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Crrrently, the development of mamipulators with vanable mechamcal elasteity
has not reached the stage of mdustnal apphication. but 1= mankly concentrated in the
world's leadmz mobotes laboratores. Meanwdule, mampulators with constant
elasheity are bemng introduced 1o the collaboratrre robot market.

The DLE mampulator [1], shown m Fig. 1, accordng to the authors' ideas,
should have all the properties of a2 buman arm by usmg vanable stiffness in all joints.
The robot uses F5J (Floatng Spnng Jounts) jounts, a propnetary design of DLE.

h\,.;aa-""'

Fig 1. DLF. Manipulator

Fobotic manmpulators with mmlhple VSA jomts, hke David require advanced
coniral algonthoys that can cope with elastic jounts and the properties of a multple
mput mmltiple cutput (MIMO) system.

A dishmgmshing feature of vanable shffness actuators 15 that the shffness
change mecham=m adds an addibonal degree of freedom (DOF) to the jomt and
hence moreases the system complexaty. This also leads to an merease m control
complexaty. EBegarding jomt control, the htershwe mamly conmiders imdependent
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control of posiion and stiffness by adjusting the pozition or torque of two jomnt
motors [2].

For this mamipulator, the developers propose a dampmg MIMO controller based
on the decouplng approach [3]. The MIMO controller 15 a state vanable feedback
based controller for a lmeanzed system along a nonunal trajectory. Here the torque
feedback 15 used to shape the dynamucs of the system. This tums the MIMO system
mto a set of 1solated single-mput. single-output (SISO) systems. allowing the
controller coefficients to be assigmed to each jomnt separately. The consequence 15 2
sigmficant reduction 1n computational capacity and analytical complexaty.
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Fig. 2. Damping control alzorithm [1]

In the first step, torque feedback 15 applied to form the motor moment of mmerna
as a diagonal matmx. which eliminates interconnections and allows each joint to be
mdnadually controlled. The system 15 then transformed to a new basis m whuch the
system dynamics are witten as independent fourth order differential equations. Next,
thedecwpledsvstanxsmﬂtenasm'osecond-ordermucaldmnpmgmm
achieve the dezired damping behavior and determune the controller coefficients. In
the final step, the controller 15 converted back to the onznal coordmate system.

The NASA Valkyne humanoid robot [4], shown m Fig. 3. 15 based on SEA
technology.

Fig. 3. NASA Valkirye humanoid robot [4]
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The mechamcal rezhzation of the elashoity differs from one joint to another.
The sprng shffness for each joint 15 chosen accordmg to the deswed amount of
deformation at maxonmm tongque.

The control system uses a decentrabzed approach as shown m Fig. 4.
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Fiz 4 Decenmalized NASA Valkirye control hike [4]
In the decentrahized control approach used m NASA Valkove, the inge level
dynarmcs are decoupled from the centzl controller. The top coniroller views the
robot as a collection of sohds doven by joint torques. The output of thes controller =

the requred torgues, which are then sent to the lower-level controller of each jomt
(Figure 3).
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Fig.5. Toogque contral schems 4

Lower-level controllers model the dyvnamics of the actuator and provide the
requred torque. This approach differs from centrahized control approaches that do not
abstract the actuator dyvnarmcs from the overall robot model.

The ANYpulator [3]. shown in Fig. 6, 15 built from hightweight carbon fibers and
modular ANYdimve elastic joints developed at ETH Zunch Thes enables dynarmc
mohon, low-1mmpedance forque control m the jomt and safety of the inferachon.
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Fig. 6. ANYpulator with ANY drive joinss [3]

Here, a durect model-based force control method based solely on torque control
in the jomnt 15 mplemented Using umfied force and motion control, the position of
the end lnk can be accwrately and dynammcally tracked m the task space whle
reactng safely to unexpected emvironmental contacts.

The torque control stuchme was adapted from the elashe jonts used m the
HNASA Valkyne robot [4]. The motor 15 considered as a torque source controlled by a
lower level confroller. The torque control loop of the joint 15 reahized as a

PID controller wath duect couplng compensahon dependms on the motor
electrical constant and gear ratio. For small torque amphindes m the jomt, the
proposed actuator system achieves a bandwadth of up fo 70 Hz, whuch decreases at
high amphtudes due to motor saturation effects.
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JlicTuHT IporpaMu roJIOBHOTO MOAYJISl CHCTEMHU main.py

# main.py

import time

from dag import SimulatedProcess, DataAcquisition
from analytics import AnalyticsEngine

from control import IIIIController

from comms import EventBus

from config import SENSOR POLL INTERVAL

def main () :
# Iniuianisauig mMomyJsiiB
process = SimulatedProcess (initial value=20.0)
dag = DataAcquisition (process)
analytics = AnalyticsEngine (window size=10)
controller = IIIIController (dt=SENSOR POLL INTERVAL)
bus = EventBus ()

# lpwukian nignuMcHMKA Ha nonii (OJjsg JOTyBaHHS)
def logger (topic: str, payload):

if topic == "sensor":
print (£" [SENSOR] t={payload.timestamp.time () }
value={payload.value:.2f}")
elif topic == "analytics":

print (£" [ANALYTICS]
value filt={payload.filtered value:.2f}
anomaly={payload.is anomaly}")
elif topic == "control":
print (£f" [CONTROL] setpoint={payload.setpoint:.1f} "
f"measured={payload.measured:.2f}
u={payload.control signal:.2f}")
print ("-" * 60)

bus.subscribe (logger)
control signal = 0.0

print ("3anyck imiTauii xibepdismunHoi cucTeMM KepyBaHHS...\n"
"HatmcHiTe Ctrl+C mnug synmHxku. \n'")

try:
while True:
# 1. 36ip maumx i3 "oB'exTa"
sensor data = dag.read sensor (control signal)
bus.publish ("sensor", sensor data)

# 2. AnaniTuka
analytics result = analytics.process (sensor data)
bus.publish ("analytics", analytics result)
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# 4. Kepymauus (III1)

cmd = controller.compute (
measurement=analytics result.filtered value,
timestamp=sensor data.timestamp

)

control signal = cmd.control signal

bus.publish ("control", cmd)

# 4. BarTpumMka (iMiTauisg peajibHOTO UYacy)
time.sleep (SENSOR POLL INTERVAL)

except KeyboardInterrupt:
print ("\n3ynmuHka cucTeMM KoOpUCTyBauem.'")

if name == " main ":
main ()
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JleMoHCTpaliiHui MaTepiai
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