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Design of Graphic Generator for Driving HUD(Head-Up
Display) and MFD(Multi-Function Display)

T of M o* e o e
Hwang, Sang-Hyun Lee, Jae-Uk  Park, Deok-Bae

ABSTRACT

This paper presents the design technology of a Graphic Generator which drives the embedded
aircraft display equipments such as HUD(Head-Up Display) and MFD (Multi-Function Display) those
provide pilot with the most important mission information.

The main issue of this design is how we can implement the real-time embedded graphic generator
using a general purpose processor as a substitute for the obsolete the production of specific graphic
processor in the military market. So we proposed two kinds of method that one is a software solution
so called graphic kemel system, interpreting the display file, controlling the graphic system and
pre-processing graphic primitives, the other is a hardware solution so called graphic engine,
interpreting passed commands through the graphic kernel system, post-processing the looping
calculation taking much of time as implemented by software. We have tested and verified the
functionalities and the required performance of Graphic Generator.

Z07)%89] : Graphic Generator(12}® 947, Avionic System Computer(3FHAIA28 ZAFE),
Graphic Primitive(2#}® 9422, Graphic Engine(ZHE A7), Cursive(#A]18), Raster(zh
2E]), Symbology Enhancement(4& 1%)
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A= _7::%’\}

Aol Q1] oldd /EE ALl aEske e
=y EApNEe "4Folxe gk 18y ASCe
& 3719 F AFHEA PYPAE BAF T
F M, ANEAT Aled B 2 FAARS
Aee FFAQ0 IS FPelmE 8 g
Az Byl Slside SApiwe] daide] A
At & 4= gl

2 =FM 2& 33719 F AFZHQ A
q7] 2 pIsAENE Feshe FEAAAIAEA
Fel9] 2y G4 A7) EES A 2 FEs
715N E 2 HgAES B O As ITE
AT EFoz Yt ¥ =RME ASC 44
M8, GP EE 3l=9go] A, gl2e/ArE ey
BE 3l=9o) AA|, aeg AzZE] A, A
2 AF5 8- 7l&dit

2. SSHRAAHIATFTEI(ASC) dA IR
ASCe #7719 % 3 FAAE 4

g9 02y AN e 2L 7]
e,

3 =&
O Xz
=2 T

o

- FAES 9 aPEA Y FA

- MIL-STD-1553B Aol ¥z dlojet 54l
Aol

- 3, WA 2F 2 FARES AT A
g FAPdALA of

- HUD #AAE A& 44

- MFD #2F A2 44

- AlzE HY e QA B 2 e

- 95 QlEjso] A Alo]

1

A7 e g A) AlsH AR g 2002 7€)/ 73



rr
Ho
~
oot
W
N
S
MO

Clacenle Otssirte Chsorete
stvge  As2C(H Yt 12 mm“m fisaz{a Az (2) 15508

o Bl S0 Y

EMIFILTER EOR
crum CPuR coMM DISCRETE 10
POWER MODULE MODWLE WODULE MODWLE
MODULE
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e HUD CAMERA
com o lcrsne | | gom |0 fpuaren [~ AELOCI0 | voo
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Discrete Corsivn Disorpty Flatiee Analag
vou (2) POR2C(D W von 1) QD Vo fl ygpy,  CoMONS

[23 1] ASC 2= 74 % Holet S&Z

ASCE GPS/INS/ADC 2 B4 g 2agloay
Bl 488 2 33719 AR, A 2 7] HRE o]
231 AR EAE] WCS(Weapon Control
System)®} sl FAEE 2 FHEA,
UHF/VHFE 94 Aofdle 7155 Ze =4 +
AFEoltt. ASCE % 10749 6U H=g HAstn
Jom, o5 A4 2 FHH HHo|~E 17 13
2o},

A2zE Has VME MAS 98 wysie] 243}
¥, 22y Blae GP(Graphic Processor) #15
51 AAB 2#81Y(Cursive Generator) &5, GP #
2253 22 J#)9(Raster Generator) TE 2
HI) Q. A3 A2 (Video Multiplex) 259 928 ¢
gt g AgHzolrh

