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Abstract The importance of digital twin technology for the rapid advancement of drone technology and
effective operations is increasing. Digital twin technology, based on real-time communication between
physical and virtual drones, enables context-appropriate control by predicting the drone's future state.
This study analyzes 25 academic papers published between 2020 and 2025 on digital twin integration
in drone simulation, deriving research trends, technical approaches, application domains, technical
challenges, and future research directions. This study identifies five major technical challenges: (1)
minimizing Sim-to-Real gap, (2) scalability and large-scale system management, (3) lack of
standardization, (4) security and privacy concerns, and (5) insufficient verification and certification
frameworks. To address these challenges, future research directions are proposed: intelligent adaptive
synchronization mechanisms, distributed digital twin frameworks, physics-data hybrid models, real-time
anomaly detection and predictive maintenance, standardization and open-source ecosystem
development, and enhanced security and privacy protection. This research systematically organizes the
current state of digital twin integration technology in drone simulation and presents directions for
future research, thereby contributing to both academic and practical advancement in this field.

Key Words : Digital Twin, Drone Simulation, Unmanned Aerial Vehicle (UAV), Real-time Synchronization,
Sim-to-Real
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(Table 1) Types of Drone Simulation

Type Characteristics Advantages Disadvantages
Software-only
sIL simulation for | Fast iteration, low No hardware
algorithm cost reflection
verification
Flight controller . .
HIL integrated with Hardware ‘.'”“.”9 & No phyglca\
> sensor fidelity dynamics
simulator
. Precise f ;
Physics aerodynamics & High fidelity High computational
based . cost
motor modeling
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(Table 2) Comparison of Drone Simulation
Platforms
Platform IEhys_|cs Key Features License
ngine
High-
AirSim [12] PhysX quality rendering, MIT
ROS support
ROS integration,
Gazebo [13] | ODE/Bullet robot simulation Apache 2.0
Custom simbl‘gtr:)t;lv ﬁi?ﬁtfast
JMAVSIm physics . BSD 3-Clause
execution and easy
model
setup
lsaac Sim [14]|  PhysX Al training data NVIDIA Developer
generation License

T2 A& o] SJojA SHAIELS “Sim-to-real &
2} (Gap)'olt}. ol AlEdo|A SNA 43t 85
< Hold Alo] darejEolut A& v HEo] AA =
£o] H8d 4 ool IA AskHe LS gttt
[14]. Sim-to-real ZAFe] 8 AL A ZEY &
AR, B/ /AA A ZE Abol, 4 a9l 5ol Ut

22 X2 EH

Hxd E(Digital Twin)< 2|4 A, Z2AA
EE= AAHSO 7 BAEOCR A7 HolEel A&
o] Aot B AAL dAE MAE dZs=
71%oltH4]. Grieves= 2002 PIAIZE thgtaofA] A

Z $13F7] #2(Product Lifecycle Management,

PLM) 39 ¥ HAd EY MdES A5 Adstied,
ole =& AF, 7 AlE, 1L ol o] dE=

T8 Al 7 842 FofH AT

NASAE HAE EYUE "BEZTH A|AHS] AA) 1
F71E A sl 2439 £ 19, AlA Holg o
tlo|E, 9AHY o8 E E8sles the &2, ths A
o, FEEH AlEYo|H"0R Hstal Slrtel. o] F9
£ UAE Efo] T=3l 3D BHolut AlEH oA ¥
01*% 7Hﬁ°‘v% Bzt gxg B 4 &

A
o FHF HARE B4l B AAoA 7MY Rd=
AA Hlole7F MEEaL, 7MY HdoA 24 7
AR Ao] HHo] A== FHYF Hold 5Fo
AXTEO R o]FojKITH7].
N84 (Individuality): GXg
glo] op E7 g 714;1]4 195
AHE oY, w3} ) RHIFTHE]
54 ArolE: EY4 AA ]4 JE 3o wet o
Ag Hdo] A&HH 07 JHO|ERH, Al7te] I
WIS FA3HI)
& 9 A3k AATE HlolE £ HdS A%
stol mE) AEE ASsla 2F9S HH3RITH10].
Tao Sl712 dAE EAY H4H 4 84 1) &7
A AA, 2) 7V BE, 3) E2-7ME 7 A4E, 4) AT
AlA dlold, 181 5) BUEH, dF 2 2435 59
Ad| 2ol HAE EY 7|&2 Zskol wEt ohgat

