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Abstract

Obscuring terrain is indeed disadvantageous to low-altitude aircraft detection with radars, because of
which the exact position of aircraft in case of lost contact at low altitude or accidents cannot be determined. Search

and rescue teams must therefore unnecessarily operate in wide areas. Too much time is then unavoidably spent,
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which could lead to unexpected casualties occasionally. Thus, while being deployed in mission areas, military
aircraft should be tracked continuously.

For this reason, we propose an application of Geo-Informatics and communications via cellular networks
for tracking RTAF’s aircraft: during every flight, GPS trackers which are equipped with SIM cards or registered
smartphones send information about aircraft’s positions, using the GPRS protocol, to a server on which the Traccar
system is installed. The server then processes the received information into a form suitable for storing and being
displayed together with Geo-Informatics system. Eventually, the processed information is forwarded a Web Server
to be shown to the personnel concerned on a Web application. As for the evaluation, tests were performed on 4
types of aircraft, namely AU-23, DA-42, Bell-412, and F-16 A/B. As the result, we conclude that the proposed

application can track aircraft at low altitude and thus support search and rescue missions.
Keywords: Geo-Informatics, Cellular Network, Aircraft Tracking, Search and Rescue
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Abstract
Due to higher scalability and lower cost compared with normal Hypercube systems (HCs), Hierarchical
Hypercube system (HHCs) is one of the popular models for high performance computing machines. However, edges
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Abstract

A QR Code (Quick Response Code) is a 2D square barcode that is a result from conversion of text into
an image format, which can be quickly and easily accessed via mobile devices. They can be used as a substitute
for transmitting complex and difficult-to-remember information, so QR codes are popular today for communicating
and exchanging information. However, if QR codes are used carelessly, they can cause damage to organization
or breach of privacy. Therefore, the researcher has developed a system for concealing the QR Code in an image
by using the Least Significant Bit (LSB) pixel value masking technique in order to increase the efficiency of communication
with QR Code safely and reliable. The result is that the image after QR code “camoutflage” is so similar to original image
that it is difficult to be distinguished by human eyes. It can be used for communication and information exchange

securely in the network.

Keywords: Steganography, QR Code, Least Significant Bit
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def make secrete_qrcode image(base image,qr_image):
rows,cols = qr_image.shape
for row in range(rows):
for col in range(cols):
if gr_image[row,col] > 0 :
base_image[row,col,0] = base_image[row,col,0]+1

return base_image
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def grcode_decode(the_secret_image,rows,cols):
result = np.zeros([rows,cols])
pixels = np.array(the_secret_image)
for row in range(rows):
for col in range(cols):
if pixels[row,c0l,0] % 2 =0 :
result[row,col] = 1

return result

@

7 dana3huasie QR Code

=).

i

Cal




a d
22 31‘;ms‘msnﬂmmunzmﬂiuhﬁmm%mmﬂ

4.5 MIAAAIIZVY
o a ¥ qvyqy ¥ = . A o
FEUVUDINIIN QR Code 1uﬂ1Wﬁ]$¢lﬂﬂ\31WQi%@WNﬁWNWﬁﬂL"U’]ﬂQiZ‘U‘UW1ULﬂ§@"1ﬂﬂ"U9\3ﬂ9\1WW@1ﬂ1ﬁ
= a & a wa . Y <3 £ =
“]NigﬂﬂﬂgﬁﬂﬁQUU'ig‘U‘]Jﬂ;]‘Uﬂﬂ'ﬁ Window Server 2012 llﬁgslsb' IIS L‘]Ju Web Server Iﬂﬂmﬂﬁ’luﬁ’]ﬂ1iﬂa\1ﬂ$lﬂﬂu
2 v A o o Y ' Y vq ¥ ° Ay Y o
l!ﬁzﬂ']'JUIWﬁﬂIﬂﬁllﬂiiJmlﬂslsﬁ\ﬂu HAZINBMINITAINI WVBYANTUITS T UL ﬁi%ﬂ1u@’f1lﬂﬁﬂu1ﬂ’]7‘lﬂqﬂﬁ\1ﬂﬂ

v H v
TdnudsvensIdTasiyananaw liawnsasuiniidoyadulummiu g

av

5. HanN13398Y

£
av A

< o o o s A o Y o q ¥
ﬂﬁ’Ji]EluL’]JuﬂﬁWﬁlluﬁ&”UﬂEﬂWiN QR Code “lum‘w fl’mqﬂi%ﬁﬁﬂlﬁﬂﬂﬁiﬂBWﬂ’JﬁJﬂa’t’]ﬂﬂU QR Code ‘Vlﬂ“lfi

a T A 9 = 1 z!' A = o 9 1% cs' d. ] [
msaaaedoa1s Iagld QR Code HnNuiuFodeo saudsamsadmswdoyaduiyananaw liauisosvg
A g v y o A
nJo1tn 1l Tasszuuazilsznoudie aatl
J a U v A v
5.1 AIUVIHIIAM U BAIT M

% o ¥ @ @ Y !
FaimmhnlumsSuamezidow ud lunazavtiydgldau @zl 8)

mail 1ame@example.con Grou Member

B save | cancel

Information

ow |10 ~|entries

id username group email key manage

admir Administrator  phummipat_d@rtaf.mitt féfdffe4B8cI08deb0f4c3bd36c032672 & Edit
bua Mer bua@rtaf.mith beal64887d554dc716465dbfdc927  Edit m

Showing 1 to 2 of 2 entries Previous 1 Next

51U 8 damusmsdamsiinddldau

L]

5.2 a3u11/51n5u81N319 QR Code (QR Steganography Client)
smhifidszanamwd s usms 1 QR Code lunmmn Tasmsrhauazlsznoudas 3 WYNAnN il
52.1 Generate QR Code 324t 11111159513 QR Code (M7 9)
5.2.2 Encode QR Code 3£¥111151)3217aWan1581M3519 QR Code 3INALAIN (mugﬂﬁ 10)

5.2.3 Decode QR Code [Hudiuiiog19dau QR Code il ms19 13 unm (@ wgdd 1)



gl

D -

N

18 UNFIAN - UGB 2565

© CS NKRAFA QRCode Staganography -
User LOHH’\W Generate QRCode ‘ Encode QRCDdB} Decode QRCode

Message |Hello World

-1+
[l

soe | Em En

Status: QRCode generated

5UN 9 drmed1e QR Code

@ €S NKRAFA QRCodle Steganography -
User Lﬂgin‘ Generate QRCmﬂa} Encade ORCode | Decode QRCode |
Select sources