CPU #1 % #2 EEE &9 AZEYY
(Operational Flight Program) % SCIL(Standard
Computer Interface Library)e] @A1® A28 FA|
Tgolty, olx el 3RHE  RISC(Reduced
Instruction Set Computer)® Z2A4¢1 i80960KB
g glstn, 213 AAv|Z FLASH #W=e,
E RUEE EPROM, Hlole} 4902 SRAM, A

74| FEANE S8R A5 AR50 TY)

2 vz g 22M2 538 CPLD, Eeld,
HE|, RS-232 BAldEog A€t

ol 2 Z9 CPU BE2 TYd st=dof e
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| &2](Global Memory/Comm.) E&3 o83t AH
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GP #1 ¥ #2 252 CPU #2 REZFE e A
ARdE g siEsle] HE @), oF € B
(Window)Zt 22 2219 UA QA (Primitive) &3l
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gX GP BE ZEAMEZ CPU E&oAM9} £
e B0BOKBE HAsk, & Y Z2AA
2M9] 715& Fhst7] Asl, 2 Heo] 2 &
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£ FIFO, 98¥ 33 2 foJes 53l 4 %
A 2y 93Y Afole 2y aR(HARE), @
A2H 2 State Machine2 2 TAY =22332)
S FIA 189 aHY A FH5L Aoy
oz 2L ¥HY We A4 HolEgE 1Y Hy
(SRAM, VRAM)9l| 2t}

et AN 2 gaE a3y BEEL wojE
7} obd E83Q vt AT E WAshe REEE
A 5R9 a7y fx gk tigh 7k vige A
3434¢ 98] CPLD % FPGAZ 74" 233 =
ZarE o &3l AT

vt Az REMUX)S g 1839 &
M A" 2 A Hde 4AF 1 A R
Bt et dFANEE 2 719 MFDY 427 &9
3= 715, 1 719 AVTRO] 3 Alge] Jg4lss A
g7 =33l 715, 7hE Hide g9} BkiE 1
9 vt Aser i} P 75, FERBA
Fhle} Bl Als iy 2" Hge Alse] <14
A S 98 AlE 19K Symbology Enhancement)
7%, MFD9] 22§19 Hitje 3= 7}Z(Contrast) &
A71s5S 2T

a 59 EEEA HYIE 2§ vEyg 2 A
EE, oIS ArREESC] ok

HEFF B8 F37] AYAM RBVDCE 37
go} +5VDC, +/-15VDCY AUS A3 337
o Zule /e F AgTte] HAl S Fol7
23 EMI ¥EE 2331 Qith

Mg 2 BAEES A2H9 FauEe] #
RS-232, ARINC-4299} Z-& AFFAXEY} Qlrk

oS AHYRELE 37| F ALFHA
MIL-STD-1553B 8% 532 FAHAE 34 B
#e3ke ¥ HEE Y oiHE /EHEET} 60
Ade] qiok

ASCY 289 94 AA71E GP #1 BE, GP #2
2E, 7NE 2#9 2§, 22H a9y 25 Y
Q AEAE REEE 7PAEH GP# 2 GP#2 &
B2 349 2 RA/RSAES TEse 5YF 8t
coz FEEAT. ol 3 GP EEY AF &
%5 2y Byt AAEe ANE 4 ZAE
sete Zze] 1Y EEE FARIEE SFick

