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Preface

This is the final report in a project which aims to design a mega-constellation to survey the Earth for environ-
mental, safety and security reasons: monitoring gases, humans, vehicles, and potential other aspects such
as forest fires. This first phase design comes within the scope of the aerospace faculty bachelor project at
TU Delft, more commonly known as the design synthesis exercise or DSE. The authors are, hence, bachelor
students and part of DSE group 01.

The name Mira comes from the Spanish meaning of the word, which is: dlookd and from the Italian one,
which means ¢aimd. In Latin, Mira also means owonderfuld. Mira is also a red giant in the constellation Cetus,
which conveniently happens to have the shape of two boxes connected: with a bit of creativity, one could say
Cetus reminds of the TIR and the MS satellite (we invite the reader to find our more about these two satellites in
the upcoming pages). As the mission looks at our wonderful planet making use of a constellation, Mira seemed
to be the perfect fit for the name.

On behalf of the team would like to thank the tutor, coaches, teaching assistants, external experts and the
DSE organising committee for their support, help and motivation throughout this entire synthesis.



Executive Overview

This is the final report of this project, which aims to present a design for a satellite mega-constellation to monitor
the Earthis atmospheric gases such as carbon dioxide, using short wave radiation, as well as human activity
and potentially fires using thermal radiation.

Project baseline

Mission description

For this mission, the project objectives are clear. They consist of monitoring the gases such as carbon dioxide,
methane, and nitrogen dioxide, using short wave, as well as humans, vehicles and fires using the thermal
infrared spectrum. This must be done using a satellite mega-constellation. The following mission need, and
project objective statement are then formulated. The mission will have to give at least a temporal resolution of
30 minutes for TIR and 60 minutes for gases.

Mission Need Statement: Provide remote sensing through optical instruments with high spatial, radio-
metric and temporal resolution in order to obtain optical images addressing societal applications related
to justice, safety, security, and environmental threats.

Project Objective Statement: Design a Low Earth Orbit satellite constellation equipped with deployable
space telescopes to survey locations of interest for societal objectives.

Market analysis
The market is first defined for its geopolitical and economic region: that is NATO and the EU states, as their
share in the worldis space budget together is 75%. In the EU, the three main potential users are the EU
commission, France, and Germany, due to their very high space budgets. The Netherlandst budget, only at
140 Meuros, means that the Dutch authorities need to share this mission. Moreover, the scientific market and
the demand are both increasing drastically in the field of optical Earth observing mission, about 9.4% per year
for the next ten years.

Furthermore, the analysis of various missions and of SWOT aspects, points out that the mission designed
here is unique, as it is a large constellation, with a high temporal resolution, combined with the fact that it anal-
yses both gases and thermal infrared in shortwave, as the spectral ranges are 2.6-3.5 and 8-12 Om respectively.

Technical Risk Analysis

Technical risks refer to events which can take place, and which will have a guaranteed negative impact on
the mission. To name a few, short circuiting, collision risks and launch vehicle failure are addressed. Their
probability and their potential impact are evaluated and the assessment of possible mitigations to these risks,
to lessen their effect on the system are given.

Sustainable Development Strategy

The approach taken towards sustainability is done by elaborating a strategy. Sustainability was taken into
account in all subsystems economically, mission or environment wise. Whether it is the lowest number of
launches possible, not using non disintegrating materials in the atmosphere, or applying series production, this
space mission aims to take sustainability seriously. Possibly, the major factor at play will be the fact that the
satellite disintegrates in the atmosphere at its end of life.

RAMS analysis

In the first step, the RAMS analysis is about reliability. Redundancy is present on both a subsystem level and
on a system level, with additional satellites being sent in case of some failing. Other kinds of reliability exist as
well, such as the reliability in performance of subsystems. This type of reliability is important for off the shelf
products, and cannot be determined for parts that need to be developed (ADCS and payload).

Furthermore, availability is achieved mostly by just meeting the user requirements on performance. Of
course, here again, redundancy can have a positive impact. Moreover, maintenance in this system is assured
by renewing the constellation every 7 years. Mission safety is mostly related to the safekeeping of the satellitefs
structures and integrity. This is done by thermally controlling the satelliteis components and also by choosing
a fitting structure for the loads.



System design

Mission analysis

Through a comprehensive mission analysis, the main aspects of the mission are analysed. Firstly, the wave-
lengths for the multispectral imager were determined to be between 2.65 and 3.520m. Additionally, for the
thermal imaging, a method to find the SNR is presented. That is the ratio of signal to noise, which finds that
between 2-11 people minimum can be found depending on the environment. This calculation also presents
the method used to determine how many humans can be detected by the TIR satellite. There will thus be two
types of satellites: one for thermal infrared imaging, and the other with MS imaging.

