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Question: THE HYPOTHESIS Analysis of Multiple EMG
How does the brain control many * We hypothesize that the bare control e |ndications for small number of synergies
muscles simultaneously? command consists of finite number of  ghg for dynamic filters could be found in

transitions, 1.e., combination of steps. - - ,
Answer: (by Harvey) | previous studies (d' Avellaand Tresch NIPS 2001).

‘]I
“Nature sets in motion by signs and q(t):;KJ'u(t_tiJ) °In order to test the second and third
|=

watchwords, which are made with little predictions we have analyzed the EMG

momentum.... Just as in the army the 1€ Minimum transitions hypothesis g ung5 of 13 musclesin behaving frogs

asserts that the synergies evolved to

zglﬂlir; : rgeivseer: ;?grggltg)gdbgoggre“}/;otrgl minimize the number of transitions: *We did a prelimi ﬂargdtest rfOF the :inear
. . . | nergies extracted with a non-lin

move until they receive another signal M = arg mi”iZN: ACM (1) Iséztst ¢ >y uggsesale orﬁ% o haet Oal Natear

to stop, so the MM e = O (Tresc . Nature

Neuroscience 2,1999; Saltiel et al. J. Neurophysiol. 85,2001).

muscles move In order 0 CM (t)=CM (t-1)
and harmony from AC" (t) =< y N * The first test compared the transition
established custom.” 1 CH(t)=C" (t-1) number with the original and shuffled EMG.
\(/\{gl%mlgg;\)’ey M ={|\/| \ECM|E(t)= M -C" (t)} * The second test compared the number of
» The signals E(t) should represent the transitionswith equivalent synergies
] ] expected behavior of the animal E(t) — I\/IAA‘lc(t) — MAec M
Synerqies as filters -
. 4 )
* We define muscle synergy by a group of A toy example for possible / ) Testing the predictions:
filters that recelve the same motor 2 static synergies A | First raw: Transitionsin control signal per
command and transform it to activation ) transitionsin emg. (snuffled right)
signals for certain muscles. Second raw: number of transitions with
 In the matrix notation below, each extracted (star) and equivalent synergies.
column represents one synergy. 6 ‘Jump. 6 e g
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1 | Synergies as a matrix of filters
- /
C(t) E(t)
Central Synergies
command | M B Miliscies
PREDICTIONS
e ()] T Te(t) . The muscles activation signhals could
&(t) | |t o || G be well described as a sum of filtered
ez(t) | Ha Hyp o Hon Cz(t) commands consists of p_UIS_eS- (i-_e-, DISCUSSION
‘ ‘ 3 ‘ ' betJieVr aléﬂ{arc]:o rgt?g(itdiscrlptlons With * We present a new hypothesis and a
" c (t A P y | mathematical framework for synergies.
_Q<( )_ Hka Hkz2 0 Hen ]| N( )_ Il. The number of transitions in the actual o Prelim 9 AV .
synergies should be smaller than in any reiminary deta analysls supports the
A4; isageneral filter with input signal (t) and output signal &() equivalent synergies. (This is the predictions of the hypothesis
For linear time invariant filters:  E(s) =M (s)-C(s) definition of M*) °In order to prove the hypothesis the
For static time invariant filters: E(t)=M°C(t) 111 For Statlc S}/nergleS, the number Of Complete dIStI’IbUtIOn Of the mUSCIeS
- | transitions in the command signal per activations needs to be estimated and the
I transition in the muscles’ signal should ~ actual fllrt1ers antc)zl fconr(;ectlwty of the
synergy could generate | _oemm be smaller in actual signals than the ~ Synergieshaveto betound.
;yc‘t’l'vcj'“grf‘(esgeagg‘g B number in shuffled signals. (shuffling * The MTH provide new tools for the
Tresch, NIPS 2001) . gengrates sSignals that  are  not ongoing Investigation of the superb
i physiologically plausible but could be dexterity in motor behavior
represented by the same synergies). Supported by: NIH5P50 MH48185
4 . .
Multiple Electromyoqraphy (7 emc Analysis B
Recordings of Behaving Frogs || 3 | mhefiguredeictonetraceot T
. 5 ) 13 EMG signals during kick e Eraara——
= 13 electrodes were placed In the muscles that The signal does not appear like pulses D e mm T ,
control the hind limb of afrog. and steps, but it might beasmoothed  Liac I it ]
version of pul d . Inthed ]
- The EMG was recorded and averaged every 25 | aysswe conscered only srificant B
milliseconds as the frog was engaged in natural changes in the norm of the EMG. e
: : : : Significant was defined as changeover ——————+—
beha.VIOr SUCh as kICk or SWim (Andread Ave”a, two times[epsinthe norm of the EMG. m"'l'ﬁ"—'_i

_PhD Thesis, MIT, 2000)




