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Protocol status: Working
We use this protocol and it's working

Created: April 28, 2025
Last Modified: June 26, 2025
Protocol Integer ID: 190826

Keywords: Lithic technology, Quantitative methods, Three-dimensional analysis, Flake scar patterning, exporting lithic scar
orientation, flake scar orientations from 3d scanned model, extracting flake scar orientation, objective analysis of scar
orientation, scar vector annotation, scar vector coordinate, scar orientation, scar vector, standardization of scar vector, set of
scar vector coordinate, flake scars on core, flake scar, rhino understanding, archaeological lithic assemblage, 3d scanned
model, orientation analysis, geomagic wrap, ready for orientation analysis, spatial alignment, using geomagic wrap, rhino
understanding the organization, rhino, vector coordinate data, export of vector coordinate data

Abstract

Understanding the organization of flake scars on core is crucial for interpreting core reduction strategies. Here,
we present a protocol for recording and extracting flake scar orientations from 3D scanned models of cores.
Using Geomagic Wrap and Rhino 8, the method involves scar vector annotation, generation of a best-fit plane,
spatial alignment and standardization of scar vectors, and the export of vector coordinate data. The resulting set
of scar vector coordinates is ready for orientation analysis in R. Developed by Sam Lin et al., this protocol enables
reproducible and objective analysis of scar orientations across archaeological lithic assemblages.

Guidelines

To ensure clarity and consistency throughout the protocol, the following typographical conventions are used:
(1) Software features and tools are written in bold, e.g. Feature;

(2) <Keyboard keys> are enclosed in <angle brackets>, e.g. <Del> or <Ctrl>;

(3) Software operations and workflows are indicated using arrow notation, e.g. Features > Plane > Best Fit;

(4) Commands typed into the keyboard or command line are written in [square brackets], e.g. [what].
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Acquire 3D Scan of cores

1 Digitize the core using a 3D laser scanner
Use a structured-light or laser scanner (e.g., Artec Spider, etc.)

2 Post-process the raw scan

Use the scanner’s native software (e.g., Artec Studio, etc.) or compatible 3D processing
tools

2.1  In Artec Studio, the post-process usually includes:

Erasing Tool-to remove unnecessary geometry

Global Registration-to align all scan frames into a coherent point cloud
Fusion-to merge the frames into a single mesh

Optional: Small Object Filter or Outlier Removal and Hole Filling

3 Export the 3D model
Save the final mesh as an STL (.stl) or OBJ (.obj) file

Mark Scar Orientations in Geomagic Wrap

4 Open the model in Geomagic Wrap
4.1  Open Geomagic Wrap

4.2  Select: File > Open, and load your .stl file
= Set units as needed (e.g., centimeters)
m Optional: Run Mesh Doctor to repair the mesh

4.3  After loading your .stl file, the interface will appear as shown below. For demonstration °
purposes, we used a standardized core model (Lin et al.,2024) here
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Manage model and tlje features here

angle | Dek: Delete selected triangle(s) | Middle Button: Rotate | Shift+Right Button: Zoom | Alt+Middle Button: Pan

Snapshot of configured workscape, with labelled positions of the basic tools and
functions which will be needed in the following steps

5 Annotate line features on the core

51 Select: Features > Line > 2 Points

e

4
. ik (G e
% 3 S i

s Slot -

Curent Trisngles: 16,165
Selected Triangles 0

Table

Left Button: Mark triangle | Ctrl+Left Button: Unmark triangle | Dek: Delete selected triangle(s) | Middle Button: Rotate | Shift+Right Button: Zoom | Alt+Middle Button: Pan

Snapshot of step 5.1

5.2  Click on the model to mark: flake scar origin and flake scar termination
= For incomplete scars lacking identifiable origins, terminations, or both, first determine
the flaking axis. Then, mark the proximal-most and distal-most points along this axis
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it
res Modify Mesh;
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Middle Button: Pan

Snapshot of step 5.2-5.3
5.3  Click Apply to save the current line

5.4  Click Next to begin annotating the next flake scar
| " O o = D 29} y -m 'r s = I

ot Une Cide Ol Recangulr Rounded ot Point Sphere Cone Cyinder Torus Plane AllCircles || Edit i
Torget. wa andSlots || Features  Modify Mesh~ || Visibiity =

Datum Label:  ~ Name: Line 1
Select 2 points

©From 36,3734, -0.1758, 01710 cm
OTo -200259, -1.51

@]
B
€]
B
B
)
3]

Middle Button: Pan

Snapshot of step 5.4

5.5  Repeat the steps: Mark points - Apply - Next, until all flake scar vectors are completed
Tips:
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= Rotate: Hold scroll wheel and drag
s Zoom: Use scroll wheel

