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Abstract— Surgical robots provide various advantages, like
improved precision and dexterity, over conventional surgical
procedures and have been extensively studied in the last decade.
Many surgical robots have been recently developed and described
in the literature. However, given their multidisciplinary nature,
due to the involvement of medical surgery, electrical engineering,
mechanical engineering and computer science, very few existing
documents provide a system design perspective of a complete
surgical robot. We tend to fill this gap by presenting the compete
system-level design of Al-Zahrawi, which is a new tele-surgical
robotic system. The Al-Zahrawi system is mainly composed of
two parts, i.e, a master console and a slave console, which
are connected through a communication link. The master console consists of Master Manipulators (MM), visual information
presentation apparatus and foot pedals. The slave console is
primarily composed of three Slave Manipulators (SM), the left
and right manipulators are equipped with surgical instruments
while the middle one holds the endoscope. All the manipulators
utilize the modified double parallelogram mechanism to achieve
Remote Centre of Motion (RCM). The distinguishing features of
this system include (i) a custom-made, simple-in-construction and
user-friendly MMs, (ii) a modular SM, with an interchangeable
instrument module (IM) that does not contain any electronic
circuitry and thus can be completely sterilized with ease, (iii)
the availability of an independent foresep jaw movement, which
increases the dexterity of the surgical tool tip without using the
wrist mechanism.
Index Terms— Surgical Robots, Tele-Surgery, Double Parallelogram Mechanism, Remote Center of Motion Mechanisms,
Control and Automation.

I. I NTRODUCTION
Inimal Invasive Surgery (MIS) [1], generally known
as keyhole surgery, is an innovative surgical technique
that gained vast popularity and praise in the past few decades.
Compared to open/conventional surgery, the surgeon uses long
slender instruments in MIS that are inserted into the abdominal
cavity through small incisions (5-10mm), to operate inside the
body. The target organ is viewed through a video feed, on
a monitor screen, obtained from an endoscope. MIS offers
numerous advantages for the patient and health providers
[2]. For example, due to the small incisions, there is less
blood loss and trauma, which in turn makes infections less
likely as well. Moreover, MIS usually results in reduced postoperative hospital stays and thus reduces loads of health care
facilities. However, these added benefits are attained at the
cost of some inherent disadvantages of MIS. There is a loss
of dexterity for the surgeon due to the instrument being pivoted
at the incision point. Moreover, the direction of movement is
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inverted resulting in an unintuitive motion of the instrument
tip [3]. Furthermore, the surgeon usually has to stand in an
uncomfortable posture for longer periods of time, which results
in higher fatigue levels and less number of surgeries per
surgeon.
Surgical robots [4] not only allow us to overcome the above
mentioned limitations but also have contributed to improve the
quality of operations and introduce new types of surgical procedures [5]. Some of the mainstream surgical robotic systems
include the commercially available systems ZEUS [6] and
Da-Vinci [7] and the research focused systems, like RAVEN
[8], SOFIE [9], DLR MIRO [10] and Telelap ALf-s [11].
The implementation details of the commercial systems cannot
be found in the open literature. Whereas, the research based
systems are generally focused on optimizing a single or a set
of metrics. Moreover most of these systems utilize comercially
availible interface devices as their master manipulators, which
usually is not the most optimal choice. Prior master manipulators usually uses the gimbal mechanism for producing the
wrist mechanism motion, of the respective slave manipulator,
where as the custom made MM has a much simpler design by
incorporating the independent forceps movement. Furthermore
the custom made MM has 6 decoupled DoF, hence making its
control much simpler. Thus, to the best of our knowledge, there
is no research document available that describes the complete
system-level design of a surgical robot. Similarly, there is no
system that can be considered as the benchmark to evaluate
the performance of other surgical robots. The scope of the
current paper is to fill this gap by presenting an overall systems
perspective of a newly developed tele-surgical robotic system:
Al-Zahrawi, named after one of the greatest Arab surgeons;
Abu al-Qasim Khalaf ibn al-Abbas Al-Zahrawi (936-1013),
who has also been referred to as the father of modern surgery
by some. The Al-Zahrawi robotic system is based on a masterslave topology. The surgeon uses the custom-designed MMs,
which are quite user-friendly and simple-in-construction, to
control the SMs, which is located near the patient and performs
the surgical operations. The SM has a modular design that
allows interchangeable IMs. The IM is fully sterilizable, with
no electronic equipment or motors. The IM also allows the
unique independent foresep jaw movements. To the best of
our knowledge, the above mentioned characteristics are not
shared by any other surgical robot described in the open
literature. Currently 1 MM and 1 SM are realized and are
tested for further improvements, in collaboration with a team
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Fig. 1.

