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The use of UAV photogrammetry in archaeological s urveys: The case of Kolankaya Trenches

Keywords ABSTRACT

Archaeological Survey Afyonkarahisar (Turkey), with its current name, is in a position that has always been desire(
Kolankaya to be conquered due to its geographical location. It has seen numerous wars and civilizatio
UAVPhotogrammetry to the present day The last of these wars is the Turkish War of Independence. Thewere

strong clashes in Afyonkarahisar, where become the last stop of the Greeks. Surface surv
are very important in the areas where trenches and battlefields remain from this war. The
relics existing from the archeological surveys are important for rany cultural, historical, and
scientific issues. In this study, a 3D model and orthophoto of the Kolankaya Trenches we
produced with an Unmanned Aerial Vehicle (UAV), which had an important place in th
Turkish War of Independence. There are 268 imagesese used in the study. The root mear
squared error for measured coordinates from orthophoto was calculated as +2.48 cm ar
+1.87 cm for Y and X coordinate values, respectively. The cresesction profiles of the trenches
were extracted from the dense pointcloud of the area. In addition, the continuity of the
destroyed trenches in the region could be predicted better with orthophoto. Since the
materials found in the region were used in the construction of the trenches, it became easi
to verify the trencheswith field surveys after the orthophoto production. As a result, it can be
said that the contribution of the orthophoto in the detection and documentation of the
trenches yields satisfying results for this study.
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1. GEOEHh iTAATTAO 11 0O0hOO0OI AE ETT OOOT A
. e . OAgl Al AEOAAa QO j 51 QEh ¢mcpQs
! £UI T EAOAEEOQAO ET Ty -1 AAAKNI AR B 0E AR ORA AEAQAI T ;AR 1 g ]
ETAITE AEO EATO 111 QhQQQ% A AOADAAOEEVRSE HAARERUY BAAEREU
ET AAGET AA UABQEEhAEE OAEOBAQARAAIAMA QEIAAA A1 ahi Al A0l AA EOI
AR el E AEAUI A AAT EAUAgi gl ggpggg@ggg@gﬁm( ERORDAAT APBI
UETA AO Al s OAEUAAA OO&KIdAOI DRHQPYBI ADKABEAWREI I 11 EE]I AOE
bu alanlardan bir tanesidir. o . _OAl 10617111, hAEETI AA & OInCOAT ,
pv - AlUaO 4ATTOU pwcp OAOERIGEQAE] AROGPOERPAGE ~ OA £l O
AAOAUAI AAAIT AO 1 OEAOAAA] AOAA ATEAT ARAEEARPRER] ARAOAE] AEC
UAhRATT ah0q08 90T ATT1 AOh dEETMEE dIAETE (UATEGI1CEORT AAT 5 AQH gl 60 A
ERET AEAAEUAOGETET AAOEal A QAQIi 3l QaQg A0l AR AR AABBER DA AF
I OAGOO +i i1 O0AT g +1 OCAIT AAo"A CAPAPDEEADPR AU TAQETAAOAEr E BT |
CET AAO/OHADH QMEGOOd Oh EAI ET AA EéDLQT ADAB! REgA QI AT AEQI_ AEQAAI
/ OAGOOT 061 s$i 80 OA "1 TAU !'TAAT]IO0AAODAICAELBUA] ROQPA WAL OFN:
alarak daha cok kuvvetlenmesine meydan vermeden AA] CAI_ AT i_AQEIT AA d(! 61 AOal E
OAEOAO OAAOOOU AOI AE AGigBOTARALIOPH OAADPABGRGOODO8. 011 AOQ OA
Oi T OMhh ADgi g AEO OAAOOOU Eé&FAT | lo/bAEA6~f§/FAI?§E TROOOAREIUAOD
daha 52.000 askerle takviyesind.. EOOEUI OAO§||,ne,9 A)] Al A d (! Al Ol COAI_ AOOEOI
AT AT EOOI AUag AA +1 OCAT AOAT pAPQI R\@é”l A AUUAR UE ATAAG @AW B ¢
(41 OE dOOR®MHAI ( AOAE ET AAT AT ER]l AQAEO8, KAi ghi A AEI
41 OB AT ALEOOI AUa 90T ATTAQaAIAOREBES| AED: EAlia QliaiBA0a O
EeET AA 11 AOEI AOalal AAOEal MARAa g UAPa TAADFAREARAA AAPRAQ
OAUg0Oal a EABDa OlIAIEAU #ADEAOEer ekich OOOAT | A6B CAOAEAT AT Ei A
| AsOAAETI AOAER EOOOAOGI AO Aga A,é|E)(E|A@(§A|’AAo&‘)AELbOEq Qajl pA a8 g" @
UAET AhAT | OEAOAAA EGET UABDRAAAT | EBEACE\ZEE&(&‘«&E; “EAMET B O BB E 80 A
9AEI AhgE ¢nn EEITI AOOAUE AQIAAq:_tE/EAE@O,aq 43\5(E$\@OQE0QA AP ADA
kilometreyi bulan bir derinlikte cereyan eden (i1 AUbT 8061 ATEi T AT OAOGUT T A1 &
€ AOghl Al A OyaAstratejik |0Aem& Aahip bir KAI th AAA OEZT$I ADPAO UAUal ali
mevkilerden biriydi (Duman, 2021). 5($ OAOEI AOEUI A 1 OAGEI ATl |

