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ABSTRACT

The U.S. Army's Tank-automotive and Armaments
Command (TACOM) Research Development and
Engineering  Center = (TARDEC)  Vetronics
Technology Area is responsible for technology
applications that support reduced crew operations in
ground combat vehicles. The current program
meeting this challenge is the manned Crew
integration and Automation Test bed (CAT)
Advanced technology demonstration (ATD). The
CAT is the culmination of past technology efforts
that include the Vetronics Technology Test bed (i.e.,
the intra vehicle electronics suite science and
technology objective (STO)), future scout virtual
prototype ACT II effort, and Crewmen's Associate
ATD.

INTRODUCTION

The goal of the CAT program is to demonstrate a
multi-mission capable common crew station that
supports a two-crew concept. Its key technology
focus areas are cognitive decision aids, an improved
Soldier Machine Interface (SMI) including an
- indirect vision driving system and driving aids, an

advanced electronic architecture design and network .

topology, and embedded simulation. These
capabilities demonstrated by the CAT ATD will
prove technology readiness leading to possible design
transition and the integration of hardware and
software components into the Army's Future Combat
Systems (FCS) variants.

The Stryker vehicle is the army’s mobility platform
supporting the Interim Force and is critical to bridge
the gap between the Legacy Force and the Objective
Force. This new vehicle is the first major combat
system purchased by the Army in 14 years. The last
major combat system the Army bought was the
Bradley infantry-fighting vehicle.  The. Styker
platform provides the Vetronics Technology
Integration (VTI) team with a FCS like chassis to

integrate and prove out advanced component
technologies for transition into FCS.

TARDEC's VETRONICS Technology Area is also
responsible for a second ATD program known as the
unmanned Robotic Follower (RF). Collectively, the
CAT and RF ATDs are referred to as the VTI
program. The goal of RF ATD is to demonstrate a
near term low risk solution to achieving an unmanned
capability for the Army's FCS program. Both ATDs
are supported by a single integration contractor, use
the Stryker Infantry Carrier Variant (ICV) vehicle as
a test bed platform and share many common
components and capabilities. Another benefit to
managing both ATD efforts out of the same office is
that each program supports the other. The manned
CAT vehicle functions as the lead vehicle during RF
testing. The RF vehicle functions as an unmanned
asset during CAT workload tests.

This paper focuses on the CAT ATD and the
experiments performed to demonstrate the advanced
warfighter interfaces (AWI), automation, and
integration technologies required by future combat
vehicles. The CAT ATD is a multi-year joint effort
between TARDEC, its lead system integrator -
General Dynamics Land/Robotic Systems, and a
number of other industry partners, all of who have
contributed significantly to the success of the first set
of experiments. Several key technologies and
capabilities incorporated into the CAT ATD include:

- Cognitive decision aids

- Drive-by-wire controls

- Day and"night operation

- Indirect vision as the primary means of dr1v1ng

- - Multi-modal interfaces

- Speech recognition

- Multi-function displays with touch screens

- Multi-function yoke

- Keyboard with trackball '

- Embedded simulation as an enabhng technology
for embedded training and mission rehearsal
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- Three-dimensional (3D) audio system
TECHNICAL APPROACH

During the beginning of fiscal year (FY) 2002, all
ATD managers were asked to look at how their
program could support the FCS program by
demonstrating technologies with near term solutions.

“For the CAT ATD, this eant a 13-month schedule .

to go from concept to prototype. To effectively meet
technical program goals, engineers identified relevant
technologies, long-lead items, drew upon past lessons
learned and formed an integrated products team
(IPT).

As another means to meet schedule with no cost
increase, the CAT ATD leveraged component
technology and architectures developed by the Army
Research Lab (ARL) Demo III program. A key
leveraged component technology for both the CAT
and RF ATD is the autonomous mobility (AM)
sensor suite.

In order to accurately define system capabilities and
develop system specifications, one must first
understand the problem domain. To accomplish this
task, IPT membership included representatives from
the Unit of Action Maneuver Battle Lab (UAMBL)
Experimentation and Analysis Directorate (EAD) at
Fort Knox. The role of EAD was to help in the
development of militarily significant scenarios and
vignettes representative of what the Army's Objective
Force expected to encounter. EAD provided soldiers
whose Military Occupational Specialty (MOS) best
matched the programs needs. These soldiers served
as crewmember test subjects during the programs test
period, which lasted over 2 months (6 January to 28
Mar 2003).

