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Abstract Recently, with the development of new-generation mobile communication systems, the demand for high data
rates and large bandwidth is increasing. In this study, we proposed a second-order Raman fiber amplifier designed with
two second-order pumps and four first-order pumps to amplify the C+L full-band signal light using a tellurium-based
optical fiber as the transmission medium, which can effectively alleviate optical communication network challenges due to
bandwidth growth. First, a simplified second-order Raman coupled wave equation is solved numerically, and then the
pumping parameters of the second-order Raman fiber amplifier are optimized using a cooperative search algorithm to
improve output performance. Meanwhile, the performance of first- and second-order Raman fiber amplifiers under the
same pump parameter configuration is analyzed. Additionally, the influence of two key factors, that is, second-order pump
optical power and fiber length on the average output gain and gain flatness of a designed second-order tellurium-based
Raman fiber amplifier are investigated. Experimental results show that the average output gain of the designed second-
order tellurium-based fiber Raman amplifier is 27. 3601 dB and the gain flatness is 0. 6601 dB in the ultrawide bandwidth
range of 1530-1630 nm.
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Table 1 Algorithm property parameter settings
Parameter name Value
Number of iterations T 500
Dimension of each individual D 12
Number of groups G 100
Alpha 0.1
Beta 0.15
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Table 2 Basic optimization parameters

Parameter name Value

Wavelength range of second-pump light /nm A,-2,€[ 1250, 1345]
A5 A:€[1376,1500]

~-P,e[0.45,0.7]
PyP,e[0.05,0. 3]

Wavelength range of first-pump light /nm
Power range of second-pump light /W
Power range of first-pump light /W

Fiber length L /m 250
Tterative steps A /m 5

Maximum pump wavelength A,,,, /nm 1500

Minimum pump wavelength A, /nm 1250

Maximum pump power P, /W 0.7

Minimum pump power P, /W 0.05
Wavelength range of signal light A; /nm 1530-1630

Signal power P, /mW 0.01
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Table 3 Comparison of nine group of optimization results
Parameter Value
name A B C D E F G H 1
A /nm 1252.9703 1267.1353 1252.4371 1253.7044 1251.9146 1250.2709 1254.6511 1254.8251 1253.9025
A, /nm  1343.5379 1338.7066 1343.6151 1341.1765 1342.3587 1339.8163 1344.3866 1342.9608 1343.5297
A, /nm 1377.6867 1376.3135 1377.9005 1377.8645 1377.6176 1377.5648 1377.9444 1377.6667 1378.0668
A /nm 1392.6577 1405.2773 1391.6475 1392.1915 1390.8369 1395.3495 1395.3482 1392.6577 1392.1323
A /nm 1479.7551 1422.0085 1470.6217 1471.3503 1472.2613 1470.7021 1470.6228 1471.9751 1471.2432
As/nm  1497.5663 1447.3155 1497.4085 1498.1792 1499.1114 1497.8453 1497.3901 1498.8344 1498.0807
P, /W 0. 4779 0. 5249 0.4878 0. 6293 0.5295 0. 6938 0.5780 0.5819 0.4815
P, /W 0. 4948 0.5707 0.5022 0.5078 0. 4622 0. 6849 0. 5359 0. 4505 0. 5601
P, /W 0.2499 0.1731 0.2884 0.1953 0.2447 0.1957 0. 2665 0.2041 0.2106
P, /W 0.1834 0.1824 0.1894 0.1476 0.2147 0.1931 0.1585 0.1572 0.1517
Ps /W 0.2198 0. 0882 0. 2202 0.1972 0.2214 0.1428 0.2084 0.2196 0. 2059
Py /W 0.1008 0.1274 0.1004 0.1094 0.1181 0.0834 0.0866 0.1089 0.1023
G /dB 25.2601  27.3601  26.4061  25.3198  26.0119  27.8037  26.4181  24.4181  23.9797
AG /dB 0.9186 0. 6601 0.9772 0.9226 0.9626 1.3693 1.3374 0.8822 0.8575
X L O 2O AL R , Rk R 2 i i H 0 2 4 T 3 T
fim e ME¥ b ez ok F A T RT O [ e et
20 dB 145 B (AT B % B L B 410 A 1 5 200 7 g S
RHET =) T-REA RACT 5280 1444578 0PI S 2™
A R S AR, PR LA B A 0 25 5 R I B AR “g LT
AT AL B B TR T8 6 g  jol -+ € eruse ain St . anftnes 077 0
27.8037 dB, {H 2 th T F 41 = B 5 % 2 % 52 3 T4 - voraefain 26011041, i faness 0902013
Bl b BR A, A K BT T 2 — 5 T = 4 T 1 5 5Ol B frsssh bl & ok fuiness LU
DA B — B 5 0 5 i Bl A A R/ L 9 — T T 4 B il i i
S Ty A 2 A T L i 8 2 L RN I JE JE NN
N Wavelength /nm
£k
R T 2T B R T-RFA &894 A, B3 9L AL SE S e 2%
7 LRtk ZGng 3emt I, 5] ARSI, FE LBk 3 Fig. 3 Output gain of nine groups of optimized results