= — 1

ZE].-O] _H_EOP /\ Olq

® Level 0: XY l:'n_‘:i,__l (Digital Model)
o &8 A4 - tAE 29 7t A3t B4l gl
o % Hlolg 4F
o g% CAD =¥
® level 1 - XY MES$ (Digital Shadow)
o 29 44 — fxE 24 AF folg 5§
o AN HUHEY 75
o a: AlA] HAIEE
® [level 2 - gAE EY (Digital Twin)
o FHF A5 tloly wek
o YAE mElo] WHo] &7 AAf J3F
o 9 A5 Alo] AAH
® Level 3 - A& fXd EY
(Autonomous Digital Twin)
o Al 718t Z-& AHEA
o d: A& AT} AAH

=

2

lx



208 A=QIEulgEs=2X H113 M55, 2025

2.3 E2 AIZ0[M0IMQl CIXY E2 S3

E2 Agdolin UAY EY 7l& dAge 1)
Sim-to-Real A%k 74, 2) A% HTE 4, 3) 44|
7t OX1EH A, 4) A sk Swolq mnoltt.
[Fig 11& 52 ABdoldold tg E9e sk
ARl o7 Kol Zu.

Physical Comm. Digital Twin Simulation Service

Layer Layer Layer Layer Layer

State Synch. — ) Monitoring
MQTT, DDS, Module Physics Engine Dathboard
WebSocket

Predictive
Physics Model
Edge
loT Gateway oty

Data Storage Support
i 4 What-if Analysis e
(Time series DB) AP| Gateway

[Fig. 1] Digital Twin Architecture
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(Table 3) Pseudo code for realtime state
synchronization

while drone_is_operating:

sensor_data = receive_from_physical_drone()

digital_twin.update_state(sensor_data)

simulation.synchronize(digital_twin.state)

predicted_state =
simulation.predict_future(horizon=10s)

if anomaly_detected(predicted_state):
alert_operator()

if optimization_needed():
command = generate_optimal_command()
send_to_physical_drone(command)
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(Table 4) Research topics for Drone simulation —
Digital Twin integration

Year Num. of Ratio Cumulative number
Papers of papers
2020 2 12.0% 2
2021 4 20.0% 6
2022 7 24.0% 13
2023 7 24.0% 20
2024 4 16.0% 24
2025 1 4.0% 25

ZAHE 25W9] =EE die] A= &% =7 =
20209 234 2022-2023W0] ZHzk 7HOoZ HHE
o|F9lom, ABH 43%9] w2 JFES Bt 2024
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E53F A7 (Table 5)9 2t
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(Table 5) Research Topics for Drone Simulation
and Digital Twin

Research Topic |Paper Numbers (ROC; ltjgt) Key Content
System | (23], 24], [26], Dgral bain
Architecture & | 311, [34], 43], | 7 (28%) inteorated \atf’orm

Platform [47] 9 desigF:w
Swarm flight, UTM,
Specific [27], 3], [38], 6 (24%) environmental
Applications | [40], [42], [45] ° monitoring,
propulsion design
i Trajectory
Pathcili?rgwng & [330511 371 4 (16%) optimization, flight
control algorithms
o 5G/edge computing,
Communication |[28], [32], [33], o h
& Networking | (361, [38], [a1]| # (24%) | wireless network
Security & o Cybersecurity,
Reliability (25], [36] 2 (&%) anomaly detection
. Pilot training,
T\/':‘;l’z;a”ffof [44], [46] 2 (8%) simulator
development

*Some papers cover multiple topics, resulting in totals exceeding
100%

(Table 5) 28 A= HH AAH o}7]Elx] L
(28%) 7} ©AIsE Aoz Yepdtt ol &2 g E
4 5 ot opF 7led 7hke FEshe gAY
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SEE4E 4 A B0 AN 0k £ 5
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gsio} ol A J14o] Wato] AE 0l Ao
Belt. 53] o] HofolA ANz Hole F71sket 4
A B30 it 877 F7hsta Slek. FEY Mo
A/ML 58 @77k 37}8k3 glom] =29 o 8 B

