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ABSTRACT

When drones fly in the air, they must broadcast their identity information, location
coordinates, flight speed, and other sensitive data to the surrounding environment.
However, ground receivers may struggle to receive these broadcasts reliably due to
various physical obstacles in real-world environments.

To address this issue, this paper proposes an automated sampling process for real-
world geographic data. This process is used to analyze the building data of Taipei City to
determine the distribution of physical obstacles. Numerical simulations are then
performed on this real-world building distribution dataset to derive geographical
characteristics for different regions and altitudes.

Furthermore, this research investigates the integration of a Concatenated Code
design into Bluetooth Low Energy (BLE) broadcast systems. This design combines two
Reed-Solomon (RS) codes with an Interleaver to handle burst errors that lead to
information loss during communication. By leveraging real-world map data and
numerical simulations, this study derives corresponding recommended coding parameter
sets for specific geological characteristics.

The contribution of this research is an automated framework that, given real map
data, can model the environment to obtain building obstruction data for random flight
paths within the area. Based on this data, the framework provides corresponding
recommended coding parameters for a specific area and flight altitude.

In simulations conducted for Taipei’s Daan and Wanhua districts, the proposed
scheme markedly improved reliability. The results show that in Daan District, which has
a higher building blockage ratio (12.85%), the message reception success rate increased
from 25.55% to 88.05%. Meanwhile, in Wanhua District, which has a lower building
blockage ratio (6.38%), the message reception success rate also improved from 50.5% to

94.45%.

Keywords: Unmanned Aerial Vehicle (UAV), Remote Identification (Remote ID),
Unmanned Aerial System (UAS), UAS Traffic Management (UTM), Reed-Solomon Code,
Interleaving Code, Bluetooth, Bluetooth Low Energy, Bluetooth Advertising
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BN ) EREERBNCENBEETERNRENR - 858 LIREERINRA
1B EERIEANFEWRIRE AT AL R EENIRAIER - SR EFEAR
MBI E 2 EENIRATISEM (Reliability ) FIa/FH ( Availability ) PR1E -

LESh - RRAREEABWAZREIRANEEHEEEERZTHE - IEEIAHA] -
EFBEHMEZEXZELE ( National Aeronautics and Space Administration, NASA )
Bl FAA BRETEAE AR BEEIE ( Unmanned Aircraft System (UAS) Traffic
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MR - AR RR RS MR - EP R EIR A DEARE
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5] - HOEEEAMEREE Remote ID FFAUHEZE 4 ( Confidentiality )+ TJ 2B38 0
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. . Bluetooth Broadcast Payload (Ps)
Broadcast Message (M) _“« e o

’*.” BABRATRE (V) ]
Outer Code Inner Code .
Interleaver
Encoder Encoder
Reed-Solomon Code 1 interleaving Code ~ Reed-Solomon Code 2 :
(n1, k1) (A7) (n2, k2) —

“This is the message
that needs to be
broadcast via UAV,...

a5
This message is a little
bit long,...

The end.”

P AN (1)

RATSESE(L ) !

! I
[ Outer Code H Beintat H Inner Code }_‘:
Decoder SHSHEAVER Decoder

Ground Observer <

B 1.1 BEBEREE

L1 BEEBRZAEE BPARTNBARRSEEBES ERTEEIE

RABF - A 7HAEoESBENYIERERR  FAIBRRETHRIBAE  BENEE

EHT - UAEWIREREIRES %  FZ2NTHRESRRE -
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Chapter 2 3 RAERE

REBNBRHEERINERES SRR EFN  TBEUES - BAK .
BEREBE = EEOS RRENG -
2.1 EEF (Bluetooth)

7 ( Bluetooth ) E—TEFABAIIM - BRGEHBAR (BE2 104

R - ERINERBRARECE 100 AR ) BEEHEARRKEZBEEREE - ©&EY)

al
3

y TENAREEMRAZN  RECKEZEARIERE ZBNERHE@AN
HEZ . SEFH - FRLEHN B - SEZERANEERERES -
EFIAMEBZE S ( Ericsson ) IR 1994 FEIZE - HARUZE M RS-232 BUE4R -
ETAERMH T —ERRE BTN ERBEN L EEABFaNREYE - &5
BREARIWEES o LI G858 - B 2.4 GHzISM ( Industrial Scientific Medical )
Ak EEEREZIKNEREBARENRN  BURIEEEFZHMEENT
B 00 Wi-Fi MIXFHERS - AL - EEFERA 7 IERpR IR - S BKEE 1600 K -
PURI D FEBAIBRERAVIBEM -
EFREBBEV—EMES piconet AY/NEARFEAGE - £ —1& piconet & -

B EERENEZ CLENEERSE - TREZEGIFTAERVE - MitRERBERELR

I

Al - e BER FEERED AR - EMME piconet EAR - FHEP—{E

R

EEIRF{ERME piconet FIME - BB LIEA—{ETE R scatternet Y EEAAIES -

mE 2.1 -
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Mobile phone

Mobile phone

Scanner
Slave

Videoprojector

GPS receiver Slave
Slave

Media player
Slave

Piconet Piconet

|
Scatternet

2.1 EEX Piconet £ Scatternet A8 IR REE [5]

BT —7EfE %A SSFH ( Spread Spectrum Frequency Hopping ) BYFZ1ii 2186
DFEANIEREHRAIZENY - SSFH S —BELBATIN - ©RBE—RIIER
PIRERPAIBARBEWEE - (EMESE —NWTRIREDFZERZIDE - b9 EEF B
RET7TZELREN - WNENEE - DUIEREENZ MY -

PEEI TR - EEF R AN EAEEL - BRICSKBER T 54 hiA - ML
REHAMRAE - B 5.0 RH T ERNERWEE (E/EEMEHD  EF So0NERE
O] LUEZR| 2Mbps @ BRES 42 RRNERENME ) EANEHEERE ( HERNEE

42  HREHERITSE 4 15 - EIBBIRIT FolaEES 400 AR ) BESHIEREN

E

BRE (ERARNEE  FHABES 42 M 8 &) UKEEMBEFRE [6] °
MEEES 5.1 PRISIA T OIS KINEE - SI8H A 2 F 4 B A S0 1 2 T 55
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M7 - BERAEF R ERWRNVAAEAE - BT 5.1 WEBRHERINEN
HMEFRENWNE - EERYREREEURAERER eI ENEREEHE
RARBNBIADER [7]

B 52 BIS|AY LE Audio RUEEMEMAME - LE Audio ILFFZEE
BREREA—EET &% EERE—EALEUUAREEHEXIZERE .
HEZERFERETUG S AEEZIE—EZUWEES - T LE Audio AT HH
LC3 ( Low Complexity Communications Codec ) #Rf5 - SR HESHENRE -
W EINFEE N NEME (8] °

EFS3E—DTWRA FTENTENSENEZEY WHEEBBRNEELLK
IH¥E [9] - MEERMRNEES 54 2 - RIS HEFNEEINEREE SR
Bt - BUIERTIE T EEX AR ES ( Periodic Advertising with Responses, PAWR )
PURIZRESEIE ( Encrypted Advertising Data, EAD ) [10] °

BLRERR FESRIEESnE A ENEROTISFEKR - WERRNEUE

cap

&SRS IERERIER

2.1.1 BINFEEES (Bluetooth Low Energy)

Bluetooth Low Energy (BLE) - @ —1&@ &t ¥H{EINFE a2 R P ag 5T RVIEAR B AT -
BRE 2010 FWSIAREF ZOREH -

BLE RUZEIR O] LAB 2! Nokia RY—{EIE B - & #)#HE / Wibree  sZIBH R 2006
FAFA - Wibree SR % —TELLE RHRVE S i1 E 5 BRRAR BT -2007 F-
Wibree EREESF 5 BRIz / VA ( SIG ) & - E— S HE&RAZER Y BLE KITAVFEE -

WAERBEET 4.0 BRI —E D HKIET ZEh -
10
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BLE MZOBBIEREIEARRE - DEBHCEN BB SRR
BIRE— - 164 - BLE REEIRSERE TILERERES . RAEEE

AT ZWIAEE - BHE— DK 7HER -

Application Layer Application Layer
Generic Access Profile (GAP)
Generic Attribute Profile (GATT)

Host Layer

Security Manager (SM) Attribute Protocol (ATT)

Logical Link Control and Adaptation Protocol (L2CAP)

—J Host Controller Interface (HCI)

Link Layer (LL)

Controller Layer
Physical Layer (PHY)

2.2BLE Z2#E[E [6]

2.2 7% BLE BUZR1BIE - {EEl 2.2 o]LIE L BLE EZ2H={EEf A/ - 25l
7Y 2R B ( Controller Layer ) =#%&( Host Layer )E3FEFR /& ( Application Layer )°

IR & N AMIESIERYIERE ( Physical Layer ) 138452 ( Link Layer ) 2B
Physical Layer B B4R 5 EHH - BLE 707 40 {5858 - 55 37 2 39 [T R ESHR
78 ( Advertising Channel ) - FEZE8EULEE Advertising PDU - HERH 37 EESE R
#8%8 ( Data Channel ) FERREHER -

Link Layer &= Scanning 81 Advertising * 2 ERWIERE R EE - IEENTE
% & 8UEE JT ( Protocol Data Unit, PDU ) RY$RZHY o
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FHREMRZEGRE 7S - EAESEZEEEEZEHEILEHE ( Logical Link
Control and Adaptation Protocol, L2CAP )~ ZZE &3 &3 ( Security Manager, SM ) ~ &
17 E( Attribute Protocol, ATT ) 78 F3 B 14 5% E4&( Generic Attribute Profile, GATT )*

BFIRHRIERE1E ( Generic Access Profile, GAP )« & 75 A& EREF TEERIE
RE -

BLE WIFRBFrZENMERDN | BEEANEEEN - TEEEXT
BLE XETHUR OV EYBNEREES  NESIBWAMBEEN - SEFEM
REENFRIULFHNLEFEENFENERENRE  MEZEUFANE
- BERAEEFEFEEN—TEENSN - MEME BLE REREETERE
MEERIGEE BRI EEEATREEEERN - EEEEAT mERES
B —ERFARN SR ETERBT - BEEL THERBERS - BIHARER
{EHREES -

BLE BHMWERNEBRZER " RIS ( Service )s M 451 ( Characteristic ), &
mMERES - —RARE 2 —AINEE MBS UNES - Al - — &0 R ERIAR TS ol 5t
BEOESH  BRBUEFMS - FUEERBIH—EZEEN  FR7—E
BENERES —HEHBENERE - SESME A —EME—RY UUID (BAE—=5
W) DIREZHEEN "B (Attribute )o ( NEEH - BA - BHZE ) -

9 BLE REAAERERELR A - BLE ERIBEERZOILUA 4 @A
RITHEE : T &3 ( Broadcaster )i~ " BiZ2E ( Observer )1~ " PR ( Central )1 A " &
32 ( Peripheral ),- ERERNEEHOBE R XESHIBEIEONRE  ELRTE
o385 - B ERT MY BLE RE DU HBEENERERE - BAEEKEERE
R FERE - TP RET - BLE £ E8E598IR BLE BERBENEERBHRE -

12
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W EREEERBERIERNEY BERFEEEZESHFENRE BRERNR

5

BERRBEERNET - WARFEHRPRBEETERNEEHR -
BEMEF KIAELE - BLE ERIFEMBENRREIER - KigfE 78R - £H

BAERRRAETESMEER/ R E LRERERE - 5 —RIrISIA - FRL

[m}

TEFRMEEZEE E2FH  SEXENLEZEHSEGNEHER -

212 EFiasRE IR

HES 4.0 MERPHEREEEEIEZBLIN =& [11]:

1. 1/3 rate Forward Error Correction : S{EI7TTHEE =K - HId - MRIRIA
T 1 ARBENUIITEEE 111 ; IRRBEMITE 0 - BImBRNA
ToEEFE 000 °

2. 2/3 rate Forward Error Correction : fEF ( 15, 10 ) ;ZHA#% ( Hamming Code ) -
mAEE - IREERRG 23 - BRREBERES 10 Bt - BI4REEE K
& 15 {Efusc -

3. Automatic Repeatrequest (ARQ) : & W7 W R B0 i8R 2 86 2R 5 (6l
YNiEE CRC BEMALK ) BEEEKRBEHEEZIE -

MEETEEDNENERBE I ERFIIZRAZEEEENAT - HREEHE

EHFERE (Master ) FIRF@FTAMRESE ( Slave ) FREEMNITE - fEEAZEBIE
FIWERT - SREHIEEWMAURBER - EEBERT - TRETALE
SEpkERS FEEER -

ARBEFHEASHRIEY BESEAREHNEEVEEERERYUNEEH -

EEEIEREE N —EHEEERRERNERETEER ZAEZE NBC R - 11E 2.3
13
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FR7R

broadcast message
broadcast packets | 1 | 2 M
1 2 '
NBC-
1)1 122 P2 P M| M M
> t

23 EFERBRINEEEERES [11]
2,13 EFiEfEH%

Eotr—ERZEG =S - BEEREMNZBNENEEMEMNERRNRTR
ol SetEls - ol DURBE B R INRUER p. RRAL [12]

Drer = onS X poperational (21)

H - poosm MW ERFAE ( Quality of Service ) ERBIER « poperationa AT
AN E B O ARV © Mpes X ATLAFRIREY

onS = Pcorrect X presponse X Prate (22)

HP - peorrece e B W RIRIBHR R IERERIEER - posponse = RIERFE B S05ERY

B © p, o EENESBENENBERETEHME - Elip,s :

DPret = Pcorrect X presponse X Prate X poperational (23)

FEHEAENGRINE  ZRESEEHAITHRE o EY  BREMEBER %
E—R - MERERFENEEREENSAoEENZESRIEEETE BN
TERUBEEEH EANEEUTP LR - BT URRUTIE RS HEEE M

SHEERE -FIL BN EEBNEZANVIRER - peorrecc e RERRY [12]

14
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BT8P esponse * BRRSIAT — B EE B ENEE A KT ( Extended-
ARQ ) RIBFIEEETER (RSS] ) BIEFAEEEFEHBENEERE - LEXNEE
BB EMRREZ ( Throughput ) [13]

EPcorrece NERD - B IRE R BCH (15,7 ) #5 ~ Hamming ( 7,4 ) #5640
Cyclic( 15, 11 ) #5347 Hamming( 15, 10 ) BSA9MRECN = - 45 R #7~ « £ BCH
(15,7 ) ol DU sARR R A ER M ESHHEE - BIEUEREIEN - Hamming ( 7,
4) BERTRELGENE R MIgERHE—ERIEERIEFIBET] © Cyclic (15, 11)
AT RSB RENERR HEBIERNTER [14] -

A (ERINGEES (BLE ) EEFNOEN - AMRRL FEREREZER

SRBR BN EEH X (PDR ) RETEEMBETMAIEERZE ( Channel
Blacklist ) - MUREREIAFAIREE ( SNR ) RIERENREE AN PHY EXXHE
B FEFAEEH ( Adaptive Frequency Hopping ) [15] °

M4 7 2HTEAEE BLE BB ARE AR EY A E IR ER _ LROREMEE [16]
IR T ReliaBLE FI2218 - R EERBRBREPH TR AR BESEERA
SEERWHE  DURACEIRREIE -

22 B|BMAKRZBEEIR ( UAS Traffic Management )
MEERAKTMNESDS EEABEERRERAR MBMHTESEDENN
REAFPESHEMAL - 28T - BREFEWKETIR ¥ —2IKE - Eh R RA0HE

EIMTRERRZEPHRTZE - SHENMEEEMPICESIRIUESEERTT S -

15
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22.1 BMABRGRBEEE

REHEAMNZTZHEREREE  NASA i 2013 FREBAKRARIBERE
(Unmanned Aircraft System (UAS) Traffic Management, UTM) #BURMEAEZE [17] - B
TERRZSEREARNRITEEN 5075 EETT - ZAEZRN 2015 FH FAA 1 - WA
E-HTEREAMESHETTEEER - 27 FAA BT EERET - &
AEZIBERN G EREE - 20 FAA - EAREERBES - A EREER
B IEZER [17]

FAA B3 NASA B3 E#HA UTM Research Transition Team ( UTT ) - #&E UTM
B SERERARMRRE ERIINABNRFARE  EREEE  DURRNAE
METFEMRERRETE - WA 2018 £ 2020 F8EK UTM EFHIZRE (UTM

Concept of Operations ) v1.0 B2 v2.0 - [EA2ERAR UTM 1BRET ST BAEs R A E ikl

UAS UAS
Operator Operator ...| Operator

y=E S, ~
EERR -
. Pl <h R BT N RN FL PN N_FL_N_FL_W_ W-ﬂ
UTM Architecture ! -I ; .
v2019.01.29 ,’ CoTDERE. 2

1€« 1 2 | 1
’ 8 8 ,
e ’ ! 3 5 ||! £ £ Supplemental Data Service Provider |

1 M (-1

4 .28 £
, |§ gaEsy ) A !
‘<o "2 n_. Inter-USS ¢ atiog Terrain 1
'3 S . ‘_:’ 8- Inter-data provider and coordination Weather |
lavahs .|L ..... ! communication and 'Survenllance "

coordination Performance
Flight « Constraints, Directives I
Information qu isi UAS‘ I
Management er Service 1
System - Supplier 1
. \ ;
“ Operations I
hs@ Constramnts

Modaications ]
V Notifications. ¥ l
I
I
1
I
I
I
1

Color Key:
ANSP F X Additional services 'l
and components Discovery
Operator Function 1 ::‘:::' h‘,‘;; Registration Data/Services
o] Authentication/Authorization UAS
; -

2.4 UTM Architecture [18]

16
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B 2.4 % NASA Fri2 B UTM 1E2R [18] - BB 7 &E—{E8 UTM R4t - B&E
BAIERENE AR FRIZEZE(UAS Service Suppliers, USS) Z BB ENH =,
PURRIR USS FAsT & o A# 2 45 (Unmanned Aircraft Systems, UAS)IE HEAYARTS
ARV E R HVFRAZAESS - 838 UTM - BAIRIEE - USS M FAA ZREIHEE
EEE)  DIEENEBRELDZHAREE [19] - Ho - 522020 21 2 UTM Concept
of Operations v2.0 - i 2.6 Remote Identification E2 & & 8 48 F3 & A B 2 48 5958 38 Al

( Remote Identification, RID ) HHIR BT EEE 2 MAKRMEE - 2REEHLE

MEREBIVRERNKLZZHBNZE -

I

222 #EAPEEHEHEES]) ( Remote Identification )

FAA fkE UTM 7~&E5T2] ( UTM Pilot Project, UPP )+ /R 2021 £ 4 B 21 HIE
NASEREREARGESNNERERE [20] - EREZKRBARBSEHR
2022 F9 A 16 HEMZEAK N RE B EHAIRINEE ( BER 2022 F£9 A 16
AEEERIETT ); BEFfEEEEAMRMEEENE - 122023 F9 8 16 HENEAER

BEBIBFLEIRS 14 B5 89 #® ( 14 CFR Part 89 ) RUIRIEEK -

17
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RC Model Aircraft
Broadcast UAS Networked UAS (Intent-Based Network
x F Participant)
4 % 4 4
Control Link . : .
(2'Way):' \\\ .'. Contl'0| Llnk .: Control Llnk
\ S (2-way) : (1-way)
‘\ S
4
~— —
Uss Reported
Interface Operation
Operator Operator
Y Y
|
Requests —
Interested 1 TEAVESH— > USS1 |e----- USss2
Observer Data =
. Remote ID Net-RID Service Net-RID Service
—dmm Display Provider & Provider
T e [P ReEE - Application Display Provider

2.5 FAA NEZEEFEHBIFERBIE [21]

HRRBEEMBT Sk " EEEAMEERARDREBEESR - EHR
EERE 115 FREDEHENBAKELZBGIARAIINE - ZBEFE APP SAi0JE
BAKSEERRT -

BLERENZOEREREABERTREENKBERES B LENH - Rt - #
ANREZEFRTE - FESEB RID EERGTEMHINERESNERARTE

all - I HZBESO 1 B B E AR EBIEE RIS - DIE T ER

-Ilﬁ}

2E N RENBES
BHRAERTHWERNEESER

& 7 HER RID BES0 B RO #HEI - FAA IREEA I LUEHESF L Wi-Fi %

METERE - 2R Wi-Fi BEESZENEEG@EEY - BEE2 RID EFEEZE/)

SER - LREFNEERMZAN - RITAKZ BUR AR RIS E R ERET 134 -

18
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223 EAMIITHIEZHR

EEIFEARNRERRE  AVEEAKBRSMH R S =R

Hop - BEP—EDIZERF B Remote ID AIEMZEARFLARE - HRE

Remote ID NEFEMNE P FEZEMEARBRENER - 2BB I LURPIA A ZIL
BAV AR AR (Public Data ) - LUK FEEB RHRERE Z BIRIAAIA AR

( Payload Data ) %%  ## %2 Payload Data # A /0 AT - EMERSHE A E

p

BINREELZHE  HILFFZMRARARS FEAREBEABNENZE G20 L@
AERSIMNE - RITEMNE RS -
n22]% - EBEFERAERNERSE ( Ephemeral Pseudonyms ) #1TERE - 1 H
BREREZHENEERAAESNRFERMEEEUT  BRRABZIEENTHES
SHEAMMWEESD - [23] £ BIEE Camenisch-Lysyanskaya Signatures [24]
PR Derler-Slamanig Signatures [25] © £ Remote ID BE#9EFFZBENE=FH
( Trusted Third-Party, TTP ) #BETHRERE - MEEHEARREAERRIA]
’h A—MBEREETHRNRSES -

[26], [27] RI2EEZEBEIE UTM %45 Blockchain 2248 - REHLERITERHERE
BERCY - [26] FALIKIS ( Ethereum ) #5 5 A A BL A ( Crowd-Sensing ) IS TR E
I UTM B9ZR48 ; [27] BB Hyperledger Iroha 2REAGFRAMNMRTER - WHE
HREE A BEERAEMN Remote ID HEIRHE FRIERMELE - HHEITIEEE
BARRITEESAOMER -

HtWRRI R ZEEEEAMBEZE Remote ID WIERREAE L - BI26EF - ™

FE - AR BESE - B EBEAITERS - 1 (28] B8 MATLAB RIERE ARG5S

19
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= 1§ + &% LoRa ZK/E# Remote ID F 5N oIS EREBEEHE -

III

S

2.3 3E7E#R1S ( Channel Coding )

BERBEENEN P ARRERBER2RRIEHBE PIERF ERRI -
HEAEZZEEZREE ZANINILERNR - 1EmEZEVIRESEBERINIIT

ERfETIER - ERERFEENIBERN FAUIERERR - [29][30]

2.3.1 $XRBR#S ( Erasure Code )

PRERHS ( Erasure Code ) @ —T@RBARIE T - TEZRNREHEEHNBRES
AEBERE RS EIERFIERRER3] - KRB EBERBEH ZRIAITERE
- B EWIREANEARKREEIBR R AHENEHEL N EREEHBERE
PRTIERRVEE