With the operational needs identified, development
engineers began defining system requirements for
both software and hardware. The IPT, including
government, contractor and EAD members, worked
to define an advanced multi-mission AWI supporting
the fight (19K), scout (19D), and carrier (11M) MOS
as well as the command and control of unmanned
‘assets. Test engineers were then able to develop the
operational and engineering evaluation test plans.

’ The CAT ATD system [1] was matured through an
iterative approach as follows:

- Task ahalysis of the three MOSs.

- © A VTT IMPRINT workload model developed by
the Human Research and Engineering

Development (HRED) Center out of the ARL
located at Aberdeen Proving Grounds (APG)
served as the baseline model.

- A human machine interfaces (HMI) IPT was
formed to design the human computer and
crewstation design.

=" Micro Analysis & Desigri (MAAD) revised the

baseline IMPRINT model to represent the new
CAT HMI/crewstation design. This will allow
for future workload and human performance
modeling and analysis.

- Development of advanced Vetronics technology
components for ground combat vehicles.

- Integration into Stryker vehicle and demonstrate
Functionality.

- Conducting field tests.

- Establishing baseline results for comparison
against subsequent system developments.

TECHNOLOGY DEVELOPMENT

The Crew Station designs have evolved through a
number of previously mentioned technology
demonstration efforts. Key enabling technologies
integrated in the vehicle include AWI, embedded
simulation, and advanced systems architecture.

Implemented decision aids and automation include
driving (lane tracking, GPS waypoint following, and
obstacle avoidance) and mission planning.

The AWI includes indirect vision driving, drive-by-
wire technology, robotic mission planning and
control, multi-modal interfaces, speech recognition,
3D audio, a Crewman’s Associate multi-functional
display concept, and panoramic displays (multiple
flat panels). The AWI also includes a simulated
virtual world model supporting virtual indiréct vision
driving, a simulated target acquisition sensor suite
with automatic target recognition (ATR) system, and

“simulated main gun and coax-machine gun. All

simulated components are accomplished via the on-
board embedded simulation system (ESS).

On-the-move ESS includes Battlefield Visualization,
Terrain Registration, Virtual Sensor Coverage, and
Virtual Lethality Coverage. A goal of the ESS is the
mixing of live and virtual images. -This is also the
program's most difficult challenge and the highest
risk element.




The advanced systems architecture is a combination
of work resulting from the VTT based on the weapon
systems technical architecture working group
(WSTAWG) and the ARL eXperimental Unmanned
Vehicle (XUV) program.  (Note: The XUV is the
product of the Demo III program mentioned earlier.)

" TECHNOLOGY INTEGRATION

QOur integration approach was to procure the most
promising commercial of the shelf (COTS) hardware
technology and reliably integrate and package
components into the two crew stations. Prior to
Stryker vehicle availability, these two common crew
stations functioned as system integration lab (SIL)
resources for early hardware and software
development, integration, and test.

Later we integrated the same CAT crew stations in
the Stryker vehicle platform in preparation for the
field tests. The goal of the field tests was to prove
out technology developments using a FCS class
chassis to test against the CAT ATD's exit criteria.
The original plan was to layout system components
so the crew stations may be placed in either a side-
by-side or front-to-back configuration. Figure 1
shows the crew stations in side-by-side configuration.
Due to the accelerated schedule, we delayed testing
the tandem configuration for our initial set of
experiments.

|

Figure 1

TESTING OVERVIEW: ENGINEERING

EVALUATIONS, AND OPERATIONAL TESTS

The purpose of these experiments is to show
feasibility and readiness of near term technology
solutions for both manned and unmanned systems
within the FCS program. The two-month VTI

" "CAT/RF “test petiod” conducted "at Ft. Bliss, TX is =~

separated into four phases: (1) Soldier Vehicle
Training, (2) Shake Down Tests (3) Soldier
Operational Testing, and (4) Engineering Evaluation
Testing (EET).

During phase one, soldier's received on-board vehicle
training in February 2003. Active duty tankers and
scouts from UAMBL based in Ft. Knox were trained
in the actual operation of the CAT and RF platforms,
crewstation, and robot control in preparation for the
soldier operational testing phase.

In phase two, the “Shake Down” tests were
conducted in the field at Ft. Bliss, Texas. The goals
were to exercise the system in the field to make the
final system calibration and to resolve any other
issues critical to successfully completing field tests.
Engineers from the Government, General Dynamics
and its industry partners supported this effort.

