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Abstract: Because conventional morphological indicators such as volume and surface area are too general
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for the subcortical nuclei, it is difficult to detect the subtle changes in the surface morphology using
traditional morphological feature acquisition methods. To solve this problem, we propose a fine feature
extraction algorithm for subcortical nuclei and apply it to the cognitive state prediction task of the elderly.
Using surface conformal parameterization, surface conformal representation, and the surface fluid
registration based on mutual information, 15 000X 2 morphological features are extracted from both the
bilateral hippocampus and amygdala of 46 subjects. Using the dimensionality reduction process, including
patch selection, sparse coding and dictionary learning, and max-pooling, we avoid the dimensionality curse
while fully preserving the texture information of nuclei. Finally, taking tree as the weak learner, we
integrate the final strong classifier using the GentleBoost algorithm for cognitive prediction. The results
show that the prediction accuracy of 85% could be achieved only by the novel features of the hippocampus
and amygdala, providing a new way perspective for fine feature mining of subcortical structures.

Key words: subcortical nuclei; multi-varite morphological; fine feature extraction; hippocampus; amygdala;
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Table 1 Statistical information of subjects

AR HCnc HCc piE

A 23 23
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Fig.2 Differences between groups on the surface of amygdala
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Fig.3 Differences between groups on the surface of hippo-
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25X 25 M- BE B BRIE 45 5 T 30X 30 1)
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NPV 4b, H AT bR Y0 Bt A R AE 38 B8 10 e K 20X 20 WD 0.685 0.67 0.7  0.73 0.71
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Fig.4 Classification accuracy of each feature
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Table 4 VBM feature classification results

FRAE et ACC SEN SPE PPV NPV
MMS AT 0.85 0.86 0.89 0.87 0.82

¥ 5 vol AR 0.46 0.46 0.44 0.37 0.47
A vol ATk 0.39 0.38 0.53 0.48 0.44
15+ 75174 vol ARSCTT 0.45 0.53 0.44 0.49 0.42

[l B}, A SCHB A FH FreeSurfer 8¢ 4 (https: //surfer.nmr.mgh.harvard.edu/) ) 4t — b5 1 fL iR F2 , fF
Desikan-killiany £ Hz {2 1847 AE 5 B0, 48 B0 T 26 47 i 2% 74 4 1 X, 3t 148 /> il X (5% J2 2 T 4540) 4 H
2 I B R BB P34 B R IR RE SR B T B R R G E 0T i R T S i BOR P A i R L
S TAFRARAE N RRAE 23 0 i AAS SO R B 2 RRE R AT 40 28 R IR SR o 45 R R, MMS H#1E
1 23 2 P A A O TS 40 19 VBM RRAE , Wi 4 F4% G 38 AR AR 1E .

R5 EEBESEER

Table 5 Traditional feature classification results

R AR ACC SEN SPE PPV NPV

MMS AR 0.85 0.86 0.89 0.87 0.82

218 FH AR LT Ik 0.51 0.49 0.63 0.62 0.56

TR AR TR ARSI I 0.46 0.54 0.41 0.49 0.40

S )2 R ATk 0.47 0.42 0.63 0.53 0.49
RRiiES AT 0.46 0.57 0.39 0.51 0.46
LR IE e il % ARICT5 0.48 0.57 0.48 0.51 0.48
LA BT & 4R AL ATk 0.61 0.67 0.62 0.62 0.69
PTE It 48 AL ARSIy 0.42 0.45 0.49 0.39 0.44

5 SO TR GERRAE AR 43 AR SRt L ST Y 8 it 43 2 4 SCHF 1) HL (Support vector ma-
chine, SVM) th #4773 EVEBE DL, 45 R AN 6 o o M J3 SEPERESR T , AR SCT 44 H 19 5 6 HE 22 Y 245
AR TAZ e 48 b 1T SVMAE 73 SE I 45 5, 0 Ll 3R 5, A SCo3 28 2 Pk B o 53k L T SVM iy Mg