KRBV TEREEEGREERNDEINSEERNRE - WEE—EHENTT
HRERE - BENBNERRESIE—MONRENTHRER RESRBRET
EXR - BEWIRIRABENERZEERRBER -

SRR RIS F IR E2-FhZEPTHS ( Reed-Solomon Code )~ BEE

ZFBEREM ( Low-Density Parity-Check Code ) &% ( Turbo Code ) - ELEFHEE

AESUBRMENRIEREIERE N M ES ERARE P SRIEZER -

232 EE-FrZEF3MS (Reed-Solomon Code)

BE-FTZEPIIE 2 —TETE 1960 4% Irving S. Reed 1 Gustave Solomon & Y

20
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IR I BB RIS [32]  BRERAMREE ( Galois Field, GF ) BRI Z2
w775 - AREEENE BRI ERETENES HPER /M INANZOEAM
BES  THAEEMEES Naeiftl RBFE 578 2kE . BEEEE
UTRMRITE -

HZORBRE Bt BRBZENRENEDEN—HERER k NEMTE -
BIgA(mo, my, -+, my_ ) EEZE R E k BEASH - BH—REBRIEGF (@) LERR

AMEZERAP()NERE - ENWH :
P(x) = mox* "t + myx* 2 + - + my_,xt + my_x° (2.1)

IENBREEGF ()B—EEE ¢ BTENBRHEBES( fitlg =27 ) ¢ K
MEZARBHIAN R EZAREBAXEZZMETE - Mx KZEXNEE -
HEZEEARECF(q) -

P(x)2—EHRBASBFMAENZIRY - BEERESRIEGF(q) - HEER
H—EHRENFENAR(#E ) BEN—(EAEEXHEHBUENZIER  BEE
SEA k-1 WSRANER - REEAES k ERNVENREZZIER - MBE
ROREBD AR U BRAO SE R BB IERE N AR -

ARISIBIZ A ZIEEVIEGF (@) LR n BARSKRER - WEEP()EELER LHIE -
RREFNEn B EER - BB —ERER n 55 ( Codeword ) - X n K
Rk - ZHRK (n — k) BERFRENRIUEREN -

IHETZANBENEASEURERNERHERT - seABWA EEHB
ROEEWER  HEAREDAENEEREER (Burst Error ) MBEHER
( Random Error ) WEBIHE -

ERMTEIR L - BE-FAAEPISERSIEIREREE - WBBENFTRNS

21
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IARETIUBRARAS - BREmIS D TV RT E & EE W - BIEERD — B 2 U5
(symbols ) FUIER T - HEEE ZEIERBEIE -

ERGEES k B ERBBEPZIEMn — k ERFRRERERES n
RARISEUE - RwiS1E - JEBILRMEEAIE (n - k)/2 BEEFREZRN (n — k)
FFIRREREARR -

A FTHAE fE BABRFE P EY - £RFH Python B9 reedsolo FRR N E B FRE-FAZE
P985 2 4R IS BRI A2 - ;2K TUELL Cython BIEABIREBESR - U EARA/NY

BIREEGF ()2 #33] -

233 XiEHS ( Interleaving Code )

AR TR E LRI - FEBEHEMAERE LS —HEER  EFMAR
BOREBWBREPREBERRVIEN  EMBINEBEHATEESN - Bzl
BRESRBENRIB I EERAZENRIBERBNZE[ LK "6 WE -
ERERBBBRFBEENNE "9, 2MRERSLENFID - ESEERIAEE
EREBEERAZEERE—EF( codeword ) 1 BIEZEARABENIRITET
B BRCRIE R B IEB R E AR [E B LD BIRVEERR « (e M IS RS BB
RRSERRE IEREI[34] -

REEMAE—EEZRNSH N - 1KFEF Interleaving Degree - EFRE(EREE

ISR SE - AR N SEEBREHFPHNEREN - WI9TDHEERE

B

MR BERNRZERNESNEERZER BERTIHHRESHERIELE -

I

EREE - A ANMVAEBRKREERZERAIIT - A EEB
AR IR AR = E D - MERRFRB AR ENMAE R - B REL

22
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A ERSFREENFTRIATRE - B0 ERRENREBEUR [35] Bt - WAZ
—BREIMIR N MBEZEFHHIMR - ERMKEBERABREEEESHN N 28
520 -

ERER L RIEZRBEMNISIEEER IR PRRTIRAREIRN - ME 2.6
B—#AH 16 ERFREPAIAKNAE - EhBNUERRS—HEEF - RIS 1 2 4
AT . /RS B S A—AETF - DILEEHE - 1B 2.6(a) -

HIEE 16 ERFSRAMAA RIS FRAES BRI p —4r0a5l - WE 2.6(b) °
BE B -—ANFENEREKTIRKFILR Interleaving Degree BN ( ULEIHIZ
Interleaving Degree 7% 4 » BIZRINBEFRE ) MAMNFIIER - S5 —HH
FHE _ERFRIKEIMAZUIF RS - DULEERE - 08 2.6(c) °

BREREIHNESEENBRESD 4L 7 EERNREER - E855% 13,2,6,10 &
RigsR  EEPRIEERRYZ - WE 2.6(c) - ERKERERNEE - FUILEERE
BUREESR BERLEONE T ARNEBEZD  £ESABFZERE 8 —ER
SREVEERR - WEl 2.6(d) -

EBABFOAERERRECES 1| ERH - AIHEEERE FiEEER

% - IR ERER AR -

23
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@|1|12|3|4|5|6|7|8|9|10{11(12|13|14({15|16

10|14
11|15
12|16

(b)

O|IN|OO| O

APl OIN| =

d|1}2|3|4(5|6|7(8|9|10(11|12|13|14|15|16

2.6 RIEWEDAEERNEE [36]

RSET TR E AN SR B IS AN B IB-FRZEPIS A S NS - D LUR KR RAVER
RAEREN) LEHEEREBEGENEFERERPIRRLE - e ERIRRIERIK
T MREBEBERNWTEY - BASEESHEBERE  AEESIRTENBRERT

ol IRBIRIGRIE - BERS Bl AafniREEMalsEtt -

2.3.4 EBS ( Concatenated Code )

BISEMRZARSHEHSMANESIURIE S - B Forney /X 1966 FIRHE
EIRAEZR[B7] EEARBER —EHFEBNHLEAS —EEHENBA  GomE
ARASTESARR E IEBE NN ARG 1B 5 E 2 R S o - ERAVAEAE 75T M N £ %8 o
SMES 1 PSR (2 B RS B R RS ARSI - S R fE FIBES0 A AR A BB 85 SR A0
ARAS T - AREEIT - TR ERHAEIMERIB R RV IRFS] - BRZFIIEA

A BEET —REN -
24
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MmERIHEESIHRE  RIFEHAREREE  RED BRI RET
E1E - HEBLMERN - BERIZERAITTIREER -

SBESNEMER  BBRMENFAESBRAUERNRE - REBRRIGERH
MHEE - BRRBERREEREREIENG  #HRAERRIYUSEEATE - A
MEAEE#ENSRERRRESREEIEMN ;, MEMBULIEARERARE
BN - RISHERREREEA TR EARESTEEEEEURARENZIENRE
g E -

BEMRBRE RN SIS oItk LHERE—RIS  BEBSHEEE
IRBRBNER - BERERISEME]RT] -

FaRFEEREEENATRES 7RISEHE MBS NS EIRK
HLRZE B 2 IR RIS - B BRETERE - CD & DVD BRESSHRAM S
BERIAERME SNEE  EEEENFRIVER - B CD WARISHESIIRA
Cross-Interleaved Reed-Solomon Code (CIRC) - &E#E#F RS(32, 28)E AR - BEA
SMSAT RS(28, 24) Bl - AR B EE-FRZEPIE LUR B 2R 35573 (38]

DVD Bl 2#%F Reed-Solomon Product Code (RSPC) - 71§ & BV B 1E-FrZE IS
AT TRIEN - IRAIS A RS(182, 172) ~ 75 MEEEA RS(208, 192) - IAEES
Bl B R ST RV SR SR EE AR IR IR [38][39]

TEMARE - EHBTHWERT NASA FWARTZHRZRSTE - 0 MBR 1 %
( Voyager 1) ~ M8 2 5F( Voyager 2 )FRZEERAIZE - ¥t 3RS p/ 0RO B EE
BI#% & &8 ( Convolutional Code )FAAtE - i 45 & BRE-FRZEFIBIFRINEFEH

[40][41] -

25
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Chapter 3 WRFGIE

AT BRI AE S EE-PTEPIB T NEREEUEN (0 EF ) B
& DIBORE A A ZE PRITERRIEHYE 18 EEN SR - B R AR ERNSR
SEREENERY  TEEMURBERPINSEANE  BERRBFNEERER
5 HEAREEARNEEEENZEZRS
ATHHEEAEREYZENRITREETEENHEESE - AL 7T #E
AERITIRIZENEZEM D HR2LEN - B 7 RMAR LREZEY 2 HhEZE o HiE
—HNTROEE - KRR BB HBCE R EA MR CBBERY D M
B o
B VETETNRNARIN - BELHEXIMRBREZEEFLELUTMERE ¢
1. FREERBAERMA EEUSERT  HRRMRITEREs& - BRI ol %
EEBREFNIRRBRERE A -
2. BREARRNINRERZANESURBEAENGE (N EX ) E17
BIEEE  FUEARABEE R 28I EE -
3. BREARZEFENRESMEZRENERZE  BBIEZREYIH
BRERIR - ZBBERZARFEERXR ; MERAREE RS 28R
& - MR AV E B M RO B PERR - AU RZ A B ER AV AN 5% A% BE 0 ST EERUAK
h E U RN -
4. BRE-BRBEUREHNEEEZFERNMAE  BARLGEFTRMAEER
AGEEERYIMAERT BEEEFFRZEZRZYEENEBR  BIY

MR BRI MAR Z IEIRF -

26
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ABMZHRATERLRBTREMRI - BRENE BB ﬁﬁﬁ’][‘aﬁ?ﬂ%

/—\i /‘

WA EERNREENBREZER —ERF 24 Hd ﬁA%ﬁﬁ tﬁ%ﬁ’]@
Ko BAEAZERARIDEMRNRE - W%A%aﬂsﬁxﬂﬂﬁ@ﬁvﬁlé}j?&gﬁz%
EARFZRRE -

RTETERNER AR EAetTHZEEEUREETHERANEER
MEEETESENEREARENEEL T SLEBEBEEERAYNEE BE
HE  BEFEN SEEEHAKERVESERIGETER - DUBHEREILZRT
&g 2 &g -

HEEmABRITRIZEEED D Z 2B ENE 3.1 s EEENEBEA
EMRECAARRURERA B AL RS (B 3.1 PREBME ) BRMAEM —EERLMR
(El3.1 FER ) ZRETTMR LNERVERETREREZE  2REE"®
REYMBREZHR . (B 3.1 PABKRKRED ) 2 "TREEYEEZME . (B 3.1

DG EBERES )

3.1 MSEABMRTEREYRE 7B RSE

27
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BREA—EREBMUREN EZEEEERTLOMR - BABRGE FITRIRELCM
mEASEBERYROMART  BEEEEMNRXZEYEERER - BIo el
RE 3.1 PABLRERED

ZE PGS HERRITIRZEEYDITE - B S22 EFFEE - EME
ERHENESERIRERE - MA S EREERY 2 HmrUEREE - HABITREE
RitERVEE - BRI ERAVZREY 2 HIEERR - WBI AR ERB LS

