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EESEY AR 282 A1 2] LRU (line replaceable unit)2] 71558 3lu2] LRM (line replaceable module)oll 4] Al
8}Faz, 3}t9] cabinetoll &1 7)1 9] LRMS- A $Fe} IMA core A 2=812] VPM (video processing module)->- LRM 2.2 4] ARINC 818
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[Abstract]

The integrated modular avionics (IMA) system has quite a number of line repalceable moduels (LRMs) in a cabinet. The LRM
performs functions like line replaceable units (LRUs) in federated architecture. The video processing module (VPM) acts as a
video bus bridge and gateway of ARINC 818 avionics digital video bus (ADVB). The VPM is a LRM in IMA core system. The
ARINC 818 video interface and protocol standard was developed for high-bandwidth, low-latency and uncompressed digital video
transmission. FPGAs of the VPM include video processing function such as ARINC 818 to DVI, DVI to ARINC 818 convertor,
video decoder and overlay. In this paper we explain how to implement VPM’s Hardware. Also we show the verification results
about VPM functions and IP core performance.
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E 1. ARINC 651-1 25
Table 1. ARINC 651-1 Module.

ARINC 651-1

ey I 715 ER=t
=
- Processor
Thecore | Robust partitioning support
processing - Memory DPM, GPM
module - Software re-programmability
- Interface specification
power supply | power line pairs
. PSM
module - reporting status
- Mass storage function/controller
mass memory | Viemory
YL Backplane data bus interface MMM
module
- Fault tolerance
- Application or Data bus loading
- Bus bridge and Gate way
standard I1/0 |- Serial, analog input/output interface| IOM, VPM,
module - Discrete input/output interface SWH
- ARINC 429 interface

IMA core A|2=Elo] PSME- A 9] 3t 65F-2
%9 VPX (VITA46, VITA65) E3=o| wle} utility plane
(power distribution, test and maintenance bus, common reference
clock), data plane, expansion plane, control plane, user defined=
T4E EYA Qg Ho]~E I/ VITA 65 OpenVPX
backplaneS #-8-3}31 1, X5 710l 3.125Ghps x4 AEE&E
<] serial rapid 10 (data plane) U E-%] 7.9} 1.25Gbps W45 522
1000Base-BX backplane Ethernet (control plane) .2 &213Hc}
data planeZ} control plane - switching &&-5 sl= 7 7119
SWHE &3t B 83§48 5 Atk F 719 SWH2
redundancy & A ¢8te] B 1G] 93] AZE AFert 6
TH9 BES H3 ARINC 6535 A 3H= DPM, GPMZ} %]
H3}A) = ©d BE (SWH, VPM, MMM, I0M) 2= 3-8t
T ATh IMA core A 2=Blel] %4215 = DPM, GPM, I0M, VPM,
MMM, SWH, PSM®| F 7%&+9] 25 3£ 12] ARINC 651-1,
117 (standard IMA module)2] A8 EUZ LRMLZ A7
3HAT}[3].
=] gl VPM2 ARINC 651-19] standard 1/0
Module & 3H}= Video Bus®] bridge$} gatewayoll 333l
716 gtk AA W82 3ol A Ak 8] thETh

BEO e

2-2 Digital Video Bus

IMA core A|2=E19] digital video busi= ] A5 2 &
T 7P, A9 7Fs s AEiA], AEAE SN s
7F4)+= ARINC 818 ADVB (avionics digital video bus)2- A1 &5}
SATH[4]. ARINC 818 3t %, H] 95 tAE 472 913l
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Fig. 1. ADVB container.
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Fig. 3. VPM diagram.
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SiAL
S

8 4. VPM
Fig. 4. VPM figuration.

E 2. VPM Al
Table 2. VPM specification.

Item Description Remark
OpenVPX_ MOD6-PAY-4F1Q2U2T-12.2.1- VITAGS
payload profile 1
Processor Freescale MPC8640D Freescale,
1GHz
Main memory DDR2 512MB
ROM
(Flash memory) 128MB NOR Flash
IARINC 818 1 channel from external
Video In DVI 6 channel from GPM
RS-170 1 channel from external
Video Out |ARINC 818 4 channel to MFD
1000BASE-T x 2
GbE 100BASE-BX x 2 Control plane
UART 2 channel debug
serial rapid 10 3.125Gbaud x 4 Data plane
IPMI IPMC Management
plane
0S VxWorks

