55 48 445 1 1] /BTN
2024 42 A

5 t #®

GEOPHYSICAL & GEOCHEMICAL EXPLORATION

Vol. 48,No. 1
Feb. ,2024

doi: 10. 11720/ wtyht. 2024. 1417

24 RHRAR A AT ST MBI A (Al R R A R T SO PR 9T [T 4R 54644, 2024,48 (1) : 175- 184, hitp://doi. org/10. 11720/

wtyht. 2024. 1417

Fu X, Tan H D,Dong Y et al. Application of supervised descent method for 2D magnetotelluric inversion and its application[ J |. Geophysical and Geo-
chemical Exploration,2024,48( 1) :175-184. http://doi. org/10. 11720/ wtyht. 2024. 1417

ST W T R 0 K L 4 3 5

56,7 R, B8 IER

(PEMBAAF(LT) HHMELERRAFR, LT

100083 )

B ARG I G A S 5 R A IR ARATO A S 45 SR M) B SR R T U A 2 B 25 5 B A DR
PR/ IME AR M T R — T ST ST I o ke TN A0 5% 2 B ML o S B A SRR IR T
AR T A R P2 8 1) A e P T, — A S A T TR AL, 5 T M ik B T e 1 Rt PR — A B 0k, it B e
U5 WSV S0AIE 1 0k A AP, X VG 80 e o S 0 0 AT B, G 6 1 M R ek S, BB

B AN SRS St SR AT AT AR e A AR LAk I JBE S 3, e T M B T A0 1) S B LA WA B0 B e |

RORGF DUMRRE S50 AR AT

KB  RH A RETE ; AR R HLAR S T 5 B T BRI AR I B S 3

FE 5 ES: P631 XERFRIRAES . A

0 55

R LRI R T2 (MIT ) 2 — o ek LY K SR 42
A8 B K X M LAY EA T IR ST A IR T 1, R
PR R BAR B, LR TR 2 L M A L7 oK 3
WA~ A BA 7 B B RE T 5, IR IR
JER LA RS i A L B, ) N T 4 i A
7 SR AR A AR

R P T 2 S SR i 207 R 0 OC-
CAM #:%1 ARZbk I e vk 1) 45 | 3k 8 7 1 A i
/M B eR BN 25 A 0 95, (AR G IE A AR A o
G ] LR R T AR M TR, HLAFERA AR
PR/ MELAY XU , 3 B AR R A 22

LA BEE TR AT AL 9 KR B 2T )
TEZ TP GUR IS AR5 AR BLE 4 > R 42
B A8 i 5 bR A 2 8] 1 SR, o ) HSGHRBEA T T
R B I ], B2 AR

KimBHEA. 2023-10-13; fEEIHHA. 2023-10-20

XEHS: 1000-8918(2024)01-0175-10

BT BT (SDM) 7E R HOAR 3 iz
TR B AR 2 ST R ST SR
AT ARV e e b 3K ) BB AR ) )t A T
ANEEI L AR TE TR 1N A B I R AR
FEFEAT— 2k F A8 F R (TEM) SOl b R # T E B
PRI . BRI 4 Dl 8 2RI 5 R 7 2 S50 7
A B, PR BN ZRBi B, 38 i 2 > SRR K HC
A PR B2, AR B B B, 2R 2~ 128
RHEATIEACTHE 220 K HAT B i 18 AR A
e T IR ARRE A SR AR /N B XU, 4 T 1 S Y A%
R MON, WEN BRIE I AN T BT AT LR R
HERRFERE B T NAFIR B[R] , 8 T 1 S 3k
K,

ASSOR FH B T A B WSO R M R — 4%
i S, G S A AR I B B A Y 56 Uk B
TR IERAYE, X AT M e ) S S PR AT R A6 . A
BTG AR L Je bt B S i, 56 T B R ek
1 B R AT WSO B R S EOR A DU AE 150 5