S8 - EMBERABAREEMNRNISEM -

3.1 #HEEREYER

3.1.1 RIGERIZKIR

AREZENERTEZNBEEYERBETHREINER - 2EYNERKE
REERBIATREBLZNSHEENENHENREMERL - BBEEMFRE
AU (Digital Surface Model, DSM))& % 28 & 12 £ 2 (Digital Elevation Model, DEM){S
2 ; mTHRENEIDERRRE RN EBENE TRl & 0 EBUTE R F= LR
RERVER [42] -

DSM BRtR EFhEYRNSE - BFREREY) - &R - B1RF - oJLURH
BEMNMMESE - KMBEZEEIMRAERHN =4 - DEM RIRRETR

IIKRERBRMESE - AEEMR ENERY) - BERFEMYE -

3.1.2 QGIS itz

QGIS ( Quantum GIS ) E—AFHEE R ERMIBE 24 ( GIS ) &8s - 12

S8 AR IR 22 B D AT R BUB EE IR TOAE

28
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B ZFEMBIUEABRERTE  BENEEIZRYEENEE KR
BEaETHREEMEEMEIE - 218 QGIS NEBFTEHA QGIS Model Builder
FE 7 —EBE R TIERE AR EEARRTEENARE - KERYEE

WEEREURAKEREYBEENEERE - BEREBERBENONE32 -

input

Region Data

Y

Random points inside polygons

input l

Building Data [ Points to Path ’
Y

Y y
L% { Field calculator }
Y
{ Field calculator 1 t Field calculator W v
Total Path
Y ¥ output
Unblocked Path Blocked Path

output output

B 3.2 QGIS Z#MCMARIERY 2 MHEIREERIE

Z R A 8135 &2 1T IUE( Region Data 152 4 &+ Building Data )
B5% - #i8 " Random points inside polygons ; T B - TE5E & 13 A A= 5% BE 1% i 4 2K

HEERATIISRVTERAFIALE - 418318 "Pointsto path y TH - i§EERERT A

2R - 3838 " Intersection 5 LIK " Difference ;1 TH - RIS R FRITERICEAZE

ENBREB D FEEER D - RBFHZER " Field Calculator y TEFERE - &#&

29
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BEHSESBRABRITEREHNARE (Total Path )« WERYHEHENEBLERE
( Blocked Path )~ R#ZEPHIERVFEIE R Z ( Unblocked Path ) 5 — {8 H 45 2R -

#2MH QGIS ¥ LR BV AIHERIEEZIE ( Batch Processing ) B0l &+ #1358 E S
Althe EEXSENMAERD DM ZER - BB AN XIEERRBRE
FERENIW N URZEBER 45 ARMU FBEMZEEZERDTER S ):

Tl.csv

Begin | End | Line Length
1 2 2071.978

33 MABRTEENBREERER (Tx.csv)

33/BMARRTEENBREERME  ZERRBE-IER - H "Line

Length ; AICRICEBRRITELNBERE  EUR/LR -

Dl.csv
Begin | End [ Line Length
1 2 323.155
1 2 0.858
1 |2 [1s25583

B 3.4 RIEEYVEROBLREERMET (Dxcsv)

3.4 BAWBEENPERORITEECREERMEN - ZERZNEIERZ

"Line Length J 8l - BMURERTEERAREREZRYNE —KREIRIERH - B

BLR -

30
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11.csv
Begin | End | fid OBJECTID |x y gridcode Line Length
1 2 10910 |277333 |121.539 |25.031 |49 4.926
1 2 11187 |283045 |121.539 |25.0298 |47 11.454
1 |2 [11369 |286925 |121.538 |25.0292 |54 | 38.491

B 3.5 WEEMERNWBEECREER/MER (Ixcsv)

&l 3.5 BREEERORITEEREEREI ZERNE—IERZ Line
Length s #0I - BICRERTEEPLBZEZRYNEE - EUB/LR -

FZRL FBBINSZAURMRIENERSE - JUE—TRARMERA
EEERNEEY D ZIRITET O -

3.2 WHERER S

QGIS Wit RBEEE T - U BABEABEERAMBRETARSEMLZ

FHEEY DT LRLESHEEARSE NEREY 2 HER A NEl 3.6 F7R:

3.6 MAREUBEMEIZE

3.6 BB QGIS L APEH M AR BUBRVIEL SR - B PR EA KR E M

31
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HMEEH( 2R ) RO—BREBRER L( 2R HBIMKE ERTEE-—HES
3REERMAVMEE - oS3 3 RMAR ERZEVIERAORER(i, 1, i3 ) #H4R
RERBRERYBEFARER( dy, dy, ds, dy )~

AlzMma ERNZEVHENS 3 (B ) MG LREYFERNERBRE
B iLti+i (BR) ZMBRLERIBEEEVERNGZERBRERS di +d, +
dzs+ dy ( AR ) MR LEEREMFIERERG, +i, +i3)/3 - MR LRKBEE
MERORERFIIRES(, +d, +ds +dy) /4 BEIBEYMERRRARE
BRURTRRE - IJREIERERRG, +i, +i3)/L

M EE 3.6 (s - WE—REEERF 2000 EERE - JREZME
MM ARTI9EE - EHPANREENSIEHUASEAEMINSIETAZE

DHE - BEEREEEE FithE ZMARRE - FR31ER32:

= 3.1 altmEEMAREMBIRR

BmEE 45(m) 30(m) 20(m)
s R T8 B 5.7 12.73 27.91
Biis LR BREYBRSE

6.26 13.70 28.84
o8
Biis ER MBS BRT

87.84 220.05 432.26
BER(AR)
Biis LR BREYBRSE

9280.77 9166.22 9080.07
FBER(AR)
MG FHEEERE(AR) 9368.61 9386.26 9512.32
BiR CREMNTIEEE(AR) | 16.66 17.29 15.49
Biis LR BREVIBRIME | 148255 669.26 314.83

32
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ZFHRE(RR)

ER NREMAEEEIEM ;

MRWFIERE ) BE

iR F2YNEEREERR) 14.49 14.79 13.54
fniR L8 ARV EHMARER
2442.45 1618.81 1030.03
ZREZREE(NLR)
AR R 0.0094 0.0232 0.0448
EUEHe 2000 2000 2000
A% 3.1 WERFODIAZES "R EREYNFHEEE - "TMRLEREE

EYERMAARERTIIRIE o " AR Y FR IR

TR ERBREYERAVRRTIORRE o

RARERA IR ERE b
"figR D2

RITSER NEMEM FE ;" MR DRBREMERBIRER

ZHHERE BERTSEN MEMEBEE & SLEBERAEIIMNEENEE
RITSEEREHEE  TRNEREZFSIEMEBSHEEME D MEEHR -
< 3.2 RZ&FERMAREREIER

s E 45(m) 30(m) 20(m)
AR CEREYNII9EE 3.23 8.02 18.25
AR B2 BEEYIEMRE

4.19 8.90 19.00
M=
fi 4R _E 22 S Y P IR G AR B2 O

48.94 127.20 268.12
HREE(RR)
AR 2 BEEYIEMRE

2064.95 1988.83 1834.03
IR EE(AR)
e TmEREAR) 2113.88 2116.03 2102.15
fiiie FREMMTIHEREAR) 15.14 15.87 14.69
AR B2 BEEYIEMRE 492.65 223.53 96.51

33
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ZRE(AR)

G RN EEEEEAR) | 1204 11.58 11.70

fiR 8 B2 RV ER AR R

581.08 330.39 178.52

ZREZEE(LR)

AR R 0.0233 0.0601 0.1285

EUEHe 2000 2000 2000

A% 3.2 WERPOUERESR  "MELE2EYNTFHEE "M LSRR
EYPERNRER I E " A T REYPRERAENFIO9RRE (BEER
B FEMEZEIEN ;" MR DSBEEEYERNREFI9RRE - "TMELESE
MR E | BEERTSERN MEMEM MNE ; " MR L2 BREYIERRE

ZHFIRE BEERTSEN NeMmAEE R E

ELEHERBEIEMAZEBRERE

VEEARTSEZRBMEE  TARIHSHNEERYE S MR -

AT 3.1 PURFER 3.2 WEERT o LIRIR « KZ&H " MR LR BEE
YRR R 2 FI9RE | EEbalbmRBERRY/)
M- MPAAZENSE (45 ARMLE) 7
%, MEEXSIEMAIMATFHEIRRENRALZEN 4.5 BA%H - FILEMUM
FHREMIREL - AIERERRIR

8 TR LREYPE

RAR BRI RE L WARRR

- TEHZHE 45 2 REENM

5

TESEDN  RZ&ER "R LZES

S

B ailthEEBENRR - AEZWE

altmzERERS LA

PRI E

P(RLAs AR EMGSERS - adbmEE " MG LREYRFHEHE "M
R EREYPIERARRNTEIORRE ) 2515 527 - 87.84 - ¥ " MARTIORE
E  HIREEE - oJBEIa1tME 1000 A RMATEERER " MiiR LZEYHTFI9E

£ TR EEREYPIERGRERTFIO9RRE ) 2515 0.56 2 9.37 - MAZERE

34
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ERIMEES 1.52 ~ 23.15) - AUt oI DISRIAEALZBIZERY) - Fhl 2512
ENEY  HEREetmEzEEEESHNEE -

BB EZ IR - JUE—DBARNREY 2 ZIRIBET 2T ERS -

3.3 R1EE%E

AEIBNAEARZBENBESERMER - 7 ERE Iy 2t F 2 Us 2 0

BRERRFADAAE -

35
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UAV

Outer Code (Reed-
Original Message Solomon Code)
Encoding

Inner Code (Reed-
Solomon Code) Interleaving
Encoding

Transmitted via Bluetooth (or other protocol)

Ground Observer

ﬁ nner Code (Reed-

Solomon Code) De-interleaving
L Decoding
Outer Code (Reed-
Original Message Solomon Code)

Decoding

3.7 & m A W A2 E

B 3.7 HEEREEWR ZASEERER - B - £ VAV RERHYRE

FHE#ETTEE — XA Reed-Solomon Code #RAE ( IME ) - REB BB IEREITRIE R

15 ( Interleaving )RV ERIE - HEFHEITE XA Reed-Solomon Code #RiE ( A ) -

REZBESF( AEMBABE WEFEAERLE -

3 = W s RN RE T B R E - SR EETE —RA Reed-

Solomon Code 4% ( WA ) - #ZFEITRRIR$E( De-interleaving) WEIE - IR E

36
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[REIZRZFEBIRIAREE - EEHEITEE KM Reed-Solomon Code ##A5 ( 95 ) - BlI5E

RIREHEZEIR -

1,/2|3|4|5(6|7|8|9|10(11(12(13|14|15|16|17|18
19(20 21|22 |23 |24 (25|26 (27|28 29|30 |31|32|33|34 35|36

& 3.8 EENEREE

3.8 RBHINVRAME - ERERARNORNEBERER ARARRESZEX
ROMERY k 1B - FIEFZECH B RANMBRELZHIMER k BEER TR D ETT

IEfH( Padding ) - WM& 3.9 Fi7R -

112|3|4|5(6|7|8

9 (10|11(12|13|14|15|16

17|18 (19|20 |21 |22 |23 |24

25|26 (27|28 |29|30|31 |32

3.9 SME RIS AR MR R E

[l 3.9 /ERBRIVERNSE  NERBRZRIFREZEM PKCSHT FREETIE
o WEABEREE - 8L 0 fFAEME -

FEASERE - BIOl#ETIMER RS Code AR - BE48H% RS Code 28T
(ny, ky YROR/N - DB ARBIRIEEY) 2 AR IEEITHE R ( Code Rate ) AUFREE -
YnE 3.10 FA7R -

