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3D models of the graves

3D models of the graves have been created using photogrammetry technique
from 2D photographs (Villa 2017, Villa and Jacobsen 2019).

3D models of the graves A and B have been obtained from the photographs
taken by Chiara Villa using a Canon 5Ds-r and fixed lenses 24 mm or 35
mm. The camera and the lenses have been calibrated to account for the lens
distortions and to guarantee an accurate and precise 3D model. The resulted
3D models are scaled and measureable.

Photomodeler was the software application used for creating the 3D models.

In appendix 1, some guidelines for taking “good” photographs to be used in
photogrammetry post-processing are provided.

3D models could also be created from the photographs taken by Jens Fog
Jensen using a Sony ILCE-7 at different focal lengths. The obtained 3D
models have an unknown scale, accuracy and precision and we advise to use
only for visualization purpose.

Agisoft Metashape software was the software application for generating the
3D models. This software can better account for photographs from
uncalibrated cameras and with variable focal lengths.

The 3D models have been saved as point cloud (.pts) and mesh, i.e. surface,
(.obj). Both the 3D models can be visualized with and without texture (i.e.
the actual colour). Meshlab and Cloud Compare are the free software
applications that can be used for visualizing mesh surfaces and point cloud,
respectively. A short guideline with some basic commands for both the
software applications is provided in the Appendix 2.

The 3D files can be found here:
https://drive.google.com/drive/folders/1vfCanQpubpGGfWxe hu4ATO0tnO3
gd4 N?usp=sharing

The files will be keep on the drive until the end of June. Afterwards, the
files are available upon request. A permanent copy will be kept on the
Institute’s hard drive.
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Grave A was a multi-chamber grave, where five chambers were identified:
Al, A2, A3, A4 and A5.

The following 3D models have been created:

e Entire grave, before the excavation (from Jens’ photographs) — Fig. 1
e Entire grave, after the excavation (from Chiara’s photographs) — Fig. 2

¢ Single chambers, after the excavation (from Chiara’s photographs) - Figs
3-7

A combined 3D visualization of the different point cloud 3D models have
been created: A point cloud - Chiara's and Jens photos.bin.

The 3D model of the grave before excavation does not perfectly align with
the 3D model of the grave after the excavation due to imprecision in the first
model from Jens’ photographs.

Point cloud

Fig. 1: grave A, before the excavation
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Point cloud

Point cloud

Fig. 4: chamber A2
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Fig. 6: chamber A4
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Point cloud

Fig. 7: chamber A5
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The following 3D models have been created:

e Entire grave, before the excavation (from Chiara’s photographs — Figs.
8,9

e Open grave with the skull visible (from Chiara’s photographs) — Fig. 10
e Open grave with the skeleton visible (from Jen’s photographs) — Fig. 11

A combined 3D visualization of the different point cloud 3D models have
been created: B point cloud - Chiara and Jens' photos.bin.

The 3D models of the open grave obtained from Chiara’s and Jen’s
photographs do not perfectly align, due to imprecision in the 3D model
obtained from Jens’ camera
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Point cloud

o3

Fig. 8: Grave B, frontal view

g

Point cloud

Fig. 9: Grave B, see from above
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Fig. 10: Grave B, open
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Fig. 11: Grave B with skeleton visible.



201908_1

Grave C SIDE 12 AF 32

The following 3D models have been generated:

o Entire grave, before excavation (from Jens’ photographs) — Fig. 12
o Entire grave, partially open (from Jens’ photographs) — Fig. 13

o Entire grave with the skeleton visible (from Jens’ photographs) — Figs.
14-15

A combined 3D visualization of the different point cloud 3D models have

been created: C point cloud - Jens' photos.bin.

The 3D models do not perfectly align, due to imprecision in the 3D model
obtained from Jens’ camera

Fig. 12: Grave C, before the excavation
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Fig. 13: Grave C, partially open
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Point cloud

Fig. 15: Grave C, with the skeleton visible (mesh)
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A summary of the 3D models obtained from the photographs taken from
Chiara and Jens is show in table 1

