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Abstract

Abstract: The standard of CCSDS AOS is used in space exploration because of the process of the
standard airspace system. The spacecraft missions have used multi-protocol data unit (MPDU) to
multiplex the package channels. The range of MPDU and the data are different in different spacecrafts.
This process brings some problems in the maintenance and the correctness of the algorithms of virtual
channel multiplexing in simulation system. The applications of CCSDS in the world were researched, and
the general definitions of MPDU in these missions were described. A circle memory was given to buffer
the data of MPDU, two general formats in the process of sampling MPDU were researched, an efficient
and maintenance-free algorithm for unified sampling MPDU was designed, the efficient of time was
analyzed, which proves its correctness in theory. The application of this algorithm was given, and the
future application and work were pointed out.
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Abstract: The standard of CCSDS AOS is used in space exploration because of the process of the
standard airspace system. The spacecraft missions have used multi-protocol data unit (MPDU) to
multiplex the package channels. The range of MPDU and the data are different in different spacecrafts.
This process brings some problems in the maintenance and the correctness of the algorithms of virtual
channel multiplexing in simulation system. The applications of CCSDS in the world were researched, and
the general definitions of MPDU in these missions were described. A circle memory was given to buffer
the data of MPDU, two general formats in the process of sampling MPDU were researched, an efficient
and maintenance-free algorithm for unified sampling MPDU was designed, the efficient of time was
analyzed, which proves its correctness in theory. The application of this algorithm was given, and the

future application and work were pointed out.
Keywords: AOS Standard; multiplex; MPDU; sample; algorithm; correctness

B AR, (5B, T TE NG S
kA B A2, fiiRAT 4R 1 CCSDS Al
RIAR O P9 58 SC BT M AT Sea A das 0. HTIE A
Hb T BT RAT 55 2R CCSDS G AH AN 2
TER A i, 900 2 0 st 0 VR ek
ks H 357: 2015-04-28 & 1nl H $9): 2015-07-03; LI AR 2 (EOS)[G_Y]" WUAAESS RG] CCSDS &
g fE e JIA(L98L), Y, WINGE, TR, W, CCSDS M s A R G (AOS) ML L) 2 I

B LR Sl R A, W& AT
HAiim s TEMECE , BRI A6 1% 55 Rl 22 4L
A A R AR A O AR s R 0

L DI TR RSO G PEL1976), R g s
2 1 TR .
s bk BT B a1 1 AR A LRSER v

¢ y. MRS R FiE1982-), Ui, DU, B
2.\ &, CRR, BRI AR AR R R

http: // www.china-simulation.com

* 1729«

Published by Journal of System Simulation, 2015



Journal of System Simulation, Vol. 27 [2015], Iss. 8, Art. 11

27 555 8 1]
2015 4 8 J1

h T RRAEAN R 2S  F) His o ) — Hidh e e
CCSDS AOS K H] Tk Z s S b AUfFIER
PR RO 18 5 P o 30 T8 I 9 e 6 38 el A
5 10 A 8 LA U 60, 55 T oy — AN AN R
FOMEAE, SR K R ADLA T8 H50 0 T g 05 3 A3 o
TG, BARTE MR B AT S, ARk S BLR
HHLEL,

CLFATEdE A1, R CCSDS AOS #4115
TE V7 ) B4 5.6 (CADU) S 2, K CTU 436 45 204
A B PR 1 U 0 5 £ EPDU 41 MPDU(Z it
BCE #.70), MPDU S 7845 VCDU #1554 5.7t
X, VCDU =520 s CADU.

