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ABSTRACT

This study carries out a basic study of ways to calculate navigation errors for aircraft
operating in the unmanned aerial system traffic management(UTM). Recently, research by UTM
has been carried out both at home and abroad, along with the initial study of system
definitions at the basic stage, operational techniques of the aircraft, and the practicality of the
concept of necessary operations at the actual operational stage. This study presented after a
review the factors that should be considered for the calculation of navigation errors among the
factors that examine whether the actual low altitude aircraft can operate properly within UTM
during its actual operation and the need to apply them in practice.

Key Words : UTM(H1.%= F©

o8| HAA] WEIE|AA]), Navigation Error(FH 2%}), sUAS Position

Brror(AFFQIH|3YA] X124, Requirement Analysis(&7%= H£4), System Engineering(H|A15-3H

.M 2

oIl 2EA} So] ehEalA] &1 H|gjo] 7}
St H|PAZA T EE(drone)0 & HHEE= 4~ F
FH FE HPA 9 WE* HF0= 71A9
S7FSHL Qi o]2fet FRIRE71E &8
@ FFAEIAY] T °=‘EHE A7t S8l 1
At = FFFEY S F2 o]8Ea lont,
53 o] && s giAzI7l fI%t

T A7 YA QU

Received: 26. Oct. 2020, Revised: 16. Dec. 2020,
Accepted' 16. Dec. 2020
* At FArgEslat wa
e O]J‘X]—oq:r“u AdA+H
ok z}‘_}/qcﬂol—/ FLuEST} 1
A2t} E-mail : h)ahn@kar1.re4kr
C’EWZ]' A RN A9 TSR 169-84

QA R =7eA = Tk FRl7
B Tz 2FA ZHAE ol ARt 2HHA QL B]gEo]
7hs Ao 585t Qlov, BIZIAIA HIY E
7+ v 53 Zo] FIRgA Y] 2F Hel e 4
ek 718F A7 AR=E SAHoRE =1 Qltk o
23t A Fopol= A% FRIBGPAA] wEHHA
A(UTM; UAS traffic management)©]] T3 Ax= X
St=lo] Sl
LU= FRIE719] bz B} oA
3t T HHE S| ARt ALETRAH] P
SIAAUTM)Ol T3 A7 =T STt Al
At Bok=e HIBA Alof7]&, BIFA &9 7=,
HBA| B4 71& 5= 918 o8 A4 7] dY A+
7b 2= ot
2 dAqtollA 1Eekes He UTMH 292 F<l
HIA7} vy ol Adet £90] 7FseHA

o
jul

I

EPJ:L

_1




48 e, Ry, Axd

Vol. 28, No. 4, Dec. 2020

gl15h] 913t 712 ATE SUSH Holeh, Ao
A gHole ayRalsle] A9 AP 89, AL
dlg, golzol ozt At b, A o) St e
9% Qoo wfet Fuie] Hotwrt ek 4 Yiet. of
e wolgA|] u]g 7Rs ojEgr ohel, Qhgt
93 ofiio] L A 5 Yt AHeLt F 5 9
o mebd, Al FEE oINS I 4 Y

P A5 F 9A 293} vIPA] Aole] JFL v

=

2 A7olq UTMIA 292 5
9 45 9 A2 Aole] S Tk, A
2898 BT BT N 2] ARS) aTAY 24
U AES P WA DEALE Hgstel va
P O 4 RN ¥l BT ATE +95
et
AT

ro,
=

g_l‘_"
i—%
1o

ol
rE

. 2 2

2.1 M1k SQIHMYR| ASEHHA(UTM)
3k

270l FAEOE F2 BEEIE TP
I PBee TGRS skl =2(drone)
| RPN Hohe AirHQl GOl ARGEE
AAH FFIE F7HET Uk AT JYBY, 5
94 5 ot BHo2 1 B8t F5RAA
2 APge] FEE S7H5tT Sk el =
2 wlef Ak} Rok AHSKT ATE AU 9
o), FF TA AP FLA 712 felska U,
Dol FIWANA oIS Awny 9%
7] olgte] WAL 2RI TR0} &
9| Aokzro] vlwH He Holrk, FAHOR A1
EolH LYk ) 0I5FF 25kg oleke] 47 ]
A A9, I P AF B FAS W ¢
L5 2qo] ulwa k. o, A9 AR
A 7ieel FAS SUAFBI AT £F HYL
Sfstol u7HAIE BAC WY AR, B AT S A
ofo] oL}, AloF 2719 |4aE B9 S| B
2 ol7] I A7k S ek
) Seltet GRPAHOIAE 4 T
£ = 150m olek, F//HA UIget S8k 9
o, cheyet AIA .09 WIS 93 A
Al vlge] RIS S ERAY Bl S]]
F5o0] masht ol SlshH UTM A299] 477t