5.6 Click OK to save line features

Geomagic Wrap 2021 -~ levallois_preferentialstl Active

L s . T — Copy Features
/000 o RO RS e o3 &g
0 S S VS O 0 0N SO O MO e
Features. Slot Slot Slot Target - Targe and Slots. Features Modify Mesh- Visibility »  Display Exch:

Getting Started 1 Scrpting
Model Manager Display [S0
Dialog =3

Create Line

[0 T corcel |

DatumLabel:  ~ Name: Line 23

Select 2 points

B
=
[%]
3]

Middle Button: Pan

Snapshot of step 5.6

6 Create best-fit plane

6.1  Select: Features > Plane > Best Fit

rap 2021 - levallois_preferentialstl

ks AN Features.

Al B Face S CopyFeatures || @
B /00 o owY L Qi Covienre| mOQ |

Features ot Target- Target- - Femures Moy Mesh | Visiity« Diplay
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Graphics | Getting Staried

P et
Model Manager e Parallel Through Point
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S Features
Line 1
Line 2
Line 3
Line 4
Line 5
Line 6
Line 7
Line 8
Line 9 L
Line 10 BestFit

Perpendicular Through Point
Angle About Axis

2.plane Average
Perpendicular to A
Through Adis

2Auts Average

Ofsetsfrom targets

Parameters

2
&
£
s
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)
B
[
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3 points

Line 11 o Plane Festure il b e 102
tne 2 L Caciion 1 ot 0 CAD
tine 13 i youcaneven et 2 et
Line 14 arachb .

Line 15

Line 16
Line 17
Line 18
Line 19
Line 20

L Press F1 for more help
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fangle | Del: Delete selected triangle(s) | Middle Butta Shift+Right Button: Zoom | Alt+Middle Button: Pan

Snapshot of step 6.1
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6.2  <Right-click> on the model and choose: Select All
= After selecting Select All, the model will turn red to indicate that it is fully selected

AR ] . ‘Geomagic Wrap 2021 - levallois_preferentalst Acive - 8 x

P/ o0 O o Y e O : B e

Create Plane

2 Fit Model to View
@ Zoomin
User Defined Views
Set Rotation Center
Reset Rotation Center

Middle Button: Pan

Snapshot of step 6.2

6.3 Inthe Graphic-Dialog, click Apply, then click OK

% Copy Features
Convert
Edit

Features Mocify Mesh

P Graphics | Getting Started | Scripting
Model Manager Display [S09

Dialog v x

Create Plane

[0 D conce

B
B
(%]

[CTeT ]S

Snapshot of step 6.3
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7 Export the annotated model

7.1 Select: File > Save As

7.2  Choose a location to save the work and set format to .igs

EMEN

R SERE TR,

Snapshot of step 7.2

Align Line Features in Rhino

8 Import the model in Rhino

8.1  Open Rhino 8

8.2  Select: File > Open, and load your .igs file
= The Rhino interface displays four viewports. You can enlarge a preferred view (e.qg.,
Perspective) and right-click to rotate the model

8.3  After loading your .igs file, the interface will appear as shown below
= Commands can be entered via buttons or directly in the Command dialog — the latter
is often faster
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= Enable Osnap (or type [Osnap] in the command line) to assist with precise point

& levallois_ Dreiererm\ Rhino 8 Evaluation (1 Days Remaining) = a
File Edi Curve Surface SubD Solid Mesh Drafting Transform Tools Analyze Render Window Help
/6/0)
omem/ (0/0/0/0)
s from GES e C i iaton Data_and R_code\Data and
lysis\L R code\Data_and R
mput your Brder here
ord _CPlanes ~Set View Display _ Select_Viewpor ayout Vi
R
N Properties: Viewport
q o0 ¢
O8> H
@NNE D Viewport
‘oo Title Perspective
0.859, Width 656
AL L L s
& K™ -% Projection Perspective
T‘ -~ H I]}: Display mode Wireframe
‘o0 =
P8 E
[p‘ah v @ 500
5 00
2 110877
Osnap -207.679
[CHN ¢ 128764
¥ End 276863
Near
v Point Place...
¥ Mid
Cen -0.006
vt
o 0031
=) 0668
@z Place..
Knot
e Wallpaper
Project Filename (none)
Disable iz o
Perspective  Top Front Right 4 &=y ¥
O CPlane  x-24105  ya2827 20 Centimeters [ IGES level 0 GridSnap  Ortho  Planar Osnap SmartTrack  Gumball (CPlane) & Auto CPlane (Object)  Record History _Filter  Absolute

Snapshot of configured workscape, with labelled positions of the basic tools and

functions which will be needed in the following steps

9 Orient the model's best-fit plane using three points

9.1 Left-click and drag to select the line and plane features
m Selected items will appear yellow
= Be sure all features are selected