MPDU &7 H 2 i 52 F b 45408 2 AN U0, £ 4
fe ek A G, MEZ MR N E
PMEE AL AENURAT S5 h R 2R AT
TATHIFATRERMEE SR . {HiE MPDU [ K/ME
AR A —FEN, HRTER—E5 T, AN
R AT 23 BT F I MPDU A K/ MBS ]
XA T R G TIT R FATHdE 2 MPDU 75K
TR 2 EE TR AR MR BANURES T ]
4, MPDU 4113125 MPDU U K/ NFIFFAT
AW EPDU G R/PNRRFY], #HHEHERE, #
R FENAE. DAEERURT R G 0], MPDU 41
MWIFEE 23k 231 47, if-else TEH)ZI5 20 4, 1E[H
FABBURAT S L RGOT NS, s HEE AR K,
WANFI TAE 25 HE 2 SR ] () 4E 4

] P9 AMRIAH DG AR 7T AOS Hidls R 4%
T EBEE . AR A% S MPDU {5 1E
ELEPA PSR Rk IDN I BN 87 55 N
9131 455 [T 9T MPDU 4Ly . S T & A
RAT4 MPDU AL 5 ik, FH2ETFR M4
— A MPDU A8k, DUfE i3 R 4
MPDU GL4TM{ 57 4 IR R 50K 1 X A

TETERIFERRAT ST LR GERS, Dy fig 3L L
Z Hix 4T 8 MPDU Ak 2. A G481
), A6 MPDU ) 45 #4 R 2 i FREAT T A
FU, e T AN E RS

E R
Journal of System Simulation

\ol. 27 No. 8
Aug., 2015

1 ZEEHIEPE#T(MPDU)

FURAR I N ATRE I 22 % 53 F R O - A i 1
DB 2) B I, EPDU #HT 2 A, E
B2 B DM SUBUE BT (MPDU), 15 78 A\ RE UM 1 %
Ji LT (VCDU)EE FRT X H . a2 MPDU %%
X KRR EPDU # i Edh X K, Wt
HEB Y IRFFAEAN R —4 MPDU EdE X . s
MR U4, 2 2% 5 R Dhfe T L™=k 1E
MK Y CCSDS 1), A MPDU
o BHPEHARKE R 7 76 Tk, 17
TR EEE), WH—~ MPDU H T R H3E 7 A
ANTT AT, WP AN 7 AR AR,
UL IEHIX AN PDU, 2R f5 3 tH 3~ —A4> MPDU Hr,

% W W USCEC B G ol 22 % P OB B G T3k
2 P SCE s B e AR A, AR 1 iR
MPDU {2 [ 2 1, 2 — AN RS 1 )
WOECHE PG b B P

MPDU 3L MPDU fu 5
EEFA 1N IEER
e il ma 2P v 1
(5hits) . #K+1 #M
(11bits) | ik

Kl 1 MPDU i 451

15 3kdE . MPDU k(i 2k iREN B
FeA 1) 58— AR IR A 7, AR R A b (K
O n W N P e s ¥ g VAR /R

WA MPDU A3 1 35 — A 715 s VA Sk 1
BN, WE S skdREh 0.

WA MPDU A SRk, A Tk
FREFBCN “AE R (RIS,

WA MPDU AN A A5 24 - il
e s, Bar SRy “IH
FA” (IS,

R — AL 53k 4 B~ MPDU  Hr 1
L (R FIRE AL 2 7 MPDU (x) FiT MPDU (x
+1 H) , WHZELE MPDU (x) [HEE—A
P, M4 MPDU (x) 5 3 Sk 3R EHEER 17 x4

http: // www.china-simulation.com

*1730 ¢

https://dc-china-simulation.researchcommons.org/journal/vol27/iss8/11



Zhou et al.: Design of Unified Algorithm for Sampling MPDU

5 27 55 8 1
2015 4 8

VAL L. TSRS MPDU () [R5 — N4,
4 MPDU (x+1) F 1SS FREN 5 ) 9 2 F1J5
)G — ALk

2 BpFwE

AATE BN MPDU A7 BAFIHE T veit, 43
& S —ANBRIAEIREAS, SR )5 04 T IR AN
MPDU £ X I dgz— M () A G, %7 MPDU
W5 R — s T SRS RS TR
MPDU M %, 55 ) b RS AT T 2047
HER R IE A AT T UE
2.1 MPDU ZfH¥it