0506007-5



B 2 B0 E R 5 S 50 B, AR TR BB R B9 — B T-

RFA UL K Z B T-RFA XF N ) 5 b 34 #5 o647 %5 L, an
P 4 I o

TR R T A 51 A [ 4 Ca) AN G B 4 88

— B BN R B — B T-REA Y80 1 4 25 4 257

HH AR 43500 19. 3627 dB . 11. 9512 dB , H v dg K

30

(@)
25t

20 ¢

15}

Gain /dB

10+

bt

FPPPLPISTIS PPPPLPIFTIe

Wavelength /nm

F61E5F5H/2024 £F3 A/ ERBEFFEHRHRE
250 M 24. 8781 dB. & 4(b) & 7E 7 3 B 4 5 ¥E ¢
WSEEE T 380 F T-REA -2y % 3 2560
27.3601 dB, 34 45 “F-4H £y 0. 6601 dB , H: 55 K i i
W RSAE M 27,7812 dB. X HL AT UL, B 25 6 = T R
B 22 W B9 A, B T-RFA 2 40 85 0 2 5 i 18 25 15
7R AT IF HARCEAC TG 4R A

30

(b)

26}

20

15}

Gain /dB

10+

bt

Wavelength /mm

B4 BHSHCT 125 . (a) — B2 G oR A 5 (b) B b & G2 K4
Fig. 4 Output gain under the B set of parameters. (a) First-order RFA; (b) second-order RFA

T 2B o BT AR P B SRR TR
SCEF BRI B B VR T, B 5] A S 4OC B 89— By
0.30

@) —— pump wavele 1376.3135 nm
—— pump wavele! : nm
0.25¢ Bumg waveles 132?%[%2 nm
—— pump wavelength 1422.0085 nm
2 020}
g K
o
2015 B\
£
£ 010t
0.05F
% 50 100 150 200 250
Fiber length /m
Kl 5

: —+— pump wavelength 14056.2773 nm

4o pump wavelength 1447.3155 nm
E A —— pump wavelength 14220085 nm
= 041
|y
g 03 1
B | oA
E 0.2

T-RFA VLK — By T-RFA ¥ 45 B OE I R KB
il Fe G 21 AL R B AR AR A T 05 B A5 SR a1 S TR .
0.6

(b) - &~ second order pump wavelength 1267.1363 nm
) - - second order pump wavelength 1338.7066 nm
05k —+— pump wavelength 1376.3135 nm

oy

: ......,,‘:.?_“_ﬂm

0 50 100 150 200 250
Fiber length /m

‘miwsutf

AT ARG BERY AL o (@) — B 4L & OB EF RS 5 (b) B i & 627 iR 4%

Fig. 5 Variation of pump power with fiber length. (a) First-order RFA; (b) second-order RFA

X EG I 5(a) (D) AT, 5 A B R 1376. 3135 nm .
1338.7066 nm A P B — By S 3 Ot D) Bl E G AR K
) 168 T T B R R U /N L AR DB EF K SR 250 m A, R
T RO RIS SE S, KA
1376.3135.,1405. 2778 . 1422. 0085 nm 4 = % — By %
T 6 X B AY O T FROR F N 5 (a) o DO £F 47 46 i
FF U 0l e 40l — B B i 2 e A R R B
TV R A, IE HL AT DLW SR 2 1Y B — B 2 G T R
K/NBE A CET K B 3G B 1 KU N e
X2 R AR I OGS — B SO R UK i
2 HTHEAEN, MBS — M ROt
A 5 T B CORAR 5 6 11 [ B 25 306 T8 38 2o A% i o 1) 31
FE , P M TE — JF s e P A fh 0 L P I B — BT T O