Grave Point cloud Mesh Used photos Scaled
/Measurable

A - before excavation YES YES Jens Scaled but
distorted

A - after excavation YES YES Chiara YES

Al YES YES Chiara YES

A2 YES YES Chiara YES

A3 YES YES Chiara YES

A4 YES YES Chiara YES

Ab YES YES Chiara YES

B - before excavation YES YES Chiara YES

B — open with skull YES YES Chiara YES

B - open with skeleton | YES YES Jens Scaled but
distorted

C — before excavation YES YES Jens NO

C — partially open YES YES Jens NO

C - open with skeleton YES YES Jens NO

Table 1

( IL\ . 'MJ_»LU- t ( {Lp

Chiara Villa
Associate Professor, Ph.D.
Copenhagen 23-5-2019
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Photomodeler: https://www.photomodeler.com

Agisoft Metashaper : https://www.agisoft.com/

Cloud compare: https://www.danielgm.net/cc/ open source

MeshLab http://www.meshlab.net/ open source
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Appendix 1: How to take good photographs for accurate and precise 3D
models

(an extract from the book chapter: Villa and Jacobsen, 2019)

How does it work?
The fundamental principle used by photogrammetry is triangulation. By

taking overlapping photographs from at least two different spatial locations,
lines of sight can be pointed from each camera to points on the object (Fig.
1.1). From the intersection of at least two corresponding lines, a point can
be located in three dimensions. In stereophotogrammetry, two images are
used to achieve this. In multi-image photogrammetry, the number of images
can be unlimited. Thus, photogrammetry uses the position of the camera as
it moves through 3D space to calculate 3D coordinates (x,y,z) of the
objects; for that is also known as structure from motion (SfM)
photogrammetry. In practice, an accurate, true-scale 3D model of an object
can be created from a series of overlapping images taken from different
positions. The final products of a photogrammetric analysis can be 3D
models (point cloud or mesh), lines (sketches, maps), distances and areas.

Volume and surface can be calculated also.

How to Take Good Photographs for Photogrammetry Processing
A good photograph needs to be in-focus with the lowest noise possible and

with a balanced exposure. DSLR camera with fixed lens or primer should
be preferred. Image stabilization, and chromatic aberration need to be
turned off. The camera should be set to “aperture priority”. The
aperture should be kept fixed for the duration of the entire session. It is
preferable to use a higher f-number, thus to guarantee a greater depth of
field. Play with shutter speed, and ISO or increase the light. It is not
advisable to use the flash because the shadows move on the subject between
photographs and create artefacts in the reconstructed 3D model. The use of a
tripod may also be helpful in some conditions. In our experience, a shutter

speed equal to or faster than 1/100 should be used with a hand-held camera
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https://en.wikipedia.org/wiki/Structure_from_motion

to assure an in-focus photograph. However, this is very subjective and
depends on the experience of the photographer. It is advisable to calibrate
the white balance or use a colour checker during the taking of photographs

(https://xritephoto.com/colorchecker-passport-photo).

Importantly, either a ruler must be used during the photograph session
or a precise distance of reference, in case larger objects or scenes, need to
be photographed. This measurement is fundamental during the post-
processing of the photographs to scale the project, i.e. the set of
photographs. It is advisable to have more than one measurement, preferably
in the different axis (x, y, z), to check that the project is correctly scaled.
The ruler does not need to be in all the photographs, but in a minimum of 6-
10 photographs. We advice to moved the ruler around, such to have check

measurements in all the area of interest.

The photographs must be taken with a good overlap: each point in the
scene should be clearly visible in at least three photographs; the more, the
better (Fig 1.1). An overlap of around 80-90% generally provides good

coverage of the scene.

Some basic ideas about camera positions in different scenarios are shown in
figure 1.2. It is desirable to repeat the steps at different positions heights as

shown in Fig. 1.3.
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Fig 1.1. Example of good photogrammetry coverage of a shoe; each colour square represents a

photograph.
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Fig 1.2. Recommended camera positions in the different scenarios
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Fig 1.3. Recommended camera positions at different positions and heights
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1) Set the ruler(s) and eventually a colour-checker;
2) Check the camera setting:
- Turn off image stabilization
- Turn off chromatic aberration
- Set the camera to “aperture priority”

- Set the aperture values to the smallest number possible (1/ 8; 1/16),
checking the ISO (max 1600, ideally 400 or lower) and shutter
speed setting (min 1/100)

3) Take pictures in a rotatory movement around the grave or the
chamber. Move slowly and take a pictures every 3-5 steps (thus to
keep an overlap of 70-80% between pictures);

N.B. Do not rotate the camera during the photograph session.

4) Repeat the rotation with the camera at different heights.



