
Control Design Inspired by Primitive Motors to Coordinate the 
Functioning of an Active Knee Orthosis for Robotic 

Rehabilitation 
Polyana F. Nunes

1
, Denis Moscon i, Adriano A. G. Siqueira 

Department of Mechan ical Engineering, University o f São Paulo at São Carlos, Brazil; 
Center for Advanced Studies in Rehabilitation, and Center for Robotics of São Carlos, 

University of São Paulo, SP, Brazil 

Abstract 
In order to assist phys iotherapists during the rehabilitation process of individuais, after abnormalities in the 
neuromusculoskeletal system, different types of lower lin1b orthoses were devcloped. This work airns to 
dcvelop a robotic control strategy based on k.inetic motor primitives capable of assisting in the recovery of 
patients w ith compromised movements. The primitives are calcu lated from the torques obtained by 
OpenSirn 's In verse Dynmnics tool, which uses as input the scaled model o f the subject and the knee joi.nt 
positions provided by the orthosis encoders during ex tension/flexion movements. The objcctive is for the 
contrai strategy to work transparently, inducing the user to perfonn the smne torque with and without the 
otthosi.s. The proposed strategy was evaluated using a sinmlator, wbere new knee joint pos ition data were 
obtained. 
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1. Introduction 
Anomalies or defic iencies in the neuromusculoskeletal system caused by di.seases such as stroke (A VC) have 
increased s ign ificantly in the number o f cases due to the growth o f the elderly population in the world (OMS, 
20 15). TI1erefore, it is important that phys ically healthy individuais can take care o f themselves and perfmm 
sim pie tasks on a daily basis, and this goal has been pursued by many research groups in the field of robotic 
rehab ilitation (Contreras-Vida! et a i. 20 16). 

The improvement in the qua lity o f life of these patients occurs due to neurop lasticity, which is the ability to 
adapt and leam in an experience-dependent mmmer, from repetitions using lower lin1b exoskeletons m1d 
active orthoses for care and rehabilitation (Chen et ai. 20 16). 

FigW"e I. Position o f the orthosis. A user wearing the active knee orthosis used in this work. 

The modular exoskeleton for lower limbs presented in (dos Santos et ai., 20 17), Figure l , is used, and for the 
control, the concept o f assis tance based on primitive motor explored by (Ruiz Garate et a i. 20 16), in which the 
primitives are idcntified and combined by weights to produce the desired robot torque profiles. The torques of 
the robot obtained by the primitives wcre tested in the simulator and presented promising results. 
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2. Experimental Produce 
In order to evaluate the influence of the orthosis on the kinetic acttvtty protiles dming knee joint 
flexion/extension, a set of experiments was performed, as shown in Figure 2. 
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Figtu·c 2. Thc Gait2392 modcl was scalcd wilh thc mcasurcrocnts ofthe uscr who madc thc sinusoidal trajectory. w ilh amplitude 
ranging from 8,.= - o• a 8r= - 90°. Torqucs w ith and without the orthosis were calculaled by lhe OpenSi m DI and subsequently used to 
calcula te the robot Iorque (TR) fro m the primitive mowrs. Human control is a feedfon vard loop, modelcd using DI, anda PID feedback 

loop. Thc advancc loop provides an estirroted torque Trocat by the user to periorm the motion and the teedback loop e linúnates lhe 
eftects of distw·bances 8 is dte calculated position expected to be equal tO the reference position Br . 

Firstly, in order to obtain the position data. a subj ect of 1.80 m in height and with a mass of80 kg perfom1ed a 
series of movements wearing the knee orthosis. TI1e movements correspond to a sinusoidal trajectoty. with a 
period of 6 seconds and amplitude ranging from Br= - oo a e,.= - 9 0°. This path is defmed as the path 
desired by the orthosis. 

The otthosis position data was sent to the OpenSirn lnverse Dynamics (lD) tool. l11e OpenSim Gait2392 
model was used to input the In verse Dynamics together with anthropornetric data and the subject's mass using 
the orthosis, the subject's articular positions were also inserted. The mass o f 80 kg was considered when the 
subject was without the orthosis, and the mass of 82.53 kg with the otthosis, resulting in the torque without 
the mthosis ('l'wo) and the torque with the onhosis Crw)· The robot torque was calculated based on the motor 
prin1itive weights for both cases. 