3. GP 2= sI=H0 MA|

GP 289 74L& 11 2014 o] 80960 ==&
A4, DPRAM, FLASH ©|2&], SRAM, EPROM,
CPLD % IEjgo]x MuFoZ FAH

GP ®&<& 32 H|E(OXFFFF FFFF)9 F4 99
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Ye, 229 Bl % 48 HolEE FLASH A2
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(38 2] GP E=o LF 74 & dojel 58X

ol 9% Elo|E{(Arc Table)2 =213 AgAl Y
(2) 27l F=e SHEFH A5 2 FAdEN]
FaHs Zo7] 93, 27184 wlE] AE HolBY d
T RS A8 SRAMS 5AYYd HolE §
B2 dlojel wlolxE FEsbr] A FYolth
SRAME Hlo[g} FHozA HYo7l +5A ¥
2 37 B4 2 AREE 990tk DPRAMS Al
2 B2 9 2ZH 2] opllgro gz QlE|H o] AR o]
Ao, CPU #2 BEolA AMIUE »9H, SAMAE
T ZEANTLE G&

Peripheral Control ¥%-& /0 F49H02A4 1
Y A2 #E] 9 FBAE {3 A4F wALH
9 Bz 79AxE2A % 13 2ok LED Lamp
Registere GP Z&9 Al ¥ AH7AE 93+ LEDE
F2A 4 o) AMEEC System Fail Registere GP
EEo Hdo] /e ¥ 7t REOAAH HAE 9
Az FPsEe Qe g AaeA, o Ase
Setup Control Register”} &/33}=|ojokgt 2717} 7}
538t} Enable Program Register= Flash &g
of Z2aRE & o AR AT RoF o] AT

76 | F=TAE1E A ASE A252002d 74)

BSFFFEF FFFF
Processor Beserved

BrUl vouu
$CDOD0 00DD Heservwed

Gr hi A
$4000 DOOD SPhlc Area
$30DD D4DD Fer ivheral Control
B3ULL U3
B3000 DDDD Local TIPRAM
$2DBD DDODD Beserved
$2008 DO Sxare SRAM
s2DD3 DDDD Arc Table
$2000 DDOD Local SRAM
$1008 0000 Not Used
$1007 DOOD Symbol Table
$1UUU vUUU Flash(Firmware)
BOOOD 2000 = BReserved |
$00DD DOOD

EFRM(Moni tor)

(23 3] ozl ¥ & /0o o

g o|gdle] Flash W=ele] ‘WE' 4l3E Herh
CPU Configuration Register= GP Z&9 Y
Adtd AMgs= ASZ Setup Control Register?}
gAsglslofolnt o] AlZE & 4 9tk Setup
Control Register= CPLDUY A& #A2E5S Al
Ulsetup)stz] A 2z 2, o BHAXEZ} 843}5
oot System Fail registers} CPU Configuration
Register?] 7|7} 7}&3)ch.

External Input Status Registere %9 2914
dg AEHS ¢o] Solv #HA2HEN ezs=d
Algdgog AM2¥Eck BD ID Read Registered &
FY EXHSE A4E] ) AMEH

Cursive Draw Start= Frame Synch Interrupt
BAA|, GP 52 Display BankE vtz &g &
2ol ghHe] 27 FAS FEstodol 177t AlF
2=
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[3 1] Peripheral Control Map

2| X| A&

0x3300 0000 | LED Lamp Register Address
0x3300 0010 | System fail Signal Clear Address
0x3300 0020 | Enable Program Register Address

CPU Configuration Register
Address

0x3300 0040 | Setup Control Register Address

0x3300 0030

External Input Status Reg.
Address

0x3300 0060 | Board ID Read Register Address
0x6400 0000 | Cursive Draw Start

0x3300 0050

Cursive Graphic Engine Draw
Start

0x6400 0020 | Cursive Command FIFO Reset
0x6400 0030 | Cursive Command FIFO Address

0x6400 0010

Rasterl Graphic Engine Draw
Start

0x6400 0050 | Raster] Command FIFO Reset
0x6400 0060 | Rasterl Command FIFO Address

0x6400 0040

Raster2 Graphic Engine Draw
Start

0x6400 0080 | Raster2 Command FIFO Reset
0x6400 0090 | Raster2 Command FIFO Address