1.0RCode File  [o:est/greade png
2 Image File C:ftestfimage pny

Process

Status: The secrete image encoded

sUf 10 @rdseunananseImse QR Code

G

@ cs NKRAFA QRCode Steganography -

User Login | Generate GRCade | Encode GRCode | Decode GRCode |

Select [itestihesecret.png m m

Hello

Owner:admin
Email: phummipat_d@rtaf mi.th

Status : QRCode decoded

51U 11 drulszuramamsgau QR Code

L)

23



a d
24 NsnHInenmanstazmalulagingiseaima

6. a3Uman1s 308

NAMIU5E0IaHAS NG QR Code TR T1/11ATH QR Steganography Client TaelHinatia LSB wui mnduniiy

' ° A A A =~ v =2 o
NOUNITBINT I QR Code Gﬂllg’ﬂ‘ﬂ 12(0) UAZMNWHAANTHAIDINT Y QR Code ﬁﬂllgﬂ“l/'l 12 (v) UANUA[IYAAINU

'
A o v o

1 Y al = [l < Aq v g
i]uﬂ']ﬂ@lﬂﬂ'ﬁllﬂﬂllﬂzﬂ'Jﬂﬁ'lf]ﬁ'lﬂﬂ@l'J'lﬂ'lWiﬂiJﬂ'li“]fﬂuWi'N QR Code Tudszduvuavesn i st udodmsusinge

v 1
QR Code W1 a31) Id31m w9z Apaiivnia 3o Dimension 111ajn31 QR Code

51 12 () amdumiy 51 12 () ammdaimsgmsedoya

a

7. VoI UBIUL

Tutlagiiu QR Code Sanuddarenisanaedomsuazuanidsuteyainms Tasvzduna ldnndldau
NOUAI QR Code Lmumidq%yaﬁﬁmmcﬁu%u HazeNAeMIvAs1 0619 1P udreaNuazaINUeINs1H QR Code
oM IR 1% QR Code 0614 lisziinsz Tnnudwalfinannudomoseniirsnuniegnaziiannuidudus
Fafu 43565 1Az UUMIS NI QR Code Tunm Tagldmaiianssmsiedoyal¥idinmaveanmuuy LsB
diemiulszans amlumsasdedoasadn QR Code 1 Tinnulasasonaziit¥odo Taosunamnsn8 1M1 QR Code
Tunmi ¥ mradwsvdsmasmag QR Code Tiamuadondafunmduntivaunndomsusnuozdoaoa sl

dmsumsiselueaaioidlumsenseduinasms lms fnmanuasadonazanunudiudrvesd1d
QR Code Tty vvermueliinisnansudisiatonimmiedeyanoumsutauiiu Qr Code [7]
smdamaaeslszgndmssmaadoya liimou q i hildmAnaavesnm wierlszgndldmssmse Qr Code 13

amsuaalnlmiluaeiios (DCT) voamw dludu

8. 19Na13591909
[11 YSanind uasl uag 25wa daufesdaana. (2015). N1561MINToYAdUAIY Steganography VU QRCode.

JOURNAL OF INFORMATION SCIENCE AND TECHNOLOGY, 5(1) : 35-41.



UM 18 uns 1A - Rginen 2565 25

@ 4 L4 v

o o a a o a L4
[2] viyymi Mussae, 1@ Jgassel uaz NrgIn1 029d3 0. (2560). M3dszgnalsmaluladaiers Ina

a

§ [ a a o 12 L 4 a a o v o
L‘ﬁ’f]ﬁﬁlﬁiﬂﬂ%ﬂiﬁﬂﬂ?iﬁﬂuijﬁTWiUﬂuﬂi?ﬂi?uﬁ]ﬂwu‘ﬁﬂéjiﬂ RANNIINYTA WHIANUNIUNYT.INTHT

a

Anvenans UMINORULTAIT, 19(1) : 184-193.

B3] Adwey Sunnns uaz gRanda Mgns. (2563). Mm3dszandlfina Tuladsiamerfitosatmeouns salsd
aumgnemans 1sadounsasimmsuianssumsiamamalulad wininedoswsgumansa, 7(1) : 8-19.

[4] WUFIA WITUNTOT LAz Resadna Towziie, (2010). Tsunsnilszgndmssmiatoyaaininlasliisns
aduinsmsumndisiadeyalaoldinasgumsidisiadudige. THE 6 th NATIONAL CONFERRENCE
ON COMPUTING AND INFORMATION TECHNOLOGY(692-679). Bangkok, Thailand.

[5] 3w Wusgues, §asel Sunsans, gnsiay Foouaa, 5iim noauiszia g taz aaaun adud. (2562). mawan
Tsunsuansaummitensuimssansaumad sunndduvewninedoonsuui i dlus i Tauasgy.
NIATUNINGIBOAS AAYY, 25(2): 79-91.

(6] qmma@ﬁﬂmﬁwmmﬁ 207 (W..2561 - 2580) (RUVUTVF9 W.7.2563).

[7] Simalaotao, P. (2018). The Prototype Development of Traceability System of LSB Steganography in Image Files
with Base64 and MD5 Encoding. Journal of Thai Interdisciplinary Research, 14(1):29-34.

[8] Al-Sadoon, B., Mathkour, H., and Assassa, G. (2007). On the Development of Steganographic Tools, Department of
Computer Science, College of Computer and Information Sciences, King Saud University, Riyadh, Saudi Arabia.

[9] Bandyopadhyay, S. K., Bhattacharyya, D., Ganguly, D., Mukherjee, S., and Das, P. (2008). A Tutorial Review on
Steganography, University of Calcutta, Computer Science and Engineering Department, Heritage Institute of
Technology, Anandapur, Kolkata.

[10] Dobsicek, M. (2003). Modern Steganography, Department of Computer Science and Engineering, Faculty of Electrical Engineering,
Czech Technical University in Prague, Karlovo n’amest’, Czech Republic.

[11] Fridrich, J., Goljan, M., Du, R. (2001). Reliable Detection of LSB Steganography in Color and Grayscale Images,
Air Force Research Laboratory, the Air Force Office of Scientific Research (AFOSR).

[12] Hunt, K. (2005). A Java Framework for Experimentation with Steganography, The University of Wisconsin - La SIGCSE *05,
St. Louis, Missouri, USA.

[13] Johnson, N. F., and Jajodia, S. (1998). Steganalysis of Images Created using Current Steganography Software, Workshop
on Information Hiding Proceedings(273-289). Portland, Oregon, USA.