R6 ERIEMPISVM B EER

Table 6 SVM classification results of traditional indicators

FEAE et ACC SEN SPE PPV NPV

MMS NSRS 0.85 0.86 0.89 0.87 0.82

F i SVM 0.30 0.48 0.50 0.42 0.42
KA TR SVM 0.30 0.48 0.47 0.40 0.40

S )2 SR SVM 0.33 0.40 0.56 0.46 0.46
LA T 2t R SVM 0.32 0.48 0.47 0.49 0.49
L5 9 IE it 2 SVM 0.32 0.42 0.59 0.49 0.49
&4 SVM 0.26 0.45 0.44 0.27 0.27

PN LE R 48 5L SVM 0.26 0.45 0.44 0.27 0.27
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BRIV A5 4 A% B 42 SR p (B AR A B B 31 (B 7E BLVM T X AT A7 75 26 A7 85 %Rk i /08 T B 35 25 5 X
B,k 5T AR E — B0 . SE Rt O A UEoE B B A A AN S B UE R AR AR TR A AR R X
HE AR 232 5 AD (9™ F 520, HL AT B2 B IE MR & (IR R UL KR — . SR E i o
149 Je 350 T 785 2 728 Ak i AU K, Y B B i ALK T 55 1 20 B, X HC e AT HCne 9 X 43 8 i th T a8 . g o
VB R %2 AD A PR B0 e R X 30 22—, H CAL T X8 32 A 9 5 TA A 7 v B A o6, LS T fig
SECTARICAZ 23 183012 F P 5 D RE Y 528 0 A AT 5 00 45 FEth S0 5 T 3 — WA, - LI T 4 4 I CALL
X A7 AE 3K T AU S 3 22 s RIIE, XUV 2 ) SU - IX Al CA2-3 1 X 77 7 A [ R 1) i 38 T 2 24 A%
o DA 20056 B A% 1) 3 R R, 3 1T R 55 4 28 00 5 2k AN g 2 56T L ol D A L BRIV 68 224 i A A 1 K R
4 7E T 90 LY G B B G R (H R R B AL o MCT B AD Y 345 A REAY K2 2 F 1 45 #4105 2 X Js
O kAT BE ML FBUE B a) il i, 5 AD A S50 19 B3 AE 16 78 FF 95 9o 0 R HR 3 A 1sF i) 5
UL RER AT T WAL T L2 .

AR A 20 A A A A B A T 22 S5 DX SR A S T T A R R T 2 A Vi S A 40 ) 25 5 X3 AN SRR
b, X P e A U A B A7 R Tl B RN R E R A B R LR A e A AN R
PR 12 N R N AT o A A SE 6, 02 B T R & T TR B B i) & SR MCTER %% Al AD H 3% 1
TSR G5 A0 5 B 2 A AN R 2 U D LA I T A7 R B A, B A A LA A N ZE U S Y CAL X S
MCT#| AD 4k o — F000 7 33— R4 v Al A B8 2, 7 965 2 4 T 78 = B0 (A B 7 36 1 i A VA 5 Y
T A5 M T

AR p R E | 2247 A 4% 00 I 25 XS R K, 2O 42 ) p (AR KT 0.05( 22 0.730 3,
i 0.562 2) , (B A5 17 4% (i T 25 2% B3 AF 8 52 % HCe A HCne A — 5E 19 X 43 RE 7 , 78 fie HE BB F i 1k 2
2% WHER R, B 5 DA BENE o SRR o X UL BT A — R R R R R AR TR A B AR
1k, & R AR AR T BE T AN B 35, DR LG T A DA R B )2 T 45 A ) o 0 8 1 60, 7 2 o P RS 40 1) AR A i
BT R I R B AR (B 1 0 5 2 MIMLS R AE 8 5 LA AR SR 9 TR 28 15 B G0 11 A8 1, HLAS SCRT R 1 i 4
B RENE T4 B MMIS R AE P Y T B L

BRI BUS T — & R HA A — S R A TR R o . 108, B T 7E 90 A B R i ™ s 22
SRIHMMSE #3273 BOR T 24 .CDR 1 0, H CDR HiC A2 70 80— 300" 4% 2y O, DA B0 B 50/, W 2R RE %
AT 2, W o3 S A P RE A AR Bk — 2P BT O AR IR S AL T B A AT A% L X T HC e
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