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Automatic drawing of
archaeological artefacts

Methods and tools for (semi-)automatic drawing

of archaeological pottery
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Time consuming (30-90 min)
Thousands of individuals
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How to find a rotational axis?

The ancient problem
All normal vectors on its surface pass through the axis
All horizontal planes intersecting the fragment
form circles whose and these centers lie on the axis
All fragment profiles projected to one plane
occupy the same location

Limitations

size(?)
sector angle
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How to find a rotational axis?

Optimisation problem
Searching for parameters of fragment translation and rotation  °©
which minimize the output of some function
-50

For example the variance of the circle centers:
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How to find a rotational axis?

Optimisation problem
Searching for parameters of fragment translation and rotation
which minimize the output of some function

For example the distance of points from the referential profile
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Optimisation problem

Searching for parameters of fragment translation and rotation

which minimize the output of some function

For example the distance of rim points from the horizontal plane
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How to find a rotational axis?
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0009 FFUHK How to eliminate breakings?

Parts do not possess information about rotational axis
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ooo 9 FFUHK How to separate surfaces?

Estimation of the rotational axis can be easier
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Solution?

@ Rstudio

File Edit Code View Plots Build Debug Profile Tools Help

IR & | [A cotomeundion Addins

®serverR x | @JubRx | @ functionsR x
a 2| - C Reload App
T
2 #DACORD (Dessin Assiste de la CERamique par ORDinateur) - Server
P
4 # Last update: 2017/07/10
5
6 # SET PATH TO DACORD FOLDER:
7 wp <- c("C:/DACORD")
8
9 #
10 # To increase the calculation time, some calculations are performed externally via MeshLab:
11 # '_01_clean_mesh.mlx" for mesh cleaning
12 # '_02_reorient_normals.mlx’ for updating normals
13 # '_03_ambient_occlusion.mIx" for ambient occlusion
14 # '_04_reorient_normals_mesh_export.mix' for updating normals
15 # The vessel regularity is calculated externally via Rscript ('_support_ME.R")
16
L
18 # LIBRARIES
19 # 'server.rR’ file:
20 Tibrary(shiny)
21 Tibrary(png)
22 Tibrary(mco)
23 Tibrary(eptimx)
24 # 'DACORD_Functions.R" file:
25 Tibrary(rgl)
26 library(Rvcg)
27 Tibrary(morpho)
28 Tibrary(sp)
29 Tibrary(parallel)
30 Tibrary(foreach)
31 Tlibrary(iterators); library(doparallel)
32 Tlibrary(fit.models); library(MASS); Tlibrary(robustbase) ;library(rrcov); library(robust)
33 Tibrary(pracma)
34 Tibrary(alphahull)
35 Tlibrary(igraph)
36 # . .
37
1 T PP
39 # Do not alter
40  setwd (WD)
41 source("functions.R")
42 set.seed(12345)
43 options(shiny.maxRequestsize=2001024A2)
44 PlotPath <<- paste(Wp,"/temp/plot.png”, sep="")
45 PlotQualPath <<- paste(WwD,"/temp/plotQual.png", sep=
46 ¢5 <<- NULL
47 Bat connt oo Bat connt? oo Bat canntl oo DAt cauntd oo DAt connt 80N oo 1000
g <
11| (Top Level)

) C/DACORD - Shiny
hittp://127.0.0.1:5336 | £ Open in Browser | (&

DACORD  Orientation ~ Drawing
1. Load file
Browse . | 035.ply

Upl lete

2. Model pre-crientation

Manual -
O Advanced options

Run Pre-orientation

Inverse

3. Optimisation of the
rotation axis position

1b. Horizontal circle
adjustment using radius ¥
(30DL)

Both -

O Advanced options

4. save criented model
C:/DACORD/oriented/

Save

3D reconstruction

Profile plane
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3D scan

- P sa

Pre-orientation

- q

Automatic

Final orientation

Circle fitting | Circle fitting Il Pareto

Profile superimposition Polynomials Rim/Base

Result
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3D scan

How to perform evaluation?

