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Implementation of a Neural Network for Retrieving
Atmospheric Parameters from Remote Sensing
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A numerical model of a supervised feedforward Neural Network (NN) has been
implemented. The purpose is to study the capabilities of a NN based retrieval algorithm to
inverse the measurements performed by the future JEM/SMILES limb sounder. The model has
been designed for research purpose with a special care given to its flexibility and extension
facility, but keeping in mind that the computational performances must allow the use of a
network with the size of those commonly used for satellite data inversion. The code is written in
the Python language. The procedure to create and use a NN is presented and the algorithms of
the training procedure are described in detail. The MLP is trained using either the Levenberg-
Marquardt or the steepest descent method to find the optimal value of the model parameters
according to some examples of the inputs and outputs. The model also provides a set of
functions to scale the data or to use their principal components. In order to prevent the MLP to
overfit the training data, several solutions are available. A regularization term can be added to
the cost function with the possibility to optimize the hyperparameters using a Bayesian method.
Also, an early stopping procedure can be set using a cross-validation data set. The correctness
of the algorithms implementation is demonstrated with simulations and the results are
discussed.
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Output layer

Direction of the information propagation
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1> import mmlp

2> m = mmlp.Mlp([4,3,2], bias=1,
act_hidden=’tanh’, act_last=’linear’)

3> m.setPcx(Xt, 1.e-6)

4> m.setScaley(Yt)

5> m.initweights()

6> m.fitweights(Xt,Yt)

7> m.run(X)

8> Y = m.getY()
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1. *scale the input/output data (Eq 3)
2. *convert the input/output to PC (Eq 4)
3a  compute the cost function €2 (Eq 6)
3b calculate the Jacobian of € (Eq 8)
3¢ *calculate the Hesslan matrix (Eq 6)
4. update the weights and biases w, (Eq 9)
5. in case of LM:
S5a. if p # 0 and the convergence is reached,
set Hprev = K
set 4 = 0 and return to step 3b.
5b. if 4 = 0 and the convergence is reached,
stop the process
5c.  if p = 0 and €? increases,
set (= lprey and return to step 3a.
6 in case of SD:
6a. if the convergence is reached,
stop the process
7. if ¢ decreases, increase p
set w,, to the previous value and
return to step 4.
8a  *in case of Bayesian regularization,
if €2 increases,
update the hyperparameters (Eq 10) and e
8b if €2 increases, decrease p and
return to step 3b

2

The convergence is reached if one of the
following tests is true:
1. small change of the cost function:
|e2(i + 1) — €2(3)| < (thr x €2(i)),
2. number of iterations superior to a threshold,
3. early stopping criterion fulfilled
(see section 4.2)
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FERT NI X2 OBRKBRIZIPCIRIE D 3 %
AT HEH e TE S, RIHTHY ) P &
FEATHIELT/INTG A—F w, BRBEIC %
HIEERIETAIENTE S, ¥ THE 24T
HY B I RARENE 2 E#T T L. HD
Wik, ETFNVO—BRALEDIBHIL LG/ L &
RYMERGETF—% €y 2T 5 L0 ik
bHbo T—FPRE L72d 5 ERBOM. H
HARGE T A DB L v e, EE MmN
LYLhsd,

5 7NV XLOEEE

5.1 Za—-0OYORNEEEHEADOYITITH
Za—uryoORKEELHIOY LT Yot
HEATIRT NI ) ALFEEE, AT A—F
ZFHOBM MLP # W CHiEEL 72 28 MLP
B 1DL9 7% 1x2x2 O¥MA Ry FT—2T
Hbho T A—F w, DEEFE A RT, KM
Bl =2—a ¥ tanh T, =2 —a v
MHEHEMBMTH D, 2120 =50 55 50 DAT)
T B oD Ry T =2 HERT,
COAy M7= EFBEDNSI VDT = 2 —
O ORKBELEMIOXY ICT L EFHET L
KEFHTIICEIITEL A TE D, £312T,
HH =2 —a Y RO =2 —a Y OFRKEE%L

