
In the U.S., nearly 185,000 people experience limb loss each year. Over the 

past decade, robotic advancements have allowed researchers to develop 

prosthetic devices that not only serve an aesthetic purpose, but also supply 

mechanical energy to the body to reproduce healthy human functions. For 

a person with a trans-tibial amputation (PTTA), the iWalk BiOM is a 

commercially available powered ankle-foot prosthesis. The stock BiOM 

control algorithms use equations, not based upon muscle theory, to control 

the ankle torque output. In our research, we have developed a muscle 

model based on the winding filament hypothesis (WFH; Nishikawa et al. 

2012), which adds to the cross bridge theory and can explain the 

phenomena of force enhancement, force depression, and eccentric negative 

work. We developed a neuromuscular control algorithm based on the WFH 

and incorporated it into the BiOM operating system to test whether human-

style walking is attainable within a muscle-based control algorithm. We 

measured walking gait and stair climbing characteristics of a PTTA 

wearing a passive prosthesis, the BiOM with the original stock controller, 

and the BiOM with our WFH based controller. Our preliminary data 

indicate that the WFH-based BiOM is capable of producing a human-like 

ankle torque profile during walking and stair climbing that is lost in PTTA 

with a passive prosthesis, similar to the capability of the commercial 

BiOM. We have also identified modifications to our controller that we 

predict will improve walking gait. This will be tested in the next evolution 

of the controller. Our future work will include tests on uneven terrain, 

ramps and backwards walking. We hope that this work will inspire 

bioengineers to create next-generation powered prostheses using control 

algorithms inspired by an understanding of muscle biology. 

 

ABSTRACT 

MOTIVATION AND OBJECTIVES 

Objective: Compare the performance of the BiOM stock and WFH-

based control algorithms. 

•We are collaborating with iWalk BiOM engineers to test our WFH model. 

•A WFH-based control algorithm has been designed and incorporated into 

the BioM operating system (WFH-BiOM; Fig. 2). 

•The control algorithms command the current sent to an electric motor, 

which produces a torque at the prosthetic ankle. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Measurement of ankle torque during walking:  

• Subjects were instructed to walk down a walkway and step on a force 

plate with both the stock and WFH controlled BioM (Fig. 3). 

• Speeds included slow (̴ 1.00m/s), medium (̴ 1.25 m/s), and fast (̴ 

1.50m/s). 

• Force plate data, kinematic data, and direct BiOM measurements were 

used to estimate ankle torque during the stance phase. 

• The ankle torque was also estimated directly from torque sensors in the 

BiOM. 

• Six anatomical markers were placed on the subject for later digitization 

and used with force plate data to estimate ankle torque during the stance 

phase of walking. 

 

Measurement of ankle torque during stair ascent and descent: 

• Subjects ascended and then descended five steps with both the WFH and 

stock BiOM prosthesis.  

• Only direct ankle torque measurements were collected by an external 

laptop by Bluetooth connection.  

 

 

METHODS AND MATERIALS PRELIMINARY RESULTS CONCLUSIONS 

WFH controller produces normal ankle torques during the stance phase of 

level walking (Fig. 4) 

•Need to be confirmed with healthy controls. 

•Need to continue recruiting subjects. 

 

Foot drag and foot slap events 

•On occasion, foot drag events occurred during  the swing phase of  

walking with the WFH-controller. 

•Failure analysis revealed that the WFH controller does not account for the 

internal resistance of the BiOM motor and ball screw, which results in 

under-powering of dorsiflexion. 

•  A modified WFH control algorithm is being developed to account for 

motor resistance and ball screw friction. 

 

The WFH-controller produces normal ankle torques during stair ascent, 

whereas the stock controller does not (Fig. 5 & 6). 

• The current WFH controller is able to produce the ankle torques needed 

for stair ascent based on the length and activation of the virtual muscles. 

The stock-BiOM control algorithms perform poorly during stair ascent. 