YR B 2B E TR B4, 4R 1 B 25 14 i BE 25 10 AS I
o, W R RO R AR B A TR
BB — M EWL, X HF MRS FES 2
[E] (0 A ELAE TR s A B RE s S B 20 5 50 I3k
B TRAF 560 H A, BT R s O 5% — B 58 38O o R
T b 52 UK R RE B2 A T Bk 5, ik i W] S B E T
By RFA iR HE 1Y IE# 7

T TG UL S S 8L A ET R B T-RFA
55O Ty R K Sk R Y £ A K R ARl AR
ER2ZHECE T WG ST R T 05 5,
6z, MEG6(a) (b)) AT LAE bz R s S
SEHOR L A, BRI 6(b) n] LIS H], & 8615 5
HeAEim o B T-REA K Z )5, Hodw A% H T R & 1)

0506007-6



FE615FE5H8/2024 £33 B/BAEBEFZHE

1630 nm

Signal power /mW

100 150 200
Fiber length /m

50

250

100 150 200
Fiber length /m

50 250

B 6 ARALTTIE 100 B A5 5 o A8 B e 27 K BE i 28 1k () DRARTT s (b) AL )

Fig. 6 Variation of 100-way signal optical power with fiber length before and after optimization. (a) Before optimization;

(b) after optimization

AT R 18 A5 LA L.

1M TF 5 G TE G £F A% S ik, Mk A3k e 23 7 A=
PR R SR A . R R S (ASE) M 7S DL K X Jm] Fig )
BT (DRBS) M5 SR T i — 25 2 B AR Ak il 72 D R 75
AZ B X T-REA WS (Y 52 0, 44 (7] 55 S Wl c &
B T-RFA R 4L AT J5 L B — By T-RFA 5 — By T-

Ak Ji M R G 25 43 o 1.5129 dB L 1. 1338 dB. X kb Al
W, &t BRI R RRALG , RE A e a3 T
AR F . HE 7)) (DA, —Fr T-RFA [ ASE |
DRDBS Mg SE 3 25 73 5 & 2. 0129 dB . 1. 1095 dB, —
Br T-RFA ) ASE. DRBS - ¥ W 7 3 25 7 51 hy
1.5221dB.0. 8651 dB, il LIFE HAEGI A T R EM

RF A W75 18 25 9547 H B, N &l 7 P ZJa, By T-RFA i ASE \DRBS W 7 S 2 184 25 73 1]
H & 7(a) ((b) AT, By T-RFA fRALTT Y ASE . TRET 0.4908 dB 0. 2444 dB,IFEH T 51 A B 2Ot
DRBS M 7 -2y 48 25 43 51 4 1. 8041 dB 1. 8943 dB, It Ji ,REA 50 1M 18 25 15 3] 1 4 0% A% .
5.0 5.0
a51® 451>
' the ASE noise gain before optimization ’ the DRBS noise gain before optimization
@ 401 the ASE noise gain after optimization % 4.0 F—the DRBS noise gain after optimization
T35+ "" 351t
'5,3.0 - 30|
g25¢ ‘§25¢
=} =
220} 020}
€ [25]
G115 E 15
1.0} 107
0.5} 0.5}
19301540 1550 1560 15701580 15901600 161016201630 133015401550 156015701580 15901600 16101620 1630
Wavelength /mm Wavelength /nm
5.0 5.0
(c) first order RFA (d) first order RFA
45¢ —— second order RFA 457 —— second order RFA
B3s) *éng 5l
‘§°3.0 ] : 30}
220l 2.0}
2 2
4151 E15f
10} 1.0}
05| 0.5

Wavelength /mm

0 L L i " " i " " L
15301540155015601570158015901600161016201630

0 i i i i L i I I L
15301540155015601570158015901600161016201630
Wavelength /nm

K7 AT S LR R B T-REA M 3 25 48 4k . () (b) PR ALHIT S ASE .DRBS M7 3 45 5 (¢) (d) — By T-REA F1 — B T-RFA #)
ASE .DRBS B4 1 35
Fig. 7 Changes in noise gain before and after optimization and at different orders of T-RFA. (a)(b) ASE and DRBS noise gain before
and after optimization; (c)(d) ASE and DRBS noise gain of first-order T-RFA and second-order T-RFA

