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subsidiary of Northrop Grumman)%2, which also produces the Wheelbarrow. QinetiQ will
supply the C2 system. The plan calls for deliveries in 2010. The prototype is a six-
wheeled, modular UGV with a range of payloads, sensors, and tools, including a
manipulator arm with a gripper that has nine degrees of freedom. Figure I1I-6 shows the
wheeled CUTLASS and tracked Wheelbarrow systems.

(a) CUTLASS (b) Wheelbarrow

Figure IlI-6. Examples of UK EOD Robots

QinetiQ appears to treat image understanding®? as a pervasive enabling capability
for systems, including vehicle control and robotics and sensors. While explicit references
were not found to machine vision and image understanding, the general descriptions of
QinetiQ’s areas of expertise and the nature of the systems applications give evidence of a

sound, state-of-the-art, if not world-leading, capability.64

R&D in the United Kingdom is distributed among government, industry, and aca-
demia. The following companies and organizations have been active in EU-funded
robotics R&D:

62 Northrop Grumman. New Releases. Available:
http://www.irconnect.com/noc/press/pages/news_releases.html?d=110849 (Accessed January 2008).

63 Image understanding is a research area concerned with the design and experimentation of computer
systems that integrate explicit models of a visual problem domain with one or more methods for
extracting features from images and one or more methods for matching features with models using a
control structure (i.e., the process of interpreting regions/objects in an image to figure out what’s
actually happening in that image).

64 WTW OEI analysis (see Footnote 8).
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e  University of Leeds, School of Mechanical Engineering (prime contractor)®3
e BAE Systems (Operations) Ltd, Advanced Technology Centres — Sowerby
e Thales Communications, Technology Division

e  Shadow Robot Company Ltd.

e Roboscience Ltd.

e  University of Salford, School of Computing, Science, and Engineering

¢ QinetiQ Ltd.: Centre for Robotics and Machines

e Forward Industries Ltd.

For future unmanned systems, UK expertise in intelligent systems is notable. The
University of Leeds appears frequently in compilations of Al and machine-intelligence-
related activities. Image understanding, machine vision, natural language, and knowledge
representation are noted as areas of expertise. Examples of other academic centers in this
area include the Intelligent Systems Lab (ISL)%¢ at Heriot-Watt University (Edinburgh,
Scotland), the Centre for Intelligent Systems and their Applications (CISA)¢7 at the Uni-
versity of Edinburgh, and the University College London (UCL).

The Visual Information Processing Lab (VIPLAB)8 at the University of Notting-
ham reports work in machine learning and pattern recognition using neural networks and
support vector machines. The Image Processing & Interpretation (IPI)%° Research Group

is investigating image processing and analysis, machine vision, and Al.
B. OTHER SIGNIFICANT CAPABILITIES

1. Australia’®
The Defence Science and Technology Organisation (DSTO),’! part of Australia’s
Department of Defence, supports the Australian Defence Force (ADF) in its activities

(counter-terrorism, peacekeeping, and border protection). Recent emphasis on defense

65 See http://www.engineering.leeds.ac.uk/mech/school/index.shtml (Accessed February 2008).

66 See http://www.macs.hw.ac.uk/isl/ (Accessed February 2008).

67 See http://www.cisa.inf.ed.ac.uk/ (Accessed February 2008).
68

See http://www.viplab.cs.nott.ac.uk/ (Accessed February 2008).

69 See http://www.cs.nott.ac.uk/IPI/ (Accessed February 2008).

70 See http://www.cat.csiro.au/ict/staff/pic/aus-robot-research.htm (Accessed February 2008).
71

See http://www.dsto.defence.gov.au/ (Accessed February 2008).
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against terrorism and weapons of mass destruction (WMD) has increased interest in

unmanned systems and robotics.

DSTO developed the Ground-based Weaponised Light Experimental Robot
(GROWLER). It is a remotely controlled unmanned weapon systems test bed platform.
The vehicle is based on the six-wheeled Polaris Ranger all-terrain vehicle (ATV). It fea-

tures a Kongsberg remote weapon station with a 0.50-caliber machine gun.’2

The Robot, Sensors, and Intelligent Environments Group of the Commonwealth
Scientific and Industrial Research Organisation (CSIRO) conducts research in the areas

of robotics and intelligent systems and in biomedical imaging technologies.”3

CSIRO’s robotics research includes image and laser machine vision; automation/
robotic control; mechanical, electrical, electronics and software systems engineering; and

wireless sensor and actuator networks.

CSIRO’s intelligent system research includes multi-component complex systems,

machine learning, embedded networks, and distributed intelligence.
Most of CSIRO’s technology (dual-use) research centers on civil applications.

Much of Australia’s leading research is conducted under the auspices of the Aus-
tralian Research Council (ARC) Centres of Excellence.’* The ARC Centre of Excellence
for Autonomous Systems was established in January 2003. It brings together three

leading research groups:
e The Australian Centre for Field Robotics (ACFR) at the University of Sydney’>

e The Atrtificial Intelligence and Mechatronics groups at the University of New
South Wales (UNSW)76

e Mechatronics and Intelligent Systems Group at the University of Technology
Sydney (UTS).77

72 Jane’s. Australia’s DSTO unveils weaponised robot. Available:
http://www.janes.com/news/defence/systems/jdw/jdw071026_2 n.shtml (Accessed February 2008).