i @ o o

F

Y53 9k UTM2 A1k Fojd -85= &
AHFFAE tdor agFola FA FAT uF
552 ABs] 9zt AHdeR, ul=, /9, A7EE

o, o] AAF] Yol FlulaRE QkHskA L5l
AT 7Nt 714, WA 714, B4 V1%, B4 714 5
o] @77k chEow SaEw 9lct

22 @Y o gy ext
FHe @A AR ANE Tt olEor
A\ Ak A4 Fob ke ges, AR

FH 47HA] 8491 /A, A

r o 12
oX,
ol
-

R
1o
o
X
rr
ook

fr ook ol mok
0.
Oﬂi

ke Folof dik. 188719 2L
e 9ol fotoz A4l 91N Hefstel vl
AARIGA Er FYRANEZRE F4E A

PP A1l vl

i
i
N
)
ki
ol
—I‘F
)
N
I

- =
Aoy, AT, FRAGE719] 7B FE710lM At
2 AlE R AAIF o s e AlLde E87
AT B 7] 9 e ol8Rt I T
3} 2L AN HuE olgste] PUL A 2

o] Uxkolt}. E3], @Foll= AsAl, FHE SollA
T gutd oz ARgsl= YA HAIAE(global navi-
gation satellite system)& ©|-8sto] 7|EZQ1 T
= AFsk= Zlo] wje- HwZo|ct

oF 20,000km 1%=9] HmoA 85E $AolA
SAleke AT E o83t ATHAIAES =2
o HAAEE 84T HEE AT Eo] wje- st
0= ozAQl Aup wef & QI Fui9] v
At 7Hdoll oi¢ dFe] At RADAR 4%, TV,
FM Zit] oo} A a4 5 GAolA ARRE= 1L
£29 At Auaet S 4o 4= qlom,
ASEE e 9ol A== oY 4t 4] §4l
AAEolU F BANARZIAE 7MY I
< vE 5 IHEAE, 2017).

AEet JAE ERIT = = FHY 452 94
SA3 H|PA] Alojol] FFE vE 4= Sl o2 7HA
[0l wh Hegwrt ekl At AT = QL
o} E3], AnLofA FFol= AFFRI7Y HE- A
B4 891, Ak vie, ofEe] ot Hut A, A
o} el S 22 oF 8l wet Y HErrt
g9 & Qloh oA FRINFPA|9] v 7 ofF
ot ofuzt, QAR 27 ofFof] R A 5 U=




SELZAIAE 83t UTM 349 34 oA 4= dad 48 49

J%‘

2471 9 £ QIeHE+d, 2019).

2.3 A|ABIIX|LIOf2

A 2> AMRYAZ(SE; system engmeermg)%
Aot AIARE AEsh=t] Qlof, 28419 3-‘7-—
A71E B9 8571 H3AIA"He gt 2
Agsta HFsh] gt thEof g9 84 @EL
Holc},

AARRIA Yol gS A-8517] 943t ZRAA Hdo]
+ DAU(defense acquisition university), CMMI
(capability maturity model integration), ANSI/EIA
632, 1SO 15288 5°] Ut} AIAHRIAYolg] Z2A|
A Eeﬂo] DAU Erﬂlo Fig 131]. 71—0] _g__’,'_/\}z‘g- _E,J_-]
(requirements analysis), 7524 ¥ &3 (func-

mlo JN Iz

o

tional analysis and allocation), AAIZg (design
synthesis), AlAE EA3} Exﬂ (systems analysis
and control)2 TAEH, o]&2 351584 (top-down)
Wo] ofs SAFH o R HBEHA Folxl ZAIE W

=Rl IS B9l ARt Ad24, 2015).

