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Interface design of new type space payload controller
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Abstract: Future space payload required that controller should have more faster data- through more higher movement control precise
more lower power and more smaller size than ever. To solve the problem, a new type controller was devised based on DSP with
built- in DMA controller and FPGA containing FreeRAM in this paper, moreover, we used AQBISS interface electric field encoder as
position feed- back component ,then developed prototype. The performance test indicates that CPU overhead is reduced to twenty per-
cent by reading data through DSP’ s inner DMA controller and FIFO built- in FPGA, the resolution of electric rotary encoder equals
to opto- electric encoder with sixteen bits by using the MxN order search algorithm.

Keywords: payload controller; DSP; FPGA, electric field encoder; AQBISS

1 DR R RS LR -
2.1 DR
Fs ] PR FE T AT E R VR B R O L (4 DSP B
, AR, P2 28BS A L RO T LA A0 — S 8Tl
, ; , PR T R — e R0 DSP YEREAYRTHR T, DSP 5
' ' S 2L AR AT R TR ] ) S PR L R 4 . T R B T —
F DSP Y5 54 84738 i O [ER F = Fp oK R s 1446 7 et ,
E RIS EAE T BN
QN5 UART HEZE M FIFO, BEAE | 747kl 1 1~F
FF,UART #8407 DSP 2 1h4MBlrifR . 1 DSP Ab3H ot rf i
TR A B 2 VR B A0 A by o P e iR 4D BRAR R by 1
UK BB B ERFEEE,
W LR 2 BT 7 Ay (8] T ADSP21060 B B &b R T,

DSP  SRAM  FPGA

DSP DMA FPGA FIFO

FAE, W) & — AT AR I 18] A
UART T fer-bie = T’ff-\”g?'f’f'”‘ + T latency + Tdetermmne—sowre T T mone +T return = 4461clk
, DSP  FPGA o el rral I N
cPU BB N FEFALE | ALRIAN, 8 (R, 1 (5 k07, 3L
10 i FaRfL, Rl Bmﬂ,ﬂate P, RPN Rk FA R
, , : . BaudRate
-~ EPGA Nchars | sec = 10
’ NT P 45 BaudRate, B g B 8 P8 4 .
AQBISS ~ .t BaudRare | _
T o atanwr = | 446 x =220 | = 44,6 x BaudRare
2 W cPU & FI¥Y DSP TAEBIK F. H4F5 BaudRate X7
DSP ADSP21060 , o (i)
FPGA ATA0KEL040 M m-cvris F / (1)
1R UART A 16 FH & FIFO, R4 480k FIFO
PHEEE JE I, ADSP21060 A AT — R R Tk T 7 . kst
- 863- 703 ADSP21060 A7 B8 4 B B 8 HA Sk 8 4 £ M sh B . X
(863- 703- 2006AA1021) B, B0k 16 D FE R AT ] -

-74- 360 |/ -82-946 \ 200



T sfor—pio = T xfer — byte +320Tclk = 776Tclk
CPU HHIERHEARXIT
77.6x BaudRate

] e~ —(——ﬁ:f—J 100 (2)
}Arﬂsﬁﬁ‘rwﬁﬁ 5 T L S B R AE T, Ab B SRR
e T 2 R A B R BT, SR ADSP21060 N DMA 5
il #% B S 48 FIFO M RS EER MR /2 DMA 7T,
RE—ADFH TR E A,
T sir-tyie-vet = Tywait — for — bus + T move =18+ 2)Telk =20Tcik
CPU HIRTRE AT .
n.. ‘J_I"-'xﬂ'audkafe] S (3)
BE Ampzmﬁo THES % 25MHz, 1R 48 L3R 4HH7 , 7EH ]
AR T, RA DMA FCEA S8 cPU S BB &M
g igad i || 1S 9

12 4.5
10 3;
8 3
6 2
4 1.5
2 05
0 0
(=] e 8 a =
REEJEBRE RERZEEIE
- w - N W
Boud Rale h Baud Rate
B 1 4E DMA 0 DMA AT ERA S FIFO 69 UART
HHi CPU & %
Fig.1 CPU overhead tor method using DMA with FIFO versus Non—
DMA with FIFO
ADSP21060 2+ 5 FERIM ST DMA B, #ita ik

PSR B, 5 DMA IEiH 6, 4M 022 0 IX EPBO.

{8l VHDL ifi 5 7E AT40KEL040 P 3EBE P~ B-A 256
FATGEP FIFO 19 UART, #3753 115.2K, [R5 FIFo {F £E
W 2,

|
ex LI AL U A A AN A nn A AN s
g S N D A0 ——

wa__ |
WA
e 1

L e e ]

20.0ex =

WER = _ = = — : .

e SR E ] AN RN

L [ 1 =
PRI mE RV EE DL LU0

Ty
04D, COUNT 1]

DGO ZET W EM I MpEhe

19 2 [F2F FIFO fij 5B T
Fig.2 Syne~FIFO Simulation Timing

22 w0 EHT

L SR g A TAE R BGOSR E F TR LU T
Fa Ik -

(1)HRECE H SR E e

(2 )Kisa 07 B SR % B ;

(3)F G IRBIRE CAderr, HEEN 8 F 5 S0 EF 5
WS ER R IR,

(4)ENF 1R 2 DYNerror, JE I 25 FH 900 R S EBURS 255
SRR S A AR E

(5)FBILRIRZEC  FDelayErra, ﬁﬁ%ﬁ%ﬂ\m%ﬁﬁﬁf/\
BB T 2 — Bow [ B8], QSRR 25 A (AL Tz EAR
B 2FERPER;

LR e 2R MR ZE IR 0] 4 N FRE R 22 Siatic errors ) H

Zﬂ}}‘ﬁf(Dmamlt errors), W B BTN EHRE Em B A

.......