In phase three, soldiers conducted several mission
scenarios with the CAT, RF, and XUV in military
relevant situations. Data from this operational
experiment will allow us to determine workload
requirements and the effects of automation
technologies on the ability of the soldiers to conduct
four main tasks: infantry carrier, fight, scout, and

control of unmanned assets.

In phase four, EETs of the CAT and RF, the
objective was to characterize the performance of the
integration and application of crewstation and robotic
technology in a ground mobile platform system. The
goal EET phase was to verify the technical
parameters of the relevant system and subsystem
components as well as the overall systems
performance. Measured, demonstrated, and analyzed
values will be used to characterize and verify
compliance to the system specification and applicable
technical design documents. These values will also

. be used to calculate performance metrics relevant to

evaluating the performance of the system and/or
subsystem.

- Four test subjects were used to capture sufficient
- crew performance and vehicle data for each of the -

tests. Specific tests included driving from multiple




positions in the vehicle, multi-modal SMI evaluation
for preparing/submitting a spot report, and evaluation
of speech recognition system to send spot reports.

The objective of the driving tests was to demonstrate
an equal or better ability to drive or navigate the CAT
vehicle using alternate means. Driving from the
original Stryker driver's compartment with the hatch

‘opén’ provided the diiving performance baseline.

Operators also drove the CAT vehicle with the hatch
closed and from the crew station using the indirect
vision system. The indirect vision system consisted
of externally mounted day and night cameras
covering a 120 degrees horizontal field of regard that
mapped 1 to 1 to the crew station's three flat panel
displays. The final driving test included the CAT
autopilot capability. This test required the CAT
vehicle to autonomously follow a pre-planned path
using its autonomous mobility system.

The course layout for the driving tests consisted of
three segments; 1) paved road, 2) secondary road,
and 3) cross-country. The results from the driving
tests were as follows:

Open hatch driving was the best.

Closed hatch driving was comparable to open
hatch driving except when making turns. A
possible cause for the slower operator reaction
time maybe due to limited left -and right
periphery views as compared with the open
hatch.

e Indirect vision driving on paved and secondary
road driving was comparable with closed hatch
operations, but cross-country proved a bit more
difficult.  Especially, when driving over the
cross-country terrain.

e Autopilot driving performed comparably to
manned drivers on improved and secondary
roads. However, cross-country terrain and
unimproved roads are still a challenge that the
VTI program plans to address and improve.

The objective of the multi-modal SMI testing was to
evaluate the use of various input mechanisms, which
minimize the time to complete tactical reports and/or

reduce crew workload. The multi-modal tests were

accomplished by having a ‘safety driver traverse a
dynamic course over various terrain types. A
crewstation operator was then required to enter -data
using soft buttons on a touch screen, keyboard track
ball; thumb cursor on a yoke/handle and via the
speech recognition system.

Tactical reporting was the fastest input device for the
dynamic and stationary test conditions across all

terrain types. Target icon placement while on cross-
country terrain using the touch screen proved to be
difficult. Part of preparing a spot report required

placing the target at a specific location. To change

the location of the icon the test subject had to drag it
with his finger over the touch screen. It was
very easy to loose finger contact with the flat

_panels while going over berms in the desert makmg it
“difficult. "Users indicated that a better and more -

accurate solution would be to use soft button numeric
control to input target coordinates.

The keyboard trackball was the fastest device for the
stationary and paved Terrain for icon placement on
the map. While using the trackball in the secondary
terrain, one subject struggled to move the icon
without dragging previously placed icons across the
map. For completion of a SPOT report, scrolling the
trackball cursor to the touch buttons often took too
much time, especially if the buttons were on opposite
sides of a display.

The thumb cursor and speech recognition modes of
input showed great promise for entering data when
precision was required or when the operator was
under a great deal of dynamic motion. Tests results
did not accurately reflect the technology potential due
to some technical problems possibly brought on by
an accelerated integration schedule. The user often
had to repeat a command before the speech system
recognized it. On a positive note, the system better-
understood natural language commands over the
deliberate articulation of words in a phrase.

HUMAN FACTORS

The test subjects were experienced Stryker operators
selected to assess and provide feedback related to
high stress situations during the operational
experiments. They were also asked to provide
feedback on usability of technologies during both the
Operational Experiment and the Engineering
Evaluation Tests.

Army Research Lab’s Human Research Engineering
Directorate developed the workload questionnaires.
Human Factors Engineers from General Dynamics,
and Micro Analysis and Design developed both the
usability questionnaires. - The same engineers also

‘setup the field tests, collected, assessed, and reported

the feedback from the test subjects.