73 CSIRO Robot, Sensors and Intelligent Environments Group Web Site:
http://www.csiro.gov.au/science/intelligentenvironments.html (Accessed February 2008).

74 See http://www.arc.gov.au/ncgp/ce/ce_default.htm (Accessed February 2008).
75 See http://www.acfr.usyd.edu.au/ (Accessed February 2008).

76 See http://ai.cse.unsw.edu.au/index.html and
http://www.mech.unsw.edu.au/content/plans/mechatronic/Mechatronics_Home.cfm?ss=12 (Accessed
February 2008).

77 See http://www.eng.uts.edu.au/Research/areas_mis.htm (Accessed February 2008).
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ARC funds the Centre, with significant financial contributions from the State
Government of New South Wales and the three partner institutions. The Centre also

receives contract research support from Australian and overseas companies.’8

In addition, Monash University appears to have substantial involvement and
expertise in enabling technologies for advanced robotics. The Intelligent Robotics
Research Center research interests include 3D vision, virtual reality (VR), mobile robots,

tactile perception. A more recent activity is the Aerobotics® aerial robotics program.

2. Austria

The Technische Universitit Wien (Vienna University of Technology) conducts
research into vision and control systems for mobile robots. The researchers have devel-
oped an approach to add extensible transport framework to a Common Object Request
Broker Architecture (CORBA) system. The CORBA-based system allows real-time data
and event communication without interference. One application is to simplify the com-

plex functional control software of autonomous robots.30

The Technische Universitit Wien also developed a novel vision system for its
Tinyphoon8! (see Figure II1-7) robot in the Micro Robot World Cup Soccer Tournament
(MiroSot). Tinyphoon reportedly is the world’s smallest soccer-playing robot. This

modular robot has a small camera, vision board, and sensor board.

Figure llI-7. Tinyphoon

78 ARC Centre of Excellence for Autonomous Systems Web Page: http://www.cas.edu.au/home.html
(Accessed February 2008).

79 See http://www.ctie.monash.edu.au/AEROBOTICS/ (Accessed February 2008).

80 Vienna University of Technology Web Site. An extensible transport framework for CORBA with
emphasis on real-time capabilities. Available:
http://www.vmars.tuwien.ac.at/php/pserver/extern/docdetail.php?DID=1396&viewmode=published &y
ear=2004 (Accessed February 2008).

81 See http:/publik.tuwien.ac.at/files/pub-et_12150.pdf, pp. 55-66 (Accessed February 2008).
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3. Belgium

The Humanitarian Demining (HUDEM) program,2 created by the Belgian
Ministry of Defense (MoD), is a collaborative research project for mine sensors, sensor
data fusion, minefield mapping, and mine detection and clearing robots. The participating
universities are the

e Royal Military Academy (RMA) (Project Leader)

e Katholieke Universiteit Leuven (KUL) (Catholic University of Leuven)

e  Universiteit Gent (UGent) (Ghent University)

e  Universite Catholique de Louvain (UCL) (Catholic University of Louvain)

e  Universite Libre de Bruxelles (ULB) (Free University of Brussels)

e  Université de Liege (ULg) (The University of Liege)

e  Vrije Universiteit Brussel.

Areas of research relevant to ground robotics include
e  Multi-sensor data fusion
e Stereovision

e Dedicated robots, including legged robots, tracked robots, a wheeled robot
called TRIDEM, and a remote controlled air excavation device called Blow
Beetle.

4. China

China’s robotics research began during the 1980s. At that time, its resources were
modest compared to those of other countries. Nonetheless, exposure to U.S. and Japanese
robotic developments at the Expo ‘85 World Fair increased China’s determination to
accelerate its robotic R&D efforts.

Much of China’s robotics research has focused on civilian applications. More
recently, however, its scope of interest and activity appears to have expanded to the
military sector. A recent report on Chinese Military Robotics notes that investment in
defense-based robotics has increased over 200% since 2002. Major research activities in
defense applications are identified at the National University of Defense Technology
(NUDT), Shenyang Institute of Automation (SIA), and the Institute of Robotics at

82 Signal and Image Centre (SIC) Web Site. HUDEM. Available:
http://www.sic.rma.ac.be/Research/HumDem/Hudem/index.html (Accessed February 2008).
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Beihang University’s (formerly Beijing Institute of Aeronautics) School of Mechanical

Engineering and Automation.83

Although China is still trailing the state of the art in military robotics, its capa-
bilities in industrial robotics are growing. This growth can be attributed to the country’s
large manufacturing base, especially in automotive manufacturing. Experts predict that
China’s robotic industry will reach more than 9.31B Renminbi®4 (~ $1.3B USD) by 2010.
One notable trend is the international robotics companies that are opening branches in
China and forming partnerships with Chinese companies. For example, ABB Robotics
(part of the ABB Group of Switzerland) moved its headquarters from Detroit to
Shanghai. Another example is Adept Technology of the United States, which formed a
partnership with Second2None Machine Vision Systems of China to distribute and inte-
grate Adept’s robots and vision systems in China.85 868788

