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ed. These products have reached 
their development maturity, and 
further work is now focused on 
enhancing the products by 
embedding modern technology 
such as Artificial Intelligence 
(AI). AI provides methods and 
tools that enhance the products 
in terms of their usability, reli-
ability and performance.

The products that would be 
enhanced are Mobile, Security 
and Personal Robots, which 
would embed autonomous navi-
gation capability. Industrial and 
Collaborative Robots would be 
enhanced by embedding image 
recognition capability as applied 
to identification of parts and 
objects near the robot. Face and 
Voice Recognition are technolo-
gies that would further enhance 
the Personal Robots.

here are numerous 
applications of robot-

ics in a wide range of sec-
tors. Most of the robots 
offered on the market are 
product lines that need to 

be adapted to the desired appli-
cations. In some cases, when the 
complexity of requirements can-
not be met with standard off-the-
shelf products, custom robots are 
developed and used.

Most robotic businesses are 
focused on specific lines of 
products, ex. medical robot. 
A minority of businesses offer 
products over a range of appli-
cations including customized 
products.

This article introduces a select-
ed number of applications ori-
ginated in the company I found-

MOBILE ROBOT
FOR EXPLOSIVE 
AND ORDNANCE
DISPOSAL (EOD)
Police, Military, Emergency 
Response Team (ERT), Fire, Nucle-
ar, and other hazardous response 
personnel require remote controlled 
equipment for stand-offs in deal-
ing with explosives, ordnance, and 
other hazardous materials. The 
remote-controlled equipment con-
sists of a mobile platform, video 
equipment, a robot arm mounted on 
the platform, and a series of aux-
iliary operational tools such as fire-
arms, disrupters, x-ray units, etc. 
and associated means of attach-
ing them to the arm or platform. In 
addition, such a system includes 
an operator control unit (OCU) that 
includes cable and wireless com-
munication with the platform, video 
monitors, means of controlling the 
platform and arm, as well as acti-
vating the operational tools. The 
communication covers data, video, 
and audio links. 

The platforms and arms come in 
various sizes. The platforms are usu-
ally anywhere from 60 to 135 cm 
in length, and from 45 to 66 cm in 
width. The arms can have a reach 
from 0.8 cm to 2-3 m. The payload 
capacity varies from 5 kg to over 75 
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Articulated track mobile robots have 
mechanical means activated by remote 
control or autonomously that change the 

shape of the tracks. These robots also have arms 
that are fully modular with self-contained 
electronics. The arms have up to six joints, a 
medium size gripper and a variety of operational 
tools and accessories. The robots are all-
weather and can operate indoor (buildings, 
public institutions, airports, homes) and outdoors 
(obstacle-cluttered terrains).

The arm modules are plug-and-play. 
The arms have distinctive features, enabling 
them to access hard to reach areas in 
airplanes, subways, buses, buildings, 
homes, airports, and train stations. The main 
functionalities and applications of the 
articulated track mobile robots are:
● Handling a wide variety of payloads and 

security mission tools operated by ERTs, 
Special Weapons and Tactics (SWAT), Fire 
Department Personnel, Hazardous Goods 
Response Units and Emergency Measures 
Units 

● Handling a wide variety of payloads and secur-
ity mission tools for Surveillance, 
Reconnaissance, Manipulation of hazardous 
items, Handling of suspected packages, 
Neutralization of security concerns

● Handling and manipulating security concerns: 
 ■ Explosive Ordnance Disposal (EOD)
 ■ Explosive Ordnance Removal (EOR)
 ■ Improvised Explosive Device (IED)
 ■ Hazardous Chemicals, Radioactive Materials, 

Biochemical Waste (CBRNE/HAZMAT) 

● Remote Control of handling and 
manipulating operations:

 ■ Handling of payloads over large 
workspace

 ■ Visual assessment, measurements 
and clean-up in hazardous environ-
ments.

The technology includes the 
following features: 
Arm: High dexterity arm can be config-
ured to perform grasping and manipu-
lating objects, aiming disrupters, push-
ing payloads, reaching under cars or 
through car windows, breaking win-
dows, inserting a car key to open car 
doors.

Precise Motion: To approach, hit 
and handle a sensitive target with 
high accuracy.  Programmable in task 
space coordinates.

Dexterity: Gripper can rotate con-
tinuously, Shoulder, elbow and wrist 
joints are rotary and allow large 
ranges of motion.

Modular Design: Arm can be
easily disassembled and re-assem-
bled for repair and maintenance.
Multiple Payload Mounting: 
Disrupter, shotgun, X-ray unit, 
biosensors and radiation sensors, 
window breaker, charge drop
assembly. ■
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kg depending on the configuration of 
the arm. The total weight varies from 
25 kg to 350 kg. The speed of the plat-
form varies from 2 Km/hour to more 
than 10 Km/hour.

