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Abstract: A method of reconfigurable parallel information processing in GNC was proposed for
conflicting issues between high calculation performance and low power consumption in information
processing of cubesats. An architecture of tightly coupled reconfigurable parallel processing was adopted
in the method and complex algorithms which require many iterations and are not suitable for CPU
operations in GNC information processing were achieved by dynamically partial reconfigurable unit of the
hardware circuit (DPR). A multi-core parallel reconfigurable resource scheduling algorithm based on

mutex was adopted in the method and optimized hardware acceleration of the software algorithms was
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completed through multi-core CPU parallel calls by DPR unit. The experimental results indicate that real-

time information processing of GNC is effectively achieved in cubesats and reduces power consumption

up to 50% .

The method can be widely used in the field of imformation processing for resource-

constrained satellites and possesses a great application prospect.
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Fig.1 Coupling mode of reconfigurable device and main processor
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Fig.3 Architecture of tightly coupled reconfigurable parallel processing

N /> CPU 4% H iz 17 A [ s A [6) (9 42 1y, ¥ 38 i
H O 10 54 A ac 8 dis , CPU = (8] A] L) i
FRIE AT 55 R R 25 8RS CPU AT B 3
e FEWE B AT A O O T & CPU
AT, vl LA IR RURL B A9 9715315 . CPU #ot 5
DPR P03 iof = & B E 17 {5, th DPR 4 B
5 % h %0 X% CPU % DPR H i \DPR 1Y & #4 5 B
B B PR HEAT RS, DR IE A R 0 A R R SR
%~ CPU X} DPR 15 H 5 #47 ., DPR 3/ & 5 14 $h
Fr 45 i1 B $2 0 DPR 45 B 5 % i B0 9 38 4, X B
A HE M X 3k P ) DPR SE 17 3 A5 B4 FH AL

CPU X} DPR .oz i# F 19 5350

(1) CPU #.JC [n] DPR 45 # 5 % iy 5000 42 1 3
DPR HLICf JH Wi

(2) DPR HH 5% oo sl hig e, &Y
Tl 311 25 H AL X Bl b 2 75 A7 7E % DPR 0T

(3) #7 H 3§ 1Y DPR LI A7 78 T 3l 45 4 X 5
o D RO B R R 2 A% T AT R E AL R A B
74 DPR #.0 % CPU;

(4) #7 3h 2 5 Hy X 38 N f7 A/ #1319 DPR R
I, WA 1) Bl 745 A X

(5) HAFETEA N AR EM X4, W H DPR & B Y5
5 1 B0 & FE A 5 il DPR 2 25 5 A AT B R
JC K FIE AY DPR H R & % X

(6) B ATEAESS A M X 3, W DPR 4 B
L5 i # o0 AR 4l DPR 1Y £ 58 T | B8 SR AR A 5
Z¢ 1Y) DPR %% 5 28 20 25 5 A XS N
13 ETERESHITHEMRRAER X

£F Xt Z 4% CPU X} DPR 7T 1 I Ji 47 16 #h 28 1)
[B) R, KR T4 A R S T A O AT (E R AL B4R Y
PN TR T E R 0 2 04T T R RO A A
B, USRI 2 4% CPU X e =2 iy W] S/ 3T S IR i A
ROE S TR B ff P Sk 52 DPR BT R F g Y
7]

TEZ A% I AT AT AL B UR R R DA K 2 R
MEMNE RGRT, ZHAEMBULTES T HAEA
T8 DT 04 Q25 R T I BE SE B AR i 10 S G 4k R e
AR THI M 7E R SR SR Gk R R RET
SRR A ) 320 4 A R Sk ST 5T e e B
B H, SCPFR WA R B &0l AT 55
RURE MR e kR BE T4 A TTRE A 24 B R

1126003-3



sk TR

% 11 4

www.irla.cn
xeh

% 45 &

IR, 2 55 T LA S A [] B B 5 BH 2 AT S F
155 A, L SE Sk R Gk 22 18] B9 Sk 3 a5 BRI 3 I
WL B 254 PR Z D A S S Ak R B, an P 4 i s

