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Q Fault-tolerant reactive group behaviors
Q Communication minimization and

planning
Q Integrative mission specification and

usability testing
Q Real-time resource analysis and

management
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Problem Statement
– Constructing robot control configurations is

ad hoc and tedious

– Configurations are difficult to retarget for
new vehicles

– Component reuse is difficult yet needed at
all levels of abstraction

– Support is needed for evaluation of
multirobot configurations
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Solution
Q Graphical editor supports construction and

visualization of configurations
Q Allows delayed architectural and vehicle bindings
Q Supports multiple code generators, one for each

architecture
Q Operator console provides faster than real-time

simulator
Q Libraries of reusable configurations and components

maintained for ease of reuse
Q Validation by formal usability studies
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Constructing a Configuration
– Configuration editor used to graphically

place components and connect dataflows

– Select method for state-based coordination
– Bind to the desired architecture and

vehicle
– Generate robot executables
– Test configuration in simulation
– Deploy on robots
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The executive subsystem consists of the

– MissionLab console

– faster-than-real-time simulator, and

–    runtime data logging components.
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• Loads precompiled robot
control programs and
overlay description files

• Configures the display

� generating obstacles for
simulations

� altering the scale of the
display

� changing the virtual time
for simulations

� scaling the size of the
display (zooming)

• Provides a Command
interface that permits
interactive step-by-step
command issuance by the
operator using CMDL, a
structured English
language

� has the ability to execute,
stop, pause, restart,
rewind, single step, and
abort missions during
execution

� has the ability to use team
teleautonomy by directing
robots to particular regions
of interest or by altering
their societal personality ().
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• Provides display
options

� leave trails where the
robots have been

� highlight obstacles
that affect the robot

� show instantaneous
directional reaction of
robot to its
environment

The MissionLab  console also provides
a display that shows:

Q The output of a simulated robotic
mission that is run faster than real-
time

Q An operator mission display screen
where robots in the field report back
their position and relevant mission
data that is shown on the mlab
display to provide situational
awareness and context for higher
level decisions regarding aborting,
continuing, or biasing the mission in
various ways
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O The executive subsystem will include a runtime data
logging capability that will be used to provide a
means to evaluate the performance and
effectiveness of a mission.

O This will include measures regarding the risks that
the robots undertook during the mission, other
related safety factors, time and distance to
completion, etc.
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    The premission subsystem involves:

Q The specification, creation, and construction of behavior-based
robots suitable for specific missions.

Q It provides a user-friendly graphical programming environment

Q A series of language compilers used to transform the high-level
iconic description into executable code suitable for the executive
subsystem.

Q Data logging tools that are geared for usability studies leading to
the enhancement of the user interface.
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    The configuration editor (cfgedit):

Q Provides a visual programming entry point into the system.

Q It is geared to average end-users and requires limited training to use.

Q The interactive iconic interface generates configuration description language
(CDL) code which, when compiled and bound to a particular architecture and
robots, generates a meta-language.

Q In this project this is CNL, the configuration network language, that serves as a
precursor to the C++ code that is ultimately generated when the CNL code is
compiled.

Q This resulting C++ code forms the executable code for the robot controller itself.
Within the executive subsystem, this code is then directed either to the
simulation or the actual robots for execution.
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Q Analysis of
– role of communication in tactical situations
– effects of organization on communication

requirements
– effects of task type and complexity

Q Generate design recommendation
Q Communication planning tool
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Q The communications expert (under development) will
provide mission-specific recommendations for
communications methods and topology (e.g.,
broadcast, point-to-point).

Q It will enable a user to automatically configure the
communications links between robots necessary to
support a mission.

Q This follows the same pattern as our earlier work in
the design of a formation expert used in the DARPA
UGV Demo II program
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Q Additional software is used to record user actions during
premission planning.

Q This includes data such as the number and type of keystrokes
and mouse clicks, time to create certain objects, and other
relevant data.

Q These data are then used to interpret the skill by which a user is
capable of achieving within the system, and after subsequent
usability analysis, is used to refine the design interface itself.

Q It is a support tool geared for formal usability studies.
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Q One runtime subsystem is
located on each robot
required for the mission.

Q IPT provides interprocess
communication between the
robots and the mlab console.

Q Consists of:

–  a set of reactive behaviors
and sensor strategies to
interpret and react to the
world

– hardware drivers
customized to interface
designated robots to the
MissionLab system

–  low-level robot control code
generally provided by the
robot manufacturer

– actual robotic and sensor
hardware.
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Q A collection of reactive behaviors is compiled and downloaded
to each robot for execution of the mission that embody the
mission specification designed within cfgedit.