This class of robots is subdivided in 
three major groups: small, medium, 
and large. There are commercial sup-
pliers for each category. The small 
category is mainly used for recon-

naissance, and sur-
veillance. It is usu-
ally not used with an 
arm. The large cat-
egory addresses large 
payloads, ammunition 
firing, and other haz-
ardous tasks involv-
ing heavy payloads. 
The medium category 
is used for a mix of 
operations, some per-
tinent to the small 

robots, and others to the large ones.

These mobile robots could be used for 
surveillance, reconnaissance, handling 
of hazardous items, manipulation of 
suspected packages, neutralizing and 
handling such items as Improvised 
Explosive Devices (IED’s), Hazardous 
Chemicals, and Radioactive Materi-
als. They are all-weather, all-terrain 
mobile robots that can be used in 

both indoor (buildings, public institu-
tions, airports, homes, etc.) and out-
door environments (terrain cluttered 
with obstacles, ditches, gravel, snow, 
mud). 

The mobile robots are fitted with dif-
ferent means of traction: some use 
only wheels for traction, others use 
tracks, yet others use quick-remov-
able tracks that can be mounted or 
dismounted very easily. The tracks, 
permanent or removable, are neces-
sary for climbing stairs and obstacles. 

Other features are related to precise 
independent joint control, high dex-
terity of arm, long reach, high pay-
load, open computer architecture for 
integrating bio-chem sensors, and 
options for autonomous navigation. 
In terms of control, the operator has 
the option to control the arm in joint 
or task space. The platform is always 

controlled in task space, by coordin-
ating the motion of the wheels. Typ-
ically, the platform has two motors, 
actuating two wheels, one on each 
side. The other wheels are rotated 
by chain or other means of trans-
mission.

The robots are remotely controlled 
by a wireless or cable link; cable link 
has an on-board automatic wind-
ing cable system, or an independ-
ent reeled cable system. Two-way 
data and audio and one-way video 
links are usually available. Up to four 
cameras and a microphone provide 
the operator with images and sounds 
of the environment. A surveillance 
camera can be mounted on the arm 
(low to the ground, high in the air, 
close or far from the gripper) or on 
a separate articulated boom (usually 
positioned vertically up).

Mobile
Robots

(Continued on page 21)
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POLISHING 
ROBOT
The advent of modern polishing tech-
niques emerged in the early 1900s. 
Advances in automation technology 
have allowed equipment builders to 
develop automated equipment to pro-
cess more complex shape parts. 

In the 50s, 60s and 70s, some auto-
mated polishing applications were 
implemented, but only the simple 
shape applications could be accom-
plished. More complex shaped 
parts required many media process-
ing heads, each head working on a 
specific part area. 

The development of robotic technol-
ogy has further improved automation 
of finishing applications for both 
simple and complex shape parts. The 
robot with its six axes of motion can 
maneuver complex shaped parts, and 
with the proper head and tooling 
design can successfully polish six 
sides of most part surfaces.

The industrial robot can replicate the 
motions a human would make during 
the manual finishing process. Robots, 
while lacking the human senses of 
sight and touch, do possess the abil-
ity to replay their programmed path 
with a great deal of repeatability. 
Through the implementation of force 
control a constant polishing pressure 
can be applied to the work piece.

Last but not least, robots produce 
consistent, high-quality finishing with 
greater throughput while reducing 
the exposure of workers to the con-
taminants, noise and monotony of 
grinding, polishing, buffing and sand-
ing processes.

WELDING ROBOT
The robot is for automatic arc weld-
ing or spot welding applications. 
The robot arm moves the welding 
gun over the surface to be welded 
while maintaining a proper distance, 
speed, and orientation relative to 
the surface. The smooth and accur-

ate motion of the 
welding equipment achieves 
consistently high quality welds. Fea-
turing lightweight aluminum alloys, 
the arm integrates welding wire 
feed cabling and mounting holes for 
the welding gun in proximity of the 
welding location. This allows effect-
ive welding process control. The 
controller includes easy-to-use arc 
welding and spot welding functions. 
The system has high accuracy pos-
itioning and path tracking, arm dex-
terity for complex welding process-
es, and is easy to program. Possible 
usage in other application areas are 
dispensing and cutting.

SCARA ROBOT 
FOR ASSEMBLY 
MANUFACTURING 

The SCARA robot consists of base, 
first axis joint, link arm, second axis 
joint, link arm, third axis and fourth 
axis joints. The arm is for small-
footprint, light-payload applications 
where high precision, high speed, 
and high performance are required. It 
has a modular design including: sin-
gle-joint modules, compliant joints 
and has high payload/weight ratio. 

