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Design of FC Bus Testing and Protocol Analyzer Based on PXle

LIU Daoxu
(Chengdu Spaceon T&.C Technology Co. s Ltd. , Chengdu 611731, China)

Abstract: Fiber channel (FC) has the advantages of strong anti-interference ability and fast transmission speed, making
it an optimal backbone network for the new generation avionics system. In response to the testing and support requirements
of the avionics system on FC bus, this paper designs an FC bus tester based on PXle architecture, and studies and analyzes
implementation methods and approaches for testing FC bus. This tester fully utilizes the characteristics of PXIe instrument
such as small size, strong scalability, and wide system bandwidth, achieving various functions such as FC node simulation,
data monitoring, fault injection, video monitoring, optical power measurement, time synchronization, and bit error rate tes-
ting in a compact device. Testing and verification show that it supports fibre channel avionics environment (FC-AE-ASM)
and fibre channel audio video (FC-AV) protocols, implements 8 fault injection methods, including SOF error, CRC error,
etc, and supports 4 bit error rate testing code types, including CJTPAT, CRPAT, etc. It also supports 256 frame filtering
rules, with a communication rate of 2. 125 Gbps. optical wavelengths of 850 nm, 1 310 nm, 1 550 nm, and an optical power
range of -30 dBm~ +3 dBm. Experimental results show that it meets the real-time and reliability requirements of avionics
network data transmission. and can be applied in testing scenarios such as research and development, simulation experi-
ments, and field support of FC equipment or networks.
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g Es % (DMA _ MEM _ ACCESS). #:#11 FIFO
BRI (DMA _PORT _ MUX),
3.2.2 FRBBEB

AW GTP %yt i %08 oy 16 bie, AR HRE H2 05010y
BT E T EA AW, Fa il 35 bit AR, I 32
bR nBE . 1 AR s k ERFRE, 1 HRrRR 2
) 25 PR A8 T B S0 B 3 S 2R AP RS TR B Bt . B
A 1R RN B S G .

AR P GTP %y B 19 b4 3 b A G2 5 AF

% 5555 %

PCI Express Bus

[ GTPs |

PCI Express
Endpoint Core
IP CORE

Transaction| Pignals Configl@ion Signals

DMA_INTR_CON
DMA_64 DMA_64_ TROLLER
RX_EN TX_EN DMA_INTR_
GINE GINE GENERATOR
|DMA RD FSM‘DMA WR FSM’ DMA_
MEM_
ACCESS

i 5 8 .

€ 12 PCle DMA 38 8 % 3 4E &

PCI Express
DMA Module

K28.5 AT W 4L, SR FIWE A5 2 15 0 19 )5t 1 sl 4%
W7, HATRRSHLLIUR SR . 08B0 5 2
frm _ indic Bk,

FRLZEREN—ILAH RS, HREHE
B 13 fiR. 3 kR A RS RFE L AREPZE . syn
indic fE R — N HEERIFRE N, 24 syn _ indic=1 B} £~
RSV TR RE, 4 syn _ indic=0 B AR S
MR R D RIS HR s B

AT R AR ﬂﬁﬁg‘f [l 2R 25 38
i LALF] frm _

indic L,

K13 FREBREN BT

ML B - IEMRA T A2 Kl

Bl TR s AF 3 KB — A IE 8 09 1% i

T A A RIE - NEERIA s R AL B
MR T . IREHLIEA loss _ synch R .
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. 8 - TS AL A 5 45

%33 %

3.2.3 EWHZ AL

AR P A [ 20 B H Sk o R e . — A
FIFO IR A7 A 4% i = OF B 25 I B dml . 7 I 48 0 13X —
Mo XoF 2 A0 AR AS T 1 03 1 B A L 2k 4 AT 3 T A
Yo (rx _path), O 1 il the 25 20 R8T B4 Ui & R K
[, R AR T ACMCEE — /NER o Kot . an g Ui
10 MEH 7 (32bit) EFJa WA 30 Mekm T, RIGH
WO JE T 10 A B4 5, 1 X FE T 30 AL i
WRAG S, B 2w 1 AR [ 2

TR T [R5 RS TR 20 30 i B s . A e 32 3B it i
A R R B R B e, [R] AR 4 PCT AL T ok
A fish R 2 AP 10 1 D A IR HE i gy o Sk ANt 2 LA B T O3
payload H [ FH I 5 BE & B filh K LB Cerigger)  H W7 i
AU R il A S5 JF HARMCH WAy SID, DID, Mes-
sagelD {5 Bk B JEBE L (filter) . 75 Jin 45 38 i — M)
DU BUHE TR 25 RS 2 i E) i o A S 2 B AS Gam-
mer) Bk,