Payload

An individual telescope, is designed for both the TIR and the MS satellite types. The MS telescope is larger
than the TIR one, as the first is assumed to be signal limited, and the second diffraction limited. Thus, the
volume and the mass of the MS telescope, are between 1.35 and 1.5 times higher than the TIR telescopes. In
both cases, a sensor would have to be developed for the imaging, which will be made of HyCyTe, driving low
operational temperatures, 190K and 81 K respectively.

Constellation Design and Astrodynamic Characteristics

Calculating astrodynamic characteristics is key in the design of the constellation. The constellation will require
816 satellites per generation, including extra satellites for maintenance. They will be placed in 24 planes at
an altitude of 350 km. 12 planes are used for both TIR and MS, and another 12 planes are only used for TIR.
These numbers are attainable by using both the swath of each type of satellite (100 vs. 200 km) and their
respective temporal resolution of 30 and 60 min.

Propulsion and GNC

For propulsion, constant ion thrusting is chosen. For a generation which lasts 7 years, about 35 kg of propellant
will be needed. The propulsion design also incorporates launch parameters. For this, the Falcon 9 is chosen
for its low price (528-655 Meuros per generation) and performance and Atlas V for its high capacity, for the TIR
and MS satellites respectively. For this, 24 launches will be needed per generation. For position and velocity
determination, GNSS signal receivers will be used along with Galileo constellation of satellites. Furthermore,
software architecture is used to simulate the constellation of satellites to better predict positions of other space-
craft and collision probability.

ADCS

The ADCS subsystem uses reaction wheels (1 Nms) with magnetorquers (42 A m?). These are custom fit for
this mission. Moreover, star trackers are used, with redundancy as they are relatively cheap with regards to
the impact they have on the mission if they were to fail.

Communication and Data handling

A phased array antenna consisting of a grid of 14x14 patch elements (1 cm x 1 cm each), equally spaced 0.5
cm apart, was used to transfer data at maximum 2 h after data sampling at an average data rate of 200 Mbit/s
for TIR and 2 Gbit/s for MS at a radio-frequency of 10 GHz. To make direct data links possible 22 ground
stations, scattered around the globe, are required. The satellites have an on-board data storage capacity of
600 and 5400 GB for TIR and MS respectively, designed for maximum data sampling and the addition of a
factor 3 redundancy to account for degradation.

Power

The power subsystem is composed of custom fit batteries, leading to a mass of 2.56 kg. Furthermore, the two
solar arrays that are employed will be double sided, deployable, fixed and with areas of 1.35 and 0.93 m? and
with a total mass of 15.8 kg. Lastly, the PCDU is sized using existing PCDU as reference, and its mass, 3.54
kg and volume 2.4 m? are interpolated based on the peak power consumption.

Thermal control
The thermal control subsystem features a deployable baffle that shields the telescope from sunlight. Stray light
reaching into the baffle is deviated away by mirrors mounted on the internal baffle surface. The instrument box



of TIR and MS are cooled by a pulse tube cryocooler and the excessive heat generated in the instrument box
is transported away with heat pipes and led to a radiator positioned on a bus surface. Louvers are used on
the radiator to modulate emissivity for different orbital orientations. The propellant tank is insulated with MLI
blankets and cooled by a micro pulse tube and the remaining components in the spacecraft bus remain within
their operational temperature range thanks to the relatively warm LEO thermal environment.

Structures and mechanisms

The structure of the satellite mostly consists of aluminium frame and honeycomb panels. The aluminium frame
allows for stiffness and load bearing, while the honeycomb panels also support the load, add stiffness and
protect against radiation and debris.

Outcome performance, AT, development and costs

AT, configuration and layout

AIT, configuration and layout poses an integral challenge requiring innovative solutions, with the deployment
of solar arrays, the telescope and its baffle. For each of these aspects, a comprehensive and efficient stowed
configuration was envisioned, as well as, a logical deployment sequence and behaviour.

Performance analysis

During the performance analysis of the system, it is found that the TIR and MS satellite are quite similar. Their
total masses are 203 kg and 235 kg and their power consumptions are 160 and 133 W, respectively. Their
nominal data rate vary because the MS satellite is required to take larger pictures, 1950 for the MS versus
198 MB/s for the TIR satellite.

Moreover, such an analysis on Mira underlines that all user requirements have been met, with the exception
of 2: collision avoidance was not thoroughly investigated, and the satellites do not store the data for 3 months.
The latter is due to the fact that the data is directly down-linked. Besides these 2 un-met requirements, there
are 3 that can not be verified right now as further research needs to be conducted: sustainability with respect
to the design methods, the use of toxic materials and sustainability during the life-cycle. These three non-met
requirements can be interpreted as recommendation for future related projects.