==t
ﬂ‘)»l_\:"\ o

HETH. BRARB2EIEEIH (41830429) ; L PH 4 H S & 3HRII H (202102080301001)
FE—1EE . F12£(1999-) B LG A BRI S5 (5 B AR T, FEBF T oL 2= 2 SR E RSB % . Email :2010210060@ email.

cugb. edu. ¢n

BIREE . WK (1966-) 3, 2R, MBRIRI 5 15 B BOR €l , ERNF AL BRSSO TR TAE . Email : thd@ cugh. edu. en



- 176 - W w5 £ B 48 %

1 Kb H B — 2 I S 3 A

1.1 KB _HFRETEIER
ZWEA A I R T 3 B 5 ), B[R] R R

e R ML R 7 2 v S R

VX E =iu,wH,

VX H=0E,
L. o WA SR w, NPT E N
LRI s H RN R X (1) AT e S bk
IRHEE 2% 7 R

V’E -K’'E =0,

V’H - i*H =0,

Pk N k= /- iopgo KB ZAEA R
BT IEJH (AR 43 Rl

(1)

(2)

(xm=jp%ﬂvm —%ﬂfﬁﬂ+[%¢%ﬂﬂ
Q D (3)

u, = 1,

5G(u) = 0,
K:AB A B, CD RIS,
1

TE:u =E_,7 =
10fL

A =0,
(4)

1
T™:u =H_,7 =—, =iou,,
o

1 #MHRTHIE
Fig.1 Sketch of partial grid

T 1 BT SOt L, 2R (3) AR
G(u) = %[;T(Vu)zdﬂ -
% [;Auzdﬂ + % [;Tkuzdr ZéuTKu , (5)

A KOy BRRBOER  SRIBGR(5) BIBE, AT 4%

Ku=0 , (6)
A AT LAY w, AR R R REL R S BHTAR AL A
1 OE,
Zy=E/— —,
lww, 0z
1 IM(Z
pr = — 1 Z, 17 oy = arctan( (Zy;) ) ,
W, RE(Z,,) 7
1 oH,
Zy=-——/H_,
o
. 1 IM(Z,,
pM= — 1 Z 1o = arctan( (Zn) ) o
wl'LO RE(ZTM)

1.2 KibEB#E — YRk 4 Hhauh B S iE

BRI R b H % — 2 S 0y A e T A s |
OCCAM i AR MEILHE M B2 1, A SORE R TR £
PEIRERR B S 8 5 T BT W v 0 BT R AT X
L, T M S AR L e I B b S vk

SE SCR H H B — 48 B R pR BN

D(m) =(d,, ~ F(m))"V"(d,,, ~ F(m)) +
A(my -m)'L'L(m, -m) , (8)

Kb m MERISE F(m) SR sKECBH BT 5K &Y IE
TPREL; d,,, DA RTRY I e L B SIS s v o ey
ZEFERE; A N IENIALZSH L oy R 225 b hr il
BA 5 my HAERAE R, s B A BRI G 2 5
/NI TR B S W B W EE 29 3R
ERINER GO R
g=-2A"V'e + 2AL'L(m, -m) , (9)

Hor A FonHEnT UAE M Bl iR 2210 i e =d,,, -
F(m)

RS MG B R W BB B e

1) i =0 I, BOERAARL m, TR r, =g, ;

)M, = |r ||, T BREE T SR T 1)
u, =M:'r, ;

3) Ry, = 0, EHh R E K a, ;

4)m,, =m, +tau, ,r, =g.;

5) 45 r,,, NTIRB e/ M, W S 450, 75 0
=M\ r,, +BL ou, P B, =
(ro M \r, —riM;'r)

r’M'r, ;

