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INTRODUCTION

. .
Holocene climatic sequence of the Eastern Sahara > 50 i
> 150 mm/yr.
(Kuper, Kropelin 2006) > 300 mmr.
| > 450 mm/yr.
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INTRODUCTION

Early Wadi el Obeiyid A
6600-6100 cal. BC

* Increased Sedentism
» Structured hearth pits
« Steinplatze hearths

Sites: Hidden Valley IlIA, El Bahr

Late Wadi el Obeiyid A
6100-5700 cal. BC
 Semi-permanent settlements
» First slab structures

» Structured hearth pits
Sites: Hidden Valley Village Ill, 1A, Sheikh el
Obeiyid Village

Wadi el Obeiyid B
5600-5200 cal. BC
« Seasonal movements
« Slab structures

« Steinplatze hearths
Sites: Hidden Valley Il, EI Bahr — Bir el
Obelyid
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INTRODUCTION

Oases of the Egyptian Western Desert
Farafra Oasis
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INTRODUCTION

Farafra Oasis Prehistoric Project

Co-directors: Barbara E. Barich, Giulio Lucarini

Egypt, since 1986

https://www.ismeo.eu/portfolio_page/italian-archaeological-mission-to-the-farafra-oasis-western-desert-egypt/

SAPIENZA UNIVERSITY OF ROME
DIPARTIMENTO DI SCIENZE DELI’ANTICHITA

MINISTRY OF ANTIQUITIES, EGYPT

FROM LAKE TO SAND

THE ARCHAEOLOGY OF FARAFRA OASIS
WESTERN DESERT, EGYPT

edited by

BARBARA E. BARICH, GIULIO LUCARINI
MoHAMED A. HAMDAN and FEKRI A. HASSAN
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INTRODUCTION

6600-5200 BC
Foragers/herders

Mid Holocene Wadi el Obeiyid A-B

Date BP |Unit

Palaeoenvironment

North

Basinal

]South

Climate

Archaeology

Desert wind
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INTRODUCTION

Mid Holocene Wadi el Obeiyid A-B
6600-5200 BC
Foragers/herders
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MATERIALS - ENVIRONMENT

N
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MATERIALS - ENVIRONMENT

Hidden Valley basin and village Sheikh el Obelyid Village

Ulisse Fabiani
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MATERIALS - SITES

Hidden Valley Village

Barich et al. 2014 Ulisse Fabiani
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MATERIALS — SLAB STRUCTURES
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MATERIALS — DATASET

Proto-village finds and feat. ® Hearths

_
Concentrations of materials Caves and subterranean feat.
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MATERIALS - IMAGERY

SATELLITE IMAGERY

Corona KH-4B

Hexagon KH-9

Sentinel 2
RGB, NIR, SWIR1, SWIR2

ASTER GDEM

(COSMO SkyMed, TanDEM-X)

14

— he Bl ZR 2= E1 == == im ¥l » THE EUROPEAN SPACE AGENCY

1
||
i
[
|
.I.
i
1!
1!
i
1|




METHOD - WORKFLOW

DATABASE AND FILTERS

Archaeological proxies Linear Discriminant Analysis !

Surface parameters

Composite files processing and

ALFEA method?2

calculation
Lisa Geary C Spatial Auto-correlation 2
MULTI-TEMPORAL o R S | | o
MULTI-SENSOR Unsupervised Isodata Classification? | | Final results vectorization
AGGREGATES
Segmentation 2 Final results comparison

Composite files of different

Random Forest Classifier 1 o _
Distribution analysis

satellite images, bands, times of
Convolutional Neural Network 34

recording and computations Archaeological analysis

Orengo et al. 2020
Lasaponara et Masini 2018
Albawi et al. 2017

O'Shea et Ryan 2015
Costanzo et al. 2021
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METHODS — PLATFORMS esa
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METHODS - PARAMETERS

ARCHAEOLOGICAL
PROXIES

Shadow marks

Feature morphology
Feature orientation
Construction materials
Environmental hotspots
Archaeological hotspots

Spectral signatures

SURFACE
PARAMETERS

Surface roughness

Surface discontinuity

Paleo and modern topography,
hydrography and climatology
Electric conductivity of the soill

Moisture content percentage
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METHODS - IMAGE PROCESSING

Curves
Show Amount of:

O Light (0-255)

Custom
Channel:  Gray

s

Pigment/Ink %

Grid size:

. ~ BPROCESSES

Preview
Histogram
Baseline

Qutput: Intersection Line

2L . Color Curves calibration

Input:

KH-9 . EEEE O e . :
- - and noise reduction

Spectral Indices
calculation

(Mean, PCA)
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METHODS - IMAGE PROCESSING

