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Abstract

This research is action research. The objectives are (1) to assess the safety risk management of human
factors in flight operations with the Royal Thai Air Force Vertical Take-off and Landing Solar Power UAV
according to the standards of the International Civil Aviation Organization and (2) to design best practices
for human factors in the safety risk management of the Royal Thai Air Force Vertical Take-off and Landing
Solar Power UAV. This research employed methods of conducting research in conjunction with research
and development projects of the Vertical Take-off and Landing Solar Power UAV of Navaminda Kasatriyadhiraj
Royal Air Force Academy according to the NATO Standard AEP-83 Light Unmanned Aircraft Systems
Airworthiness Requirements in the topic of safety risk management by studying concepts, theories, and
related research and conducting analysis, evaluation, and designing best practices. The results of this
research provide pilots with good risk mitigation best practices for controlling and preventing human
error in various fields and conducting operational audits, including a preliminary preparation checklist
for pilots and a minimum equipment list for pilots. The researcher took the Preliminary Preparation
Checklist for Pilot and the Minimum Equipment List for Pilot to teach pilots and to have pilots test the
use of 10 times and found that the Royal Thai Air Force Vertical Take-off and Landing Solar Power UAV
can operate safely 10 times (100%).

Keywords: safety risk management, UAV, human factor
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Light Unmanned Aircraft Systems Airworthiness
Requirements (NATO Standardization Office, 2014)
Wossiuduoinimeudusuuuaslduauauais
LAUDIN1A (certification airworthiness) ANNUINTIUY
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ANuEINIvesAzesdy gunsaluazszuusng 9 lu
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1¥audu Hunter (Williams, 2004) Snsdutunaza
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nsiingURmnunszuveInAeulsAudy Hunter
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JunauN15Uf URU (procedural error) 31UU 20%
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HUnTumuuIAAYe Reason (1997) fio weANIINNIT
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fuatiAvese Mg ugUAMeNUINlawananYeInIs
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m{lﬂé (tinUu) (Department of Transport and Bureau
of Air Safety Investigation, 2019) Faindusduiiax
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Wiegmann, 2003) na1297 NM5nUukUIUfTR7
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ashansfiundenmeanaasade aesdnsnsly
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\ingURLe (Safety Center Royal Thai Air Force |
2008)
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KUIRANG B NLAEIVDY

MO NMANITARDINAGURLWR (5M Model)
E.A. Jerome (1976, as cited in Wells & Rodrigues,
2003) laiaungudanvanisineinieg e uas
dnldnisiiaseianvgmanyeinisiineiniaeuy
oURmg laedmunadadefidinadeniniinenia
guRnUsEnauAle 5 a1u laun (1) uywd (man)
(2) 1309313 (machine) (3) an1muwandox (medium)
(4) 71573 (mission) wag (5) N1SUINITIANIT
(

management) AININ 2

AUAANaInvaINyEdlun1sdu

ANURANA1AYDIUYYE (human error) Ny

84 wensaliiindugufeItestunsnssvimiely
o Y o a wva < o 4 a wva 1o &

nsviweuiRnulunavilinisuifaulidnsa
muTnguszase (Wells & Rodrigues, 2003)

awrnMslunaieussnasunA (ntemational
Civil Aviation Organization, 2012) NA1737 ANWaY
WOANITUVDIAURANA1AVBINYWE (human error)
Tunsvihauiduanmelinisujofnulidszauang
°o & v ' < £ !
d159ld anunsauuseanidu 4 wuu laun

1. pswdanae (slips) flo AnuiRanainiin
MnANuSveUftReudsluTvnriarlallddila
nszah usgeTenduininduldiosaranusau o
adld Wy nsvidadunounsufiRey




2. N1383 (lapses) Av AURANAIALAADIN
mnudwesufsRnudsludiizouduasltansa
nszvhauduneunsURTRmuLE Inglallidlanseyi
wazlaiSirinindianann W nsldnseiniuuau

3. n3¥ifAn (mistakes) Ao AMRAWAAT
\Ainannausslansgyivesufifauuaglagi
Lﬁumiﬂixﬁwﬁhjgﬂé{m widnindunisnszeii
gndeuaziludunseuin nsiinaiunsawdale 2
Uszian lawn

3.1 nsviAaAalutuveinisldngunue
(rule based) Ao N1l langnistusazszileuis
N1sUURNaY 9 ageEne

4

3.2 nrsdifaAaludualug iugiu
(knowledge based) filo n1siAMALNITTUSLY
wouuFerinauifiuntsuludiuiy

4. 3l (violation) A AuRiamaad
Annamudslanssyhuesu iR Inedufin
Livimungunaeissideuisnsuifen waziini
Aedadusunsennitaruianaineiindu o