The SIA at the Chinese Academy of Sciences (CAS) is a major Chinese developer
of advanced robotics. The Institute’s Robotics Laboratory3? was formed in 1989. In 2003,
they reported work on biomimetic fish robots with intelligent control systems using fuzzy
control and neural networks. In addition, in 2003, they developed the WeiFu Robot
(WFR), which was a tracked ground robot for explosive ordnance disposal, hazardous
materials handling, and search and rescue (SAR) applications. It could carry a canister

gun and tear gas bombs, toxic gas sensors, and high-pressure water guns. It could climb

83 Concurrent Technologies Corporation. July 2007. Emerging technology weaponization Task 2:
Robotics in China (Unclassified/FOUO).

84 The renminbi (literally, people's currency) is the currency of the mainland of the People’s Republic of
China (PRC).

85 2006 China Robot Expo. October 11-13 2006, Beijing International Convention Center:
http://www?2.acae.cuhk.edu.hk/~iros06/docs/2006%20China%20Robot%20Expo.pdf
(Accessed January 2008).

86 Trombly, Maria. September 2006. Robots follow china’s auto growth. Managing Automation
Magazine News Page. Available:
http://www.managingautomation.com/maonline/magazine/read/view/Robots_Follow_Chinas_Auto_Gr
owth 12124170 (Accessed on January 2008).

87 Automation.com News Page. Adept signs robot rep in China. Available:
http://www.automation.com/store/p1030details23110.php?x=1&pagePath=00000000
(Accessed January 2008).

88 Robotics Expert Group of the National High-Tech R&D Programme of China. Some new progress of
advanced robotics in China. Report to the Joint Coordinating Forum 2003 (JCF’2003) of the
International Advanced Robotics Programme (IARP). Available:
http://www.iai.csic.es/iarp/sapr/05_CHINA_IARP_JCF 2003.pdf (Accessed January 2008).

89 See http://rlab.sia.ac.cn/english/Intro.asp (Accessed January 2008).
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stairs at a slope of less than 40° and travel at speeds of up to 0.5 m/s. Currently, the
Robotics Laboratory lists work in distributed intelligent systems, microelectromechanical

systems (MEMS) technology, and robots for hazardous tasks.

China is reportedly preparing to deploy a battlefield ground robot called Van-
guard No. 1. In 2007, they demonstrated the wheeled robot with the Sichuan reserve mili-
tia in a mock hostage rescue mission. According to reports, the robot can conduct
reconnaissance, attack, and defuse bombs. It can also be armed with a shotgun. They
state that the remotely controlled robot travels at speeds of up to 2 m/sec. It is reported to
use both ultrasonic and satellite positioning systems for navigation and control. It is also
reported to be equipped with colored charge coupled device (CCD) cameras and an IR

imaging system for tele-operation.90

5. Croatia

DOK-ING d.o.0., reportedly the largest private demining company in Croatia, is
involved in humanitarian demining.9! The company offers the remotely controlled MV-4
Mini Mine Clearing System, MV-10 Medium Double Tool Mine Clearing System, and
MV-20 Heavy Double Flail-Tiller Mine Clearing System,2 the Grizzly-1 EOD Robot,%3
and UXO disposal robots. They also offer the remotely controlled, tracked MVD Mini

Dozer%4 for a variety of applications in mining, construction, and defense.

90 people’s Daily Online News Page. May 2007. China-made robot joins the Army. Available:
http://english.people.com.cn/200705/31/eng20070531_379684.html (Accessed January 2008).

91 Qee
http://www.armedforces-int.com/categories/mine-clearing-technology/doking-croatian-mechanical-
application-humanitarian-mine-action.asp (Accessed January 2008).

92 See (MV-4)
http://www.armedforces-int.com/categories/mine-clearing-technology/mv4-mini-mine-clearing-
system.asp (Accessed January 2008).

See (MV-10)
http://www.armedforces-int.com/categories/mine-clearing-technology/dok-ing-mv-10-medium-
double-tool-mine-clearing-system.asp (Accessed January 2008).

See (MV-20)
http://www.armedforces-int.com/categories/mine-clearing-technology/mv20-heavy-double-flailtiller-
mine-clearing-system.asp (Accessed January 2008).

93 See
http://www.armedforces-int.com/categories/mine-clearing-technology/grizzly 1-eod-robot.asp
(Accessed January 2008).