[14] Abbas, C.,Joan, C., Kevin, C. and Paul, M. K. (2009), Digital Image Steganography: Survey and Analysis of Current Methods,
School of Computing and Intelligent Systems, Faculty of Computing and Engineering University of Ulster at Magee,
Londonderry, Northern Ireland, United Kingdom.

[15] LENTI,J., (2000). Steganographic Methods, Department of Control Engineering and Information Technology,
Budapest University of Technology and Economics, Budapest, Hungary.

[16] Lin, E. T. and Delp, E. J. (2000). A Review of Data Hiding in Digital Images (VIPER), School of Electrical

and Computer Engineering, Purdue University, Indiana.



NANFIUNTRAIUTIY



wuvwEnmangiunsldiusaluiaaunivinig

n. tenas mavaulusunsidszandlunmsinmanyaaadosazanuudiudavegld

.................................... qreeerrerlllle sl e il bl e it il sl el il s N a

. anuzgunlunany
Iz/cjﬂisﬁ’uéé’uﬁmm (First Author)
[ ﬁﬁﬁ?uﬁ’iﬁmwﬁﬁﬂmmﬂ (Essentially Intellectual Contributor)

[ AUs2UGUTINAY (Corresponding Author)
A, UTELANUBRRaNY
it @ B sniidy

naudl o mauMATInsiudnuuzby

O samfvimsiegpemnssu O nedifinwn
O maendrmsiienannmsidounsseunasnstous O swuva
O ramAnmaitedmumilsusassos O avates
O ranuadvassrdmivenmaniuasmahilad [T wevsiung
[T weunynsw avsynsu wamynsy uassmdnstudnunsidentiu
O wasmatassamuauios fads O ssewaianss
O sernsuliviodunsdan
nq'mﬁ o O dm
1 wisde
u

UVATIUVINITIMNS



SNYASIAYAVAINTTHAIUTIY

Y] ° o "W = v o =5 = §on i
Hsﬂaﬂ']'wu‘ﬂf"mLL‘Vi‘le'ENﬂ'ﬁ@ﬂﬁqﬂagLaﬁJﬂiﬁﬂiUﬂqu (L‘L!E)ﬁfﬂ']ﬂiﬁJﬂJﬂ"l'ﬁLLU\iﬂ?Ui’Jﬂﬂ.u

HAIUNITVINT A9l Unum wihd anusulayeumuiiguessyasiinananisfiatsan

HAIUNNIVING UBZABILUULBNANTUENGIULRBUTZNBUNSTRITN)

sEaziduANIsidusIu

UNUIMLAZHENINAIUSURAYAU

. ANUARTISULATAUNAFIY

=

w.. we. fivanl aaenans iudsauyfign

U

NIy

9. N1sURURNITITY Msfiduginlunis
PONLUY MIVAGI N1IVIAEDU LATeallaln

Wnsfivtoya uay crtena

u.9. WA.DIWAIY A2eNANe FURAYEUATUANNTT

w
ar

Ugjﬁ’aimqﬂ‘uumau LAY WA.9.0. A.AT.USTaIA

= af o) 2 o =5
UsIUANANIY niu;ﬂwmtismm

. msdaivdoya milissideya

MILUSHE

u.8. wALHInWmd aranans Wuimihiiud
AnilunsTusindeya uagAINABINITIZUY

TUHINTIAT TR TBUA

b

4 MTIWINYIINSAINE NISHARINIS
wWisuiiguiudeasunieenniug

VERN NG TE

.8, wAIWAY arenans Wuihaueuumi
wazsanside laedl wa.a.n. A.AT.UTEAA

Undiawans g limuinm

2. msidusalunsilieu manuscript Wasu

% [ s .:.‘ = § & £
BINEATIA WINNTIU FelszAny LUuau

w.. WA finad arenane (uddniunmadeu

Y

oo a

UNAUITLREN Uay Wa.e.A. A.AT.UsTENA

Usrdlawania Wudpreaeunnugnies

2. M3lin1satuayu specimens, logistics,
Ve (Usnssyumaamu Quu wasln

v A A v a wa v €
1950) wnTesile HoalJuRn1T AT

\unidefaivayugnsmaninesineniely
fialgiues wazlaiuuszuna naidanasan

TAgATUYNENI3

. U 9

AUsERUGSUAULIN

aa%a“ﬁﬁ"""‘f@'—\'&é—\;“/

£ w £ =
NUTEWUSUIIUND




nangIunsituszlevd / 1591983



o/ 8 174
UYUNnUanlINd
f89UTIVNTT_aun.92.99.(0U2. 13 b-occe)

a0 o v o
Y ($9 duv.91.99.1895U baaed/ o) AUN m N.A.DD

=

15949 welalusunsuuszandlunssnsnenusiuntlasasuwasanuudiudlues QR Code fenis

gmsulumwiiiansaeasniiuseavs nmlunawineinmea
38U IN.290.

WeRiasuneysiRawde o

Wa.e.6. g‘. &‘3

NE.EUV.VILND.

GITHGERFGHIN

GRS //”

INVILNL.
M NAbb




% aw‘rﬂ’n{% 34 U2

g@l}jfi'"t} ................

e 4 !‘ fwa'.“..- ..................
vunnueRm e TR |

AIUSIVNT_ nUY.aUL.90.(H.0 193 0-occe) ( / : e

N nm obogd.clc )/ vy 'ﬁlﬁ “/ 3.8.00

d‘ o O.J </ 1 nJ
1599_waldlusunsulszandlunissnmmudunaeadeuarasludiudmives QR Code

I ° y P a a a o
fhensemslunmiienisdeansniiuseansnmlunaswinania
YU KNB.AUV.YIVE.

o. a1uf nUv.auv.va e dwirfdndunisaunisujuidnisn nsdedu
n1591n50lulInINIsidagn n1srInseuieA iy n1sdualunsdansazidanissnw
AuUaendy uagnisauaiuiiiay 1y