The robot is configured out of 
four modules: a large joint module, 
a medium size module, and a two-
joint wrist module. An “extended” 
SCARA robot can be configured with 
five joints by adding one more joint 
to the wrist to allow tilting of the 
end-effector that does not exist in 
the standard SCARA robot. Other 
configurations are possible as well. 

The modular joints are controlled 
by an embedded fully digital servo 
drive. By connecting several mod-
ules together one obtains a robot. 
The robot can be used for assembly 
manufacturing, and can work side-
by-side with a human. The robot is 
light weight, and has high speed, 
high accuracy, small footprint, inte-
grated force/torque sensor interface 
for force and impedance control and 
integrated vision sensor interface for 
visual servoing.

HIGH PAYLOAD 
ROBOT
Applications of the high payload robot 
are in machine tending, palletising, 
packaging, part transferring, pick and 

Welding 
Robot

Robots

SCARA Robot

High Payload 
Robot

place, grinding, deburring, and pol-
ishing. The arm ha s large payload, 
large working space, high speed, high 
accuracy, and integrated force/torque 
sensor interface for force and imped-
ance control, integrated vision sensor 
interface for visual servoing. 

The robot achieves high strength and 
agility with high payloads without 
sacrificing speed and accuracy. It 
consists of base, turret, shoulder tilt, 
upper link, elbow tilt, lower link, 
wrist, first roll, wrist pitch and wrist 
second roll, and gripper.

Turret and shoulder have the same 
internal layout, motor, input gear and 
reducer. The rotation of elbow joint is 
realized through a servomotor with a 
fixedly attached input gear to drive a 
reducer directly. 

The wrist assembly consists of three 
joints: wrist-first roll, pitch, and 
second roll. Three identical motors are 
used for the three joints of the wrist 
assembly. They are mounted on the 
back of the upper link to conveniently 
maintain and ease the balancing of 
the robotic system. However, it is a 
challenge for the mechanical design 
to transmit the motion and torque of 
the three motors to the wrist. 

A counterbalancing system is used 
to compensate the load moments of 
each axle such that the axle drive 
is not overloaded statically, thus it 
can provide the maximum moment 
available for the acceleration of 
the axle. The balancing device is 
arranged to counteract a gravitational 
force upon relative movement of the 
robot arms. ■

ate motion of the 
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the arm integrates welding wire

The robot is configured out of 
four modules: a large joint module
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COLLABORATIVE 
1-JOINT MODULES 
ROBOTS

IRA-15 is designed for collaborative 
applications where the required safe-
ty, dexterity and flexibility are very 
demanding. IRA-15 is a 6-DOF col-
laborative robot arm with single-joint 
modular modules. The compact and 
modular design of the IRA-15 ensures 
the lightweight, ease of installation 
and maintenance of the robot. 

The IRA-15 uses combo actuators, 
which contain output bearings, gear-
head, servomotor, encoder and brake 
all in one assembly. In addition, these 
components are hollow structured 
and that is very convenient for cable 
harness routing. Due to the use of 
combo actuators, the entire robot 
structure of joint and arm is very 
compact, and the total weight is 
lower than products on the market at 
the same payload level.  

The main applications of IRA-15 
are assembly, material handling, 
material removal, machine load-

ing, room cleaning and 
other process tasks 
under various indus-
trial environments. 
By integrating colli-
sion avoidance fea-

ture (torque sensing and 
vision), IRA-15 can conduct the 
above tasks collaboratively with 
humans.  

IRA-20 is a 6-DOF modular arm 
comprising of single-joint compli-
ant modules, reconfigurable, with 
a high payload to weight ratio 
(payload = 20 kg), suitable for 
collaborative human-robot oper-
ations.

IRA-20 can be configured 
in two ways: Option-1 con-
sists of base, turret, shoul-
der tilt, upper link, elbow mount, 
elbow tilt, lower link, wrist roll,
tilt and second roll joints.   

A modular joint design is used. The 
turret and shoulder tilt use one 
size module, and the wrist roll and 
tilt use another size module. Each 
module is composed of harmonic 
drive, brushless motor, brake, 
encoder, motor drivers, interface 
boards, and peripheral components. 
These features make the IRA-20 
installation or replacement easier 
during operation or service. The 
harness passes through the inside 
of the links and through the center 
of the joints.

Shoulder 
connector

Wrist
connector

Shoulder

Upper link

Lower link

Elbow
mounting part Wrist roll

Wrist
2nd 
roll

Wrist tilt

Elbow

Turret

Base

IRA-20 (Option 2) Configuration

Option-2 consists of base, turret, 
shoulder connector, shoulder tilt, 
upper link, elbow mount, elbow 
tilt, lower link, wrist roll, wrist con-
nector, wrist tilt and second roll 
joints. A shoulder connector is used 
for the shoulder and turret, and a 
wrist connector for wrist roll and 
tilt. These would have only minimal 
consequences for the kinematics 
and dynamics due to the change 
of the offset from the base to the 
upper arm and from elbow to wrist 
second roll.