L= TR

Humbsir of accidents

= oM R @ @

2 1 Jadgannenisinagu@imgues U.S. Hunter

Note. From A summary of unmanned aircraft accident/incident data (p.5), by K. W. Williams, 2004,

retrieved from https://www.researchgate.net/publication/235144954

11319 1

718821880 Y09UT8NY e YaIN 151NN UAYEY Hunter

Issue Number Percent
Pilot-In-Command 1 7%
Alerts and Alarms 2 13%
Display Design 1 7%
External Pilot Landing Error 7 47%
External Pilot Takeoff Error 3 20%
Procedural Error 3 20%

Note. From A Summary of Unmanned Aircraft Accident/Incident Data (p.5), by K. W. Williams, 2004,

retrieved from https://www.researchgate.net/publication/235144954
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Management

AN 2 Nuiannnnisiine1niagUaiug (5M Model)

Note. From Commercial aviation safety (p. 141), by A. T. Wells and C. C. Rodrigues, 2003, New York:

McGraw-Hill.

N15USWITANLE-IANUARAAY (safety risk

management)

DN IMIUUNAEUTPNSU WA (Intemational
Civil Aviation Organization, 2012) Na1111 ANNUasnne
(safety) wuneds an1zfidaudululsfiendu
JunTIEsioyAna nIeANdEMesenINdduanas

o a

a ) PP Y] Y A o ' v
widskarsnu i nsesunvausulansaninin laela
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AudsIrUUaonde (safety risk) w8
mndululduazaruguuseiiaianisalliveanadi
puvienadnsandunseiifed

MsunsasdsseuUaende (safety risk
rmanagement) w883 nszUIUNSTIUNITUIINT
Fansleuidesanas vieanuanszvuaudeyig
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NsrUUNNTUIMSAMILAIAUADA A
(the process of safety risk management) & 5 Funeu
leiun

1. M352YduUnT1Y (hazard identification)
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Tu

3. ﬂ1i‘imeﬁmm;umwaamwL?iaﬂ (risk
analysis severity) M09 YBUUAUDIAULAENY
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duUnTETEY

4. N3UTLIUANULENLAZALNUNIU (risk
assessment and tolerability) w188 n1sUTENIa
nanuUnaziduvesALLEe (risk probability) way

5 . A 9
AUTULIIVBIAULEEY (risk severity) LialoAlawn
= a = 1 o .
Fan15UsTIlUAULELIRUAIINUaRANY (safety risk
assessment) ANFTTN 2 LAZANUNUNUFDAULEES

AuALUaeniY (safety risk tolerability) #enw 3

dloldnaninanse 2 nMsuszfiuanuides
AuANUaendY (safety risk assessment) waal
thdoyaluldlufiasananumumuseaaudeiny
ANUasnny (safety risk tolerability) fan1n 3

5. N13AIVANUIOUIIIMIAMILALY (risk
control or mitigation) #1884 miﬁ%ﬁumim‘uqu
vidoanseiuaudssiuauUaendtlegluseiu
fanunsaseniuls Tnsfindnnisnouausninudes
3 Usens 1dun (1) nsmdnides (avoidance) viang
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UN150U (2) N138ma3 (reduction) ¥N1883 158N
auivesn sUfuRnunsdu viensduiunisan
AVDINATIANLLIvBIAILABIALUeRSY (3)
NM3UUALEN (segregation) wanedia n1sdudunisifie
LENRANTENUVDIANABIANUaeRSY nioadns
syuvdnselasiu

LUINNENTSTIATIZIHANAVN4 (the barrier analysis

approach)

Oakley (2012) NA17I1 WUINIAITIATIEH
Fafiawans Usenaudie Sumsie Asavane wazdh
Uy %ﬂﬁ@ﬂﬁﬂﬁizqﬁumw (hazard identification)
waziilmvune (target) waznisad1edsinuans (barrier)
dmsumstdasiulalldsunsie (hazard) indufuii
wuY (AN 4)

WaAMIUNITIATIZIAINN 4 LAEAINUA

A9INAVININUBUATIUAIUNITUSIITIANTT bAA

1. MsMuuatunaunIsURURIY n3ouu?

=%
. NMINNOUTY
. MsmAuguan1syineu

2
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4. Ms@nsododns
5. ANFINNLNUAITNNY
6