. Uy ifeyandey fi

bo meimaeaiames nannna.s1uun ldueyiRlidudulasinside S
mswaulUsunsuUssgndlunisinwinulasasisuazamudiuiivesdld OR Code mowmain
nsgmsrslunin iensdeansiiiiuszAniamlunasinenia Saquszasdiiaiiiumaden
lumssnwaudseadslunisdeansdoyadiuyaravisdeyaiiifuniudy Tasnisuvasieya
Iagluguuuy QR Code uargmsne QR Code Hulugagunmitdmualy Wegunmiinanignastis
Jmems g3uarannsmirgunmiy Wignszuiunisaensia Welildundsdoyaiudiaglunn
wadl TasanisidedinadnldsunisseniunasARudweuns uidoaduinsarsinerans
waznAluladuieidenina U7 ez atufl e unsiau B fiquisu beoe W ok - b ALY

blo U ldUszau melvireuianes 9 udr awnsaldlusunsudanala
Tnglisanauewisdeds sv.uun. iosnnifuraiuisen indeuliuinistu uwnve anielu
waTAEUBNTTULIAS DY YaINaiNe A SnTadiaenndastunisiasiunisseiuntstninses
lunasnisidegn vee nuv.a Adanusududmiunmsinunmiuvasadelunsdearsieya
fifmuddyremuiy

. nUY. Re1sanuds wWelinyszdviamnsud URnusmunsdediunisinanges
Tuiesnindesn Sadiuaunisveldlusunsus aude b.e uaziauemudosmniAnlify
fuuidedmiududeyalunmsimuszuusialy

FFvunweRasanautiunissely

us. L

WE.NUY.dUV.UND.




LNE1ISND1DIUNAINNIREY

maannlusunsudszandlunmssnemnulasasowazanuludiudivesyld QR Code Mmewaila

A158MNS I UNIWNBNSERANSNAUSEENS Anlunesiwe N e

The Application Development in Security and Privacy of QR Code Users Using Steganography

Techniques for Efficient Communication in the Royal Air Force



Sci & Tech.J.NKRAFA.[2023] 19(1), 1- 13

J0 ¥ 4' [y, Y]
mM31szgnaly QR Code 1asnuanulasasis
nsaAnE ¢ 159581850 IMAMINUNNEASeNT Y

QR Code Application for Building Security: A Case Study of Navaminda

Kasatriyadhiraj Royal Air Force Academy | Received : October 6, 2022

Revised : October 23, 2022

1% o o

a d W A % a
UUUN VNN WUAT UNITUA Accepted : December 20, 2022

23 INENTNIADT NOIIWIAMAMEASHAZABNNIADS NPINIANET 1533 81185 00 1M AUITUNAY AT T 31
"Phuminun Bua-ngam and *panida Kaewchanid
l’zDepartment of Computer Science, Navaminda Kasatriyadhiraj Royal Air Force Academy

*phuminun@rtaf.mi.th, #panida_ka@rtaf.mi.th

UNAALD

s A o [ o a
NuITeilTaglszasdiiie 1) WanszuusnyinnulasadsvedsuFeumeseaImaullium

v a A ° 3 o o a 9q ¥ A o o 2 9 Y (2 wa
AYATOTIY 81N WINMAN JanIaaszlys Tasdszend]y QR Code 2) idaTszULNUTOYAFUR TR

Y v
Tuiui TsasoumneisoemauIiunnias 15519 Taoldn1u1 PHP uag JavaScript 14038 My SQL Ty
A o Y Y qY a . o A o 1 ] a o Y
sruuMianszuuasa il lagl 2 aaundnae szuudamsiuindduelnwandy taznin
J v

M3 15911 QR Code vosdUPiAMMH M TuINtoWARTY Bnmiuhmssiiivlsz@niamveszsun Tag
AFe1egluszaud Taslinanunaeog 4.1 Azuun @IdouuuuIATFINEEN 0.57 AZUUY LAZWANTS
Usziuanuianelvvesdldauniiseszuvedluszaud Inanunaeed 4.42 azuun drudeunuy

1A Y I 1 Aa Aa 1 P
HIATTTIUHYN 0.59 AZHUU uﬁmiwmmwﬂi:ﬁmmwmmizumgiummmm
o o W [ [ v A I 9 9
AlaIAY: ﬂﬁiﬂ‘]&ﬂﬂ’.ﬂhﬂaﬂﬂﬂﬂ, i‘l’iffﬂ’:]ﬁ]ﬁiﬂﬂ, ISVUFIUUDYD

Abstract

This research aims to develop a security system based on applying QR Code and create the operator record
system based on PHP and JavaScript, My SQL for Navaminda Kasatriyadhiraj Royal Air Force Academy
(NKRAFA) area Muak Lek District, Saraburi province. The developed system allows two main ways of accessing,
including the management system via web application page and QR Code of work operators with a mobile
application. The results showed user satisfaction with the system from experts, which were at a good level by
having means at 4.1 points, standard deviation at 0.57 and the assessment result of users’ satisfaction toward the
system was a good level. The means were at 4.42 points, a standard deviation of 0.59 points. It showed that the

efficiency of the system was at a good level.

Keywords: Security, QR Code, Database System
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Abstract

The IP Web Camera is currently used as a tactical mean for image data acquisition in many operational
units of the Royal Thai Air Force. Nevertheless, those image data have not been integrated into a system called
Common Operation Picture (COP), which can further contribute to a competent decision made by the commander
of the units. Hence, the research team created the system by integrating the Geographic Information System (GIS)
with Web Real-Time Communication (WebRTC) to support the tactical operations. The research team has
experimented on mobile phone cameras with IP Web Camera and the frame rate of 30 FPS. The experiment results
have shown some remarkable performance under the following circumstances; 0.1 — 0.5 Mbps internet for the image

size of 180p, 0.5 — 1.0 Mbps internet for the image size of 360p and 1.0 —2.0 Mbps internet for the image size of 720p.

Keywords: Geographic Information System, Web Real-Time Communication, Military Operational Missions
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$mission_id =$ POST["mission_id"];

$sensor_id=$ POST["sensor id"];

$lon =$_POST["lon"];

$lat=$ POST["lat"];

$heading =$ POST["heading"];

$speed =$_POST["speed"];

$height =$ POST["height"];

$timestamp = $§_POST["timestamp"];

$sql = "INSERT INTO mission_history(mission_id,sensor_id,lon,lat,heading,speed,height,timestamp)
VALUES($mission_id,'$sensor_id',$lon,$lat,$heading,$speed,$height,'$timestamp')"';
mysql_query($sql)or die('[{"status":"0","message":"".mysql_error().","sql":"".$sql.""}1");

"o

echo '[{"status":"1","message":"record sensor success"}]';
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$sqgl = "SELECT mission_id,sensor_id,lon,lat,heading,speed,height,timestamp
FROM mission_history sensor_id = ' sensor_id ' ORDER BY timestamp DESC LIMIT 0,1";
$count = 0;
$result = mysql_query($sql)or die(mysql_error());
$json_data = '';
while($row = mysq|_fetch_array($result)){
$json_data = $json_data .'{’;

