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[Abstract]

The digital map computer for advanced air vehicles (AAV) must be high-performance, lightweight, portable, and modular. It
should receive data on terrain, weather, and obstacles from external modules to display digital maps accurately. This necessitates
robust communication capabilities with external devices via an Ethernet interface and the ability to output digital map visuals
clearly through an high-defintion multimedia Interface (HDMI) or digital visual interface (DVI) interface. This paper presents the
design of both hardware and software architecture that fulfills these critical requirements for an AAV digital map system.
Additionally, it establishes the minimum specifications needed and verifies the suitability of the designed digital map computer
through rigorous performance measurements and testing. By ensuring these standards, the digital map computer can reliably

support the complex navigational needs of AAV, enhancing operational efficiency and safety.
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Table 1. Hardware requirement for AAV digital map.

Type Requirement

IThe digital map computer must output one
channel of video at a resolution of
2560x1024@60Hz and three channels of video
at a resolution of 1280x720@60Hz for the
display.

Display

IThe digital map computer must have the
icapability to receive and display modified flight
blan data according to the operator's
icommands.

IThe digital map computer must have the
icapability to receive and display operational data
during flight.

IThe digital map computer must have the
icapability to display the waypoints of a selected
flight plan according to the operator's
commands.

Navigation

IThe digital map computer must generate
igraphics using the device driver and graphic
library provided for OpenGL SC.

Environment

IThe digital map computer must remain
Power undamaged even if the power supplied from an
lexternal source is unexpectedly cut off.
E 2. AAVE TXX|Z AFH

Table 2. AAV digital map performance and feature.

Category Performance and Feature
Display on a 2D/3D digital map.
Main 4—Channel video output
Functional| Reauirements  High—resolution video output using an

HDMI interface.
Cent OS

Operation System

100 £ 1.0 mmx 171 £ 1.0 mm x 24
Dimension + 1.0 mm
(Width x Height x Depth)
Physical Weight < 500 g
Power Dissipation H12VDC(internally +5VDC, +3.3VDC,
pallonl.1 svDC, and +1VDC)
Communication [Gigabit Ethernet, 1000 Base—T Ethern
Interface et
Interface  ™\igeq Interface |HDMI

Discrete / UART [28 V / OPEN
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Fig. 1. Digital map computer configuration for AAV(Draft).

msc s 2T
LJ‘
‘

| e -

U SPNCR Fah OS] {—p-SP1— Pl sb0
’—'“""“

wpclocons |
SHGBHMe SO L

e m.._ || G
Gt || o ——
= PCle Switch
.

Intel CPU

e s s e o [
I igri it

Form Factor: 3U VPX

A
k

H
S

‘ VPX Connectors 1P0,P1,PZ]

e
St
a5

a8 2. AAVE MAX|Z
Fig. 2. Digital map computer block diagram for AAV.

ZIZE| 220

oj2ie 37| (AAV)E AKX = of7|HA A o7

Scu om VPN Digitl Map

Intel CPU Intel CPU

wPGe Genl
FPGA .

i KCleGen 1)

K Gl

gt et

38 3. AAVE MR ZZHFH 2|7 25 74
Fig. 3. Digital map computer block diagram with external
module.

II. SW
3-1SWIle

AAVE AR = AT Eo]= )8 7F 9o 5= x4
H|eko] o1 B AREALS] 5 Who} 4= 3T} Ethernet ?1E]
o] 7] 2] EGI (embedded GPS/INS) F2]5 E&f 214
ARE g53te] AR AAE mAlEkaL A 912 thin] 4@
tlo|El e} HlaLsle] il 7158 EETE AAVE AAA =

A2 S Y HW 7 02 B S50 o] A& ¢ 3lorw
2o whe SW 3 JA] Z1A W vl=Z o] ] W /150l
7Fedt FRE FAAEALE B =il A Al wkdH )
A&o] AAV Wl 788 Z1d 49F om ARgAel 2EA 3
W& 44 8= MC(mission coumputer) 2} $15-5Fo] H| &) 1
I é %%? 1ok 23 d = - ¥ o] 3D HARA| =2k
S5 HDMI QIH o] =& F3) &8st sld &4
Jes 7}34 o7 AAT g e TATT 1 9] vlolH
A& Ethernet Z)71S AF8-31a1 AAVOl AR Ao] W& o)