VPMZ IPMCE: o]-&3F A28l ZHA] 755 &8k IPMC
= &5 7} test and maintenance bus$! IPMI (12C) 2 EA131c},
U2 25 7ko] B418 93k backplane bus?! serial rapid 105
A&} processore] THA W AZEY0] 2YS 93k
UART 2 Ethernet’= #]-5-3tt} ©] 71552 IMA core A=)
o] B FEH oz A VPME] A1l sl=gllo] A}
k2 429} 7t}

3-2 ¥A X2| FPGA

VPM-< video decoder 7|5, overlay 715, ARINC 818 to DVI
2 DVI to ARINC 818 #]&] 7152 XilinxA}2] Vertex5 FPGA 2
7i2t 871¢] DPRAM 2.2 7@ &}3]{t}. o] & video framer FPGA
2} overlay master FPGAZ ™ 3lt}. video frameri= RS170 21
5 98 ol DPRAMC A3t 7) overlay S 913+ =17]
2 W3Sk overlay master= &3t} 31 6712] DVI 94
2T E A este] 94 vlo]HE DPRAMe] A7tk
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33 5. video frame/overlay master FPGA TM %
Fig. 5. video frame/overlay master FPGA diagram.

overlay master+=67112] DPRAM®I A7 DVI 374 o] &
9} RS170 %34+ Hlo]E], ARINC 818 12 Hlo|E] Fol| A A&l
20 2 overlaydte] 471¢] ARINC 818% =3I}, ‘A818 Tx
part’ 2} *A818 Rx part’2 7] 722} IP core S AT 7)
W3} [P core= XGA (1024x768) RGB 60Hz 2] 3Atel] w3 -
e om, 95 33 Qe H o] 2= 2.125Ghps AE £ 7}
A= FC Ty o2 &g dr) & TR/ 9744 Tolv
ol 283817 S84 IP cored] 77 ko]  as)

t}[8].
3-3 ARINC 818 IP core

‘AB18 Rx part’2] 4% ER1S 13l 7% A818-rx-core”}
EH21 ¥l COTS ARINC 818 convertor (7]8H5) 2} 483 ARINC
818 convertor (Great River2] SAM)Z} H] 1l #2498 313t} A8
T2 DVI HIT] . S &d 27 ] o) 4] DVI RS BAIA 2}
convertoroll 9323+ % convertor =2¢1 ARINC 818 A3 2
fiber channel protocol analyzer2 £-3f £-413}33t}.

q —_—
w DV ARINCE1S

[COTS ARINCBI18 Corverter 48 THE]

’ @
oVl ARINCELE

[Geeat River SAMAIE T4E

32| 6. ARINC 818 convertor A€M T
Fig. 6. ARINC 818 convertor test diagram.
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[COTS ARINC818 Convertor]

00 00 1
00 00 8 00 00 5
ST oo 12 a1 00 12
& 1 186 00 oo 16
F 20 oo oo 20
00 00 24 06 94 28
E EA 28 00 00 32
L Iz 00 00 11
00 00 44 00 00 as
00 00 48 Do 00 52
DO OO 52 0o 10 56
00 10 SB 00 S8 50
00 S8 60

00 00 72
00 00 72 00 &8 76
UU TG 00 00 80
00 00 80 Do 00 84

S oo 2s 00 108 00 00 112
R Fa 00 00 o 1% 00 00 00 00 112 20 00 1186
RRnk E oc 00 40 0o 118 ——TT
11 00 00 00 120 00 00 124
00 00 00 00 124 ag A3 132
65 26 E1 74 132
EOFn+
| a1 34&33.556.235.533.5' | SOFn1
I 1930 59,060, 259,55 /0,1 | |44 00 00 00 4

1gs: COTS arinc818_823.1 Elapsed Time: 0:00:12.460.239.569.3 | Real Time: 824 19:45:39.866.239.559.3

3% 7. protocol analyzer Z1t&tH
Fig. 7. protocol analyzer result.

# 3. ARINC 818 timing parameter H|il
Table 3. ARINC 818 timing parameter comparison.

timin ARINC s AZE time
Y | SPECIFICATION 818-1 Description i T Tines i Tres ;
parameter TABLE 17 time TLw coun count time TLw count count unit
ADVB frame 0 0.6588 35 - 0.6588 35 - 4s
ADVB frame 2 7.3974 393 - 7.3975 393 - 4s
fur nominal line time 20.6871 1098.5 1 20.913 1111 1 us
tver nominal video frame time 16.6655435 | 885357 806 16.6573976 | 886517 798 ms
t, =4 X LineSize X T, ;, i i
0 |0 neswzex Lo | from SOFito first SOFn 6203106 | 32054 | 30 | 4931576 | 27044 | 2358 | us