Appendix 2: Short guide to visualize 3D models of the Graves in Cloud
Compare and Meshlab

For further info, please refer to https://www.danielgm.net/cc/

Instruction to see and
take measurements on
Point clouds (.pts)

T About CloutCompae 91

CloudCompare"?

Basic commands
3D view toolbar
s@u +CREQAODO0FEB00Q @

#* Display settings (lights, matenals, colors, etc.)

gen Camera settings (active 3D view)

1:1 Full scene zoom (active 3D view)

+P|ck a point as rotation center (active 3D view) - works also on meshes/triangles
L. Select projection mode (orthographic / perspective)

& Set rotation symbol visibility

« Q Zoom (and center) on selected entities

« [C1] Set camera to top view

« [l Set camera to front view

« (1) Set camera to left view

« [ Set camera to back view

« (7] Set camera to right view

« (L1} Set camera to bottom view

« Y Set camera to iso view (front)

« &% Set camera to iso view (back)

« »e Enable stereo (anaglyph) mode

Note: this toolbar is situated on the left side by default.
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Xa ™

For importing a 3D model:

File > open
Extension of the file .bin

T Open filefs

ki OALIMD - geeiandfnd D
8 1y Computer| | Name

gmam |4 Cren

For importing a 3D model:

File > open
Extension of the file .bin
Alternatively, drag and drop

e name

Fies of type: | CloudCompare enstes (" be)

mxobs. Gog = les6
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% : +* [ pLET 1 c 2 <

o
¥ T & Cportsbm B/1 W0~ greenandeai 30)
» 3 & € close points.pts (D/1_P4
u » @ sheleton ponts.pts (D/1_PM
» £ @ Copen pointspts (01 )

reentand/C - Jens/lose)

greeniand/C - Jens/skeleton)

geeenlsnd/C - ensiopen)

To move the 3D models:

Holding down the left
mouse button to rotate,
right mouse button to pan.

Conscle

[13:1745) [LeDlfpass
113:17:45] LoD

.45} {LeD]lp

[13:17:45] [LoD] Accelerstion structure ready foe cloud ‘skeleton points - Cloud (max evek 10/ mem. = 3297 Mb / durstions 69 5)

© CloudCompare V2.3 Stareo [64-64]
© Fle 6t To

(4]

Display  Pluging 30V

5 Help

H i X St

enland/fis] 30)

) & C close points ts (01 PO - reenland/C - Jen/close)
14| > 3 skeleton points pts (/1 PO - greeniand/C - ens/skeleon)

T3 @ Coptn ot 071 PMD- gresond - eoper
B f

O-® &S

4 3D models can be shown /

L. hided, simply selecting or

+ deselecting the model 9
Q ¢

is | -
i L J
| JI &
@ oy Sutaioe

[Name skeleton ponts.pts (D/1_PM/D - greentand/C - Jena/s.

Showmame(n30) (]

X306
Baxdmenions i 1895
z

Sox center
o Object 1D: 82 - Chidren: 1
Curert Display 30 View ! -

0/ mem. = 3057 Mb / durstion: 635
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Dugley Phogns 30 Viems Help e x SIDE 25 AF 32
PE GEXLEX Sios S 3

¥ @ Cpomtstin 015M0

¥ [0 & Cclose points

B O cao

¥ (2] @ steleton points pts (01 P - greentand/C - Jens/skeleton
{5 skeeton points - Cloud

@ Copen portspts (D/1PMD - greentand/C - Jant/open)
2 © C open peints - Cleut

Extend the 3D model
window, if you are
interested in taking
measurements

nlandTew! 30)

greentand/C - Jens/close)

mented remaining

FR R+

cel-B 32§®

=

=]

» 0%

& e
®

Preperty State/Value
Name sheieton points - Cloud
vable =
Show rame (230) (]
Celors Cres S
X 391264

Box dmensons

into Object 0: 59 - Chideens 1
Cument Oisplay 30 View | v

Save cument entty

© ClovdCompare v2.9.1 Stereo [64-b] - - 2

o 18 > ¥ S b - i = + - e v

-
- >
1 v

5 >
=L »

Steps for taking
measurements

® o
S

2 3190 cels (183003

0] Acceleration structure ready for cloud 'sheleton pots - Cloud (msxbevek 10/ mam. = 3057 Mb / durstionr 69.)
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To measure
distance

click with the left
mouse on 2 points

© CloudCompare V231 Stereo (6462 - 8 x
c e x

This can be moved:
holding the left
mouse pressed
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- ik v

1

&ty it . .

