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Motivation: Experiments:
e Can EMG data collected from arm movement of 1) In Sergio & Kalaska (1998), a monkey moved a manipulandum in a center-out task in 8 different directions, equally spaced in a horizontal planar circle. A variation of the experiment held the
monkeys be faithfully reconstructed from neural activity manipulandum rigidly in place while the monkey applied isometric forces in the same 8 directions.The data consisted of the average neural firing of 71 M1 neurons and the EMG outputs of 11 muscles (2320
e IN Motor cortices? Samp|es/neur0n)_
Classical linear analysis tools: 2) In Kakel et al. (1999, 2001), a monkey performed 8 combinations of wrist flexion-extension and radial-ulnar movements while in 3 different arm postures (pronated, supinated and midway between the
1) Are numerically fragile in high dimensions due to two). These experiments led to 2 datasets. The first consisted of the recorded EMG outputs of 7 muscles, along with neural data of 92 M1 neurons at all wrist postures (2616 samples/neuron). The second
irrelevant, redundant & noisy information data set had EMG outputs of the same 7 muscles but contained the spiking data of 72 PM neurons at the 3 wrist postures (2592 samples/neuron).
2) Require careful human supervision or intensive . . . . .. .
) Req L . P R Its: Predicted EMG for infraspinatus muscle, given M1 neural firing (Sergio & Kalaska) Predicted EMG for ECRB muscle in supinated wrist position (Kakei et al.)
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v M1 neural firing predicts EMG traces very well. Good _ VBLS prod ot ol
Zim‘bm o, ~Normal| b, x,." o, cross-validation fits confirm Sergio & Kalaska's Both M1 and PM neurons achieve good Proguces a generallzation error comparable
conclusion that recorded M1 neurons behave like reconstruction of EMG traces to the combinatorial-ike model search technique
2 ilo 1 . . (that took weeks) in ~8 hours.
m\Otm ~ Normal( 0, o units that code directly motor commands.
o, ~Gamma(a,,,.b,,, ) Predicted x velocities in supinated wrist position (Kakei et al.) Predicted y velocities in supinated wrist position (Kakei et al.) &
_ _ Direction 4 Direction 3 Direction 2 Direction 4 Direction 3 Direction 2 Direction 4 Direction 3 Direction 2 Direction 4 Direction 3 Direction 2 Ridge Regression' PLS B VBLS [l ModelSearch
* \We use the EM algorithm (Dempster & Laird, 1977) for 01 01 01 041 04 01 01 01 041 01 01 0.1 STEP B LASSO
inference: Opwaenr Meensdny O e it e A I SRS L . — o N bty ot Nphtpnps o) M ohmrod oty oM it il = : ]
: maXE[logp(y,Z,b, ‘X)] _0.1! 0.1} 0.1 0.1} 0.1} 0.1} 0.1} 0.1/ | -0 | 0 | oo | A | |
T : : : 0 500 1000 0 500 1000 0 500 1000 0 500 1000 0 500 1000 0 500 1000 0 500 1000 O 500 1000 0 500 1000 O 50 1000 0 00 1000 o S0 1000 4.5
and a variational factorial approximation to overcome resions ™ msec o msec N msec o mses srecions ™ oo msec Sirection N o Directon 4
analytical intractability (e.g., Ghahramani & Beal, 2000): 01 g o1 il ) ojhw/\www 01 _ 01 o . o 3.5
oM I howhnd = O 0 ) ”«Amp M =0 0 O prmmmret At mtmnne 20 0 frmmmman s ——eeSeee—— S 3
Q((X,b,Z) — Q(O(»,b)Q(Z) ~0.1| g 0.1 -o.(1) g —0.1| 0.1} g 0.1 0.1y | | g -0-1 | | c'-'é) >
0 500 1000 %002 0 002 0 500 1000 200 1000 2002 0 0.02 0 500 1000 0 500 1000792 5 02 0 0.02 0 500 1000 00 1000902500 o o.)t()z(m) 0 00 1902 .
Direction 6 mese Direction 7 % (m Direc’[ioanSeC Direction 6 msee Direction 7 X(m) Direction 8 meee Direction 6 e Direction 7 X (m) Direction 8 meee Direction 6 Direction 7 Direction 8 15
0.1 0.1 0.1 0.1l 0.1 0.1/ 0.1] 0.1 0.1 0.1 0.1 0.1] '1
_ _ _ , e " o o 0 0 0 0 OW 0 0 ;
Quality of (x,y) velocity fits appears to be S T e o _0.1"‘“‘"’*) has L O?WM N N e e _O_1W Dt i A Y Pt Al 05 .
reduced compa red to EMG data. 0 500 1000 0 500 1000 0 500 1000 4 o 00 = o0 500 000 0 500 1000 0 500 1000 0 500 1000 O 500 1000 0 500 1000 0 500 1000 o s s u
msec msec msec msec msec msec msec msec msec msec msec msec Training nMSE Test NMSE

Predicted x velocities given M1 neural firing Predicted x velocities given PM neural firing Predicted y velocities given M1 neural firing Predicted y velocities given PM neural firing




