
Introduction
 Ergonomics is scientific and applied discipline about activities of 
human interacting with labor instruments, beginning with a shovel. In 
any sphere of human activities ergonomics is organization of human 
conditions of labor, service and safety. Ergonomics is service and it is 
a part of Mesrob workshop.

 Ergonomics excludes fully automatic operation of machines with-
out human participation and sets the optimal human-machine in-
teraction. It relates to ergonomics in industry, agriculture, transport, 
military affairs and medicine [1]. For example, it is mobile robot in-
specting and repairing pipelines of the water drain. The ergatic control 
system of this robot can operate in command, tracking, interactive 
modes and observing moving [2]. The ergonomic aspects of medi-
cal mini-robotic system designing are dealt in paper [3]. Also the  
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problems of medical ergonomics are discussed in paper [4]. The prob-
lems of military affairs of ergonomics are considered in monograph 
[1].

 But human conditions of labor, service and safety as a rule are pro-
vided in relation to person exploiting the machine. Except two indi-
cated components the third component of control object is included 
in ergatic system. Generally it is technical environment, for example 
detail, plowing, food and others. Certainly in any sphere of human ac-
tivities the relation to the third human component is positive in order 
to help, except for military affairs, where the aim is to destroy selec-
tively or en masse.

 But the third component can be a man and not under anesthesia 
during surgery but living with individual psychophysiology. So a par-
ticularly important role of the third human component is manifested 
in medical robotics.

Three Components of Ergatic Robot System in Re-
storative Medicine
 Namely patient’s psychophysiology as the third component causes 
new problems in medical robotics. It is not only safety but also the 
appearance of some new control counters, modes and functions.

 Let us consider robotic system of restorative medicine which per-
forms the manipulations on soft tissues, for example massage [5,6]. 
The scheme of this system is given in figure 1. There are three com-
ponents: physician-operator, robot, patient in this ergatic system, and 
also informative subsystem like knowledge base [7,8].

 The possible connections between components and modes are 
the following:

•	 Command control signals from a physician for the change of 
modes and procedure parameters, including training mode

•	 Use by the physician of the data, received in the previous sessions 
and knowledge base replenishment (system Medsoft)

•	 Psychological influence of the physician on the patient

•	 Manual execution of procedure by the physician (solo or with a 
robot)

•	 Signals of subjective patient’s state transmitted to the physician in-
cluding verbal feedback
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Figure 1: Scheme of interaction between components of physician-operator 
system, robot and patient.
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•	 Assigned values of forces, movements, velocities for position/force 
and nominal date for biotechnical control

•	 Signals of real state of soft tissues for position/force control

•	 Signals of real state of soft tissues for biotechnical control

•	 Signals of individual robot control from patient

•	 Robot action on patient

 The indicated on the scheme influences, signals and modes form 
several control counters: automatic position/force control (6+7+10), 
automatic biotechnical control (6+8+10), command control (1+2+10), 
manual performing of procedure (4+5), mutual performance of pro-
cedure by physician and robot (1+2+3+4+5+6+7+8+9+10), individu-
al robot control from patient (9). Some of indicated counters are open 
loop (3, 6) and others are closed loop (1, 2, 4, 5). The stability of closed 
loops is considered below.

 On this scheme a lot relationships with patient is seen. These re-
lationships form the modes which are not considered in ergonomics 
usually.

Subsystem of Position/Force Control in Robotic Sys-
tem for Restorative Medicine
 Main purpose of robotic system for restorative medicine consists 
in approaching to assigned physiological patient’s state in general by 
means of mechanical robot actions. The position/force control and 
biotechnical control systems are ones from sub systems of robotic 
system. The biotechnical control counter covers the position/force 
control one (Figure 2). In the contour of position/force control the 
patient’s biological soft tissue is a control object. In the contour of bio-
technical control the converter of mechanical influence variables to 
variables of a psycho-physiological state is a control object.