- P sa

Pre-orientation

- q

Final orientation

Circle fitting | Circle fitting Il | Pareto

Profile superimposition Polynomials Rim/Base

Result
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{...} FF UHK How to perform evaluation?
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ooo 9 FFUHK How to perform evaluation?

90% fragments well oriented
< 3 minutes per object

Individuals (N=32)
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coo 9 FFUHK How to perform evaluation?

Distance (in mm)
10 1 20 25

110 fragments tested

Neolithic 55 Lodeve + Chassey-le-Camp
Bronze Age 26 Charmoy + Burgundy
Roman period 29 Burgundy + Autun
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oo 9 FFUHK - How to perform evaluation?

Bronze Age fragments

o I B X

Neolithic fragments Neolithic fragments
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coo 9 FFUHK How to perform evaluation?

’ -_ 80% fragments well oriented

24

TR 0 s o 1 2 3 4 < 3 minutes per object

ST ECEaraa
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ooo 9 FFUHK How to perform evaluation?
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Table 1. Comparison of the Radius of Six Fragments, Determined (i) by an Expert Using
— Traditional Tools (Radius Expert Column) and (ii) by Four Archaeologists Using Different
) Procedures of Pre-Orientation and Final Adjustment (R1-4 Columns)
E
’ . Fragment | Sector Radius
——— number angle || expert (cm) | R1(cm) R2(em) R3(cm) R4(cm) Range(cm) sd(em)
3077.22 9° 10.00 9.55 9.10 9.30 9.20 0.45 0.19
3077.35 12° 7.25 7.10 7.15 7.00 7.00 0.15 0.08
3077.42 7° 12.25 - 12.50 - 12.70 0.20 0.14
6 frag I I l e n tS 3107.08 13° 9.25 10.20 10.15 9.90 10.05 0.30 0.13
3107.25 10° 11.00 11.45 11.80 - 11.75 0.35 0.19
3107.26 18° 5.00 5.05 4.95 435 435 0.70 0.38
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Archaeological illustration

How to perform illustrations?
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Basics

FF UHK

How to perform illustrations?
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Profile definition

How to perform illustrations?
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{...} FF UHK How to perform illustrations?

Simple effect of the mirror
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{...} FF UHK How to perform illustrations?

Sometimes some adjustments may be required

A R S i 1 ¢ P

P2[0,Py] 1 P1[Px,Py]
- -
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Use of the orthogonal/parallel projection

How to perform illustrations?
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{...} FF UHK How to perform illustrations?

Control of the illumination
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{...} FF UHK How to perform illustrations?

Changes in the curvature or manual clicking

A R S i 1 ¢ P

P2[0,Py] 1 P1[Px,Py]
- -
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{...} FF UHK How to perform illustrations?

Directional lighting
Analogy in the landscape

G\

Histogram of directional lighting
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{...} FF UHK How to perform illustrations?

Ambient occlusion
Analogy in the landscape

8 Histogram of ambient occlusion
§
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{...} FF UHK How to perform illustrations?

Model symmetry visualisation
- related to the rotational axis precision

- interest for evaluation of the potter technicity and shape
standardisation

Distance (in mm)
woo1s 20 2
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ooo 9 FFUHK How to perform illustrations?
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{...} FF UHK How to perform illustrations?
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ooo 9 FFUHK How to perform illustrations?
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ooo 9 FFUHK How to perform illustrations?

EVROPSKA UNIE
Evropské strukturaini a investi¢ni fondy

Operacni program Vyzkum, vyvoj a vzdélavani MINISTERSTVO SKOLSTVI,
MLADEZE A TELOVYCHOVY

* X %
* *
* *
* *

* 4k




ooo 9 FFUHK How to perform illustrations?
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How to perform illustrations?

Analytical features

- estimation of missing parts

- volume estimations
- measures
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oo 9 FFUHK How to perform illustrations?

Not limited only to ceramics

DACORD  Oewrtaton — Dimsing 30 secormbieion
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