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RSF image segmentation model joint natural gradient and AdamW algorithm
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Abstract : The internal complex structure precision measurement of key part is a challenge in the field of high quality manufacturing.
When the industrial CT technology is used to achieve precise measurement of the internal structure of the object, it faces problems of
grayscale inhomogeneity, blurred edges, and artifacts of the target image. In view of these, the local energy minimization model ( RSF)
image segmentation method is investigated in this article. The natural gradient and AdamW algorithms are used to improve the
convergence speed and parameter adaptivity of the RSF model, respectively. First, the approximate natural gradients are computed on
the statistical manifold to improve gradient descent efficiency and RSF model convergence speed. Secondly, the AdamW algorithm is
utilized to realize the adaptive control of the scale of the Gaussian kernel function of the RSF model. Compared with the classical RSF
model, the improved RSF model reduces the number of iterations by 1 353, the number of iterations by about 76. 79% , the iteration time
by about 43. 61% , and the low measurement errors of the probe-radius and the diameter of jet fuel nozzle cylinder, which not only
maintains the sub-pixel segmentation accuracy of the original model, but also significantly improves the convergence speed and robustness
of the model.
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1% ®1 BESEMRILIESH
A \ Table 1 The parameters for the overall segmentation
a effect comparison

@ | (b) W5 (c) &t (d) #HA

(a) Circle  (b) Fuel nozzles  (c) Casting (d) Blade % PRI/ Pixel ey RSF NGA-RSK
n = 94 n =9 n = 94
11 RS R SR w4
Fig. 1 The images for the overall segmentation effect Kl 1(a) 500x500 . .
o = o =
comparison
ny = 80

HE 2 B0, 5T 1 (a) FEAEZ A58 BE AN TR B9 [ T2
X3, A4 R A5 B OV BRI R BE 43 1 i A e % Bl 1(b) 576x576
BB E AT, LT R385 RSF B F1 NGA-RSF Hi#15

REFREI HAR (. RSF #ERUAF 75 X 7 I 40, H b K5

P A 2 R A S B2 O HE T7 NGA-RSF UL B ool
A E 2T H AR, X R R E S50 & B 1(c) 256x256 1 1
0 MBS (10 M o | BT B A7 41 B 45 515 11 1 (b)) 4 i
IS P (7 AE BN B S RIS 11148 | CV R 5, 32 B BRI ’

BT, S0M 3075 I 2 2 (28 LS 3h1 4% , RSF 4 C
I He OV BRI BT, 4 5050 B A B B 4, M) saxsas o fTb et
(TR 22 F 8 T 7% J 365 I 39046 B85 9 % 52 4 43 1, T g=10 o=10
NGA-RSF S50 RE DS BI04 B T 1 (o) SRt mo = 10

())& (b)CVHERY (c)RSFAREL (d)NGA-RSFHi%Y
(a) Original image (b)CV model (c)RSF model (d)NGA-RSF model

2 AR ERSRIRCR

Fig.2 The overall segmentation effect of different algorithms

ERITR (RS FLFKFAT, 3 FIBURBSEA M TULAE 10 YRR SEAE 50 SE Rt 45608, 17 RSP
RUEFAEE L 1(d) U A BRI AR, O AT NGA-RSF L BURE ST ST 5P 1E K410, R Z ARG,
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3.2 DEIREEXTEE

R EEHE CV AL RSF B NGA-RSF #5570 () % 43
EPRE R ARSI R BRI N 6 mm FRIE N 0.5 pm ML E
AME CT VIR LI Xt 4, anlsl 3 B, & )2 EHRE
A1 472x1 472 A5 KN 0. 05 mm , P BT ER T 2 448 52
PRI 60 pixel, FIH 3 FfERL 5 HIXHM T3 CT U)
R RERRD) R FEA T BRI iR 5 AT SE ek
PR T H AL, S i FH S 80N 36 2, T BRIEE AR P A
ER R ARE I 3, LANAT BRI L R 1R R K 60 A
FAH, KA ER T AR A 25 R HETH bR R e iR 22 J5 A 45
SRV 3 BRI S R BE . R 3 Xt iR ZE W A
FRTE 1.7.8 S IEEREAR RSN, NGA-RSF #7515y
FPMEHREET/NT CV L RSF, SUA B ilF NGA-RSF £
UM EEEEAL T CV I RSF, 396 f2 SEBRIAR