Multitemporal Multisensory

Overlapping Composites

+

Training vectors for ML.:

 Slab Structures
* Proto-villages

e Surroundings

19
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METHODS - ALGORITHMS esa

Sk Convolutional Neural Network
Multiclass Perceptron

class Net(nn.Module):

class Net(nn.Module): def __init__(self):
def __init__(sglf): . . super().__init__() # just run the init of parent class (nn.Module)
super(}.__init__() # just run the init of parent class (nn.Module) self.convl = nn.Conv2d(1, 32, 5, padding=2) # input is 1 image, 32 output channels
self.convl = nn.Conv2d(1, 32, 5, padding=2) # input is 1 image, 32 output channels, 5x5 self.conv2 = nn.Conv2d(32, 64, 5, padding=2) # input is 32, bc the first layer outp
self.conv2 = nn.pnnde(!Q, 64, 5, padding=2) # input is 32, bc the first layer output 32 channels, 5x5 kernel / window
channels, 5x5 kernel / window self.conv3 = nn.Conv2d(64, 128, 5, padding=2)

self.conv3 = nn.Conv2d(é4, 128, 5, padding=2)

self.fecl = nn.Linear(128%25%25, 512) #flattening.

self.fcl = nn.Linear(128«25%25, 512) #flattening. : 5 i $
self.fc2 = nn.Linear(512, 2) # 512 in, 2 out bc we're doing 2 classes (dog vs cat). self.fe2 = nn.Linear(512, 2) # 512 in, 2 out be we're doing 2 classes (dog vs cat).

def convs(self, x): def convs(self, x):

# max 1ling over 2x2 # max pooling over 2x2
x :ap.ﬂiﬁ pngl;dTF.relu(salf.convl(x)), (2, 2)) x = F.max_pool2d(F.relu(self.convli(x)), (2, 2))
x = F.max_pool2d(F.relu(self.conv2(x)), (2, 2)) x = F.max_pool2d(F.relu(self.conv2(x)), (2, 2))
x = F.max_pool2d(F.relu(self.conv3(x)), (2, 2)) x = F.max_pool2d(F.relu(self.conv3(x)), (2, 2))
return x Taturn x
def forward(self, x): def forward(self, x):
K = 3filters x = self.convs(x) x = self.convs(x) o )
x = x.view(-1, 128%25%25) # .view is reshape ... this flattens X before x = x.view(-1, 128#26%25) # .view is reshape ... this flattens X before
#x = torch.flatten(x, start_dim = 8) #x = torch.flatten(x, start_dim = @)
x = F.relu(self.fcl(x)) x = F.relu(self.fcl(x))
x = self.fc2(x) # bc this is our output layer. No activation here. x = self.fc2(x) # bc this is our output layer. No activation here.
return F.softmax(x, dim=1) return F.softmax(x, dim=1)
net = Net() net = Net()
print(net) . print(net)
device = torch.device("cuda:@") device = torch.device("cuda:0")
#device = torch.device('cpu') #device = torch.device('cpu')
net.tol(device) net.toldevice)
e if REBUILD_DATA:
dogsvcats = DogsVSCats() dogsvcats = DogsVSCats()

dogsvcats.make_training_data() dogsvcats.make_training_data()
training_data = np.load("training_data.npy", allow_pickle=True)

ini - u ini " i -
print(len(training data)) training_data = np.load("training_data.npy", allow_pickle=True)

print(len(training_data))

L. Carin, D. Carlson, T. Dunn, K. Liang,
Introduction to Machine Learning, Duke
University, Coursera
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PRELIMINARY RESULTS

The preliminary results of this study

1) are currently being collected and checked within a relational
database and a GIS through Error Rate with Cross-Entropy
Validation;

2) will enrich the existing archaeological datasets about the
hunter-gatherer/early herder groups populating the EWD during
the Early and Mid-Holocene;

3) will provide essential information about
the human mobility patterns between the
Eastern Sahara and the Nile Valley during
the same period, shedding new light on
the contribution of these communities to
the emergence of the Egyptian late
prehistoric and Predynastic cultures.
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CONCLUSIONS AND FUTURE PROSPECTS

This study will offer an effective approach to overcome many difficulties of ground-based surveys,
especially in Egypt where, after 2015, access to the EWD was reduced and denied by the

Egyptian Authorities due to security and safety concerns.

In fact, despite the efforts of several international research groups to identify and assess the
distribution of these features, right now it is impossible to bring to light new sites or study the

known sites via traditional ground-based surveys.

The application of a remote, automated, precise, and cost-effective methodology for feature
detection and analysis will help the archaeological research overcome these obstacles and open

new lines of investigation.
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