The purpose of the workload questionnaires is to

 gather subjective participant data to support workload

analysis of the operational tasks. The soldier




interviews will be used along with simulated
workload data (IMPRINT), time-stamped operational
data from the crew stations in the SIL, and time-
stamped video tapes of the operators to determine the
areas of high workload, and the extent of the
workload in those areas. These questionnaires are
only focussed on workload, and not on usability of
the SMI or ergonomics, except to the extent that it
affects the operator workload.” The list ‘of the
workload questionnaires follows [2]:

Participant Information

Pre-Exposure Physiological Status Information
Baseline Subjective Stress Scale

Motion Sickness Susceptibility

NASA Task Load Index Workload Rating
Scenario Review Questionnaire

Estimating Workload Attention Allocation
Questionnaire

Situation Awareness Rating Questionnaire
Ergonomic Factor Questionnaire

Subjective Stress Scale

Estimating Motion Sickness Questionnaire
Goal Accomplishment Questionnaire

The purpose of these usability questionnaires is to
understand the user, develop good user-oriented
design principles, apply them to the future SMI
design, and then to make sure the enhanced interface
is usable through more field tests.

Subjective Questionnaires [3]:

Typical of any engineering testing program, the
collection of data is both  quantitative
(vehicle/operational digital data, video, audio etc)
and subjective. While video and audio also fall under
the category of subjective evaluation, for the CAT
tests a number of subjective questionnaires were
developed for the test subjects to relate their views on
their individual experiences during testing while
utilizing the advanced technologies. The subjects
were_given questionnaire after completing each test
to ensure all the user feedback is collected while the
information is still current. The list of questionnaires
is as follows:

Speech Recognition Experience
Tactical Vehicle Driving Experience
Participant Information Questionnaire
Speech Recognition Exit Evaluation
Speech Recognition System Evaluation
Input Device Exit Evaluation

.CAT Driving Evaluations

CAT Driving Exit Evaluation

¢ Motion Sickness Susceptibility Questionnaire

At this time, both the quantitative and subjective data
are under evaluation by our industry partners.

TECHNOLOGY TRANSITION

The VTI program was successfully demonstrated to a
high-level “audiénce, which included high-ranking
government and industry personnel. These
demonstrations include 1) Unmanned Combat
Demonstration (UCD) Maneuver and Live Fire
Experiments, and 2) VTI Technology
Demonstrations. i

1) UCD MANEUVER AND LIVE FIRE
EXPERIMENT

The CAT and RF ATDs were instrumental assets
supporting the FCS Lead Systems Integrator (LSI)
UCD maneuver and live-fire events. The UCD
experiments consist of both virtual SIL and field
experiments. The virtual SIL experiments were
conducted at TARDEC 6-24 January 2003. UCD
field experiments included operational maneuver and
live-fire segments conducted at Ft. Bliss. The
maneuver demonstrations were conducted during 17-
21 February 2003. Live-fire preparation and
demonstration was conducted 3-7 March 2003.

The first objective was to validate the virtual findings
regarding the amount of human interaction that is
required to operate and control the surrogate armed
robotic vehicle (ARV) in a tactical environment. The
second objective was to confirm that the level of
technology maturity for an ARV exists in order to
enter the System Development and Demonstration
(SDD) phase of the system acquisition process. The
third objective was validation of existing ARV
modeling tools by having subject matter experts
(SME) analyze data collected during the
demonstration and compare the results to the existing
models.

The UCD Live Fire began when the reconnaissance
surveillance and target acquisition (RSTA) XUV
identified an enemy target (i.e., M113) and sent a

- report back to the CAT or surrogate control vehicle

(CV) operator. The CV operator then commanded
the - surrogate ARV-Assault (i.e., the RF ATD
equipped ‘with a Cougar. Turret and Javelin missile
system) vehicle to autonomously move to an
engagement point and re-identify the target. Live
video from surrogate ARV-A was sent back to the
CV operator, who identified the target, initiated a fire
sequence and remotely destroyed the enemy target




with a javelin missile fired from the surrogate ARV-
A

At this time, both the quantitative and subjective data
is under evaluation by our industry partners. Results
may be obtained upon completion of analysis.

2) VTI TECHNOLOGY DEMONSTRATIONS

. The CAT and RF ATDs combined with experimental
unmanned vehicles (XUV) supported the VTI
Technology  demonstrations, which  included
improved road following, cross country autonomous
mobility, unmanned system teleoperation, and
dismounted and mounted follower. Again, key
enabling technologies required to demonstrate these
abilities are an indirect vision system, autonomous
mobility sensor suite, a common crew station
including command and control for remote
unmanned assets, task automation, global positioning
system, personal data assistant, common system
architecture and multiple communication systems.