6) M i =i+ 1,[BIRLER3), BB, IS5

R,

A
X Uy

2 BT B T R Y R M R — 4 S

Wt R Wi JITHL B 2D B, RO i o



14

REP4AE LT T R O e v — 2 S 8 2 R 5

- 177 -

237532, 5 RN SR AN ST w4~ B B, U2k B B i
MPNGHER) ] A38) — 4 T D7), B0y

Btz P R R i AC T R e ik 22 |, i i kAT
A, B TR ERIE 2,

| MEIEEMp. Dp) ’ ! o
____________________________________________ i bl
B
il
4
) :
& !
AM=Mp-M. AD=Dp-D, !
MOAIEHE (52230 ! !
D M, E !
|,;T‘ G = I+v, m
‘ a~(ADTAD +AIy'AD TAM, l L !
l Y [(v,mp+eHdr i
| M. MeoDe | d. =5, Fm),
Y
f !
RMS —Nzum -]/ | . }._| il ||
a YES ——  meEmTERe |
&2 METRERE
Fig.2 The flowchart of supervised descent method inversion
2.1 iJIlf#I?i\EQ O(m) =||AM - AD x a|f; , (12)
’ /(1
@ (m) =|d,, - F@m) [ , (10) o .
(m,) (m))
XFEC(10) B IETH PREL F(m) #E4T—BY Taylor &I, (m)" (m)"
SRIO m 9B/ MiE, 7175 AM, =M, -M, .M, =| """ | M =]
Am =(J'])'J'Ad , (11) (m")" (m))"
Hrpo g AHERT I Am = m —-m ;Ad =d,,, - (13)
F(m) ;a=J'J)"J", e BEARL K, BFIEEE o .
AR L B AL O 4RI 7 2 £ 9 Oy 34 Fm,)- Fm,) -
FRIL D (m) ST m OHME AR S p _p _p op | T | Fm)”
VIR AR R I AT LR 5 T 7 i S S : ’
A WA R —2, BLH., bk HAx R ECE R Fm)" F(m,)"
1 CUNE YUY R N i RS A SR (14)
kR TTm
. Yy N . . Horfs my SRR (Tl #5125 18)) s m)
DU AHEE TR U B AR 75 T3 T Ll B 5
Ll N DN T Nr S

VAR LA B TS R TR K R A L
S, 5 AN > B AR 5 2 2] B3 R R
1], A eR AR DR T/ IMEL ) T AT 2R
ST ] AR K R A7 4[] [ st sl b o 4
B AR R/ IMEL

AW — N (AR M, FBIEED, ), h
T TR m, K T S/ ME

fife LRy R/ IME, TS
@, =(AD,"AD, + AI) "'AD,"AM, |

Ay @ EARRE A CHELE BT S A
HERIWGICR), M,,, R WTF .

M.,

(15)

=M, + AD,@; , (16)



- 178 - W w5 £ B 48 %

TELE B B, BOHs 045 22 RMS,, 5 KRN 45 22
RMS,, H .

L2 Img = m]
RMS, :NZ ”71“

S my
Y ||F(m) - F(m)) |,

1
RMS, =— -
" N; IF(m)) |,

, (17)

MBRILA 2 8 TRUE BB/ NECE IR T
B B RAEAR BT, U 2R Be4h ok
2.2 TR ER
B b B B 220 K Tz b B, Bk
bur 3/ (1N
m., =m + [d, -F(m)]la, , (18)
Mi =1 FGRTHE, m, 5B RR AR R
M F(m,) 5d,, [BIREPERZE R 0 B 45 kAR,
RS,
Ay fif R 2 T 1 22 i 1 ) AT, 2% R T B B
Uk R I bR i ik — [R]
Oy(m)=0,(m) +v,0 (m) +v,0,0m) ,
(19)
K (19) AFATIEN LR Hbrerd, Kb v, v, N
EL7 1) A KK ) A TE AR 2R 5,
0,(m;) = Udei -m_, - [d,, -F(im_) le,_, H2

®,(m) =b2[(1 V,m, 12 +62,) dr
D

®,(m,) =b2[(1 V,m 1> +82 )dr , (20)

D

A,

b’ = !
f“ Vo, 12 +867,)dr
D

1

b, = . 2D
J49m 12 462 ) dr
D

5 - Id,,, - F(m,_,) | y %

ld,.IP A

Kb v, = 1/)|d,, | WEA—S80GD Jitees i)
V..V, NI B A T A
5 KR INAT SR R

SR (19) BB /MEZEAT i S 40 28, W] 4% T
KA, iIG

Gm =d, , (22)
v,'v
Gi = U[lI + vv
J(l Vtr”lli,—l l ? + 6?—1) dr
D
VhT Vh ’ (23)

