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Abstract: The ground stations of modern aerospace telemetry, tracking, and command (TT&C) systems face
the dual challenges of diversification of measurement and control task types and a sharp increase in resource
demands. Traditional ground station baseband processing resource pools are limited in resource utilization and
system performance due to their relatively solidified scheduling and lack of flexibility. To address the above
problems, this paper proposes a dynamic resource scheduling strategy based on a population perturbation genetic
algorithm. The algorithm introduces a global combinatorial encoding method, elitist individual preservation
strategy, population perturbation mechanism, non-traditional multi-stage random partial crossover, and parallel
single-point and two-point mutation operations, thereby enhancing scheduling flexibility and responsiveness.
Through a series of simulation experiments, the results demonstrate that compared to traditional algorithms, the
proposed population perturbation genetic algorithm can quickly achieve dynamic baseband processing resource
allocation, resulting in significant improvements in task processing efficiency, it performs particularly well in
handling high-load tasks, effectively enhancing the utilization and operational efficiency of ground station
resources.
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Fonor s Jao) R BRI AR SR T5 20, RIVREALIZ 35 0 4%
F5%a;i, ¥ HBENLBCE 2] — 6 b1 uh A BT fOgk AT
bR, 2) DU AT 55 b BRI T S0 Gt (ep. 1, ep.2, -+
ep,p) K P A8 5207 20, BIVBE AL I8 5 799 AN D454 E
%, THHAEFRITT .
2.5 GA-P2 E{F{ESE
BETHSCRIT R G mwmE A 55
TREHLE] 28 X5 BRI AIHLE], GA-P2 H
R DR B AR RE SR IR BT
IR AT 55 B2 SRS A, BE AL AR Bl
AN B AR 42T 55 3 28 30 DR R A S R TG B
THEWE St R NI 428 4 55 A0 PR G B
for i=0 to H KIERLIXEL do
WA e 58 L e, g (6) THEAMAGE R
fEF
I F B HEF R A
IEECET EAMIE TS HEmE, OR B e T SRR A
RYE (7) TSNS AR P E D, &
AT 428 AT 55 38 38 2] 5 vt A BT A () P B SR S G B
U2 AT 55 Ak B 2 5 1) 22 S
while D>HI{E Dy, do
AR T Mg HEAT AL 7, BEAL AR MAZ AT 55
008 ) B AL BT S P B R, ST IR AT 5
AL BRI Y
R (7) EHitE D
end while
fork=1to (W-E)/2 do
BT SRME HEAT 2 IXBEHLES 70 5 X, 153
RIS A 5530 3 1) BE U b Ak B Y ST B SRS
DA 55 E R
while 777E M5 do
B RS 7328 3= AR R i 2R
end while
AEOLT MG HEAT AR 7, B SR IR 557
B R IR AL TR A B R, A AT S5 A
52

end for

e 75 s AR T A AR~ — AR
end for
3 7] e e S e S e 58 T[]

3 SEEER

U7 BB A e i Bl S b, R L S5 A il
5. PR AL PR R S, S 5%
FAT S R OC R R R 5 SR i 6 Fk 1 fiows,
A 0% b 55 AT 55 i) R IR 00 R K B R 5 SR
Bl 7M% 2. BEFETREN 100, 150,
200, 250, HEFREHEMELT, TELE 1~1000s N
IR — e S o AL, B R AE [5, 8] min
A8, 10] min I LR (520 30%, [10, 15] min
P A S B0T) 40%, #5735 1 BRI 1 A 58
B 40%, A 2~4 B 510 LR & B ET
20%, BEESEE 10 ML RS, RS
B B LW 3 fir.