= (a) Qutput 1
6|
5|
4 o
s L 8
= 3 [ o T ® - -
1
0|
1
0 40 0 40 60
2 (b) Dutput 2
6 - g
5 e,
1 \
=3
E 2 A
1 g
0 Nt T
-1 L S

60 -40 =20 o 20 40 60
input

H2 %;;? MLP ©% 1 HA(R) £E 21D

TROEADT—5 (77 ) VU X LD BRSNS,
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FEEN ®10&5%MLP [CDWT=2—0Y
DFENEEZZH T ST a[3]
& alBl RUINS A=~ wl1], wlb],
wl7], w9l ICxd55E 1 HAOoll]
=g[6]lOVIE7V, =1 —0OV
EUotAhA-—a—0OYVICK>TZENZEN
tanh SRR DOFENBEHHEITEND

a[3) = tanh (w[l] x all] + w(2])
al6] = w[5] x af3] + wl6] x al4] +wl7]
I, 1] = gi[[ll]] — afl] x wfs] x (1—a?[3))
1,5 = g;’}[[g] = af3]

J[1,7] = g;[[% =1
IL, 9= gi[[g] =

EZN 8B MLP E81F3/85 X—% w.DiE
& ALEFILHEHESZ BH0=D0

iz =)

I\ AT ADESIFAF TR U,

index  w, other solutions
1 0.05 -0.05  0.10
2 0.10 -0.10 -0.50
3 -0.10 -0.10  0.05
4 0.50 0.50 0.10
5 1.90 -1.90  -2.00
6 2.00 2.00 1.90
7 2.50 2.50  2.50
8 -10.00 10.00  7.00
9 -7.00 -7.00  -10.00
10 3.00 3.00 3.00

RODLBE al31E al6]Z/RL7ze E£728T A —
7 wl1], wls], wl7], wl9] T 2E1EF
V) o[1] =al6] DY IET Y EBOFRE LR
LTHh5s,

=50 725 50 F TOEMBED 10 HIZOWTE
TNV LB AR R L., &= a—u v D
FKBER MY 23T OREFEEF = v 7 L
720 WEZRFT 5728 S AIEIEAE ) £ ZDL R
W (~107%) TH Y, MEHEDOAIIEHTE S 2
A b. =a—1y 3, 4, 6, T DFEKIRE
ROWI 1 oX a7 ATHNCET AR E K5
WRT o £789 A —F O/ME & s KR O R
A DR %,
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L5l -50 05 50 ORICZRBEO 10 ED
ARCDOVWTHRIET R EET VDL
EFIVIER 1 OMLP THd. al3], aldl, al6l,
al7] DFENEBERU 10 BDOEHE/ A7 ATHT
2E 1 HAol1]1=alBl DVYILTVICET HIER
BT FRDEROTET, GRNEASE CH5.

’ value range I error

Neuron output

af3] 0.98,0.98 | L.1e-16
al4] -1.00, 1.00 | 1.0e-16
al6] 2.20,3.74 | 4.4e-16
a[7] -1.25,5.83 | 1.7e-15

J[1,1] [ -19.29, 14.80 | 1.5e-14
J[1,2] 0.04, 1.89 | 4.4e-16
J[1,3] | -4.30,15.72 | 9.7¢-15
J[1,4] 0.00,1.99 | 4.4e-16
J[1,5] -0.98,0.98 | 1.1e-16
J[1,6] -1.00, 1.00 | 1.1e-16
J[L, 7] 1. 0.

J[1,8: 10] 0. 0.

