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A microtremor edge imaging method based on modified
genetic optimization algorithm

Tian Ruyun, Wang Hongyu, Xu Jiahui, Chen Yuyang,Zhang Yuxing

(College of Automation, Nanjing University of Information Science and Technology, Nanjing 210044, China)

Abstract: The microtremor survey method is characterized by the advantage of non-destructiveness to the geographical environment,
safety, environmental friendliness and high signal-to-noise ratio, which possesses the broad application prospects in seismology and
exploration geophysics. However, the traditional " distributed acquisition-centralized processing" model results in significant delays of
shear wave velocity structure imaging, failing to meet the real-time exploration requirements. While the edge computing reduces the
latency and network load, it faces challenges such as heterogeneous edge nodes and resource constraints, limiting the instant
performance and accuracy of microtremor survey. To address these bottlenecks, this paper proposes a microtremor edge imaging
method based on modified genetic optimization algorithm. First, a microtremor edge collaborative imaging system architecture is
designed by deploying seismic edge servers to centrally manage sensor nodes, which enables the instant network edge imaging.
Additionally in order to minimize the latency and control energy consumption, a multi-node collaborative computing framework is
designed by tailoring the heterogeneous node resources and modeling the task allocation challenges. Finally, introduce the modified
genetic optimization algorithm( MGOA) integrating crossover, mutation strategies and heuristic rules is introduced to efficiently solve
the global optimal task allocation. The EdgeCloudSim simulations demonstrate that compared to traditional genetic algorithms, the
proposed method reduces the total instant imaging time by 23. 36% while maintaining 100% task coverage, which increases the higher
computational efficiency by 29. 8% than the CPLEX solver in medium-scale scenarios. The robustness tests show stability scores of
44. 12 and robustness scores of 52. 12, both surpassing the comparison algorithms. The field tests validate the method’s adaptability

across different initial geological models with the low imaging errors and optimized edge device memory utilization at just 53% , making
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it suitable for the resource-constrained environments. In conclusion, it achieves the coordinated optimization of delay and energy

consumption, providing an efficient solution for instant imaging in microtremor survey.

Keywords : microtremor survey; instant imaging method; task assignment; multi-node collaborative computing framework; modified

genetic optimization algorithm
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Table 1 Configuration information parameters
[ SR Bl
CPU Intel(R) Core(TM) i7
LA
Ipea 326
HETRIES 300~ 600
NG
NAE 26
Hr 9 20 MHz
lIRPIES 0.6 W
e 2
AR BFEFE R 1
e R TR -175 dBm
1540 0~500
UL ST E 5~35
1155 @ 1 BB 900
BT EE 500
E5KE 10 000~20 000

(a) —HE B SR FIRE

(a) Two-dimensional converged population

-1.0 ' *
(b) ZHW SIS FhEE

(b) Three-dimensional converged population

Bl'5 MGOA fEEFA4F R %L v H]
Fig.5 Application of MGOA in schubert functions
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MGOA #IHEARARE A 700 2247, (8 F CA; HAE G 2k
PATIEACR SR TIE RN R 675 WA i, 7E8Er fetl
fif it B R, MGOA SR T ) e 2CHE I, BEA% AN W i 5 5
b BT R, MGOA AT LIS Z8 SEARE A 58 A A 46
SHGIAT 2 R PR | X RE (A5 AR 1h By BOsk 0 A
IR A R REETT

820
—GA
800 = = 'MGOA

780

TR A
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AR KB
Kl 6 eddaidm i 2k iy b

Fig. 6 Comparison of optimal adaptation curves

3.2 BRAMES AR EIK

PRl MGOA RYPRALAE Ty, #5305 LU R ik adb A3
b IR AR A ( mixed integer linear programming,
MILP) T 73 JZ R A9 B 5 A 55 1 4805 95 0 0 7 12
(hierarchical game-based joint task offloading and resource
allocation algorithm, HG-JTROA ) . iR & Q M 4% ( deep Q-
network , DQN) X 5 S 3R H F5 X FE Q M 4% ( double
delayed target double deep Q-network , DDT-DDQN) L1 X H
it N7 15 1% 5392 (adaptive genetic algorithm, AGA ), DOQN |
DDT-DDQN 1 HG-JTROA &35 4F & H 1 4F 5543 i 7 2%,
FLr DQN A1 DDT-DDQN JEF %R B 5 4k 2% 2], HG-JTROA
DI TR AGA WA XT GA [ & 2 50 T 2 3
WS, Wi S 3 3 1 ) RS T 4 Ml A ks AR B,
B 7 7R o il b 1 A SRR SE i 6 AN F T AT Ry
500 IUAT: 55 i T o8 G B (6], AT LA 340E B MGOA (9 12
ek,