2 FYE = 752 ol e Eri4]

| $14] 3241
o HPAY AIA
o olE/AY FE AL B4
¢ ARE-2} Symbol 4B FA]
o 7] AR AE

+ BIT 53
3-2SWCsC = Y=

AAVE AAAE HFE AZEO] CSCI (computer
software configuration item) S 13 59} Zo] A H T},

www.koni.or.kr



J. Adv. Navig. Technol. 28(4): 393-399, Aug. 2024

Ext Display Comman

Flight Info , BIT

rnal Device Signal

Cockfit
Control
sw e
Result BIT,

ACK Message

UserCommand,
Flight Control
Command

Pow Inter
er face Function

Module

Map
Module

D/3D Map

Video Datal

Video Muxer ]

Rs-1708) 4 v

User Input Data

Displays
- LAD, CDU

OF 4. AAVE SBTIA AR L HE TAE
Fig. 4. Digital map computer signal interface with AAV.

o use Parameter
lapEngine for Map

Flight Information Grahpical Output

Device Signal Data

External Devices
- CFCC, VHF, LTE etc.

Message Send

Commnunication
Management

Interface Protocol

Display Header

Display Control

Recevie Display Request

T8 5. AAVE TR ZHFE 2ZEQ0| 28 7|5 74
Fig. 5. Digital map module network for AAV.

7)
software component)= 5 H%Ql L2 M ~2 F2HH5]. 47
o] CSCx= 7 4v] A1 =8 e o
Engine S o2 ¥ 31, 2} CSCE 7+ a1f-2] 755k 343}
| £ glol 242t ko] 3% FE| R EthernetS F3l W
o5 A Frk Ui Arke 919 CSCi= ofefieh o v
o] 7l FHIITH

¢ System control CSC: A|2=8] HW HXAE glo| A 9] Q F
HUE, Z2A2 Fault (DA A o|9] A2, 52 7]
274 0.7 -4 Alo], BIT 3.

¢ Communication management CSC: £]%- %] ¢} 9158 $3t
27 EEfs 9, 29 EHF W2 ICD A E A= A
& A A] .

* Display control CSC: Map engine .2 A& 27, H| 3] Hx.
& 4, 7] 2 5 HolE 72 ALt B A, Aol
& AH, 91¢] Symbol F7} A] HlolE] A%, WA = A
glofoks- 74 XML ¥

¢ Map engine CSC: A& 2735 A, ghol2 e Je= &
= AH| 2= AlE

http://dx.doi.org/10.12673/jant.2024.28.4.393

DigtalMap

System ‘Communication |
Display Control MapEngine
Control Management w4 sl
Message
Message e Interface Display
Interface Control

MapEngine
Control

System
Management

Status
Management
Exception
Handler

Flight Info

Control

Symbol
Display

M.
onfiguratio

38 6. AAVE NMAX|E ZFE 2ZEQ0f FMT
Fig. 6. Digital map computer block diagram for AAV.

by
!

3-2-1 Communication management CSC

B 253 Qe H o] A= 95} Socket T4 07 7] H 1A

st
3-2-2 System control CSC

AAA| = A2l A|o]8}7] 9138] System control CSCE 3
2] Manager 2 4 E] o] )21 g}o] H 2]2] 2] Manager engine

N

g-8-3)0] 4144t} ZF Managere EF CSC Z2A| =53 4
AL F3) Alo] R oot dElE SAlsith Z47e] et

w2 2tk

o ¥ o
O

r
i}
o

*

Message interface: Display control CSC, Communication

management®} E421S F3l HolHE SAlsh, Ba sk

ol &S SAET) BIT M#Eo], MC A8 gk 5218

t}. UDP &4l 8] 225 ARE-31H 7} Process<} 217 B Q.

g A& FshE AH|=Eolt

¢ Exception handler: 2]5F-Z4-E] W2 t]o]E] 5 System mode
W7 AT A Al AAA =0 AElE Wgskal DA gk Al

5 ) 7} AH| 2= THZY-E] 100Hz7HA] Efo] o]

93| 52}8l= Time-triggered handlerS X|F3kal SA] A
214 4= & oM E B} TriggerE X313t}

¢ Status management: AR = A| 2Bl 0] ZHHA Q] /JE)
YHHEsI A= Faults 2A|8kaL sl 2o
ARIEES A A|2=F0 Aeks RUE ™S HolHE=
S48 2 9 A] Fault-handling S 533H= Au] 2~ 235
Feggit.