Operations, logistics and scalability

The constellation is launched in 6 steps after the final model is tested in space. Step 1-4 double the temporal
resolution and step 5 and 6 fill in the remaining orbits such that after step 6 the whole constellation is launched.
After that, an additional step 7 and 8 can be initiated to further increase the temporal resolution of the TIR
satellites. A schedule for launching spans about 7 months, from January 2030 to July 2030. The temporal
resolution of the constellation improves step-wise as more and more satellites are launched. The mission is
designed modularly: scalability is possible, either by lowering or increasing the number of satellites. This could
lead to a respective increase or decrease of temporal resolution, but also a respective lower or higher cost
per satellite, but higher or lower cost for the whole constellation. Moreover, if two more steps of launches are
added to the already existing 6 ones, the cost would increase exponentially too between steps 6 and 7 and 8,
but also provides the ability to double the pre-existing temporal resolutions more.

Project development

Project development analyses at which stage or phase the design is, and what are the future phases. Thus,
the reader should keep in mind that this report only presents a pre-phase A level of design. There are at least
three phases left before launch and deployment, and two left before production.

Cost analysis

The cost analysis can be divided into two parts: cost breakdown, and cost budget. The cost breakdown divides
the costs into: investment, development, manufacturing, operations and maintenance, launch and AIT. The
largest cost being in investment: 1.3 B4. Moreover, while making the cost budget, one finds that both the TIR
and MS satellites are cheaper than the target budget, with the MS one being more expensive by a factor of
1.35 per satellite. This is mostly because the MS satellite would be produced in smaller numbers. Finally, it
can be concluded that there is no return on investment as this mission would solely be government- funded.
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Introduction

Since the Montgolfier brothers, human societies have longed to know how the Earth looks from above. It is
this simple but key thought which drove some of the most creative inventors, to design and build the majestic
U2 or meteorologic balloons. This idea has driven intelligence as well as environmentally related projects and
missions. Furthermore, since Sputnik, it became only a matter of time before the humans could monitor the
Earth from space. The need for security and defence state organisations to always collect better and faster
intelligence on humans and vehicles, as well the need to be faster informed of forest fires or various gaseous
emissions regarding climate change and the effects of pollution, are both key drivers in satellite monitoring
systems, the TROPOMI mission being such an example. One way of accomplishing such tasks is using a
mega-constellation consisting of hundreds of satellites to provide global continuous coverage. For a growing
demand in surveillance, this satellite mission configuration is fitting. Recent missions such as SPOT, or Starlink,
show the potential applications of Earth monitoring or constellation missions. It is why, in a bachelor project,
of ten students for ten weeks, TU Delft has ordered a first phase design of such a constellation. Moreover, the
design of such a mission is directly made possible because of the development by TU Delft of a deployable
space telescope (DDST) and its stabilising platform, as well as decreasing launch costs. This is the final report.

In the previous report, after extensive trade-offs, one concept for this constellation was chosen. This con-
cept incorporated two kind of satellites: one analysing gases with a multispectral imager, and one monitoring
humans, vehicles and potentially forest fires with a thermal infrared imager. Thus, the DDST would be sized
for monitoring in the thermal infrared and medium infrared region.

This last report aims to present a final design for this mission. Firstly, through a sustainability strategy,
RAMS analysis, requirements overview and conceptual design summary, the report will lay the basis for the
final design of the subsystems and other aspects. These will start with the mission analysis and payload design
as they are the driving aspects of this constellation. Furthermore, the astrodynamic characteristics as well as
all other relevant spacecraft bus subsystems, such as power, thermal control, and propulsion, are designed.
Lastly, with a description of the AIT, the performance and of the costs, this report concludes with the project
development.



Project Objectives

The systemis mission is to provide remote sensing for monitoring and surveillance for several societal interests.
The main focus is the detection of fires, emissions of greenhouse gases and pollutants, and movement of
humans and vehicles. This is clearly defined in the Mission Need Statement (MNS) and Project Objective
Statement (POS).
Mission Need Statement: Provide remote sensing through optical instruments with high spatial, radio-
metric and temporal resolution to obtain optical images addressing societal applications related to safety,
security and industrial emissions.
Project Objective Statement: Design a Low Earth Orbit satellite constellation equipped with deployable
space telescopes to survey locations of interest for societal objectives.
The challenge consists of designing a mega-constellation with performance in spatial, temporal, spectral and
radiometric resolution. The payload needs to be mission-specific. Narrow-band optical imagining will be used
to detect emissions while thermal IR will be used to detect vehicles, groups of people and fires. The outcome of
the project shall include feasibility study and preliminary design as well as a full specification of the capabilities
of the entire system [1].



Market Analysis

Market analysis, is valuable as it helps the reader and the engineers to better understand what market the final
product will be on. This can be done through defining the market, analysing the demand and supply, and by
performing a SWOT analysis and a market viability study.

3.1. Market definition and demand

The market can be defined on two fronts, the geographical and geopolitical market area, and the scientific
market area.