The demonstration incorporated three main segments
and began with the RF autonomously following a
route along an improved road. The next segment
incorporated the control of the RF and XUV executed
in parallel from the two CAT crew stations. The first
CAT operator issued the RF a series of waypoints
and commanded it to autonomously drive cross-
country using its autonomous mobility sensor suite
while the second CAT operator remotely controlled
the XUV (i.e., teleoperated) cross-county. At the
same time, but in a separate location, a dismounted
operator walked a cross-country route and was
autonomously followed by an XUV acting as a mule.
The final segment completing the demonstration
consisted of the manned CAT vehicle traveling cross-
country acting as the lead vehicle with the unmanned
RF performing a mounted follower capability.

CONCLUSION

The two months of CAT ATD field tests provided the
much-needed data (video, audio, digital) to facilitate
maturation of the advanced crew technologies.
Government and contractor engineers will meet to
discuss lessons learned from the field test(s) and the
resulting metrics. R

Our current-plans and present efforts will be to focus
on. further refining and completing  key enabling
technologies identified by CAT ATD. We will also
continue research of new technologies and to plan for
future testing in order to-create a system that will
enhance the capabilities of the soldiers in the field.

REFERENCES

[1] Brian Novak, “Vetronics Technology Testbed”,
2001 Vehicle Technologies Symposium--Intelligent
Systems for the Objective Force, May 2001.

[2] Micro Analysis and Design / General Dynamics,
“VTI Maneuver Data Collection Plan”, December

[3] General Dynamics / Tank-Automotive RD&E

Center , “VTI Engineering Evaluation Test Plan”,
March 2003. )




Bﬁoo SuroouI3uy 29 1USWAO[IAS(] YIIBISNY o>:oEo§< vﬁm 1

AATIISSVTIONN | .
| | €007 dung 01 -

000S-L6E8Y TIA “USLIBAA
(197 doyspie Al “Y-YL-VLSIAV)
2oIV AS0[0UYIA I, SITUOIIIA
AOEQMAN 1) 19ud) AP @Y dAnowony-yue J, AuLry *S° ()

898-vLS (98S) Xed
§S0S-98L NS / SS0S-HLS (98S)

[Tur AULIe WodB) @) WISWILJ [l

W2 ] SwaiSAS Jua31jjaguy
IPISWABIY “[ BSSIIIAI

(ALV LVD)
10Je1SUOUId(] AS0[OUYId J, S0UBAPY

mmﬁwoﬁosaooh UONRWOINY PUR UONBISAIUL ML)

caAs |




quotudimbs j10ddns sonsido)

PUE SWI)SAS O[OIYA PUNOIZ PIOUBADE ISOUI S, PIIOM ) YIM SISIP[OS N0 Ipraoid
0} %moﬁoﬁﬁoQ SATIOWIOINE PAOUBAPR SUISRIJAJ] S[I(AL SONBWIA[S) pUB EoEmoﬁo\w%
A8orouyoa) 1uaSI[SIUI ‘s0130qOI UONR[NUIIS PIPPIqUIS ‘QINJOAIYITE SOTUOLIIJ[O
‘SUOTIB]S MOI0 JO SBOIR ASO[OUYDd) SOTUONOA U} Ul aobw%& 10NpuOd O,




padopadq
o wshs urpseg
; I Jequio) oImnyg = _ >
/[ uommsuery
/ . (ALY LVD)
UBIN OML 7 4 owd qoR v A\ = )
- | LLA)
1Y ,
90Ad P [# owd( Y L,
. OPIPPA

9)e0SSY
uBWAMIIL)

Qurpsed,, Ago[ouyd,
pue 3SpI[Mmouy] SUIAJOAT




*9010] 958 [qo s AuLry
oy} wqﬁommsm stsseyo a[qertodsuen; O¢1-) © ‘WIOJIR]J JURLIBA ISLLIR)) ATejueju]
IOYANS © 0JUI PIRISIUL Sem UONRISMAIO JY], 1do0U0d MI0-0M) B syroddns ey
uorye)s B&o o[qedes uoISSIW-I}[NW B 9)RISUOWSP 0} ST H< SIY} JO [eOS Y],

.moﬁoﬁow requiod axngy Aq parnbai sor3ojouyod) uoneI3ANUI pue ﬂqoﬁmEoEm |
‘S00BJIAIUI ISYTILIeA PIJUBAPE djensuowdp o) s LV LVD osodind oYy,




</

Improved hardware and software reusability

g
1828

Yoy Joy 8AS peseq ddepaiu] usdo

3510

yasy _.um 248M0S POSEq

! alqe.