$json_data = $json_data ."id"".$count.",’;

$json_data = $json_data ."mission_id":" .$row["'mission_id"].",";

$json_data = $json_data ."sensor_id":".$row["sensor_id"].",";
$json_data = $json_data ."lon"" .$row["lon"].",";
$json_data = $json_data ."lat":".$row["lat"].",";

$json_data = $json_data ."heading"".$row["heading"].",";

$json_data = $json_data ."speed"" .$row["speed"].",";

$json_data = $json_data ."height":".$row["height"].",";
$json_data = $json_data ."timestamp":".$row["timestamp"]."";
$json_data = $json_data .'},";
$count++;
}
$json_data = trim($json_data,',");

$json_data = $json_data .']’;

echo $json_data;
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1.Select Mission 2.Add Sensors 3.Test Connection 4.Mission Viewer Setting

Logout
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Abstract
A time series is a sequence of observations which are collected over a period:
Hours, days, months, or years. There has been an assumption that the dependence of
successive observations in time series is probable to exist. By means of time series analysis,
this dependence is examined to discover a pattern utilised to prepare a prediction, and the
prediction is one of various common objectives which can be achieved using time series
analysis. Fortunately, time series analysis has been a topic of interest among academics for
many decades and quite different algorithms or models for the prediction task have
already been at our disposal. These algorithms are either well-established statistical ones
or based on approaches of machine learning. In this paper, an experimental comparison of
five different algorithms (simple exponential smoothing (SES), double exponential
smoothing (DES), triple exponential smoothing (TES), autoregressive integrated moving
average (ARIMA), and long short-term memory (LSTM)) was carried out using 10 examples of

short time series to examine the performance of the selected algorithms over the task of
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time series prediction. The experimental results suggest that TES and seasonal ARIMA are
the most appropriate to be used for time series with clear trend and seasonality. However,

LSTM is the most appropriate to be used for time series without trend and seasonality.
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1. Introduction

There have already been plenty of different definitions of time series. We simply
state that a time series as a sequence of observations which are taken sequentially in time
[1]. In our life, many sets of data appear as time series: a country’s unemployment rate,
the prices of a cryptocurrency, a city’s electricity consumption, the number of the world’s
population, and so on. The observations can be made, for instance, daily, weekly,
quarterly, monthly, or yearly, depending on a proposed frequency of data collection.
Examples of time series exist in several different fields such as economics, finance, industry,
meteorology, health, and so on. There has been assumed that a time series is affected by
four main components of which a time series is supposed to consist, and which can be
extracted from the observed data, namely trend, cyclical, seasonal and irregular

components [2].
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Figure 1 Illustration of Main Time Series Components [3].

A time series is called a short time series if it consists of only a few numbers of
observations. Dealing with short time series can have benefits in practice because tasks or
applications in the real life, in which short time series possibly exist, can be found in
various disciplines, for instance, biomedicine (e.g. analysing gene expression over a short

time period), economics (e.g. retail of collection at a clothing store) etc. [4, 5].
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One of the purposes of “understanding time series more” is to find out from a time
series whether any “pattern” is discovered which can be utilised to prepare a prediction or
forecast. This can be achieved by time series analysis. Fortunately, time series analysis has
been a topic of interest among academics for many decades and quite different algorithms
for the prediction task have already been at our disposal. These algorithms are either well-
established statistical ones or based on approaches of machine learning.

This paper proposes an experimental comparison of traditional statistical time series
prediction algorithms and LSTM algorithm for 10 short time series each of which consists of
120 observations (100 for training and 20 for prediction evaluation). For the comparison, we

will use the mean absolute percentage error (MAPE) as prediction evaluation metric.

2. Related Work

To analyse time series, many mathematical algorithms are applied. In many
publications, statistical methods are also used among these methods. Besides, it is also
noted that statistical methods can be exploited for short- and medium-term prediction
problems. Thus, several time series prediction models were developed from statistical
methods, such as autoregressive integrated moving average models (ARIMA) [7, 8],
exponential smoothing algorithms [4, 9], etc.

Moreover, many new time series analysis approaches have been developed using
machine learning algorithms to build a time series prediction model. Machine learning
algorithms such as support vector machines (SVM) [10], and deep learning algorithms such
as long short-term memories (LSTM) [11] have gained popularities with their applications in
many fields and been used in many domains, and time series prediction has of course

been among these domains.

3. The Methods of Research
3.1 The Data
All the time series using for our work were acquired from [12]. Each time
series was made a short time series, that is, it was edited, such that only 120 observations
were contained in the series. Each time series was divided into a training set and an
evaluation set. The training set was used for training (fitting) the model. And the evaluation
set was used for testing the model for prediction accuracy. The training set consisted of the

first 100 observations, while the last 20 observations constituted the evaluation set.
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3.2 The Algorithms (Models) of Interest
3.2.1 Autoregressive Integrated Moving Average Model
Two submodels are involved in ARIMA models, namely autoregressive (AR)
models and moving average (MA) models. AR models use past p observation values to
predict the future value of a variable which is modelled as a linear combination of these
past p values. Besides, a random error at a period t (white noise) & is involved in this
linear combination, too [2, 13]. Mathematically, an AR model of order p, denoted by AR(p),

models the current value at a period t, denoted by y;, as

Ye =&+ Zf:l bi Ve-i,

where  y;_4, .., ¥t—p are the past p values and all ¢; are the weight
parameters which are to be estimated from the data. The term of autoregressive indicates

that it is a regression of the variable against itself [13].
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Figure 2 Plots of the Examined Time Series.
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where  y;_4, .., Yt—p are the past p values and all ¢; are the weight
parameters which are to be estimated from the data. The term of autoregressive indicates
that it is a regression of the variable against itself [13].

While AR(p) models apply past values to predict the future value of a variable,
moving MA models use the past q prediction errors. An MA model of order g, denoted by

MA(g) models the current value at a period t, denoted by y;, with the white noise &; as
Ye =&+ Z?=1 —0; &,

where & _4, .., &_q are the past q prediction errors and all —6; are the
weight parameters which are to be estimated from the data.