The sub goal of position/force control system is given as follows.

    and   (1)

 The theory of position/force control of robot interacting with 
dynamic environment is expounded within the framework of ana-
lytical mechanics in monograph [9]. Great Serbian scientist Miomir 
Vukobratovic and Russian mathematician Yury Ekalo have brought 
a substantial contribution to theory of dynamic control of robot - en-
vironment interaction and position/force control theory. The robot 
interacting with the dynamic environment can be presented by the 
following differential equation:

      (2)

 The environment dynamics can be described by the following dif-
ferential equation:

                  ,   (3)

 Where                are the vectors of the generalized coordinates of 
position, velocity and acceleration accordingly,                  is the matrix  

characterizing inertial properties of the manipulator, nR),( ∈qqh   is 
the vector characterizing gravitational, centrifugal, Coriolis’ forces, 

) n mM( R ×∈q  is the matrix characterizing inertial properties of the en-
vironment, m( , ) R∈L q q  is the vector characterizing viscoelastic prop-
erties of the environment and its weight, nR∈ô  is the vector of the 
input control, mR∈F  is the vector of the forces operating on the end 
link (tool) of the manipulator from the environment, ( ) m mS R ×∈q  is the 
nonsingular matrix. 

 To guarantee the necessary quality transients the control law 
should be as follows:
       

(4)

 If environment dynamic parameters are known and m=n then one 
of the control laws of system having feedback loops with respect to 

, ,q q F can be the following:

          .   (5)

 Theoretically asymptotic stability is provided in proposed control 
laws by the approximation of the model of medical robot to equation 
of second other for deviations. Practically the oscillatory processes 
arise at high speed approach to robot tool, especially when soft tissue 
covers a stiff bone.

 The force transients when the robot tool penetrates in patient’s soft 
tissue covering the stiff bone with various approach velocities are pre-
sented in figure 3. It is necessary to notice occurrence of significant 
forces Fz and zero force value at separation of a tool from soft tissue.

 The force error dependencies on approach speed Vz0 are given on 
figure 4. At various elasticity coefficients of environment Ke.

Figure 2: Block diagram of position/force and biotechnical control systems.
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Figure 3: Force transients curves at approach speed 100 mm/s.

Figure 4: Force error dependencies on approach speed Vz0.
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 To reduce overloads it is necessary to measure distance to a sur-
face, for example, with a location sensor. Given above graphs are taken 
for robot with stiff drives when robot inertia, stiffness and viscosity 
are much higher than biological soft tissue ones. If robot hand is light-
weight and drives are soft then the interaction of robot and environ-
ment can be without vibrations.

Subsystem of Biotechnical Control in Robotic System 
for Restorative Medicine
 Usually in medical robotics the performing assigned movements is 
considered although the providing of biological efficiency is the gen-
eral aim.

 In this work the biotechnical control system task can be formulat-
ed as terminal control task of final state: it is necessary to synthesize 
such input mechanic influences on the patient which during θ = t1 - t0 
provides transfer from an initial person’s state B in normal state B0.
        
      (6)
 Where B0 is vector of assigned normal variables of psychophysio-
logical patient’s state, B is vector of real variables of psychophysiolog-
ical patient’s states, θ = t1 - t0 is time transition from an initial person’s 
state in normal one.

 If physiological variables of the patient’s state are measured then 
there is a possibility to control them rationally, for example, support-
ing them in a normal range. The present restorative medical apparatus 
carry out the assigned mechanical influences on the patient (a mas-
sage, movements of extremities in joints, a post-isometric relaxation, a 
mobilization), but they do not estimate objectively therapeutic effect. 
Nevertheless, during a series of sessions or during one session of re-
storative medicine it is possible to observe changes of some physio-
logical patients’ parameters to estimate efficiency of therapy and to 
change the plan of procedures, i.e., to control restorative medicine 
procedure. The muscular tone and electric skin resistance are the most 
informative physiological parameters of the patient’ state. These pa-
rameters, despite on hindrances from patient’s mentality respond on 
restorative medicine influences, providing a relaxation or mobiliza-
tion of the patient [7].

 Let us consider automatic control of the patient’s state for some 
massage phases when electric skin resistance is the main controlled 
variable of system (Figure 5).

 Possibility of such control is given by experimental curves in ex-
periments with influence of a certain massage modes on electric skin 
resistance (Figure 6).

 In figure 6 the exponential increase of electric skin resistance is 
visible at relax massage influence during 270 s and decrease of electric 
skin resistance at mobilization massage influence during 150 s.