Kitahya% OEERAEEO - OEAOAAAI A qgrdmgl\ il ABd #%MNEEARRa  bulutuyla

+1 1T O00AT1asadlal co -9AEA0 BalAE KO QA BhBD o DIl BAAA ORQ 08 d (! OA
+1 1 AT EAUA EAOOaol qlAE/—\OOCEOJIAI(EQ@\[Aﬂi AO OqOAOqUI A mmheg Al
AAEOAAEI 1 EROEO8 . EQKBBIA Ad angé)ib NPAAR+T 11AlODR 5($61 AOET
Oii OAAAEOI AOA OAgi AT Al hi IAh EifTAT DM cptp OPAAKAERI iXB [ Al
1T AU OA ¢8 11 AUAAT EAOQal Al ﬁoAg EBi PATuXxRBAEI RARgET AOCIA
4AAOOOT OT EAOGaliAGs ElA UA%WWO EODH & AOABOORYE &1 CA
Al gl i4d [O&g djOOA®HAI (AOAE AET AT ET AAT  EAIT AT 1 01 AT OAh

_+1 1 ATEAUAR 3AEAOUA 3AGAhaT ali il Al AoauAl a@Rloe RET ApOEOI EI
- OEAOAAAT AOET EIi EEITEO | Aol@ﬁéa&ogﬁugaa/}oh@%qu jd"/@OAHqAAIOAE $ *
2021a). Bununla birlikte Buyuk Tarruzdada Kolankaya Al 01 QOAI AOOEE AAgAOi AT AEOI A
EAOOai1 a1 41 OE 1 OAOOO0 OAOA AEaj AAGT AIRA TE ARG MTA q;AeAmEQ|d8AOE
901 Al AEOATEREITET EgOaglii,AOgl Ar @A@EA]AqFﬂ'iiAppmﬁ‘ Qj(ju%oAcm;zomgc
2021b). "6 OEDPAOI AOEI Eﬂ)ol@dnlﬁl AA|.I| i TEA\@J,Q 3EDAOI OEITEIIAOQA,&GZI
AT Ei 1T AT OAOUT 1 €Al ghi AOal gl Epug'\@pa A BASRA g B