System-Level Block Diagram of the Al-Zahrawi Surgical Robot

of surgeons.
Figure 1 depicts the system-level block diagram of the AlZahrawi system. Both of the master console and slave console
are connected via the RS485 standard interface communication
link. The main reason for choosing the RS485 bus standard is
the fact that it is one of the most widely used communication
highway in industrial and instrumentation applications. Thus,
the differential transmission ability of RS485 increases noise
immunity and ensures a reliable link. The long distance bidirectional communication over a single pair of twisted cables
makes it more feasible. It also allows multiple transmitters and
receivers to be connected on a single bus in the master-slave
topology. The Master Control and Sensing Module (MCSM)
in master console gets command instructions from the surgeon
and sends it to slave console in a well-defined form. Similarly,
the Slave Control and Sensing Module (SCSM) in slave
console is responsible for driving the SMs in a controlled
fashion, which imitates the surgeon hands movements. The
system also comprises of an independent integral system
power module, which is responsible for power distribution of
the whole system.
This paper mainly describes the mechanical, electrical and
software engineering designs of the AL-Zahrawi system using
the different blocks of Figure 1. The paper is organized as
follows: In Section II, a review of the state-of-the-art surgical
robotic systems is provided. The master console and the slave
console are described in Sections III and IV, respectively.
Finally, Section V concludes the paper.
II. S TATE - OF - THE - ART- SYSTEMS
Practical surgical robotic systems appeared for the first time
in the early 1990’s. The first commercial surgical system,
ZEUS [12], was produced by Computer Motion Inc. Madhani
developed the Silver and Black Falcon [13] [14] at MIT in