(Table 6) Distribution of Papers by Research

Methodology
Research Count
Methodology Paper Numbers (Ratio) Key Content
[23], [24], [29],
Experimental  |[32], [35], [37], 2 (48%) im T;?T:Ztr:/trax;on
Research  |[39], [40], [41], ° P ton,
[22]. 48], [47] empirical validation
Simulation %ﬂ gg} Bg} 7 (28%) Virtual environment
Research ! [43]’ ’ testing
. Framework proposal,
Theoretical | 1o6) [97), [34]] 3 (12%) concept
Research
establishment
Survey/ 44, [45] 2 (8%) Systematic literature
Review ! ? review
. Real + simulation
Hybrid [36], [38] 2 (8%) combination

*Some papers cover multiple topics, resulting in totals exceeding 100%
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(Table 7> System Architecture Pattern Distribution

Architecture Type |Paper Numbers|Count (Ratio)| Characteristics
CompuEti(?'%%based [29][é€3[]~°tzl[;11[]35]v 5 (35.7%) Lowp:ztc(aeli\{ﬁglocal
Cloud-based |12 [%3631'] 7L\ 4 og.6m) iy

management
tyorig |24 BEL 1L 4 g o) e
P%'li‘g:g 37] 1(71%) | Ful autoromy

*11 papers do not specify architecture
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(Table 8) Adoption Status of Synchronization Methods
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Synchronizati Paper 3.3 %-g =0r _E_A_-'I
c\>/n Method | N mpbers Count (Ratio) Characteristics _ _
! HAg EAR EE AlEEold B e thst
[23], [25], . = =
Event-based| [29]. [36]. | 5 (38.5%) Transm'zzt‘é”cti‘;”n change AH] Hofoll Al &&= 1 it} A 25WY =7S S
59 4 Hopag Hud Avl: (Table 99 At}
Periodic (241, 132].
T o [37], [39], | 5 (38.5%) | Fixed interval transmission
ransmission w71
Adaptive [35], [41] 2 (15.4%) |Dynamic interval adjustment (Table 9> Paper Distribution by Application Domain
Delta Transmission of changes Application Paper i
Encoding (43] 1.(7.7%) only Domain Numbers Count (Ratio) Key Features
Communicati| [28], [32], -
on (33, 351, | 6 (a29%) | OG- 9998 computing.
oMlE ¥t §7|5H FQ A sl wge W  ([eetncurel B8 B
ot go]EE A4l UES §8H0 e ARSI H) P“’gg’;g’: & [5112]]', [[‘3’173]]' 4 (286%) |System design, optimization
A A QLo 1A z712 AH A= ir Traffi
dojt}, 714 S5 IAHH AzF FVZ2 AA AHE MA” Traffic | 1351 341, 3 (21.4%) | Arspace management,
A3 Oh,]-/k Z}5l= v}lx] o IEI=Xe) oJ i anagement [36] R collision avoidance
73_—6——0]—0:1 JE E]— — © —I—E, ﬂ—T—] EH == (UT™)
S g8 0F AREShY, £Q9 oJWE &7 & Vs Environmenta|  [40], [48], | 5 (57 4o | Disaster, water— quality,
_ | Monitoring [47] o remote- sensing
st HiEE] ARSS £ F ke Aol itk
o] b AR A7, oA 210] z1.0 Smart City [24], [34] 3 (21.4%) | Urban infrastructure, ports
Ty AAIRE A780] g, AAZ olske] A2 | (8]
‘94_7} Xé;ﬂ@ = OE.]O11‘::‘]: ﬁo_g_ AJ.EH cﬁrﬂ]O]Eﬂ' ‘17_?017‘5' Swarm Flight| [27], [34] 2 (14.3%) Multi-UAV cooperation
txg EYy} 24 & 7t Al 2jol7} AR 4= 9k Sgg‘;glzyse& [25], [36] | 2 (14.3%) | Intrusion detection, safety
3l o|HlEZ} EA| thiFdo s vy o YES T A i
ES oMIET} FA T Ao o HIEAS A Ej‘&l;ﬁof [44], [46] | 2 (14.3%) | Pilot training, simulator
8eo] ofdol uhE A A1/ o] 75
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=F Al AE WEE AT 2Hc 1A EdES
8.5%°NA 2.1%= TAAFHS. Cho et al. [32]9] 7t
A B4 HEQA 3 AlEdold ERES o Ul
EQ3 2AMUG/5G/WiF)olA E2 45 AFd A
o 5 QA ot AA wix A YEYT TH EAE
90% °old AP skt

