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Identifying brain functional connectivity biomarkers based on
neighborhood decision rough set
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Abstract: Discriminant characteristics of brain functional connectivity can be used as a biomarker for the diagnosis of
neuropsychiatric diseases. Using a machine learning method to identify is an important topic in brain science research.
Most of the existing recognition methods of brain functional connectivity biomarkers ignore the impact of the
characteristics of high-dimensional, continuous and multi noise of brain functional connectivity data on the recognition
performance, resulting in the weak classification ability of the obtained biomarkers. This paper proposes a brain
function connectivity biomarker recognition method based on neighborhood decision rough sets. Firstly, according to
the characteristics of continuity and high noise of brain function connectivity data, a neighborhood decision rough set,
which can effectively deal with continuous and high noise data, is introduced to identify brain functional connectivity
discriminant features with stronger classification ability as biomarkers. Then, according to the high-dimensional
characteristics of brain function connectivity data, the efficiency of identifying brain function connectivity biomarkers
by the neighborhood decision rough set is guaranteed by quickly generating the neighborhood and reducing the feature
search space. The experimental results on the ABIDE I and ADNI data sets show that the proposed method can
accurately and quickly obtain the discriminant features of brain functional connectivity with stronger classification
ability, and is expected to provide more accurate biomarkers for the diagnosis of neuropsychiatric diseases.
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2 x Pr x Re
Fm= 2221 *1 24
m Pr +re (24)

o TP 2 BB Ol WU 8 2B KA, TN 2R
IR H AR I 15 N B ECH , FP R 1 s 15t
W B W H PN R B3 sl TN D I H N
#HH.
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AL T BNDRS 78 A [F] 2 BC0UE T~ 45 il
Difie 4 FI A FFAE K 73 25 68 71, /£ ABIDE 141 ADNI
Hda g b, I 0 ik 2 B 1 YE FELA: 0.5 0.64 0.7,
0.8+ 0.9, M [ 4B 4 1 A2 B G A 0.4 0.5 0.6+ 0.7
0.8. /£ ABIDE 1% 45 F il 1 K1) 79 28 K 1 3 [l
J9: 115 154 194 23, 27,7F ADNIEUHE4E E R 1 &)
435 KIIVE A 5410, 15.20..25.

MR 45 3L 2 7R 7 ABIDE 1445 42 1l ADNI % #
£ b 0T OR[F 0 2 B0, BNDRS B 755 Ih it 74 4%
TR AE () 53 28 B8 1 REAR LT R, 9 L, 2448k
RHL0.4+ HE% H{E 0.6+ X4 5K L 198, BNDRS
7t ABIDE 1#(#5 45 F3R15 1 432568 71 A ok 1) ki Tl e
HEREPI AR, 244082 L 0.8 HEZ I E L 0.9 &I
4335 KBS IF, BNDRS 7E ADNI 45 4E - 3R15 1 432K
RE 77 55 5 1) 106 ) RE e 42 U MR ALE. TR, DR T 3R 1590
ZE 18 17 B 5 1IN Th B R BERRAE, AX SCAE ABIDE 14
£ FBARERE AR R E N 0.4 HERBE B N0.6. X
Oy K B N 19. £ ADNILEE 5 R AR 42 4 B
0.8 MERBE L E N0 K SKEENS.
3.3 REEIGIE

AT 5256 5 E BNDRS H 35 1 1 775 I 565 A0 46 45
X TR e ) PRI AT A s A s LA B B TR AE T o P
5100 00 T R B AL 20 2H SR I KR SR i T
2> BNDRS [f78 5 $17%:: BNDRS-F fll BNDRS-H.
1, BNDRS-F 7E BNDRS % fiti b % Bk 7 2 T 05 7 ik
SR FIVAT SO0 AR ) PR 418 38 A R R B, BNDRS-H 7
BNDRS % fitli b Js 4 7 FE T REAE 0] 214 B & 1 i 2
REEHRFIE 70 2H . S50 FH (1) 48 5 /2 ABIDE 1
R, e 45 R UK 1 R,

%=1 BNDRS5@ANTEREERLLE

Bk Acc Pr Re Fm Nu t

BNDRS  0.667 0.659 0.643 0.646 25 33.13
BNDRS-F  0.667 0.659 0.643 0.646 25 124.93
BNDRS-H 0.639 0.630 0.601 0.614 17 20902.77

%}t BNDRS A BNDRS-F 7] LLE H,  # 7E Acc.
Pr. Re. Fm. NuFLAMEFR_F I [H), 16 B 5 F 04 A5
S5 AR 418 30T R P ) AT 408 4 A ol S e T DA TE A 3R
BSR40 358, AN 2 5 T Bk () AR A . [R] B R mT A
1 i, BNDRS [FJ#ERT /N T- BNDRS-F. 525645 5%
B, 2T 1 A B S AR TS R R A P PR 418 45 A o 5 s
A DATE AN 5 M 503 P 150 D i 3 422 4 R AGE 3 K e
JIWTHTHR ™, 32 i 5925 1R B [ 14 .