94 See
http://www.armedforces-int.com/categories/mine-clearing-technology/mvd-mini-dozer.asp
(Accessed January 2008).
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DOK-ING has supplied robots to the Swedish MoD, the Irish Directorate of
Engineering, the Croatian MoD, and Mechem Consultants (South Africa).?> The United
States Army procured the MV-4 to meet the Robotic Combat Support System (RCSS)

program requirements. They have also deployed these systems in Afghanistan and Iraq.9¢

Another Croatian firm, Puro Pakovi¢ Specijalna vozila Inc. (DDSV) (Duro
Dakovic Special Vehicles),”” produces a remotely controlled tracked, 14-ton mine

clearance vehicle with midi-flail for disposing of anti-tank and anti-personnel mine,
called the RM-KA-02.98

6. Finland

The Department of Automation and Systems Technology?® at the Teknillinen
korkeakoulu (TKK) (Helsinki University of Technology) is active in robotics research.
The Automation Technology Laboratory has developed several mobile robots with leg-
ged, wheeled, rolling, rowing, and hybrid locomotion. Areas of particular emphasis
include robotic societies, mobile robots, and robotics in space, underwater, or in poorly
structured environments such as for forestry, construction, and mining. Much of the work

has been directed toward industrial and marine/maritime applications.100

TKK has collaborated in several international ventures:101

e The Innovative Educational Concepts for Autonomous and Teleoperated
Systems (IECAT) project, with American and European universities

e The PANORAMA project of ESPRIT II on advanced perception and
navigation systems for autonomous applications

95 Army Technology Web Page. Dok-ing — remote-controlled mine clearance machines. Available:

http://www.army-technology.com/contractors/mines/dok-ing-usa/ (Accessed January 2008).

96 Joint Ground Robotics Enterprise (JGRE). October 2006. Development and utilization of robotics and
unmanned ground vehicles. JGRE Report to Congress.

97 Duro Dakovic Special Vehicles Web Site: http://www.ddsv.hr/index_eng.htm (Accessed January
2008).

See http://www.ddsv.hr/razminirac_eng.html (Accessed January 2008).

98

99 See http://as.tkk.fi/en/ (Accessed January 2008).

100 TKK Automation Technology Laboratory Web Site: http:/automation.tkk.fi/ (Accessed January

2008).

101 TKK Web Page. Field and service robotics. Available: http://automation.tkk.fi/Research/FSR
(Accessed January 2008).
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e The FFUSION program for fusion research, the International Thermonuclear
Experimental Reactor (ITER) project to develop an inspection system for the
plasma vessel

e The SHICO project funded by the EU’s Basic Research in Industrial Tech-
nologies for Europe-Europe/America (BRITE-EURAM) for the development
of an integrated ship control system

e The BRITE-EURAM project called the Remote Operated Tankers Inspection
System (ROTIS) for the development of a small ROV for inspecting ballast
tanks.

7. lsrael
Israel—specifically through Elbit Systems, Israel Aerospace Industries (IAI), and
Israel Military Industries (IMI)—has strong experience in the development and use of

unmanned systems for military and national security applications.

IAI’s developments include the Guardium unmanned security vehicle (USV), a
perimeter security system (see Figure III-8). Described as a “next-generation” autono-
mous patrol vehicle based on the Tomcar ATV, Guardium is a high-speed vehicle with
sensors to help navigate various types of terrain, cameras to report field data, and voice
communication. Payload options include both lethal and non-lethal weapons. The Guar-
dium system contains a C41I center that monitors and controls the vehicle’s activity and
continuously processes data. If needed, the commander can override automatic operations

and assume direct control.102

Figure IlI-8. Al Guardium USV

102 1sraCast News Page. 2008. Highly mobile unmanned vehicles. Available:
http://www.isracast.com/articles/68.aspx (Accessed January 2008).
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Elbit Systems has introduced a portable ground vehicle for reconnaissance appli-
cations. The Versatile, Intelligent, Portable Robot (VIPeR) is an unmanned robot that is
capable of climbing stairs and navigating other obstacles. It features an unusual hybrid
conformation where the wheels can expand to function as tracks. The VIPeR was
designed to carry a variety of payloads, including sensors and weapons [e.g., a forward-
looking infrared (FLIR) day/night camera, an explosive detector, a 9-mm mini-Uzi, gre-
nade releaser, and a robotic arm]. This man-portable robot measures 18 x 18 x 9 in. and
weighs 25 lbs. Elbit developed the system for the Israeli Defence Forces (IDF) as part of
the Portable Unmanned Ground Vehicle (PUGV) program.!03

Figure IlI-9. The VIPeR

In 2005, the Elbit Systems introduced the AvantGuard wheeled UGV (see Fig-
ure II1-10). The AvantGuard uses a sensor package to identify and avoid obstacles along
a pre-planned route. The navigation system uses a Differential Global Positioning System
(DGPS) system with three control levels. It also has front and rear cameras mounted on a
pedestal for 360-deg observation and remote situational awareness. Along with the sensor
payload, it can carry weapon systems, such as Elbit’s remotely controlled 7.62-mm
weapon station.104

These systems are semi-autonomous or remotely controlled, which is typical of
Israeli UGVs. Israel seems to aim for more technical, mature operational systems for
patrol and reconnaissance applications as opposed to higher-risk sensor-enabled unsuper-
vised autonomous UGVs.

103 DefenceTalk.com News Page. Elbit systems VIPeR. Available:
http://www.defencetalk.com/news/publish/army/VIPeR Small Portable Reconnaissance Robot11001
0878.php (Accessed January 2008).

