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TITLE OF THESIS8 Computer Analysis and Ilescription of 
Pottery Sherd Patterns 

Abstract; This thesis describes an automated system for 

the analysis and description of patterns composed of 

straight line elements. It represents the second stage 

in the development of a system intended to aid 

archaeologists in tracing the evolution of decorative 

patterns found on pottery sherds. 

The swnples provided by the Anthropology Department 

for this project are pottery rims excavated from sites at 

PeEitas, Nayarit, Mexico. The input data are digitized 

pictures of photographs of the samples. 

The first phase of the systern is image processing. 

A set of low level operators is eriiployed to obtain as 

final output a pictorial and vector description of a11 

line segaents in the pattern. 

The second phase constructs a series of descriptions 

of the pattern, in which the successive. steps reflect 

increasing levels of conplcxity in the intorrelationships 

of the pattern elements. It first finds parallel and 

connected relationships between pairs of lincs..The pairs 

are examined to obtain groups of equally-spaced parallel 

lines, and groups of lines connected at mutual endpoints, 

The groups are analyzed to y i e l d  the independent patterns 



which compose t h e  picture, and t he  patterns are named in 

the i r  l e f t - t o - r i g h t  order. 
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INTRODUCTION 

This project was motivated by work in the field of 

archaeology, specifically by the problems encountered by 

archaeologists in classifying decorative pattern samples so 

as to recover the chronological ordering of the sample 

pottery fragments. 

The goal of the anthropological studies is to interpret 

the culture, evolution, and extent of ancient societies by * 

tracing the design language of the society through time and 

space. It is believed that artifacts are the fossilized 

ideas of the culture which produced them, and that a proper 

study of archaeological data can infer or reconstruct the 

behavioral patterns of a particular culture (2,s). 

'It is felt that individual designs have meanings, and 
. - 

toll the story of a culture. For example, the pattern in 

pictuse 1  APPENDIX)^^ described as a stairstep leading to a 
m 

temple. 

It is believed that evolution of design elements 

reflects the evolution of the society which created the , 

designs. Each culture possesses mental templates or ideas 

as to the proper form its products should take. Deetz ( 5 )  

cites the example of an anthropologist (Lila 08Neale) who 

investigated the idea of proper form, in studies of the 



Yurok Indians in northern California, She showed photo- 

graphs of baskets to the women of the tribe, and from 

comments on what was "wrongw with certain baskets, she was 

able to discover the limits of variation within the rules of 

proper basketry zrnong those peoplo, A functional attribute 

of an arrowhead or a decorative pattern on a pottory sherd 

are also expressions of these mental templates. Then, the 

nbehaviorw of a template through time and space reflects tho 
.'j . ; . 

behavior of the society whleh produced it, Wholesale 
. 
 transfer^ of templates occur in migrations; diffusion of 

"femaleff templates together wi th  the isolation of "malew 

templates can be seen in societies .in which the labor is 

strictly divided, and in which the women move to neighboring 

villages through marriage while the men remain in their home 

villagosj circulaticns of templates occur through trade1 and 

breakdowns of templates occur through conque~t of a people. 

(5) 

Then, to reconstruct the order of events which the 

artiiFacLs imply, the archaeologist must find the temporal 

order of the artifacts. To obtain perfect temporal ordering, 

the arcl~zeologist would need an " idea l  siteN; that is, one 

in which the ~tratigraphic deposits resulting from occupa- 

tion of the site are found superimposed in their chronologi- 

cal order, without reversal or mixing caused by natural or 

human 3i.aLurbance. Under such ideal conditions, tho 

2 



collection of artifacts would be representative and leave no 

gap in the record. Finally the archaeologist would intro- 

duce no errors that would lead t o  loss, or mixing of matorial 

that w a s  contemporaneous. ( 1 ) 

In reality, the archaeologist cannot know beforehand 

what the limits of the true occupation levels are, Moreover, 

excavation  unit^ impinge on neighboring occupation levels, 

and these boundaries cannot always be exactly determined. . 

Natural or human disturbance to the site prior to the exca- 

vation introduce new variables (1). Thus the material 

cannot be recovered in perfect order, Under these conditions, 

the archaeologist must examine, compare, and classify each 

artifact in an a t t empt  to create an order or pattern from 

the pieces of evidence. . 
Artifactual offers certain advantages--it is 

numerous (in one study the number of vessels inferred from 

fragments, as compared to the numbers - of other artifacts 

ranged from ratios of 681 to 1 5 ~ 1  (13), and therefore 

8rf3 offers a great deal of evidence; t h e  design patternu 

purely decorative, so do not stop evolving the way that 

functional atctributes do when an upper limit of technobogical 

advance is rezched. But t h e  problems faced by tho archacol- 

ogist  in processing this information by hand are manifold, 

To achieve his or her goal, an archaeologist will visit many 

sites, each of which may yield thousands of sheids  for 



examination. The work then involves recording each  herd by 

hand8 attempting to determine which fragments belong to the 

same pottery vessel; noting t h e  differences and similarities 

among patterns, with in  a s i t e  and between sites; noting the 

frequency with which individual patterns occur; and finally 

hypothesizing the evolution of design elements and classi- 

fying -the patterns accordingly. Thus tho t a ck  becomes 

tedious and repetitive while at the same time requiring an 

intense concentration on details. 

The advantages that a successful, automated system has 

to offer are many. The computer can quickly process the 

large number of patterns involved in such a study. A 

descriptive system such a~ the one described in this t h e s i s  

could include an automated recording system which would, as 

it processes series of pictures, count presence/absence 

qualities i n d i v i d u a l  count the f requoncy with 

which certain individual patterns appear in combinal;ion, and 

count the presence/absence qualities of simf l a r i t i e s  between 

the patterns on' the  individual sherds. Thc data could' then 

be quickly stored and retrieved for any additional analysis 

of t h ~  patterns. 