WE 14, 7EZBEIFPRESPL B P i E 6 MRS
int _ state, loss _ syn., syn, sof _ state. rev _
eof state, 25 1. 6: data dl [34] 0; &1 2.
data _dl [34] 1; &1 3. sof _flag 1; &M4:. 4 A
Wi R 1S A Hfl s 0l s 2518 5. eof _ flag 1;
RGBT, #EA int _ state,

state.

eof rev

—\ state \\\iiiff//

K14 2 Wi BB LB

3.2.4 MU Ar 5 4k A% R A B

ZIB LS FC s 20k Th g, g SOF ik
PRIRAE AT EOF it B2 bR R4 R P00 8 — 4> FC 00 i
LR B AT WK BE A, I X 45 0B A B ittt A 7
CRC £ 55, MM R BT — 4> 58 8 FC 846 i i) % 4
F B

R Bl — A RS Lk FE . K B SOF,

LT U6 WA B W O B BE 4T CRC AR [ Ik H it 5 416
kB PCT_E B FIFO wy f A 3] EOF mf £ JL
ZJE BE A BRI A s R RS 3 ATt () B[] [
PRI 00 1R 45 5 A B PCL_ E (935 Y iR 75 FIFO
Ho WU AT 5 Ak B R A B IR S LB AR AT 15 B .

wtime2_
state

B15 Wi A 45 Ak BUR S HL i i

3.2.5 Rk

%R ¢ BB R 4 1 R A TIRE . B SE AT
i (4n DMA Kb AL He sk 5 B o) 32 R % 1
B Wt AR R L B, B A7) FIFO Hry SR )5 0 B2 4k
Pt K e Ak kR L

FERE B K 3% B G EF BE B B, Rk A 5 i
A ik TN bR A3k R Tl Be . 0 K 3k R B AR %
JEEF T ASM W 4% ) ASM IR B84 . 78 ASM i (1 45
WAFH 25 T ASM R 46 X B bR B 2R R 24 Hi I FE
ASM 1 B — A~ & 3% JR I N B D) il 7 — > 4 0 07
SUR Y e 2 A5 Y 117 0 I [ 3K 3 s 8 3 1 3 A 4 % i
FRAEA 0] A& 326 Y B A9 ASM Wi, 75 0 5k &b T 45 15k
Ao AT BT A S LR G ELS it 82 5
P4 55 T =2 T 1 D) B ok /N T 2 S0 T R AR . R R
AT AT 0 19 A W 22 ) %) AR T 1D B Xk T A ) R 5
FUAE X B T LA py P o AR R R . A 3%
B 2 48 T ) 4 %8 B o AR A X B A Ok 3%

K% i AR d — AR SR P ], R
FWTR & 2% HoA OB M e g m . &R LA B
16 fiw . REHEBE XA NT .

D sk &g L

2) FC Rk E B it FIFO FiiH AR £F FIFO JE =5,
H7F idle _ state {RA {5 88 14 B[R] K T 1 4R T B A 5

3) MRGE K AW ELS i

4 W R LTS, H FC % %6458 He R s 4 K T %
6 JE 0 B KT Y Wi R Y ASM I 446 X B A
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%5 X M. T PXIe 1y FC BN S Pt (s it - 87
R R A

readels_
state
‘ 5
3 S idle_state

readasm_
state

"

K16 KRBT

5) YT ELS it BPA 32 58 5

6) AT ASM i BN 33258 .
3.2.6 JNEFE B

IAS B TS B 1) 58 BN B AR 2R
KREMKAEBMEE; 2) FERA &M &0 T .
SAETE ik 90 00) B 7 36 A Ml & B A 45 PF R AR RE Y
WOFN R 5 (RDY) 58 B4 . B &% 5 19 2080 4 s
7T At ) ot R DR A . A S AR T B — A
CRC 1 H B He A RD 8 A 8, LA F I8 CRC
e £ EOF, i 32 5 B0 He i bk 2 AL 3 o i B 17
7R

F17  n s A e R A pL e it

RS 1 T B R i 2 58 B B A

init _ state: SFF¢I0ET ¥ 65 5 R0 A . A6 IR
5B A A A e s

jam _ state; 05 HN4E #5320 jammer _ mode S 0100
B 0011, RPN BR RDY B 6E P& ik ke, 00 &% 2080 7 i AR
&, HNEGHAEN L SOF # 2] sof _ state, MRS

delerdy _ state: I #f RDY, ] IDLE % # 5
RDY 58 B— W AE . 285 %% 3] init _ state, HAhECHE )

linkerr _ state: % & B ok (55 .