0x6400 0070

olgf 7] Alg dHeolHe o9 Frelth Graphic
Engine Draw Starte GP EE&o| I1#¥ REE9
FIFOd| MEF & Z#e faEdo] 3de BF
27] A, A7 Fho WY 2I|E FY3o}
Graphic Engine2 FIFOOIA 39 HHAE 7] Al
gt off 2] Al9 dHolHE 499 gholoh
Command FIFO Reset2 GP E&°|] DPRAM(Dual

Port RAM) Interrupt #44], Symbol Update Flag
< ZAksle] Symbol Update Flage] Ao Sl
%, Command FIFO Reset B#-& A8l FIFO
gANZ F A2E & Z o] dgaEdo]
& FIFOd| #7] Al&Rgie), oluf 7] Al9) dloJE=
Aole] grolck. & 20049k 2ol gay a7y 99
< 8 HE Z3 2 79 HA(BEEY Z teolH ¢
g Hx9 g9 #Feske te HIYHRBE 7}
A& VRAM @F9o2 74T, ANE 188 g9
& SRAM ¥%o2M 32 HIE Z3} 2 j)9] WAz
TR 2y A9gL BaE 2 AXNE AE
2 HolgE Alojslr] AT FHeEA Yy R=
o 7% YRA2HEY €. GP E e 1Y
289 A)AHBIT, Built-In Test) 3}
FIFOE AXA %3, ¥ 39 F22 3 2g2H

=
%
=
=

(£ 2] 2t28 % FHAE T8 g9

0x4000 0000 - | Raster] VRAM(DRAM)
OX4FFF FFFF | Area

Raster] VRAM(DRAM to
SAM, SAM to DRAM)
Transfer Cycle

0x5000 0000 -
OXSFFF FFFF

0X6000 0000 -
OXTFFF FFFF

0x8000 0000 - | Raster2 VRAM(DRAM)
OXBFFF FFFF | Area/Cursive SRAM Area

Reserved

Raster2 VRAM(DRAM to
0x9000 0000 - | SAM, SAM to DRAM)
OX9FFF FFFF | Transfer Cycle/Cursive
SRAM Area

0OxA000 0000 - | Reserved(Raster)/Cursive
OxBFFF FFFF | SRAM Area
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2 AR Z Y ¥¥ £ VRAM % SRAMO|
Alzgld 8718+ 4 ok

gkaE 3L 512 x 512 g FAYE
olm, 7} R4 § HIES A F=E 7Tk #HFA
9 X, YHE & 33 2ol 247 9 79 dlofe HIE
S8 A"

AAE FHE 4096 x 40% JAZ FA=HE 4
2.2 4 vECY. AABE CRTY AA WS 9
g 7% 2 3 PARAYS ZF AolgoEn g
< A otk WEPYoE AAdE HEY
Zt JEL Y| 3 gEEX SRAM £AHE 2
2 AAH, ZE ABo] AREHUS W, & 49 2
ol gdzc X ¥ YR HolHES 54Y &%
Z ¢lo] o] 12 HIE9] X % Y DAC(Digital to
Analogue Converter)& A& -10 ~ +10Volts2] #
dgrez APAdrld 2¥Ech oy SRAME ¢
T &Es AXNE 239 i #A7F ok =l
HETE YA AR 78 Ago] et 12
U ghAle FAPRAE g, gie] ofd B3-S A
sedle 4L AlzkeE 13RS A ANY +
ATk

= [

[ 3] 2k2H g afHsE

A29.. |A24.. |A15.. |A10.. | Al

ATIAD | s | aie [ at1 | a2 | o
X Y

0| 1|0 0 0
G 23

(£ 4] FHAIE B{H(SRAM)2| HlolEt

3= 2T D23.. D11..
D28 D24 D12 DO
Pixel ) )
XXXX X Coordinate| Y Coordinate
Code

78 FFTAH|E B8 A ARsE002 79)

4. 23 2E =0 A

41 2}AE{(Raster) 2 2E A

geE 23y EE Iy 49 2o 2 AdE 7}
Ao, zyzk FIFO, e3j9 Az/EA2H, Ao|23)
Ht]e Hy 2 RAMDACSE PA®ECh #hae W
21 FAFAL 402 A RS-1T0A 8502 A
S MF A 87 TAE 480 ¢ 430 HA S
%, 128 A 9 ulg FAPpEA T o2 A