PAOI A
B1 IAQAIRT PAEADOA
Ai Aou AOEzlAEM&E\LElOA% AOGEAOE A f\EOIAOAA
EhAI AOAE|3I| I GG AOART BROBAOURIAEA IAITA OA
OAUAOGET AA AAI GAT AT A UET O EA@EIAA@MAEoM@#&@E/ﬁ%@dﬂ@iAh
EAUAT AqgOal i AUA AAhIAI,I h @mAHlAllAlAuJé U AGHA A A A ACEACE

AEIT EI OAl AegAAl

ET
3117 Uagll AOAA CAI

_,>oO>>°

teknolojE I A Oh AA1T cAT AT i1 AOE an/sAEan hi CeEEQA 1 = ;EAQM)AEEAE al AO,
UAPgl AOgih AOEAIII EEE A| I0EDRID GA OF 1A0G r%;j\AEQL@A&Q)a@AAEQqM(
AAEA EAOOAO OA EqU a AEO F\A@\algao&{ AA AR QAU AR Al 622G BR o,éo,g;h&@)a&@

1 AGEI T AOA AE@AQ%',IAAQQT A T AHMO@@@E ADAEOAG@EA & REOXER O WA

51 OER ¢mqmnQ8 $EEEOAdge deCA'b@llel/&eld@eﬁlllp%'ﬂ|E4”ﬁ@@'A@UI i eAilahi,
UAOOAT 1 AUAO OAOAI A CEAE A ASE 1 AN | EA VLIS @E)OQAAJQQQANQAAQ}& A
EUAITEETIA (AOAEAO 4AAAT T a FABBRRARAAGAL adiAdAE ji 3\@0@/&@®OAE

fromMotionz3 £- Q OAET EgE CEAE A&l O iCOAAAOOEGAUEIORAIN A©KEOEs AET AR (

Ee AOAIT CEOI 1 Ol OAAAT T g OEOAIITEAARDEED! A TAadl |wﬁam@|o(;go|
(Remondino ve ark., 2012). Basi gegen sistemler  Nj EQAYG) EOI 1 AT a1 AQAE, 0EQGT$I1 AD
CAIT AT AEOAT AATCATAI A eAl ahihAlbAQa RAAESAI RBA AE B OAOE Ehl A
Eg OAl O AEh AEOEEOEU OA Ui E@AEAE/SAE@OAIUE\DQ| AL VO OI1G Afo &,

Ol bl s OA EEE Al Ol g E1 AO i1 0h
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fotogrametrik  Uriinler  Gizerinden yersel 6lgiilerle Tablol.+ O1 1 AT g1 AT d(! 81 a1 OA AAI
EAOh AIOREOaOEDAO Al AT 1 AOgl glozelikdi(URDI)AT I AOET AA  OA
i TAATTATT AGET AA  d (! Al Ol COAT AOORBXEK EI AFAUAAB AORD A
AAgET Ei Il EhOEOS l 5301 g E 1388 gr
. Capraz boyut 350 mm
2. Yontem - AEOGE( O6i 0&O0h O ~30 dk
21. KAl ahil Al 3 "AEOET OF €aEah [ 5mis(Pmodda)
- AEOEI Ol El Eh E¢ 3m/s(P modda)
+7T 1 ATEAUA OAPAOGE | £UI T EAOAEGEGODO EBVE  d BOGWS (Enpdda)
Eil e AOET AA 3A03 AAIEQA ADE "AOADAIDAAEEUM®DI 1 AT Ag(  GPSve GLONASS
Al T AEOAAg O joAEEI p Qs " E | BatArja Kapasitess AOEA UE ASB7gnOMA EE
ET T OAET AO1 AOg owlmeovoc8oe +@wdAU DAOAIT Al Eh \an(Jeksgnt) o x 8 0 ¢
$1 60 1 AOEAUAT ET AAAEOS Kamera £nsor boyutu po
Kamera @zinirlig | 20 Mega piksel
Kamerad= UA £Z0AT AOA f/2.8 -f/11
Kamera) 3/ AOAIl aoa 100-3200
Kamera%l AEOOT T EE P 1/8000

