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Arc hae ology as a prac tic e  is d e struc tive . O nc e  an are a of inte re st has be e n e xc avate d , any inform ation that has not be e n re c ord e d  is lost. M any dating m e thod s 
also re q uire  the  d e struc tion of the  sam ple  to obtain re sults. U ntil re c e ntly, inform ation obtaine d  from  d igital pie c e  prove nie nc ing syste m s, d rawings, and pic ture s 
have  m ad e  up the  spatial re c ord . W ith the  d e ve lopm e nt of photogram m e tric  te c hniq ue s, re c ord ing spatial data has be c om e  m ore  ac c urate , faste r, and m ore  
e ffic ie nt than pre vious m e thod s use d  in Arc hae ology. This poste r shows the  re sults of photogram m e tric  work d one  in the  fie ld  at Lapa d o Pic are iro. This 
M id d le  and Late  Pale olithic  site  offe rs the  uniq ue  opportunity to apply photogram m e tric  te c hniq ue s to arc hae ologic al subje c ts insid e  of a cave  with d e positions 
dating to the  transition from  Ne and e rthals to Anatom ic ally M od e rn Hum ans. Photogram m e try was applie d  to the  site  in ord e r to provid e  annual spatial inform ation 
for artifac t c onte xt and trac king site  c hange . This poste r shows the  re sults of thre e  d im e nsional m od e ls of not only cave  surfac e s, roc k laye rs, and ge ologic al 
stratigraphy, but also of faunal re m ains d e stroye d  for isotope  analysis. The  e nd  re sult, be yond  d igitally re c ord ing spatial inform ation, is the  re c re ation of 
artifac ts and spac e  with the  use  of anothe r re c e nt te c hnologic al d e ve lopm e nt: thre e  d im e nsional printing.
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Lapa d e  Picare iro is a M id d le  and Late  Pale olithic  arc hae ologic al site  loc ate d  in a cave  in c e ntral Portugal. The  cave , whic h sits atop a 
m ountain ac c e ssible  only by goat trail, pre se nts a uniq ue  se t of proble m s for re c ord ing arc hae ologic al site  c onte xt. The se  proble m s 
inc lud e , but are  not lim ite d  to, ac c urate ly re c ord ing spac e  in low light c ond itions, ge tting he avy spatial te c hnology e q uipm e nt up to the  
cave  and bac k d own, and be ing able  to inte grate  the  spatial inform ation d igitally into a pre d e te rm ine d  loc al c oord inate  syste m . 
Pie c e  prove nie nc ing, LiDAR, and photographs, and d rawings have  all be e n use d  to try to solve  the se  proble m s, but e ac h fall short in 
som e  way. Photogram m e try was introd uc e d  into the  e xc avation as anothe r form  of re c ord ing spac e . This poste r shows the  re sults of 
the  work d one  in the  2015 sum m e r fie ld  se ason applying photogram m e try to the se  proble m s. 

In the  fie ld , photogram m e try re q uire s a cam e ra to take  photographs, m arke rs to id e ntify c ontrol points, and a total station to 
re c ord  the  m arke rs x, y, and z c oord inate s in the  loc al grid . All of this e q uipm e nt was alre ad y pre se nt for othe r purpose s in the  e xc avation 
so no e xtra m ate rial was ne e d e d . In the  fie ld , pic ture s we re  take n in a d om e  patte rn around  the  are a of inte re st until all vie wpoints we re  
re c ord e d . Post-c olle c tion work re q uire s a photogram m e tric  program . For our d e sire d  re sults, we  use d  Agisoft Photoscan. 

The  2015 fie ld  se ason prod uc e d  m ultiple  m od e ls. It was the  first ye ar photogram m e try was use d  and as suc h ac te d  as an e xpe rim e ntal ye ar for the  te c hnology at the  site . 
Low lighting e ffe c te d  the  m od e l c larity as we ll as a lac k of suitable  c ontrol points. Although usable , the  m od e ls prod uc e d  are  all low re solution. The  work d one  for 2015 has 
be e n invaluable  for se tting up the  large  photogram m e tric  work to be  d one  in the  2016 se ason. Annual Photogram m e tric  work will be  d one  on the  e ntire  site  to c om pare  to 
future  annual LiDAR scans. The  e nd  goal will be  to c om pare  ac c urac y and re solution be twe e n the  two m e thod s of re c ord ing spac e . 