104 Defense Update Web Page. AvantGuard: Patrol, surveillance, & recce autonomous unmanned ground
vehicle (UGV). Available: http://www.defense-update.com/products/a/avantguard.htm (Accessed Jan-
uary 2008).
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Figure IlI-10. AvantGuard UGV

InRob Tech Ltd. advertises itself as a leader in the field of advanced wireless and
remote control systems. It has been active in various defense and national security pro-
grams. It also markets the Wasp/Hornet family of EOD systems, and are reported to be
pursuing the development of a somewhat larger EOD robot, the Hornet MK-5 (see Fig-
ure II1-11), based on this experience.!05 106

Figure IlI-11. EOD Robot: Hornet MK-5

In academic research, the Robotics Laboratory of the Department of Mechanical
Engineering at the Technion - Israel Institute of Technology reports work in parallel

kinematic robot structures. These robots can handle a heavier payload-to-weight ratio

105 1hRob Web Site: http:/www.inrobtech.com/ (Accessed January 2008).

106 See http://www.israeli-weapons.com/weapons/vehicles/engineer_vehicles/robots/Robots.html
(Accessed January 2008).
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than the more traditional chain or serial based robots. This work is primarily directed

toward medical applications.!07

8. ltaly

Oto Melara, a member of the Finmeccanica Group, has been involved in UGV
developments since 1986. It is reported to be engaged in UGV developments (either
independently or in concert with others) on at least 7 UGV projects, ranging from a 5-ton

tactical vehicle to a miniature manportable unit, the TRP 3, weighing 5.5 kg.108

The state of the art in Italian UGVs appears to the Praetor, a 240-kg wheeled
UGV capable of carrying a 60-kg payload. The system is described as being powered by
electric drive and having 6-hr endurance, with a top speed of 50 km/h (30 mph). The
system has a line of sight control range of 10 km (1-2 km in urban terrain). The control
link method was not described in the reference. An interesting aspect of the work at Oto
Melara is that it explicitly includes armed attack variants in both the Praetor and the
TRP 2, a smaller 110-kg vehicle that is capable of carrying larger (80-kg) payload than
the Praetor.109

In the area of sensors and controls for autonomous vehicles, Galileo Avionica,

(also a part of the Finmeccanica Group) has been involved in EU robotic R&D.!10

Other work noted in Italy is largely confined to niche areas and to academia. The
Robotics Group at the Centro Interdipartimentale di Ricera “E. Paiggio,” Universita di
Pisa (Interdepartmental Research Center “E. Piaggio,” University of Pisa) has been a
center for research in haptic systems. The center conducts fundamental and applied

research into robotic hands and haptic sensing, displays and interfaces, and tools

107 Technion Robotics Laboratory Web Site: http:/robotics.technion.ac.il/Robotics_Main.asp (Accessed
January 2008).

108 Nativi, A. December 2007. Automation Army: UGVs meet a growing range of battlefield needs.
Defense Technology International. Available:
http://www.nxtbook.com/nxtbooks/aw/dti1207/index.php?startpage=27 (Accessed February 2008).

109 Nativi, A. December 2007. Automation Army: UGVs meet a growing range of battlefield needs.
Defense Technology International. Available:
http://www.nxtbook.com/nxtbooks/aw/dti1207/index.php?startpage=27 (Accessed February 2008).

110 Ty illustrate the challenge of following trends in global technology in this field, as of January 2008,
Galileo Avionica merged with Selex Electronics SAS (United Kingdom) to form a new Finmeccanica
subsidiary, SELEX GALILEO.
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(specifically surgical tools). The researchers are developing VR haptics, simulation soft-

ware aimed at investigating haptic interfaces using a mechanical system in VR.111

The Dipartimento di Informatica e Sistemistica (DIS) (Department of Computer
and Systems Science) at the Sapienza Universita di Roma (University of Rome La Sapi-
enza) is active in researching the use of robotic agents in SAR operations. The depart-
ment has significant Al expertise and a high level of competence in complex robotics.

They have received Air Force Office of Scientific Research Grants in this area.!12

Other Italian activities engaged in EU-funded robotic-related R&D include

e  Universita degli Studi di Catania, Dipartimento Elettrico, Elettronico, e Sis-
temistico (DEES) (University of Catania, Department of Electrics, Elec-
tronics, and System Engineering)

e D’Appolonia S.p.A.
e  STMicroelectronics S.R.L.: Soft Computing and Nano-Organics Group
e  Universita degli Studi di Genova (University of Genova)

—  Laboratorio di Progettazione Meccanica Applicata alla Robotica
Industriale (PMAR)!13 (Laboratory of Design and Measurement for
Automation and Robotics)

—  Department of Mechanics and Machine Design

9. Poland

The Przemystowy Instytut Automatyki i Pomiarow (PIAP)!!4 (the Industrial
Research Institute for Automation and Measurements) was established in 1965 as a
national institute to develop new technologies, automation systems, and measuring
equipment for various industries. It has participated in the recent ELROB competitions.
Current work at the PIAP focuses on automation and robotization of production pro-
cesses, automation of transport between operation stands, quality control systems, mobile
robots, industrial measurement systems, measuring and inspection equipment, and car

recycling. In 1992, it established a special section for projects relating to mobile robots:

1 Interdepartmental Research Center E. Piaggio. Robotics Group Web Site:
http://www.piaggio.ccii.unipi.it/newrobotics/roboticresearch.html (Accessed January 2008).