1998, which were later developed into the famous Da-Vinci
surgical system [15] by Intuitive Surgical Inc. The Da-Vinci
surgical system allows the surgeon to control the tool tip with
7 degrees of freedom (DoF) (3 orientations, 3 translations
and grip) and stereoscopic vision. The system also filters out
surgeon tremor and provides variable motion scaling from the
master to the slave. Since Da-Vinci is a commercial surgical
system, so no details about its internal functioning or design
can be found in open literature. It has been successfully
used for general surgery, cardiac surgery, urology, gynecology,
pediatric surgery, thoracic surgery and ENT. In 2005, the
Da-Vinci system was successfully used in a transcontinental
tele-surgical experiment [7]. Although the Da-Vinci system is
a commercial success and has been approved for numerous
surgical procedures by the FDA, it is large in size and very
costly.
The RAVEN surgical system [16], being developed by the University of Washington, is one of the most mature experimental
surgical systems. Many studies have been conducted on the
mechanical optimization of the RAVEN system. It has 7 DoFs
and uses the spherical mechanism to achieve RCM. On the
downside, RAVEN has a cable actuated mechanism and has
no force (or haptic) feedback. In such cable actuated systems,
the cables usually have to face the issues of wear, stretching,
variable tension and friction, hence reducing the reliability of
the system. In laparoscopy and robotic surgery, the fact that the
surgeon is physically separated from the surgical site makes
the sense of touch or haptic/ force feedback very important
and thus these topics have become active areas of research
in the domain of tele-surgery [17]. Linda van den Bedem [9]
developed the SOFIE (Surgeon’s operating force feedback interface Eindhoven) system. It is a tele-operated surgical system
for laparoscopy and thoracoscopy (endoscopy). It has a table
mounted platform that can support three slave manipulators,
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each having 7 DoFs. The SOFIE system provides a limited
workspace and can only be used for some specific surgical
procedures. Secondly, the instrument module of SOFIE cannot
be sterilized as it contains the actuation hardware inside it. The
DLR MIRO [10] tele-surgical system utilizes a serial slave
manipulator with 7 DoFs and haptic feedback. It is a versatile
surgical robotic system since it can be used for both open
surgical procedures and MIS applications. The DLR MIRO
has good dexterity but has complex controls due to redundant
DoFs. The Joint Research Centre (JRC) of the European
Commission, in collaboration with SOFAR S.P.A. in Milan,
Italy, has developed, the Telelap Alf-x [11]. This master-slave
system has 3 to 4 arms, which can be moved and positioned
separately but has a relatively large size.
The Al-Zahrawi tele-surgical system consists of a customdesigned Master Manipulator (MM) and a slave manipulator
(SM) with an interchangeable instrument module (IM). The
other two unique characteristics of this newly developed AlZahrawi system are: The IM is completely sterilizable and
has no electronic components or motors. The IM has the
unique independent foresep jaw movements, which increases
the dexterity of the tool tip, without the use of a wrist
mechanism, making its construction much simpler. Moreover,
this has been designed to give the flexibility of tool change
during operation which is an imperative feature for a surgical
system. Existing surgical systems like RAVEN and SOFIE do
not possess this feature. The smaller size and light weight of
Al-Zahrawi instrument module makes it ideal for surgical purposes. Another distinguishing feature of Al-Zahrawi is its considerably smaller foot print as compared to da Vinci surgical
system which has about 6.7m. This makes Al-Zahrawi surgical
robot ideal for transportation, easy-docking and adjustable
in operating theater environment. Smaller tool-head makes it
advantageous over systems with bigger tool-heads like SOFIE.
The instrument module is completely devoid of any actuators
or complex electronics and, hence, the end-effector is suitable
for sterilization as well. The other aforementioned systems,
to the best of our knowledge, do not possess this capability.
This paper describes the complete Al-Zahrawi system from
the perspective of mechanical design and controls and, to the
best of our knowledge, these kind of details have rarely been
made available for any other tele-surgical robot.

hand movements and sending it to the slave console, which
in turn drives the slave manipulators. The MM and MCSM
modules are the most sophisticated modules of the master
console and are described in detail now.

Fig. 2.

The Master Console

A. Master Manipulator (MM)
2 MMs, shown in Figure 3, are provided for the left and
right hand. The basic function of the MM is to track the
movements made by the surgeon’s hand and transfer this data
to the SM. The MM employs mechanical mechanisms with
optical encoders to achieve this. The mechanical structure of
the MM can be divided into three modules: support, arm and
wrist. The support module has 1 DoF and attaches the MM to
the surgeon console. The active DoF of the support module is
represented by a red line in Figure 4(c). The arm module has
a total of 3 DoFs, 2 of which are active while 1 is passive.
The wrist module has 3 DoFs. 2 DoFs are provided by

III. T HE M ASTER C ONSOLE
The main functionality of the master console, depicted in
Figure 2, is to facilitate the surgeon to operate on a remote
patient. It comprises of two MMs, a display monitor, foot
pedals and the MCSM. The MMs allow the surgeon to directly
control the remotely installed robotic arms for conducting the
surgery. The monitor provides an interactive interface with
an embedded real-time video feedback from the endoscopic
camera and other information regarding the patient and the
system. The incorporated clutch foot pedal in the master
console allows the surgeon to switch between the endoscope
control and the forceps control modes. The indexing foot pedal
is used to align the MM with SM. The MCSM contains all the
necessary electronics with a prime task of acquiring surgeon’s

Fig. 3.