3.1.1. Geopolitical/leconomic market area

The market and regulatory authority on space aimed projects is still largely driven by national governments,
specifically with respect to the defence sector. This is primarily due to the high costs, high revenues and often
interconnected defence capabilities of space missions. It is logical that it is then dependant on geopolitical
spheres.

After a discussion with members of the Dutch ministry of security and justice, it was understood that this
mission would be designed to first serve the Dutch authorities and potentially European partners in the EU, as
well as, other international allies. Thus, the market is mostly limited to the European Union, specifically the
Netherlands, with a potential to partially involve the United States and other NATO countries.

After an initial analysis of the space market, is important to note that the EU countries concentrate 17.25 %
of the world space budgets, and the US concentrate 57.82% of them. Currently, the Netherlands spends 143
million dollars, accounting for only 0.2% of the worldis budget. Thus, the market would likely have to expand
to incorporate at least the EU country members, especially the EU commission, France and Germany which
together spend 10.47 % of the worldis space budget?®.

3.1.2. Scientific market and demand

Eurocontrol data is used here to get an approximation of the size of the market and its forecast development.
This a firm, which has provided space market consulting for a about 20 years®®, and also provides insights in
the optical Earth observing missions. This field of optical imaging is obviously the one for this mission, as the
final design satellite will have telescope incorporated in them to monitor the Earth.

The institute comes to the conclusion, that by 2028 the market, that is the spending on Earth observation
data would grow by 9.4% each to 2028, that is an increase of 12.1 billion dollars by the end date, having started
at 8.1 billion dollars in 20189¢.

All of this growth, is the clear illustration of a constant or rapidly growing demand for Earth observing mis-
sions, on both climate issues and military ones.

3.2. Supply

Listed in Table 3.1 are some of the missions, mostly in constellation formats, which fulfill resembling or similar
objectives as the one elaborated upon in this report.
Additional information about these missions:
A Pleides-Neo: launch mid 2020 f, 10 years mission lifetime, 550 Meuros investment?, 0.3 m GSD, from
deep blue to panchromatic bandwidths"

2https://spaceq.ca/euroconsult-releases-its-government-space-programs-report-expenditures-reach-us70-9-in-2018/ [cited 12 June
2020]

bhttps://ww.nsr.com/about/ [cited 28 April 2020]

Chttp://www.euroconsult-ec.com/about [cited 28 April 2020]

dhttps://spacewatch.global/2019/11/market-for-earth-observation-data-and- services-forecast-to-grow-by-9-annually-over-next-decade/
[cited 28 April 2020]

€https://spacenews.com/forecasts-call-for-rapid-growth-in-earth-observation-market/ [cited 28 April 2020]

fhttps://www.airbus.com/newsroom/press-releases/en/2020/02/pleiades-neo-well-on-track-for-launch-mid2020.html [cited 25 June 2020]

9https://satelliteobservation.net/2016/09/15/the-airbus-very-high-resolution-constellation/ [cited 15 June 2020]

Phttps://www.intelligence-airbusds.com/en/8671-pleiades-neo-trusted-intelligence [cited 12 June 2020]
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& '+ YLFHPDOIXQFWLRQ UHTXLUHPHQWY QRW PHW
75 ,QWHUIHUHQF6DWHRPRLWHY FORVW RURVHIBFKLJQD O
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75 )DLOXUH WR JH®WORVA.RR IDLOHRGMELW QRW UHDFKHG
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$'&6 WUDFNHUV QHQW KDUVKHQFPLQRQMHQDWWLW XGH
75 /RVVRIDWWLWBEHYW®DWH LV KRIDWORD/GBAMRGXFHY XQXVDEOH
$'&6 ELOLW\ GXULG@HBUQVP LPDJHU\
LWHG WLPH
75 6, &RPSURPLVHVQEMHUDFWLRQ RHDXEWR EDG SHUIRUPDQFH RQ
WZHHQ VXEV\WHHPRYV QHFHVVDUWQGRIMLGXDO DVSHFWV
FRPPXQLFDWLRQV
75 6, 'LITHUHQW DWIXFRPPXQLFDW(LRWRUAH GHVLIJQ DIIHFWV SHUIRU
WLRQV XVHGVZHMQ VXEV\VWHWPWYFH
VXEV\VWHP GHVLJQV
75 6, )LQDO SURGXFHWLJQ GRHV QR®MHBHWMMIQ QHFHVVDU\ PDO

FDQ QRW EHUHHXLUHPHQWYV IXQFWLRQ RUEDG SHUIRUPDQFH
ILHG YDOLGDWHG

7TDEOHSUHVHQWYVY D ULVN PDS IRUWKHULVNV VWDWHG DERYH ZLWK WKH SUI
RQ WRS URZRI WKHWDEOH 7R JHQHUDWH WKLV WDEOH WKH ULVN D&VHVVP
LV XVHG $FRPELQDWLRQ RIRFFXUUHQFH SUREDEHX YW VIQE H RASHD WW H@EHAV