37
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(e}
—t
e |
—
-
o
@
-t
N
—b
(6)]
oy
(o)}
[ i
P
T
=
e
= o D
o)

17(18|19|20|21|22|23|24|Q | R[S [T (U |V

25|26|27|28|29|30(31(32(Y|(Z|a|b|c|d|e|f

33]34|35[36 JONIONIONNON o [h [i [i [k[1[m]n

3.10 JOASME( Reed-Solomon Code ) #RIBEMEIFHN B R

el

3.10 BIMAIIMBRBENEENEREER BT (n, k) B (16,8) 5
B -
—%  EREETHNEERIEFLL A, (Interleaving Degree ) REEHRRE A,

T SAE - REABRNARIGTREITIER - WE 3.11 PA7R -

119(17(25|33| 2 (10|18

26/34| 3 |11(19|27|35| 4

12|/20|28|36| 5 |13|21|29

a
ol c
o

Vv

Wi e HIP| X|f]|n

3.11 RBRIEHSE T EIEMR

r[ﬂﬂ

3.1 PR - B A, & 8 BBl - LEEE BRI ERR - RIUILHRFBETIESMS -

38
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1

9

17

10

18

11

19

12

20

13

21

14

22

15

23

16

24

Q

J

K

S

L

M

u

N

<||H|| B

@)

W

e

m

P

X

f

3
5
7
A
C
E
G

3.12 AEHRSAIERIEE

- BHHRERAOAER - BASH k EETIEMS - NE 312 -

3.12 AABRESIIEMAEE - AT RERIRFRER PKCSHT REETT

5 - IWEABEREE - IS A R - RILHFBETIER -

FEIRMEAE - N =P RETANEAI RS Code AR - BBFHE RS Code £

P (ny ky ) IR -

FHEE - 08 3.13 Fivr - BH L (nyk, ) 25 (14, 10) B4 -

17

18

11

19

20

13

21

22

15

23

—_
(o))

24

SO X|DO

NI <|[|T|Z||&||T||l @

o || X||H||O||rr||XIT||O

ol Ml =R |l

-

3.13 NIAAHE( Reed-Solomon Code ) #RiGEMNEEHN RN

39
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ST ABIRIEBR Y D AV R SETHS R ( Code Rate ) AY
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Bl 3.13 BIRMARGHEGENEENZREE - BR E—8FETREIRRE
FHEREMNRE  AEERRMEBNERTER SHHFREENMESETH
BRENDEIBZE (HERABABMELZE _EBRERE ) WESRDENESHNIRERE
(Header ) E1/RENERE - 20UE - FERWIRET S RENEWE - TEEBERIE L
IR RAER - SRRV EZBHENSNERRER MERBNHEAER

ERSotEETIEMER - ME 3.14 Fivk -

2129.6 14 2230.| J| IKTL] 7 [15]23

31.81624 32.MNO PlAl1]al]yY

NEEVEEENINE Y | (Z | a | b [(FEEEE

X[t]n]c[d] [e]t [ONf0No]

3.14 RABERDEEERE

m

B 3.14 BB RMABKBENHE U EF BERERK ARTFEERTHNEN
AMBREBR - MBI REZENREE - BPLUSHEK/NS 5 Bytes Bl -
EHEIEENRBENBRED BRIREER( W BBREYERMEEN

5% ) - BREUER THEREERNHE - WE 3.15 FR

40
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1(9|17|25(33| |2 |10|18/26|34| |A|B|C |D |3

11|19|27|35| 4 | |[12|20(28|36|E | |F |G |H |5 |13

glBlJ|[R|Z]|[n]a|r|s|T]||[c|Kk]|sS]|a

DIL|IT|b|j||UIVIWX|E|[M|Ujc|k

-

NEEVEECNINE Y | (Z | a | b (FGEES

S c ( d e fllll.

B 3.15 BiEHNEERREER~R

=
o
=
=]
o

m

Bl 3.15 PBREERRKIER - LBRHA 6 AIEEHEEXL - £EPURE
(EAvE

N
=
D)
5 )
w
=

=

R

T
E/M{U|c|k|F|N|V|d

X

GIOW|le{m H|P

—
=
(9]
o
@
—

3.16 MEEAHBREE

B 3.16 AEWREZENSEETIE®R  S21HMAETOETER  LUEREE
B ZENBERAEZ REE - BTN EREEH D B EEBBENBZED - & EE
41
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MERABRNES  BRARPEATARERIRE  IbER T ER
ARUTRHESHER -

ERRULEHIZ AHE RS Code B (ny,k, ) % (14, 10) B T4 giggas
A7) TJLUBRES 2 ERSENHER  RREH(n, — k)RR ( SHNERME )
BIFEAES - TLIESAERMIER  BRES 4 EIRRER -

B3.16 M BEAE TUEHMREZFRENIBFE PHERSH( K
55 ) CRBLANEEREN  RILFAER - MERTEFEPOEAH
% 418 Bytes - ERRMUI B SA BT SR ILAE 2 BIRBIRA S - RILTIEEE

JR - W REl 3.17 FA7R -

All|Q|Y|g|B|J|R|Z|h
G HEC (S (Fas NI D3 MIES (ST M
E (MU (el | NS Ve Edd Sl
G|IOWlemHIP|X|f|n

3.17 ABEBRAKRIL ZIEE

3.17 BEBABRBRINEE - BPREBEHRBBABE—HEFRY

BIREEN) - BURAEIR - REEREFERBER - WREARBRTRIMEETE—DHE
IR - BIREI D EE P UREH 0 (ERECIE -

42
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EAREELBRERNEE  FEEEERNHEANS  BER WA EEI 75
WHAREFS - RILERELR - SE2H LB —REERREE( De-interleaving )HiE

2 WRE 3.18 F7K -

11234

9 |10 11|12

1711819 (20

25|26 |27 |28 YO Z a2 b ket (Fdilie |

Y]
w
-
=
<

—
=
=

3334|3536 glhli

)

3.18 REEIERNANLZAE

Bl 3.18 RRETEENAETEE - ERFRABEIMNERBE - BEBX
BRI TREER  EIE AEAREEERE IMURERIRERRNETE
mm

LB 3.18 R - REABEESASELENESAEET0ES - BHR
SMENSBIBFMS - BRH1E 4 EHROES -

FRRULIME RS Code B (1, ky ) B (16,8) B S postaas A -
TBREES 4 EHFNER - ARERN, — k)ER (MERNE ) BFLE
7 ALECMBERUER BRES 8 ERRES -

FULF U AT S - HHRSEIMNENTET - 5015 CEN RN R 5%

ZROREABZNEZEAS -
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Chapter 4  #wf% & ELIE 5k

HREFENEEZZNBREED  REYESZRAYME LNEREYER
ABEMBLEWSREMERNMRER - EMEBIEWIR AW EER T
AR - BG4 7 BORE BRI - ANH FURE LA S BB ( Concatenated Code )RR -
152 A 32 $5 4R 8% ( Interleaving Code ) & B /i f& BV $5 752 B IE A SRR A SIBE KAV RE -

FEEERREE IERE RV ER 7 - RN FT 28 RO 2 . 75-F ZEPI85( Reed-Solomon Code, RS
Code ) HREBACKAWMRAFRE+F  BAFESHIMAMEAREN - I

B RS Code RYZEEM®E - BEARBFEZRABANMELLRET] - LEHSEARR

* 4.1 SHEARE

Zr U7 ) R RE

#5= ( codeword ) BB E LSRR - PTSRRRISAI R B
fiI7T ( Byte ) AANBRBEBED  HNEREXFHN&E/NEN
8 ( Packet) HBERENT - SRARBUBHNNERBEEN

BETENIEER TR P SRR RS
5% ( Symbol ) i TS 0 1 HE—ESE Bits - DEEKEBE
TEFRRE ST -

x4l RBAENEREZ B -

44
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41 EFEFEVEREIRE]

KNHETEFNEERETEENARNBRED  HRETRBASFHIEMMN
PRl - ESRBAIME LBASHNITEBRESERESFINEE  RMARSHAR
EMEET IR A E % Bluetooth 5 - H Bluetooth 5 B0 ~ 324 Bluetooth 4 FIFF 14 -
F UL A ERA Bluetooth 4 EREEET IRA - LT BARESF B @RS D
&t #9 Bluetooth 4 -

EEFNERESREEREBZANITEREI 44]) WE 410K - HEhE

I

1. BUZEHE ( Preamble ): 1 {B/\ Ut ( Byte ) FAIREIL - IR EE50MEE R
BEEmERENFLS -

2. AL ( Access Address ): 4 {8\ fufirc#l - 1REIULE BIRYB Y - DUELREL
IZHE50 IEMEISE -

3. BEEURETT (PDU ): RER 2 £ 39 E/\fufic#d - I BEREHOEIE -

4. EIRTUERIER (CRC): 3 @)\l - ARIRAIEERBARE PSS AEE
RREEE -

Hoh - PDU RYER > X o] LIS ER AL 16 U7TAYARER ( Header ) DAKARIBAREE AT

REFEBEEXN/NWAYES, ( Payload ) WE 4.1(b)FA7R -

45
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@

Preamble Access Address PDU CRC
octet) (4 octets) (2 to 39 octets) (3 octets)
LSB MSB
(b) Header Payload
(16 bits) (as per the Length field in the Header)

LSB

MSB

()

PDU Type RFU

(4 bits) (2 bits)

TxAdd | RxAdd Length RFU
(1bit) | (1bit) (6 bits) (2 bits)

LSB

MSB

41 EFEREFENEEBEEHREIBEIT (PDU) 2418 [44]

M PDU RYIREAN D] IB M BUE 4.1(c)Ff7R - HPEE :

PDU ##%! ( PDU Type ) : 4 U7t - 5 F PDU BYINEELREL -

RFU ( Reserved for Future Use ) : 2 fiI7s - BB1ERKER -

TxAdd ( Transmitter Address Type ): 1 170 - FEREEEEMAZ A HLIZZHER -

RxAdd ( Receiver Address Type ): 1 fiI7o - feE/REWE MU Z A HIRZREH -

RE (Length ): 6 iI7t - #&/rR PDU WRE - AEIFEZEESD -

RFU ( Reserved for Future Use ) : 2 fUJT - AR OJEERNERE -

TEHEEEPES 7 7 EBAR Advertising PDU RY$EZY - 4153 4.2 Fi7R -

F< 4.2 Advertising channel PDU $8%! [14]

PDU Type Packet Name PDU Format (Payload)
0000 ADV_IND AdvA(6 Bytes) * AdvData(0-31 Bytes)
0001 ADV_DIRECT_IND AdvA(6 Bytes) * InitA(6 Bytes)

46
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0010 ADV_NONCONN_IND AdvA(6 Bytes) * AdvData(0-31 Bytes)

0011 SCAN_REQ ScanA(6 Bytes) * AdvA(6 Bytes)

0100 SCAN_RSP AdvA(6 Bytes) * ScanRspData(0-31 Bytes)

0101 CONNECT_REQ InitA(6 Bytes) * AdvA(6 Bytes) * LLData(22
Bytes)

0110 ADV_SCAN_IND AdvA(6 Bytes) * AdvData(0-31 Bytes)

F 42 REFROXIEPRERN 7 BERTAEEHEN PDU BUREE -
HEEEIWZE 4.1(c)FHI PDU Type + 38R [EAJ PDU Type AR &8 - SRE UL €1 0]
BENAMEH LR - W3k 4.2 2989 PDU Format BAIF7R -