The Master Controller - Physical Prototype

the individual forceps, while the third DoF provides the roll
motion for the instrument. The user interacts with the MM
through the wrist module. In order to allow the operator to
firmly hold the MM, a gripper and 2 forceps with room for
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the thumb and the index finger is provided in the wrist module.
Both forceps can be moved independently with respect to the
gripper.
The arm module utilizes the four bar linkage mechanism [18]
for achieving decoupled 2 DoFs. The arm module has a passive
revolute joint, which is provided with the aim to make the
working of MM more intuitive. The support module supports
the whole master controller and further helps in connecting
the MM with the master console.
The MM has a total of 6 DoF, namely the Pitch, Yaw,
Roll, back/forth and individual forceps jaw open/close, shown
in Figure 4. Optical quadrature incremental rotary encoders
are used as the input sensing elements for each DoF. We
have particularly selected the E4P high precision dedicated
compact size encoders for this purpose since they offer an 8bit resolution and a maximum reading frequency of 20 KHz,
which is sufficient enough to track human hand movements
falling in the range of a few Hz. The MM has a resolution
of 0.35◦ and a total workspace volume of 0.016m3 . The first
physical prototype of the MM, shown in Figure 3, has been
developed. The current, custom designed master controller is
not a haptic device but the feature was kept in mind during the
design phase so that it can be incorporated in future versions.

B. Master Control and Sensing Module (MCSM)
The MCSM, shown in Figure 5, is the most significant part
in the master console. It obtains instructions from surgeons
through both MMs and transmits them to the slave console in
order to drive the slave manipulators. Moreover, it ensures that
the overall system is working without any errors. It comprises
of the MCSM controller, master manipulator units, and MCSM
power board. MCSM is the central controlling element of
the master console. It monitors the status of all the system
components and upon detecting a failure, takes appropriate
action to ensure reliable operation of the master console. It can
disable any Actuator Unit (AU) as per error feedback from the
AU. It also performs diagnosis checks for the communication
links, based on the feedback address from AUs, to ensure that
the system connection is stable and reliable at all times. These
kind of sanity checks are very important given the safetycritical nature of surgical robotics.
MCSM has 2 master manipulator units, which are directly
connected to three SMs via the RS485 communication link.
The RS485 communication standard is preferred because of its
differential transmission ability that makes it almost immune
to noise and more suitable for long distance reliable communication. It allows multiple transceivers to share a single bus for
communication in the master-slave topology. All the AUs in
each SM have unique addresses and are connected to a single
master manipulator unit. The AUs are capable of transmitting
the fault codes back to the master manipulator unit and then
this fault information is delivered to the MCSM controller for
appropriate action. An 8-bit microcontroller (Atmega1284p) is
selected for implementing the master manipulator unit because
of its large number of external interrupt support.
An event based, interrupt driven asynchronous algorithm has

Fig. 5.

Fig. 4. The Master Controller - Degrees of Freedom (a) Roll (b) Depth
(c) Yaw (d) Pitch (e) Both foresep jaws can be moved independently with
respect to the gripper. The red axis represents the active DoF, while the blue
axis represents the passive DoF of the arm module.

System-Level Block Diagram of the Master Console

been devised to meet the stringent real-time requirements of
the master console. Once the encoders provide counts for each
DoF, they are fed into the control loop running on a specifically
designed controller board comprising of a microcontroller and
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Fig. 6.

