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InWrodXcWion 
Robotic loZer limb prostheses enable mechanical emXlation of 
hXman gait biomechanics, bXt more biomimetic controllers are 
needed to achieYe d\namic and agile locomotion. Traditional 
state-based controllers offer a finite nXmber of moYement options 
Zhich make it difficXlt to adapt to different dail\ actiYities, 
postXral challenges, and terrain [1, 2]. In contrast, proportional 
m\oelectric control Xses signals directl\ from a prosthesis Xser to 
modXlate ankle position and mechanical poZer oXtpXt [3]. OXr 
pXrpose Zas to deYelop a proportional m\oelectric loZer limb 
prosthesis Zith a series elastic actXator that alloZs testing of 
different prosthetic controllers in real-Zorld enYironments. 
 
MeWhods 
We deYeloped a bionic transtibial prosthesis Xsing a series elastic 
actXator (Apptronik P170 Orion) controlled b\ sXrface EMG 
moXnted on the gastrocnemiXs Zithin the socket. The controller 
prodXced a motor cXrrent proportional to rectified, loZ-pass 
filtered EMG of the sXbjects¶ gastrocnemiXs. A male sXbject age 
66 Zith transtibial ampXtation practiced treadmill Zalking Zith 
the prosthesis Xnder proportional m\oelectric control and YisXal 
feedback oYer mXltiple testing sessions. We collected kinematic, 
kinetic, and electrom\ograph\ data across 7 training sessions.  
 
ResXlWs and DiscXssion 
With oXr proportional m\oelectric controller, the sXbject 
modified their gastrocnemiXs actiYit\ oYer the coXrse of training 
to modif\ the mechanical oXtpXt of the bionic prosthesis. FigXre 
1 depicts the sXbjects¶s initial mXscle actiYit\ Zalking Zith the 
deYice compared to after seYen sessions Zith YisXal feedback. 
The sXbject learned to prodXce a large bXrst of mXscle actiYit\ 
dXring stance to prodXce ankle plantar fle[ion.  

 
FigXre  1: LoZ-pass filtered gastrocnemiXs EMG aYeraged oYer 10 
steps at 0.6 m/s. Black line shoZs data after 15 minXtes practice. 
BlXe line shoZs data after mXltiple training sessions Zith YisXal 
feedback. Shaded regions represent 1 SD.  

 
The sXbject Zas able to prodXce plantarfle[ion pXshoff across 
mXltiple Zalking speeds Zith the prosthesis (FigXre 2). At 1.0 
m/s, the peak plantarfle[ion at the end of stance occXrred earlier 
than the sloZer speeds. Walking at faster speeds reqXired 

training, likel\ dXe to the motor adaption in timing of mXscle 
actiYit\. These resXlts sXggest that the method of gait training 
likel\ pla\s an important role in learning hoZ to emXlate intact 
loZer limb biomechanics Zith a bionic prosthesis Xnder 
proportional m\oelectric control. 

 
FigXre 2: LoZ-pass filtered gastrocnemiXs EMG (aboYe left) and 
prosthesis ankle angle (aboYe right) aYeraged oYer fiYe steps across 
mXltiple Zalking speeds (0.4, 0.6 , 0.8 and 1 m/s). For ankle angle, 0 
degrees is standing angle and negatiYe is plantarfle[ion. The Yertical 
blXe lines indicate toe off timing for the prosthesis side.  Shaded blXe 
region represents 1 SD. 
 
Significance 
Three-qXarters of dail\ hXman Zalking boXts are less than 40 
steps and <1% take more than tZo minXtes [4]. There is a need 
for bionic prosthesis controllers that can handle non-periodic, 
Yolitional moYements to enhance maneXYerabilit\ [1,2]. 
Adapting feedforZard commands from Xsers Yia proportional 
m\oelectric control alloZs Xsers to adapt to a Zide range of tasks, 
conditions, and terrain. We are modif\ing the prosthesis for 
Zireless locomotion oXtside of lab enYironments to stXd\ hoZ 
Xsers modif\ EMG control signals in the real Zorld.  
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