M od e ls we re  c re ate d  for m ultiple  d iffe re nt aspe c ts of the  cave  in 2015. A pre viously 
c lose d  off room  was e xc avate d  in the  bac k of the  cave  during the  2015 fie ld  se ason 
and a m od e l was c re ate d  to provid e  c onte xt to the  pie c e  prove nie nc ing 
carrie d  out in the  are a. This m od e l, whic h can be  fully m anipulate d  whic h a 
c om pute r, is shown as thre e  figure s on this poste r; The  top vie w (Fig. A), the  
front vie w (Fig. C) and a vie w from  the  front rotate d  45 d e gre e s to cave  e ast (Fig. D).  
An im age  c re ate d  to give  spatial c onte xt to m ate rial re m ians in the  bac k room  was 
c re te d  using the  a m od e l and pie c e  plots from  the  total station (Fig. B). The  blac k d ots 
are  m ate rial from  Laye r "O " he arths. The  gre e n d ots are  m ate rial c olle c te d  from  
Laye r "T" he arths. Anothe r m od e l was c re ate d  for a laye r of large  c lasts whic h m ake s up 
the  ge ologic  Laye r “T”. An im age  of this m od e l in Agisoft with its bound ing box (Fig. E) can be  
se e n above  a finishe d  m od e l of the  are a fac ing cave  e ast (Fig. F).  

Take  pic ture s of the  obje c t, m oving around  
the  obje c t in a c irc ular fashion. Eac h 
pic ture s fie ld  of vie w should ove rlap be twe e n 
thirty and sixty pe rc e nt. Start paralle l with 
the  surfac e  the  obje c t is re sting on. The n raise  
your c am e ra in fifte e n d e gre e  inte rvals until 
you have  c ove rage  of the  obje c t that would 
re se m ble  a d om e . In this im age , the  blue  
re c tangle s re pre se nt the  cam e ra positions.

Afte r c hoosing your subje c t or are a, se t 
up lighting in suc h a way that shad ows 
be ing cast on the  obje c t is m inim al. 
Contrast is ne c e ssary for the  software  so 
be  sure  to ad e q uate ly light the  obje c t 
without saturating it with light.

U pload the  pic ture s into Agisoft Photo 
Scan. Align the  photos, whic h allows the  
software  to find  c om m on points am ong 
the  group of pic ture s. This is why pic ture  
ove rlap in the  fie ld  is im portant.

O nc e  c om m on points are  found using 
c hange s in ge om e try, proc e e d  through 
the  Agisoft workflow by e d iting e rrone ous 
points and c re ating a d e nse  point c loud, 
surfac e  m e sh, and te xture . M ake  sure  your 
bound ing box is se t to plac e  your m od e l in 
spac e  along the  axis ne e d e d  for whate ve r 
c oord inate  syste m  you are  working in. Ad d  
c ontrol points to allow the  inte gration of the  
m od e l into various syste m s. O nc e  your 
m od e l is c om ple te , e xport the  file  as a .STl. 
This is a STe re oLithography file , use d  for 
thre e  d im e nsional inform ation. 

O pe n a m e sh software  like  M e shLab. Im port 
your .STL. Ed it the  m od e l by c ropping 
unwante d  are as or e rrone ous surfac e  points. 
This is your last c hanc e  to e d it the  m od e l 
surfac e  be fore  3D printing. This stage  can also 
inc lud e  AutoCAD or othe r thre e  d im e nsional 
e d iting soft ware s. W e  use  Autod e sk 3Ds to 
c re ate  landscape  m od e ls. Save  the  file  as a 
ne w .STL.

O pe n your .STL into the  proprie tary software  
use d  by the  3D printe r of your c hoic e . I use d  
M ake rBot as it was available  and intuitive  to 
use . O rie nt the  bound ing box to fit your build  
plate  and print. Enjoy watc hing your m od e l 
appe ar in the  physical world . Com pare  to your 
original if you can.  
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Lapa d e  Pic are iro. Fac ing the  m outh of 
the  c ave  (south). Im age  obtaine d  using 
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