Flow chart for master manipulator Unit software

the necessary interface for sensors. Any movement in encoders
generates a specific external interrupt to read the encoder value
and transmits the encoder position to the specific AU along
with the address. The control loop keeps track for each DoF
and converts these counts into absolute values, simultaneously.
The master manipulator unit code flowchart is given in Figure
6.
In the main function block all the ports, timer and interrupts
are initialized. A complete AUs connectivity test is performed
and in case of any failure or AUs errors it sends an error
to MCSM controller. It also receives AUs enable/disable
commands from MCSM controller and sends it to AUs.
The program continuously compares the values of Counter

X with Current X variable (where X = 1 to 6) and if it
finds any difference it transmits the appropriate AU address
along with the U/D (Motor Up/Down ticks) character. The six
optical encoders channels are directly connected to six external
interrupts. Whenever the surgeon performs any movement
the 6 relevant external interrupt service routine are executed
and the encoder phases are compared. Now, if phase A is
leading phase B then counter X is incremented and vice versa.
UART RX interrupt service routine is executed only upon
receiving a malfunction information from AU. The interrupt
service routine of timer 0, running at a frequency of 10Hz, is
responsible for resetting the watch dog timer (WDT) in order
to ensure an error free operation of master manipulator unit.
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IV. T HE S LAVE C ONSOLE
The slave console, shown in Figure 7, is located besides
the patient and away from the surgeon. The slave console
comprises of 3 modules: slave manipulator and platform
(SMP), SCSM and slave console powerboard. SCSM primarily
consists of AU with the sole purpose of driving servo motors,
which are mechanically coupled to slave manipulators, in a
controlled manner. These servo motors imitate all the movements made by the surgeon’s hand in master console. The
Slave Console Power Board is responsible for powering AUs
and servo motors. Smooth ripple free, interrupt free, filtered
and stable power ensures the precise movement of the encoder
servo motors. To ensure safety, the slave console is outfitted
with an emergency shutdown button in order to shutdown the
operation of all SMs in case of any malfunction or abnormal
behavior. The two main modules, i.e., the SMP and SCSM are
described below:

Fig. 8.

The Robotic Manipulator and Platform
Properties
Motion Envelope
Planar
Controllability
Size
Construction
Transmission
Stiffness

DPM
Compact
Intrinsically
Simple
Compact
Simple
Simple
High

Spherical
Large
Non-planar
Complex
Bigger
Complex
Complex
Low

TABLE I
C OMPARISON OF D OUBLE PARALLELOGRAM M ECHANISM (DPM) AND
S PHERICAL M ECHANISM

Fig. 7.

The Slave Console

A. Slave Manipulator and Platform (SMP)
The SMP can be further divided into 4 main parts; ground
support trolley (GST), pre-surgical setup (PS), slave manipulator and instrument module (IM).
The ground support trolley provides a stable and stiff base
for the whole assembly. To facilitate mobility, wheels are
added to the base. The pre-surgical setup consists of a number
of passive DoF, which are used for positioning the robotic
manipulators, above the patient and have no active role in
the surgical procedures. The passive joints can be moved,
set and locked at any desired position by an assistant at the
patient side. The SOFIE and Da-Vinci surgical systems also
use passive joints for their pre-surgical setups.
The ground support trolley is designed to support 3 SMs.
The left and right manipulator holds the surgical instruments
while the centre manipulator holds the endoscope. The SMP
is shown in Figure 8.