20 SR L 25 S0 1ok i 8 A S A 7 14 1)
FEEEFNM DR 25, QiR 4 PR, e B X mEmE A B.C =4
BT CT Y) 7 v B AL R &6 43 2647 43 E A ELAR LG
Horp [ 4(a) AmiHE CT =4 E &K%, K 4(b) N A/B
WAL CT V1A, B 4(c) k CFAL CT VI A SRGIE CT
X W HEA T A S HOL SR 4, SRR EI S 4L
W#ES,

& 3

MEE CT =41
Fig.3 CT 3D image of probes

*2 SEBNHKESISH
Table 2 The segmentation parameters of probe

sphere with different models

CV #7 RSF 5% NGA-RSF 15
n = 300 n = 300 n = 300
e =15 e =15 e =15
o =155 o =55
ny = 100

*3 BFEBSINVHAKELRUSERRAEINRE
Table 3 Fitting radius and absolute error of the probe sphere segmented by different models

et FEHEHT/ Pixel K S5/ Pixel MEBRZE/ mm
YR 751
i cv RSF NGA-RSF cv RSF NGA-RSF cv RSF NGA-RSF
I 114~132  60.2795  60.2038  60.1630  60.0141  59.9858  60.1257  0.0007  —-0.0007  0.006 3
2 144~132  60.3726  60.2819  60.1029  60.1068  60.0636  60.0657  0.0053  0.0032  0.0033
3 114~132  60.3182  60.2727  60.0497  60.0527  60.0544  60.0125  0.0026  0.0027  0.0006
4 114~133  60.2793  60.2446  60.0294  60.0139  60.0264  59.9922  0.0007  0.0013 =0.000 4
5 114~132  60.2129  60.1924  60.0223  59.9478  59.9744  59.9851 -0.0026  —0.0013 ~—0.0007
6 115~133  60.1705  60.1458  59.9802  59.9056  59.9280  59.9430  -0.0047  -0.0036 —0.0028
7 115~133  60.2777  60.2285  59.9909  60.0123  60.0104  59.9537  0.0006  0.0005 ~-0.0023
8 115~132  60.2122  60.1750  59.9597  59.9471  59.9571  59.9226  -0.0026  -0.0021 ~-0.0039
' Fx4 CTHESH
/ \ Table 4 CT scan parameters
E ] . SIS S SR S U P TS
@ SHEGR (0) ABBRICTIIN (o) CHRICTYIA /mm /mm S/ mm /mm
(@ 3Dimage  (b)CTsliceat A/B  (c) CTslice at C 30.250 0 1 100. 000 0 0.200 0 0.005 5

4 M CT =4 EIAID] A
Fig.4 CT 3D image and slice of nozzle
VAT 23 ROF 26 KU A B9 B A B AR ECAE, SR PR A
3 FMRERY A R 22, W 5 F R, A TR R AR R
1. 489 6 mm ,C AT SN 7. 801 3 mm, B #A7 MR

FHZEHLII R N2 R 0. 401 0 mm, MF 6 B AR A 45
TR TR HIMEE A FALI #1511 e S 0 e G
A3, HA SCBIADIN R 22 fe /0N s 7R3 BTG B AL 40 /)N
AL, CV AR e 58 22 K It R 7 53 %) B AR AL 7
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*5 ESRBEBEESISH
Table 5 Segmentation parameters of nozzle images

with different models

CV 7 RSF #5i7 NGA-RSF #%
n =20 n =20 n =20
e =0.5 e =0.5 e =0.5
o = 400 o = 400
ng =1

(a) ABRALAMEN R 5
(a) The scene of measuring
outside diameter of A

(b) CEALSMEN R T
(b) The scene of measuring
outside diameter of C

K5 3o RO e 7 5

Fig.5 The scene of measuring nozzle with a micrometer

xo6 BEAHIMEBEETERMSERRRE

Table 6 Fitting diameters and errors for the fuel nozzle cylinder CT images segmented by different models