5.2 IX MEBORIME

EFNINT A= w, OFHEICBIT S LM &
SD DTN T XL FEEZHHTERL2SH
MLP Z W CTHGEL 72 MUKE S LUK
BBz o727 MLP # I L. SIE TN
HHEIND XH IR LR L 72 FHT—5 3%
B MLPD 10 O A6 5, Thid-50&
50 D DOERBO AN W THEHIN 25D T
5 (X222, FEHIIOVWT 3SHHEOREE
EF L7z BARMIZIE. (DLM 326, (2) 3
WAL L7228 7 — % % v T LM Il % i
(3) e L L7257 — & Z HwC SD [l 2 Flitio
BRENBTERREEZE6 T D2, T A MHRIC
FIEBAEHZ IV Tw 2w (B=1. a=0), D
DT B BEKBIEITB VT A MR OZE LA
NS o 72 TEKBREZ T HY) 5. HAR
TAHIEREIC L S (K6 22, REREZ
40,000 25 EBRTH %, FiEx 100 [H#E D 329,
85 X =5 w, DMPMEIZE Nguyen 7V T 1) X 4
o THEZEET S (3.1 228,

Za—0 Y OEMBRB w, DFFGERZIT> T
HEFVIHNDBAREL R B560% 5 HIEHkRHL
TB UMD D B (4 Z2BR), FD-0KRD:



EE) 3EEoRECHT 2B ERER
FERIF. BREICDVTERITUIZ 100 BDFHIE.
FPEFHIHETRICDITD IR MIERI. IR~
BEEHY 0.01 ZBR ©3Ef7I3KM (incorrect) & LTz,
BIh (O MEERAVEAY) LT IREDOIE AT L
TeBRBRIEDEIGBIRT . BEFHII UISEIIRIED
L7 CEl o et T d.

Setting 1 2 3
regression method LM LM SD
X and Y Scaling no yes yes
number of runs 100 100 100
convergence threshold le-7 l.e-7 l.e-8
4 initial 100 10. 50.
1t increase rate 2. 2. 150
1 decrease rate 10. 10. 300.
Results
cost function 4.0e-29 | 3.7e-29 | 6.5e-05
number of incorrect runs 12 0 0
number of iterations 25 13 18704
successful iteration ratio 0.36 0.67 0.47

NG A= ZBBEFNVOLDOLEBERBLTDH
HEYERE RV, FHFREOHIX. BEH
F—=%ty bSO SN EEH N O H R
O X o THET %0 BREWT— %132 -50 H
5 50 T TOERFED 100 D A% Fl VTRl
T 5,

X 3 D Lo, 51 OFEEEZHWTHEY
SH7: MLP OFGEAR L7 DTH b, iiiald
FATH G LMYy POADIZH L TRLTH
%o 100 MIOFEATH, 88 WS 10715 R &\ 5 it
BTEDLREZDMEDEFNEEK LT, Fh
YA D 12 MOFEFTTIE. BATNTH L TN
0.5 %22 587 MLP EFIVAER SN TWY
Do TDXD RS2 EFT VIR S L,
REEhbZ Eidhun,

3O TFTORIZ. I MK (EFERT—5 1
M LCEMA) & Marquardt 735 X —# 1ZBLF
BEBORET 20N 5 B OFEFFITOW TR
T LTRLEZDDTH D, 4 MDEFICE
WU 30 WIS 60 D KA TR 10727 L v 9 /h
VX PEBUICPOE L TWwWb, 5 HE®D 7 —2
X RELO 12 MORR S 724 E 20t L7z MLP ©—
DIZHENUT S, 1022253 A MHRICK - T
MOB/MEIZ b T v TENTW5D,

B 41355 2 OFRBREICHTIHERTH S,
7= DI X o> THERIEFHFEEN TV S,
T b b EEDSE MLPAS 1071 Kl OiRA TS

Simulation index

104 PO . T cictiei)
100 -0-:::52\?(__‘} :A::‘-: "\{—:; S P =N o P
N %

10 0 30 &0 T0 a0

40 5
Iteration number

%1 OFBRECHT DRER

o EBBO MLP O F1ESE, T TLSERESIR
BERET =Y LDV CHESI NS IDBETRERZED
DT AR THD. Levenberg-Marquardt ;E%{#H
L. 2BF—YFEEELTLEN, EBTF—5DAI
BIFEVH TRUC,

T Z28 79Ty MY UTHESND IR MEEK
KO 100 BOETFROADDFRY NIT—T(ZHT D
NS A—F L EREESISH U TERRU,.