FERAE R TREE n A MPDU 13 K /MO ZZAFG R
Ak BT AE R MPDU AL, il 2 o, o,
Sendindex i i) B K5 22 & AT i) MPDU 247X,
Samplindex 517 B ZLE N MPDU 247X 43X
PRANFRET 48 ) [ — 22470, KW MPDU ZZ47BA
FIrp JCE s . MBS A s, IR RIET A
MPDU #¥li i}, Sendindex 151 K —ANEAEX .
Y Samplndex A £ 5 i, Samplindex 14 7E1E P4 2%
P X FR N — MRS NGAE, W R
Samplndex==SendIndex, ] SendIndex &1 F—4*
GAFIX .

MPDUGroup;
SendIndex
/ AN -

MPDUGroup,

MPDUGroup,

\ e /

MPDUGroupy 1

<«

Kl 2 MPDU fEHZEL7IX
2.2 MPDU 4k

e HR A E N MPDU ALIN,  Af g H B
3 NI 2 IS L: (@) 4 HY T U AT DL SE 4R

JAA, A 3@ MPDU AT LB

\Vol. 27 No. 8
Aug., 2015

N1 MPDU i X500 s (b) 25 H T RN S
AFFHAZ A MPDU Hdls X 115 0. Hi4l MPDU
SRIEE 0K, MR T SLIEA MPDU YT
i, %% —A MPDU ¥ Gk 2 H L4
5, MERREAEHES, WEUTAEAME | A
MPDU 73k H tho X T80 (a) (b) I £t X 415,

WA PR RN MPDU 1, W% &%
MPDU L REMHE T F R U B 4, a0 R pefig e
T, W E BRI N MPDU #di X, 50
0 MPDU 481X, IR0 4 B 4k Tk A
NJE8E: MPDU Ay, 1 2G5 50 5 S ol 1.

I\Ii"\’f
(a) H‘
-
=)
11 I\/IA\@
o] | S
)

it

K3 MPDU I {E# 5

N T LB T E, & X MPDU_CNT A4
MPDU 2% 17 X & 2% 47 X 4 41 szMPDUGroup
[MPDU_CNT] , #t 4l 1) ot & & K E A
MPDU_LEN(HEIEE 3 7 MPDU LR K M F77)
2247 . M H7 MPDU {4 #5385 5 A7 & 45 41 b
usMpdulndex, Z#&%F M MPDU 43k T 614, Bl
7% MPDU A3k H 1) 2 54715 . 47 MPDU 43k &
AR N bIDirty. T AR P55 22 17
b szBuffer, 4% K24 in_usPackLen, 4%
ARIELN MPDU 3 [ 8k (K & 24 s_usPackLen, U
A MPDU 1715 8 s_uilndex, A KA
MPDU 43,/ 7%k s_usCopyLen. S0 -

H4FR: MPDU A3 s 5y

BN

P50 B % A7 szBuffer[in_usPackLen]

e NI AEEE TN MPDU AT

http: // www.china-simulation.com

* 1731«

Published by Journal of System Simulation, 2015



Journal of System Simulation, Vol. 27 [2015], Iss. 8, Art. 11

55 27 %5 8 4] R E ) Vol. 27 No. 8

2015 4 8 Journal of System Simulation Aug., 2015
JEHIIRIAR R - HICENE MPDU_CNT, LI E e EHIKE
JUNH MPDU_LEN, B[R T AT 95 20 A0 75 5K

1. W KA IS MPDU 53k (bIDirty==false)

1.1 W % usMpdulndex-2 I A T 3k,

bIDirty &true.//3H S S 3k

2. s _usPackLen<in_usPackLen; s uilndex<0;

3. *4's_usPackLen>0 I, 75¥f:

3.1 4ntf s usPackLen+usMpdulndex< MPDU_LEN

3.1.1 M s_usCopyLen<s_usPackLen

3.1.2 751 s_usCopyLen€MPDU_LEN-usMpdulndex

3.2 memcpy(szMPDUGroup [SampMIndex]+

usMpdulndex, szBuffer+s_uilndex, s_usCopyLen);