2.3.1 VEEMA

AT N R AEE2 s A= 84
|97 21449] Belo] Wasich. o= AAF A7
7o) g gslod wEA] Bag Ao, HEHI
AL} Ate 8 B ARRY] 7S A
o2 yrgstojof B84S Sist & 4 9lt. ol
gt Igel w2 flste] drbHoR AlAIA Yol
GollAl= Ve /A5 Z2AAS St

VEHe] A/A% LeAAl AT T B
Ak siara] madjaet Rl/A5] T AR
4 _iEJﬂ = M2 2o T EE A

Z50] AP I0Isk= maA|Ao|th Ak 1k
OﬂﬂL AFEAL QAR BA, Al2E] QAR B,

( )

Systems analysis &
control (Balance)

equirement its
analysis

Fig. 1. Systems engineering process

Ol

AaE A 9 7R ¢o AWHT, A% 4 .
£ BE U9 B9l shAA B, AL

o 3ol 5 FHBERE AR A2HAA @E% ¢oﬂ
S ek, ol 4] Alsdo] sS4 87
TE 2oxe a7ES AU BEAZ 5 A
sielsfor sful, o2 o Mz AT YA aTE
ZAR] Alega ool Tk £413 olo] ot HAY &
Aol Wasleh, TR WA ALHO ATEE AL
3t T B et A PER AR AN A
g "ast gk

232 975 %7 £5 2 o

AlLE] QFARY B4 Al2EE Aofsh]
7|SA GEolH, oFEA 9 A, AlA" T
ZFA] 712 A=t "ok QAR B4 A 715 9 A
LAY 52 =ETHL, AlAF EHolx, HA
ARG 9 ARG S-S S| AefstoioF P Fig.
294 V 2d F AEY] AR 3 7 oo 2 B

L 344 QPARFS I3 AREAE QAR ol
?Lcﬂo}ﬂ ATt AAE QFARY, SHE AIAE QA
g, BE/FE 27AY 55 AL ol wEske
AAE T & 97 EE THESheA] oRE S5k
RS 283,

=)
e

koo oY B

Y] UTME A79] 27] A 208 AR
Y= A A 8 =3 AR —‘:—01 gets] Ao
7] o2 FHIZ T 45 $ A 2759 EH‘C?_F

a7}k ekslA] ke Aeolct. oleidt A9, A%
A5 o] 219 3Hgo] ol B A
Zol gt 1evh B ke A2 e 5 A4
agste] o] ofete 4 9lrk
RTE 2AL QAR AR AAH Fde] 53
= 9 ololA] elsts Zo] YubHolLt, 723}
7} gk 2= A el A 27] ge]

ﬁmEJﬁLr{o

,
AE% 27N (D — Validation s 3
Requirement ’
Alad 234 | b Verification ﬂ A
System
Requirement ‘ '

DT&E

g

Fig. 2. V model



50 T, ta%

oL
oy
H—|
e

Vol. 28, No. 4, Dec. 2020

A EA0) sl 3E A AT Fvte] BE
e AR AR gt B Aol oz 5
L UTM A289) 39, Shelld A2g 7t 2
29 Aol dhet 2] A WA FARE AUE
89 % 9l Hopo 4 27 9 a7 52 PEs)
of 2183k= Zlo] FelH2l Wstolct,

2.4 UTM Xt 27 HE

g

2.41 DU FOIH|MA #HE -

UTMollA 2F=1= HI3A9] Fei= 2vet 5
QPARol A 2A=RFYA| ] FRIFHuPFAE
9Jetar glom, Hjo|E5S 71Esto] 25kg °l5tY]
HgA= 294 At 24 Haslste] FEskal
o}, RIS EHPAA = @A FHollA F&/H13 <l
ol AAE A, HIBSATY 52 Ak, A
M %=(AGL; above ground level) 500ft oJWj<] 7}
Al 299 B vy AREA %P0l 7kse
FolH, TheF Feleen|ggA9] %7} 25kg S 3}
of= 49 ARdo] A" UA(ultralight area) 5
ol9olA EF=H+= A ErY H|gFlo] sttt

vl FAR Part 1070014 2J3t sUAS(small un-
manned aerial systemi= o155 551b (25kg)
olsl® f-=uzte] S 71&d A st 3l
. H)3gA9] 29 7Fs A== AGL 400ft, Hd &&=
+ 100MPH(161km/h)2 “golstaL glom, X4 A%
FAFF7] AARBLAA 3SM(E= 5,000m)°] <
By 7R Wold &8 4 Slofok dth @A
0.551b(250g)°l141 551b(25kg)7kA] oF%] B3PS sh=
DE FQMYPAlE FAAY 55 & YstEE o
At