+
J4 vm 12 462 ) dr
D

di =vm,_, + vd(dohs - F(mi_l) )ai—l

KAF(22) AT m, R m, AT R
A, BB AS 2205 1A /NN T —E B, s
WA 2N
ld,,, = F(m,) [,
. I,

R YNGR LA T 52 I, 74t B R U & 22
ARIE BBl TN 45 SRR IR B Y B SR B A AP
KA BN —A 2 RIT IR, AT 58— S A T
B EARAAS 22 A/ NSO PR D

RMS, =

(24)

3 HUSREIY S R A R 1

R Ml FRL % 1) 4 T TR A BR BT R
A 43 B 33 %26 19 A% LI, 85 ] O A H L X8
B855I AS A, Gh1a] Sk 26 AWK Y
5T RRE BT 40 A

A48 53 AN 7] H BH 3 A R AR A 5 5 AR A T 5t
HLBHR R 100 Q - m (Y3512 RN RS 8l TR T
4 355 PMAN[AIRERY, Gl 3 B

B IR B HEA T AR T, £ I 2
o TM A X P B A5 B RS TR 5 I e 1
YR, 04T B 2 25, R By Bk matlab
B CH+HRA PR T B TAER ) CPU
A5 i5-12500H , FF A 10 LR IH147, VI Zh A€ It
2 h,

Y Zrid IR 8 Wk, W iR kAR 2528 0. 423,
AR 8 WG iR %46/ 0. 087, EAC IR 4 fir
7R MUNZREE P BEDLET 80 4B HEFTIGIE T4,
HAPBPER 228 T 15% 7 80 4L (WA 5 FiR) ,
A DL BRI BT SR -2 T B T 1o il 2 S T 280K



B E - 84

13] A2 T T ARV 10 R P — 4 S B AT Y - 179 -

4000

X/m X/m

1 1.1 12 13 14

3

2000 /0 2000 -2000 /0 2000 -2000

0 2000 -2000 0 2000 -2000 /0 2000

x/m x/m x/m
1 I T 12[p/(Q2-m)]
1.6 1.7 1.8 1.9 2

il gRE

Fig.3 Some training samples

°
;2 254
5 20 o
154
101 © © S & b
5
1 2 8 4 4 6 7 8
IERIREL
B4 SERIBHERUSE
Fig. 4 The normalized model misfit in
each iteration during training
60
50
40
ﬁ 30

20

10

0 5 10 15 20 25 30
RMS, /%
5 REHNH

Fig.5 The histogram of the normalized model misfit

3.1 HEipERq

A1 6) iy 4 MR H R, T R HE R
100 Q « m, SFHAR 1 J&2K/NHA 800 mx800 m 3P
400 m HLFHAAE N 1000 Q « m A7 LS 1A
SR 2 2R/ K 800 mx700 m R Ky 300 m | H,
FHARAE R 10 Q - m BMRBH 1A, =ik 3 &K/
9 600 mx700 m A 300 m HLFHA(E A 1000 Q -
m (195 B A S A 4 J2 K/ 1000 mx 1 000
m JEHEH 400 m FEFHARE R 10 Q - m BYRRH 55
(N8

Pl 7a AR 1 IE TE MR B4 S TR A5 5 /] Th R
10% = iR 25 6 AU 1 S i 45 51, T 8 I 1Y
Bl Gk, ol AR EA —E BTREE T .