9.2  Inthe command line, type [Orient3Pt]> press <Enter>
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28 vl preferenta - Rino 8 Evalation (1 Days Remnaining) S TR
File Edit View Curve Surface SubD Solid Mesh Drafting Transform Tools Analyze Render Window Help

Imported 47 entities from IGES file C: Li ion analysis\Lin_et_al_Core_scar_orientation_Data_and_R_code\Data_and R |

Successfully read file °C: in-orientation analysis\Lin_et_al_Core_scar_orientation_Data_and_R code\Data_and_R 3 i

- Command: Osnap
* Osnap ( Endpo i i = = icular= = = = - |

. Standal Dsplay SelectViewport Layout  Visbity  Transform  Curve Tools  Surface Tools _SolidTools  SubDTools Mesh Tools  RenderTooks  Drafiing  New n Ve

ST ABRY SO IRAINGTLY> s HO0FOBS S MISIINL T

gz:::g’:g:mge Properties: Object o
orentons - : O/ SCPDOLCLHEDS =
OrthoAngle \ /
G % - o
Ssewortho ayee P
oiate : Name arie)
ClearDrawOrder = Layer [ GES level 0 v @3
::L‘i':["xi"mfi‘;i“ Display Color ® Bylajer v A
Display Mode By View -
Linetype By Layer g
Linetype Scale 1.000 o
rint Color ® Hlyer v O
Print Width By Layer -
Section Style By Layer N
Hyperlink
Render Mesh Settings
Custom Mesh
Rendering
Casts shadows o
Receivesshadows
Isocurve Density
Density 1 g
R Show surface isocurve v/
Disable Match
Perspective | Top Front  Right e
O CPlane  x-81249  y26429 20 Centimeters [l IGES level 0 GiidSnap Ortho Planar Osnap SmartTrack  Gumball CPlane) & Auto CPlane (Object)  Record History _ Filter  Available  []

Snapshot of step 9.7-9.2

9.3  Onthe model’s best-fit plane, click three reference points: Reference Point 1, Point 2,
Point 3

levallois_preferential - Rhino 8 Evaluation (1 Days Remaining) - o x
File Edit View Curve Surface SubD Solid Mesh Drafting Transform Tools Analyze Render Window Help
46 curves, 1 surface added to selection.
Command: Orient3Pt

Reference point 3 ( Coj
Target point 1 ( Copy=No Scale=No):
SetView Display _Select Viewportlayout ~ Visbity  Transform  Curve Tools  Surface Tools _Solid Tools SubD Tools _Mesh Tools  RenderTools _ Drafting  Newin V8

Fr TG O6TH BBV SISO IRAONGLCE S TOFOBS IMISII S G

Properties: Object o
OSSCDOECHREDD =
Object =]
Type varies
Name (varies) a
Layer [ GES level 0 v ]
Display Color ® Bylajer v
Display Mode By View .a
Linetype By Layer &
Linetype Scale 1.000 :
Print Color ® Bylaer v O
Print Width By Layer -
Section Style By Layer -
Hyperlink
Render Mesh Settings
Custom Mesh
Rendering
Casts shadows v
Receives shadows !
Isocurve Density
Density 1 o
Project Show surface isocurve ¥/
Disable Match
Perspective | Top Front  Right % e
O CPlane  x39182  y30127 22385 Centimeters [ IGES level0 GridSnap Ortho Planar Osnap SmartTrack  Gumball CPlane) ) Auto CPlane (Object)  Record History Filter Minutes [

Snapshot of step 9.3

9.4  Inthe command line, input coordinates for the target plane (we aim to align with the XY
plane):
type [0,0,01-> press [Enter]
type [1,0,0]1> press [Enter]
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type [0,1,0]-> press [Enter]

Tef By T = T D O S ) BT

File Edit View Curve Surface SubD Solid Mesh Drafting Transform Tools Analyze Render Window Help
Reference point 1 ( Copy=No Scale=No)

Reference point 2 Copy-| No Scale=No.

tlayout  Visibility  Transform  Curve Tools  Surface Tools _ Sold Tools _ SubD Tool

(BRSSO IREAONGC,Q 0

Mesh Tools

igzn‘_an‘vlz gng Cr L

9 eSe Type varies
Name (varies)
Layer [ (GEs level 0 v
Display Color ® Bylajer v
Display Mode By View -
Linetype By Layer -
Linetype Scale 1.000 0
Print Color © Bylajer v
Print Width By Layer -
Section Style By Layer -
Hyperlink
v End Render Mesh Settings
= :‘;‘:" Custom Mesh
7 If:“ Rendering
o Casts shadows v
Tan Receives shadows v
Quad Isocurve Density
et Density 1 g
e Show surface isocurve v/
Disable COEED
Perspective  Top Front  Right & Perile
O cPlane x0 ¥1.000 20 centimeters [ 1GES level 0 Gridsnap Ortho Planar Osnap SmartTrack  Gumball (CPlane) (3 Auto CPlane (Object)  Record History | Filter  Memory