92Jn0sdYy 1edshiugd

0mg g

" teusoury wonug (iog M

hares

o)

S99IAI3G SSAIVY I2UNOSAY

uonezilensIA ployomEs

txﬂﬂm‘ | sesps | nomia ]
LU anx | oo |
a

Bujuielj uoIssi 7
Buiuue|d UOISSIIN

sjassy pauuewuq a|diyiny |jonuo
BUIALIQ UOISIA J0a1ipu]
uogpiubooay yosads

olpny g-¢

. sulyoep-491p|OS

BUIALIQ OINY o
Buiuueld ajhoy «
spiv @AuboD «

Sply uolsioaq

solbojouyosa]
1VO




7

w)SAS o1pne () [FUOISUIWIP-IIY L, -
[eSIeayal UOISSIUW pue

3ururen @o@@o@&o 10] ASofouyo9) Surjqeus ue Se UONR[NWIS Pappaquiy -
[eqyorn YIM PIROQAS -
OYOA uonouUNJ-NINA -
SUQ210s Yono} Yim sAe[dsip uonoun-nnA -
uonIug09al yo2adg -

SO0BJIAIUI [RPOW-IINIA] -
SurALIp Jo sueow Arewitid o) Se UOISIA 1091IpU] -
uoneiado 1y3tu pue Ae(J -
S[ONUO dIM-AQ-IATI(T -
SPIE UOISIIIP 2ADNIUS0)) -

:opnjoul Q 1V IV o oy pajeiodioour saniiqedes pue sorSojoutdo) Ao




2/

d0O > d41)

$3S9.1, P

i i

§189L IS

uoneidajuy
A3ofouyoa ],

SY[SB) PAIRIOOSSE pue moﬁozwﬁ\mogsuow JuBOYTUSIS 9010 2ANRIQO

\Q‘u&om@.

sowowodonuy

ugdsog
UONIBISMAI))

Ay 198}

uone[NWIS -

UONOIN

3urpepoN
PBOTHIOM

UOIJBISMIIL)

%ﬂbﬁd« ysel

&twsﬁw&&v p1a1f Jo uoypivdasd ur pawriofiag ssa20.4d a1a1dwio) L0 sdajg ppnpraipuy




=/

'S A[1X 10q01 OM] puB ‘IOYAINS d110q0I SUO ﬁo%ﬁum
(A910 UBW O0M}) PUBUILIOD SUO :SUOTBISUOWIP UL PISN I3 SI[OIYSA INO e

gunso, uonen[eay Suneauiduyg A 9SeUd e
s189 1 Teuonerdd() ‘I oseyd

S)SOT UMO(] 9YeyS ‘J[9seyd e
Jururei], o[oIYoA IOIP[OS T seyd «

mcoﬁﬂoﬁ syuowradxd 03 yorvordde @omma@.EsE .

"X I, ‘SSIT¢g 1] ¥8 sIoanouew [euonerodo Eoﬂoﬁ
pue ‘Aiqedes soueuiofiod [eoTUY09) Y30q PAIRNSUOWSP SIUSWLIAXD Y], »




A/

‘(XL ‘sst1d 14 @ €00¢ 9o.1) Surise) quﬁﬁomo 107 uonjeredard ur jonuo)
10q0y pue ‘uonerado uoneISMaI) ‘UoleIddo I[OIYA IANS UO PIUTRN MIL))

-~ suoneodiIpow JuedItudis noym (D ® €007 9°4) Sururen ,_Hom
uropyerd I9YANS oY) OJUl PaIeISorur 310M T[S JOF 1IN SUOHRISMIIO SUIES I, «

(€007 Arenuer) soni[iqedeo Ko Wim J[ng IS [eNIT pajerduio) .




St

| ‘szoupred Ansnpur
S} pue mo:hmn%ﬂ [e10U0D) ‘DHQIAV.IL/INODHJY Ppapnjoul mEm%oEmm .