] 9a M AEL M LRI VA 1Y 4k R i A R
if5.695 s, EiBHSH AR 1.3 ¥R BEMR E PG A
FHLBH R, eI i 5 o PR R B & 5 (IRRH 1A 2 4 ok
B A B i BH 2 R BOA JF S8 IR

] 9b Ry W T BRI SO I 25 1, B 3. 145
so mPHSFE R 1.3 ISR A BH R 1 WK 2 ORI
T& 9a, H B I i S5 (7 B 5 IRPH 8 14k 2 4
B4 S T 235 SR B AS TT DA A BES BARY f B L RE A
MR SR AR B
3.2 IEiPHEEI2

FEHL 2 (& 10) A5 4 w0 AR, 15 St BH RN
100 Q » m, 5K 1 Z2FK/NH 1400 mx1 000 m 3
TR 1200 m FELBHERAE R 1000 Q - m A& B



B E - 84

- 180 - w5t #® 48 &
-2000 -1000 0 1000 2000 H b
T
£,=100Q'm
$-1000Q:m £,=10Qm ,~1000Qm|
' £,~10Q-m
6 PR 1 RE(MNAEFL R F R 1.2.3.4)
Fig 6 Schematic diagram of model 1 (abnormal bodies 1, 2, 3 and 4 are arranged from left to right)
3.0 ®) 3.0
1000 ‘ l 3 25 25
7 7
3 2000 2.0 g 2 2.0 g
) 5 =
3000 15 15
#000 1.0 1.0
-2000  -1000 1000 2000 -2000  -1000 0 1000 2000
x/m x/m
a— WTIRZER 0% TSR s b— TR 2E A 109% AT 45 25
a—inversion results with 0% random noise ; b—inversion results with 10% random noise
7 FusgReREE ST
Fig.7 Comparison of anti-interference ability
50 e .
0% TR, SR 2 Z R 300 m FLBHAR(E 10 Q - m )
& il B BRI 35 £, 541 3 2/ 1200 mx260
m HERA 40 m HLBHAME N 10 Q - m AYARRH 5
2 30 R SR 4 &K/ H 600 mx1 300 m R K 850
s m HLFHAE T 1000 Q - m B LS 1
e P 11 Jg Al 2t BBk B2 vk ) — 4 i v A 45
0 RS 6 s, FRHSE R 1 RREIRE BIS AL Y
HLBEL AR oK BE AR St AL R A B
0 HOTEURE TIRBLS R 2 #8F 1000 m DAL B9

B8 ERIEMNBEMEGE

T B RE IR 1000 m LR IGARE R, T
32 IEBHL S 5 A 3 1 B 0K (IR HLS3 9 s 3 KB
WAL IR SR HUBEL S | 0 0S5 P 33 5 L 57

Fig.8 The normalized data misfit in iteration

@

3.0 b o 3.0

2.5 1000 2.5

20 § 2000 20 B
S g a
5 =

L5 3000 15

10 4000 10

2000 -1000 0 1000 2000 2000 -1000 0 1000 2000
x/m x/m

a— (LRI AR s b— W T TR S AR
a—inversion results of using NLCG scheme;b inversion results of using SDM scheme
9 PR 1 RIELERIE

Fig.9 Comparison of inversion results of model 1




13 REP4AE LT T R O e v — 2 S 8 2 R 5 - 181 -
-2000 -1000 0 1000 2000 ik
£,=100Q2'm
550m
£,=10Q'm | 550m P
1000Q-m
£,=1000Q'm 600m
600m
800m

B 10 BigEE 2 RE(MNERG BT R 1.2.3.4)

Fig. 10 Schematic diagram of model 2 (abnormal bodies 1, 2, 3 and 4 are arranged from left to right)
@ o0 v 30 ® o0 3.0
- L___d|
1000 |:| 25 1000 25
2000 E 2000 =
& 2.0 g e 2.0 a
& 5] =
= =
3000 + 15 3000 15
4000 - : : : : : 10 4000 : : : : : 1.0
-2000  -1000 0 1000 2000 -2000 -1000 0 1000 2000

x/m

x/m

a—ARLRIEICHE I S A 2R b— M B T ek B
a—inversion results of using NLCG scheme ; b—inversion results of using SDM scheme
B 11 EIERE 2 RIELRL