0506007-7



61 5FE5H8/2024 £33 B/BAEXRBEFZHE

Z B T-RFA 9% 0 & & 43 #7

M T7E RFA BB B2 DL K B e T
AR S5 SO0 A AR AR, ok
KERES NG, TR B ISR BFER 556N
FWE LA B RE BN B SE N, FEGR A E ST
TR . B, S T B0 UL 5 O AT K B X
B T-REA B 52, 76 Hofh 2 5080 & 2 3 B4l 8K
PR OLT B LR K B % B 1000 m, 759 8 By T-
REA (1) 25 4t 38 25 R 25 7 30 B8 Bl O £F K 2 b
e 8 fr s o

4.3

average gain

—=— gain flatness

0 L M L L L L L L L
0 100 200 300 400 500 600 700 800 9001000
Fiber length /m
(K18 - 2408 £ A 45 1 2R BEOL AT 1 A2 4k
Fig. 8 Variation of average gain and gain flatness with
fiber length

AT LLVE B A KRB, 78 0~250 m i
Bl P, SF- 349 i o 388 25 280 B T 4 25 S 4H R B
EFHE RIS X & F N & B SO K
A s ELAT AN [R) A R B, AR M A o ot e e e B
R, 7E G LK 0~200 m B G 4F K L BN, 14
25 HH R R A 2% | T R G AT KB G L 7R AT K
BE R 250 m Ak {5 S 6 TE R HOG AR R & By
AU, B 6(b) B s L 7E 250 m AR Y 8, {5 5k
SF- 49 K 3 2% (E 8 B OF e, ELAS B R/ 1 3 25 7
FEAE 0. 6601 dB. {H Fifi 75 % 2F 1 B B9 A Wi 3 L £

(@) X=0.7

N Y07

7=28.7241

5 0.7

g 0.50-61
Sec(,n .30, T =0 10_20'3%‘}0‘;697'}«
Pupy, 2rder.2,, 0 P lopeond™ cer

Powey W p\ml\p

AL h I BRI S ORI N, B R A E Ot
R o B R HCR 5 300 25 57 38 B (9 Bk 4 10, T A
G5 P3R4SR i 5 v IRHUFE 1Y BE 2 LT AH ], A
I 5 75 34 25 - HH R b T 2%

UL T O G ET K B A T A A — M, 7E
KB B2 B 2 )5, REA 2 %0 1 - 24 14 25 F i 25
3 AR S B IN B AR AR BRI AR SO T s T
1) B T-RFA 61 B % %0 250 m, AN AL BE PRIIE 44
1o B 7 BB S BT IR A 1 25 ST 36 BB AT AR
A A DA B 5 R o

BT B T-REA B9 R AL o e T By Ot
BEVE A T-RFA R R EERERRR MG
55 e 3 25 M RR R L 25, Bt B S b L B
BREE T H—L5Hr ZHEmE Z T-RFA
B 5% K R B SR O T R B E O 0~
0.7 W, HAh JE AR S B0k B ORAR | L (9 7 275 s 1 25
FIHEG 25 7 30 B AR b 2 B AN 1] 9 TR .

M 9Ca) FT LAFE B, By T-RFA B 2% H 38 25
JLF 2B LA FE R % F T-RFA REHE 25
SEIH B LT B IR TR O 0.7 W,
BUAS - £4 5 8 25 B KA 28. 7241 dB. {HJE, SEPR
WA RRE A E H N A D) SOk 48 TR #R 1Y
By b HE 25, W 9(b) PR < Y5 — B T SR R T 3R
WENO0.7TW, 5 I W T R E N O, 1
25 -3 A M 3.0798 dB; 4 55— B% W SR OL I R
WE N0 W, EH I Hr D RiZE 0.7 Wi,
5 3 e K 35 - I B A 11. 8761 dB. AT WL [ 3B 7
Tl O T 3R B 4 25 O HH E (E A 25 5K K e
26 3 9 UL AL 45 ST AT, PR I B 2 G = R YA A
BRI R 2%, 0 A v 1) B S O O 4 R i
B fi 2 T BS  RAE IR — B 2 G 2 [ A RE e 75, I
LSPGO SR E . Y E A B SRR
AT 0.7 WIS, 38 25 7 10 A 25 388 5 2 i — ¢
WCT R 0 W I, P 3 2 18] 09 A0 B AR s .