1) Slave Manipulator (SM): The SM is based on the
modified double parallelogram mechanism and is able to rotate
and translate the end-effector about a fixed point in space.
This fixed point must be coincident with the incision point.
Such mechanisms are called Remote Centre of Motion (RCM)
mechanisms [3] and they provide an inherent safety feature by
not allowing any lateral movements to the instrument about
the fixed/incision point. A more comprehensive review of
the different kinds of RCM mechanisms, used for minimally
invasive surgical robots can be found in [3]. The double
parallelogram mechanism and the spherical mechanism are
the most widely used RCM mechanisms. Both were analyzed
and the double parallelogram was opted due to the advantages
listed in Table I. The DPM has a relatively compact motion
envelope and size [9]. It is also simple in construction due to
the fact that it is a planar mechanism. In case of the DPM the
actuators can be placed at the base of the mechanism, reducing
the overall moving mass. The plannar links also makes the
transmission simple. The spherical mechanism has 2 coupled
DoF, thus requiring that each actuator be placed at each joint or
use complex transmission in order to move all the actuators to
the base of the mechanism. Furthermore the DPM has simple
controllability due to the decoupled DoFs.
The SM and the IM have a total of 6 DoFs namely: instrument
pitch, instrument yaw, instrument depth, instrument roll and
independent foreseps open/close. The first 3 DoFs are provided
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by the slave manipulator, while the later are provided by the
instrument module. The SM utilizes permanent magnet based
DC brushed motors that are mounted with a gear assembly and
incremental quadrature optical encoders. The gearbox provides
the required amount of torque at the cost of speed reduction.
The incremental quadrature encoder provides precise motor
position measurements to AU. Pittman Inc. GM14900 Series
and Dunkermotoren G30.2 DC motors are particularly used
for developing the first prototype of SM. The Pittman motor
used in the Al-Zahrawi, is rated at 30.3VDC with an encoder
resolution of 500 CPR and a gear ratio of 19.7:1. It is responsible for the SM pitch and yaw movements. Whereas, the
Dunkermotoren is rated at 24VDC with an encoder resolution
of 256 CPR and a gear ratio of 36:1 and is responsible for
instrument jaws, roll and translational movements. Two limit
switches are incorporated in the AU to perceive the extreme
points of the motor rotation. Instrument attach/detach sensing
mechanism is used to ensure that the instrument module is
placed properly. The realized SM is shown in Figure 9

curved scissors, needle holder etc. Keeping this in mind, an
interchangeable instrument module, shown in Figure 10, has
been designed with a quick release mechanism for the AlZahrawi system. Many surgical robotics, such as SOFIE and

Fig. 10.

The Instrument Module - Physical Prototype

RAVEN, lacks this functionality. The IM is fully sterilizable
since it does not contain any electronic equipment and motors.
The motors are placed in the slave manipulator and actuation
is transferred to the IM by utilizing cables and pullies. The
instrument module can be changed by an assistant very easily
and quickly during the surgery. The foresep jaws in IM can
be moved independently. This unique, independent foresep
jaw movement increases the dexterity of the surgical tool tip,
without the use of a wrist mechanism making its construction
and controls much simpler. The individual foresep jaw has
a motion range of 180 deg (-90 - +90). The independent
movements of both jaws provide the flexibility needed to reach
a target area which may not come directly underneath the
tool tip. Through the independent jaw movements, as shown
in Figure 11, target organs 1 and 3 can easily be grasped
which is not possible for a coupled-jaw forceps without a wrist
mechanism. Similarly, by making a combination of roll and

Fig. 9.
The Realized Slave Manipulator (a) with the Interchangeable
Instrument Module (b)
Fig. 11.

2) Instrument module (IM): The SM has a modular design
with an interchangeable IM. Usually during MIS the surgeon
uses different surgical tools, e.g., grasper, clip applicator,

The Instrument Module - independent jaw-movements

jaw movements, this instrument module is capable of operating
the areas around its periphery. This further provides the
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advantage of easy approach to a given target area, flexibility in
grasping and eliminates the need of instrument shaft alignment
with the target organ for effective operation.
B. Slave Control and Sensing Module (SCSM)
The SCSM, shown in Figure 12, consists of 16 AUs, such
that 6 AUs are dedicated for the left instrument, 6 AUs are
devoted for the right instrument and remaining 4 AUs are
committed for Endoscopic SM movement. Each AU represents
a DoF of the SM and with the exclusive purpose of driving
one servo motor. All these AUs are designed in an identical
fashion. However, they had to be tuned independently as all of
them have separate PID controllers. The first step in manual

Fig. 13.

Fig. 12.