Combining an AR(p) model, an MA(g) model, and the notion of differencing
which is the progress which makes non-stationary time series stationary (we say that a time
series is stationary if its probabilistic properties, such as mean, variance, autocorrelation,
etc., do not change over time), by calculating the differences of consecutive observation
values [13], we have an ARIMA model with differencing order d, denoted by ARIMA(p,d,q),

mathematically written as

— d

To determine the differencing order d, there is a most used statistical method
at our disposal called the augmented Dickey Fuller (ADF) test which tests whether a time
series is stationary or not [14]. Basically, the ADF test is a statistical significance test which
involves a hypothesis testing (“reject/accept the null hypothesis”) with a computed test
statistic and p-value. The null hypothesis of the ADF test is that there is no stationarity in
the given time series. If the p-value of the test is below the significance level a (most
commonly a = 0.05), then the null hypothesis is rejected, and it can be inferred that the
given time series has already been stationary, that is, d = 0. In this case, no differencing is required.

Unfortunately, the major disadvantage of ARIMA (from now on, we call it
normal ARIMA) is that it cannot deal with time series which obviously show seasonality.
Thus, there is an extension of ARIMA model to overcome this problem. A seasonal ARIMA
model includes seasonal terms in the normal ARIMA models, mathematically denoted by
ARIMA(p, d, g)P, D, Q)m, where P, D, and Q are the autoregression, differencing, and moving

average order of seasonal part. Moreover, m is the number of observations per year [13].
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For instance, if a given time series presents data which are recorded quarterly, then we
obtain m = 4. For this reason, one should be careful about selecting the appropriate
variant for any given time series with significant seasonality.

Additionally, one must verify whether a fitted ARIMA model is a proper one by
reviewing the residual error values which are produced during the model training: those
values should be normally distributed, and they should not correlate with each other. But
normality of the residuals is a useful, but not necessary property to be satisfied by ARIMA
models [13]. The task of verifying the normality of the residual values can be achieved by
the Jarque—-Bera test [15] which is also a statistical test. In this test, the null hypothesis
assumes presence of the normality. As for finding out autocorrelation in the residuals, the
Ljung-Box test [16] is a suitable tool for it. The null hypothesis for this test assumes
absence of the autocorrelation. Moreover, the number of lags to for the Ljung-Box test
must be specified. A suggestion of selecting the number is min(10, T/5) for non-seasonal
time series and min(2m, T/5) for seasonal time series, where T is the size of time series [17].

3.2.2 Simple Exponential Smoothing Model

Simple exponential smoothing (SES) is the simplest exponential smoothing
model which is suitable to be applied for the predictions of time series which show neither
trend nor seasonality [13]. Let s; denote the smoothed or fitted value and y; the actual

value at time t. For t=1, we set s; =y, [6]. Fort = 2, ..., T, we have
se=aXisi(l—a) lye + (=) 'sy,

where a is the smoothing parameter between 0 and 1 which can be thought
of as weight attached to the actual observation value. The predicted future value ¥, of SES
models is s¢, that is, all predicted values take the last smoothed value at time t [13]. As for
the value of a, we will use an optimisation tool to optimise and find the best value.

3.2.3 Double Exponential Smoothing Model

Double exponential smoothing (DES) is the extended version of SES. DES
models can make predictions of time series data which consist of trends. The idea is to
apply SES twice on the initial time series on the assumption that a twice application of SES
to a smoothed time series may result in better prediction values. For DES models, there is
another parameter, alongside the smoothing parameter «, to be calculated which is called

the trend parameter 3, a number between 0 and 1. If B is small, the trend is assumed to
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change very slowly over time. If S is large, the trend shows the more rapid change [18].

In DES models, there are two equations each of which computes, like in SES
models, the smoothed value s;, and the trend b; at time t. For t=1, we set s; = y; and
b; =y, — y, [6], where y, is again the actual value. For t = 2, ..., T, we compute s; and by

as in the following equations:

St = ayt + (1 - C{)(St_l + bt—l) and
by = (st — se-1) + (L= Bby_y.

Finally, the equation for the predicted value thereby can be written as
Ve =S¢ + hb,.

Again, we will use an optimisation tool to optimise and find the best values for both @ and .
3.2.4 Triple Exponential Smoothing Model

Triple exponential smoothing (TES) is the extended version of DES. TES
models have been applied to time series which exhibit not only trend, but also
seasonality, or in other words, cyclical patterns. The idea, again, is simply that the simple
exponential smoothing method is applied thrice to the initial time series to make the
prediction more accurate. There are two model variations to this method the application
of which depends on the nature of the seasonal pattern. That is, the additive model and
the multiplicative model. The additive model is more likely to be utilised when the
amplitude of the seasonal pattern appears relatively constant in time, while the
multiplicative model is more likely to be preferred when the amplitude of the seasonal

pattern is proportional to the level of the time series [6, 13].
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Figure 3 Additive vs. Multiplicative Seasonality [19].
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Recall that we now have two exponential smoothing parameters, namely the
smoothing parameter a and the trend parameter f. In TES models, a parameter for the
seasonality of time series is additionally required. Hence, the seasonal parameter is defined
and denoted by y which ranges from 0 to 1. For the exact mathematical formulations, we
would like to refer to such as [13] because it is quite complex, and the computations will
take place using a Python program.

3.2.5 Long Short-Term Memory Network

Long short-term memory network (LSTM) is a special type of recurrent neural
network (RNN). A long short-term memory network has a structure which consists of several
gated cells. In the cells, information which is available can be stored and written. It can be
read from these cells, too. The cells decide what to store, and when to allow reads, writes
and erasures, by means of gates which open and close [20]. The cell state conveys
information from past and gathering them for the present one. And information can simply
go along the cell state without being changed. Gates are a way to optionally let
information pass through or discarded. There are three gates available in a LSTM network
which help control the cell state: (1) The forget gate decides whether the previous cell
state should be forgotten, (2) the input gate chooses which new information needs to be
stored in the cell state, and (3) the output gate generates the output which will be based
on the cell state. For the exact mathematical formulations, we would like to refer to such
as [19] because it is quite complex, and the computations will take place using a Python
program.

3.3 Measures of Prediction Accuracy

Prediction errors play a major role in the evaluation of the models. Roughly
speaking, the less the errors, the more accurate the prediction. In practice, it is important
to make an appropriate choice of a measure of accuracy assessment. The mean absolute
percentage error (MAPE) is recommended for its application in most publications, though it
is not suitable to be used in some circumstances. For instance, MAPE is unsuitable for
intermittent demand data because of the prohibited use of zero and negative actual

values [21]. MAPE is defined as

)

_ 1T Y P
MAPE = |Zf=1—yt
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where y; is the actual value and J; is the predicted value at time t =1, ..., T.

We will use MAPE as the accuracy metric.