%} Lt BNDRS #1 BNDRS-H A] L1 i, 5 BNDRS-

H i Lt, BNDRS 7£ Acc. Pr.Re. Fm PU/ME#5 E35 KT
BNDRS-H. Jf H BNDRS fJ#EK} iz /) 7- BNDRS-H 1)
FEI. SZ6 25 R B, 5L TRk v 231 B2 &= (0 i Tl g
TR 73 20 SR AN B KR B2 4 v AT 3 o SRR S
EEIRIESF )R B, 10 ] LA o AR ek SRR R £ BT 3R A3 11
06 T e T 2 P SRR AGE 1 43 2R 6 .
3.4 FHELEREIE

A5 % BNDRS ¥R 20 1 G 713047 3600, 5256
Wit T 142 R H %k BNRS, i% & %% BNDRS
(10 ME 2 ) W 9 1, AN A W 7R AR B A ). SIEER
ABIDE 1H#i4E, sSEi &5 L ank 2 o, & 24 C AR
FA LTI i i T e % 247 1iE, BNDRS_C AR A8
BNDRS 75 21| (1) fisi Ty e 12 42 ) 5l K5 4E, BNRS_C X%
18 FI BNRS 15 21 (1) ixi T B8 3% 2 41 5l RFAE.

2 A EIMINEEEIFFES K HFBEMELE

FRAE Acc Pr Re Fm Nu

C 0.639 0.630 0.606 0.614 4005
BNDRS_C 0.667 0.659 0.643 0.646 25
BNRS_C 0.639 0.625 0.616 0.618 17

H 22 1] LLE H, 5 55 147 A 29 181 10 )5 i 2 e i
FERFEXT L, BNDRS Fir 43 i Ty fie 32 422 1) 01 R A1E 1) 25
KR D, 3 H BNDRS FT 7500 2 G 4 52 40 51 45 1E
TEFEH5 Ace~ Pr Re. Fm #5355, 1% 5256 25 L1 A
BNDRS 7 fi& 71 1 5 K 52 19 70 4% i T B8 B R AE, 3R
1353 2R H6 7 S SR A Th R B KU AARAE. 558 347 AN
4% 1 75 4 T BE /7 () BNRS #H L, BNDRS it 73 fisi 1)
A T 1 ) I A ZE 48 4% Ace ProRe Fm _F M. 1%
S 6 45 L 15t ) BNDRS 7E £ 8] = 4 fibi 2 8 3% #5085
(e ATk R A AT R A R DA B S
S5 RI0E 7 BNDRS B A BB IFHIE L) T RE .

3.5 ERMEr

AT 1E ABIDE 144 4E I 55 1F BNDRS [ & #
PE. B 5L BENL Bk %k ABIDE 13384 b 5 Fh A [ Lt 4
(2%~ 4%~ 6%~ 8%~ 10 %) IR, S8 J5 N iX S ik H
(A3 AN I v BT M 7 B S T S AN A AN [ L A g
() ABIDE 14 5 _E 313 BNDRS fir 15 21 (1 /i Th it %
BEHRRFAE 73 268 7). SEI0 45 R an i 2 Fiow.

0.7
0.6
g A
> —— cC
= 05t Pr
: Re
Fm
0.4
0 2 4 6 8 10

g 75 BV 451/ %
2 R G TR SRR
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H 2 AT DLE H, 2 e 75 LN 2 Ton 4 %0y 6 Tor
8 %o I, 5 15 A VS TN ) H5CHE (M 7S B AT O o) AH
b, $8 45 Acc. Pr. Re. Fm [{I1E 3 ) 5% /)N, % ] BNDRS
15 IR AN [R] He il () 0k 75 T AT B 3RAS 23 2R e ) L
{14000 T A T8 B2 A A AE . 40 75 LE AP 31 10 %o B, 5
VA IS 0 7 (A (R LA EX O Yo) XiF EL, 45 A% Prs
Re. Fm IE T FEAEXT AL (HIRAR Ace IR TR FFAE—
ANAEEKP. I8 S E6 45 3% 8, BNDRS 7 10 %
AP g 75 LG A NS B R R ), R
TR PR
3.6 FNThEEEIEEMFRICYNIR A IESTEE