Option-2 would be slightly heav-
ier than Option-1 because of two 
connectors’ weight.  However, 
Option-2 kinematics and dynamics 
are simpler. Also, the stiffness and 
deformation of shoulder and wrist 
tilt joints in Option-2 would be 
easier to control.

Option-1 turret and shoulder would 
use same size module, and wrist 
roll, tilt and second roll would use 
same module.  Option-2 would not 
use same size modules. 

The main features of the robot are: (i) 
active compliance: force and imped-
ance control; (ii) passive compli-
ance: built-in joint compliance; (iii) 
small footprint; (iv) lightweight; (v) 
high dexterity; (vi) integrated force/
torque sensor interface for force 
control; and (vii) integrated vision 
sensor interface for visual servoing. 

Collaborative applications include operations in 
which human and robot must work side-by-side. 

The robot is meant to complement and not 
replace a worker, and it should be flexible

to meet SME (Small and Medium sized 
Enterprises) needs. 

The main applications of IRA-15
are assembly, material handling, 
material removal, machine load-

ing, room cleaning and 
other process tasks 
under various indus-
trial environments.
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sion avoidance fea-
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vision), IRA-15 can conduct the
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THIS ROBOT is for execution of full 
or partially autonomous patrolling of 
dwellings and support to personnel 
in various security operations.  

The application is focused on pub-
lic and private security services in 
both indoor and outdoor environ-
ments, such as schools, office build-
ings, private rental and condomin-
ium dwellings, hotels, stadiums, bus 
and train stations, ports and air-
ports. The robot moves through pro-
grammed routes independently: it 
will call and enter elevators; it will 
do reconnaissance in underground 
parking garages, detect objects and 
issue emergency signals related to 
fire-sensors and human-detecting 
sensors. It can be mounted on vari-
ous mobile platforms.

The robot provides the following 
functionalities and applications:
● Mobile navigation in private premises
● Remote viewing, inspection of 

surroundings, transfer of images
● Auto docking and power charging 

with operation of more than 6 hours
● Automatic detection of obstacles 

Personal Robots

Personal Security Robot

scanning and licence checking 
● Scheduled patrolling of private  
   premises. 

and automatic stop for safety
● Mobile video surveillance
● Detection of intruder, fire, smoke, 

water, gas and chemicals
● People detection and tracking
● Parking garage vehicle plate 

VIDEO CONFERENCING AND
TELEPRESENCE ROBOT
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THE VIDEO TELECONFERENCING 
and telepresence robot has a wide 
range of active and passive applica-
tions: office-to-office communica-
tion, remote business-to-business 
communication, remote viewing, 
inspection of environment, transfer 
of images, and other. 

It provides access to locations by 
remote control, and it provides feed-
back to the operator through video, 
audio and data. Typically, the robot 
APM can be mounted on various 
mobile platforms (MP).

The main functionalities and 
applications are:
● Office-to-office communication, 

remote business-to-business com-
munication

● Remote viewing, inspection of 
environments, transfer of images

● Auto docking and power charging 
with operation of more than 6hrs.

● Automatic detection of obstacles 
and automatic stop for safety 

● Local touch-screen display
● Application in commercial, public 

and private environments.

HEALTH
ASSISTANT 
ROBOT

This robot can meet many care receiv-
ers' health and security needs in non-
acute health care environments such 
as elderly care centres, rehabilitation 
centres and home elder care.

It can manage massive personal 
information, enabling autonomous 
ward rounds. It has intelligent care 
receiver indentification capability, 
fetching in care databases including 
medication and meal schedules. It 
can also monitor and collect health 
indicator data, e.g., heart rate, blood 
pressure, body temperature and 
blood glucose. Immediate warning is 
given of abnormal situations and 
remote help sought. ■

Nuclear robots enable maintenance procedures to be conducted without risk to human health. 
Their capacity for very precise movement also ensures that delicate tubing is not damaged 
during the process.

At the core of CANDU (CANada 
Deuterium Uranium) nuclear react-
ors is the Calandria vessel. It con-
tains a network of horizontal tubes 
for fuelling the reactor. After sev-
eral decades of service these fuel-
ling tubes must be replaced in a 
process known as “re-tubing” of 
the reactor. It is of utmost import-
ance that during this operation no 
debris or foreign matter remains 
inside the Calandria. 

With robots for such operations 
the user can pick up and remove 
any debris, and can also inspect 
the interior of the nuclear reactor 
core. A robot system for operation 
inside the Calandria vessel is used 
for both visual inspection and 
hardness inspection. The robot is 
also a contingency tool to be used 
to collect foreign material created 
during the re-tubing process. The 
robot is inserted through a lattice 
sleeve tube in the shielding wall of 
the reactor after the fuelling and 
pressure tubes have been removed.  