CPU1 CPU2 CPU3
M3 M4 M3 M5 M6 M7
e
M1 M1 M2

P 4 Al o 9 4k R A

Fig.4 Priority inheritance tree

TO S AT 55, 18 17 14E Z 4% 47 v] 5 4 5 U5 4 B
oo, AR5 T AL % T2 AL 5% T3 43 5 R 43 B )
CPU1 ,CPU2 .CPU3 L F1E %, & A & B x5
M1 B JF 41 M2 5 R 81 M3 X RE % IR, P TAT 55
T4 .T5.T6 & CPUl bW FAE %, I FIE% T7 A
CPU2 Iy FAE% , 7 F1E 4 T8 .TO 4 CPU3 ¥
f£55 . 114 T4 . T6 iR 1% 8 M3 i fIL %€ , % #5 M3
fiAAE S TL, 1E55 T5 5K 57 8 M4 FHZE, XHF
T1; 4% 45 T7 FHLZE B3 M5, 32 4% T2 ;{1 % T8 PH 2E Hi
i M6, X #§ T3, {14 TO BH %€ H i M7, L #§ T3 1T
% T1 & A B JR81 M3 M4, HiF M1 FHL2E | 2T 5%
TO; 1E 5% T2 i A M5, H il M1 B %€ ;1T 55 T3 o
A M6 M7, i M2 B %€ | 3 #F TO; (L %5 TO i A
HFHE ML M2, 4 Tt — A &R G bl L JR] B
FEAE 22 55 M ST 10 10 58 G 4k 7R B DL K 2 A SE G koK
B, BT T B 3R G0 11 A 5 2% 4k R FR AR

2 KBWRSH

2.1 Cubesat GNC 5 BB R %

Cubesat # F FPGA ) 1] & #4 I 17 15 B 4b 2 42
MW fE B Rg M E 5 iR, H SRAM % FPGA
5 & 15 2 FPGA WiiB 4> 41 % . SRAM %I FPGA #f 17
GNC fr B b3, HAHA & 3 A IF17 8 CPU 3
Microblaze, H: " 1 4~ Microblaze # 17 GNC & % &
o, H 4 2 4 Microblaze # 7 GNC i+ % ,3 4
Microblaze £ H iz 17 A1 [W) 8¢ A [W) (9 72/, 38 4 W Hd

RAM 5 [ & #2 FPGA W) CPU i {5 #2 H BT 58
WK 5, Microblaze 2 [8] 3 i 52 15 22 FPGA N #1418
15 B4 R R AT AR 55 G IRl 25 o it A Oy O R 2
¥ % CPU HAT R T, vl LR UEHLRL B /) A7 115

Dynamic reconfiguration region SRAM FPGA
DPR_1 DPR_2 DPR_n
DPR routing
control
| DPR crossbar switch }'—‘
| DPR
| > eanagement
Microblaze Microblaze Microblaze DPR
2 2 application
(GNC affairs (GNC (GNC DPR
management) calculation) calculation) reconfiguration
i H H -
Dual port Dual port Dual port § %
RAM RAM RAM S S
w2
CPU CPU CPU
communication | | communication communication Partial
interface 1 interface 2 interface 3 reconfigurable
T control
Communication and
interface control Anti-fuse FPGA
ﬁ? | GNC information processing unit

GNC data exchange unit

& 5 3777 # 88 TL AL GNC 15 B 4k 31 R 58

Fig.5 GNC information processing system of cubesat

Microblaze 5 DPR .70 i @ & H B2 47
i {5 , 1 DPR % H # 0% CPU Y DPR Hi i \DPR [
A4 5 B & DPR 28 XHF & i A7 45 i, AR IE i B —
SE 118 B 5 vk 52 i 3 S Microblaze %f DPR 1945 )7 i
5 PAT . K 22 FPGA P38 36 43 5 4 2 il B e $2
Ir DPR 45 B 800 35 4, 4 3h 245 F A4 X 38 b (1) DPR
HEAT S AT o AL,