System-Level Block Diagram of Slave Console

tuning is to set the values of Ki and Kd to zero and then
keep on increasing Kp until the output starts tracking the
reference with loop response that is acceptably quick without
any oscillations. Then the next step is to increase Ki until any
residual error is corrected in sufficient time. However a very
high value of Ki will introduce instability. Finally, we increase
Kd, until the loop is fast enough to reach its reference in the
presence of load disturbance. However, we again have to be
careful since a very high value of Kd can cause an aggressive
response and overshoot. Figure 13 shows the motor is tracking
a constant profile reference position steps with minimal error
as the green line is the control effort exerted by the AU to
drive the motor.
An 8-bit Microcontroller, Atmega328p, is selected for implementing the AU. The AU receives a command signal from the
master manipulator unit, conditions the signal and delivers the
calculated amount of electric current to the Motor in order to
produce the desired motion proportional to the commanded
signal. The command signal represents a desired position or

Motor tracking the reference position

velocity of the motor. The encoder attached to the servo motor
provides the actual motor position back to the AU controller.
The AU controller then compares the actual motor status with
the command signal. It then adjusts the duty cycle and sign bit
of the pulse width modulation (PWM) to correct any deviation
from the commanded signal.
The AU controlling software is written in the C language and
the corresponding flow chart is given in Figure 14. It starts
with the initialization of ports and declaration of all variables.
AU can operate in two modes. In mode 1, it gets an input
in the form of step/direction pulses and sends real time data
on UART for the manual tuning of PID. Mode 2 is a normal
operation mode and gets an input via RS485 multi processor
communication mode. After selecting the appropriate mode
of operation, timer 2, counters 0/1, WDT, PWM registers and
interrupts are initialized. Once the PID parameters are declared
then the program continuously polls the motor current in the
main loop while handeling the interrupts. In mode 2 it sends
back the AU address to the master manipulator unit to confirm
the connectivity. If the AU finds the motor current greater than
the threshold then it sends an error to master manipulator unit
If any command signal is received, UART RX interrupt service
routine is executed and it compares the address frame with
the AU address. If the address is valid then it reads the data
frame and increments or decrements the reference position
variable depending on the data frame received. The entire
servomotor function is implemented in the timer 2 interrupt
service routine which runs at a frequency of 1kHz, which
includes key tasks like reset the WDT, get reference position,
get encoder position, compute the trapezoidal velocity profile,
calculate error, calculate PID controller and set the motor
PWM if the enable flag is high else cut the servo motor supply.
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Fig. 14.

Flow chart for Actuator Unit software

V. C ONCLUSION
The Al-Zahrawi is a new tele-surgical robotic system based
on a master-slave topology. Its sub systems include the master
console and the slave console. The surgeon uses 2 customdesigned MMs to control 3 SMs located at the slave console.
The SMs are based on the modified double parallelogram
mechanism and has a modular design. The interchangeable
IM is completely sterilizable and has no electronic components or motors. The foresep jaws in the IM can be moved
independently, hence increasing its dexterity without the use
of a wrist mechanism. The SM has a total of 6 DoFs. The
complete master-slave tele-surgical system was described from
the perspective of mechanical design and controls in this
paper. Currently prototypes of the MM and the SM have been
realized, which were tested by a team of 6 senior surgeons
from Holy Family Hospital, Rawalpindi, Pakistan. Each of
these surgeons had prior experience with robotic surgeries
using the Da Vinci robotic system. Whereas, one senior
member of the team is a well-known name in the fields of
Endocrine and Minimal Access Surgery. These surgeons were
asked to perform the peg transfer exercise with Al-Zahrawi.
The results of the tests were mostly positive. The coordination
of master and slave was up to the mark. In this exercise, it
was found that the interchangeable instrument module can be

manipulated and sterilized using the standard protocols that
are followed in the operating room. Furthermore, some useful
feedback was provided by the surgeons for the improvement
of the system.
Future considerations include the realization of the full AlZahrawi system. In-vivo experimentation and validation of the
new system would be the next main step in our work.
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