•     Neither algorithm produces normal ankle torques during stair descent, 

possibly because a hard-stop on the BiOM ankle limits dorsiflexion to 0.5º. 

Planned hardware modifications will  increase dorsiflexion to 2º. 

 

 

 

•We plan to test performance of the WFH controller on ramps (±5-15º), 

uneven terrain, during backwards walking and standard agility maneuvers. 

• iWalk engineers plan to modify BiOM to allow for increased ankle 

dorsiflexion. 

• We plan to continue development of the WFH controller. 

• Additional muscle experiments are needed to strengthen the WFH muscle 

model and associated algorithms. 

•Bio-inspired actuators 

– Muscle-inspired algorithms developed for the BiOM prosthesis 

can be adapted to design of muscle-like actuators for 

prostheses and other applications. 

 

 

•Our neuromuscular controller shows promise. However, further work and 

modifications are needed. 

• We will continue to explore the adaptability of the WFH controller with 

tests varying terrain and other challenging conditions. 
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Emulating Human Walking with a Powered Ankle-Foot Prosthesis, Driven by a  

Neuromuscular Based Control Algorithm 

•The iWalk BiOM is a commercially available powered ankle-foot 

prosthesis for a person with a trans-tibial amputation (PTTA; Herr et al., 

2012; Fig. 1).  

•The BiOM stock control algorithm is not based on muscle theory,  but  on 

several engineering based equations, chosen by a state machine, which 

command ankle torque.  

•The BiOM’s stock controller limits the system’s ability to walk backwards 

or negotiate stairs/ramps without further software additions. 

•A neuromuscular based control algorithm could provide a “smarter” 

prosthesis, which would be able to negotiate any terrain with a single 

equation and no state machine. 

•However, current muscle models, based on the cross bridge theory 

(Huxley, 1957), do not adequately explain intrinsic muscle properties, 

limiting the advancement of a muscle-inspired control algorithm. 

•The winding filament hypothesis (WFH) has the ability to reproduce 

muscle force enhancement, force depression and eccentric negative work, 

and therefore may improve the design and function of powered prostheses. 

HYPOTHESIS 

A neuromuscular WFH- based, single equation, control algorithm can 

reproduce human locomotion. 

 

 

 

Figure 2: Virtual muscles represented in the bio-inspired control 

algorithm, red dot is the ankle joint (left). Mechanical representation of 

the muscle model for prosthesis control based on the winding filament 

hypothesis (Right). 

Figure 3: Experimental setup (see text). Force plate data, video, and 

direct BiOM data were collected simultaneously during each trial. 

Video data were digitized at six anatomical locations using a custom 

MATLAB program. Kinematic data were combined with the force plate 

measurements to calculate ankle torque. 

Figure 4: Stance phase ankle torque profiles for stock controller (red) 

and WFH controller (blue). The data shown here are for slow walking. 

Results were similar for medium and fast speeds. The WFH controller 

is able to reproduce normal human ankle torques during variable-speed, 

level walking, similar to the stock BiOM. Error represents ± 2 S.E. 
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SUMMARY 

Figure 1: The iWalk BiOM is a powered ankle-foot prosthesis that can 

reproduce variable-speed, forward walking on flat surfaces. The BiOM 

stock controller commands ankle torque using several algorithms chosen by 

a state machine. The ankle torques produced by the BiOM are similar to 

those produced during normal walking. 
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Fig. 5: The WFH- controller (top) reproduces the double peak torque of 

normal stair ascent compared to the stock controller (bottom).  The stock 

BiOM did not reliably reproduce normal ankle torques during stair ascent. 

Torque (blue), current (red), ankle angle (black) and state (green). 

Figure 6: The WFH- controller (top) produces a larger dorsiflexion 

torque (negative) during stair descent compared to the stock controller 

(bottom). Torque (blue), current (red), ankle angle (black) and state 

(green). Subjects noted that they felt more stable and secure descending 

rapidly in the WFH-BiOM when compared to the stock-BiOM. 
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FUTURE WORKS 