Fig. 11 Comparison of inversion results of model 2

HAR 4 AWK B AR Y Y H B A A S 1A
KEANTE

I 11b A MR B BA ik S i A 25 3 4R kAR
2R 0.546, K18 10 I FERIR2ZE R 0.063 1, H
IF 2.8 so fEnBH S H 1A 1 BRI HL Y A BH 2 0 K 5 4L
BT 1a, HAEE R 55 IR0 & B R AL ]
DA IR BE BB S AR 2 iR 2 000 m DA 1
)5 0 RS B, IR 50 1A 3 A A H BH R
2 000~3 000 m F343 15 A AR 4 i (R B, 7T B J2AIK
BELS55 1 3 B 1 52 el 5 AR B 78 1A 3 B IRZ B i
BT (10 F B 3, B S D 5 AR o 5 R L S 1 4
FIEARR H BH R S AR T 11a, W RS2 FH 5
HAR 3 (RREM, AR S R
3.3 IEipER3

FEFY 3 (& 12) R A4 2B, 75 5 d By
100 Q - m, FAAEHLZ 2R 500 m, AR 100
m, LR 10 Q - m (B HEBAS 2 TR IR

] 13a S A 2 1 e S A B 1k i 2 o Vi 19 &5

ORI 6.2 s, K 13b R W B R B BT R 4
B PIAEEARIR 2 R 0. 842, 15 10 )G LR
4 0.085, i 3.4 s, Wi FREBIRIEA T L
TSR St S A ) F B R SRR T A,

SR L MBI SRR T AR L 3
B BRI ROBAICR . NSRRI I R A2 2
(AR AR FRAT AT R L S il PR P A 7R 1) s B S 1A
RS HARLL R 23 2 5 H AR UL W R R
A R B AL Y R

4 S

Shy 58 UE B9 10 52 M B AR SOTF & 1) s B
7 FH T PG 8 e i i SR 5 A V4% 5l b X S
P s, ML R RIS LR TR T RE 2
K245 240 km W 15 29 A, WLIAR LR A 0. 000 1~
250 Hz, [ZRA 5 HE 6 A1 VL 48 5l , 58 6
TEAE KA KR AL B 2



B E - 84

- 182 - w5 b K 48 %
22000 -1000 0 1000 2000 b
T
£,=10Qm £,=100Qm

41—'—'—,—\—\—|1

12 EpKRE3IRE
Fig. 12 Schematic diagram of model 3

O O —— e W2 O ———
1.8 1.8
1000

1.6 — 1.6 —
g g
. S = 2000 <l
kS 43 N 1.4 3§
5 14'%,D N ;%)

1.2 =000 1.2

1.0 4000 1.0

1000 2000 -2000 -1000 0 1000 2000
x/m x/m

a—JE LN IL P ST R b— W T MRk S B 5
a—inversion results of using NLCG scheme ; b—inversion results of using SDM scheme
13 RELERXI

Fig. 13 Comparison of inversion results

SIS
lg[p (Qm)]

—_

™0 50 100 150 200

“0 50 100 150 200

80

60

40 %%
S

20

| | ﬁ I = = =
lgp fQ2m)]

“0 50 100 150 200
x/km

a—TM A2 L B 3 ABLIT T ; b—TM AL 2R 7 $ULBT AT 5 o—TE AL HL BEL AU T ; d—TE AR 37 $DLIBT D

a—apparent resistivity of TM mode ; b—impedance phase of TM mode ; c—apparent resistivity of TE mode ;d—impedance phase of TE mode

14 JRISERBETE (2 A XY SRR IR )
Fig. 14 Pseudosection of field data (blank areas indicate removed bad points)

P 14 S JSUAE RO ST T 14, AS SCEBEXE TM AL 15b SR M B T Bk vk ) S T 45 2R | T L T 45
SRR AT B, X e W T R BRE AR 3L —B 181 16 S S A R 5 S n o be , nl DR
PEbb RS S A R LIS TE B TREIE RIS LA PR R . e (8] 7 T, RSk L P ph B2 K
€58 AR 30 s, B T REE A VIZRIS RN 2 h 7245,