10-l

X=0.7
¥=07
Z=118761

0 Qo 3 =1 0D =
=T

PO X 4 A5 R £ T JE R B B SR DL S S A B R Ak o (a) S R 1 19 25 0478 1 5 (b) 39 25 - S0 2 i 2 1k

Fig. 9 Variation of the average output gain and gain flatness with second-order pump optical power. (a) Variation of the average output

gain; (b) variation of the gain flatness

0506007-8



U, T R 2R O R TR, LA A 2 R B I
RBOATR L5 A R A 25 B0 Fh AN [7] B 22
WORECE PSP EEEHZERE RS, Y
FE W B ST R R A E O 0 WL 0.7 Wi, 1
25 FHH B4 o 5.9514 dB 1. 1186 dB., ¥ 55 — % —
Br 6 R B E N O W, 58 B8 8 W 6 I R AE O~
0.7 W i Bl N 3 3, b iof 398 25 - 3H B (9 A8 b f $4oh i
B RS I R ORI R E N O W, — K
T C T RAE 0~0. 7 W I Fl P9 36 38 |, 0 s 356 25 SF- 46 7
A8 A 4% 5 T B T

Wt bR BRI, B SO U A AR AL B AR
553 £ 4 2 A0 AR AR IR FE (R X Rl K TR 2
TCBR , & A7 — A S A4 0 23 D R UE v L, 3 (K )
R W A OC Ok 4 — W AR L L SRR = T
i ) A W B O 2 )t A7 AR AR VR O
B 25 45 4k, H e T L ZE S G T R 2R OV F RFA
PEREE ST B /eI U Hr T-RFA B %48 &
My 22 pE AN TS 1 4EAT, BIOF S 5 A e 25 25 F
BE A By T-REA Z %052 90 =5 18 25 19 [R) B FR9IF 1 25
Bt .

5 4 1w

ARG SRR BRI T — 308 45
o v G 25 OF R A9 K BE B AL 09 By T-RFA,
T o AR A A R B DA R B B SO T R
M HXEBIF 33 09 2 T-RFA £ 485 2 iy H 36 25 DL R
XN Y 3 g5 O PR RE I RZ . FRe AT By
T-RFA SEHEL T 78 C+ L B3 100 [ 1 v 344 25 4 3% 5
L A5 217 2 5 1S 25 L8 45 7 30 B E o B e
27.3601 dB.0. 6601 dB, 5 f= i 3% #5 4 27. 7812 dB.,
I X IS UE T AR R A A B T-RFA B
TR A7 3t S gt i Oy 2838 i TR N 50 A L
ARG RIREET: . FIAS, #ad H7— B T-RFA 5
B T-REFA % 34 25 DA K M s 186 25 A8 A, 75 By T-
RFA A 2 AR 75 ok 2 . 5 30h it Jr
ZHME AR SCR T i T-REA AL SE LT MR HE 9
T PR ()1 TH 16 25 i, T ELAS ) T A e R, O R
K 6G 26 M 458 i REA 768 I By BN IR TH R &
KA REERREE T S22 58T £,

Z % X #

[1] Duan X D, Sun T, Liu C, et al. Cognitive intelligence
based 6G distributed network architecture[J]. China
Communications, 2022, 19(6): 137-153.

[2] Bhat J R, Alqahtani S A. 6G ecosystem: current status
and future perspective[J]. IEEE Access, 2021, 9: 43134-
43167.

[3] Chen S Z, Liang Y C, Sun S H, et al. Vision,
requirements, and technology trend of 6G: how to tackle

the challenges of system coverage, capacity, user data-rate

(4]

(7]

[9]

[10]

[11]

[12]

[13]

[14]

[16]

0506007-9

2B 6155 5H1/2024 £ 3 B/BERBFEHE
and movement speed[J]. IEEE Wireless Communications,
2020, 27(2): 218-228.
Zhao J, Dul B, Yue Y, et al. Special issue on advanced

technique and future perspective for next generation
optical fiber communications[J]. Photonics, 2022, 9(5):
280.