 Many experiments show the exponential increase of electric skin 
resistance at relax massage. Relax massage includes drainage modes: 
squeezing, kneading and stroking, which are carried out slowly and 
continuously at a rate of 50 mm/s. The duration of increase of electric 
skin resistance to the established value for various patients is various 
and is 4 - 15 minutes. The exciting massage modes, as a rule, cause de-
crease of electric skin resistance. The quick massage modes, including 
impact ones, use as exciting techniques. The speed of the devices is 
about 200 mm/s, the duration of decrease of electric skin resistance to 
the established value is about one minute.

Subsystems of Command, Manual Performance of 
Procedure by a Physician, Individual and Mutual Per-
formance of Procedure by the Physician and Robot
 Subsystem of command robot control is necessary for robot train-
ing by physician-operator. For training of assigned trajectory X0 with 
necessary force of interacting of robot tool with patient’s soft tissues 
F0 two methods were proposed: the training of force points and train-
ing of continuous trajectory by means of teacher showing. The trained 
force points except position and orientation of geometric coordinates 
X0 include coordinates of force vector F0. So trained force point A in 
general case can be represented by eighteen-dimensional vector:

       (7)

 Where n, s and a are the three-dimensional orientation subvectors, 
p is the three dimensional subvector of tool position and F and M are 
three dimensional subvectors of force and torques. The force points 
have to be measured fairly accurately so the basic robot has to be pre-
cision and stiff.

 The force training allows performing the second phase of the posi-
tion/force control as a positional tracking [10,11]. This enables to use 
as a base usual robots without force correction tracking. If a robot is 
able to perform the force correction then the quality of control gener-
ally increases. On figure 7 the curve L0(X0, F0) represents the trajectory 
of the robot tool when ( ) ( )tt 0XX →  and ( ) ( )tt 0FF → .

     (8)

 The curve L(X, F) represents the trajectory of the robot tool after 
usual position training which depends primarily on surface relief. The 
curve L0(X, F) represents the trajectory of the robot tool after force 
training when the required accuracy is achieved.

 At Moscow State Industrial University the robot performing mas-
sage and extremities movement’s techniques has been developed [8].  

0è ,→B B

Figure 5: Robotic system for restorative medicine with biotechnical control on 
signal of electric skin resistance on the basis of Puma-560 robot.

Figure 6: Curve of electric skin resistance in a massage session.

T( ,  ,  ,  , , ) ,A F M= n s a p

0 0 0 0( , ) ( , )L X F L X F R− <

http://dx.doi.org/10.24966/ACIM-7562/100030


Citation: Arkhipov M, Golovin V, Kocherevskaya L, Vzhesnevsky E, Uglev A, et al. (2017) Еxpansion of Ergonomic Function in Medical Robotics. J Altern Comple-
ment Integr Med 3: 031.

• Page 4 of 5 •

J Altern Complement Integr Med ISSN: 2470-7562, Open Access Journal
DOI: 10.24966/ACIM-7562/100031

Volume 3 • Issue 2 • 100031

A basis of this robot is the industrial PUMA-560 robot that has an-
thropomorphic manipulator. On the end link a force module contain-
ing a strain gauge is mounted. Necessary efforts are made and super-
vised by position/force control system expanding possibilities of the 
standard robot.

 The second method of training of continuous trajectory by means 
of teacher showing supposes soft backdrivable robot. In this case robot 
drives have to be compliant in order not to interfere with the training. 
The control system unloads robot hand from gravitation. In this case 
open kinematic robot chain, as more compliant, may be preferred. 
High position robot accuracy is not necessary. After training the writ-
ten trajectory can be corrected to consider assigned forces. Ergonom-
ically this method of training is more adaptive to the physician-oper-
ator and to patient using to perform the training more quickly.

 Subsystem of individual robot control is necessary for family use 
without physician-operator. In this mode patient controls robot him-
self. He can use programs and trained points and curves from previ-
ous sessions or he can correct them.

 Subsystem of mutual performance of procedure by physician and 
robot is necessary when some fine techniques have to be performed 
by physician and robot has to assist him. In the scheme of interaction 
between components of system physician- operator, robot and patient 
(Figure 1) the mutual performance of procedure by physician and ro-
bot can include all 10 connections.