WE, HAAESMUaeN DA B RS
f 45 45 M B NS GNC S f L, Hop
GNC 5 fiit 45 il i+ 55 HL X th £ Pt DSP 5 POWERPC
PR T AR AL A TR B RG A ZH
b B R ARG, SC P R 3 IR RR ) Y T A O
1715 BAL 75 B2 B9 Cubesat B9 {5 BN R4, Hi i
He FPGA 15 2 4b ¥ A7 B A] 5¢ )i & 45 45 3 5 GNC it
BRI ThEE, i KR R T R AT RRCR
W T RGART BRI T RGN REIRIIAE

1126003-4



sk TR

% 11

www.irla.cn
xeh

22 FREBEEZIMER RS ERES T

fE 5T SOC By E 4 & vl 54 0F 47 5 B AL B 4
R al b, AT E TS 2RO T A B R A
G5 W ST R AN TR GNC {75 oAk B s vh i 43 ik
Pk RiE B HORIE A 3% 8 CPU 15 /9 &8 4 ik 17 A
PR i Ak BB VL i 3, 4P 2R GNC 5 B R 515 B
HEAT IO S Ab 3 Horh R R 2 08 Dk S0k 1 P Ak 25
0 B B RE G, R I GNC Al E A IR AT (5 S
AR L4 . IR, 6 Cubesat GNC {5 B AL FH
FH B IR B 08 Bk SE B AT T LR E

FE— R IR 2 0k I e vh — 2L 2B 5 AN A
fE (1) 5 — T x (nln=1);(2) T8 — & F
W2 P(nln=1);(3) TR /R 2 UM 25 K(n);(4) it
R B A x(nln) 5 (5) HEAE I ITIR 2 P(aln), X
5 FB Ay BT RR A —E WSS R BT Y, (R AR ]
DLy R RS2 () AN () FE R 38— 20, (2) . (3) Al
(5)VE M 38 3, 38 2 P AN SZ 3 1% EE & FN 38 B aT L
PR A RO A AT AR T B 6 S A S
S ERER,

1
x(n|n—1) Waité

| /

P(n|n)

i
*(n|n) Continue :

P(njn—1) K(n)

6 S M2E HoR

Fig.6 Overlap and interaction of two kinds branches

I S P O A7 R 75 RN A B o TR & T B LA
kalman J& I 45 P9 S0 A 2540, 25 10 T U AR 1Y T R
SLHER , N 7 s . Hoh AR 3 A I ofe vk A
MUL1 ,MUL2 #l MUL3, & MUL 1 XA %% 4 4~ 4
) B PR S I ofe i 4%, B BRE BRI E SR LA 3
DSP Ab P850 I LLSE P 32 bitx32 bit ) 3 32 18 5 ;
ADDI1 \ADD2 J& W /™ i B in vk 2%, AT DAAE — 4> B 8
JEL IR P 58 1 PR A B 6 N T R Y AR I is B MUINV
Shy SR T AR ol 4 > MUL 41 AR, i H &
B 3% e 11 75 2058 WO MR SR B B B — SR
B8 S U A 2 R SR X R UK U I R Y I R
P8l JF v RAM B 51 4 41 AR 57 (% H ik 5 35355 19 9)
Uy {1 R v ) £ 380 4P 25 SR 2458 5 RAML B 91 o A 3

% 45 %
RAM array
T
] ¥ 13
Control H MULI1 MUL2 [~ MUL3 [H
logic

of the Control
first logic
branch ADDI1 ADD2 of the
second
branch

M_INV —

B 7 R IR 0k A R S BUAE
Fig.7 Hardware block diagram of Kalman filter

BEE R 2R 2k Dk f R S R R 6 B i,
T W T 7R B 3R G R B R R R A R R
WL A 4 A 3x6 BRI AERT AR 2 g S, T
e 25 0 HAR ARS8 bR i R BT

(1) B IF 45 4 2456 4~ LUT K 36 /1> DSP4SE
WEA% 5 (2) AT EE ]2 35 A~ B4 & 1

K /K 8 JE J% 5 % fE SPARC V8(AT697F) .DSP
(TMS320C6455) J% FPGA (XC5VSX95T) | #f 17 F /K
2k B B T a8 B . B AT, DSP
FPGA V- 5 It I~ 7R 2 U8 ik 53005 11 530 i () L A< A8 [] |, 24
It SPARC V8 #2#4 f) CPU “F & i 11 55 i) ] 4