sof _ state: AR i 4t A5E 50 23 ) B 2 AH B g AR ZS .
PR A . 8O T, T T, I R T, CRC in
B R B X A0 B4 . T SOF i i JF 8, i &
WA

modify _ state: e B BCRA AR 45 2 i A& B
M9 P25 LA SORH L B . KA G BB i, ) I AR 4R
SRXE CRC Al EOF BRI 1 06 8. A5 B2 J50RE
¥ 2| EOF B [7] #| init _ state,

truncate _ state: FEWURZ, B iR ZER K E
. EHITE CRC M EOF., kil 2 )53k () EOF i [a]
#| init _ state,

delfrm _ state: MHIBRMICHRZS . K it 52 8 09 M BR . BD
FE i) IDLE B d8e . #5200 3] EOF B [A] 2] init _ state,

cut _ state: #UBTMTRAS . A5 Wil SR i < R T
drE] fn A 6 A IDLE, 4 i 5] EOF B [7 5] init _ state,

cre _ state: CRCMASIRA . A 2 migy CRC Y i
. ¥ CRC FEIM4; . K] EOF B [8] 2] init _ state,

e A SO B e 5w, CRC gl . #8008 i
MM SR X 4 Fp2RA R, 44 2] data _ dlyl 4 eof i
BRI B Oy KT W . A ] data _ dlyS
Hoeof BfNgk 4 o, TEALMIARAT (init _ state BRAM) .
TSR A W) Z B 2 A w0 A A 1 0 AR S T

WG IRZS init _ state,
4 ZLWERRSTWH

BT B FC R B 5 P L5 57 (50047 20 B
FE REHE BRI IS 52 56 A A T AN 3 S B R R

SRR — . POAAHLAL L R B
SCEEREE . AR . A R B A R
3 FiR .
3 MR B AT R
EA LiEss Bk %
FC Wr 3 H7 % | SierraFC M8—4 | 1 J1%}F(Lecroy) 23 Al
fRs4k FC-FC J2£F 6 —
fRek FC-LC B4 4 —
A DEIR A DER 1 r I 0 3 B AR WF ST B
et eIt 1
iR X)) L 1 —
LR A R 2 —
ML ERES 2 —
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933 %

TESLH IR EE —pr, WA T FC @ AS 05 2. B s
EE. LUE. A FC R 5 B 343 A A AT LA
e R PUAR KL BB BR 55 A — AN 8 £ 77 45, 7B T ICD
e Ol ny W IF & S b, AR IR A RE % a0 32 e
(switch) 7 # A FCHEBX T 59, FIH 2.125 Gb/
s By FC ¥ O k7@ 5. R, A MY feag @ 1“1
AEUT R B I g W WA O U, O EOERE
B FC R m b AT 45 . 0 #r . JFREE SE it R E 8
T 0 A7 T3S PR 8 K 7 e i A B B

AL b, W TR A AR, Ot
Dy, AR . R RN XD RE. LU, AW
AL S SOF 4535 . CRC 515 . Wik fif S 5 55 8 i i
AN, IFH ¥ HF CJTPAT . CRPAT %5 4 FhiRfd & i
A, SRR W SR MU ik 256 4%, ASM Wil Je g ik
127, eI HRMIEIEZ 850 nm, 1310 nm, 1 550 nm % JL
Bt K, ThRME7EE —30~+3 dBm., 7& 045 A 2
L WTRURI AL A B AT [ 2B, AT S A i T AR Y
WEAREE T, e ASNES IRIG-B B bs i 47 W) 25 9048042 11
X VGA il DVI, B85 VGA/DVI W5 (% 5 il FC-
AV i BB 22 1) TR A 4

I S 06 25 ROk B AR BT T LR e
FC S &M Al s Ar T . T — 25 AT AE B A~ J7 T i
Frak . — &% FC {5 3 %l 2.125 Gbps #2 7t 5
4. 25 Gbps 1 8.5 Gbps, LU ML 2T 2 190 26
Bes TR IIRERTHBCR . AR F R N SR
PR B, 3 g B P RS [ A K T B . DA R IR
MR T RE . KBV E &

5 H£RIE

AR T — R T PXIe Z2H9 19 FC B &M S
PO Ar A SE By 46 R E S R L SE {1 EL.
BB A L RGN ML AE T BB HEAT T KR R i
Tatr. S guE, A KA AT LA B — A8 R AL
FC 08 5 e ot 47 I A b 3043 T s g 9 [ ) 40
[ 2= b AT X @ 6, DigetERe S HAH Y. Frigt
FARFIEALMN FCMREFRRE T AP R AL
BIFM %M.
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