Q They process sensor data as rapidly as possible and issue
commands to the lower level software for timely execution on
the robot.

Q These behaviors include activities such as obstacle avoidance,
waypoint following, moving towards goals, avoiding enemies,
and seeking hiding places, all cast into mission-specific
reusable assemblages.

Q  The output of these behaviors is sent to the groundstation for
monitoring purposes as well as to the robot for execution.
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Q Real-time analysis - by hand
– Selected sample CNL code to add three numbers
– Hand-modified compiled CNL code to delete

Cthreads code and added MetaH code
– Hand-wrote timing information
– Hand-wrote MetaH script
– Ran script through MetaH for real-time analysis
– Generated real-time executables of adder CNL

code
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Q Real-time analysis -
fully automated;
arbitrary timing data
– Modified CNL compiler

� added code to enhance
node list

� modified code generator
to generate MetaH
scripts

– Hand-wrote table of
timing information using
arbitrary values for
execution time and rates

– Ran script through
MetaH for real-time
analysis

Q Real-time code
generation - by hand
– Compiled sample CNL

code to generate C++
code

– Replaced Cthreads
related code with MetaH
communication code

– Generated executable
that can run on MetaH
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Q Real-time code generation - fully automated
– Port MetaH to Linux
– Compiler changes

� automatically replace Cthreads code with MetaH
communications code

� other changes/additions needed for MetaH compatibility

Q Real-time analysis - using real timing
information
– Measure computation times
– Store computation times and rate values in a table

that can be read directly by the real-time code
generator
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Q GUI development

Q Selection of real-time OS

Q Change parts of code that might cause
unpredictable RT behavior
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Q Calculating computation times
– How to automate generation of computation times (modify

compiler?)
– Do they vary significantly (use average time or worst case)?
– Are they dependent on source of input?

Q Other real-time scheduling issues
– Aperiodic (event-driven) processing that can provide faster

response time
– Incremental processing (anytime algorithm)
– Multiple processors per robot
– Multicriticality scheduling - say which behaviors are more

important in the case of processor overload



Georgia Tech / Honeywell

6KOGNKPG

ID Task Name

1 Fault-tolerant multi-robot behaviors

2 Prototype behaviors for two specific military scenarios

3 Acquisition of DARPA-compatible robot testbed

4 CNL extensions for DARPA testbed

5 Completion of tactical behavioral repertoire

6 Communication minimization and planning

7 Specification of communication requirements and protocols

8 Preliminary integration of communication tool

9 Complete integration

10 Mission specification and user interface

11 Begin simulation testing

12 Release of MissionLab 3.0

13 Start usability testing

14 End simulation testing

15 Complete usability testing

16 Complete analysis of usability results

17 Release of MissionLab 4.0

18 Real-time requirements

19 Real-time schedulability requirements on lab testbed

20 End-user GUI completed for feasibility analysis

21 Demonstration of effectiveness

22 Operational tasks

23 Subsystems Specification

24 Demo A - Lab demo of military scenario

25 Demo Plan

26 Demo B - DARPA-specified scenario and site

27 Adaptation of tech transfer of software

28 Final Report / ICD

Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
Q3 '98 Q4 '98 Q1 '99 Q2 '99 Q3 '99 Q4 '99 Q1 '00 Q2 '00 Q3 '00
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Milestone Description Benefit

Prototype Behaviors for two
specific military scenarios
(9/98)

Several MOUT-motivated scenarios
have been developed and tested in
simulation, including: outdoor
advances on an objective building; and
interior room clearing.

Demonstrates rapid
prototyping ability of
behavioral control in
DARPA-relevant scenarios.

Acquisition of DARPA-
compatible robot testbed
(10/98)

4 Pioneer AT robots purchased Provides compatibility with
other efforts in TMR program

CNL extensions for DARPA
testbed
(1/99)

Provides low-level hardware interface
to Pioneer robots, completing bridge to
MissionLab software

Provides end-to-end mission
generation for real robots.

Completion of tactical
behavioral repertoire
(12/99)

Full scale MOUT relevant behaviors
established at primitive, assemblage,
robot, and team levels.

Entry point for usability
testing.  Should enable
complete coverage of
standard TMR MOUT
missions for use by all team
members.
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Milestone Description Benefit

Specification of
communication requirements
and protocols
(6/99)

Provide common standard language
and protocols for interrobot and
robot/operator command and control.

Can serve as basis for
minimal communication
standard for TMR effort.

Preliminary integration of
communication tool
(10/99)

Realization of protocols in a user-
friendly planning tool that facilities the
establishment of operator-robot and
robot-robot communication channels.