 This regime permits to work without enclosure, to organize ergo-
nomic interaction of human and robot in common work area and to 
increase efficiency.

 New relations between the robot and the person arise not only in 
a medical robotics. In non-structured environments and extreme sit-
uations, the robot should not be “stupid” but the intellectual assistant 
to the person. There are problems of equality of rights at interaction of 
the robot and the assembly worker on the conveyor, when in unsched-
uled situations, the assembly worker not only controls the robot but 
also he adapts to its work, providing both the friendly interface and his 
own safety.

Problems of Intelligent Ergatic Robotic Systems Con-
trol
 Although every component of ergatic robotic system has certain 
independence but we need to prioritize. The efficiency to fulfill the 
objective is increased significantly when these components are con-
nected through a knowledge base. Moreover, who should make the 
final decision: the doctor or the patient? For example, the procedure 
can be unpleasant and painful for the patient. May be in this case of 
conflicts between physician-operator and patient the priority has to be 
given to physician-operator.

 The certain rules of behavior have to be laid down in the knowl-
edge base, for example, with using of production rules defined on the 
basis of the medical experience. The human presence in system causes  

a number of uncertainties, so production rules can be formed in terms 
of fuzzy logic or random processes [8].

 The discreteness of the process can cause the oscillation and sys-
tem instability. Also instability can be caused by bad choice of mem-
bership functions in fuzzy control.

 Problem-oriented language for control by robot should be close 
to the natural human language. The creating of a system of dialogue 
control with the robot in a natural language is perspective one.

 The development of control and training panel is significant er-
gotic problem. It has to be comfortable for physician-operator but not 
an engineer-operator and has to be comfortable especially in case of 
individual robot control. In any case the priority has to be given to 
human but not a robot.

Safety Problems
 In a medical robotics the security requirements are the strictest 
since they concern not only the operator professionally interacting 
with the robot, but to the patient who should be assured that someone 
would take care of his safety without his participation.

 The invasive medical robotics is the most dangerous, for exam-
ple, a surgical robotics where the executive robot element carries out 
punctures, resections on program trajectories. In this case the error at 
level of programming or the error of the operator at remote carrying 
out of operation can be fatal. In this case, safety in a greater degree 
depends not only the robot, but also from skill of the operator who is 
responsible for it.

 Non-invasive robotics represents robots, carrying out techniques 
of manipulation; for example, movement of extremities in joints and 
various modes of massage. If for surgical and minimally invasive ro-
botics the program position control and remote control from the op-
erator is essential, then for a non-invasive robotics the force interac-
tion of the robot with a patient’s body or more precisely position/force 
control with control both as moving and force is essential. Therefore, 
errors of programming of a trajectory and its tracing are not so irrep-
arable, as for surgical and minimally invasive robotics, and can lead 
only to discomfort of the patient or reduction of therapeutic effect.

Possible means of prevention of danger are the following:

•	 Switching-off of drives on signal of the maximum force sensor 
which is connected to position/force control system or abduction 
of a robot arm according to biomedical signals

•	 Check of drives in the beginning of procedures and also the force 
sensor in programmed control points

•	 Performance of the first movements with the minimum forces

•	 Drives placing not in a robot hand but on a platform that will pro-
vide small inertia and easiness of a hand

•	 Soft non-electro conductive covering of robot hand and placing of 
tactile sensors on wrist and hand of the robot

 It is necessary to show the current values of mechanical and bio-
medical variables on the monitor and to allocate area of the devia-
tions, warning with sound and light signals about the approach to the 
danger.

 Some connections between components of system form the closed 
rings. Therefore, it is necessary to provide stability of these contours.

Figure 7: The position/force control accuracy in position or force training.
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 The considered requirements of safety should be taken into ac-
count by creating of the hardware interface between the doctor, the 
patient and the robot and also by language developing.

Conclusion
•	 Ergonomics of medical robotics and especially in restorative med-

icine robotics has to consider not only dynamics and psychophys-
iology of physician-operator but also a patient

•	 At extended understanding ergonomics the accounting of the pa-
tient causes necessity to consider a lot of new subsystems

•	 The appearance of compliant and backdrivable robots, working 
without enclosure, allows to organize ergonomic interaction of hu-
man and robot in common working area and to increase efficiency
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