112 AFOSR Grant Contract, Transaction Number 014030E;
AFOSR Grant Contract, Transaction Number 063016.

113 See http://www.dimec.unige.it/PMAR/ (Accessed February 2008).
114 PIAP Web Site: http://www.piap.eu/index.php (Accessed February 2008).
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The Intelligent Mobile Systems Division. Since 1996, its technology has been adapted for

antiterrorist applications.

PIAP offers mobile robots designed for inspection, transportation and neutralisa-
tion of hazardous devices. Explosive ordnance disposal/improvised explosive device dis-
posal (EOD/IEDD) robots—EXPERT, INSPECTOR, and SCOUT—have been designed
in cooperation with end users and security specialists (see Figure II1-12).115 116 In 2000,
the Polish Police purchased the first robot of the INSPECTOR series.

(a) EXPERT (b) INSPECTOR
'-‘

(c) SCOUT
Figure IlI-12. PIAP EOD/IEED Robots

115" Army Technology Web Page. PIAP - EOD/IEDD, search and HAZMAT handling robots. Available:
http://www.army-technology.com/contractors/mines/piap/ (Accessed February 2008).

116 See also http://www.antiterrorism.eu/ (Accessed February 2008).
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10. Russia

Several Russian organizations have programs in robotics.!!7 Major activities of
note are

e Bauman Moscow State Technical University (BMSTU), Mechanical Engi-

neering Department: automatic systems and robots; mobile robots and high-
speed tread vehicles; underwater vehicles and robots

e Moscow State Institute of Radiotechnics, Electronics, and Automatics:
autonomous control systems

e The Russian Academy of Sciences (RAS) Institute for Problems in Mechan-
ics (Lab of Robotics and Mechatronics): wall-climbing robots

The State Research Centers are Centers of Excellence in applied technology, and

three of these centers are noted for mechatronics and robotics:

e  The State Scientific Center of Russia — The Central R&D Institute for Robot-
ics and Technical Cybernetics in St Petersburg: This center was formed in
1968 and is now reportedly one of the largest Russian research centers. It
focuses on robotics and cybernetics research and design for space, air, land,
and sea applications. It has developed several mobile robots for security,
EOD, nuclear operations, and remote analysis applications.!!8 The Institute is
also working with the St. Petersburg State Polytechnical University on UAV
and robotic snakes.

e The Kurchatov Research Center: light, mobile, remotely controlled robotic
systems designed for the disposal of explosion-hazardous objects

e The Central Scientific and Research Institute Elektropribor: Areas of major
potential growth in robotics work include defense, security, medical and

healthcare, industrial automation, and nuclear cleanup (with experience from
Chernobyl).

BMSTU’s Department of Tracked Vehicles and Mobile Robots was established in
1936. The university is credited with a significant role in several Soviet ground combat
systems. At one point, the university hosted a Department of Special Robotics, which
was touted as a leader in technology from the mid 1980s. Some systems listed on the
university’s Web site are explicitly designed for counter-terrorism or military EOD and

for chemical and radiation monitoring and remediation. The current research organization

117 UK Department of Trade and Industry (DTI) Global Watch Mission. November 2006. Mechatronics in
Russia.

118 CRDI Web Site: http://www.rtc.ru/index-en.shtml (Accessed February 2008).
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comprises seven Research Institutes, two of which are important to this discussion:
(1) Informatics and Control Systems and (2) Robotics and Complex Automation. Activi-
ties include navigation systems and systems for movement control of vehicles The sys-
tems appear to be straightforward in design, with wheeled or tracked propulsion, and
simple vision systems and mechanical manipulators for direct human operation (see Fig-
ure IIT 13). References to autonomous robots are limited to systems for lunar and

planetary exploration.!19

Figure llI-13. Sample BMSTU Ground Robot

Novaya Era (New Era) in St. Petersburg is described as designing a new genera-
tion of robots for the armed forces of Russia. The company, which specializes in control
systems for ships, appears to be interested in the development of robots for marine EOD,
rescue, and surveillance and inspection (the so-called “electronic eye” robots).!20 The
company was formed in 1993, as a follow-on to a Soviet-era company, Era, that manu-
factured and repaired electrical equipment for the Baltic Fleet. Recent developments
include humanoid robots, described in the press as the only humanoid-robot project in
Russia. The most important challenges according to a company spokesman are enhance-
ment of the walking algorithm, development of hand functions, and improvements in

vision and machine intelligence.

119 Bauman Moscow State Technical University Web Site: http://www.bmstu.ru/english/science.html
(Accessed February 2008).