SN
1 —>»(2 >3 6 » 7 » 8 » 9 » 10 » 11

o

K6 DMz 55 #AF 55 A FR SR IR 2

x1 RSB EFFRBFRRE

5575 b BEET i BRI

1 GPU CUDA Core: 2; Execution Time: 551

2 CPU CPU Core: 0.3; Execution Time: 562

3 CPU CPU Core: 0.1; Execution Time: 513

4 CPU CPU Core: 0.1; Execution Time: 513
FPGA CLB: 3694; FPGA_FF: 21877;

5 FPGA FPGA_BRAM: 509; FPGA_DSP: 376;

Execution Time: 610
6 CPU CPU Core: 0.1; Execution Time: 513

CPU CPU Core: 0.2; Execution Time: 545

8 CPU CPU Core: 0.2; Execution Time: 545
FPGA_CLB: 5545; FPGA_FF: 15162,
9 FPGA FPGA BRAM: 33; FPGA_DSP: 57,
Execution Time: 702
10 CPU CPU Core: 0.2; Execution Time: 545
11 CPU CPU Core: 0.05; Execution Time: 498

b S 05 B 10 AN AR ERT A, R BRI @
TR AL BT ) FPGA. CPU. GPU Ml % B
N 105, 152, 204, ANFSEIFEET, FAHES
MBI 4 Frox. HTAESHBARRIAF, H#
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55 3%

TV £ R 7 B8 B AE 55 i 75 1 B2 R S 80 50%~
60% LA_- B Rf AL AL s PR 7 2, BRRTE AT 55 4B
AT LLTE 1000 s [ 2IA B R 45 R AT e e & . &2
B, ORETEECE 105, 1520 204 4Kk ] R 3 T
AT AT 2RSS T T R 3 R
L

\_/1\ 13

12
10 A

7 PR AL b 55 A 55 TR R IR G 2R

*2 PREFRUSZESHEFKE

%S AR o BRI
1 GPU CUDA Core: 2; Execution Time: 551
2 CPU CPU Core: 0.3; Execution Time: 562
FPGA_CLB: 6320; FPGA_FF: 42237,
3 FPGA FPGA_BRAM: 172; FPGA DSP: 274;
Execution Time: 781
4 CPU CPU Core: 0.1333; Execution Time: 518
5 CPU CPU Core: 0.2; Execution Time: 545
6 CPU CPU Core: 0.1333; Execution Time: 518
7 CPU CPU Core: 0.1; Execution Time: 513
8 CPU CPU Core: 0.1333; Execution Time: 518
9 CPU CPU Core: 0.2; Execution Time: 545
10 CPU CPU Core: 0.25; Execution Time: 551
11 CPU CPU Core: 0.1333; Execution Time: 518
12 CPU CPU Core: 0.1; Execution Time: 513
FPGA_CLB: 7722; FPGA_FF: 37862;
13 FPGA FPGA BRAM: 312; FPGA_DSP: 274;

Execution Time: 816

x3 TREIDEHETESHEREFTR

Kkt I35 8] X 8] /min 145 TR Hi: 2045 P E K 35 PR = 4l 45 TR e
[5,8) 6 (3HE. 3%t 3 QdE. 1Huk) 3 L. 2%k 3 Q. s

50 [8, 10) 6 (UFE. 3%t 2 (1EE. 15D 3 (L. 2%tk 3 Q. s
[10, 15] 7 (. A% 5 (3. 2% 4 QIR 25k 4 QIR 255

[5,8) 11 (5. 6%t 6 (3. 3% 5 (EE. 280 6 (M=, 3%

100 (8, 10) 13 (7%, 6%t 6 3z, 3%%) 7 GIE. 4% 6 (3IiE. 3%f%)
[10, 15] 16 (8. 8%if%) 8 (4. 4% 8 (4. 4%t 8 (4. 4%t

[5, 8) 16 (8%, 8%fk) 9 (S, 4% 9 (4fllfz. sEUL) 9 (SIldz. 4%Ufe)