Snapshot of step 9.4

10  Move the longest line to X=0 and Y=0

10.1 Inthe command line, type [EvaluatePt]> press <Enter>->click the starting point of the

longest line:

RenderTools Drafting  New in V8

OFOBSAMIBDIIS T

Properties: Object

Object

The XYZ coordinates will appear. Copy the Z-coordinate

levallois_preferential - Rhino & Evaluation (90 Days Remaining)
File Edit View Curve Surface SubD Solid Mesh Drafting Transform Tools Analyze Render Window Help

> (LUpY-INU SCale—NU 1Y LY

* Point to m* =o«)

Point in world coordinates = 38.740,75.719,-1.253  CPlane coordinates = 38.740,75.71 @
‘Command:

. Standard  CPlanes SetView Display Select Viewport Layout  Visi

DEUQETX'@ O~ ¢RPOLPPH=2002000R 74506,

Transform  Curve Tools ~ Surface Tools  Solid Tools  SubDTools ~ MeshTools  RenderTools  Drafting  New in V8

Properties: Viewport
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oabs, O ¢
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BES Title
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s = ¥ Location
© ZLocation
« End Distance to Target
Near :
 Point Location
< Mid Target
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Perspective | Top Front  Right & Gray
O CPlane x39.724 y 22029 20 Centimeters [l IGES level O Grid Snap  Ortho  Planar Osnap SmartTrack  Gumball (CPlane) 4 Auto CPlane (Object)

Snapshot of step 70.7
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10.2  Type [Move]- press <Enter>->click the starting point of the longest line

Rhino 8 Evaluation (90 Days Remaining)
Surface SubD Solid Mesh Drafting Transform Tools Analyze Render Window Help

e bounding box center (Normal Vertical )

‘move to < 0.000

Poi

;) Stendoni KR S S P \newporllzy ut_Visibilty  Transform Curve Tools  Surface Tools _Solid Tools _ SubDTools  Mesh Tools  Render Tools  Drafting.  New in V8

e :5. [FopE] Properties: Object
S CS/eDOCHEDT
@NED Object
NS Type varies
9054, Name (varies)
%_“‘:5&' Layer [ GES level 0
& & % - Display Color ®  ByLaye
T o ;‘ (13 i - Display Mode By View
. \ = e -
m2 1 & By Layer
22 /
9L § 1000
THv.D, © By lLay:
By Layer
Osnap. By Layer
® & Hyperlink
v tnd Render Mesh Settings
Near
Tl Custom Mesh
v Mid Settings Adjust
& Rendering
< nt
Perp Casts shadows v
Tan Receives shadows
Quad Isocurve Density
Knot
S Density 1
P Showsurface isocurve v/
Disabl Match
Perspective | Top front  Right e
O cPlane x0 30 21253 85054cm [ IGES level GridSnap Ortho Planar Osnap SmanTrack  Gumball (CPlane) ) Auto CPlane (Object) Record History Filter Minutes

Snapshot of step 70.2-70.3

10.3 Inthe command line, type [0,0,Z-Coordinate of the starting point]> press [Enter]

= This ensures that the best-fit plane remains aligned with XY plane

11  Export coordinate data

11.1 Select all the lines=In the command line, type [What]-> press <Enter>
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levallois_preferential - Rhino & Evaluation (90 Days Remaining) - & X
View Curve Surface SubD Solid Mesh Drafting Transform Tools Analyze Render Window Help

d

Stam Viewport Layout  Visibility  Transform  Curve Tools  Surface Tools  Solid Tools  SubD Tools ~ Mesh Tools ~ Render Tools  Drafting  New in V8 °
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Snapshot of step 11.1-11.2

11.2  Inthe pop-up dialog, File > Save As

11.3 Choose a location to save the coordinates as a .txt file

levallois_preferential - Rhino 8 Evaluation (90 Days Remaining) - 8 X
file Edit View Curve Surface SubD Solid Mesh Drafting Transform Tools Analyze Render Window Help
Autosaving i i d
Autosave succeeded

* 38 curves added to selection.
46 curves added to selection.
Command: what
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O CPlane X2808  y4859 20 Centimeters [ 1GES level 0 Gridsnap Ortho Planar Osnap SmartTrack Gumball (CPlane) (3 Auto CPlane (Object) Record History | Filter Available  [J

Snapshot of step 11.3

12 Now you are ready to analyse the coordinates in R
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