ULVN



5LVN PDQDJHPHQW

7DEOH 5LVN PDS SUH PLWLJDWLRQ
1HJOLJLEOH ODUJLQDO &ULWLFDO| &aDWDVWUR|SKLF
1HDUO\ LP >32:5 @ >0 @ >32:5| >$'&6 @
VLEOH >32:5 @ >*(1 @ >3523 @
>32:5 @
>$'&6 @
>$'&6 @
,PSUREDE( >&2006 @ >( @ >( @ >0 @ >3523 >6, @

>$'&6 @ @ >( @ > >*1& @ >3$
@ >675&| >3%< @ >7+5
>$'&6 @ >7+50 @ >7
@ >&2006
>675& @ > 6
@ >675&

>675& @ >6,

BUREDEOH >7+50 @
>$'&6 @
@ >3523
@ >3523
>3523 @ >7
@

JUHTXHQW

/IRZUL NORGHUDMW LﬂilL\TQLILFE.WIUJJQ/NLVN

SLVNPDQDJHPHQW

7R UHGXFH RU SUHYHQW WIKHOH FANW UIYWORQY 1D/EXOMHIBDEF® ULVN LV DVVRFLD
DPLWLIJDWLRQ SODQ )XUWKHUPRUH WKHPLWLIJDWHG "PLW ~ SUREDELOLV
SUREDELOLW\DQG LPSDFW LI WKH PLWLJDWHG SODQ LV H[HFXWHG

7KH ULVN PLWLIJDWLRQDEHEITHZWVK DO RGQRXQG GXULQJ D EUDLQVWRINPLQJ V
EOH WKHPLWLIJDWLRQ SODQV FDQ DOVR EHJURXSHG )RULQVWDQFH WKH
E\ XVLQJD VKLHOG RQ WKH VDWHOOLWHYV 7KLV VKLHOG ZLOO DEVRUE PRVW
VRXUFHY OLNH WK/H 6XQ PHPWLRUYI VXUH WKDW WKHJURXQG VWDWLRQ FDQ KDQ
FRQVHTXHQWO\GHFUHDVHVY WKHLPSDFWRQ WKHPLVVLRQ 7KHPLVVLRQ UL
JLQV WR WKH GHVLIQ DQG EXGJHWYV 7KLV ZLOO GHFUHDVH WKH LPSDFW RI VW
JHQHUDO DSSURDFK WR PLWLJDWLRQ LV WR HLWKHU XVH IOLJKW SURYHQ DQ
PXOWLSOH WHVWY 7KH V\VWHP LQWHJUDWLRQULVNV FDQ PDLQO\EHPLWLJ
FRPPXQLFDWLRQ EHWZHHQ JURXS PHPEHUYV

7TDEOH OLWLIJDWLRQ SODQ
. SLVN OLWLIJDWLRQ 30DQ OLW OLW
3UREPS
75 ( 6SDFH GHEULV ,BH@WLQRBSRWHQWLDOLQFRPLQJGHEULVDQG |
VDWHOOLWHYV YHU WKHVDWHOOLWHYV
75 ( 6RODUUDGLDWLRQ IODUHYV 8VH PHWDO VKLHOG RU PDWHUI