Bl 15a AR L ICHE B0 S 1 i S d 45 21, I DUINFTRIR 24 25 s,

REEA



B E - 84

13] REP4AE LT T R O e v — 2 S 8 2 R 5 - 183 -

lg[p/(€2m)]

0 50

x/km
0 — i 4
_ 0
0 50 100 150 200
x/km

a—AF LR PSR HIRR FE VR ST A5 2R s b— B T BRI 1Y S 2
a—inversion results using NLCG scheme ; b—inversion results using SDM scheme
15 SKMERERBEERRTE

Fig.15 Comparison of inversion results of field data

(5]

[\
lg[p/(€2m)]

—_

— N W
Ig[p /(€m)]

100

50

x/km
@ 5, 80
— 60 >
% OW 40 S
- .‘ 20
2 - . 0
0 50 100 150 200

x/km
a— LA KR TM A5 FiL BEL A ADT TR s b— AR K0 T AR 37 SO BT T 5 c—SDML £5 2R TM A5 5CH0 v BHL A FOLIBT 1T ; d—SDML 8528 ™ A 5XAH iz
£ i

a—field data apparent resistivity of TM mode ; b—field data impedance phase of TM mode ; c—SDM inversion results apparent resistivity of TM mode ; d—

SDM inversion results impedance phase of TM mode
B 16 REERSIZNEIES L
Fig. 16 Comparison of model data and Field data
WSO RE S HSCR AL T AR L BBl B F i, BoA
5 45ig BT BIPTMERE S S HIE
1) YN ZA5 2 AP 24728 K0 S AR A TR0 RS 1 48
ARSCSEI T AET B TR R R B RS e SRR RS 1 T LR R B I AR M AR, R
222 T — g8 3 = BBV S s ORI T AR ob IMELR XURS: , 9 S s 2 g
HEAT TR R TR B VR ) T AT N S A A 2) LTI By BEAC L, 75 2 A4 IR 1] /N T LS
PO ARV T U T R R R — e s P A Ia) X T s i A BB —E I



- 184 -

/N

5

% 48 &

3) B T RERE R A Bz AR Sy, AT DU T

Z M R B R0k

BT B AR (I 2R+ TN ) 450 L S

W, [N SF-24 28 B i A o B S Y TR B, R4 7
R ARAE IS5 Bl D A7 HEAR SR I 5T 1]

5% Uk ( References) :

(1]

[2]

(6]

(7]

[10]

. R SRR M ] D b E M BUR A A
2023.

Li J M. Geoelectric field and electric exploration[ M ]. Wuhan ; Chi-
na University of Geosciences Press,2023.

Avdeeva A. Three-dimensional magnetotelluric inversion[ D]. Dub-
lin; National University of Ireland 2008

De Groot-Hedlin C, Constable S. Occam’ s inversion to generate
smooth , two-dimensional models from magnetotelluric datal J]. Ge-
ophysics,1990,55(12) :1613-1624.

Egbert G D, Kelbert A. Computational recipes for electromagnetic
inverse problems[ J]. Geophysical Journal International,2012,189
(1):251-267.

You K,Zhou C,Ding L Y. Deep learning technology for construc-
tion machinery and robotics [ J ]. Automation in Construction,
2023,150:104852.

Ding J Q,Xu N,Nguyen M T, et al. Machine learning for molecular
thermodynamics [ J ]. Chinese Journal of Chemical Engineering,
2021,31(3) :227-239.

Xiong X H,De la Torre F. Supervised descent method and its ap-
plications to face alignment[ C]//2013 IEEE Conference on Com-
puter Vision and Pattern Recognition. Portland, OR, USA. IEEE,
2013:532-539.

Xiong X, De-la-Torre F, et al. Supervised descent method ( Confer-
ence Paper) [ J]. Proceedings of the IEEE Computer Society Con-
ference on Computer Vision and Pattern Recognition, 2015(7) :
2664-2673

Zhang T,Guo R, Zhang H L, et al. Image human thorax using ultra-
sound traveltime tomography with supervised descent method[ J].
Applied Sciences,2022,12(13) .6763.