The Calandria Vessel Inspection 
(CVI) robot consists of a long two 
joints boom with a manipulator 
arm attached to its end. The robot 
is equipped with radiation-hard-

ened camera system for visual 
inspection and guiding of the robot 
arm, a vacuum nozzle for removing 
of small shavings and dust-like 
debris, and a gripper for removing 
larger items – up to approximately 
1 kg. The arm is fitted with an 
ultrasonic hardness tester.

The arm is constructed of radiation 
hardened material and compon-
ents. When in operation, the tool 
built-in shielding mitigates and 
essentially eliminates the “open 
channel of radiation” that is inher-

ent when accessing the internal 
portions of the reactor. The arm 
comes with a modular end-effector 
that can be used to pick up small 
debris visually located during the 
inspection process.

The robot enters the Calandria ves-
sel through any of the fuel chan-
nels. Servo-controlled boom exten-
sion and roll combined with robot 
manipulator elbow rotation and 
front link extension allow the end-
effector to reach any point within 
the Calandria vessel. The robot 
arm is controlled by a combination 
of electric and pneumatic actu-
ators that incorporate force control 
and position feedback. The elbow 
joint is driven by a radiation hard-
ened stepper motor. The forearm is 
extensible with a pneumatic cylin-
der through a range of 400 mm. 
The position of this link is mon-
itored with a custom magnetic 
encoder. The end-effector is com-
prised of a pneumatic gripper and 
a vacuum nozzle. Smaller debris 
are removed by vacuuming; larger 
debris can be picked up with the 
gripper and dropped into a shield-
ed flask mounted directly in front 
of the tube sheet. The boom is 
designed to provide radiation 
shielding during the operation of 
the robot system. ■

ROBOT ARMROBOT ARM
FOR INSPECTION FOR INSPECTION 
AND REPAIR OF AND REPAIR OF 
NUCLEAR NUCLEAR 
REACTORSREACTORS

Schematic view of 
robot in operation
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Nuclear Plant Robots
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DNA
MICRO-ARRAYER
DNA array is a generic name covering 
different molecular biology products 
and techniques. It can be described 
as a manifold of DNA fragments 
(spots) of oligonucleotides at low, 
medium or high density. DNA arrays 
are used as research and diagnostic 
tools. The array of DNA fragments on 
a solid surface allows detection of 
the expression of thousands of genes 
in a single experiment. Gene array 
technology is becoming one of the 
most common techniques used in all 
molecular biology laboratories. 

The advantages of DNA array tech-
nology are: simultaneous analysis of 
many genes in a single experiment; 
quantitative and reproducible results; 
speeding up basic biological research 
and disease diagnosis; reduction of 
time, cost, and risks associated with 
discovery and development.

In terms of the technology used to 
make DNA arrays, there are three 
methods: (i) photolithography method 
that is based on-site oligonucleo-
tide synthesis; (ii) micro-spotting 
with quill pins; and (iii) ink jetting. 
The spotting tools are: split/quill 
pins, solid pins, piezoelectric pins, 
capillary, ring-and-pin systems. The 
support used for DNA arrays can 
be: nylon membrane, polypropylene 
membrane, or glass slides. The meth-
ods of DNA binding to the support 
are based on electrostatic and hydro-
phobic interactions with covalent 
links. For detection of gene expres-
sion, complementary DNA (cDNA) 
is spotted first onto the slides, then 
the target DNA is hybridized with the 
cDNA, and the expression is identi-
fied through probe labeling: radio-
activity (33P) and fluorescence (CY 3 
and CY 5), and subsequent detection 
(reading of color intensity).

Robot spotters have been developed 
for DNA spotting on glass slides. A 
spotter has a large spotting surface 
(75 or 126 slides), modular & reconfig-

urable structure, able to spot up to 
83,000 spots per 25 mm x 75 mm 
slide, and capable of performing other 
bio-laboratory tasks such as arraying, 
gridding, re-arraying, and pipetting. 
The robot system is based on a high 
quality three axis gantry robot, with 
1.25 µm resolution of motion along 
each axis, and impedance control to 
avoid high impact forces at the con-
tact between the slide and the pin. 

The system has a repeatability of 2.50 
µm, and high bandwidth communica-
tion with the controller. There is no 
heating, vibration, and the speed is 1 
spot/slide/pin (61,000 genes are spot-
ted in 3.5 h). The slides can be of 25 x 
75 mm, 25 x 25 mm, or 50 x 75 mm. 1 
to 8 micro-titter source plates and 1 to 
6 small membrane holders can be 
used along with up to 126 slides.  The 
cleaning of the pins between loads is 
done in a water bath that uses active 
water pump for cleaning.