- N 3eiEularNINTINNTYINIU

pnaguliauduluaamnehandsaunasanding
YBINBINNBINA

p1n1Ag ulIAuTyY (Unmanned Aerial
Vehicles-—-UAV) Ais 81magufiiiinguszasdiiions
Ufumn1stu Ineldiindueguueinimeiuy

meAslEruuTuammehmdsnusaeiiog
Y84n0INeINIA (A 5) dannuainisadulauiu 2
lus thndniniigelunisistu 15 Alansu lng
oA uldpuduiiiidnvasiiddy fe (1) A
mmm‘lumsﬂ;‘jﬁﬁmiﬁu%ﬁuLLasaqmﬁaum%'aaﬁu
v (multi rotor) (2) MsuftRnistulstuuae
asawlagldiuiilaiun

syuumIuANNISTU (flight control system)
vosarnasuliaudundiuuaeingauamis
ﬁaamiauzquwmuﬁuﬁw Tusideladenlassuu
AIUANNISTUNIEYY (commercial flight control
system) fiflanudedelduazlasunsoansuludiu
M IUarNMIURURNTST neTuNuraNISyuanIn 6
lngszuunIuAun15UuY (flight control system) agtiiAn
PnEees (Sensors) wazsusds (Uplink command)
mﬂamﬁmmmmﬂﬁuﬁu (ground control station)
fiderunieszuudeans (communication system)
wUszananawardeindsliszuuitutedu (control
surface) wazsrULNaLAasTuLAdeu (propulsion
systern) @enaaesszuuiinisinausaufuiieldd
omAslEaudundsnuuasenindtuamanasiing
Ujtanstulunafiamnsiidesnis

nuideiieades

Asaf Degani iaig Earl L. Wiener (Degani and
Wiener, 1993) Anw13dy o9 s18n1msIadeues
Undu: wuIRn NMseenuUY warn1sidau Kan1TIdY
wui1 s1ensaTaaeuiesduiolndusingiuves
WInsgIukazAINlaanieveetndulas ey
AuRananntadouyed danslinuilivnga
Y89718N159TIVE0U Laggnison15Tuazgneneisdd

o o A
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Barazandeh (2012) finw13de 3es nénnns
LazluMeTiAgdesiuMIsaNLULTIENINTIEDY
wazdsnisvineuluiiestdndu nan1533enudn N9
s19n150TeaeuUnd AnUndnazgnidudunisly
asfandnvesgnide TasgURvnuaziumnisaliiie
sﬁumm,na*ﬁLﬁmmnmiﬂﬁﬁammwamimmaauﬁ
Lsignéas

NIDULUIAANITIVY

1. {Adelauszendunnnnguiannnnisie
91n17QURALYA (5M Model) vas E.A. Jerome (1976,
as cited in Wells & Rodrigues, 2003) Lagn11n
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Fudsiidne 2 duds Ao (1) Jadeuyud (human  Oakley (2012) wdLiiuni1soonuuULUIUGTATIA
factor) way (2) emAsuliauty (UAV) Tasnis  vesifadouyudlunisumsauidsinnulasnds
yhaumfuresiaesudsivvdmanuvaeads  vesemimsliaudviuamsimdanuuaseiing
vesonAsuliautulun1sujianisiu YBINDIVINDINA

2. {AfeldiuwnAn S oM ing e
A9fiAvane (the barrier analysis approach) U84

A1919 2
N15UsedUAIEEN 1UA1INUADAAY (safety risk assessment)

aanazduvasaandes AUTULTIYDIAUEB (risk severity)

(risk probability) fenUf, A 9unIe, B w0, C e, D laidAny, E
Ueg, 5 5D 5E
Jundaasn, 4 4c ilp) 4E

laiunAnty, 3 3C
Tz duldle, 2 2A 2C
Tiiulonafiaziie, 1 1A

Note. From Safety Management Manual (SMM) (3rd ed.) (p.39), by International Civil Aviation Organization,

2012, retrieved from https://www.icao.int/sam/documents/rst-smsssp-13/smm_3rd_ed_advance.pdf

[ !ltg 1o/ §
5 gausulATURIAUNITUTIINIAULEBS

ANLEEIUIUNAS

AN 3 AUNUIUR AL AR uANUaenY (Safety risk tolerability)
Note. From Safety Management Manual (SMM) (3rd ed.) (p.39), by International Civil Aviation Organization,

2012, retrieved from https://www.icao.int/sam/documents/rst-smsssp-13/smm_3rd ed advance.pdf
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AN 4 LLUW]’NmﬁmeﬁEg‘Uaiiﬂ (the barrier analysis approach)
Note. From Accident investigation techniques (p.94), by J. S. Oakley, 2012, Illinois: American society

of safety professionals.
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(military zone)
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994 NATO Standard AEP-83 Light Unmanned Aircraft
Systems Airworthiness Requirements Tuhdensusms
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Aulaensiy