2.3. Yontem

KAT ghil A EADOAI al AA Ui UAU

AT Ei I AT OAOUT 1T eAiaghi AOGag EeéEI]
| By s Al AT AA ETAII AEO AOAUE &Al.
\ RS 6Al ahi AGgT AA +1 1 AT EAUA 4ADPA

OAOPEOE AOEAOE AOhEOI AO ahag

bolgede UAhAUAT EATE OA AEI EOE

CAOeAEI AROEOEI i EROEO8 | UOg AA

Ah UAIi Al 1a hAEEI AA -Aktf ssemiAi g A

EOI 1 AT gl AODAE )42&we 4-o0om | %D

|

EiT OAET AO OEOOAI ET AR 04AD4AII .
&1 01 COAI AGOEE 0eOhOI CAOeAEIl
EeeEl AA AEICA OI Pl sOAAEUAOaT g

Z EI CEITE ETAIil &Alahi Al AO UADgl

2 ETT OAET AOI AOgq 4AATT GO AA

3 I 001 £ 01101 UABAUA/A OOA OADhAL
AOi AE Ai AAaqUI A pe AAAO EITITE

z TTEOAOGa EI &il11inh0Oi 08 $A0AUI A

2 i+/(q 9 OA 8 EIT OAET AO AAgAO

3 OA mphyx Al T1AOAE EAOCADI ATI

Tablo2.4 AOEO AAEIHENTT OAETSA RIOED g

39°6'50"N

e g o Y X h (Elipsoidal)

30"?:8‘30"E ' 30°28'50"E 1 541447,954 4331298,088 1256,520

— 2 541447960 4331193781  1251,239

...... L., =07y 0 250 500, 3 541324,312 4331216,285 1250,056

c AEEdAIpagh I A Al Al g 4 541384,865 4331355763 1271723

- 5  541321,520  4331394,896 1288570

- EKIpman 6 541318315  4331511,640 1291503
g Q o / OG- .08

KAl ghi A Al AT gl AA OAODPEO - OEBDAD OEO
AAETI AT 9+. dIADORIOgERT OKE €l 11 3. L|A®,,3Aq;-\,.. .
01 00 .33 Al a-AKIOgORSAsistems 31 ' 1&1 Ol GOAT AOOEE '

OEATOIT t 000 d(! EiA sAetdAYRFEosE
Uzgrip(je bulur]ar) ‘dahili’ Igamefaya ait teknik 6zellikler
4AATT ADEAAEGOEOS
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Tablo3.&1 O1 COAi AOOEE 0OebOh bl Al geloékAvOyaitlarA kdlibpeE ddifkin®st grekmektedir. Bu

Parametre $AgAO EhlT Al T AOET AOAal AAT AEO AEg?
56 0h 4A0EEL 21/09/2021 AOI 66O 11 O6hO6OOI AEGg 08 " O ENI
Konum 39,114529° K30,478195° D Goriinim Stereo (Dense Multiview Stereqz DMVS)

Alan Boyutu 383 x 504 m Al Ci OEOI AOGag EOI 1 Al al i AEOAAaO
Bindirme 80% 3£ OAETEGEUI A OAWNE TMTEEX
+AT AOA 1 &3¢ 90° A0l 6606h o AT UOOI O 11T AAI R OAU:
560R 9i EOAL 100 m | OAGETE CAOeAEI AhOEOEIT AAEI I Al
" EOIT O 3AL 268 i OAOEI E AO1 AOGal AAEE CEOI 101

alabilmektedir. Bu sebeple SfM ile bu drdnlerin tretim

OEQT $SAADOOOA UAUal aiah &3iE ERU: %%EPAE iﬁﬁ QA{ AT T A
Phantomt 001 d(! EI A OAi OUOI 0%5 éAI A%é‘ 195% AEI CEOA
i1 0Ph AEEAUal | UAOET AAEE AH EE %‘ } A
ARAEEI AR OeOh bl Alala CAOE ARG |$