VDWHOOLWHIURP KDUPIXO UD\V

75 ( &RVPLF UDGLDWLRQ IODUHYV 8VH D VKLHOG RU PHWDOOLF PD
IURP UDGLDWLRQ UD\V

75 ( 'DPDJH WR JUBKRQGIRUFH WKH IRXQGDWLRQ RI WKH HTXLSP
HTXLSPHQW HJ LPSURYHDQWHQQD VWUXFWXUH




5LVN PDQDJHPHQW

7TDEOH FRQWLQXHG IURP SUHYLRXV SDJH
. 5LVN OLWLIJDWLRQ 30DQ OLW OLW
3UREPS
75 0 )DLOXUH RI WKH Q@XRQFMK M¥HLV WKRURXJKO\ FKHFNHG DQG TXDO
KLFOH FRQWURO RFFXUV UHJXODUO\ $GG )DLO VDIH
WHPV
75 0 ,Q RUELW FRQVWS\I-DDMQRRUIPRRQ VDWHOOLWHY SURYLGLQJ LG
OLVLRQ WLRQ RQ WKH SRVLWLRQV RI WKH RWKHU VDWH
LI QHFHVVDU\ DGMXVW SRVLWLRQ WR SUHYHQ
VLRQ &KBISWHU
75 *(1 OLVFRPPXQLFDW&RI® JRRG SURFHGXUHV DQG LPSOHPHQW HUU
DW JURXQG VWBKHRNQL@UWRGH
RQ ERDUG VDWHOOLWH
75 3523 3URSXOVLRQ V\VRREPWRYROOLQJ EXUQ WLPHDQG SURSHOODQW
KHDWLQJ W X UH
75 3523 /RZHU DYDLODEQE@VXRHHFURSHU SRZHU VXSSO\ WR SURSXOV]
IRU SURSXO VLR QU VWWHHPP
75 3523 3URSHOODQW OHBINDRJE IDLO VDIH SURSHOODQW WDQN LQFOXC
OHDN GHWHFWLRQ VIVWHP WR PRGLI\PLVVLRQ
DFWHULVWLFV DV VRRQ DV OHDN VWDUWV
75 3523 6SDFHFUDIW FRQWDWHEWLYH FDVLQJRYHU WKUXVWHU
WLRQ
75 3523 ,RQ FKDUJH SOD\FDRDHQRPA LQVWUXPHQWY DUH VKLHOGHG DQG G
WKUXVWHU FUHDWRAM @RUKWWHU SOXPHV
75 *1& 3RVLWLRQ DQG @VMHLURMMZADQUH WKDW FDQ SUHGLFW SRVLWLRQ
VLIQDO LV EORFNHG
75 3%< 6WRSV IXQFWLRQH@HIORREXMMGHHS DQG GHWDLOHG 6:27 TXDOLW
NQRZQ UHDVRQVWLYH DQDO\VLVY DQG VFHQDULR EXLOGLQJ
75 3%$< 6HQVRU UHDFKH®FWQHRMVH WHVWLQJIRUWKHUPDO FRQWURO D
ZRUNLQJ WHPSHUWP®WXRHNWPHQW YV
75 32:5 ,QWHUQDO VKRUW FLUFXLWLQJ 8VH GHWHFWLRQ DQG LVROD
WKH EDWWHUYSWHPS
75 32:5 ([ WHUQDO VKRUW FLUFXLWLQJ 8VHPXOWLFHOO EDWWHULHV
75 32:5 ([WUD VRODU DUUDRGHG@HM[WUD PDUJLQV IRU VRODU SDQHO G
GDWLRQ GDWLRQ DQG XVH IDLO VDIH VA\VWHP
75 32:5 %DWWHU\ FKDUJBVH PXOWLFHOO EDWWHULHV
GLVFKDUJH IDLOXUH
75 7+50 2YHUKHDWLQJ R$SBBHWIQHUPDO PDUJLQV ZKHQ WHVWLQJ
RIDQLQVWUXPHQW
75 7+50 /JRXYHU EODGH IDL®XQHOH SRLQW IDLOXUH LV DVVRFLDWHG ZL

EODGH VR PDNHWKHP LQGHSHQGHQWO\DFWX




5LVN PDQDJHPHQW

7DEOH FRQWLQXHG IURP SUHYLRXV SDJH
. 5LVN OLWLJDWLRQ 30DQ OLW OLW
3UREPS
75 7+50 OLFUR PHWHRULW$SOSR®OWL OD\HU FROOLVLRQ UHVLVWDQW
WXULQJWKH FRDWLQJV
75 7+50 7,5 WHPSHUDW X BN N HPXWORUL SOH VHQVRUV WR DGG UHGXQGDQH
IDLOXUH FDVH RIIDLOXUH
75 7+50 'LIIHUHQWLDO H[BHD\QV GRIGAR\DEOH PHFKDQLVPV ZKLOH VLPXOT
D GHSOR\DEOH VWDXV¥MWWBHUPDO HQYLURQPHQW
75 & '+ ODOIXQFWLRQLQJIDRHGBHWRQGDQW VWRUDJH FDSDFLW\
VWRUDJH GHYLFHV
75 &2006 ,QWHUIHUHQFH IURWHRWHKHRI OLWWOH XVHG UDGLR IUHTXHQFL
FRPPXQLFDWLRQREWIRBQ FRPPXQLFDWLRQ
FLHV
75 &2006 8QDEOH WR FRP PRVQILIEFQWHU VDWHOOLWH FURVVOLQNV WR FRPF
ZLWK VSDFHFUDIW
75 675& )DLOXUH WR GHBHORN WKKHGHSOR\PHQW RI WKH WHOHVFRSH D
WHOHVFRSH SURYH WKHVWUXFWXUDO LQWHJULW\ ZKHUH Q
75 675& )DLOXUH GXULQJKRHEDMUBKO\ FKHFN ODXQFKHU DQG VDWHOOLW
WLRQ IURP WKH ODRBFKHEDUDWLRQ PHFKDQLVP VKRXOG EH WH
DQG LQVSHFWHG
75 675& )DLOXUH WR JHW7HR® RXJKION FKHFN VHSDUDWLRQ PHFKDQLV
SD\ORDG IDLULQY¥KRXOG EH WHVWHG DQG LQVSHFWHG
75 675& )DLOXUHLQ VRODBBEDQHOKAHKDQLVP LV UHODWLYHO\ VDIH UHC
SOR\PHQW WKHUPDO NQLIHVKRXOG EH XVHG DQG WHVWH:
75 675& OLVDOLJQPHQW R$SRWRQBUOLW\RIXVLQJQRQ URWDWLQJVROD
SDQHOV WR WKH FRROG EH FRQVLGHUHG WKLFNHU FDEOH SUR\
FRXOG EH XVHG WR SUHYHQW ZHDU RXW RI FDE
75 $'&6 )DLOXUH RI D PDPGBWWWY UHGXFHG E\ XVLQJLQKHUHQWO\ UH
TXHU GDQW WRUTXHUV
75 $'&6 )DLOXUH RI WKH8PB®DQMDJIQHWLF PRGHO IRU PDJQHWRUTXLQJ |
WRPHWHU DEDFNXS IRUPDJQHWRPHWHUYV
75 $'&6 )DLOXUH RI PXOVBV$ORI WKHDR TXDOLW\ KLJK UHOLDELOLW\ FR
WLRQ ZKHHOV  QHQWV ZLWK H[WHQVLYH WHVWLQJ
75 $'&6 )DLOXUH RI D J\URVH IOLJKW SURYHQ J\URV
75 $'&6 )DLOXUH Rl ERWWH NOXLDKW SURYHQKLJKO\UHOLDEOHKDUGZE
WUDFNHUV UHGXQGDQW VHQVRUV
75 $'&6 /IRVV RI DWW LW X 8WHVRRICEQ IOLIVR\Q DY RL G DEKHSV\VWHPV VHH
GXULQJD OLPLWMWG WLPH
75 6, &RPSURPLVHV EBMUZIRHW® LQWHUQDO WUDGH RIIVDQG FRPPXQI