"$159] Eom Sunorduoo AJnyssooons 01 [BONLIO SINSSI Hoﬁo Aue 0AJOSaI
pUE TOTRIQI[EO TUAISAS [RULl SY) OYBW O} P[OY U} Ul W)SAS oY) PISIOIXT o




7

‘sareuuonsan() Ajigesn pue @moEHoB @88:00 .

| "S19SSY
PAUURUIUN) JO [OIUO)) PUB IN0IS WS ‘IOLLIER) Anjuejuy :sysel urews Imoj
1oNPUOd 0] SISIP[OS S} JO ANTIqe SY} UO SSLS0[OUYID) JO SIOFFS SUIIANS(

$109[qns 159} S& XOUY 1] WOIJ SISIP[OS SUIS SYSE)
@8@80%@ pUR S0119USIA/SOLIEUS JUBOYIUSIS 9010,] 9AL}0[qQ Pa1doNpuo)) »




soseryd Jo AjoLIBA B OPN[OUL 0] PISN SPUBTIIOD JO )9S
© ureno) SuikIep o
OSIOU S[OIYAA WNWIXEW 0} 199[qns WSAS «
uonENRAF] WSISAS UONTUS003Y Yo3ads »

uonIug00ay 022ds «
J0SIND) qUINYT, o
[[eqy[0oBL] /PIEOgAY »
[oued yonog, «
tomom 10OdS Summwugns/3urredord 10] uonenyeAs NS [OPOIN-HINA »

10[1J-0INY e
SUIALI(] UOISIA 1031IpU] »
gojey pasoro/uadQ «
SOTY2A 2} Ul suonisod Jo JoquInu B WOIJ SUIALI(] e

, ‘popnour ST HH Oroads Egobﬁm
IONANS 2508 oy} Ul %woﬁosaoou 0110qOI PUEB UONBISMIIO PIJeNn[eA] e




&/

‘sisAJeue Jo uonajduwod uodn paurejqo oa Kew S)NSY

"SAoeLIa1U]

QuUIYORIA Ho_@.Eom POOUBYUS I0/PUR SPIE UOISIOdP I0/pue UONEUIOINE WO 1Ifousq

UBO MOI0 QIdYM Seare peoIom Nead AJHUSDI [[IA [opowr oy} JO UONNIAXY

| .3@08 INTIJAT 9y 03 ur mndur aq [[1m spoyiawl JO Joquunu
e SuIsn Pajos[[0d ‘sYse) snoLrea 0) Surpuodsariod ‘ejep SouewIoNed Moo Y],

100} wq:uﬁoe soueurorred uewny e (T, ZHM&ZH:OO 1 aoﬁﬁonE
QOURWLIONIS ] PAAOIdIU] UL SYSE} 9soy} pa[opowt pey ‘1ouped Ansnpul ue ‘qvvIA

| "Se] PAIBIOOSSE o) S [[oM Se pouLiof1od anousIA yoed
10] 9[qeysMSunSIp SI UOHOI[0d BIep JY [, Tuswiddxy [euonerddQ oy Surmnp
oouewIofIod MAI0 TIIM PIJRIOOSSE BIEP AIESS209U AU} Pejod[0o S100UISuY JH




&/

-oroxdurt pue ssaippe 0} sue[d weidoxd [T A Y 18y} S3US[[EYD © [[1IS
ore speol pasoldwliun pue UIBIIS) AIUNOOS-SSOIO IOAIMO] 'SPeoI A1epuodos
pue vggmﬁﬁ U0 SISALIp pauue 0) A[qeredwods pawioyrod SurALp jordony .

| "UIRLI9) AIJUNOJ-SSOIO Y} JOAO SUIALIP UdYM ‘AJ[eroadsy
JINOLIIP 2IoW 1Iq € PaAoid Anunod-sso1d ng ‘suoneiddo Yojey paso[o m
- o[qeredwiod sem SUIALIP Peol AIepuodas pue poAed UO SUTALIP UOISIA JOSMIPU] e«
‘orey uado o) M paredwiod se smala Aroydiied 1ySLI pue 339 pojwI] 03 anp
oq e oW} UOIoRaI I0e1ado IoMO[s 9y 10J asned d[qissod v “suIny Sunjewl
uoyMm Emoxo Suiaup yorey uado o3 o[qereduwroo sem SUIALID Yojey PasO[) o
1509 o1y Sem SwALp yorey uadQ. o
m:smom

*SUBOWI 91BILIS)[R FUISN J[OIYIA
1V oy opmw:éq 10 QALIp 0] AJIJIQe 10)39q JO [enbd ue djensuowa(g QEOQEO