120 Central Research Institute Web Article. 23 September 2003. Russian shipbuilding. Available:
[http://shipbuilding.ru/eng/news/2003/09/23/robots/] (Accessed February 2008).
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Participants in an EU program for Multi-Agent Robot Systems for Industrial
Applications in the Transport Domain included the Institute for Informatics and Automa-
tion of the RAS (Laboratory of Neural Computing and Intelligent Control), Belarusian
State University (Cybernetics Department), the Ufa State Aviation Technical University
(Technical Cybernetics Department).!2!

11. South Korea

South Korea’s Agency for Defense Development (ADD) is reported to be devel-
oping a family of experimental autonomous vehicles (XAV) wheeled robotic military
vehicles (see Figure III-14). The ADD is currently testing the models and expects to
deploy them sometime in the 2013 to 2020 timeframe. The XAV are available in sur-

veillance and combat versions.122

(a) Surveillance XAV (b) Combat XAV

Figure IlI-14. ADD Experimental Autonomous Vehicles

The surveillance model weighs 1.2 tons and can reach a speed of approximately
19 mph using battery power. The combat model weighs 0.9 tons and can reach a speed of
28 mph using a gas engine. Both XAV are armed with a 5.56-mm machine gun. They are
listed as having autonomous capabilities; however, the degree of autonomy/level of

supervision required is not known. A paper published by ADD researchers indicates that

121" Community Research and Development Information Service (CORDIS). Available:
http://cordis.curopa.cu/search/index.cfm?fuseaction=proj.document&PJ RCN=2007228&CFID=4841
517&CFTOKEN=36607749&jsessionid=4230ac16261353526a72&q=D2C2B79CFE5S90FA7BEDAFF
A9AS575226A &type=sim (Accessed January 2008).

122 Engadget News Page. Korea unveils new military bots. Available:
http://www.engadget.com/2006/06/09/korea-unveils-new-military-bots/ (Accessed January 2008).
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the XAV middleware implements the JAUS.123 While these XAV were the only foreign
examples that explicitly addressed the implementation of the JAUS, the XAV joint
architecture is in the process of becoming a standard under the Society of Automotive
Engineers (SAE) Generic Open Architecture (GOA) Framework and several software
applications to support JAUS-compliant development are available as COTS.!24 This
includes at an open-source package (OpenJAUS) developed by University of Florida.

The South Korean MoD was reported in 2005 to be working with the Ministry of
Information and Communication (MIC) to develop and deploy “a Horse-Like” combat-
capable robot. The project will run through 2011 at a funding level of $33.4B Won!25
($32.4M USD). Three different robot types with six to eight legs were proposed. The
ADD and the Electronics and Telecommunications Research Institute (ETRI) were cited

as the primary performing activities.!26

Two unarmed ROBHAZ-DT3 tracked robots were authorized to be used by
Korean forces in Iraq. This system was developed by the Korea Institute of Science and
Technology (KIST) in cooperation with YUJIN Robotics and the Korea Advanced Insti-
tute of Science and Technology (KAIST). The system (see Figure III-15) supports sen-

sors and a camera for reconnoitering dangerous environments and bomb disposal.127

12. Sweden

Totalforsvarets Forskningsinstitut (FOI) (the Swedish Defence Research Agency)
supports R&D in military robots, particularly in the area of UAV. Bofors Defence AB
produced a remotely controlled prototype: the 100,000-Ib Mine Guzzler (see Fig-
ure I11-16).128

123 Smithsonian Astrophysical Observatory/National Aeronautics and Space Administration (SAO/
NASA) Astrophysics Data System (ADS) Physics Abstract Service. Component based open middle-
ware architecture for autonomous navigation system. Available:
http://adsabs.harvard.edu/abs/2007SPIE.6561E..61A (Accessed February 2008).

124 JAUS uses the SAE GOA framework to classify the interfaces.
125 The Won is the currency of South Korea.

126 Korea.net News Page. September 2005. Gov’t to develop horse-like combat robot. Available:
http://www.korea.net/news/News/LangView.asp?serial n10=20050921012&lang_no=4&part=104&Se
archDay (Accessed January 2008).

127 Robhaz Web Site. Robot for hazardous applications: ROBHAZ. Available:
http://www.robhaz.com/eng/default.asp (Accessed January 2008).

128 Bofors Defence Web Page. Mine guzzler. Available:
http://www.boforsdefence.com/eng/products/dem.htm (Accessed January 2008).
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Figure IlI-15. The ROBHAZ System

Figure llI-16. Bofors Defence “Mine Guzzler”