WAL HSEHEAR/mm CV Hf&/mm RSF HA&/mm  NGA-RSF EHf2/mm  CVi%2/mm  RSFi%2/mm  NGA-RSF i%#/mm
A 1.489 6 1.512 6 1.508 1 1.507 4 0.0230 0.018 5 0.017 8
B 0.401 0 0.541 5 0.4253 0.420 2 0.140 5 0.024 3 0.019 2
C 7.8013 7.826 6 7.8250 7.8251 0.0253 0.023 7 0.023 8
3P B AR SE A S, B AR 1R 25 R, AR SR 1Sii0 =S, [ < 107 (25)
MR 25 /)y, H G RSF BERIFEAIR 20. 95% 5 FEMTHE C .,
{ir, A< SCREEU AN RSF HER I B 52 2% M1, 50/ T CV 48 5 = Tl (26)

A, SR B A SRR LE 43 B 5 45 AR AL I DR 4 T
FERE S ER S BRI RI S5 ST RSF BIAUFN CV AAY
3.3 SRt EE

M EMGAEAE TN A s R sl RO 5%, 5 H AR &
G I) B4 IR JBE 2 S BRI, A% 8 1 {1 4 5 B 1 uf DA A 30 3
R BIZESE R 32 Sl A0 AR TR th wf LA £ 7 A s i 88
TR, 2 PG R ST KA, 3 s BEAR R % AR R ) 2
BUE A FERT

J9%F e €V RSF Fil NGA-RSF 5 U 7E &b 3 A R T
A CT BB SUHE BE, A< SCIE IR /N 1 944 pixel x
1 944 pixel {) CT EMG AT, WK 6 (a) B, 1%
FR B A Y AR ] RN B B TR, T b AL AR R
s, B GO B R34 5] HA BT 480, S B0Z 2%
PR BORG B 53 FIA R R . R T (25) 1B ik AR 1k
FMF, BB SR SRR T s, arEl g R
Bl 6(b) (c).(d), L w1 bn 56 B, 554k R 4 )
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Table 7 Experimental parameters for convergence

comparison
CV Al RSF f5i#1 NGA-RSF %1
e =1 e =1 e =1
o =80 o =80
ng = 100

S, B A X I (26) , HFm A AT 5 K456
MR L, SO B, % B8 B 4 R R ST MR 6 BLs AL
SHAERT T RSF B 5 NGA-RSF FLEI St T 24 4%
a5, R AR SR A 5 40 35k 3R R Jz ol L I 2 3 Y
JECER ) SR R ) A A | e A B 2 8 AR I L
e 2 P EACUECRIAE RS L

F8 SEBMERAR

Table 8 Interaction times of each model

i) BEARUEL RAER/s BRREEIUET /s
CV iz 1921 1 820 0. 947
RSF A1 1762 3078 1.747
NGA-RSF % 409 1737 4,242

E— 2B A SRk st . ANIE 6 (b) FTLUE H, CV
BRAY i R A3 ELET R B 5331 5 2436 AR U EAH [ s
& 6( c) RSF 5 A vp f Bl A7 R 43 1 [ B0 1 4
JEEAS AR s NGA-RSF 51 U G 6% 5 g i 61 o B A
B, AGERR D i HXF i R A R4 (14 40 1 A
1o GEAMFEARBCRIRE R B0, a3k 8 Fin, CV B
PAEARBH /N (A ZUGE AT AU S ; RSF AR ALAS (L B
WIEACFERT B, H 2 Rk A AR AT B B4 43 H1 808
NGA-RAF AL R IEAE I FERT B TA R
WCSIUREE , R e AR B RE S A5 2IRS 5 43 %1 45 3% s A
Ft RSF 5 Al NGA-RAF 3% 1% ¥k B % Ik &9 76.79%
(1353 %),/ EIFER I /> 43, 61% , 9256 % B NGA-RSF
LA B R SR
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Fig. 6  Convergence comparison of algorithms
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