A58 T $2 H1 i BNDRS 5 PCA! . LLE"), F-
score!®l, mRMR!”/, NDRS!!?! #£47 Eb 55 SR 5 1 BNDRS
FA) 4 R, S5 BT A58 FH 1A 2504 5 1045 ABIDE 1411 ADNI
PN E 4.
3.6.1 AETERIZEREIIRTEL

B3 o 1 AN TR J5 v BT i D fie 5% 422 ) ) R A1k
(1) 5y T bRAE. i B 3 0] LU H, 6T S ae s 1
M EESE, BNDRS 7 AcePr.Re . Fm YN 5 EHIME
YR b 7 i, HAE ADNI¥#E 4 |, BNDRS 15
G Ty fi6 3% 42 P REALE 2 2K B8 T AR B LR B3 1%
S 45 AR, 556 b 7 VA Lk, BNDRS Fr /i Ih g
TR BREAE LA S BR 1) 4r 2R AR ).

0.7071 @BNDRS BF-score DmRMR mPCA SNDRS @LLE

WA

Acc ‘ Pr Re Fm
VA 4 A
(a) ABIDE I 44k AN 5 v - Fia b 1fx L

0951 BBNDRS 8 F-score DmRMR MPCA ENDRS E LLE

0.85r1
o
= v
= 0750
0.65 7| AL ANIRN 54
Acc Re Fm
PEAN 48

(b)  ADNI¥dE4E bR R E R ARIR L
E3 FHIEELARERETENIEIRAIXTEE
3.6.2  BHEHERE KN Th R A A RHE S E XY L
AN TR 7 I 2 TRTRE IR K BT 75000 T A 322 22 1 S %
TR RO L 26 3 Fif s, B8 3 T DA Y, 78 Se Bt A
FH T $04E 42 -, BNDRS 3K 15 1% Th S 4 12 ) 59 45
AIE (Y R[] 914 #E 4438 /N T NDRS. 0 4h, 7€ ABIDE 1%
P4 I, BNDRS K155 Th fi6 7% 122 340 591 4R 1E 1 B 14 37
/N T mRMR.

R 3 ANEIFEREM RE K A 1S AN T e R F A EHE S B A EL AR

IR Ei=an BNDRS PCA LLE mRMR F-score NDRS
t 33.13 0.92 14.4 74.19 0.16 26106.66
ABIDET Nu 25 152 44 25 25 17
t 2.67 0.05 0.19 1.90 0.07 550.78
ADNI Nu 20 58 26 20 20 17

i %% 316 AT LA H, BNDRS K453 1 /i I g i %
S IR AE 11 %5 B 7 ABIDE 11 ADNIZ#8 45 F 351X
% T NDRS, iX #& [5] )y BNDRS H. 7 58 K 45 41E 2 fij
BE 70, T 25 B K I TU AR 0 D R FE B R AIE
3.6.3 AWbmicAxs

A% EE R BT AT 5 25+, PCA FITLLE %o i T fig
AR I RHETE AT 1 e 6, oV 20 1 345
(RAREAE 22 57 21 AH IR (1 i X, it LA A7 % BNDRS.
mRMR. F-score PA }z NDRS PUFf 77 5 3545 11 ik ) g
T 3 P R AE EAT SC IR X 11 58 7. 106 X 5 7 1) 7
TR 451045 21 00 T #8124 ) AR e ] 2]
JER G 14D 06 o R 32 8 B v, S R AAL AR G 7
1 PAE AT JR 2% i BRE AH O 1R o X A A 72 L IF
S5 PE A 96 B i X AL 35 i (THALL, THALR).

B2HTH (PCUN.L, PCUN.R). #2IR [F] (FFG.L, FFG.R)-
T 1145 5 5% F10H5 il 5] (ACG.L, ACG.R)20-231 25 fiji [X.
507 IR % i BRORE AH 5 1) il X A4 Ji5 17 71 (PCGLL,
PCG.R). # 7 (PCUN.L, PCUN.R). #il ' [] (MTG.L,
MTG.R). #i F[a ITG.L, ITG.R)~ H J¢5{ [ (PreCG.L,
PreCG.R)24201 2 [X .

4 JE7R T ARhJTi3:4E ABIDE 14035 5 _E15 51
106 Ty B T 4 ) SR AE I X I 14D 0 DX R . e R 4
A LA th, 7£ ABIDE 1445 45 |, BNDRS 43 2 [ /il T
RETERE RS e HiR 5 B PREAR SC I B A i [X
T NDRS F1 mRMR 75 21| 1) i Ty e 1% 422 ) B R A AN I
5 B BIREAH 2 FIARAR 91 (FFG.L, FFG.R), F-score 5§
FI B Th e & B R R AEA P e 55 B PIREAH SC I B
i (THA.L, THA.R).
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