Essential for effective use of
Commsbot robot.

Complete integration
(2/00)

See above. See above.
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M ilestone D escrip tion B enefit

B eg in  s im u lation  testin g
(9 /9 8)

M iss ion  scen arios dev elop ed  as spec if ied .
T hese in c lud e 97-20  u rban  scenario  ( im -
p lem ented ), a irpo rt incu rs ion  ( in  p ro gress),
ho sp ita l su rvei llan ce, and  o the r m iss io ns as
spec ified  in  th e C D G  scenario  do cum ent.

S h ow  feas ib ility  o f b eh av io ra l co n tro lled
team s o f rob o ts  in  D A R P A  scen ario s.
P roo f o f con cep t.

R elease o f M iss ionL ab v  3 .0
(6 /9 9)

N ex t m ajo r re lease  inco rporating  a ll  new
im provem en ts to  d ate.
(L everage : M iss ionL ab 1 .0  and  2 .0  w ere
develo ped  u nder D A R P A  R T P C  p ro gram .)

P rov ides so lid  d ocum en ted  ve rs ion  fo r use
b y a ll T M R  team  m em bers at m idw a y
po in t o f P hase  I o f p ro gram .

S tart u sab ili ty  test ing
(12 /99)

T estin g an d  an alys is  o f h um an sub jects o f
m iss io n  sp ecif ication , co m m un icatio n
p lann ing , an d  feas ib ility  an alysis  too ls
develo ped .

P rov ides docum ented  sc ien t ific  ev iden ce  o f
the  u tility  o f th e  developed  system . T he
m etho do lo gies d ev elo ped  an d  used  a re
ex tens ib le  to  o ther s im ilar effo rts  in  the
T M R  program  in  P hase I and  b eyo nd .

E nd  S im u latio n  T est ing
(2 /0 0)

S ee “B egin  s im u la tion  test ing .” S ee “B egin  s im u la tion  test ing .”

C om plete usab il ity  testin g
(4 /0 0)

S ee “S ta rt  usab ility  testing .” S ee “S ta rt  usab ility  testing .”

C om plete analys is  o f
usab ility  resu lts
(6 /0 0)

S ee “S ta rt  usab ility  testing .” S ee “S ta rt  usab ility  testing .”

R elease o f M iss ion L ab  v  4 .0
(7 /0 0)

R elease inco rp o rat in g a l l m od ificatio ns and
ad d itio ns in  year tw o  o f th e con tract.

S p ringboard  in to  P h ase II o f T M R  p ro gram
an d o the r D A R P A  e ffo rts.
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Milestone Description Benefit

Real-time schedulability
analysis on lab testbed
(6/99)

Provide analysis of behavioral
controller relevant to resource
availability on run-time robot
controller.

Establishes go/no-go
conditions for a specific
mission.

End-user GUI completed for
feasibility analysis
(2/00)

User friendly tool for conducting real-
time feasibility analysis.

Provides feedback to the
warfighter regarding potential
for mission success in terms
of run-time operations on
robot.

Demonstration of
effectiveness
(6/00)

See above. See above.
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Milestone Description Benefit

Subsystem Specification
(10/98)

Preliminary description of overall system
architecture.

Disseminates, at an early point in
time, the structure of our effort.
Provides guidance to Part B
contractors.

Demo A – Laboratory demo
of military scenario
(6/99)

Laboratory demo (at Georgia Tech) of
MOUT Scenario (e.g., room clearing
and/or surveillance)

Proof of concept in hardware.

Demonstration Plan
(9/99)

Documented plan for conducting Demo B. Provides clear goals and metrics for
Demo B.

Demo B – DARPA-specified
scenario and site
(6/00)

Actual demonstration of TMR scenario
incorporating multiple robots for a
DARPA-specified mission at a DARPA-
specified site.

Proof of concept on actual location.
Integration of perception, action, and
locomotion in a manner that can
motivate military end-users.

Adaptation of Tech transfer
of software
(7/00)

Consultation with Part B contractors and
transformation of MissionLab where
appropriate into formats that are
compatible with their efforts.

Assures continuity of programmatic
effort.

Final Report/Interface
Control Document
(8/00)

Documents software and entire project. Provides understanding of both
accomplishments and future
directions.
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Q None
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Q Discussions and correspondence with all Part B contractors
– provided detailed technology approach to SAIC
– provided references and information to J. Borenstein (for

Raytheon)
– held conference call with Draper, with emphasis on interface

and integration issues
– providing additional information as requested, and via Web

site
Q Investigated use of SRI vision (availability of hardware and

suitable interfaces)
Q Informal discussions with other Part A contractors, mostly at IPR