3

v
&
=
g 2
c
y;
=1
)
¥
- B =
SPARC DSP FPGA

A4
Pl 8 A JK g e A e il
Fig.8 Kalman filtering computation time
IR & YR P I AE DSP K FPGA “F- 5 L (¥ Puf 7
IR 5] Sz = AR an sl 9 Fros . H IE AT 1, DSP 5 FPGA

6r mTime 76
B Power

=
A/Iomogd

1
N

0

DSP FPGA
P9 IR & uk P 58 ) 5 R XS L o B

Fig.9 Kalman filtering execution time and power consumption

analysis

1126003-5



sk TR

www.irla.cn
xeh

% 11

% 45 &

(R IR 2 B BT B L EE A A ], {H FPGA 1 D) %
HEETEAML, WE T4 50% L4 MIFE . Wik, 5 DSP
A E, SCH I FPGA XK /R S 08 I 8 ik ok 17 0 1
IS, AT LA 4 M3 2 Cubesat XF GNC i B 4b 2 &
Gt tEBE AR RER BEAR TR .

3 5% i

B EE R RN R B U R ] AT A T AT S
SRR T K T E A TS 24 CPU I 47 A B4
REBEME, R EEIFITE LIS
GNC 15 B4 2 55 2 K %A H R & CPU
b BB AL, LA Bl 25 o) A I 4 R B PR T
(DPR) 1y 5 U2 9, i i 2 #% CPU Jf-47 14 H] DPR H
JG, AT LLZE BE R B A A R Y Cubesat {5 8 AL B 5 48 4
56 WA W R 5 0k, AT 238 T Cubesat
GNC 15 B0 &8 e Ry o] & et b 7

S 30k

[1] Yasir M, Grillmayer G, Roeser H P. Development of a safe
mode attitude control for a FPGA based micro satellite [C]//
IEEE International Multitopic Conference, 2008: 42-46.

[2] Wang Weibing, Wang Tingfeng, Guo Jin. Analysis for opto-
electrical acquisiton tracking and pointing control technology
on satellite[J]. Chinese Optics, 2014, 7(6): 879-888. (in
Chinese)

FAE, EHE N, S 2. R ARG A I R O 4 R

1126003-6

[3]

[4]

[5]

(6]

[7]

[8]

[9]

SFBE[I). DB, 2014, 7(6): 879-888.
A reconfigurable architecture  for

missions: The AFR-UNM HERC[Z]. 2008.

multiprocessor space
Dan Z, Guodong X, Yunhai G. Problems of Micro—satellite
OBC and solving method based on reconfiguration technique
[C]//2nd International Symposium on Systems and Control in
Aerospace and Astronautics,2008: 1—-4.

Hofmann A, Wansch R, Glein R, et al. An FPGA based on—
board processor platform for space application [C]//2012
NASA/ESA Conference on Adaptive Hardware and Systems,
2012: 17-22.
Kong Fanxin. Study and implementation of scheduling
algorithm for real-time tasks on reconfigurable systems [D].
Shengyang: Northeastern University, 2008. (in Chinese)
fLBaE. T A AR g b S AT 55 98 R TR B F 5T M S B
[D1. TkBH: ZRAL K2, 2008.

Garcia P C. Application and system support for reconfigurable
coprocessors in multicore devices[D]. Wisconsin: University of
Wisconsin-Madison, 2012.

Singh H, Lee M H, Lu G, et al. MorphoSys: an integrated
reconfigurable system for data-parallel and computation-
intensive applications[J]. IEEE Trans Comput, 2000: 49(5):
465-481.

Wang Weibing, Wang Tingfeng, Guo Jin. Orbit determination
for space target based on opto-electrical imaging,tracking and
ranging on satellite[J]. Opt Precision Eng, 2015(2): 528-539.
(in Chinese)

ETIR, EAENE, S, TR 00 A R R B I BE Y %
) H AR EBL). b K% T, 2015(2): 528-539.