Zhao Z P, Zhao Y L, Ma H L, et al. Cost-efficient
routing, modulation, wavelength and port assignment
using reinforcement learning in optical transport networks
[J]. Optical Fiber Technology, 2021, 64: 102571.
Wik, XA, ik, 55 6L 5 s AL HoR BT 5T itk
JE[J]. a2 4, 2021, 41(11): 1100001.

Yang H L, Liu L J, Peng D, et al. Research progress of
power-over-fiber technique applied to radio-over-fiber
systems[J]. Acta Optica Sinica, 2021, 41(11): 1100001.
Lt X, Guo B L, Wang D J, et al. Core function
prepositioning for point-to-point service slicing in large-
scale optical networks[J]. IEEE Photonics Technology
Letters, 2021, 33(18): 1054-1057.

ARR, Rk, Rk, & F R kit
B T R 45 B 20t R R AR D). WOt 5404, 2022,
52(3): 399-406.

Gong J M, Zhu Z H, Le1 S T, et al. Broadband high
gain Raman Fiber Amplifier optimized by immune
algorithm[J]. Laser & Infrared, 2022, 52(3): 399-406.
Istianing D K, Heryana A, Syahriar A. Characteristics of
Raman amplifiers in fiber optic communication systems
[C]. ATP Conference Proceedings, 2012, 1454(1): 230-233.
Islam M N. Raman amplifiers for telecommunications[J].
IEEE Selected Topics in
Electronics, 2002, 8(3): 548-559.

IBRR, XI5, REAK, 5 T AT AL
T 0 9 2 O 2F R & Bt O B ). e,
2021, 41(20): 2006002.

Gong J M, LiuF, Wu Y J, et al. Design of Raman fiber
amplifier based on neural network and artificial bee
colony algorithm[J]. Acta Optica Sinica, 2021, 41(20):
2006002.

Rapp L. Performance limits of unrepeatered systems

Journal of Quantum

using higher-order codirectional Raman pumping[J].
AEU-International ~ Journal — of  Electronics  and
Communications, 2013, 67(7): 616-623.

Tan M, Rosa P, Le S T,

performance improvement using random DFB laser based

et al. Transmission

Raman amplification and bidirectional second-order
pumping[J]. Optics Express, 2016, 24(3): 2215-2221.
LiJ X, DulJ B, Ma L, et al. Second-order few-mode
Raman amplifier for mode-division multiplexed optical
communication systems[J]. Optics Express, 2017, 25(2):
810-820.

AliM H, Ali A H, Abdulsatar S M, et al. Pump power
optimization for hybrid fiber amplifier utilizing second
order stimulated Raman scattering[J].
Quantum Electronics, 2020, 52(6): 274.
PRI, ik K2, thAAe, & b2 O6e iR A
i FREEAT ZELT]. Ot T2# 40, 2020, 49(8): 0806001.

Gong J M, Zhang Y R, XuJ H, et al. Research on gain

Optical and



F61EFESH/2024 £33 A/BAEEFZHE

characteristics of second-order Raman fiber amplifier[J].
Acta Photonica Sinica, 2020, 49(8): 0806001.

EFE, B, EE R, ORI EOE IR Y Bt
JE R JR(T ). BT 2 ¥ 2 /U [T, b EOE, 2021,
48(4): 0401008.

Wang Z F, Huang W, Li Z X, et al. Progress and
prospects of fiber gas laser sources ( | ): based on stimulated
Raman scattering[J]. Chinese Journal of Lasers, 2021, 48
(4): 0401008.

(18]

[19]

0506007-10

Feng Z K, Nu W J,

algorithm: a novel metaheuristic evolutionary intelligence

Liu S. Cooperation search

algorithm for numerical optimization and engineering

optimization problems[J]. Applied Soft Computing,
2021, 98: 106734.

Niu W J, Feng Z K, Li Y R, et al. Cooperation search
algorithm for power generation production operation
optimization of cascade hydropower reservoirs[J]. Water

Resources Management, 2021, 35(8): 2465-2485.



	1　引言
	2　二阶T-RFA理论基础与结构设计
	2.1　二阶T-RFA理论基础
	2.2　二阶T-RFA结构设计

	3　合作搜索算法
	3.1　团队建设阶段
	3.2　团队沟通阶段
	3.3　反思学习阶段
	3.4　内部竞争阶段

	4　参数选择与优化结果分析
	4.1　参数选择
	4.2　优化结果分析
	4.3　二阶T-RFA的影响因素分析

	5　结论