4. Results
The experiment of each model was carried out on an Intel(R) Core(TM) i7-7500 CPU
processor with 2.7 GHz and a usable memory of 16 GB. Each model was written in Python.
Al the selected models were trained with the training set (the first 100 observations of
each series) and the parameters of each model were determined using the data.
4.1 Building the Models
4.1.1 SES, DES, and TES

We used statsmodels [22] to build all exponential smoothing models.
statsmodels is a Python framework which provides classes and functions for the estimation
of many different statistical models, as well as for conducting statistical tests, and statistical
data exploration.

For each training set, the smoothing parameter a, the trend parameter 8, and
the seasonal parameter y were optimised using hyperopt [23]. hyperopt is a Python library
for parameter optimising over search spaces with real-valued, discrete, and conditional
dimensions. Regarding a normal optimisation procedure with hyperopt, a search space for
each training set was defined to find the best values of the parameters by which the error
during the model training was as low as possible. As stated earlier, , B, and y are in the
range of 0 and 1. Therefore, these three parameters were searched for a real number
between 0 and 1 (certainly, 0 and 1 are excluded). One of both currently implemented
search algorithm of hyperopt which was used for our task is called tree of Parzen estimator
(TPE). This algorithm is one of Bayesian optimisation algorithms for hyperparameters [23].
Then, the search space and the objective function returning the MAPE from the training set
were passed in the minimising function to find the optimised smoothing parameter(s) which
produced the least MAPE during the training. Table 1 shows the optimised values of the
parameters which are rounded down to values in 8 decimal places, to be more easily

presented.
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Table 1. Overview of Exponential Smoothing’s Parameters, ARIMA’s Parameters, and

LSTM’s hyperparameters (e. = epochs; b.s. = batch size; n. = neurons).

SES DES TES ARIMA LSTM
° a a B a B Y @.da| P.D,Qm | e | bs |n
S1 | 00626919 | 0.0003931 | 0.0000251 | 0.0438373 | 0.027798 | 0.0005197 |(0,0,2) - 00 | 1 |2
2 | 0.1030444 | 00004552 | 0.0001189 | 0.1672903 | 0.0003656 | 0.0002881 | (0,1,1) | (0,1, 1), | 200 | 1 |5
S3 | 09731978 | 0.9982267 | 0.0000353 | 0.0706603 | 00001303 | 0.0004144 | (2,1,0) | (1,0,0), | 50 | 3 |2
S4 | 06367266 | 03175668 | 0.0331696 | 0.1927638 | 0.1918442 | 0.0004193 | (0,1, 1) 200 | 1 |5
S5 | 0.1616712 | 0.2794364 | 0.0000388 | 0.7176836 0.0016582 0.0001114 (2,1, 2) 200 4 3
S6 | 0.9999949 | 0.9995951 | 0.9992066 0.981844 0.9542871 0.0181524 (1,1, 2) - 100 1 2
S7 | 0.9986229 | 0.9999252 | 0.000008 0.4451375 0.0000836 0.0013893 (1,1, 1) 0,1, 1), 200 5 1
S8 | 0.0000161 | 0.5098825 | 0.0000364 | 0.3080804 0.0002687 0.0000672 (1,0,0) 50 3 4
S9 | 02241311 | 00017878 | 0.0006171 | 0.0191358 | 0.0005383 | 0.0007275 | (0,0, 0) 100 | 4 |5
S10 | 09999955 | 0.9987753 | 0.0023751 | 0.9169906 | 0.0010011 | 0.0011748 | (0,1, 0) 50 | 1|1

4.1.2 Normal and Seasonal ARIMA

In addition to the ADF test, one can use the Hyndman-Khandakar algorithm
[13] to build the ARIMA models. Fortunately, there is another Python library called
pmdarima [24] which uses statsmodels as its backend and hence contains several useful
statistical functions including the function which can automatically build and fit the best
ARIMA model, whether normal or seasonal, to a univariate time series based a provided
information criterion and the necessary parameters given. With significance level a set to
0.05, we performed the ADF test on each training to see beforehand on which training set
differencing was necessary, as presented in table 2.

Now, the results of the ADF test suggested that the time series S1, S8, and S9
are already stationary. Thus, the model of those three time series should be in form of
ARIMA(p,0,g) Moreover, one can obviously see that there is significant seasonality in the
time series S2, S3, and S7. Hence, the seasonal parameters for ARIMA were reasonably to
be determined, too.

We also conducted for each fitted ARIMA model both the Jarque-Bera test
and the Ljung-Box test to compute the p-value of each test, again with significant level a
set to 0.05. For the latter, the number of lags was determined, as described in 3.2.1. The
results of both tests are presented in table 3. We can see that all training sets passed the
Ljung-Box test, that is, there is no correlation among the residuals. As for the Jarque-Bara

test, nevertheless, the null hypothesis of present normality among the residuals in S3, S7,
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and S10 was rejected, that is, their residuals were statistically not normally distributed. But
it has been already pointed out in 3.2.1 that normality of the residuals is just a useful, but

not necessary property.

Table 2. List of Each Training Set’s p-Value Obtained from The ADF Test.

ID Periodicity p-value Less than Q? Differencing needed?
S1 yearly 7.39 x 10° Yes No
S2 monthly 0.32 No Yes
S3 monthly 1.0 No Yes
S4 monthly 0.84 No Yes
S5 monthly 0.74 No Yes
S6 monthly 0.1 No Yes
S7 monthly 0.98 No Yes
S8 yearly 269 x 10! Yes No
S9 daily 8.87 x 10 Yes No
S10 daily 0.27 No Yes

Table 3. Results of The Ljung-Box and The Jarque-Bara Test.

Ljung-Box test Jarque-Bara test
ID Lags p-value (at | Less than No o-value Less Normality
max. lag) a? correlation? than &? present?
S1 10 0.87 No Yes 0.34 No Yes
S2 20 0.66 No Yes 0.56 No Yes
S3 20 0.22 No Yes 1.56 x 107 Yes No
54 10 0.45 No Yes 0.07 No Yes
S5 10 0.74 No Yes 0.19 No Yes
S6 10 0.14 No Yes 0.88 No Yes
S7 | 20 0.67 No Yes 1.04 x 10| Yes No
S8 10 0.73 No Yes 0.19 No Yes
S9 10 0.98 No Yes 0.44 No Yes
S10 10 0.99 No Yes 0.0 Yes No
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4.1.3 LSTM

All LSTM models were built using mainly two Python libraries, that is,
TensorFlow [25] and Keras [26]. Both are the two well established Python libraries most
used for deep machine learning. Generally, to build a deep machine learning model using
TensorFlow and Keras, one should consider selecting the best values for hyperparameters,
such as number of epochs, batch size, and neurons in the hidden layer. One epoch means
one forward pass and one backward pass of all the training examples and batch size is the
number of training examples in one forward/backward pass. Of each time series, to find out
the optimal number of epochs, batch size, and neurons, we again used hyperopt for this
task. With the same procedure as in the case of exponential smoothing algorithms, for each
time series, a search space was defined to find the best values of these hyperparameters.
Due to the performance of the computer on which the experiments were performed, the
number of epochs was determined between 50 and 200, the number of batch size
between 1 and 5, and the number of neurons between 10 and 100. Moreover, all the numbers
must be integer numbers because, for instance, there cannot 47.11 neurons exist in practice.