P4

"9A0(QR wStom& [eo110€ ], 10J 9SOY) 0} JE[IWIS dI9M S)[NSI UONIUT00Y 02dg »

| “W2I0S 97} U0 uodl paoe[d A[snoraaid 3eip
%:Sq@?oom 0} Asea sem 31 Jnq UIBLIS) [[& UO [[om PISHOM [[Bq3OeI}/pIe0qAayy «
U92I0S [ONo) Y} YIIM 1080

Bwa@ 9S0] %mmm ES.HB OTWBUAP UO A[[RIO2dsd JINOIIJIP SeM UIOS YONOJ, o )
Suisn dew o) uo juowooe]d uodt 19316 ],

'sydurone oM} ISBI[ Je e 0) Iasn @85@8

onumHmaoo 1 nq Afrermeu seads 03 Jesn oy) paimbar uonu3ooay gooadg o
USAIOS

oy} SSOIO® uﬂo\éb 0] owry pammbar ng osn 03 Ased sem [[BQORI)/PIBOGAIY e

UIRIId) O1E]S PUE OTWERUAD YJOq UO [[9M PIFIOM SUONNG YoNO],
Zursn Surprodar [eonoe],
1SINS9Y

"PRO[NIOM MAID 20Npal Jo/pue sodal [eonoe) 919[dwod 0) dWn
Q) OZIWIUIW YOIYM ‘SWSTUedaw jndur snolreA Jo asn oyl enieAq :2A1399[Q0




[

| ., -oseryd e UI SPIOM JO UOTIB[NOILIR 91eIqI[ap 9}

IOAO SPUBIIOD 93enue] [eINjeU POOISIOPUN-15}13q wWRISAS a1} ‘9jou aAnisod 8 UQ

11 POZIUS000I WNSAS [093ds oy} 210Joq PUBUIIOD B 183doI 0} ey USYJO IoSn Y, «
*9[NPAYoS UONRIZIUI PI)LIS[9I0L UE AQ UO 1y3noiq Ajqissod mEoEEQ [eoTuUyod)
owios 0] anp [enudjod ASojourd9) Ay} JOI[JAI A[9IRINOOE JOU PIP SHMSII SIS, e B
"UOTOW JTWERUAD JO [8ap 18IS © 19pun sem 101e19do oyy

uayM IO @85@8 sem uoIs1oa1d uoym ejep Sulinus 10j dstwold jeaIsS PomMOyS e

m:smom

*3SIOU O]OTYOA WNWITXBW 0] 303(qns ST WSISAS oy} o[Igm Suntodar
[ed1108) J0J Eoum%m uoniugooay yosads oy} Jo AorIndoe oy) djenjeaq :9ANRIGO




T

* SUOLIDLISUOWD(T [PUOD.12d()

dIA IIA ?s %&E%&m 211-201T (D[1,, POPN[OUL SUONEBNSUOWS(T »

‘so1j0.) A1 §D 0] suonerado-Jo :
-yooxd @826:8 pue wuojre[d IoYAnNS oy} Ul sarSo[ouyod) JUSUOdWOd PIOUBAPE

pojerojul wied) [LA SYL (S)uopensuowd(] jequio) pouuEuIl) 1018139)U]
WQJSAS peaT SO JO 1loddns ur [ejuoWNIISUI dIOM SJOSSE Amm\uu«dv 1L > .

| | '9010,] o>5ooEO oy} O} %EE :
o) JO UONRULIOJSURI) S[qBUS 0} SOI0[OUYdd} SANOUIOINE PUE S[OIYAA JBqUIOD

‘paAoIdwil pue MaU QJeISUOWSP PUB SINJBUL O} ST weidord SO JO [803 YL,

.2910,] 9A1393[qQ),, ue Surpyery Jo uoisia sweidoxd SO
o) pue o&& Koe3al o) uoamiaq deS oy [1J 03 [RONLIO ST (S1.DE]) SWed [, jequoy)
opeSug wuejuy s AWry Y1 I0J 010U JO S[OIYA JBqUIOd dY) ‘IONALS YL o




>N

| | SOA Nd O}
£Sojounoa) pue ‘seoeprour ‘s3doouod JO ULIOY oY) UI sonIjiqedes [ A UOLISUBLT, «

(s)110730 21N 03 WAy AJdde pue  pauIedT SUOSSIT,, MITAIY « |

sa1gojouyo9) Juouodurod arnjetr/do[oASp 01 SNUIIUOY) »




N

o q«maaw o
¥;

M,

ASA

so1d wLIopyeld




5




2

SRS

RSP
KRS




09pIA Ae(@ JIA LLA