Lei et al. [27]1 #MA2YY A9 EAS A%t
UAV 38 g8 AAES ARl 24 229 74
X" EQn 23 AAY HWE gRE EAS 55}
of B4 QAEA T 5T FHIE SAlol S5
10-50t) =29 FolA Hdf HY, 3= 39, 54
AT S ASorlon, gxE EAS B3 AR A
EFolHdo=R 3 §842 35% T Li et al.
2912 DDPG(Deep Deterministic Policy Gradient)
Fi & txE ELS A%ste] HE-UAV Z& A
S FH3otott. gAd EY $gollA 1005 ARS
gt 23, 7]& DDPG HiH] B3 T35 30% 34,
FEE 78% T4, W HIFP AIZE 19% TES S5
t}. Sim-to-Real ZolollA] Al&H ol H5E 94%, A
Al B2 HTE 85%F 7155 9% At Kl

Hor ot 1o

N

334 3 DLEHE 3 A4 A

Yareshe et al. [47]= oF=2 QHA A(IE
3,000-5,000m)°llA] ZAA UAV YR E EY g Y
325 &3t ROS-Gazebo-Ardupilot 53 Al
AFloR SRTM 914 dleld 79k 21gS A-dstal,
A2 AE S MBI AE Ad A
E RMSE 0.8m, A& 4 24} 1.2mE 24519 A
Efold SHE 95%E USsHItt. Hamzah et al
[45]19] AAA Rl fE2H, 4 ZYEF ZofojA
EE7 HAY EY 5 I o 7] dAOIVKA
A S =2 19), 529 AARE IS HolE 4
I OAE EQ] oS EAo] A3 A #E ol &
7] A 50| A FIE ACE HAgH)

3.3.56 FX A F AAHR xX35}

Aléez et al. [37]= ot 3% 24(0-20 m/9)°l
Al VTOL UAVY] o255 A& oldste 134AE T
A48 ELS 7fdrelHitt. Blade Element Theory 718t
37198 ndi} 7518} viE e ndS F6te] 5<%
15m/s7H4] P94 AlotE AFs19.0m, AA| v} 95%
AX=E 2t Zhang et al. [43]19] FlightTwin X
HAdae 98 AdFgE B9l 9= ARZ 83.3%
At 1149 33719 HA| B AlEE AlE
Hlo] ATt Wang et al. [42]2 UAV 53 A|A= 4
AE AT UAE EYS 15to] BE-Zady 2%
F

YIS ok, A W AR 60% Bl
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B9 537} S St =7 [4619] dAFolA VR
4 UXE EY AlETolERE AP E8E B2 2%
AP 23g0] vl FUmolA] 32% PSS B, B
g HAZE |YulstA st &8 7|9 =Y
34 g1, 25%), Software-in-the-Loop 743
Bl FAHR v S ATt T v
A EE AR diH] 70% BHEeH, b At fjEo

A= A

0.

o_@

B

) ruz o

N
44
ko
N
[
1A
i
=
P
Skl
{on
re
-
0z
]

e 56 S Al - 0 ¢ §

o] Aua 7% IS A A2 EESST

4.1.1 Sim-to—Real Zx} Z|Ast
AlEEold 5014 AFE LargEo] AA EE
A8 o 50| A5tE= Sim-to-Real AX}= o9
A=A &2 AH FAlolth A" =204 B
9-15%9] 8% AAt BiEglon, ol thadt &2
A_lof 7]Q1gte:

- B BYHY: ABdolAS 37195 mEe
Ao Bs U, AW A3, LeEe HES 9
3] AAIA] F3te} Aldez et al. [1519] AFollA
T 3% 15m/s olZolM Bd A& A7t §43]
Z7larct.

A& ZFol: AlEeo]Ad o] o ARl AlAer AA] Al
(o], wtolols, )] Hol7t Aol 450
P v|Zt}. GPS BEE9] A9 AlEHolAoA

+£0.1mol A% AR +5m7H Holxlek,

e

1‘

- @7 A9l A& olele B, 2w, vy
g A% WE Sol ABdelde] 83 WY
orL

Sim-to-Real ZAX EA 1Z2<S Yl Domain
Randomization, System Identification, Transfer
Learning 59 7I¥o] A=l ou, 24 o=
oj2x] Zoigity. FF HAl & TlolHE AHKHoR
FAsto] tAd EY REE JUo|Est= A&H S5
(Continuous Learning) A<&o] Zasict