A, e Save the distance if

- & ; you want to keep it

[ 8 and take another one.

* The measurement will

> turn from red to pink

=

s

© CloudCompare V2.1 Steres [64-52] .03
E :

® s
-

[13:4724) [Picked] 35367764
7.24] Picke] XY: 3562568

i
24] (Picked]
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Display  Phuging

7 Set e
Colonce
Y Lo )
= Heigh Ramp hace)
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ot Sl n
L G : L]
Scalar fields Enhance with intensities s
& Wovedoom =]
3 Gl
4l one r vl.
E | oo @
+ Subsample <
hoplyvansformbon CuteT
Mutphy/scale €
{ 4 Tanslselrctate =
@ | v segmen For changing N
g g the colour at 2
£t loba st and scle
: the mesh:
Pe ] Togge rcmive S - -
il |5 Daas ~ Edit > colour > °
J B
set unique &
“heeton ponts - oot
shoniname (0 30)
Colors Vs -
PEE
S mensions 1095
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o conter
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o Objec 0:59- Chikdon 1
CurentDispley (30 Voew1 -
Pores
Globatsnt
Gioba see
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Instruction to see and
take measurements on
mesh surface(.obj
using MESHLAB

B Mespiab 21612 Preject ) - o x
O Fie tn Faum funde View Vindows
N Empty P N e ]
S | o! -7 QR IEND
‘Append project to curent. Prect 3 ax
SeveProject s
ClosePreject
ImpetMish
To open the 3D model
File > import
Or
Drag and drop n 2 ©
N.B you need to import the 3D object Shadng Vet Face teme
Color Wl roce Meh Lol

Bockfoce | Snge Dotie Facy OA

There is always 3 files associated with a mesh: the 3D
models, the texture (jpg), and a linking file (mtl)

Texture Cooed G Off

sty o o vt oyers [

Date modified

Almesh.mtl
& Almeshl

= Vam 245 7152
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© Meshlab 2016.12 - [Project_1) . ? s

8 5t Fam Rendw Y dows Tocls Help . SIDE 30 AF 32
@8 | e QN )-& e/ ThXi €680 XXX

Pt ax
woames 710 DS

0 ? ©
Shading Vot Face fore
Color Vet Face Mesh  User Oef
Backface fGrge Ousle F "

[ | Mem 23% 19ST312 M8
© Maeshlab 201612 - [Project, 1) : ’ .
" wevenie 050 “ GO -Fe /METRAIEED XX
i x

woamen 38 DD

Atmeshty
0 ? ©

Shading Vart | Face teone

Color. Vet Face Medh | Lneref

Backrace ;.,M.;.r.u‘

Texture Coord O O

You can select any
coloryou like

) Mo 2% 9302152 M8
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@R cemms 00 | 8 AW |5 B iZax  88@ Xxx

>
Q

Atmeshcty
n a ©

Shadmg b Face tere

Color Vet Face Mesh |Userof

ooty to o veble yers [

- e 3% 128815218
O Meshlab 201612 - [Project 3] o o
O fie B Fhes Fande Vew Windows Teck Help s x
PR QOB - o | e aom E ] SO R & @ X ¥ X
- Proect 3 5x

To add a new
measurement, click
again on the tape
command

Almesh.oby

] n o
‘Shadig. Vet Face Nene
Color Vet Face Mesh | Useref

Beckface  gnge Dobe Fancy OF

Texture Coord On O

scciy 1ol vt loyers [

Distance KO 135 283063
pastance M1 136 68728

=11 Mem 235 15073152 18
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O Meshlab 201632 - Project 3] - 8 x
O Fie tin Faen Runde View Windows Tooh Hep - ex SIDE 32 AF 32
New Empty Project.. N ;e 4

Open project. 0
Append projectto cusrent..

Save Project As

Close Project

Import Mesh.
Export Mesh..
Export Mesh As.
Relosd
Relosd AY

Import Raster_
T Swesnapihat

Fecent Prejects
Recent Files

Almeshob

2] ? ©
Shadng et Face tose
Color Vet Face Mesh |UserDef

Backface | fnge Dodle Fwcy 04

Texture Coord O | OfF

20ply to ol viebie lavers (]

Distance K0 135289063
Distance K1 135 £87286

= Mem 2% 112152 ME





