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ABSTRACT

This project is initiated to develop aerial imagery mapping system using long range
photogrammetry drone by relying on the transmission of information between drones. The
transmission starts from the survey drone sending the pictures to the Repeater. The transmission
operates repeatedly until reaching the ground station where the user is located. The survey drone
and the ground station consist of a Raspberry Pi 3 boards that control data transfer between drones,
encode images at the survey drone and decode the images at the Ground Station. The modules LoRa
sx1278, which has the advantage of being able to transmit data at long distances, lightweight and
low power consumption, are used as transceivers. From this system, users can see pictures from the
drone without having to wait for the drone to return. This can help to solve the problem of remote

data transmission without the use of satellites.
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2.1.1 Core Container
sznoudie Core, Beans, Context, 181¢ Expression Language modules(SpEL)
1) Core module Lﬂuﬂqﬁﬂﬁsﬂwﬁugmmm framework 52 1104 ToC 1az
Dependency Injection
2) Bean module 1#13M73 BeanF actory 1u§ STSTLY, factory pattern
3) Context module §ne3131A8 Core 1Az Beans modules tazdagn I iludinans
Tun319184 object a149) waz 15 lumsmvuaa1a199 19 object
4) SpEL module ICSTERRE expression language ‘%ﬂ%ﬁ’?ﬂ%ﬂ query HAZIANITAL
object
2.1.2 Data Access/Integration
Uszneul1/de IDBC, ORM, OXM, JMS 1@ Transaction modules A3
F1U0LIDIARIUANY
1) JDBC module ﬁﬂﬁ’miﬁamia jdbe Tae lsides coding
2) ORM module 131/5n13 object-relational mapping APIs G?Qﬂizﬂﬂn@gﬁﬁl JPA,
JDO, Hibernate L0 iBatis
3) OXM module IRusms Object/ XML mapping c?'ﬁﬁ’aﬂ%mlu JAXB, Castor,
XMLBeans, JiBX Liaig XStream
4) Java Messaging 1M15m13 IMS module 1U32n0UMY features §113 U5 VLA A
message.
5) Transaction module @1 U transaction management TINIU class 51? N
implement special interfaces
2.1.3 Web layer
ﬂ'ﬁzﬂﬁ)u{g]jﬁﬂ Web module ,Web-MVC, Web-Socket, ita Web-Portlet modules
AT 1B0IDIARIUAI
2.1.3.1 Web module
Wu?mﬁmiﬁmuﬁugmﬁumﬁu 1% multipart file-upload
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2.1.3.2 Web-MVC module
1/52A9VAY model-view-controller MVO) FalFdmsuiann Web
Application
2.1.3.3 Web-Socket module
@ ] Y A 1 .
ﬁuumgmmwmﬂ% web socket, NTADAITADININITIEHIN client
12 server 14 web application
2.1.3.4 Web-Portlet
arfuayun1s1$91U MVC U Portlet(portlet D web application 116l
I [ A [ 9 1 = Y I @
portlet 321 UTT VDGO NIZYNIANITATY Portal NA1IAB 019211J381 Portal 11 OS 67 portlet
A .
A0 application)
2.1.4 Miscellaneous module
Heail AOP, Aspects, Instrumentation, Web L& Test modules AT 186358@@91} SITGRN
2.1.4.1 AOP module
avud uuummmﬁﬂ aspect-oriented programming(AOP) (AOP i
. < = a A 3 ) Aad
paradigm ¥H9v03nsweu Tilsunsunmiund iy luga lasouana Innennoums uny
davnale)
2.1.4.2 Aspects module
avfuayu Aspectl0HumainanIassadiesnislmi vl lunm
java Wie liaunsoen Tusunsunuy AOP 14 java)
2.1.4.3 Instrumentation module
ATUAYUMTIANINGINY class
2.1.4.4 Messaging module
anue UU Text Oriented Message Protocol (STOMP) 19U WebSocket
2.1.4.5 Test module
aiua UUNTINE Spring components A28 JUnit 1130 TestNG
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2.2 Spring Boot
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Spring Boot 11U framework Y04 spring framework 8NNH3 FIFIAAANNFUFOU T
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2.3 RESTful Web Services
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2.5 MVC Design Pattern
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2.5.1 Model

A < 9 Ty o9 ) v <
ADFIUVDINITNUIIUTINUDYA hl‘JJ’N‘lJfJ‘Jg,ETL!‘L! 9 ﬂzgﬂﬂmﬂﬂugﬂlmﬂﬂﬂmm
9

< { A o 2 &
Tugrudeya utuuidy Object Class HToNHENITENAUIT VO (Value Object ) H301n V11U

99 Y

J 4 { o @ o
TWadoyaias ilodoyagn Tnaauinniiai q uazdundsdruvesTuna da Tumaazih

U U

o = 9 v ~ A ¥ 9 1
fﬂi%ﬂﬂﬁG]33!,GliEJ?JGU@Haﬁlﬁlﬂugﬂllﬂﬂﬂlﬁw1$ﬁﬂ LWE]ﬁ’EJﬂ'Iii’fNﬂl@ﬂl@Hﬁ’i)'lﬂﬁ’Jl!‘Uﬂﬂ