The data thus obtained could be used 'to solve the 

problem of piecing together fragments of t h e  same pottery 

vessel. If t h e  calculations determined that the most likely 

combination was, for exalnple, the stairsteps and temple in 



Pic tu re  1 ( I N D E X ) ,  then if t h e  temple wsro found on the  l e f t  

edge of a sherd ,  t h e  d a t e  could be scanned f o r  a desc r ip t ion  

of a p i c t u r e  which contained a s t a i r s t e p  on the  r ightmost  

edge, I n  t h e  case of t h e  fragmentation of a p a t t e r n  wi thin  

a s i n g l e  shard ,  t he  procedure could use a maximum-fitting 

procedure Lo "guessw a p a t t e r n  and note  the missing parts;  

then proceed t o  look for a desc r ip t ion  of a p i c tu re  w i t h  a 

p a t t e r n  t h a t  matches t h e  p r o f i l e  of the missing parts. 

Fina l ly ,  and this is the area i n  which current experi- - . .- 
merits are being performed, the  computer can be used t o  

process t he  dec i s ion  data i n  an attempt to c l a s s i f y  -the 

sherds.  There are two problems which commonly a r i s e  in the 

present  c l a s s i f i c a t i o n  procedure. C l a s s i f i c a t i o n s  a r e  

l a r g e l y  i n tu i t i ve ,  and there fore  can vary among archaeol- 

- ogists who use d i f f e r e n t  i n t u i t i v e  models. Current t e s t s  are 

being performed t o  t e s t  t he  r e l i a b i l i t y  of various s t a t i s -  

t i c a l  methods as a s o l u t i o n  t o  t h i s  problcrnt and t h e ,  
. 

conputer has been a use fu l  t o o l  i n  per)orrning t h e  mzny se ts  . 

of ca l cu l a t i ons  needed t o  compare t k s c s  methods. The o ther  
,' t 

problem is t h a t  t h e  c l a k s i f i c r t i o n  model may change during 

the course of recording the sherdst  t h a t  is, tho archaes l -  

o g i s t  will begin t o  see  more variation i n  d e t a i l s  of the  

samples.   he size of t he  data base may n o t  a l low back- 

t r ack ing  and r e c l a s s i f i c a t i o n ,  and consistency is d i f f j . cu l t  

in the,face of t hese  increas ing  discr iminatory  powers (13). 



Bordaz's (1) and McPherrone6 (2) methods in classification 

by co~nputer implement iterative ana lyses  of the  data, in 

which f u r t h e r  clustering of similar sherds or furthcr 

collapsing of t ype s  is dependent on clustering results of 

the previous iteration. 

It is hoped that thc?.work presented in this thesis can 

contribute to the solution of some of the problems mentioned 

above. The visual procossing s t q e  addresses the problems 

encountered in processing and recording Lhe large data base 

involved in such studies. The stru-cfural malysis of the 

design elements performed by the descriptive phase gives 

several levels of descrip-tion of t h e  pattern which can be 

used as a basis for furthor analyses and comparisons. 



CHAPTER ONE 

REVIEW OF LITERATURE 

1.1 THE USE OF CORlFUTERS IN ARCHAEOLOGY. As mentioned in 

the introduction, computers have been used as a Loo1 to Lest 

the reliability cf classification techniques, It appears, 

from the survey of literature, that visual processing and 

description has not previously been attempted, In the 

computer classification procedures which were reviewed, tho 

sherds were anzlyzed for attributes determined to be 

important in the classifica%ion deci~ions, and data on the 

attributes was ccded for input to the procedure. 

Deetz (3,5) and Longacrs ( 3 )  used computer clasoifi- 
/ 

cation procedures to put forward modsls as to how attributes 

of pottery design might be expected to reflect the patterned 

behavior of the potters. Deetz's samples were excavated 

from an Arikara Indian site in Northern Dakota, The site 

was c l c a r l y  divided into three stratigraphic layers, so that 

the pottery could be divided into three components. After 

analyzing the pottery, it was discovered t h a t  t he  pottery 

from t h e  earliest group could be placed in clearly defined ' 

typological groups, but that the last group practically 

defied classification according to the same attributes used 

in tho earlier sorting, The.int;ormodiate group showed 

intermediate typological  clarity, In  order t o  gain a 



detailed description of the "patterningw of the attributes 

of the sherds, a computer was usod to perform analyses of 

. the  data. A dota i l ed  list of 174 attributes was first 

prepared, and the attributes formed the basis of a code which 

was used to describe each of the 2000 sherds on cards, one 

XBM card per sherd. Classes of attrihutos used in the code 

were lip profile (squcre, painted, etc.), lip decoration 

technique (tool-impressed, finger-impressed, etc.), lit 

design elements (12 basic d e s i g n s ) $  i d e n t i c a l  classes for 
-. 
the collar of tho sherd; and sherd-neck angle. 

The bperation, vikich involved hundreds of thousands of 

individual compulalfons, showed that the difficulty in 

creating typological categories i n ' t h e  later tvio groups 

stdrnmcd from a progressive lowering of the degree of asso- 

ciatian of attributes . . in the sampleo. To associaio the 

typo of cultural history that would produce such a patterning, 

historical records on the Arikara Indians were checked. I t  

was discovared that  the progressive breakdowns in their 

family structure which occurred during the time period 

associated with the sherds would inply the d i s s o l u t i o n  of 

passing on instructions in the art of pottery-making from 

generation to generation. . - .  

Longacre's study examined space-trends rather than 

time-trends, and investigated tho dispersion of motif , 

attributes within a Pueblo cattleaent. H i s  samples were 




































































































































































