The motor prirnitives consist of the surn over time of the product between prirnitive curves Pi(t) and their 
respective active weights wi, i = 1, ... , N , where N is the number o f primitives. Using Principal Component 
Analysis (PCA) the motor primitives for the torques ofa subject who did not use the orthos is were extracted, 
according to Equation l: 

N 

rwo (t) = .l>ro(t). w;-vo, ( l ) 

i=l 

where pf0 (t) and wr'0 are the primitives and the torques weights ofthe subject without the otthosis (wo) . 
l11e desired robot torque is cal cu lated based on the ratio (pa between the weights o f both cases, using the 
orthosis (ww) and not using the orthosis (ww0

) according to Equation 2, and the robot torque (rR) is 
calculated according to Equation 3 : 

(2) 

N 

'l'R = .L>ro(l - ..9i). wt0
• (3) 

i=l 
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The human contra i consists of a feedforward loop , modeled using tbe OpenSim lnvcrse Dynam ics Tool, and a 
PID feedback loop. The feedfotw ard loop provides an estimated torque (equivalent Lo the "two) by Lhe user to 
pctform the motion. The feedback loop seeks to elim inate the e ffects of d isturbances that affect good 
movemenr performance; and e is the ca lculated position expected to be equal to the reference position er. 

1l1e robot torque induces the user to perform the same Iorque wh en not using the orthosis, ass isting only 
where the weight o f the prin1 itive is lower. 111 is robot torque Tn was sent to a Forward Dynam ics algorithm 
developed in MA TLAB, together w ith the orthosis position data en for the calcu lation o f new position vectors 
e. 

The contrai presented above was si..mulated using the Forward Dy namics based algorith m, that is able to 
reproduce the application of the torques to the mode~ as shown in the figure 2. To perform thc simulation, 
was used a computer with Intel® CoreTM i7-5 500 2.40 GHz p rocessar, 8,00 GB of RAM, 2 ,00 GB dedicated 
video card, Windows 10 Home Single Language 64 b its . The OpenSim version 3.3 and Lhe MATLAB 
R20 17b were the platforms where the simulations took place. 

3. Results and Discussions 

A set of cxperiments were perfotmed to evaluate tbe intluence of ott hosis on ki..nematic and k.inetic processes 
during knee extension/tlex ion movement. Figure 3 shows the resu lts in which the green line illustrates thc 
user torque (the sum o f the feedforward and feedback torques), the red li..ne represents the torque o f the robo t 
that was obtained by the motor pri.mitive strategy, and the blue line illustrates the total torque, which is the 
sumo f Lhe robot and user torques. 

The goa l isto work the transparency of the 01thosis so that the torque without (-rw0 ) is equal to the torque 
with the otthosis (-rw) · Ap plying the torque calculated by the ptimitives (robot torque) in the orthosis, Figure 
3 shows that the torque with the orthosis (green line) and without the orthosis (black line) are equal 
(overlapping), which shows that the control was able to work transparently during lhe subj ect's knee tlexion 
and extension. 
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Figure 3. Total tm·quc (bluc). robot torque (rcd), uscr torquc with orthosis (grcen) and uscr torquc without orthosis (black). 

The Figure 4 shows the position reference eR (pin k) to be fo llowed by the user and the actual position 9 
(black) fo llowed by the user's knee. Note thal the use r h as fo llowed the desired reference wh ich demonstrates 
the transparency o f the robot during leg flex ion/extension. 
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Figw-e 4. Position rcfer~ncc to follow (pink). and Real knec position (black). 
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F igure 5 illustrates the position error during the movemcnt of the contro lled orthosis movement. The to ta l 
time to perform the simulation was 3.28 minutes. 
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Figure 5. Position crror whilc cxecuting movemcnl with conu·olled onhosis. 
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Aim ing to improve the qual ity of life of users with motor problems, a contro l strategy based on the knowledge 
of the user's kinetic characteristics, so that the o tt hosis could work intu itive ly to the movement intended by 
the user, providing them with coherent, collaborative and effective assistance, was the purp ose of this work. 
When the user makes use o f the cxoskelcton, it is important that he is able to ass ist him in his specific motor 
impai.tment individually. Primitives were calculated us ing Principal Component Analysis (PCA) and 
simulated results showed that the control was effective in retriev ing the knce joint position pro file. 

4. References 
Chen, Bing et al. 2016. " Recenl Developments and Challcnges ofLower Ex trem ity Exoskcle tons." Journal o f 

Orthopaedic Translation 5: 26-37. 
Contreras-Vida!, Jose L et a i. 20 16. ' 'Powered Exoskeletons for Bipedal Locomotion after Spinal Cord 

Inj ury." Journal ofneural engineering 13(3): 3 1001. 
Organization, WH (201 5). Wor/d Health Statistics 2015. World Health O rgan izat ion. 
Ruiz Garate, V irginia et al. 20 L 6. ·'Walki.t1g Ass istance Us ing Att ific ial Primitives: A Nove l Bio inspired 

Framework Usmg Motor Prim it ives for Locomotion Assistance through a Wearable Cooperative 
Exoskeleton." IEEE Robotics & Automation Maga:;ine 23: 83-95 . 

dos Santos, Wilian M et ai. 20 17. ··o esign and Evaluation o f a Modular Lower Li.tnb Exoskelcton for 
Rehabilitation." 1 EEE-RAS-EMBS International Conference on Rehabilitation Robotics. London, UK. : 
447-5 1. 

173 • 