SeufAfodoaidiumsusanarindes risk
mitigation) I¥egluszdius (seniuls) e lin1sufoa
nstusernulasniouazanunsonsiadeuld ingly
WWIANUANUBY Oakley (2012) luwuinen1sinses
AafAvI9 (the barrier analysis approach) lagnns
ponLUULUJURTRvean15UFURNU (checklist)
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MIUsTNIANEIAURenseraseNFe Ll SRl
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nsmuAskazlesiuAURnaIRTaIyEdlumUse
wazAndunisnsraaeunsufuiRnu laun s1en1s
prrameunReIsununseudosiudmiutndu
(preliminary preparation checklist for pilot) 74611514
4 wagsren1sgunsaidusiidmsuiindu (minimum
equipment list for pilot) #4A1519 5

M5l uuFURTAve st aduuywdlunis
Uisaandssnnutasnfevesenaeuliaudy
Juawnshmdsnuuasorfinduasnosinarmelunis
YR fduneu Taun

(1)":Jﬁ’m’iﬁ’lLﬁ‘Uﬂﬁ‘U'ﬁ%ﬂa‘ULLazaW;léﬂQUﬂiﬁj
A3 9 vasonFeuliAuTy Tilaunsaun1sufus

n150U (readiness to operation) mm@jﬁam‘iﬂ’izﬂau
wazAnsagunsal

(2) dnduiRnusensnsIvdounswsel
ANNSEULUBIRUEMSUTINTU (preliminary preparation
checklist for pilot) A3019149 4
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Preliminary preparation checklist for pilot

ﬁ.’.ﬁ— Vertical takeoff and landing solar power UAV ﬁ.’%

1. Set up and Calibration ..o Check condition

2. Loading firmware

2.1 Connect autopilot tO COMPULET.....coiiiiiii Check condition
2.2 SeleCt the COMPOIT .. Check condition
2.3 INSTALL AIFMWAIE ... Check condition
3. Connect mission planner to autopilot Check condition

4. Basic hardware calibration and parameter setting

4.1 Frame class and type configuration........ccco.oeeeoieriirnieieieeeeeee e Check condition
4.2 QUADPLANE parameter SETUPD .. i Check condition
4.3 Calibrate the accelerometer. ... Check condition
4.4 Compass Calibration.........cc e Check condition
4.5 Radio control calibration........ccciicrieee s Check condition
4.6 Electronic speed controller (ESC) calibration.........ccoceverveinrierirecneinnnnne, Check condition

4.7 Flisht modes

B.7.1 AUTO MOA@ ittt Check condition
0.7.2 QSTABILIZE MOAE@...eiiiiiiiieie et Check condition
4.7.3 QHOVER MOAE .ttt Check condition
A.7.4 QLOITER MOQE ittt Check condition
0.7.5 QLAND MNOAE. ..ottt Check condition
B.7.6 QTRL MOAE .ttt Check condition
4.8 The cube power module voltage calibration ..o, Check condition
4.9 Connect POWET MOTULE ...t Check condition
4.10 Battery monitor calibration ... Check condition
4.11 Battery monitor 2 calibration ... Check condition
4.12 Display battery monitor 2 voltage on HUD ..o, Check condition
4.13 Calibrate the airspeed SENSOI ... Check condition

Preliminary preparation checklist for pilot (VTOL UAV)
Issue 01: Date 1 July 2021
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Minimum equipment list for pilot
. Vertical takeoff and landing solar power UAV .

1. Set up and calibration Failure No dispatch

2. Loading firmware

2.1 Connect autopilot to computer Failure No dispatch
2.2 Select the comport Failure No dispatch
2.3 Install firmware Failure No dispatch
3. Connect mission planner to autopilot Failure No dispatch

4. Basic hardware calibration and parameter setting

4.1 Frame class and type configuration Failure No dispatch
4.2 QUADPLANE parameter setup Failure No dispatch
4.3 Calibrate the accelerometer Failure No dispatch
4.4 Compass calibration Failure No dispatch
4.5 Radio control calibration Failure No dispatch
4.6 Electronic speed controller (ESC) calibration Failure No dispatch

4.7 Flight modes

4.7.1 Auto mode Failure No dispatch
4.7.2 QSTABILIZE mode Failure No dispatch
4.7.3 QHOVER mode Failure No dispatch
4.7.4 QLOITER mode Failure No dispatch
4.7.5 QLAND mode Failure No dispatch
4.7.6 QTRL mode Failure No dispatch
4.8 The cube power module voltage calibration Failure No dispatch
4.9 Connect power module Failure No dispatch
4.10 Battery monitor calibration Failure No dispatch
4.11 Battery monitor 2 calibration Failure No dispatch
4.12 Display battery monitor 2 voltage on HUD Failure No dispatch
4.13 Calibrate the airspeed sensor Failure No dispatch

Minimum equipment list for pilot (VTOL UAV): Issue 01: Date 1 July 2021
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