ZAEH GP REERE 1Y 93ITE 50H
F712 FIFOE B8l Yol FPGAWF] 74
" gy <dzle] olF siSste] MR, olF, A
g AAEY] 2y HEs Asid z2e]7|(gus)
B FAYA, &9E A ale
VRAMS 2 7A€ ZH Y oo a3 /d T4
of £4 dolgls e Aot EAQd FPE
(RS-170A)E 30Hz F7]2 VRAME & ©9 &
Aoz ¢o] 4ZE HAA~E|9 RAMDACY A2
2 R(Red), G(Green, Sync), B(Blue)d] Z84l&
7} A Ech

£ chi :> pich
Graphic Nl
Cht Engine
et g S
FIFO Register
Group je— TN :>RAMEPC
LOGIC

g

Graphic BUS

SE
Shedimy w11

Register OUTPUT
i Group CONTROL [:> RAMDAC |
LOBIC

i

s

(28 4] 2iaE ZHiE 2Eo| AT



42 AAE(Cursive) J2HE ZE MA

ANE a#g REe a9 59 o] § Ady
FIFO, 139 </ A|2H, o237, Hte v
2 X/Y DAC(Digital to Analog Converter)s2.&
T/3€ch,

o
& 9, AU AT € FAEEE FF A
olgte AES AGARE el FHolth o9 #
ARGE HAS X-Y EZH, ofdEa AHBRAFINF
o Utk AXNE WAL A%, e % EFI 2
L BF 7140 AT B dMe SIS 40%
* 4006 A F AUES 16Hz, BIHLGE
+/-10Volts 2 A3t AAE GP EEEFE
a3y HHISE 50Hz F7I12 FIFOE 534 9
gulol FPGAUR] 748 2y dzlo] o|E &
3o AE, o, ¥ 2 AFY 29y FFS A
gt 1E)7|(shussel gAgx] 9 £49)8 3
gtk AAE GAAEE T Qo] SRAMOE
748 ZH Y HEd FAHeE A AKX voEE
715314, EEAlole £AFLE A I HolEHE

SRAM
BANK
L=

Cht

Graphic BUS

o A MC [
. Conm Engno ‘Ef' DEGUTEH [~
AFO :
Regster g |

Grup uTRUT
cw :E\/‘* DEGUTCH P ¥

(08! 5] AR = 2Ee AT

=2 /837 £&2
S0HzZ o] X/Y DACOl Agsld %/44 HE
AR 7 AEE dggozHN AAEHC e

"On/Off"E Alojdle ZAFE RS-428eje] tjAaz
ZE Mg WErt ARAEre | 2 A
9 Aoje] WEE IA3 FH Fu¢ 99

o & E239 $BAE ¥ AEIHE 123 FA
3 A5 E AAsol At} dE Bof T AE A
£ 29 3 9s A AiFes A AR= §
Fi 12718 6l s8shd, AT 2 o]
A B AElelA Wo] AR xx] g2 18
717} 489t 22804 (1) Bright Up Delay
Start/End, (2) Pre-slew Delay, (3) Beam Position
Delay9} 22 Elo|® Aloj7} Hasjth. AAR 23
o =g wWEo] A4 A& veolget W “On/Off”
dojels SAle Y8AAL o5 7] & 4=
£ 534 &89tk & FH dolee DACE %BF
3iA|gk Wl dHolee 22 89 melA o5
F718k517] s (D3 22 9] ARIAA Aozt ¥
83t ()9 £5= {9 “On/Off"A] S8Ae]
gk 3l Fgo] WAEHA, olE WAs] S Hel
FgE w7kx 7ot} olFS g AAARL]
Fasjch (32 AL THEA F W] o)%3}
o HHE W7kA] Bag AAAZe,