4.1.2 SR gl R A|AE! 42|
gRe] A77E 104 olste] 47E =2 ke

2 3}99om, 1004 oJAr9] diiE AJAE] tigt AT
L Bzl tie AAHE AL e} ke At
el

AL L B8 471 SIS S5 HAR] A4t
EZ=7F 0= 3713t 50H09]
&, 100t 4,950 HARsloF gttt
YEST &5 714 H&(10H) 71 1009 =
io] 2MB/s9] HHZE AnlsHH, o= 4G LTE

8] 20%°0 A3t

57]9} AL o] tAd EY 7 AE 43
FrAlsk= 7o) offe}. &AF A[AHA 9] CAP
©]Z(Consistency, Availability, Partition tolerance)

of @29 Al 7IXE FAll =S 4 Qi
AZA o194, 37t £& 7]H(Spatial Hashing),
T4 F4Y 719k GH|olE(Area of Interest) 52 |25}
7|90l RskA|RL, oof et A Ats FES 4

¢ 1,225

mlo

QlEjso] o] Tgt HEo] glo] A% 7k a8l
A gEdolct. = E—#*ﬂ 4 MQTT, DDS, WebSocket,
Axg BRES 5t ol ASE Ao 5UH
HE2 gtk IS0 23247(H2Y tXd EY = I
o] ZAFHAT B2 Eo} B2 o} =9] gAo|tt.
SE Aol 343 4L 1T o, et g2 EE
57} A3sie:

- A EY dolg B9 £

« AE| =5t ZRES BF

. Eo}- \:ﬂ 0].3_ u";q],].z. R

C 5 ARl 9 W AR EE

41
T

4.1.4 Hot 3l O2LO|HA|
AAZE "ol Aga AA Aojo] I HF Y]
ZA AL, %ﬁ A+E HAY 8.0% Esict.
Fraser et al. [3]°] Y &A AlAEE AdstGioH,
23} 22 HeF Al 94s] mlsid AEjolth
« B4 Bk MQTT+ 712408 q5slex] go
™, TLS/SSL & Al W=7t F713IthAA
+15ms, CPU +10%).
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- dioje] £ZA4: AA dlol = FA] gt P°1
HAYZe] EFsitt. (A" Eﬂ# £9 EE
A AFol ”JJ%WHJ AXZE AFo g 01%4.
noo|HAl EEo] 35l 4, 99X HolE Y
nalo|HA] 57t "QekA|R, GDPR 5 1Al &
5 e A= A9 gtk

AtolH] FA: GPS &3, ¥¥ %, DDoS 34
ol gk tf-g Wto] w5ttt
EEAQ 719 dlolH ”7“51 _HJO

Ok} O} EAL

A= EHAE op7|HA 59 Azl Bt 71aZ YAE
Eflo| Felste At %RO}E}.
415 #Z L Q= HA
Hxd EQ9] Hrel A=/dS Aol AAS %
HEo] BEsirh iR A7t A40] Aoz
d AZ(Proof of Concept)ell HESIL™, 7|7+ AA
2+ BHNA9 A AHElE e Aol
B9 olE&
ohrst 3 2ACVE, AR, 1H)oIAY HAE
g9
< ST K, B4 FE) AP ojHE
« A @7t AR B
+ Q5 TR BA:
* BT F(FAA, EASA)Y] HAE EY Q15 71& H|
g4
< A T HHEE B
* A 24 =FHARL A HAE EY vs EF] EF)

NASASH 22 &3 7)o fAd EY A3 ¢
QlZ(Verification & Validation) &2 AFst1 9l

o}, EE #okzd] 2 27] @A

s Mg 3718 HAHUS
= g A3Y 5713 dol, AT
& A7 dasitk:
* BoelE 7N 54 7] 2Ask =29 H AH,
HEYD F4, W] IF 5 s 2905 1st
AAREe R ShEthe Ala
AE AR A A 7H9] Pareto
%2 g4goltt.
* 9l& 7|9t AAA 5713k LSTMOIY Transformer

2dS ggoto] =29 vl AHE o
83 WeP} o dE o ARl 5719 & 1% =4

s .
- AAE Q14 Bolek AR SHE, B, 29,
B4 ZAEY, 29, A%, A, ¥

v}

o et 5713 e AFow AV

A28,

4.2.2 2 CXY EQ O

iz 52 Y E
g3 A7t Téﬁo}E}-

c A2 gxgd EY 1R JE SR EY OB E
Z3 AA EQY 3AF X2 A4l Boks 2
3, ZF ASolA HESH 45t F02 FH

O

g

AF
+ A3t sk5(Federated Learning) 5% 2+

YAe Eglo] 2ol sirela 5 A
A, B4 RolE FolANE A
;L—aﬂ

EEAI 719 e e 24

oq oo A EY 7 A
W7 o]¥g FgotA 3.