“___\_-_."_"_‘__‘_-._\ﬂ Lhwamicernrs
| |Ef]<Lf |15"-1"LC M. marea
IF.':r.gz-—-- ——+'———+CAderr+ DYNerrory C_ FDelayErre s — ———
RESf = RESc 2 M= N

FBE (7 B 2 Pom (5 AV 66 AL B RS Pfm R R 451
Pf +N:Jij Pem= [ Pc
RESc

+ Nz) <L 4)
RESf :

BE IRZ I CAdernDYNerror.C _ FDelayError5Pcm Pfm
FH, BN B2 WA T, SRR 2 Em (U8 Ec Ef P4,
W3S B e 4 0t L B A ME— R (A

MIN |Pem ~ Pfin |y 1<

ERESHNT:

Measurementarea= M x Lc =

4@*:(4) (R AR(G)H, HRI TR

Cogrie fine
MINchNxCF _ratio | Mix NxRESf Pf =M \ NixRESf xM A5

=041

Lit B MxN HEFFIERIE, (e M.N HLATFR e
FARE(LE SRS A B I (R /N 4 22 AT
172 Yo BE T SRS 10 Bt (5 (AR, e 45 R B0 R
BT LB T

R AR F AQBISS 411, FE LAY AQBISS #1
il SR L T i VHDL i S 4 AT40KEL040 PIEESH
AQBISS £l 8% , { Lo 7 WL 3,

Pfm m(

Measuremen  tarea
2xMx N

(5)

RES; c
NxLf —-Si—LF ratio 17=£~ (6)

SR ]
|
B

- -1 183 TSt 1 183 ol il

3 AQBISS & il 25 P &
Fig.3 AQBISS Controller Simulation Timing

3 KWHERSAN

K 2E FPCA R IS BEAR B 1E 0 B o 35 4 L 28
FEEEMEAT T 28R p o . (& niliaill i TG A K H S 1 i
T MRS R G =Y 505 TR P —2 GERE FPGA 52
BT RE ; i A0 A A S b, 21 0°~360° 1 it i
222, ) B BUEIIEE | 4n T 850 i B S5 (0] T 16 (e R AR TG
FEMIEAERE  MxN B ERA S

3.1 FPGA PITHE Ml

B 4 MR PRI B FPCGA H N AQBISS 2 L 1 885
Gt b T BT QY BT Mo R B E B SRR B IEHTE
e E AQBISS il 4% A L BAE 1 Foak (o] il B S50 IEHA FP-
GA F P AQBISS £ K2 TAEEH .

3.2 EE 4 T SR BT I

5 h A dmidaR il e i ihel | S HEE SRR

7~ , I R 22 A PR B M Em{ < 006 , FH 24 T 60000 28 H 2 78
BB
&R

AR BIH R T R 8 TER 0, DSP 5 FP-

PLC 200

:82-946 360 / -75-




( )2008 24 10-1

GA CPU ;

FIFO  UART

..................................

T o | it
Pl 4 AQBISS il 3% HoE
Fig.4 Wavelorm of AQBISS Cuulroller

Pl 5 e b T 2

Fig.5 Electric Field Encoder Error Curve

[1]JR. C. Moore and Vincent L. Pisacane, Fundamentals of Space
Systems, Oxford University press, 1994.

[219. Ludwinski, M. Guman, J. Johannesen, R. Mitchell and R.
Staehle," The Europa orbiter mission design”, paper no. 98- 4.2.02
presented at the 4Ph International Astronautical Congress, Sept. 28
- Oct. 2, 1998, Melbourne, Australia.

[5]High- Performance Serial Transfers Using the Intel386 (TM) EX
Microprocessor May 2000.
[6]Rad- hard Reprogrammable FPGAs with FreeRAM June 2004.
[71Y.Netzer,” The Design of Low- noise Amplifiers” ,Proceeding of
the IEEE,June 1981,pp.728- 741.
[8] , , .
[9]. ,2005,13(z1):76- 80.
(1977-),

1 1

; (1962-), ,

’ 1

Biography: GUO Wei- giang, Male, Born in 1977, Han, Major:
Optical engineering; Changchun Institute of Optics, Fine Me-
chanics and Physics, Chinese Academy of Sciences; Research
field: Space telescope intelligence control

(130033 )

(No.16 East- NanHu Road, Changchun, Jilin, P.R.China Post-
code:130033)GUO Wei- giang

( 16
0734 )

( :2008.08.13)( :2008.09.25)
( 56 )

PLC
[1] . 2004(11) 55-56
[2] . . 2001
[3] . . 1993
[4] . . 1993
[5] . SPCEO61A  ACM12864J

[9]- 2005 3:121-122
(1975—), ( ) :

(11983—), ( ) , :

; (1980—), ( )

: :, (1957—), ,

Biography: CHEN Qiang born in 1975, male (The Han

nationality) ,native place is ding,zhou city of hebei province,

graduate of Hebei University of Technology, Lecturer, Major
research direction : equipment of mechanism and electricity.

[3] . dsPIC30F : (300130 8
1 , 2007 6-1 447 )

[4JADSP- 2106X SHARC Processor User' s Manual March 2004. ( :2008.08.13)( :2008.09.25)

-76- 360 / :82-946 200