5. g AZEY0] MA

Iy AZEYolE gkaEH B AAIE GP EE9
FLASH "=glo] grj=lo], AAgd s, 239
e daE 8 9 adg FHERA Aols
Tk st=dlo] 7R 2Py Ad AZES oot}
ZgaPe (1) F 79, 2) AL A A HE

Al 71 e3) 2] AlSE AR5 (2002 79) /79
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5] XMA|nld(Display File) =

[(Z 6] 2HE AL HYO

- board ID, channel enable
- BIT enable, BIT report

- CCB, RICB, R2CB pointer
- check-in report

- d_isplay file address

1 PRCB

- harmonization
- cursive writing speed

- bright up delay

> | micRICCE - beam position delay
- pre-slew delay
- x/y offset

| - video enhancement

- global scale

- R1 Palette

- display file address

- harmonization
3 RoCE - x{y offset

- video enhancement

- global scale

- R2 Palette

display file

(raster channel 1 or cursive

4 | R1/C FILE

channel)
display file

5 | R2 FLE

| (raster channel 2)

7%12/31@51 =8 JHHH Ay
432}5491 < e AR &

PEESELAN
T

=
718, dele 7 1ﬂﬂ-4ﬂ1 (PBIT), lEj3iE]
A 2 FE e AAAHCBIT) FHoz 749
o @ Y dEE B ANHYL Yol

A84 GEES st SAE/ANE THY B
£ FIFOd 12y HHz=E sy, 149 A
ol ZE HA2HE FAS (3) 50Hz AAH
2|28 H(Refresh) Elold, 30Hz 22H 2=+ E}

80/ A=At lees] A A5 A23(200213 748)

ID Command ID Command
1 | move | 13| jump_call
2 | draw_line 14 | subroutine_return
3 | draw_invisible_line| 15| infill_rectangle
4 | draw_symbol 16 | infill_triangle
5 | define_window 17 | infill_arc
6 | define_translate 18 | set_anti_alias
7 | define_roll 19 | reset_Y_depression
8 | define_localscale 20 | reset_window
9 | define_flash_rate | 21 | reset_effect
10| define_fore_color | 22| null_command
11| define_back_color | 23 | draw_arc
12| define_line_type

L-?L

ojmell o QEIHE AMulZ FROZA SXHFY
7P =t ole HE HHIYE 3 Ty Y Hy F
2 F83th ¥ 5¢ CPU #2 280 GP 41, #2 &
g Addste 1Y HAgdy doly txAE
Uehd, ZgAlq BAE2(PRCB), #AlE A8
Z(CCB), BE FAELZRCB) % FAe/AXNE
AL R FAE, o]5e DPRAMY AFFAzR
RE #aHoz g9t Jeh drte] TRAEse)
277} 7hiAo|lmgE ¥QIHE IX3IEE 1k 7t
T A2 W BiLE Zolr] s A
A4 HolHe 4 54 HolEdgez FREo FF
Hlolelnt Z3AEn). SIS HMAREe] wWHn o
ANEZE HolAE 18 " diFEe deoler} 24
g T8 GP ZEo| SZRklM tered A8
dole FZ2AE FLASH W=zl g@ajsia o],
& AZEQoM HY a7lE FskA] ¢,
A, 27, A, £4F 249 I HE HolE
I IS Hggoay oy F4l ¥ 2 A
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& IS SRS E 62 FAHAS 7
T dA8a BWFOIEE Uitk I3 9X8aF
oA ¥RE AKGH, Blam)e] 7FE B2 AR #, ol
T gEEe AZEHojEnt opie} uekd dk=d
of a8 Axe T T A=A AE =
£ =Y 704 22U ABD)E 64 HE AT F
£ WEHoe Fyoz Qs APEEY A5t

i

X

& 8oz FAfsia, AIAF 27|34 AE EHolE
9 RE AT e Al wlg ke 3
I, ol dHlolg Hlo|xssl U5 EolEo AT
o A% A(5) FHE TR 48 Holsd &
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