VXEV\VWHPYV GHFLVLRQV




5LVN PDQDJHPHQW

7DEOH FRQWLQXHG IURP SUHYLRXV SDJH
. 5LVN OLWLIJDWLRQ 30DQ oOLwW oLW
B3UREPS
75 6, '"LITHUHQW DVVXPSUWRRIQFVFRPPXQLFDWLRQDQGFKHFNIRUFRQ\
XVHG LQ VXEWWHWRQHP
GHVLJIQV
75 6,

J)LQDO SURGXFW EBEBgENRWHEMKLUHPHQWY DQG SHUIRUP LQWHUP
YHULILHG YDOLGCGIDWHHGHULILFDWLRQ YDOLGDWLRQ RQ VXEV\VW

ORVW RI WKH ULVNVPEWH MIHWWHGOMXPY QHG LOQWR ULVN UHTXLUHPHQWYV )RL
UHODWHG WR FROOLVLRQ¥KIDYWWWHEBDTXEH HRPXQGVVRQ XVH RI RXX®VEMWAHWD O ED

DQG ULVNUHTXLUHPHQW R® V&KW MERD@DFR-OIVRBRERBQV KH PLWLIJDWHG ULVNV D
LQDQLPSURYHG ULVN PDS

7DEOH 5LVN PDS SRVW PLWLJDWLRQ
1HJOLJLEOH oDUJLQDO &ULWLFDO &DWDVWURISKLEF
1HDUO\ LP >%$'&6 @ > ( @ >( @ 3 >6, @ >9$'&¢
VLEOH >&2006 @ >0 @ >*(1 @ >675& @
>32:5 @ >%$'&6 @ >6, >*1 & @
>32:5 @ >3523 @ >675& @
>32:5 @ >675& @ >3%9 >3%< @
>$'&6 @ >32:5 @ >7+50 @
>$'&6 @ >7+50 @ >&2006 @
,PSUREDE( >( @ >( @ >3523 @
>3523 @ >3523 @ >352
>61 @
>7+50 @
>& '+ @
>675& @
>675& @
>$'&6 @
BUREDEOH| >7+50 @
>7+50 @
JUHTXHQW
/IRZUL NORGHUDW L(BIL\IQLILFIIWIUJJQ/IMLVN

$V LW FDQ EH7TDIEIO® PRVW Rl WKH ULVNV DUH QRZLQ WKH fORZ ULVNY ]JRQH

SUREDELOLW\RU ERWK 2Q WKHRWKHU KDQG WKHUHDUH VWLOO VRPH ULV
ORZHUHG HYHQ IXUWKHU E\ SHUIRUPLQJWHVWV DQG DQDO\WLVDQGLQYHVW
KDVWREHZLWKLQ WKHEXGIJHWDQG WLPHUHVRXUFHY RI WKH WHDP