The Centre for Autonomous Systems is an interdisciplinary activity at the Kungl
Tekniska Hogskolan (KTH) (Royal Institute of Technology). The Centre conducts
research on most aspects of robotics—but with emphasis on real systems for real envi-
ronments. The center comprises four groups: Control, Applied Mathematics, Mechatron-
ics, and Computer Vision. Demonstration projects include service robotics, rough-terrain
robots, and industrial applications of mobile robotics. Projects involve construction of a
mobile platform that does autonomous mapping of an area using simultaneous localiza-
tion and mapping (SLAM) and a user interface that allows an untrained soldier to operate
the vehicle. The project uses an iRobot all-terrain robotic vehicle (ATRV) for navigation

in urban settings.129

129 K TH’s Centre for Autonomous Systems Web Page. Research projects. Available:
http://www.nada.kth.se/~hic/projects.html (Accessed January 2008).
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KTH also conducts work in human-machine interfaces and UGV technology for
urban environments. Work includes collaborative efforts with the Forsvarets Materiel-
verk (FMV) (the Swedish Defence Materiel Administration, a procurement agency for
the Swedish armed forces) in an exploratory study of ground vehicles for military
applications (e.g., scout functions, mobility support, and mine and UXO detection) and a
project on the use of vision on air vehicles (for navigation and surveillance/reconnais-
sance functions). Work in UGV (see Figure I1I-17) for the urban environment is a par-
ticular area of interest. Luled Tekniska Universitet (Luled University of Technology) also
has relevant research in mobile robotics, including the use of non-contact sensing and

maps for navigation.!30

Figure llI-17. Prototype Robotic Vehicle

13. Switzerland

The Autonomous Systems Lab (ASL) of the Institute of Robotics and Intelligent
Systems (IRIS) at Eidgendssische Technische Hochschule (ETH) (Swiss Federal Institute
of Technology) in Zurich was formed from the merger of the Center for Product Design
at ETH Zurich and the former ASL at the EPFL. The new ASL has more than 40 mem-
bers who conduct research focusing on intelligent systems and autonomous mobile
robots. Research includes product design, manufacturing software, UAVs, mobility,
obstacle avoidance, navigation, mapping, localization, planning, learning, and educa-

tional robotic platforms.!31

130 Tylea University Robotics Department Web Site: http:/www.sm.luth.se/csee/ra/ (Accessed Jan-
uary 2008).

131 Autonomous Systems Lab Web Site: http:/www.asl.ethz.ch/ (Accessed January 2008).
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The IDIAP Research Institute (Institut Dalle Molle d’Intelligence Artificielle Per-
ceptive: Dalle Molle Institute for Perceptual Artificial Intelligence) is an independent,
non-profit research institute focused on multi-modal interactions and multi-media infor-
mation management. It was established in 1991 and is affiliated with the EPFL and the
Université de Geneve (University of Geneva). One of the institute’s main projects is
involved with the development of mobile robotics controlled by the brain. Previously, in
2003, its researchers reported a novel accomplishment—the non-invasive brain-actuated
control of a mobile robot. In 2007, it presented its brain-actuated wheelchair navigation
at the Institute of Electrical and Electronics Engineers (IEEE) 10th International Confer-

ence on Rehabilitation Robotics.132 133

14. Singapore

Singapore Technologies Kinetics (ST Kinetics),134 the land systems arm of the
Singapore Technologies Group, has developed and markets the Spider Light Strike Vehi-
cle (LSV) (see Figure III-18).135 Described as “combat-proven,” the Spider is a four-
wheeled, remotely controlled UGV that can operate at a range of 500 m. ST Kinetics
states that Spider has some semi-autonomous capabilities to lessen the operational bur-
den. Plans call for full autonomy in the future. Cornell University used the Spider as the
basis for their entry into the 2005 Defense Advanced Research Project Agency (DARPA)
Grand Challenge.136

The School of Mechanical and Aerospace Engineering (MAE) [formerly called
the School of Mechanical and Production Engineering (MPE)] at the Nanyang Techno-
logical University (NTU) has ongoing efforts in locomotion, path planning and naviga-
tion, mobile communications, power and drive systems, sensor fusion, and distributed

intelligence for mobile robots.

132 IDIAP Web Site. The IDIAP research institute history. Available: http://www.idiap.ch/about.php
(Accessed January 2008).

133 Non-invasive brain-actuated control of a mobile robot. In Proceedings of the 18th International Joint
Conference on Artificial Intelligence, August 2003. Available:
http://www.idiap.ch/publications/millan-2003-ijcai.bib.abs.html (Accessed January 2008).

134 ST Kinetics is partially owned by the Singapore government.
135 National Defense News page. Singapore company toys with concepts of the future. Available:
http://www.nationaldefensemagazine.org/issues/2004/Jul/Singapore.htm (Accessed January 2008).

136 Garcia, E. Technical review of team Cornell’s Spider, DARPA Grand Challenge 2005. Available:
http://www.darpa.mil/grandchallenge05/TechPapers/TeamCornell.pdf (Accessed January 2008).
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Figure 11l-18. Spider LSV

Researchers from NTU’s School of Electrical and Electronic Engineering are
investigating the use of millimeter wave (MMW) radar for robot navigation. Specifically,
they are interested in the use of MMW radar range measurements for SLAM, an

advanced enabling technology for sensor-based autonomous navigation and control.!37

137 Jose, E. and Adams. M. Millimetre wave RADAR spectra simulation and interpretation for outdoor
SLAM. School of Electrical and Electronic Engineering, NTU. Available:
http://www.ntu.edu.sg/home/eadams/Papers Pub/Ebi_Jose ICRA_camera_ready feb26.pdf
(Accessed January 2008).
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