HE COMPUTER AIDED DESIGN AND THE GRAPHICAL 
ELABORATION 
The plotting was carried-out on-line in Autocad (wire-frame and spatial model) 
and in Autosh.ade for the final elaboration (solid model; color treatment and sha­
ding). The plotting was carried out partly in a stereocomparator and partly in a 
graphic tablet with 2.5x enlarged paper prints (20x30 cm). The reason for that, was 
the limited training of the operators. It should be noted that for the facade the resti­
tutio~ was edited, correcting and rectifing non-aligned lines, when it was evident 
that they were not corresponding to an ideal architectural geometry. This is mainly 
due to a point-by-point restitution. The plotted points were the ending points of 
straigth lines or better lines supposed to be straigth lines. This procedure made dif­
ficult to point-out geometrical "anomalies", such as curved lines, off-set of planes, 
etc. Therefore the graphical editing was more demanding in comparison with tra­
ditional continous plotting. From one side the operator could be rather inexpert in 
photogrammetry but from the other side he should have a deeper knowledge in ar­
chitecture. The average of the absolute values for the residuals in the three dimen­
sions of the control points was 1.3 cm. The plotting accuracy is expected to be 
around 2-4 cm. The plotting was carried out inside AutoCAD 10 as CAD program, 
with the 3-D coordinates passed directly by the photogrammetric program wor­
king as resident program in the RAM memory of the Personal Computer. The ope­
rator was fully inexpert in photogrammetry, but already trained in CAD. The final 
drawings were two-dimensional (see fig.6). · 

11. TI-IE S.BARNABA'S SPIRE 
Because of its complexity, it could not ·be fully represented; and understood by the 
traditional representation (front and side views, cross-sections, plan). The only 
exhaustive approach seemed to be the fully three-dimensional representation and 
therefore the Computed Aided Design was probably the most suitable mean to de­
fine, represent, understand the spire in . all its shapes, patterns and geometry. This 
plotting was carried out therefore in four different phases: 
1) build-up of the wire-frame by photogrammetric measurements (fig.8). The plot­
ting was carried out in monoscopy in agraphic table A2 format with lOx enlarged 
paper prints. Three phogrammetric models, each made by four photos, were for­
med. Two other models were set-up for minor parts. 31 control points were used. 
The upper part only of the spire, 15 m long, was plotted. In these photogrammetric 
models the orientation of the photograms were particularly difficult because of 
- the great distance, 
- the prevailing linear shape of the object, 
- the little depth of field 
- and the incompleteness of the models (the bigger part of the photograms being 
occupied by the sky). The average of the absolute values for the residuals on the 
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Fig. 6 - The interior side of the Nativity's Facade 
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'.'. c;pq.\:l;ol)pqipts ,,wl\ls. 2;; lr;;m,,wh:iJe Jµe ,plqttw.g. ac~µra~y . i~: §llppos~ ;: to l?~ '!-f<>und 3-
5 cm. · ·· · · 

. (., 

"'.f) A~·:HJJ~):mHd1µpJ>Csotne ,p.articular parts The pqjpt f~ptµ:re ._i[was J;Dqnoscopic: 
therefore ,some:coptinµpus parts GOUid not be plott~ qire~tly by.photogrammetry. 
Jlas~ ;Q~: ,the :ditPensions takeniJ~Plll ·the ~ire-e.fr~e~., ~orkin{as :skeleton,,.four 
. p~s \\'ire,.Sf.?~~tqd; rfB<r} upp~:r ,P.¥trJoqµ~ .· by J~o,oppqs.4~-.pla~s hplc!ing: on, Ql~ir 
: .p~tjql~Jer,. 8 s.pt!~~l$,~Ch! a. ceng-ajwut with·~hi~!d..,~~~pe,'l~e ~a,s~ ~4 tPe connec­
tiqn . be~~n. Jpt'Hm~r PN1 a~4imy-.c~nt.ralJ>pe,; 1,Je,px;op.ibleJ~wof thtirgene:ra­

< tion,in ,~pace .w~s. isuiblished, witlMhe help: of pic;iqr~s,,~ade,. with 1,000., mm lens. 
1~i-~PmPQ~l~RI\iµ\;,§li~~~p(fb~;A§R!~patts~Ni4~~€r~;JRPA~iqn ,'Y.fr11 jfPe :~µ-e,;(ra­
. llle;A,he,,~i~4a.µi~\,~a,Hmm:rtt~{ROO~-jn1 ~.~P.H4,tJJ.qppl,} 9y ,µi'1.identjfication of 
: µi~ pi.~~~}H.}q;tµ.~ ;~µtj;~~-passj~gr~J9µgl1 , Jpe. finf,sf 1(Qg,.,,?). 
4) Rempving of hidden }iries, . sh~ffipg,Ati4.SRlPvlWP1HfJg, 

., 12{9rlAM9ffil~J§ylf:;~ OF 11?.A ~tIP.TQ;<;.W,~~~C::;~\J:l}YJ?Y;S 
.-, NCc1tiyhy's-fa.,~~cle,jp~rjor side 
.,J?hoto~~tricSy;~iem-Ph~X 
t9r,Ph;i'?fi! -,~fipg;~A~tpGAD ~o 
.., ~foqo"'.'rail caµi~ra -F~iit; 4;'x5" il.eris l.SQ,rµm/5~6, -.~<>lPf:-reY.ersal ,-· fi.lm Ektachro-
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.. :f9~: 64 -~~-~~HB,;-W. ;l!(ord lf~,\A~A . 

. -... ~ver~ge.~eg;_pj~.:~~~ 6,0 m 
- average pJimq,sc,aje l,;4,00 

· - - - ; • .. ·-' ( •••• • ·-- . < --~ •• -•· .:. ' , ·--~ -• • - • 

- plo,tting aCCPf~Y 2-1 cm: . ~;~::,,:e geodetic:~d ph9t9~e~c,.. ~qrlcs:.pne worl9~1g ~Y for a 

- n ... pf phptpgrar:ns ~ 6 .. in. three .stere(rcouples 
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Fig. i -Beil iowei- of S.Btitiiaha: the spire. Some control pdihts 



Fig. 8 - S.Barnaba's Spire: the wire frame 
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reduces even more the information contents of the photogrammetric surveys. The 
emploied P.C. CAD program, not expressely designed for photogrammetry, had 
limitations in memory and speed. :Nevertheless the efficiency and low cost of this 
photogrammetric techiques were a~sessed positively with a satisfactory degree of 
accuracy. The same surveys would be certainly possible by means of the classical 
photogrammetry as well (metric camera and stereoplotter). Their results would be 
certainly better, but their employ would be much more difficult, mainly for the spi­
re, and after all at a much higher co_st. 
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Fig. 9 - The S.Bdrnaba's Spire after the CAD completion and the final editing 
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