B0 A= Regulation 2020/6390114 F-o1H| 354
9] 7Helareie}t Sa(classye okl Atk 97 Al
x| w=t HjolEFH 25kgr]TY] Open 7H
e, 29 s)7ket &JAH] Aol QE= Specific
7he)|ae], 5719 553 2F HAlH Jido] 8E
= Certified 7H228]2 &3}, Open 7H| 8=
FA 9 £ 7)o et AFAQ] 59 5
o, s 7HE|e|e] e BgAl= 7HAAE
7hsstEs =of Qlch

A W7FE7]7HICAO:; international civil avi-
ation organization)x $<%A(Annex)2 ¥ #H &
A(circular 328)0ll4] FRIH[FPA Y] P& FXEA

&
, <
=

Mo
o
=

[e]

-

%

71(RPAS; remotely piloted aircraft)@ 72]s}
A9, AL BE7lol 98 848 AR o=
Aog 2o5t=s astal Stk TS AlRHos
719} FAg AT, JATH, &S

9 254 A, WA HIgAE Y] A1

|
SRR

Mo

-0,

5
o oL
of. of

o o
p

oN o
[
oo
o
El
[o)
L
2
o
21
)

S~
Oi
=
[o]
)
&
o
2t

AP 5 79k G § A 0w
79t 59 P TS Hojska
9lol, UTMoIA Ll wagRlel Aol 9l 7
o= o

4719 =gl eI gelE At gol @A
UTM A28 o] sl wgale) varls, 3
Ak 9] 5ol sl PRSI A9k AeE
glon}, 4] 2] olFolxt 2 WA ofzle]
geiis PRIzt ot olojxx] gk SEow
U3 27] pdAel Al cstel W 9k

i
T

o ot B OB [ o

ro
ol
oK

0

BER= FH, BIRA AFEE 29 AT <t
et &2, £e9] Vo] He ¥ %]
SiAl ZHEA A7t P glom, [HolA Hla
AT AH AXE B8 ATE FH5k ATk
Eurocontrol @ EASACA UTMS] 3d3t F=20]
izt 294 WA U-spaces Aok, AlFA<1
<9 oo diste] 7] ARKE: S5k U-
spaces AFFERIHFPA7L EF=+= 500ft BT
VLL(very low level)& Fig. 33} o] Aolstal, 21
FF719 2Paxet FEEE FHE AASHAC
VLL o4+ LFR(low level flight rule)d] /fd& =
Jsto] §RAFF71 AAHIB(VFRT FEE= Al
9] *FEA9 FR4Z AAIsISITt. U-space?] =
FHE FALt 22 FRHIBAE L47FT 1Y HolA

[ T[]

1o

HL
=t fo

)

VFR

Max
acceptable
altitude

VFR LFR VFR

500
ft

Fig. 3. Limit of LFR and VFR



iyl SEZZAAS HE83F UTM 349 g4 o4 A& ¥84 FE 51
LF5= e 9 A H|H(free flight)Fel, Ao Table 1. RUNP parameter

A= AATE AZ(route structure) B, FZRZQ1 oo —

9 B (structured airspace)s 53 FAS HA

Sl FE|E Fig. 49+ 7o) AXSHAL). Fig. 4] H]3 Accuracy E:ecggirll;z of space the drones will
Aol 39S NDZ(no drone zone) ¥ LDZ

(limited drone zone)o.8 FE3%T} Integrity A measure of correctness of the

VLL W 399 3=, 39 W vl € JF9
e 4e9, 399 AAo wet Al BIgA &
s, B, 84T A /13719
RNP(requirement navigation performance)2}
ARt 7§91l RUNP(required U-sapce navigation
performance)E A5l U-space WollA &H &
T /459 Table 13} Zo] F&513dct.

A
500 ft
Class I, 11 & llI
NDZ
LDz
Present situation
500 ft
Class Il &Il
Local Vertical i)
Umitation [~~~ 3 L1
NDZ
Class | LDz
Free Flight
A
L1 e
A, A
Class Il S
Class Il
=
A
Local Vertical > ~
Limitation I NS | LLLL
NDZ
Class | LDZ

Structured Routes

A
500 ft

Class Il
Class 11/C1ass | —— c—— e —— — — — — — —
Il boundary

Local Vertical
Limitation

Segregated Traffic

Fig. 4. Type of U-space route

navigation data provided
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