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Motivation:
Can EMG data collected from arm movement of 
monkeys be faithfully reconstructed from neural activity 
in motor cortices?

Classical linear analysis tools:

1) Are numerically fragile in high dimensions due to 
irrelevant, redundant & noisy information

2) Require careful human supervision or intensive 
cross-validation for optimal performance

1) Automatically detects relevant features 

2) Regularizes against overfitting

3) Is computationally efficient and easy to use

Given observed data                     , our model is: 

We use the EM algorithm (Dempster & Laird, 1977) for 
inference:

and a variational factorial approximation to overcome 
analytical intractability (e.g., Ghahramani & Beal, 2000):
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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 
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 
samples/neuron).

2) In Kakei 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 
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 
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).
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Predicted EMG for ECRB muscle in supinated wrist position (Kakei et al.)

EMG traces from M1 neural firing EMG traces from PM neural firing
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EMG traces under movement force conditions EMG traces under isometric force conditions

Predicted EMG for infraspinatus muscle, given M1 neural firing (Sergio & Kalaska)

0 500 1000

−0.1

0

0.1

Direction 4

msec
0 500 1000

−0.1

0

0.1

Direction 3

msec
0 500 1000

−0.1
0

0.1

Direction 2

msec

0 500 1000

−0.1

0

0.1

Direction 5

msec
−0.02 0 0.02−0.02

0

0.02

X (m)

Y 
(m

)

0 500 1000

−0.1

0

0.1

Direction 1

msec

0 500 1000

−0.1

0

0.1

Direction 6

msec
0 500 1000

−0.1
0

0.1

Direction 7

msec
0 500 1000

−0.1

0

0.1

Direction 8

msec

Predicted x velocities given M1 neural firing
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Predicted x velocities in supinated wrist position (Kakei et al.)

Predicted x velocities given PM neural firing
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Predicted y velocities in supinated wrist position (Kakei et al.)

Predicted y velocities given PM neural firing
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Variational Bayesian Least Squares:

M1 neural firing predicts EMG traces very well. Good 
cross-validation fits confirm Sergio & Kalaska’s 
conclusion that recorded M1 neurons behave like 
units that code directly motor commands.

Experiments:

Results:

Both M1 and PM neurons achieve good 
reconstruction of EMG traces

Predicted y velocities given M1 neural firing

Quality of (x,y) velocity fits appears to be 
reduced compared to EMG data. 

VBLS produces a generalization error comparable 
to the combinatorial-like model search technique 
(that took weeks) in ~8 hours.