Pl 7(a) J7R 15 G B 6 I, A FEEESE A 0~ 500 4>
55 (0 SR TR] 58 B EAAS A 55 s I ] B A 55 0 i
K10 MGOA Bk Pk fe fE FEMT e JE . MILP BTG B
B MGOA A s Ao 3, ELRE A 55 %00 i, 5 i v 18] 3
H MGOA i 3% B HL BE NS SR i e D0 A ELTE 3802 2
=, PGE T /NBATE 55 . DON R TR 5 k22~ , —
FEFERE P R sl 25 BRI DR SR RS, (ELA 5 2 A R i AN
AEAEHS M, DDT-DDON W] A SE b AT 43R 24 sl B4 T:
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951 M)
o0 | MGOAIRIGA I A 21.69% 3.3 MGOA 5 CPLEX i1t 538
ARSI SRR AT 55 3 B IRl REAS 5l 29 0 22 H FRiE
.......... BB R R (MILP) 7] 8, CPLEX fIt £k 3K fi% &%
o (CPLEX optimization solver, CPLEX ) J2& Tl % i # FZ
E MILP % FHR A #% , v AR 55 0 B I RS ok i .
Mie it — 2L B E MGOA FEAS [l RUBLF A R Mg AG BE 38 T 4
wol” _O_BB'IID“GD-’\DA(S[EJA SR SvERE, Ak B 2 AR5 5 R, B MGOA
. mAGA 5 CPLEX JEATF LESCH S N3R 2 s
550 50 100 150 200 250 300 350 400 450 500
FE95 Helik %2 CPLEX 5 MGOA xftt
@ 61 R Table 2 Comparison of CPLEX and MGOA
(a) Six nodes
95 -
CPLEX MGOA
00 | MGOARIRT GA-#4] R Ak %25.03% SR M N
0bj CPU/s Avg  Gap /% CPU/s
. 1 50 5 7.20 291  7.20 0.00 53.41
=]
B 2 50 6 5.4l 1.58  5.41 0.00 49.27
=
B 3 200 6 9.38 9402  9.38 0.00 8273
65 /MGOA o HG-ITROA 4 200 7 7.71 70.44  7.71 0.00 79.55
60 fe5 DY +BB$_GS§S§A 5 400 7 12.55 583.21 12.89 2.71 364.12
—+— AGA
255 Bt 7 600 8 19.68 1197.45 20.21 2.69 942.38
(b) 7TH A
(b) Seven nodes 8 600 9 19.74 1183.29 20.16 2.13 90L.67
&7 OR[RIE Y S A ] L 9 800 9 46.12 —  43.94 — 1092.55
Fig.7 The total time comparison of different algorithms 10 800 10 45.57 — 42.31 — 1075.82
P — — 18.41 460.70 18.02 1.19 497.23

% BT BCEER . R, AR IR BRGSO, il LA AL
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B 2 R RAR | 3 0o Sl 1A 3 58 W5 7R S A R Al 4 R
RS R, #ERHIEF MILP . DON & HG-JTORA , {H
HARGIAZAR 59w 5 ) K 2R, X HT 45 B K it
S B )R B e MBI, AR E M SRR O AR BRI AN
MGOA,, UL, 17 8l 6 B, MGOA PEfigffE,

WE 7(b) frR,7 SR 2 B R B,
R, 45 AR RORERT TR R T A Y R A
FE AT SE AR R, 7 T A MGOA BAERT fe
&, WA [y Be /0 T MILP, DQN ,DDT-DDQN , HG-JTROA
FAGA B R e ik Oy i, (H B AERHE & T MGOA, K 4
MGOA B3 v 2 W5 S UMES 5, XK 7 (a) #I(b),
MGOA JAFERT B WA T H A B 1%, MGOA #HXT T GA F
YIREAR T 23.36% , 7E 500 NMT55 %0, #5308 6 N7 i
KA FRE I FAB LT , MGOA 15858 AT 5540 B, X 2%
B MGOA ] LR T A R BB (4T 55, R e 1 =32 1)
T FHE A R T SR