WETFNVZEECHBIL TWd, WThor—2
b 35 MY TPORIRBITEL T b, I L7
BRBAERDOVHI 13 TH 5o

RO 2B OHRETH O NIRRT,
Levenberg-Marquardt 2 X 5 7V T1) X L%
PHENTHAZLZRL TV,

REDFHRENTTT HRREZK 5 1R T . 4
FUIFHEAL L 727 — 12 SD Ziafiti L THr o 726
WO A 3, 99 MOFEATITBWTIUE
RBIET 2N EPT B Sz, I L7
BRBAEBOTPIEH 18000 TH Do ¥ I 2L —
¥ a Y5 (Simulation index) A% 10 DFHEICH %
ROVAREB ORI 3 5947 TIld. 2 A MK
DEALAVN S W=D H T & 2UR L7 L )
EW L, BIGHEERRINITHU ohiz, Lidw
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Simulation index

H i} 5 \

210 Y \

E 10 \ \ \

i 10! - i Y
10 Vet \ \

g 10 Ak A \
107 R \

- \ \ \

10 e v

A e

5 T B
I \\\ \

20 5 0 as
Iteration number

5

%2 DR TREICHT BRER
L+ HM3DEOREFUREN BEEUFRT—5
ZALE,
T HM3DTOHEFURED. BEEUEFERT—5
ZRLVE,

A B O MLPAS 1072 A5 O #f% T8
5=V EBHBLTWS 2O, PORIREELTWA,
RARTEOT7TVITY ZLIZFIELLEREh T
5d0D, BRBIENH#D S 7= b s A
T TR T A= (u) DFEFHEUET L L
W& o TR Z Fd 2 L BEHDH 5 &I
DY (VR

5.3 N1 ZXDIEFEDIRELE
COFITIE, XA ZWIEBULT VT Y XL %2R
W92 SCHR (230 LR S b =M O RN %
WHYT 5. ZAMEMEIE-0.5250.50M0=>
ORI THER SN D (K 6), ¥HF—5 kv
MIFHEDOI00E DO AT &, 0.01D5 8D ) 4 X
ZROMDN PO S, TAIIEDDPD 1XNLx1
2y MT—=2 B EM L7z N2, 3, 4, 5,
6, 8 10, IMIHKE LT KA Y FT—2Z12D0W0
Tal poizesnznlo & 1Tdhbs,
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Simulation index

o N i

5000 10000 15000 20000 25000 30000 35000 40000
Iteration number

Sl REBOFHHEICHT BHER
F H3DEDHEFURD. REETANRUESEL
UleE87—57ZR0V
T H3DOTFOEEFURD. REE NEANRUOESEL
LIeEB8T—9 7R

ZOEIZBERIEED 1 gD 2B T2 12 (X 12) ©
X9 WZHHT 5, Marquardt 785 X —% u O]
filild TICEE L DUIIRIBIDIR LT 2 2 U 52
7213 10 TH %,

X6 LEoRIE, A bEEICIERILEZNZ
FIHFPEE2 1x6x1 DRy FT—2I12X5H
BoEWOMT-TH Do —0.4 25 —0.2 1200 T
R ORERAOND TORIE CEP7ZH
AL L7232 PREE RS XWTVTY) X 2%
i L7zo BEFEHOEBIHA, EPSh-H
B3/ A X0 ioie L —HLTwa,

NDODFEFEHARL Y NI =7 OMRERTICF
Db, TNHEDERY VT—=TDINT =< VR
. /A4 ZDRVERTF—F 1y MW Tl
L7z HEBREOA Eall X > THEE S b, MLP
DRESEHRT LA Fald 0.16 $TF2%%,
Ay M=ol a—a B4 B L
W Ea 13— &b, =2 —u o