150 [8, 10) 19 (9flfz. 10%0f%) 9 (ST, 4% 8 4Pz, 4%t 9 (4IdE. sEUL
[10, 15] 24 C12P0#E. 12%0E) 12 oMz, 6%ift) 13 (7% 6%ft) 12 (oM. 6%tk

(5, 8) 22 1z, 1%k 12 Coillfz. 6%t 12 (6MIF5E. 6%t 12 (6MllFzE. 6%t

200 [8, 10) 25 (1394, 128D 12 (6% 6%t 12 (6MFE. 65t 12 (6MFE. 65t
[10, 15] 33 (emiE. 17508 16 (8. 8%f%) 16 (8. 8%utk) 16 (8%, 8%utk)

[5,8) 30 (5P, 15%uE) 14 (7IFE. 78 15 (8% 74t 15 (7I#E. 8%ufk)

250 [8, 10) 29 159z, 1480k 16 (8ilFz. 8%ufe) 15 (7iF5. 8%t 14 (7. 78U
[10, 15] 41 QUE. 2054%) 20 (1094, 10%f%) 20 (1094, 10%f%) 20 (10004, 10%01%)

3.1 WHEE#ER

CFS-SWTF (completely fair scheduler-shortest
waiting time first) : 7EJT C2IE HAR 78 BT %5 )
TE, CFS™ 2 HE B 48 1 23 i AR AT H4
BB kR SS,  5E UG IR IAT HL B A+1
%% . SWTF 3T SJF (shortest job first) P, Xt
TN TR AR et AT HAT £ B 55, K H A AT
550 FC B AT SRR () B R ek b, EAPEZ A
VA& ) B R S R IS (AR ), U BE AL 35— A B b
W

CFS-MCRP (completely fair scheduler-most
compact resource placement) : FEF CFS™! J I #ff
TEML S HIPAT Y 5, DR BOE — MRS

BE GBRIAN 0 o BESE—MESN, Zl&
R R BRI, S INEE AT 55 o5 FH B TR EE
Bl 5 b I T SRR . ARS8 SR I B 2 i R
AN B AR 2 ABE R EEM R i,
VU BB 25 i 5 BN B o

FIFO-SWTF (first-in, first-out-shortest waiting
time first) : FIFO™ 4i ] T A2 (1) 213 I [8] )it 55 4 I
PAT B D EMML S, Z 5% 0 SWTF f L 1
SEME 55 B 1 BARAE S AT B

FIFO-MCRP (first-in, first-out-most compact
resource placement) : TEMRE FIFO™ $0AT 7 )5,
K MCRP FEI A 5 FARAE 55 HIPRAT B4

GA (genetic algorithm) : A& HE" ¥olk 2%
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AR PRAT U R 55 HA) 2 G Ve #6 Z A D e fk, I
PRI E R R, S8 O A A A, 7RIS