FE UL 25 IR 55 45 0 0 B9 50 m 248 N BE ML AR G
N MG M AMESs . BAMEIREGE TS A 1.5 M
WAFAT 40 Mb/s 77 58, CPU ARFEITTHR R, 06 183%
CPLEX K& 1A M B R 45 R, Avg 1R3R MGOA fE R4
SLEGY S NIEAT 10 IRISEITE A R . S TR Eh
BhHR I 2% X 24 Xof BRIV 7 5 5K, AR S 36 32 47 s [) 1 PR
WHE N 1200 s, @it F R IR, AN, Gap =
(Avg - Obj)/0bj x 100% f8FE T MGOA F1 CPLEX 7E3R
AR EREZE

SR 1 M 2 TEAT 55 B AH R R I B0, 4% AR
TR BRI 2 | 5 AT 55 10 B 5T O TR i, FESE R Y
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5 5~8 ALK AL S B 2 | Irds v (R i £
XM T A5 A AR 2L RMERE R RR R T
BORTIT I, MGOA 1EY 5% 5~8 WX Em} a4 CPLEX
REAK 29. 8% , H5 5c 0 fift ARG 18 22 S/, SEIR 25 3%
B, 76 R A RURE A 37 5 B, MGOA B RE B I T CPLEX
KRS . TESZURI7 59 F110 | CPLEX SR 28 T 1E 4
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BT BRI A RS TR R 5, MGOA 1)
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Fig. 8 Coverage of task allocation under different task numbers
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Forr, Py FORTEWH 6 Py, FRH A P,
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=3 (M) eama-py (39)
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N
ﬂy=§(mypp%1—aww (40)
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BRI, AL S EE ) 50 B, A 11 ASPMELE 555 1S 2 100
WA 19 MMEIES  IEB] MGOA B4 527 S W) b3
SARAESSRE ST, PR, BREAT 55 %okt A2 4k, MGOA 1/3E
ARG 55 T IR AT 55 I UM ELI R %1
3.5 SR

T VRN 1 2 PP SR T B 1 T AR A, S Bk
TREAE N s TR S B L e RE L 1
TR % | RGP BETT RE & 2 3 [ SR A 855
FISEI PRI, X MGOA AR e Pk R i R 1E A T 1T A
NEE, A% MGOA ,GA  MILP . DDT-DDQN #l AGA
AT T 100 YO Sy 5 A S 43 TR R ] A

SRR HEZE . B SR B P45 T
P, 75 100 REE S50 P REHLINA G B M 595 8
Weah, DA R vk Ae R AR A 0 T R e 1 S ek
ARYEEFORRE 22 71545 5 | SR FH ALY 431 40 SR 11
R E VRN G HR AT VPG TS5 RN ET 9 R

BB P R PR I

-

MILP DDT-DDQN AGA
Hik

Ko AR ERRE S G RIEPE

Fig. 9 The stability and robustness scores for

MGOA GA

different algorithms
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Ormx ~ Or.i Opmax = Op
SS‘ =20 T, max T, + 20 P, P (41)
O-T,ma,x - O-T,min O-P,max - 0-1",min
‘APmin‘_‘AP]" ‘ATmin‘_‘AT}‘
S =30
‘AP min ‘ - ‘ Ap max ‘ ‘ ATmin ‘ - ‘ Ame ‘
(42)
Hol, o, FRRIIER RS o, FR M5
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Fig. 10 Hardware devices
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Spatial layout of microtremor survey in Xiaoyangkou

Fig. 11
Area of Rudong County, Nantong City, Jiangsu Province
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Fig. 12 Schematic diagram of underground SWVS
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Table 3 Initial formation model A

25 JEL T Fl/ km YR/ (kmes™")
#5112 0.01~0.10 0.20~1. 00
H2)E 0.05~0. 15 1.20~2.00
#5532 0.20~0. 40 2.00~3. 50

Fz4 VBRHEEEB
Table 4 Initial formation model B

=557 JE S L/ km ST/ (kmes™")
W12 0.01~0. 10 0.80~1.20
bl = 0.10~0.20 1.20~1. 80
532 0.10~0. 30 1.80~2.80

OF o

0.1

§ 02F

#

5 03F
04

0. -
%0 05101520 2530 35
BIPIR/ (km s )

(a) VIgh AR IA

(a) Initial formation model A

BOPIRH/(km-s!)
(b) FIah R HIAB

(b) Initial formation model B

K13 AR R ) SWVS
Fig. 13 SWYVS in different initial formation models
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Fig. 14 Comparison of RMSE and MAE across different tasks
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Fig. 15 System performance testing
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