IxGixl Network without regularization

output
=
)

Vg 0.4 0.2 0.0 0.2 0.4 0.6
input

1xfix1l Network with Bay

oultput
=
=

R B /A XDZV =R (RER) Z1E
BUEFELD 1X6X 1 THELULRER
(Fr¥R)

/A ZDIENTOBIH O (BUEHR). SHEIEH
[23] DBOEUH TEIE LI, T @ LORERUR
BIANA ZHITERR L5558 LT,

MWZ B EA T A — 7 H110.3 TTEMY,
Fy b=l —a B4 BRI E
R —BITEL &b y DRAEIHH= 2 —
O YEMR 3D —RITHIBT B25 2O LiE.
MoDhE=2—uy (I3 D85 XA —%) #
DEFNDRZ DOBEBOEPIT L - Tilib) @R T
HBHILERLTVD, LIzdto Ty OHEEIX
M Ea DIEHOX AL TV,

) VFIVOGHTHONIRR LK 7T ITRL
TV, it Ea OR/MEZ 0.11 T, G5
FEOFHAE (0.17) XV /A S, Ea lZBIFHZD
X EVIZ, FEHTF—=FIC A XHBBATST
LICXoTHHATE S, M7k /4 XOMBIH
B2 100 D%EF—F €y FEflioT1x6x1
D MLP ¢3¢/ L EDMEDL A N T T A
BRYo /A4 RADGRIZEDF—r+Ey MZBW
T 0.0l TH5D, 100 kD —AHd 15 fIZH

o

number of occurence
L - w

[

1

&0 0.15 0.20 0,25 . 0.35 040
Ey

100 v hORBF—s 2R EE

DI1X6X1 Ry NI—UDEEDER
NS L

2RF—H(CLBBVG, THEHEFEF—5 LD
JARXTHD. FHILLREMLP £HDEEG
E-=0.17 T&d.

1 XNhx 1 BO=1—0VHh 5/2/\D

DRy MI—J DFBHER
Nw () (S A—5 wp DEE. Eald MLP B/
A ZDBEHOBDEREAEDH TH D, FI/(SX—
5 v [FBH) (SGA—THTHB.

Nh | Nw Ea ¥

2 7 10.56 (0.50) | 5.6 (5.7)
3 10 | 0.26 (0.19) | 8.7 (8.5)
4 13 | 0.16 (0.11) | 10.2 (9.8)
5 16 | 0.16 (0.11) | 10.3 (9.9)
6 19 | 0.17 (0.11) | 10.3 (9.9)
8 25 | 0.17 (0.11) | 10.3 (9.9)
10 | 31 | 0.17 (0.11) | 10.3 (9.9)
14 | 43 | 0.17 (0.11) | 10.4 (9.9)

WTRAZ 0108 0.12 DR TH L. AV VF v
DIFHREARNE A 181 D 53 AT DI B — A3
%o

6 SENRE

ARTIEZA4—=F747—F&y hT—2DE
FNEBHL., ZRICOVWTHHL T TY
ALPIE LS HEINIZ EIRENT, 2 b
T—=7 5 A=y OFtHEIHVAREE T T VT
Y ZXIHEPLETH D, TOEL. L) Lw
JERET VT XL DR, 2 A MEKOIEBL
NG A=A N T —Tld A5 2
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BETH b, MEDRD AT v 7%, 10,000 Fiko
KR FVFENER /A XL BB I 21—
avDT—=IR=ZEETH B, T—F RX—2A
DO—FITFE Fh & 12, R D ISR ROBEEI A
ENBZ 2% b, Odin/SMR DGV 2%
EEFBEIC, Ay FT—=21F—DDRFX—=FD
AL 2559 ET 5. SMILES OBt %

SEXR

TR 5 L) AT DIEM L NV % EH
L. Hi=2—a v oREOMBE#EET 5.
R U MY =NV R YT + T — F
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