¢ System management: Manager engine £}0] H.2]2]E 7]dto.

il

2 3}¢] Message interface, Status management, Exception
handlerE &3} System managementol| A= MA]X]
718k X 2] & $18+ Message-triggered engine parte} AAIZE
2F1-S- 913 Time-triggered engine part 2 A F T}



Process Control

Communicat tion Manager | }

Message | ‘

v |

SystemsControl - SystemMan. | temsControl.
SystemsControl-Messagelnte -——
| System Status,
i
PR PeriodicData
e )
jenumcm{s

SystemsControl--ExceptionHa

38 7. System control CSC 7+M T
Fig. 7. Block diagram for system control CSC.

3-2-3 Display control CSC

Display control CSCT= AAV %él ZF¥)8 AW E 2D9} 3D
A s Sl Al Al Qg shAS Alggict &5
AFE T A 37 AA B, I AR T2 2EH o]

EIS FAlste] Ak sp/doll A Alddt v JRe A i

.ﬂ@

¢ Display control: 3}H-2] Al
&5 EFCSURYH AJH 2.7

*  Message interface: Communication management CSCZ. <>

2 ke 2| = o] Al Al A gl wAIA] F2lsh <l

EjH|o]2~3= UDP, UDS(unix domain socket)S A8-51H, to]

HP e} 2 95 4] s

¢ Flight info control: ¥] 2§ 7| %], 3hH
tlol¥ %3}

¢ Symbol display : Foll&, AHA = O, IS A1 3171
Qe @ BAEL ] HlolE 23}

¢ Map configuration : AAFA] 2] F4 Layout-2 74 2]}l 1
o] A4 ARES volHuo]~slstal 283 AAVE]
7IA| a5zl wheh b S A8

A| % AlE-& Map engines
tlolH & a3k

A5 A8 Aol

SymBoDEREY

nnnnnnnnnnnnnnn

oj2ie 37| (AAV)E AKX = of7|HA A o7

3-327 45 MF

AAV-E HAHA = H5H & 7159 el A &
|H = 7158718 AAA = HFEE E88to] AR Al HA
QAR ob 3 33} ok 2529 A9 g7t -8 A
gH o= A +71 C7HA $2e = glofof sh et
H] ) A% A8S 12 slo] 340w o]k2 AFe M-S A
|k gk}, 7] t7]1%5 A1 81 7] (MFD; multi function display)
x] &8 A] HD siAFE o)A Al &o] & og}rq Al ) 2+ =
A2 8 A 80% oske] w|Re] ARE-E, CPUS] 8- 8
0% o8k F] aljoF gt} el AAA| =of shH 28412 AL
SAF QG 0= Q14T

HE B g3 sfoF 2tk
(6]

A 2<E] O

L
i

=
=

=2 oo o N N o

%= 9J+= 25 Frame S

or

AAVE AAA T AFE A| 2B A% ©
A%k 270 E AlY 4 e Edols} o
A53H7] 913t H|2~E Backplane ¥} o1& A|ofsl7] 13t H
& o] 2soltk. AIBS S13) 17 95} o] I k=Eeoll A 7]
F5S T8 21 LAD(large area display) 3173221 256
024 BN A BE THHAE A AB] vl
171 A& AAA = Al o] 3| mrtewA] 5 1

5
EETEoE AA U AsAeE Al AR AES

ﬂl1

HIFE Az Eoo] 5 B
3l Symbol A HE st A T4 Al 7] g7l uh2 H4f FP
S(framerate per second)S =753l Ht FPS2> dA) AlZt
& 7|02 o ARtate] zpol gk el Sl fhS mse]

SARF Lheth, B3 CPU AHEES T3] 913) A e
2} 2T SR AlS 5 R A Abole] 48 T3l 1A 2k

o] WslEFol| A Idle #ko] W3S -85t CPU AMS-& 73
t}. Memory #t2] 4% 52 08¢l Linux2] H#Ho] F SAR ¥
Hol& Fal AAHEES etk s CPU2F Memory©] 7

FPSE S45H= A 4L 71 F o2 S99,

B 3. AAVE WA HFE ds 274 M3
Table 3. Requirement of digital map for AAV.

nnnnnnnnnnnnnnn

18 8. Display control CSC A=
Fig. 8. Block diagram for display control CSC.

397

ltem Comvparlson IAAV Requirement
Requirement
Power Usage <340 W <48 W

Resolution > 1024 x 768 (HD) > 2560 x 1024
Memory Usage < 80%

CPU Usage < 90%

RDai‘;seplay Frame| > 95 Frame
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Table 4. Test result of frame rate for AAV digital map.
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