AR AEE, B UE N AR, TR
7 A& L R A JE AR

4 FRRARKET, SLBHARENA

SEE MRS RS CPURY 5 KMt GPURL 5 K Bt FPGARL S K ¥
REFEAY R Xeon E-2324Gx4 GeForce RTX 3060Tix4 XCTVX415Tx4
REFRAY 2 Xeon E-2314x4 GeForce RTX 3070x2 XCTVX485Tx3
JEFEA 53 Core i7-13700Tx2 TESLA K40x4 VC709-XC7VLX690Tx2
REFRAY R4 Core i9-12900TEx2 GeForce RTX 3060Tix4 XCTVX415Tx4
105 KPS RS Xeon E5410%6 GeForce RTX 3070x2 XCTVX485Tx3
REFEAY 6 Xeon E5420x4 TESLA K40x4 VC709-XCTVLX690Tx2
AEFRAT 5T Opteron 23563 TESLA K40x4 XC7VX415Tx4
REFRAY I8 Xeon E-2236x6 TESLA K40x4 XCTVX415Tx4
AEFEA 59 Xeon E-2288Gx4 GeForce RTX 3060Tix4 XC7VX485Tx3
AEIRAT 10 Xeon E-2334x2 GeForce RTX 3060Tix4 XCTVX485Tx3
AEFRAS 1 Core i5-13500TEx3 GeForce RTX 3060Tix4 XC7VX415Tx5
REFRAY 2 Core i7-13700Ex3 GeForce RTX 30703 XCTVX485Tx4
JEFEAS 53 Core i7-13700Tx3 TESLA K40x4 VC709-XC7VLX690Tx4
SEFRS 4 Core i9-12900TEx3 GeForce RTX 3060Tix4 XC7VX415Tx5
152 KPS RS Xeon E5410x10 GeForce RTX 30703 XCTVX485Tx4
SEFRS 16 Xeon E5420%10 TESLA K40x4 VC709-XC7VLX690Tx4
AEFRAT 5T Opteron 2356x10 TESLA K40x4 XC7VX415Tx5
REFRAY R Xeon E-2236x10 TESLA K40x4 XCTVX415Tx5
AEFEA 59 Xeon E-2288Gx10 GeForce RTX 3060Tix4 XC7VXA485Tx4
AEIRAT 10 Xeon E5410x10 GeForce RTX 3060Tix4 XCTVX485Tx4
AEFRAS i1 Core i5-13500TEx3 GeForce RTX 3060Tix4 XC7VX415T*20
REFRAY Ri2 Core i7-13700Ex3 GeForce RTX 30703 XCTVX485Tx8
JEFEA 53 Core i7-13700Tx3 TESLA K40x4 VC709-XC7TVLX690Tx8
SEFRS 4 Core i9-12900TEx3 GeForce RTX 3060Tix4 XC7VX415T*10
204 KPS RS Xeon E5410x10 GeForce RTX 30703 XCTVX485Tx8
SEFRS 16 Xeon E5420x10 TESLA K40x4 VC709-XC7TVLX690Tx8
AEFRAT 5T Opteron 2356x10 TESLA K40x4 XC7VX415T*10
REFRAY R Xeon E-2236x10 TESLA K40x4 XC7VX415Tx10
AEFEA 59 Xeon E-2288Gx10 GeForce RTX 3060Tix4 XC7VX485Tx8
ALFEAT 510 Xeon E5410x10 GeForce RTX 3060Tix4 XCTVX485Tx48

3.2 IR LR ATEE

IR, BB EE T AR E

AT D T 3k B BE 1) RO R S B, X B
) GA-P2 5L L& GA. FIFO. CFS. SWTF
1 MCRP 3t 6 FiRVEEAT 7 XM, SEIG AR
Ve ST s TR A TAESS 5K, FEE XA AT
25 IR DML 55 25 R TR R AT T Rt 5904

WKl 8 fran, SeBegh R, fEE 58 T [a]1X
—RBEVERRIENS b, HHR SHEVEMLIL, GA-
P2 BEyE 0 58 T T AR R FF Ak, R B 3%
L. BART S, HYEREL T B GA BHIESMY
HARKE 300 s L L, HAHE T GA HikthgERE(%
100s L E.

FESEREME T, GA-P2. GA 12 f MCRP
SVEAEAT 55 IUBEAR AR, L 58 T (8] 1 U B 3
AN, R RIFH S M. A% E 9 i &
(E 8) AIDAE H, X8 Bk 10 o A il 26 58 948

M2 F, SWTF Hikifae iz, fEiik
R 08 s Tl Re = Al 1) S 58 LI ) . e
150 0 T2 AT 45 ML N, FIFO-SWTF &2 () 5 5¢
T T JiE R K, R GA-P2 &
A 88.7%.