The robot is designed to collect DNA 
from 96-well and 384-well source 
plates. 1 to 48 pins can be used simul-
taneously. Each pin collects 250 nl of 
solution and spots 0.6 nl per dot on 75 
to 126 microscope glass slides. The 
center-to-center distance is 120 µm.

A vacuum chamber is used to dry out 
excess material from the quill pins, 
and dry off the water after washing 
them. A blotting pad is used to elim-
inate excess material from the pins 
before spotting.  The quill pins have 
long life (1,000,000 spots). They gen-
erate 75 or 90 µm diameter spots. 
Each pin can be replaced individual-
ly, and up to 250 dots per sample/
one dip can be obtained. 

Environmental control is provided with 
a positive pressure HEPA Fun Filter and 
PPHC humidity controller (limits evap-
oration and fast drying of the spots).

The motion controller is based on an 
embedded PC-104/Pentium. A Graph-
ical User Interface is used to program 
the spotter and monitor the execu-
tion. The host computer is based on 
Pentium/Windows NT. The host con-
troller module can be at a remote 
location. The Graphical User Interface 
is intuitive and Windows-based for 
easy control of number of slides, 
rows, columns, array pattern, dots 
per row or column, speed, spotting 
order, type and direction of source 
plate or membranes, number of pins, 
etc. Simple robotic language is used 
for programming the robot. 

DNA Microarrayer                            Manifold of up to 48 quill pins

(Continued on page 22)

ROBOTIC CELL 
SAMPLE PREPARA-
TION OF LIQUID 
SCINTILLATION 
ANALYSIS 

Managing employees who work at 
nuclear power stations presents 
some unique challenges. One of the 
issues that requires close monitoring 
is employees’ exposure to radiation.  
Quick and accurate detection of any 
anomalous radiation exposure can 
improve the health and safety of the 
employees as well as the operational 
safety of the power station.  

One of the common methods of mon-
itoring radiation exposure is per-
forming a daily scintillation count of an 
employee’s urine sample.  A precise 
amount of sample is mixed with a 
known chemical for analysis. This pro-
cess is tedious and time consuming.

Typically, the amount of sample is in 
the 1000 µl range and the cocktail is in 
the 8ml range. While these volumes 
are not unduly small, they are too 
small to dispense accurately into the 
vial without proper laboratory equip-
ment. 

A turnkey robot system was developed 
for the bioassay sample preparation, 
handling and analysis. The robot takes 
a very small quantity of the sample 
from a container, puts it into a sample 
vial, adds reagents, caps and seals the 
vial, mixes it, and places it into a cas-
sette for analysis. More than 500 
samples per day can be processed.

Processing laboratory vials                                       Picking up samples from vials

Biotechnology and Laboratory



President’s Message/Message du Président

Spring / Printemps  2018    21

Collaborative Robots continued from page 17 

Collaborative 2-Joint Modules Robot

Fore 
link

Upper 
link

Fork
connector

Base

Wrist module
(Tilt & Roll)

Elbow module
(Tilt & Roll)

Shoulder 
module

(Pan & Tilt)

MOBILE ROBOT 
FOR IN-GROUND 
MINE DETECTION

An articulated remote controlled 
mobile manipulator has been 
developed to scan autonomously 
off-road and unstructured terrain 
for buried landmines and explo-
sives. The robot consists of a dual-
arm manipulator mounted on a 
six-wheel mobile 
platform, mine or 
explosive detector, 
range sensors, ter-
rain mapping soft-
ware, and hard-
ware and software 
for communication, 
data transfer and 
control. The plat-
form can also be 
used with tracks 
mounted over the 
wheels. The tracks 
help climb steep 
slopes, and move 
over very rough ter-
rain. The platform 
can be operated 
in remote control, 
semi-autonomous, 
and autonomous 
modes. The ter-
rain map is gener-
ated with respect to a range sensor 
frame to minimize the computation-
al load in real-time. Sensors scan 
and measure the range with respect 
to the terrain and relative to the ref-
erence coordinate frame. Also, the 
normal direction to the terrain is 
computed in real-time. Based upon 
the terrain map that is generated in 
real-time, the mine detector’s pos-
ition and orientation is controlled 

IRA-10 is a two-joint compliant 
modules modular, reconfigurable, 
high payload/weight ratio robot 
arm for collaborative human-
robot operations. The robot is 
a 6-DOF robot arm that can be 
reconfigured in multiple ways. 

The robot manipulator comprises 
turret, shoulder, elbow, first wrist 
roll, wrist tilt and second wrist 
roll. The robot includes two links, 
the upper-arm, and the forearm. 

