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Time Correlation of Time-invariant Linear Models in Neural Decoding for

the Macaque’'s Moving Finger
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Abstract
signals in motor cortex, which is usually solved by a time-invariant linear model (TILM). This paper analyzes the temporal

It is a neural decoding problem to estimate the position of a macaque’s moving finger through neuron spike

correlation of the traditional TILM model. According to the continuity characteristics of the position of a macaque’ s
moving finger, a new model is adopted to decode the finger movement, which is called CSM (Convolution space model).
Compared with traditional decoding models, the CSM model can express that a state at the current time will be related to
states at multiple previous times, rather than only one previous time. In experiments, we use the public data to evaluate
the decoding performance of our method. The experimental results show that the CSM model has lower decoding errors

than traditional methods and thus has better decoding accuracy.
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Fig.1 Macaque finger movement track coding
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WHE, WSPIME v, = 10, Vi % P, o0 = 10, R
SWEFE 2 02 = 0.8, WIS G2 R, = (5 —
8)'(8—8)/(K — 1), L' 8 = [s0, 51, ]t
s=YW.

RBE: X il X84 0.5 : 1 : 24.5 (&4
H2 0.5, [IBEIE 1, £ 52 24.5), Y H#IA5IX
B4 0.5:1:14.5.

UCKD: #IHHMARISAE v = 0, BUE wo ZM1ME N
T3 A BENUE =, IRESME S )7 22 02 = 0.8, P}
7% Pyopp = 1, Puojo /& 0.05 15 BUA7 5 [ () e A,
BUEMEFS R, 52 0.01 5 A5 MR AR, B+
A = 0.005, & Ja, Mm% R, W KF Hikk
H.

CSM: B A EAHRZH LIS, B f, B s H T
A = 0.9999, LEIR[F1 I ] AH OGP R K B P = 10,
RLS MIEACHEIR S T 2 3, GDA BB K p 2
2 x 107%, GDA IEAHEHIREL T /2 60.

5.3 MRELLEROIF

Bl 4 25 H T S8 1 a5 500 X Rl s s 1)
ik B, I AT IR s TR 200 AMFEA AL A
I, X TFARB s E I P IE AR RE IR EE b, Y
SR BERR VR TR DL PERE AN 5E M A Linear 5
LIRS IO A B 2 1 FL s A B I, an s 80 ~ 100
RO 3 S B, 32 RN & Linear L F-5#
SN E BT — AN R, A R RS AT D%
PE. UCKD 83 2 5L SE B0 ROR, W 120 ~ 130
150 ~ 160 £ H B BB B SO0, 3 30R

ySK-1]")

ZERK, e BRI SR H ) 2 T B i, P
ZBE MRS X Rl PO IR I SR AT I R REFE R,
B2, %Y fAT e R RS, SR SSM A
(5572 KE M RBE, it s th &5 0 11, 3l
/N, JEERE SSM B AL X i Inf 2 PR S S T — I8 Z1
AT A, AR A I fig i ith 2 R BE 56 4 s e S s i
LA, IS I W) 1) 40 ~ 60 s5BR I
AR CSM #841% LS. RLS Fl GDA 5%, %)
I e AR AT RE A BR R b LS, T 20 ~ 40,
40 ~60 I 80 ~ 100 %5, %45 F 4 W2 iy b 2 4R
A5 AT TN 2 PPIRES A A, 534k, Bl 4
Wy eh B T AR S TILM BB X Blifide o 1) fih 28
K, MBI AT LUE H, ) L (Generalized linear
model, GLM). k£ i (Polynomial). H[HJ
W 3134 (Auto-regressive moving average model,
ARMA) =R 48 75 40753843 S5 7 A7 AE B 5l 5y
T, PRSI TH R E.

DL S E o, Nifigs e &0t & 2 45
B RER SR 2 BN 5 R X R e R s, 3
SRy 2 M3 IR e fH, SEH 4 FT5
RV IE e,. 4 5050 I 5 22 S 4H th i 2K 7 )
23 UCKD. Linear. RBE. KF. GDA. LS FI RLS,
Horp RLS SRR Z /MRS KF 502, i)
29111 %. 7o, vl —dsL 8 3y iz, KM
CSM LR ¥y Sk B o5 /N T B 1A% G S0 1
7=, Mo fEszss 4 GDA (iR 2% R 4.58 cm, =T
G5k, i GDA AL BEIX 24 B iz 1k g 18
59.

Fioh, K2 G H Y Hhirh 5 BB A R
e, 4 S A5 B R 2 B N v BUR AR RO
UCKD. Linear. RBE. LS. RLS. KF #1 GDA,
Ik KF S5 ZE A KT LS. RLS A4y
0.02 cm, {HiRZE{E /DN IIRZE CSM BRI 5k,
I, X TR, SR CSM B Sy 1934 T
R Ze AR AN T TAE g 5k, WU, GDA 5k
FHEG R 22 e DAL G2 KE 5%, Y7750 2 AN
5.3%, At X B rEsese T, SRR, Y A

R2 X BMY B (FESA) FMATHRZE (cm) (PRE A7)

Table 2  X-axis and Y-axis (in parentheses) estimated error (cm) (three places reserved)

Hik X(Y) S 2 553 S 4 %K 5 T
Linear 3.813 (2.003) 3.941 (2.513) 4.135 (2.991) 3.919 (2.120) 3.952 (2.407)
KF 3.060 (1.498) 3.908 (2.042) 4.540 (2.939) 3.637 (1.656) 3.786 (2.034)
RBE 3.637 (1.727) 4.699 (2.295) 3.907 (2.400) 3.913 (1.936) 4.015 (2.089)
UCKD 6.596 (4.235) 6.949 (5.504) 7.500 (5.775) 6.220 (4.868) 6.816 (5.096)
CSM-LS 2.959 (1.411) 3.450 (2.154) 3.937 (2.921) 3.109 (1.724) 3.364 (2.052)
CSM-RLS 2.964 (1.411) 3.443 (2.153) 3.957 (2.891) 3.106 (1.726) 3.368 (2.045)
CSM-GDA 2.896 (1.500) 3.270 (2.095) 4.581 (2.406) 3.233 (1.709) 3.495 (1.927)
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3 THETHPIANTHRZE (cm) (PR =1)
Table 3  The estimated error of the two-dimensional

plane (cm) (three places reserved)

Hik XY SH 2 L3 w4 S B
Linear 4.307  4.674 5.103 4.455  4.635
KF 3.407  4.409 5.408 3.996  4.305
RBE 4.026 5230  4.585 4.366  4.552
UCKD 7.839 8.865 9.466 7.896  8.787
CSM-LS 3.278 4.068  4.902 3.555  3.951
CSM-RLS 3.283 4.061 4.901 3.553  3.950
CSM-GDA  3.261 3.883 5174  3.656  3.994
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K5 25 H CSM B rf P {E 6 il fid v BE 1 3
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Yoz th A8 El. IR A 1, LS il RLS 5
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JREGEY P /N ILRIE, 2 P ik K I
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Kl 6 &5 7 CSM RS R fiF IR IEARIR SR T (B 1
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Fig.5 Finger movement abscissa estimation error with

delay data length P changes
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Fig.6 Finger movement abscissa estimation error with

the number of iterations cycle T changes

* 4 CSM HREREIINZRI ] (TR BT = A7)
Table 4  The training time of CSM model algorithm

(three places reserved)

CSM K57k LS RLS GDA

PRI (s) 1.061 23.853 1.285
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