%" A
LS e%@*
Oal g0l AOagl AAT EAUA &uksékllll@hAO
i AEET c¢q 11 AAAE hAEEI AA Oe

r§|@ A
Gncesinde UAV. Forecast isimii mobil, uygulama @Qdo%ouAﬁ | . 8 §.';Al ":%o% 5@8g
L ALILAPRE, REleR el o Shast) %%%agg%. S

. A GNPEARS i -
I v EIA AEEAUal DOOEierhal OA ) %§|§ EEﬁ% OEeOAoAA’

=) .

VAEEI AA OeOh Bl Alala C/ eA" AS
O8ElI 16 AT OUAOGa hAEIETAA £ @5 AI

CAOAEI AhROEOEI Il EROED8 | OAal

OAT EUA jeAEE]I ¢q Oi OAI TOTT' a g %'
5¢0h AOIAOal AA AEO AAAOG AA é E%??A%ag § ﬁ 3
AAAG GEOITOI. Al AA AAEITER OEtemelde SfM  ybntemi ile fotogrametrlk sureC|

— IR —— Ui Oi Oi AEOAAEOS8 &1 01T COAI AOO

, ERT AT T AOET A AARI AT AAAT EIT AA

""" dTAAlATAT CEOiI T 0i 1 ACAA AOQI Al

ﬂﬂﬂﬂﬂ CEOITOITAO T1Ti1iAAgwsa OAEEO A

Ah AT Al AOA CAeEI i EROEOS |

CAOeAEI AROGEOEI AEEOAT 011 0A O

TTEOA AOI OO0 UAT EAQdtimidzafddE | E U

Oi 1 OAOT AA EAI AOAI AOal oQAEED+.

RaRd. _
n AEEDE@BSAADPOOOA EITA TOITITI
Bl AT 1 Al AOaq

d(! ETA Al AA AAEI AT OAOEI AA
EOI T AT gl Al UAUagl gi 1 AO CATA OET A
EOOOI OADO8 3&- OAET EgEh C _ A
i1 AOgO CEAE 1 AQiDAIORIT ai &A1 MAIAU
AET AEOTI AT E 11 AOAE eAEEI T ER Aa 08
'TAAE OAET AT EIT CAT 1 AOOEOEN
oryantasyonu, bilinen 6ncul parametrelere gerek o AEEHATGRBOAT AORAOBR BAGADI AT Al
EAT T AAAT i 01T 1T ACEE 11 AOAE @&EUITI 08 3£&- ‘AETEgETAA
AEOAAT AAUI A AECHEION @il ZA eREIRA KT 0OA{ AOOE ARgAOiI Al AEOIT .
EUATTEEI AO EOI T AT g1 AOAE AAmk@o®6|@6 BER @ AEiAomeﬁﬁAﬂAl
EUITT AEOAAEO j %Ol gl O OA /ﬁmwd1TQ ME§éﬁpﬂi§A©AiM£EW$ﬁ
2008; Westoby ve ark., 2012). Klasik bir SfM strecinde | {1 EQA AQI_ 000K Ul 201 i '|' EOA AOi
CEOI T Oi UETAIOIA ie ATA AAadiAdAyu Tilj00A4 A gqé@@@wo Ofl ¢ R®E O3
O3 0OA0qUI AQUj gHOIAAGIgli ®XO EeéET EUAITEE é3EAO3ql gh
j¢cq CEOiITOI eE£EOI AOE EéET BUABLEEBE, Abl DAGEDRA) DAl j oq AA
dengelemesinin iteratif ~ olarak  yinelenmesiyle . o
AET ET 1 AUAT DPAOATI AOGOAI AOET e EUKAIL a MRk & A AW AR o siperiedhip ORI |
ark., 2020). OAOPEOE oA AT EIi T AT OAOUITT O E