3.3 usMpdulndex<usMpdulndex+usCopyLen;

3.4  s_usPackLen -=s_usCopyLen;

35 Wi usMpdulndex == MPDU_LEN

3.5.1 I usMpdulndex<2;

3.5.2 SampMIndex= (SampMiIndex+1)% MPDU_CNT;

353 R SampMindex == SendMIndex

35.3.1 ] SendMIndex=(SendMIndex +1)%

MPDU_CNT;

354  ¥4HT MPDU L $ L E AL

WAL RS

355 MPDU & 3k #& B 4 R 5K &

(bIDirty < false)

ARHPAERLE 3 D R C H s Uy 1R
AFHIE) MPDU 44, s A N 5 Sk k.
IINTZSEE TG, IR R AR 3.2 DG
DUAIES 35.2, 3.5.3.1 BHURERAE, KN j 5151
JAEHEEN KN M 1) MPDU 44, fEH k%
AREAT jI(M-2)+2 IR (BB A7 #5 DU FEI
WORHRAEFEIT to, WIACSLIL IR N TJHFE 9% 24 O((ty+2 X
to) X (j/(M-2)+2))~O((t1+2 X t5) X jIM) .  HH b1l I,
ARGV I TR) 3 B e T 560 A1 MPDU LK
No AE—AMIE RIS, MPDU AR /N2 [
SE HY, YA R 8 S B it 5 KN i A BT ANTA],
WA BRAE — AT 55 0 R I ) FE 9l B 305060 K
No TEAFUESS Y, ZFE A HE e LA XL

N TAERRS FAE AL B IR, T TR
MPDU 33k IEAf S () A AT

W L ERIS MPDU 53k,

TEHE: (1) JEAIEA MPDU JEALI, 0457
MPDU A &AIHE T3k, Wi E L1
SCRIER, | AR A ARG A S,
T AR AL IE NI A IR 5 — A 51 R Y5
EIRA R, KIEVERE 1 SR IEE A MPDU 8
— AR AL E . T usMpdulndex 5 fi
MPDU 5 A7 E (755 3k), g kfqs 2 U
MPDU s X i 4 i B 0 JEk, A DAESE 1.1 20
K usMpdulndex-2 BN F 3k, a7 S kA G bRk
B8y CIHS bIDirty==true.

(2) WP HEFBIEA Y HET MPDU A H oK
W M AT 0, usMpdulndex < MPDU_LEN, %
35 WAHREN o JE B ALIHE N, T4 [ MPDU
{1 CUHE S (bIDirty==true), 477 MPDU {3k A& 4

(3) WAL AR ATBIEHA Y HT MPDU U, HIH
WEYRTEE, A 35 2, - MPDU Z&47
H oMM ET MPDU 43,(35 3.5.2~3.5.3 2 SampMIndex
it —H). % 3.5.4 B MPDU 73k E N A
%3k, (HATES 355 S EHRER N RIS
bIDirty==false. I IHFr, AIHf(b)F 5 LEHT k+1
A~ MPDU A1)k B oA oIk T3 R
Wi MPDU ##5 X I, HIEAE 3.5.2~3.5.3 ZH44R
i) N —/NATHS ) MPDU 3, PRILOER S5 R I,
HT MPDU £ — & RIE o 4~ — AN IR ER I,
I YT MPDU £, T4 MPDU £ Skii
AR NARIAS, BT LIAZH BN 5N,
FRAE (L) AT /E MPDU 33k IE A BN B — MR AL 12
IRPLE .