EREAMEEFREANERANAIFELIFRONER - AIt2RE 42
Z o PDU Type %4 0010 B ADV_NONCONN _IND - EEHREES 6 @/ \ It
HNESEMI (AdvA ) B - BER EOTRREZEREEAS ( AdvData ) IA/NS 0

231 @\ fufusxHA -

4.2 HRIBSE ZIEERIE

ERERERBNMEERE - 218 QGIS B EMEMEIEEIRRE - o] LIS
e Z MARRITMANERIESE - MA/NRERBIERZINTEB U MRE
BIEE - MARERRBETERER  SHHHARMRERTESEZRBEGHHRES
4 -

M4 FETSEEENERR BABTELAERTIABERE - JUBEBEIMM

ARAREEBEAVIEZE ( Tx.csv ) IKBRIE A BB RAITIRE ( UAV’s Speed ) BXUiE - W1[E

47
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4.2 -

Tx.csv UAV's Speed

:

LCalcuIate total flightw

time (TFT)

42 STEMRITHEREBRIZE

EEFEBERTEELNEEY Z2MIERE - WE 4.3 :

Dx.csv
CaIcuIate the Llne

Segment S number
and compare them

Ix.csv
There's no building in
the beginning and the
end
There're buildings in
both the beginning
and the end

( Assume there s buuldmg}

in the beginning and no
building in the end

h 4
Construct the path with the h
buildings' distribution by
alternately interleaving the data
from Dx.csv and Ix.csv (Path) )

B 4.3 BRBEELEEY D ZREE
B 4.3 REEBE LEEY D HRUREER - 57t - BRI AIFTEURMARE
BEYLZERER (Ixcsv ) WRIEMIRMAR LR BREY) Z4RE ( Dx.csv ) NHE -
RECLCEMEZENRREESZE - EMR LRBRRY ZRERSRERYRE
ARER - AICREMANFRIREL A Z R EREYRRER , EMR LRREYTE

48
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MBRINRBEREYZRER  AINKREMGNHAREAGEHESEEEAMNER, &
MEBNHENRS - ABRREMRVRIEEEEEYN - MEERIKFEREY -
EETMAFBEAGENEAYBERZAEE - AJREMEERTRIE

P PP REEHES - 1ETMS LA MARRIRZEY 2 M 1B (Path ) -

Real World Data

Recovery Rate

(ny, k1, ma, ko) ) —— (Success rate)

—~

(L,V,P,1,M)

B 4.4 RESEERREE
B 4.4 REHSHNEFRNRE  ENSHESHFRIMEE R ERMAREIE
£( B 43 PHREFSLH Path )& - BEMERTMARBIER(L) - MARRITER
(V) Bl BENEAYAH LIR( P, ) ERIEZEHERE[B) - &

BREE(M)  EMHHAENSEME(n, ki, ny, ky, 4, ) BEETRBILRES -

B

Z2RRERENZSHENAEIIAES SLERERIARTSE HREESH

I

\

#H P RV I9 R SR T R -
BRI MINENESRR  BREBHALEHE  wRAMEE R EMRRY
MARER B 2000 FER )b - |MAKLIEEERREE - R—KREEEREY

PERR 2 BEE RERRITHMAR L PERBE-BIFHRZRANR - FWIREE50 2R

49
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WHRERMBNRE - Gzt & BERMAERKEEAIELH) -

43 EERELESH

AETRGE— DRI R L —/\ENERERE - NSt BHEEARNRITERE
HEITEE - EMHBEARNRITRREEREESNRIGSEAE -
431 ERSHKRE

I P FBRY Reed-Solomon code fERIRGF (28) 2 BIREE £ - HERIRSE
Az 8 NIt 8NIEM A4 - MAMUERZHUBMBRERSES 4 2015 - HE
RIS ZE Remote ID EEZTEZHERE - BEHNEIEHERKEER 11 &

& FAA P& Z Remote ID EHIfEPRRE -

x 43 BERZIERISERELRE

LA SENTE
HRATRLARAREERE(L) 1000 (m)
EABRITER(V) 5 (m/s)

B 2 BRETEEMEH LMR( A ) |25 (Bytes)

EBRINEZEHEREED) 1(s)
MERARE(M) 750 (Bytes), 1250 (Bytes)

4.3 BAEFAFTFAERVZEGSEERTE - HP L &REE 1000 2RBEA
BRETHEXENZ SENERRITIER , vV REE 5 AREVAIR—BREW

|ARITEE ; RLRES 25Bytes AIRES 4 BEFEEHER Remote ID RSB

50
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BZRBEER - FIRERRBAIE LR ; M 2 750 Bytes LUK 1250 Bytes BI7>

AHEPEREESEREZMBELE -

x 44 BRZRHESERERBYHRR

SEEE SERTE
AN Z RS Code £%in( ny ) 255

4MIEZ RS Code 281k ( ky ) 27253
REGWEZRE () 2,4,8,16,32
A5 Z RS Code 2#n( n, ) 25

A2 RS Code 281k ( k, ) 11-23

T 44 BABEMERERNEB2BRERR HP n, RET 25575 Reed-
Solomon Code 38 FEEGF (2°) 2 B IREE FFASERISAME ; k, B 27 ) 253 - 211
01 ERZBR(EIn, ~2  BRR2 BREACBRTENEYSH, 4
248162 BERUREBEE ; n, REE 25 HHERAYEENEEN
BELER(P )k, 115 23 HWEE  RUAR—¥EEZHBEC)EN, -2
RS2 BREACESBEENENSH -

EGFQROWERET - 28n, Bin, B FTIEE/NR2PHE - EEBRIEH

& - ANFFIRRIEL n, = 255 * n, = 25 EASEBNRERE -
432 #HIEEES
R AERFRMERA Y ERLYENSREEEREA  FRItEEHEME

51

doi:10.6342/NTU202502046



BENZHERHEETESR REFEEREREANESERARGRE - R/UL - ZANH
FERADBRINWBRIERAETES - BT HR 44 FIAHARSSEHER - &K
BRI k Bk, NERHE - BRA 4 ) ETER - ZFEEHHARRBER
HRAERD - EMRBREFNERHE( 28NS RWAMIIR ZRNE - B
BEIFEFEIZEHEE ) ETEEMBN _RER - BBEERNTTE - £
BRRDVERBUSEERMEENESTERAKBRE - WENSOTRSE
VRIIERAER -

IERAETERERA  HERERNATHERZERRPETZE  BILH

PUETTIRRENRRAE - HPFEESERENEREE  BX MERARE - BE

:EI—
=
B¢

BERBERZERNEREFESN BEBTRRRIBEEERER B
EBREEN, AERARENRE ARAATEZEEIRNNAE  HItTEEES
METEER, BEERENS  AEERTIREEESNFEERE  RIESRE
thEEm -

AMREZMEDL 2000 EEBMMEERAEE I RITMRIERTGHELE - &
Apple M4 Pro 235 £ - BE—Z2HAMTSIEREREBEIMAEER - TR 3 V2
95 2 - ERIBIEMREHIIR - BEEIERE AMD Ryzen 7 2700x Y2 _ERIEEHY
WITHEEREERER - IREENRAIERN=1F -

FEEFL - KIFFEEA Python FESWEFEL concurrent.futures BRI B
TR - AMARZILHANESSEEEMAERNEHFEAS - HIEFTE
BRI NRMRAIR - RARROFFEBEWFE -

B RIEBEER o LIREROMEERSEHESIREE 1000 £ 2000 A

52

doi:10.6342/NTU202502046



SYAS - RBEEAEE - £ Apple M4 Pro B3R FMIT —RARESBEWAADKIEL

%I\\,\J

4 E /N - AT —RNBEWBARBLRAOE 1 Z4/0006E -

Heatmap of Avg Success Rate (m=1250, A=8)
Area: Wanhua, Height: above_45

— 1.00
235
219 | 0.08
203
187 0.95
171
ol
155 0.90 8
A
< 139 g
&
123 0.85
<<
107
91 0.80
75
59 0.70
43
27 0.00
k2 L= 1000 m
V=5m/s
P = 25 Bytes
=1s
N1 =255
N2 =25

B 4.5 BERE 45 ARRITEEZAEEWKINER N E(M = 1250 Bytes)

B 45 BEHEER 45 ARRTBE - MBBRESR 1250 Bytes - EERIEH
RER 8 K ERELRMESEVRINEZANE - IWHABEK/NG 4 Z KBS
PREEMAER - Blet ¥k, Bk, NEEHE - TRA4 -

BRI LIRRR - £k, B T1 R 155 EH - kR 15323 H - BEHER
BAEWRINE - Bt #FaEMENE - BRTSE - BMERARE - RER

EMREZERER EF _RPEBERE  Alo# S ERIFRTFNSHIER -

doi:10.6342/NTU202502046



ETERENER -

Heatmap of Avg Success Rate (m=750, A=4)
Area: Daan, Height: above_20

r 1.00
235
219 L 0.08
203
187 0.95
171
2
A
o 139 g
a
123 0.85 >
P4
107
91 0.80
75
59 0.70
43
27 0.00
000 m
m/s
25 Bytes
S
255
25

4.6 AZ& 20 ARMITEE ZAMEEWAMINEREL S B(M = 750 Bytes)

4.6 BETHALZR 20 ARRITEE - sHERRES 750 Bytes - TEGHIE R
ER 4K EREFNASBEVRNINRZENE - IEBRBR/NG 4 Z KBEPR
EENGER - Btk B, W eE#sHE PR 4 -

HEPOIIERES - Ek, B 43591 £FH kB 158 23 4 - BBEEYE
AEEWRINE - EHIL - #ESEMEE  ARTSE BRERRE - FE

REWREZERGER  EF _RERERE AU HEERRRENSHER -

54

doi:10.6342/NTU202502046



ETERENER -

Avg Success Rate Heatmaps £ 1250) Across A

Area Daan He]ght a

ove_45

167
159
151
143
135
127

<119
111
103

95
87
79
7

167
159
151
143
135
127
119
111
103

95

87

79

71
21 23 11 13

Avg Success Rate

1.00
167
159 0.98
151
143 0.95
135
127 0.90
119
11 0.85
103
0.80
95
87 0.70
79
7 0.00
15

L 1000 m

k2

=5m/s
Ps— 25 Bytes
I=1s
N1 =255
N2 =25

47 RZ& 45 ARFATEEZMERWAINR RN EIEILE(M = 1250 Bytes)

47 BETEHALZR 45 ARRITSE - il ERRES 1250 Bytes 5 - &%t
REHBRER 24  SNANEHLE - W RESE—RAPELZNER - E—F
BERRN _REBERZER -

WE 4.5 £2E 4.7 - AJUBIFZREECRE - HREEERBAINERER 70%
NWEEHERE  MEPBHFZSLEABERENRINES 0 ERASTEEFIRIZN
BEIRMFREL - {13 4.3 FRER - EARTERITAIERES 1000 AR - BMAKRITEE

55 AR/ - BHEZBESEBENES LIRS 25 Bytes - BIEFEZE@ME

E

[RISEA 1 WRBFRET  BARE-HRTESFD  BERESENABMI L

R0 F=0 4.1 :

L ~1000(m)
V<15 S5y x 1)

FRSBHISETEER BTERBRIMERNBZHILER EREFEENA

X 25(Bytes) = 5000 (Bytes) (4.1)