As for LSTM, the last 20 observations in the training set would be used for the
test to avoid underfit and overfit problems. Hence, in contrast to the other training sets,
the training set for LSTM would contain 80 observations. Table 1 shows the optimised
hyperparameters for LSTM models of all time series.

4.2 Training and Evaluation

After the models were trained with the training set and the MAPEs were
calculated, as illustrated in table 4. We see that DES was the best model for S1; TES for S2,
S3, S5, S6, and S7; And LSTM for S4, S8, S9, and S10. We then used these best models to
make a prediction of the last 20 observations in the evaluation set for each respective
series. To see how good the best model for each training set made predictions, the results

of the prediction evaluations in MAPE are provided in table 5.

Table 4. Overview of the MAPEs Calculated During Training.

Mean Absolute Percentage Error (MAPE)
ID LSTM
SES DES TES ARIMA
Training set Test set
S1 4.61% 4.6% 5.67% 4.89% 5.31% 4.97%
S2 22.28% 20.39% 4.15% 5.65% 25.76% 26.27%
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Table 4. Overview of the MAPEs Calculated During Training. (Continued)

S3 6.89% 6.9% 3.07% 3.86% 7.53% 7.14%
S4 37.89% 40.72% 46.22% 50.81% 25.8% 23.54%
S5 12.8% 12.77% 7.14% 24.02% 10.81% 11.03%
S6 9.04% 7.7% 4.75% 12.26% 6.03% 5.98%
S7 13.06% 13.15% 4.13% 571% 12.1% 12.65%
S8 51.73% 34.79% 31.58% 35.41% 21.77% 22.09%
S9 16.05% 62.31% 16.25% 15.9% 15.98% 15.74%
510 1.01% 1.05% 2.46% 1.88% 0.65% 0.67%

5. Conclusions

In this paper, an experimental comparison of five models on time series prediction
was carried out. The results in table 4 have revealed that TES performed best in five time
series, LSTM in four time series, and DES was the best performing models in one time
series. Thereafter, using the evaluation set, each model was evaluated on prediction
performance which was measured as MAPE presented in table 5.

There are totally three time series which show their increasing trend and seasonality
much significantly, namely time series S2, S3, and S7. Time series S5 shows its increasing
trend and cyclic pattern, but both components here are not as obvious as in the three
mentioned earlier. From table 4, we realise that in S2, S3, S5, S6, and S7, TES clearly
outperformed the other models. In the time series with significant trend and seasonality,
i.e., in S2, S3, and S7, one can clearly see that TES and seasonal ARIMA were able to
achieve the similarly small MAPEs. Besides, the MAPEs which were produced by TES in the

evaluation using those three time series were also considerably low.

Table 5. Overview of Prediction Performance Measurement with MAPE Using The

Evaluation Sets.

ID Best Model in Training MAPE
St DES 4.63%
S2 TES 4.67%
S3 TES 3.72%
S4 LST™M 23.25%
S5 TES 7.26%
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Table 5. Overview of Prediction Performance Measurement with MAPE Using The

Evaluation Sets. (Continued)

S6 TES 14.42%
S7 TES 8.23%
S8 LST™M 22.17%
S9 LSTM 15.32%
S10 LST™M 0.44%

The remaining time series, namely S1, S4, S6, S8, S9, and S10, present neither clear
trend nor obvious seasonality. The values of observations in each of these time series vary
recognisably. Time series S4 and S6 remarkably show both increasing and decreasing trend
over a period of interest. As displayed in table 4, of these six time series, LSTM outperformed
the other models in four time series (S4, S8, S9, and S10). In S1, DES was surprisingly slightly
better than the other models.

Consider first the time series with clear trend and seasonality. From table 4, with
TES and seasonal ARIMA, each of the MAPEs was surprisingly less than 10%. In comparison,
the MAPEs produced by SES, DES, and LSTM were relatively greater. It is strongly arguable
that both TES and seasonal ARIMA are much more suitable models for data with clear
trend and seasonality.

Consider now the time series without trend and seasonality. The MAPEs were
produced by TES and DES were relatively high, which supports the suggestion over the
feature of the models mentioned earlier. In S4 which shows indistinct trend and
seasonality, the MAPEs produced by DES and TES were high. We argue that this can be due
to that DES and TES are more likely to be used for times series with distinct trend
(increasing or decreasing) and seasonality. Nevertheless, DES was the best model for S1,
although the trend is visually not present in it.

To summarise, from our obtained results in table 4: TES and seasonal ARIMA are the
most appropriate to be used for time series with clear trend and seasonality. LSTM is the
most appropriate to be used for time series without trend and seasonality. It is quite
surprising that LSTM could achieve prediction task in time series analysis well. In future
work, it would be intriguing, as for LSTM, to perform such an analysis on a more powerful
graphics processing unit (GPU); this would eventually increase the number of epochs, batch

size, and neurons and hopefully improve the performance, too.
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Abstract

This paper focuses on a comparative study of the accuracy of classifiers for aerial photographic land use
to reduce staff burden in surveying areas of integrated agriculture. The widest algorithms are used for object
classification in the field of geographic information systems consisting of Maximum Likelihood (ML),
Support Vector Machine (SVM) and Random Forest (RF). These algorithms are benchmarked for the classification of
agricultural land. An aerial photograph is captured by cameras mounted on Unmanned Aerial Vehicle (UAV)
to record the Red band image and near-infrared (NIR) image to calculate the Normalized Difference Vegetation

Index (NDVI). As a result, the RF algorithm is the most accurate, equal to 93 percent.

Keywords: Aecrial photographic, UAV, NDVI, Land use
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cMatrix oo #19W131 Hudilzrias Total U_Accuracy (%)
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8191191 15 93 6 114 82
Audznas 70 3 3 76 4
Total 395 96 9 500 -
P_Accuracy (%) 78 97 33 - 81
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