3 HEXTHaH

LR RS H ZS T, MPDU ZHMifE

http: // www.china-simulation.com

* 1732«

https://dc-china-simulation.researchcommons.org/journal/vol27/iss8/11



Zhou et al.: Design of Unified Algorithm for Sampling MPDU

5 27 55 8 1
2015 4 8

Jr£ik 231 17, if-else iEA]ZIA 20 4, HEZE
RUZARIE MPDU A0 K /N FIYE A0 R AN BEAT 73 545
i, ARSI E YR AL ) MPDU LA IS
o BT RAMEIZ RS5O 600 735 A 47,
MPDU {4 200B Ze 47, BEIE 0T REM 73 S ANE A Fh
HI BT EA KK, AR AR UM RAT 55 h R A e K
“h 500B e, T He o i) — AR 45 1) MPDU .4k
Pix Ol 2358, Ji—AMLRARH MPDU 3545 X 4y
436B. JR SLVEAE M NURAE 5501 B R GO A
AN TR R 245 350 5 R 48 ST o 42 Tl A 400 23 ) 9t 55 4% 1

JAA, A 3@ MPDU AT LB

\Vol. 27 No. 8
Aug., 2015

LA M) MPDU 41535, &AL R 4 4 Y. 11
MPDU AMifCHS & 5 I LR GE B A Y, it
MEFEARH R, AR AT S HES IR 4y o 5 8200
AT 45 Wt K5 AL AT I 40008, Wi R i IR A ik J0
ARG 5 A IR Y, A 2 R AR Bkt B 4
He BT, DRI SRR el AR ey T
PLAM R . A C++FEF S8l T MPDU
YIS, N R4 T8 IH S AR S BLRE  1
ST EG 2B 5 5

® 1 HIHA R AL

HAI ARG R MPDU 4t fi 7

K E% ) MPDU 41 tufs

FREFPATHL 231 30
if-else %)% 20 4
BAM  AEW, RIEELM MPDU K /NEH O gi's i 1 H
1K il 72, AR —ANr SCRTR AR T M LAS L, 1B A A I, &) RE IR BRI, &S0y 8
I8 R EALEL MPDU AR /NSRS 5 R 42 il 18 2 R Z ALK ANEAL I 7
RES A TFTIR, WREN KL, M LLAFIE D, WREM KD, BTRIE

1E SUN T /Eu5(SUNW, Sun-Fire V890; sparc;
sundu). WAF 32GB. #AE RS Sun0S5.10 1145
P RIBATHAR S T R G, 7155 Bbris F B 5 v
HUBIGEZEK) 4500 RZAMUIRAS, 192 oiint [F]
KAE KUK S0 I ] 4 Jros, Herp AR ARk ZH I 1)
FeO, B nse HHEIWTLUE Y, ZH W) I ARG

2000
1800 | *x

1600 |- " i
1400 | e 2 x
1200 T x %k ¥

1000
800
600
400
200

H
H H
£
= E H
x><>?< W w¥ ® X

ZH TR 7] time/ns

"
WO M x>‘§*<><>< ><;<>¢<>§<

e e
E e B

%

® oy G

o et Riw
*

%’& %&X%x%&(x

®
xi"& %Wx me L

AT 200ns Zi4h, /D EAE 1~2ms Z ]

Kl 5 45 T 5 I [RIFE 2 X R [l T Lo, %
Pl 22 BH SR A B2 IR P, 400ns BAR FRISRAY: A5
KB 79.20%.

1 6 45t T &% I TR)HE 21 X R) 2 Ta] Fr LA

| | | L
0 500 1000 1500 2000

i | I
2500 3000 3500 4000 4500

MPDU KA 1A

4 KA SR LTI (8] 53 A

http: // www.china-simulation.com

* 1733«

Published by Journal of System Simulation, 2015



Journal of System Simulation, Vol. 27 [2015], Iss. 8, Art. 11

55 27 %5 8 4] R E ) Vol. 27 No. 8
2015 4 8 Journal of System Simulation Aug., 2015