254k, FIFO Ml CFS 5V 11 E 25 IR AK 5t
T BRI A A LR R e M AR ) MCRP
%, FIFO HiEM P RERS IR T CFS-MCRP %,
A= F VR I GA-P2 B

SEIG KR, MCRP SLy2:7E 544 5 5¢ T[]
K FasEMEJT AR T SWTFE 83, (05 E R &
SR ARERBUE B e . wE 10 TEKEN
100 B}, CFS-SWTF &y 1) 4 5€ T [ i 55 F- CFS-
MCRP 5. NUWETEEER 200 HIEH T, FIFO-
SWTF &3 & 58 T [Af1 T- FIFO-MCRP H.iZ:.
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BT SWTF 55 1) & B 5 22, 0 i xf
Et FIFO-MCRP F1 CFS-MCRP 53225k ¥4 FIFO Al
CFS Mk 55 4b BRI 7 Sk b vERe 2= 5. KL 9 i
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FURLR, XA ) s 5 T TR AR, BEAT A
BRI 5 1 R A 1
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GEIR 73 A7 5of Ak 58 e ] S e A

H T 50 Bl TR I A RE IR 5N, ot AR BiE A
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e, WIER 5~ 8 fian, 1E 100 B LEMET,
GA-P2 HEAEREIR X (8] (<3 min) MI{E45 LA
17.27%, GA SEfERERXE (<3 min) FUES N
EA 15%, CFS-MCRP BAfERIZEIR X [E] (<3 min)
MRS SN 16.82%, =4 56 TR A2 & & T
HAh 5.

TESEIR A3 AR, ARZEIR (5 b 3R R A 1 X o %
R5E TR S%E . SXT L iT R, GA-P2 Hikik
B EAR R IR R /7. DL 150 PR
i, FIFO-SWTF 8% KR IX [ (>10 min) fF
2% 5 ik 90.91%, K ZEIR 5 LAY 3.03%, &
H S T AR T GA-P2 BiEEAL 41%, EW
EIHIE 7 5095 B A A4 K I IR AT 55 SR AR IX TR 11
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c. MU BHIEAEA, TR BRI SOMUEE R, b5 58 BN Al W< 25 2 73 A7

K10 i BEUR AN, A [RIRURRE TS b 55 5 B 1) R 4 55 2 431 P&

kg5 5E et [E)s M55 e B T/

=5 DEHF100 (220 BI%E 2632 MESK)

£7 DEHH 200 (440 Bl % 5264 MESR)

N N A CFS- CFS- FIFO- FIFO- N N . CFS- CFS- FIFO- FIFO-
JEIR X [H]/min GA/% GA-P2/% FEIR X [A]/min GA/% GA-P2/%
SWTF/% MCRP/% SWTF/% MCRP/% SWTF/% MCRP/% SWTF/% MCRP/%
[0~3) 10.91 16.82 10.00 10.00 15.00 17.27 [0~3) 2.27 5.68 2.27 5.45 5.23 5.68
[3~10) 14.55 14.09 13.64 11.82 13.18 1545 [3~10) 4.32 7.50 4.32 7.95 7.95 7.95
>10 74.55 69.09 76.36 78.18 71.82  67.27 >10 9341 86.82 93.41 86.59 86.82 86.37

F6 DEHH 150 (330 BB % 3 948 MER)

#=8 DEHH 250 (550 BB % 6 580 MEFK)

N N A CFS- CFS- FIFO- FIFO- N N A CFS- CFS- FIFO- FIFO-
JEIR [X 8] /min GA/% GA-P2/% JEIR [X 8] /min GA/% GA-P2/%
SWTF/% MCRP/% SWTF/% MCRP/% SWTF/% MCRP/% SWTF/% MCRP/%
[0~3) 3.33 7.58 3.03 7.58 7.58 8.79 [0~3) 1.82 4.72 1.82 4.73 4.55 6.18
[3~10) 8.18 11.51 6.06 8.18 9.70 10.30 [3~10) 1.82 6.55 1.82 6.00 5.09 7.64
>10 88.48 80.91 90.91 84.24 82.72 8091 >10 96.36 88.73 96.36 89.27 9036 86.18
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