Controller


https://square.github.io/retrofit/
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2.5.2 View
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2.6 Microservices Architecture
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2.7 MySQL

Y A

MySQL fp Tilsunsuszuusamsgiudoya Miau1lagustn MySQL AB fintin
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uazuszuugiuveyalomunaoin (Open Source)igmirllFmunniiga
2.8 MPIN
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29JWT

I a { U
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g1 2.4 Tnssa519vea JWT
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2.10 LoRa
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2.10.2 LoRa RA-02
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2.11 LoRa32u4 LoRa RA-02 433MHz

31 2.7 LoRa32u4 LoRa RA-02 433MHz
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2.12 LoRa32u4 II Lora LiPo Atmega32u4 SX1276 HPD13 868MHZ EU Antenna

31 2.8 LoRa32u4 Atmega32u4 868MHZ
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-136dBm LoRa 125Khz SF12 293bps
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2.13 nRF24L01 Single Chip 2.4GHz Transceiver

g‘ﬂ 2.9 nRF24L.01 Single Chip 2.4GHz Transceiver
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2.14 Raspberry Pi 3 Model B+

31 2.10 Raspberry Pi 3 Model B+
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3.8 Class diagram
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3.8.2 Class diagram Ui 2
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Suserid  VARCHAR(255) { ! device_id VARCHAR(255) Guserid  VARCHAR(255)

|  device_status VARCHAR(255) Indexes »

|

— — #| U device_key VARCHAR{255)
> device_name VARCHAR(255)
“userid  VARCHAR(255)

|
|
____________ e, I A R R, 3 id VARCHAR(255)
I : I > file_name VARCHAR(255)
I ll | © file_type VARCHAR(255)
V.77 88\
| | |
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! id VARCHAR(255) + |1 + E :
© fiightid VARCHAR(255) _ | ¥ marker_id V ARCHAR(255)
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“password VARCHAR(255)
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PK IMAGE_ID VARCHAR(255) Todiginm

FK FLIGHT ID VARCHAR(255) odiieriin

- LAT DOUBLE Anduia

- LON DOUBLE ANFULI

FK MARKER D VARCHAR(255) lodursines
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Ad Fouoansing yianuls 519021000
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- EMAIL VARCHAR(255) B
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PK FLIGHT ID VARCHAR(255) odieriin

FK DEVICE_ID VARCHAR(255) lofgilnsal

- FLIGHT NAME VARCHAR(255) Forfiendin

- STATUS CODE VARCHAR(255) amuzveuioniiy
- START TIME DATETIME nafisuin

- STOP_TIME DATETIME naniingadu
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PK DEVICE_ID VARCHAR(255) lofgilnsal

- DEVICE_STATUS INT(11) AUV
9Unsal

FK DEVICE KEY VARCHAR(255) Advesginsal

- DEVICE_NAME VARCHAR(255) FoveagUnsal

- USERID VARCHAR(255) g3 lod
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nuRudImsbusa Iduuy jpeg inazdi Idnmivmanmsgadonn (Lossy) uauyueiin
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anuuana1a Idios mstiudauuy jpeg Tuiludnaonia
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1) gilnsainl¥iudaginmie NVIDIA JETSO NANO
Y . = 1Y 4
2) 19 library JPEGTurbo ttaz OPENCV lumisiivea lva JPEG
3) 19010 raw NTVUIA 4k,2k, full HD, HD Hag vea
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4.2.3 HAN1INAAOI

(Y] d o (%) d
A1519 4.4 M3tiuennalaeld JpegTurbo rH3uMNVINA 4k 24 bit naziivinalwa 41MB

AuAN(%) | szoznmlumsivdad@aaiuni) | vwalWaks) | nmasdui@iuaunim)
10 125.31 178.62 7.98
20 123.27 207.79 8.11
30 125.89 238.47 7.94
40 129.53 274.04 7.72
50 129.61 322.01 7.72
60 134.39 390.79 7.44
70 138.03 522.89 7.24
80 146.25 780.09 6.84
90 161.83 1434.2 6.18
100 293.48 7848.49 3.41

a2 v d Y o % 4 =~ d
519 4.5 Mstvenlnalaely OpenCV 115U NVING 4k 24 bit taziivia Ina 41MB

AuAN®) | szeznanlumstivsad@adinni) | vnalid®s) | mmdeiniicuauam)
10 135.5 147.46 7.38
20 133.89 176.56 7.47
30 137.44 205.3 7.28
40 137.67 237.76 7.26
50 140.23 281.08 7.13
60 142.06 340.83 7.04
70 146.36 454.62 6.83
80 151.25 667.45 6.61
90 162.84 1206.22 6.14
100 248.99 5751.87 4.02
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(Y] d o (%) d
A1519 4.6 M3tiuen Inalaal¥ JpegTurbo dr3uMNVINA 2k 24 bit vaziivinalWaisMB