= <200ns 4%

=[200,400)ns %L
[400,1000)ns [#14™4k

=>1000ns )%

K5 MPDU 41y Sy aE T 43 Ai

25 w w w w w w w w w w 900

10 11 12 13 14 15 16 17 18 19 20
MPDU ZH it s/ 4
K6 ESEEHS W R R

RUOR BB 79.20%. 45 HE T % 1009~1020
ANSRAF 5 18 AU 5 G2 A7 He 55 2 ORE IR 2 18] (1)
KFR o B ZE B P AEFRBRTE T LS A8 1 22
LS E A ) Samplndex), 78 B 1 LAoskRiE RkE
SUFTE I [¥) Samplndex, - FH RE 285 AR AR A
B AT A bR bRyE T AR I (R FE 2, 547 ns,
71 P DA Bl By SR 5 BRI PR I [ 6 2, I
SEEE AN AL SR I () FE 2 o b W] LA B W
HH, 78 5] — AN G A7 HR A TEO5 A0 B8 I I [R) 6 25
/N, HRAE 200ns ZeAT s TR G AT HRAT TR0 A0 KA
I, I TRIFE 22 [ BTt

4 ik
ARE S R, AT T MPDU R A [k
AN, BUESEBE BN T2 TS RS, %2R

MPDU A AR, B0 58 B T I TRAT 55 1 %
AR TAE, A I RRE TIZAT 55 A 21T . HAr

A O BT R B HARNUR 05 LR S8, RN
A& R T AR B (1 38 B 5 ALK /NE 14B~4000B 22 1]
(K5 FEYE I MPDU ZGE AR, I TR) %%,
S RATEE I ) & TR A FE A B N T T
HEAURAESS EATIRATI MPDU diind 72, A
AR PRSI FH P 5 5 2 T A AR R P 2 ) il A5 e T R
T E ARG AT MPDU 2y F vt 1

S 3CHR:

[1]1 £5, ERE®R. FIREFREEATIRM]. b5 b
SR iRk, 2003.

[2] ¥k, gked/k. CCSDS AOS @iNA4A[]. kAT A
24, 2000, 19(3): 37-46.

[3] Adrian J. Hooke. CCSDS Advanced Orbiting Systems:
International Data Communications Standards for the
Space  Station Freedom [J]. IEEE  Network
(S0890-8044), 1990, 4(5): 13-16.

[4] Johnson M J. Modeling of the Space Station Freedom

system[C]// Global
Telecommunications Conference, 1990, San Diego,
CAIEEE, 1990:572-578 .

[5] Joseph F. Smith. Overview of the Space Station
Communications  Networks [J]. IEEE  Network
(S0890-8044), 1990, 4(5): 22-28.

[6] Toby Bennett. EOS High Rate Telemetry Processing
Components [C]// International telemetry conference,
1993, Las Vegas, NV:NASA, 1993 :485-491.

[7] Barbara Brown. High Performance CCSDS Processing
Systems for EOS-AM Spacecraft Integration and Test
[C]//International telemetry conference, 1995, Las Vegas,
NV:NASA,1995: 519-525.

[8] #MEEZE, B/ CCSDS =gl AEil R 48 AT T E MR
SRR 9], MR A% LR, 2003, 12(1): 12-18.

[91 ZEfEA. A8 A i) 22 B S T HOR S R HI ).
W 2% 2 A AR 5 R, 2013, 13(10): 42-43.

[10] T 74 &. CCSDS AOS =% Il ¥ il 15 it & FH ML il 1
OPNET /i ¥[D]. Lifg: LigAgi K%, 2014,

[11] Bz, W Rk, W, KAHCH = T WS R R
SWIEHBFEF ] RGN 5%, 2013, 25(5):
1130-1134.

[12] iz, Wep, M, S5 R BREAE T IS RAL
B2 i 5 N A N A BB 0], £ B L 4RI, 2010,
39(6): 68-72.

[13] iz gk, Wemil, MEF, 55 ST CCSDS m{Ei &
i) MPDU & FHRCEIF T[], T4, 2010, 31(4):
261-265.

data management

http: // www.china-simulation.com

* 1734 «

https://dc-china-simulation.researchcommons.org/journal/vol27/iss8/11



	Design of Unified Algorithm for Sampling MPDU
	Design of Unified Algorithm for Sampling MPDU
	Abstract
	Keywords
	Recommended Citation

	/var/tmp/StampPDF/dcsjXgqs7e/tmp.1688110563.pdf.d_b3U