EFIF I
om_ujg

¥ &

o
N,
m1>
flo
ok
oo
Ol
ol

oX,
o
5
e
k1

|

e

4.2.3 =2-00|F sto[EZ|lE 2E
Sim-to-Real AAE &°17] Yo & 7|vr ezt
glojg 7|8t Hdg Adlsk= A7t 8otk
* Physics-Informed Neural Networks (PINNs):
=9 HAS &4 o] ZAA, E9F A
UHESHAA L ol 2R E Shgohe AAT. ARt
H Hel"HRE FEtt A& 7hs
gAd EY A7} BA(Self-Calibration): AA| &
£9] 28 HolEE AEH LR fste] tAE E
9] gt E Ao BY. dE S0, wiE
L3l W & FAE AAZtes mdo b
- =23

A&FsHUncertainty Quantification):
gAd EQAQ] d&o 4= #HS AlFoto], QAt
2 Al 98 18T 5 A= 3 Bayesian
ZHo]ut Ensemble WY &8

4.2.4 HAIZt Old BfX| & Ol RXIES

gAd EQ9 A4 714 F SRSl A& fAIRSTE
Itk A7k " gsith:

- thHFF AJA|Y oA BHR]: Autoencoder, Isolation
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Forest, GAN 52 &-85}0] A} 28 mjelS k&
31, WAk ol JEE 270 A dlE B0,

LE 59 Sk AHER HSE Hjojy npRE

3-59 A A=

gAg EY 7]“1' RUL(Remaining Useful Life)
A% =9 7Iv 43t E‘EJ_J—} dolg 7|gt A&
Agsto] REo 2o} & Ags| 4. O]E 5

off oA {RES dHS ﬂﬁﬁ?}

Arg 753t Al(Explainable AD): o)A ©AYU 13

dEo] ZAE YA} olsid 4= YEE AL

SHAP(SHapley Additive exPlanations)tt LIME

(Local Interpretable Model-agnostic Explanations)

59 7Y 28

425 BFEst H QEAA

A1l o] WA Sl

MEp| 7
oo 0B ool

Basi

« 5E XY EY £ A4 IEEE, ISO, ASTM &
HED) 7|2 FEsto] B2 tXE EAY HolH
g <l FolA, B7t ARE EESE 53] UTM
A L") FRbE TBRt #Eo| Algsith

2F 4~ nF YA /i Yareshe et al. [2519F
22 QEAA FIUE Sfisto], ARt At
7b @A &8 £ e HE mYdea 4=
PX4, Ardupilote}e] ¥&st &3 A&

WA WL Elo]EAl 15 Thfet B O’%', g x
A, 9F AU eE xel= F g

olg & ¢1EE A5 A
7k

AFUE 719t 7 GitHub, ROS ARFYE 52
kel g M nd Aele FEe B8 A8
Ho|HAE Sk o R EFe &4 .

426 2ot Zst A
A Bt 71se

majojA| B3
AE B Yol At

Zasith:

- A% 4ot T2 EZ =29 Aok ARy AYS
1 A A58} IFAES-GCM, ChaCha20)
Ag. QHIEE 5ms o|HE FHAletHAE 73
o ®Het AlF-

ol FE FA YAE EUH ET] 5E 7t AbH
EYXE AAZEe = 3HA|ste] sfFolut AlA 9
B A AE S Hold A A Al AE

JZi

[10]

[11]

7.

25 ZatolHA|(Differential Privacy): E&0] 4
A izt "olH(RIA, e S/ ol A
€ HT kojz e B9 $A4 78492 A
SEA 7ol A BrissA o

A2 EYAE op[HA: BE §AZ 7|24
A=A Fa1 AEHH 07 HFTH= H K
& EE-TAY EY 7 2E P50 tisf <
gt =2l

ﬂlo
P
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