(£17,,) (+ Tol)

video line tolerance
t, <17, . ) - - ) . } -
u ! LW (faster than nominal) 0.0094 0.00005 s

video line tolerance

2 =10y (slower than nominal) 0.0094 i i 0.00005 i s

SOFn to SOFn (next) 7.5106 399 0.36 7.5859 403 0.36 us

SOFn (first) to SOFn (last) 15866.6353 | 842915 767 16539.8588 | 878680 | 790.8 | us

SOFn (last) to SOFi 178.5976 9488 8.64 147.5388 7838 7.05 us

6T,y <t, <157, intraline idle

B lo1120ps < ¢, < 0.2823us (& Tol) 0.1132 6 ; 01884 10 ) s
ty =617y, intraline idle, -EOFn to SOFn

t4 £, = 0.011295 (= Tol) 5.7791 307 - 5.9296 315 - “s
ty = 5007, interframe idle, EOFt to SOFi

t5 £, = 0.4117us (= Tol) 171.2002 9095 - 140.1414 7445 - us

" t, <27, video frame tolerance ) } ) } ) )

(faster than nominal)

t7 t <27, video frame tolerance ) ) ) ) ) )

(slower than nominal)
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protocol analyzeroll A= H=3F 32 hit (4 byte) T = ADVB
frame d|o]E] 9] Z=FAIZHS S 8l0] e 2,125 Ghpsell
24 32 bit dlo]8 & KHuj+= d] A2l A17H 80b/10b encoding F-
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O

1

————— x40 = 18.82352941
2,125 Gips 0 8.82352941ns

Tw=
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A 3 48 20l okl A2 Aol
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-
=

-
oLt

o1 Xel
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3-4 VPM support package

IMA core A|2=El o= VPMe fHAllE] = BE AXEY]
o5 T3k VPM support packagez} 3t} VPM support
package= VxWorks 6.x 7]3Fo & 7§, VPM application =}
tulo] A EatolH R A = Al A == 1y 839 7k

VPM TlH}o] 2 =2lo]H= VPM application©] =910 =
8 5 UA ATHE HAO= SBC BSP (board support
package), IPMI driver, BIT, FPGA control, —L&] 3 3178 3¢} 7]
=9 2t}

VPM application-2- VPM %73} CPM-VPM B4, 1739,
IPMC heart beat &1, BIT= -3 ¥t} VPM Z27]3k= VPM -
H ¢ts & tujo) 4 Egfo|HE x7|3)ste] ARE7Fs gk el
2 A73}aL, CPM-VPM F41-2 BSP2) serial rapid I0OE ©]-&-3}
o] o2 LRM3} 54181, BIT 23 5-& A3kt IPMC heart
beat 541 BSP2] DUARTE ©]-§-5to] th& K57} heart beat
B4 T, BITE VPME] PBIT, CBIT IBIT ¥ 2 5

7|1H 0.2 CBITS F3)5te] 41 BIT A4E f4] 3t
VPM
VM ey —— P . St v
Support Package s iy L Lewes |
o | S ) o e
oot ramnn | i A e
— "‘;:“' z‘_m ,,,5, g e PRI g - RO,
PSS —— —
VM IIPMC 4
Fault Injoction i
e
o | T

38 8. VPM support package 7M%
Fig. 8. VPM support package diagram.

V. VPM &S

http://dx.doi.org/10.12673/jant.2014.18.5.437

442

IMA core A]Z~E18- 19
S &3 A

98} #o] dgk S35 4 A &
=& ) 3 2 A58 A RS-170 7}
2} 2159} ARINC 818 235 VPMgi Y3 vPMe
ARINC 818 13- sensor simulatoroll Al &2 5= DVIAIZ S
DVI to ARINC 818 converterg &3l A8/ gttt sensor simulator

&3l 2} sensor 7S Be

CSCl+= v 19 93 2 GUIE

éoﬁ‘.

slo] AN ETE MR radar 2e] CSC, IRST &) CSC,
EO/IR 52| CSC JAto]th

VPM2] ARINC 818 =2 415+ ARINC 818 to DVI
converter= A}, o] converter?] DVI 38 MFD 9 &%
sh= RUE R g1,

J% 9. IMA core A|AES| Sof 3 HEE
Fig. 9. integration & verification environment for IMA core

system.

A Cone Syisem &7
a8 10. S8 @ ABEY THE

Fig. 10. integration & verification environment diagram.

a7 11. M AlS20|H GUI
Fig. 11. sensor simulator GUI.



a8 12. MFD 24 EH
Fig. 12. MFD monitor.
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