Lin M, Liu Y. Guided wave tomography based on supervised de-

(11]

[12]

[13]

[14]

[16]

[17]

scent method for quantitative corrosion imaging[ J |. IEEE Transac-
tions on Ultrasonics, Ferroelectrics, and Frequency Control, 2021,
68(12) :3624-3636.

Guo R, Jia Z K,Song X Q,et al. Pixel- and model-based microwave
inversion with supervised descent method for dielectric targets[ J ].
IEEE Transactions on Antennas and Propagation,2020,68 (12) :
8114-8126.

Guo R,Li M K, Yang F, et al. Application of supervised descent
method for 2D magnetotelluric data inversion [ J ]. Geophysics,
2020,85(4) : WAS3-WA65.

Guo R,Li M K,Fang G Y, et al. Application of supervised descent
method to transient electromagnetic data inversion [ J |. Geophys-
ics,2019,84(4) : E225-E237.

AAF. KM ARG = = AR IR AR L S A OB A Y
JCHS U T R A ,2012.

Yu N.2D/3D tipper forward modeling and joint inversion of mag-

(D]

netotelluric[ D ]. Chengdu; Chengdu University of Technology,
2012.

ARE L. R H % ol e BEL BT = 4 4 BE SV B 5 [
At P E RS (650 ,2009.

Lin C H. Three-dimensional conjugate gradients inversion of mag-

D].dt

netotelluric impedance tensor[ D ]. Beijing: China University of Ge-
osciences ( Beijing ) ,2009.

Newman G A, Alumbaugh D L. Three-dimensional magnetotelluric
inversion using non-linear conjugate gradients [ J]. Geophysical
Journal International ,2000,140(2) :410-424.

FIZAE XN, BUET, 55 HuTh a] IR I IR = i R
AR [ )] MR ER2A41E, 2012,55(10) :3506-3515.
Weng A H,Liu Y H,Jia D Y, et al. Three-dimensional controlled
source electromagnetic inversion using non-linear conjugate gradi-
ents[ J]. Chinese Journal of Geophysics,2012,55( 10) ;3506 -
3515.

TEHLZR B, Martyn Unsworth, 55, V8 58 55 D P 0 41 45 6 A
VLSRR ML X M 7e PR AW SE [ 1] BRI ER 2241, 2004 , 47
(4) :685-690.

Tan H D,Wei W B, Unsworth M, et al. Crustal electrical conduc-
tivity structure beneath the Yarlung Zangbo Jiang suture in the
southern Xizang Plateau[ J ]. Chinese Journal of Geophysics,2004 ,
47(4) :685-690.

Application of supervised descent method for 2D magnetotelluric inversion and its application

FU Xing, TAN Han-Dong, DONG Yan, WANG Mao

(School of Geophysics and Information Technology, China University of Geosciences, Betjing

100083 , China)

Abstract: Traditional two-dimensional inversion methods of magnetotelluric are mature, but there are still some problems, such as reli-

ance on the initial model, reliance on regularization parameter selection, and easy to fall into local minimum. In order to solve the a-

bove problems, this paper adopts the supervised descent method to improve the effect of two-dimensional inversion of magnetotelluric.

The supervised descent method is a machine learning algorithm that learns the average descending direction to predict the residual of

data. Based on the theory of supervised descent method, this paper develops the two-dimensional inversion algorithm of magnetotellu-

ric, designs the theoretical model synthesis example to verify the correctness of the algorithm, and inverts the measured data on the Ti-

bet Plateau to test the practicability of the supervised descent method. The inversion results of the theoretical model synthesis data and

the measured data show that, compared with the traditional nonlinear conjugate gradient inversion, the inversion based on the super-

vised descent method has the characteristics of fast convergence speed, good inversion effect, and strong anti-noise ability.

Key words: magnetotelluric ;2D inversion ;machine learning;supervised descent method ; gradient Non-linear conjugate gradient

(AR £107)