The robot has modular shoul-
der, elbow, and wrist whereby 
each module is composed of two 
rotary joints with their motor 
drivers and their interface boards 
installed in the module hous-
ing. These features make the 
robot installation or replace-
ment easier during operation 
or servicing. Another feature is 
the internal cabling design, in 
which all cables pass through 
inside of the links and through 
the modules. The upper link con-
nects the shoulder module to the 
elbow module, and the fore link 
connects the elbow module to 
the wrist module. The two-joint 
module robot provides a compact 
structure and is lightweight.

The shoulder module has tilt – 
pan joints. It could be reversely 
installed to become tilt – roll and 
then a turret module (pan joint) 
can be added to become a 7-DOF 
arm. The tilt output side and its 
opposite side are designed to 
connect to a fork-type mechan-
ical interface. The pan joint is 
designed to connect to the base 
of an arm. Two motor-drivers are 
located inside the module. All 
cables are internal to the module. 

such that a desired (constant) sep-
aration and orientation with respect 
to the terrain is maintained.

One of the dual-arms (Detector Arm 
– DA) holds the mine or explo-
sive detector (e.g. metal detector, 
Ground Penetrating Radar source, 
or a nuclear quadrupole resonance 
instrument) that is manipulated 
autonomously. A plurality of mine 
detectors can be mounted on the 

DA. The autonomous 
motion of the DA is 
synthesized and con-
trolled on-line based 
on a 3D map of the 
terrain. The map is 
generated in real-time 
by fusion of sensory 
data acquired from a 
scanning laser range-
finder, an array of four 
ultrasonic sensors, 
and joint encoders of 
the dual arm. 

The rangefinder, a 
motorized scanning 
mirror, and ultrasonic 
sensors are mounted 
on the other articulat-
ed arm (Sensor Arm – 
SA). The SA has a pan 
joint allowing it to be 
positioned relative to 

the DA such that it always scans 
“ahead” of the DA. 

The DA holds and maintains the 
detector at a desired constant ver-
tical distance from the ground 
irrespective of undulations of the 
a priori unknown terrain profile. 
As well, the DA can maintain the 
detector orientation constant with 
respect to the unknown terrain. ■

The elbow two-joint module 
has tilt-roll joints. The tilt joint 
output and mechanical interface 
assemblies on the opposite side 
of the housing connect to the 
upper arm. The roll joint output 
connects to the forearm. Two 
motor-drivers, two electronic 
interface boards and all wirings 
are located inside of the module. 
To keep consistent with robot 
shapes, this module has the 
same shape as the wrist module.

The use of frameless motors is 
to reduce weight and size; other 
features are similar to IRA-20. ■

The rangefinder,
a motorized 

scanning mirror, 
and ultrasonic 

sensors are 
mounted on the 
other articulated 

arm (Sensor Arm – 
SA). The SA

has a pan joint 
allowing it to be 

positioned relative 
to the DA such 
that it always 
scans “ahead”

of the DA.

It could be 
reversely installed 

to become tilt – 
roll and then a 
turret module 

(pan joint) can be 
added to become a 

7-DOF arm.

COLLABORATIVE
2-JOINT MODULES ROBOT

Security Robots continued from page 15 
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Dr. Goldenberg is the founder of 
the field of Robotics at the Uni-
versity of Toronto where he has 
been since 1982 as a Professor of 
Mechanical and Industrial Engin-

eering (now Emeritus), cross-appointed in the 
Institute of Biomaterials and Biomedical 
Engineering, and formerly cross-appointed in 
the Department of Electrical and Computer 

Engineering. He has supervised to date many 
graduate students, 46 PhD and 64 MASc. From 
1975-1981 he has been an employee of SPAR 
Aerospace Ltd., of Toronto, working on the 
development of the first Space Shuttle Remote 
Manipulator System (Canadarm). 

Dr. Goldenberg is also the founder of 
Engineering Services Inc. (ESI) established in 
1982 and operating in the development of 

robotics-based automation. Under his leader-
ship, the company has achieved significant 
growth and a global leading role in a wide 
range of industrial sectors. In 2015 ESI has 
been acquired by a Shenzhen-based Chinese 
consortium, and as of November 2016 the 
company become public listed in Hong Kong. 
Dr. Goldenberg is the CTO of the public com-
pany.

About the Author

All personnel are issued a unique bar-
code for their samples.  These sam-
ples are collected in bar-coded trays 
distributed throughout the power sta-
tion.  Each evening these trays arrive 
at the health physics laboratory for 
analysis.  An operator simply should 
place these trays on the input con-
veyor section of the robot system and 
the robotic cell takes care of the rest. 