&

AR EBRRERIRIEPAIRIINEFRG  RIZREMRRATEEENNR - A

I - BERERSPIMAEZRIER - BENBRHNEXRENANERER - RiMARE

55

doi:10.6342/NTU202502046



RIGHFIENZL - TUERRIERET M AEBPRENH -
PIE 4.7 ETHSEERA  BERBHEHSERTBZ U - BIFEERL E
k, FE LU HIERR 4.2 :
k, k,
— X — X 5000(Bytes) = 1250(Bytes) (4.2)
ny n,
Hop » 5000 (Bytes)mIL 4.1 FT5 2 EREEEEZERFN R LR ; 1250 (Bytes)A &
47 BB RREM - KIBER 44 n RETE 255 n, RETE 25 - BEHERA

4.2 WE—DERF - oJSE TR 43 :
ki X k, = 1593.75(Bytes) (4.3)
ERFEHRARERITHESE TEZEB|ENUTEAETE  HILER

ky x k, VEEBART 4.3 EPFAEtERNEE -
ERREFRER  ZREAFBABEATEZNRER IR ERENSHMER o
VISR BRI INRE(ECRE - W RE 4.8 -

Avg Success Rate vs k1 (m=1250, A=4)
Area: Daan, Height: above_45

0.98 , k2
—— k2=11
—— k2=13
—— k2=15
—— k2=17
—— k2=19
—— k2=21

k2=23

0.96 A

Avg Success Rate
o
(e}
FSN

©

(e}

N
1

0.90 A

T T T T | =
80 100 120 140 160 N1
k1 N2

48 RZ& 45 ARKITEEZ k1 HH 2B IIERITEE (M=1250)
56

doi:10.6342/NTU202502046



4.8 BETHEALE 45 ARKRITEE - BB RER 1250 Bytes ~ 324E 15

)

RER 45 STE ARk, PFEENK BB BB AR ZITRE - LR ESE—
REBEROER F E—PBEMERN _RAEBEER  BEREANEREZENS
IR R -

HRES—RERE  tfDUBRERT I ABEaHNEE&ERE  RITER/NNE
HEEP - A0EE/NRABKAGELSENSEH - LB 4.7 DURE 4.8 HRITIRIE
S8 olLIERERE) AL & 45 ARRITEE BB RES 1250 Bytes I+ #En,y =
255 k; =97~103 A, =4 n, =25k, =23 I - EEEHRFONEBEWAIN

#(98.1%) °

433 ERERALR

HERAERBHHARZRITIREEEEHHBNRBESE - K/ NERBLER
EARMERERTSEMELENERGER - UMTWERERERA 43.1 W28
LUK 432 I _RABELRFAE -

* 45 altmzRESTHE ZZHEMEERERR

20 AR 30 AR 45 1R
gitmz& 4.48% 2.32% 0.9%
ARLE 12.85% 6.01% 2.33%
hIEE 10.5% 5.51% 2.32%
NI 9.19% 4.9% 1.9%
REE 8.93% 4.57% 1.5%
& 8.54% 4.3% 1.51%
57

doi:10.6342/NTU202502046



ERE 7.66% 4.23% 1.51%

= I o 6.38% 3.06% 0.86%

45 HESIENZRETHEARBRITSEZMAR LREZREERIBER:
ITRIKBEEEMEER - 45 GIS 2WEMFT - "RAFJFTLMIERE - 2HR
ZeeEaltmAEsUE ZEEAYVBERHRE - MERASIEHZRBETM
HREEENR  RESEEIFIILE UBSFEERIOWNTE - ALERERS - 5
EhZzENERERYERRBREMTHE -

KPOUBELEAZEBREIEMEPEREE

E&}

St - MBERIABEZREY
hERRNTE - B MERER  BEETmEERREARLZBREMEEZREY)
DhEEEANTE  BEARRTSE NRESEHEZESE -

R 4.6 RARHS 2N REW AT REIRR

RITIRIE RINE | RITIRIE R I =

RZE 20m (M=750Bytes) | 35.4% B[R 20m (M=750Bytes) | 62.15%

AZE 20m (M=1250Bytes) | 25.55% | EZEE 20m (M=1250Bytes) | 50.5%

ARZ& 45m (M=750Bytes) | 82.85% | BHZE[&@ 45m (M=750Bytes) | 92.9%

RZ&E 45m (M=1250Bytes) | 75.9% | B3ZEE 45m (M=1250Bytes) | 87.95%

K46 REAERKREBEL N  EALEHEEZER 20 45 ARRTEE -
AEARRER 750 ~ 1250 Bytes ¥ - BiBBEHIFABRINA B BN INER 2 HBER -
45 PRI SER - BRBEY D MHERBI - RUC#IA LB RS

Hll - RETLUEB LA LR SEWAINR - 2 - ERITEERA 20 AR -

58

doi:10.6342/NTU202502046



AIENEEREY D HERRNEER HAlREWRINRORF NAZENAMA ,; €2

EYP D hEBENAKZE - H B BWHINRAREMMAE=H

* 47 EHEESEHRE

RATIRIE SyEF AYES
KRZE 20m (M=750Bytes) |k, = 45~47 * A, = 8,16 * k, = 23 88.05%
RZE 20m (M=1250Bytes) |k, = 75~77 * A, =16 * k, = 23 88.05%

RZE 45m (M=750Bytes) |k, =71~75 1, =2 k, = 15~17 98.15%

RZ& 45m (M=1250Bytes) | k; = 97~103 4, =4 * k, = 23 98.1%
E2E® 20m (M=750Bytes) | k; =85~93 1, =8k, =15 94.3%

B %R 20m (M=1250Bytes) | ky = 75~77 * 4, = 4,8,16 ~ k, = 23 | 94.45%

kl = 109~125 N /11 == 2 N kz == 15
%%E 45m (M 750ByteS) kl — 85~93 -+ /11 =4 k2 =13 99.5%

k1:85~93\/11:8\k2:13
HIEE 45m (M=1250Bytes) | ky = 141~155 1, = 8 ~ k, = 13 99.5%

* 47 RtHeltmAZREEEZER ZABRITS

il
\_}

=1112

£

IS 2

NRARENHERS

\\)tr

FHBER RPDABEABRRITRIE N  BRREASENHFES BAHEEERE
HWEHERASERAINE - HPAZE 20 ARRTEELANSRERER
1250Bytes EAMHBREHMRTIRE ( FEBNASEREERKA ) MEEE
B RITEES 45 AR - fIBAERES 750 Bytes I - AREMEBHN SRR

B0 FAIERIERTIRIZEESHSEE S ETES 99.5%R0 S EWMINER -
xR 4.8 MRISHIE ZFN BB INREIR R

59

doi:10.6342/NTU202502046



RATIRIE RFBRINK | RBEHINE | 1EIE
RZE 20m (M=750Bytes) | 35.4% 88.05% +52.65%
RZE 20m (M=1250Bytes) | 25.55% 88.05% +62.5%
RZE 45m (M=750Bytes) | 82.85% 98.15% +15.3%
RZE 45m (M=1250Bytes) | 75.9% 98.1% +22.2%
B[R 20m (M=750Bytes) | 62.15% 94.3% +32.15%
B[R 20m (M=1250Bytes) | 50.5% 94.45% +43.95%
B[R 45m (M=750Bytes) | 92.9% 99.5% +6.6%
BIERE 45m (M=1250Bytes) | 87.95% 99.5% +11.55%

R 48 AAZBREEEREAETHEETEZHER FNNMBBEWMIIRY
BB - oJDIEEIR - ERITEES 45 ARMME - BREEY D MEME - KIGAD
EARETHRS AR BERAIIRITEERS  AMBBMARTRAE L Z RS
el DT BB IR BIRENRS(+6.6% £ +22.2% WIBNE ); ERIT

SER 20 ARMNME - BHREZEY D MBREE - AICERETHE  HfEEW
RINRBEERE  MBBAMEMELD ZRIBESI DT UBZREAEMNSER A
THER(+32.15% & +62.5% HIIEME ) - FHILEI oA AN K 2 AR tks] - MY

DR BENRITIRIRE -  BABRENYR -

® 49 BERERESERBREZAZENSEWMINRHIRE

AEERITEIE BEEEBEYRESHA | RIX

ARZE 20m (M=750Bytes) k, =85 1 =8"k,=15 86.8%

60

doi:10.6342/NTU202502046



RZE 20m (M=1250Bytes) |k; =75 A, =16k, =23 88%
KZ& 45m (M=750Bytes) ky =117 4, =2k, =15 | 96.9%
RZE 45m (M=1250Bytes) |k; =149 1, =8k, =13 97.6%

RAIER f RZBEARSE

BEWAINZR OISR - R

M RAE R

(B3R 4.7) B0 : PL20 AR ~ 750Bytes 2l -

AW AIIRS 86.8% -
B - BRI

BeEARINE

EN ERASERZEAE

1R 0.05%% 1.25% °

C HR IR

EHMERE N RKASEEERE

SEAERRIEN
20 AR 45 AR BE - LUK 750Bytes 3% 1250Bytes

EBRARZEASRESEH
THEBEREKRG FRESE

RAZBERES AN 88.05%K - HERMFHINELELL

ORBERESHAHARES —ENEERH - B

E—ERNAIEEM[ -

R 410 AZERESHRERE ZEERMNRFWMINRERE

BEBRITIRE RZBEIRIEZRESHA A INER
B[R 20m (M=750Bytes) k=471, =8k, =23 94.3%
B[R 20m (M=1250Bytes) |k, =77 * A, =16 * k, =23 94.3%
B[R 45m (M=750Bytes) k=73 4=2k,=15 99.3%
B[R 45m (M=1250Bytes) |k; =99 A, =4k, =23 99.3%

T 410 LB Y BEREARSEH

Al 2R TN -

1250Bytes I ERARE T -

EESEAK 0.05-02% ( BR&4.7)

ZIEAEE 0.2% °

IID%%ET %%EE

EURAAZERESEA -

LR 45 nREE

61

R RET  RAXZERESEAERHN

- LUK 750Bytes X,

EREERIRNE 2 RIESEHA -

RURINRERREER

/\\\ j

doi:10.6342/NTU202502046



MRBNEEZERHZHENBRERS  ERAZEZEHETAEZEET
MEE - HHRAB/AKZB ZRRABERREERSH—E( RR 45 ) RILEER

BITNALZRIZBEZNZEHA  ERIERRONBSEER N IERSUEE -

434 BRI

I IS B P RIS TR - EULRE T RIBEEBEENME L ISR
1A EROSE R USRI ZRL - MIMBERIFIBERANTIRRISEELD
MOTBRERRGTE - B BEARBEIEE NETEEEMUBERBEREY
AUSERES - LIBTIAER B RIS R - MIMBRIFERERHNTIE - IR A(EEES
AZHMEERMTE - B BBREREERUERITE  SEE—SIMENS

tHE = -

IR AT IR BT B AR R AOPRA - I R RS ENHIRRINIB S RITLER - RILTE

FRBHME - OB ER AN, EB/\Wk,  ERZEESHTREA
B URALIMESERIZRN B ERAITE -

HRRETSREANIRE T RSUANYT BEEEENESREHEHSEFS
FE - BURENERE  RASROHEERRAS 8 = 16 ZFENTESE
FRBRYR ; MEREREREZHE  BIE 2 5 4 FAREBRE O
AFSHAMREBERER -

RELEEE 45 - 48 - TLIBABEL | BAREERMED SN ERTE
ERETREEE  HA S BRI R EIEEER MBBAMEMIRL 2 ISk
s TMBEZEARAMRIRERYEET - SHEF S0 SERMmINE -

AR 49410  JRRESHAE "EBEEL, B BIEEYH
62

doi:10.6342/NTU202502046



mEEAR - MIEBEREEMN 0.05%E 1.25%E%X - MIREEBSEEM - &

=2 HEAIRESERIMEEE - KAMERSETNJEZOLR -

63

doi:10.6342/NTU202502046



KR IIE B Interleaved Code EAMIEHY Reed-Solomon Code A& M A A
BAEIRE -  ERNETER AR T ERNEESYIEEEENERERE -