AlC OiViak@l AT U

ARAI AGagT AA vieAE s$AgERI AU WHADAEEAEOARERBI | Oj BARQAI AA 0

Invariant Feature Transformz3) &4 Q Al CT OEOIUA®L 3 EA @@@T ¢Al ghi’AAA Ui UAU

i1 AOAE EOBI 1Al gl I AEOAAG O8 " 3 OAIOEA £0AE 114 FRIGIGAIHA KR E BRAE AR
=

i1 EOA AOI 000 CEOAAAI EAEO OAORDPBOFEI Eii eBAi ABg EBAPADPHO A (

E
3/&- OAETEgET AA oAquEq||§@@A@éﬁo@69%©g%§gé
I |
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AEO
i AQ AveHd) ileCddileilEn®EAl O ésiflriern birbirineATA A

‘ 4331800

‘ £321£00

| 4531200

| 423taco

om

100 m

200m [

[ sat000

[ 5412

20 §41400

o A E BBblgeniortofoto goriintiisi

541600

—

i

OEEI AOE 39- UAOAgiag EIA_ I AE/
[AA ET1AUl o OAsol Ahasa ] Aladia
Ai a1 AA OEPAOI AO EeéET Ui Hie]]
bq OA 39- joAEEI ¢q i O. e D1 AOE
1 A0s®O AEI CA OAOAN Al 1209m
60060061 OOEAT AEI CAAA A, -
Al gl i AGg OA AOAUEAA EZ& ol E
AEUI A 10061 £ O AA OATE A AP Al
~ PPN A q ﬁ N 8 O E 1,270 m S\
T Al ET 1zoms | AR AE U
i [ ¥ g 1,260 m j g AEE
g om | PAOARE
1222 m
g —t—
i om 100 m 200m [

[ 541800

Ui EOAEI E

| s41400

OAUag OAI

[ s4ta00 | 51200

ac AEETET@®BAT EI

4331520

54 1320

541280

o A E BEANS68:imleri ile bellrlenemperlerln ortofoto

i UAOET AR CEOiITiili jEaldiaqUa PDI

ac AEEI x8AA CEOI T Al gi i UAOA
OAEOED iI1T1 6h0608 !OAUE e
Ol Pl s OAKEUGAARR E UGDseitohiVleistizg

E
A@m@@@é@éaiAEéKAROKbéoaRmQQOD
o
AAgl AT Aggg ET1 0001 A dqAOA
uretilen ortofoto ve nokta bulutu U A O A g biggrlefl
OAOPEOE AAEA AAOAEN 4 EAiizéy
AOAthOIAIAOaIAAI

- m
O\

EAGEOI AD UAOAgi gUI A
tespiti ile birlikte siperlerin yukseklikleri
AAAAEI AARgE 1 OEOAI Al Al AT
tizerinden okunabilirve reO OT OAQOUIT 1

e Al ghi
Uil CEOOAOEAE 11 AAAEO308

devam

_>‘
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TARhAEEI O

9AUAOI AO ! ZAUT T EAOAEEOAO d
-IAIOIIﬂIIA OA | AUT T EAOAEEOA
OARAEEI O AAAOI AOs

| OAR O Oi AAgi AOagi EAOEag 1 OAT g

Eren Can Seyrek , EOAOAOI O 4AO0OAiI AOah
ERI Ai AAail AOah 3i106&i Adal &
Omer Gokberk Narin : Kurgu, Yersel olcumler,

3711 0&1 AOal Ul OO0I 1 AfrdlaAKdgak: - AE
Tarihi belgelerin ve bdgenin 6nemini gdsteren bilgiler,
MuratUysal:d (! O& OROR " AT AT EIT 1T OO0I

KAGahi A AAUAT a

9AUAOI AO AOAOal AA EAOEAT G
AOiI OT 1 AT AEOAAg 08
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