For each sample the robotic cell performs 
the following basic operations:
● Reads the barcodes on the incoming 

bottles containing urine samples
● Transfers a measured amount of 

sample material from sample bot-
tle into an empty scintillation ana-
lyzer vial

● Adds measured amount of liquid 
scintillation cocktail into the vial

● Seals the vial and thoroughly 
mixes the contents

● Deposits the vials into the scintil-
lation analyzer cassette

● Provides the data relating the sam-
ple code to the location of the vial

HIGH-DENSITY 
COLONY 
REPLICATOR 
The High-Density Colony Replicator is 
a dispensable, very high density bio-
sample array replicator as an attach-
ment to colony picking robots.

Experimental work conducted in bio-
technology laboratories requires repli-
cating large numbers of yeast col-
onies. The colonies are grown in regu-
lar arrays on standard gel plates. One 
task of the experimental process 
involves transferring an array of sam-
ples from a library plate onto a mating 
plate, followed by transferring of 
another array of samples from a bait 
plate onto the same mating plate, in 
such a way that the samples in the 
corresponding locations overlap. 

Another task requires creating “cop-
ies” of sample arrays: cells from each 
colony on the source plate are trans-
ferred onto one or more target plates.

The common process of replicating 
large numbers of yeast colonies is 
relatively inefficient. The density of 
yeast colony array is limited primarily 
by the accuracy and repeatability of 
the equipment used to manipulate the 
samples. The commonly used “bed-of-
nails” print heads can reproduce an 
array of 768 colonies on a standard 
gel plate. There is a need to increase 
the array density by increasing the 
number of metal pins in a print head.  
However, the pins in such print heads 
need to be considerably smaller, pos-
itioned more accurately, and machined 
with more precision. Therefore, the 
print head is much costlier to manu-
facture and difficult to maintain. 
Moreover, metal pins need to be 
washed after every transfer, which 
requires additional time and equip-
ment, and introduces the risk of sam-
ple cross-contamination.

A new print head was developed that 
would use disposable replicating 
pads. Such a print head can replicate 
high-density arrays and does not 
require washing of the surfaces that 
encounter sample material.  In addi-
tion, disposable pads with density, 
pin-tip size and pin configuration cor-
responding to the currently used 
metal-pin print head have also been 
developed. 

HIGH-PERFORM-
ANCE AUTO-SAM-
PLER FOR MASS 
SPECTROMETRY
Mass Spectrometers (MS) in biotech-
nology and pharmaceutical laborator-
ies are used to process large numbers 
of protein samples. They operate 24 
hours a day, 7 days a week. It is 
necessary to automate the pro-
cess, so that unattended oper-
ation over an extended period is 
possible.

Auto-Samplers can automatic-
ally pick up samples from vials, 
or from 96-well plates; however, 
the sample loss is very high, as 
these instruments cannot effi-
ciently handle very small (20 to 
50µl) quantities. 

Auto-Samplers can operate in two 
modes: full-loop and partial-loop 
injection. Only partial loop injection is 
suitable for small samples. However, 
even in this mode sample loss can be 
as high as 50% due primarily to large 
dead volume (approximately 40µl) on 
the intake side of the sample loop. 
Although manufacturers provide dead 
volume compensation procedures, in 
practice a significant part of each 
sample is lost because of fluid dynam-
ics and protein absorption in the 
intake line, as well as other factors.

The accuracy of MS measurement is 
also affected by high protein absorp-
tion inside the stainless-steel sample 
loop, and relatively large dwell vol-
ume between the buffer pump and 
the column.

An auto-sampler for very low-loss 
automatic injection of samples into 
the mass spectrometer column was 
developed. The system is placed dir-
ectly in front of the mass spectrom-
eter. It includes a compressed air sup-

ply system and control system. It is 
based on a micro-cross assembly 
mounted on an X-Y-Z positioning 
mechanism. The mechanism is used 
to manually adjust the position of 
the column tip in front of the MS 
opening. The required range of 
adjustment is approximately ±3 mm 
for each DOF. Positioning accuracy 
is 0.2 mm. 

An Injection Head Assembly is 
mounted on a vertical linear actu-
ator. The actuator inserts the injec-
tion head into the sample vials, or 
into the waste line coupler. The 
injection head has two sealed ports: 
one for the 100µm liquid line that 
connects the injection head to the 
micro-cross, the other one for the 
compressed air line.

The method of sample injection into 
the column assumes that the sam-
ple will not flow into the line con-
necting the micro-cross to the buffer 
pump. If significant backflow into 
the buffer pump line is found, a cut-
off valve installed on the pump line 
next to the micro-cross prevents it.

A Vials Handling Mechanism is used 
to position the selected sample vial 
or the waste line coupler under-
neath the injection head. The vials 
sit in the matching nests in the vial 
blocks. The blocks will provide 
necessary mechanical support when 
high pressure is applied to a vial. ■

High density replicator attached 
to colony arrayer robot

Mass spectrometer with the 
mounted auto-sampler

Biotechnology and Laboratory Automation Robots continued from page 20 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 225
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 225
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