M7z 7 RERNASRERFEHBIMKER  AMIRTEFEBESE
ARENGSEEANEREHENREMRFPOEF  NEEENSIEMEEYETH
- 238 QGIS FHIR GIS 2T LR - REEAREH SR ERRITR - olgeBH
IERY) (Z2Y) ) nhiEh

AP REBRNEWIBEMPIESENEARRITHEER - £itHE—RE
ERTRE(L) WEABMAD  AEEAKNRITEE(V)  BENNSESER
EfRISE (1) ERBEM R EESENANAEE(Ps ) EARRENEENE
(m) - BEXRPRPARLERVREETE - IBEEHEARRITIRRE N - REZSIIMNG
(Reed-Solomon Code) Z8(( ny, k, ) REEBRIZSE (1) E2RHE(Reed-Solomon Code)
28 (nyky )-

BBARMRPAIRENTT A AIOHHEAEEHRINEERNTE  SHEE
SNRESEAE  EMAVNERAEARNSEERSEBREBRYMES Z:M5EHE

PR fERE -

52 RIREE

AMAEEBER  EEER - MAPBE SR ER JUAMEREARRS
64

doi:10.6342/NTU202502046



EERREBERY MEEZMIRIERRBE - KM AT ZCESZM @AM

BIER - TREETOITARS SRR BHRARNMEN &SRR FEAZBITS

e
4l
B
pall

BENRBSE - BECMRBIUT HEBETIER

| REEEGMNEREE  BUBRRXHABZYGKIEMNIERER  HBEE
HARESHEAHAZENEEREG KR BEEEZHI - B2 "IRIEHEL
BT RS2 8L MR R  ERFIRIE T BE R IR E L R ES BRI AR -

2. ZIriERE IR  FHEN - BEE FHERERHE ( Low-Density Parity-Check
Code - LDPC )~ J&E55 ( Raptor Code ) EA1R{EAS ( Polar Code ) EFBLBE
B REEARHER  BHBENAS  LEREMEEBRNEGT - 250

VIBE—LRITAIINE -

R

3. BEMAREET MR RABRNERIEREZ(Block Interleaver)E1T

BRI - BEOFHLY ; FEH R FEE8(Random Interleaver) ~ BB Hes

mh

( Convolutional Interleaver ) * S ${588588( Algebraic Interleaver) 5 P& 388
EiEHE BRARTREREIBEANES  EREFTUTE—S
R IR A ARBHAER -

4. BRHEREIRIERE  ARERLEBEESEERENARTZE - 61

el
et

BXE  S8NAEMHEEZITER - R T ERE BT RERBSE
ol - WS ARMENSEE -
5. BRE/BBERRE GBI EEAR  IZEEHERRITR - BE5

ERTDEERHEBRABBRE - FESERIENGEHIEES

65

doi:10.6342/NTU202502046



[1]

[2]

[3]

[4]

[5]

[6]
[7]
[8]
[9]
[10]

[11]

[12]

References

K. Belwafi, R. Alkadi, S. A. Alameri, H. A. Hamadi and A. Shoufan, "Unmanned
Aerial Vehicles’ Remote Identification: A Tutorial and Survey," in IEEE Access, vol.
10, pp. 87577-87601, 2022.

C. F. E. de Melo et al., "UAVouch: A Secure Identity and Location Validation
Scheme for UAV-Networks," in IEEE Access, vol. 9, pp. 82930-82946, 2021.

K. N. Qureshi, S. Din, G. Jeon and F. Piccialli, "Internet of Vehicles: Key
Technologies, Network Model, Solutions and Challenges With Future Aspects," in
IEEE Transactions on Intelligent Transportation Systems, vol. 22, no. 3, pp. 1777-
1786, March 2021.

K. N. Qureshi et al., "Authentication scheme for unmanned aerial vehicles based
internet of vehicles networks," Egyptian Informatics Journal, vol. 23, no. 1, pp. 83-
93, 2022.

E. Zanaj et al., "Energy efficiency in short and wide-area IoT technologies—A
survey," Technologies, vol. 9, no. 1, p. 22, 2021.

Bluetooth Core Specification Version 5.0, Bluetooth SIG, Dec. 2016.

Bluetooth Core Specification Version 5.1, Bluetooth SIG, Jan. 2019.

Bluetooth Core Specification Version 5.2, Bluetooth SIG, Dec. 2019.

Bluetooth Core Specification Version 5.3, Bluetooth SIG, Jul. 2021.

Bluetooth Core Specification Version 5.4, Bluetooth SIG, Jan. 2023.

Bluetooth Core Specification Version 4.0, Bluetooth SIG, Jun. 2010. [Vol 2] pp.
139-149.

Krassi, Boris A. "Reliability of bluetooth." Proceedings of the 12th Conference on

66

doi:10.6342/NTU202502046



Extreme Robotics, RTC, St. Petersburg. 2001.

[13] LIANG, Junxue; LI, Yingchuan; YU, Bin. Performance analysis and reliability
improvement of bluetooth broadcast scheme. In: 2006 First International
Symposium on Pervasive Computing and Applications. IEEE, 2006. p. 775-780.

[14] EL-BENDARY, MAM Mohamed, et al. Bluetooth performance improvement over
different channels through channel coding. In: 2008 5th International Multi-
Conference on Systems, Signals and Devices. IEEE, 2008. p. 1-5.

[15] Spork, Michael, Jiska Classen, Carlo Alberto Boano, Matthias Hollick, and Kay
Romer. "Improving the Reliability of Bluetooth Low Energy Connections." In
EWSN, pp. 144-155. 2020.

[16] Zachariah, Thomas, Neal Jackson, Branden Ghena, and Prabal Dutta. "ReliaBLE:
Towards Reliable Communication via Bluetooth Low Energy Advertisement
Networks." In EWSN, pp. 96-107. 2022.

[17] Unmanned Aircraft System (UAS) Traffic Management (UTM) — Concept of
Operations v2.0, Department of Transportation Federal Aviation Administration,
USA, 2020.

[18] Rios, Joseph L., et al. UAS Service Supplier Specification. No. NASA/TM-2019-
220376. 2019.

[19] Unmanned Aircraft Systems (UAS) Traffic Management (UTM) Implementation
Plan, Department of Transportation Federal Aviation Authority, USA, 2023.

[20] Remote Identification of Unmanned Aircraft — Final Rule, Department of
Transportation Federal Aviation Administration, USA, 2021.

[21] Standard Specification for Remote ID and Tracking, ASTM Standard ASTM
F3411-22, 2022.

[22] P. Tedeschi, S. Sciancalepore, and R. Di Pietro, "ARID: Anonymous remote
67

doi:10.6342/NTU202502046



identification of unmanned aerial vehicles," in Proc. 37th Annual Computer
Security Applications Conference, 2021.

[23] E. Wisse, P. Tedeschi, S. Sciancalepore and R. Di Pietro, "A2RID—Anonymous
Direct Authentication and Remote Identification of Commercial Drones," in IEEE
Internet of Things Journal, vol. 10, no. 12, pp. 10587-10604, 15 Junel5, 2023.

[24] Camenisch, Jan, and Anna Lysyanskaya. "An efficient system for non-transferable

n

anonymous credentials with optional anonymity revocation." Advances in
Cryptology—EUROCRYPT 2001: International Conference on the Theory and
Application of Cryptographic Techniques Innsbruck, Austria, May 6-10, 2001
Proceedings 20. Springer Berlin Heidelberg, 2001.

[25] Derler, David, and Daniel Slamanig. "Highly-efficient fully-anonymous dynamic
group signatures." Proceedings of the 2018 on Asia Conference on Computer and
Communications Security. 2018.

[26] R. Alkadi and A. Shoufan, "Unmanned Aerial Vehicles Traffic Management
Solution Using Crowd-Sensing and Blockchain," in IEEE Transactions on Network
and Service Management, vol. 20, no. 1, pp. 201-215, March 2023.

[27] Y.Hashem, E. Zildzic, and A. Gurtov, "Secure drone identification with hyperledger
Iroha," in Proc. 11th ACM Symposium on Design and Analysis of Intelligent
Vehicular Networks and Applications, 2021.

[28] O. Mujumdar, H. Celebi, I. Guvenc, M. Sichitiu, S. Hwang and K. -M. Kang, "Use
of LoRa for UAV Remote ID with Multi-User Interference and Different Spreading
Factors," 2021 IEEE 93rd Vehicular Technology Conference (VTC2021-Spring),
Helsinki, Finland, 2021, pp. 1-7.

[29] C. E. Shannon, "A mathematical theory of communication," in The Bell System

Technical Journal, vol. 27, no. 3, pp. 379-423, July 1948.
68

doi:10.6342/NTU202502046



[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Lin, Shu, and Daniel J. Costello. "Error control coding second edition." Upper
Saddle River, 2004.

Neubauer, Andre, Jurgen Freudenberger, and Volker Kuhn. Coding theory:
algorithms, architectures and applications. John Wiley & Sons, 2007. p. 93.

Reed, Irving S., and Gustave Solomon. "Polynomial codes over certain finite
fields." Journal of the society for industrial and applied mathematics 8.2 (1960):
300-304.

T. Filiba, “reedsolo (Version 1.7.0) [Software].” Jan. 18 2023. [Online].

Available: https://pypi.org/project/reedsolo/

Morelos-Zaragoza, Robert H. The art of error correcting coding. John Wiley & Sons,
2006. p.133-134.

G. Caire, G. Taricco, and E. Biglieri, "Bit-interleaved coded modulation," IEEE
Transactions on Information Theory, vol. 44, no. 3, pp. 927-946, May 1998.

Y. Q. Shi, Xi Min Zhang, Zhi-Cheng Ni and N. Ansari, "Interleaving for combating
bursts of errors," in IEEE Circuits and Systems Magazine, vol. 4, no. 1, pp. 29-42,
2004.

Forney, G. David. "Concatenated codes." (1965).

X. Liu, H. Jia, and C. Ma, "Error-correction codes for optical disk storage," in
Advances in Optical Data Storage Technology, vol. 5643, SPIE, 2005.

K. A. S. Immink, "The digital versatile disc (DVD): System requirements and
channel coding," SMPTE J., vol. 105, no. 8, pp. 483-489, Aug. 1996.

S. A. Butman, L. J. Deutsch, and R. L. Miller, "Performance of concatenated codes
for deep space missions," The Telecommunication and Data Acquisition Report, vol.
42-64, pp. 33—-39, May-June 1981.

J. Taylor, "The Deep Space Network: A Functional Description," [Online].
69

doi:10.6342/NTU202502046


https://pypi.org/project/reedsolo/

Available:

https://descanso.jpl.nasa.gov/monograph/series13/DeepCommo_Chapter2--

141029.pdf

[42] MEHEBEFL(TWDI? KEE) - HISEREKF =, July 2023,

https://data.gov.tw/dataset/7441.

[43] GROSS, Donald, et al. Fundamentals of Queueing Theory. 2008. pp.259-270.
[44] Bluetooth Core Specification Version 4.0, Bluetooth SIG, Jun. 2010. [ Vol 6] pp. 36-

42.

70

doi:10.6342/NTU202502046


https://descanso.jpl.nasa.gov/monograph/series13/DeepCommo_Chapter2--141029.pdf
https://descanso.jpl.nasa.gov/monograph/series13/DeepCommo_Chapter2--141029.pdf
https://data.gov.tw/dataset/7441