AUMN(%) | szoznarlumsiudadiaaini) | vualld®s) | nmdeduiEiuaunim)
10 54.55 82.02 18.33
20 55.49 98.61 18.02
30 56.87 114.58 17.58
40 57.54 129.22 17.38
50 58.07 145.5 17.22
60 59.34 167.22 16.85
70 61.25 211.71 16.33
80 64.32 305.22 15.55
90 70.21 569.76 14.24
100 127.77 3339.75 7.83

(Y] o ) 1y d
519 4.7 mstuealilalagly OpenCV SMnSuMNVING 2k 24 bit taziiviia lvla 10MB

AUMN(%) | szoznalumstuda@aaini) | wnaldd®s) | smdeimi@Euaunim)
10 59.05 68.28 16.93
20 59.71 84.87 16.75
30 60.66 100.14 16.49
40 61.33 113.91 16.3
50 61.83 128.82 16.17
60 63.1 148.19 15.85
70 64.24 187.62 15.57
20 66.18 266.31 15.11
90 71.2 487.56 14.04
100 109.11 2420.25 9.16
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M319 4.8 M3dueavlalaeld JpegTurbo S1MFUMWYINA full hd 24 bit sazdivinalula

18MB
Aua %) | szeznanlumsiivda@adiuni) | vualld®s) | amdsdui@uaunim)
10 31.03 47.43 32.23
20 32.27 58.51 30.99
30 32.89 69.01 30.4
40 34.05 78.08 29.37
50 35.28 87.14 28.34
60 34.6 98.11 28.9
70 35.47 119.06 28.19
80 36.72 164.33 27.23
90 39.9 299.97 25.06
100 70.73 1797.98 14.14

M3 4.9 M3vuen Malagls OpenCV M5 uMNVMIA full hd 24 bit tazdivinalvla

10MB
AuMN%) | szeznmlumsiuda@eainni) | vnalvdks) | smaeduiEuaunm)
10 33.12 39.99 30.19
20 33.82 51.01 29.57
30 35.74 61.11 27.98
40 36.24 69.65 27.6
50 36.52 78.03 27.38
60 36.47 87.84 27.42
70 36.21 106.66 27.62
80 37.7 145.41 26.52
90 40.03 260.54 24.98
100 59.95 1306.41 16.68
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M319 4.10 M3duea alaals JpegTurbo MTUMNWUINA hd 24 bit aziivinalnd aMB

AUAN(%) | szoznarlunmsiudadiaainil) | vnalWd®s) | amdeduiiEuaunin)
10 14.13 22.22 70.78
20 14.56 28.3 68.68
30 14.79 33.83 67.63
40 15.04 38.6 66.47
50 14.99 43.37 66.7
60 15.2 48.68 65.81
70 15.54 57.57 64.36
80 16.08 75.05 62.19
90 17.53 127.88 57.03
100 31.12 746.38 32.13

M3 4.11 M3dueanalagl¥ OpenCV §1M35UA VMR hd 24 bit HazdivinaIng 4MB

AuAn®) | szeznanlumsiusadioninnd) | vnaWd®s) | amdeduni@maunin
10 15.02 18.82 66.58
20 15.37 24.78 65.06
30 15.52 30.06 64.45
40 15.72 34.56 63.62
50 15.55 38.97 64.3
60 16.05 43.73 62.31
70 16.01 51.75 62.48
80 18.78 66.94 53.25
90 17.55 112.97 56.99
100 26.49 546.52 37.75
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(Y] d o (%) d
A1519 4.12 M3duen IWalaal¥ JpegTurbo & M5uUMNYINA vega 24 bit tazdivinalvla 1MB

Aua (%) | szeznanlumsiiuda@aaiuni) | vualld®s) | nmdsdui@uaunin)
10 5.23 8.59 191.35
20 5.38 11.22 185.91
30 5.56 13.59 179.84
40 5.58 15.64 179.34
50 5.65 17.69 176.94
60 5.76 19.91 173.73
70 5.81 23.46 172.24
80 5.97 29.61 167.4
90 6.65 46.2 150.42
100 10.52 230.71 95.05

(%] 13 o 9] d
1519 4.13 msTuealvlalasl¥ OpenCV SMSUMNVIIA vea 24 bit taziiving lvla 1MB

AUAN) | Tzeznalumsiiuda@iaaind) | v lWa®s) | amdeduni@maunin)
10 5.34 7.38 187.32
20 537 9.84 186.25
30 5.53 12.09 180.94
40 5.55 13.97 180.21
50 5.62 15.86 177.95
60 5.98 17.85 167.09
70 5.97 21.08 167.38
80 5.9 26.56 169.46
90 6.17 41.11 162.19
100 8.66 173.39 115.51
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