6XVWDLQDEOH "HYHORSF

,QDQHIIRUWWR HQVXUH VXVWDLQDELOLW\ LWLV FRQVLGHUHG WKURXJKRX
DUHLGHQWLILHGDQG GHVFULEHG 7KHVHDVSHFWV VXEVHTXHQWO\IRUP D .
VXVWDLQDELOLW\ 7KH DVSHFWYV W&HPW HRXKH O B WHKE HPLVYILRKGLP@DFW WR '
LVDGGUHYMAWILRQ KLY FKDSWHU LV EDVHG RQ WKH VXVWDLQDEOH GHYHOR:
%DVHOLQH BHDBRG WLGWHU®R 58GRUWLIRQDOO\ UHTXLUHPHQWV UHODWLQJWR
KDYH EHHQ GH\WWHKOSEWMIBUW Q

$VSHFWV RI VXVWDLQDELOLW\

,Q WKLV FKDSWHU VL[DVSHFWV RI VXVWDLQDELOLW\DUHDGGUHVVHG )LU}
WKH VXEV\VWHP OHYHO GHVLJQ WKHQ HDFKLVJLYHQDEULHIRYHUYLHZRQ
JLYHQ WKLV LV XVXDOO\H[SDQGHG RQIXUWKHULQ WKHUHOHYDQW VXEV\V)

6XVWDLQDEOH SURG XF W L RUHIDPDAVG MAWR) WEXMULHRGX FWLRQ RI KD]DUGR X\
DWLRQ RIH[FHVV ZDVWH FRVWO\RU WLPH FRQVXPLQJPHWKRGYV DQG R\
DOVR UHODWHVY WR GHVLJQLQJD SURGXFW ZLWK PLQLPDO DVVHPEO\ WL
SRUWDWLRQ RI WKH SURGXFW WR DVVHPEO\DQG ODXQFK VLWHV LV D UHI
6XVWDLQDELOLW\IRQEGIXERNXVYPBWHULDOV FRQVLGHUDWLRQV EDVHG RQ H
DELOLW\ 7KLV LV P D&KFDBO MIMIKHDSWHRSKQVLRQ VXEV\VWHP WKH FKRLFH
HUHG DQ XQVXVWDLQDEOH RQH GXH WKH HQHUJ\LQWHQVLYH QDWXUH RI
WR UHGXFH WKLV DQG FKHPLFDO SURSXOVLRQ ZRXOG KDYH EHHQ LQIHD
OLVVLRQ VXVWPDQRBLOPWOLHY WKHHQYLURQPHQWDO LPSDFW RI WKH Ol
WR VSDFH GHEULV 7KH ODXQFK KDV EHHQ FRQVLGHUHG KRZHYHU WKHUF
ZLWK UHJDUGV WR VXVWDLQDELOLW\ RI WKH ODXQFK D UHFRPPHQGDWL
VXVWDLQDEOH IXHO UHSODFHPHQWV IRU ODXQFKHUV DV WKH QXPEHU R
UHTXLUHG DQG FDQ QRW EHLPSURYHG RQ IRUVXVWDLQDELOLW\ 6SDFH (
FROOLVLRQ DYRLGDQFHDQG GH RUELWL QK DSWHBG GLWLRQ IMKQV LR/UMLL
KLJK SUREDELOLW\DQG FULWLFDO RUFDWDVWURSKLFLPSDFWV PLWLJD\
RIDVDWHOOLWH SUHPDWXUHO\EHFRPLQJ G\VIXQFWLKRIDMHBRUH LQIRU
(QG Rl OLIHVXVWBDGHEBHAEWY FRQWULEXWLRQ LV GHFUHDVHG E\UHTXL
RUELWHG $GGLWLRQDOO\ LW QHHGV WR EH HQVXUHG WKDW WKH VDWH
ZLWKRXW WKH UHOHDVH RI WR[LFJDV 7KLV FDQ QRW \HW EH DVVXUHG E
(FRQRPLF VXVWDLWQDEDOLWNG DQG FRQWLQXRXVO\ XSGDWHG E\ FRQVLC
RQ WKH FRVW RI GHYHORSPHQW DQG RSHUDWLRQ RI WKH VIVWHP &RVYV
LQIRUPDWLRQ UHJDUGLQJ WKH HFRQRPLFDO VXVWDLQDELOLW)\ Rl WKH |
ZLWK WKH GHYHORSPHQW DQG PDQXIDFWXULQJRIWKH VDWHOOLWHYV DU
6RFLDO VXVWDWLQDERBLWO VXVWDLQDELOLW\ RI WKH SURMHFW LQFOXGH
WHUIHUHQFH ZLWK UDGLR ZDYHV DQG SULYDF\ LV \&XD\S W K\ IOHD MRPHX W Z F
QLFDWLRQ DQG GDWD KDQGOLQJ VI\VWHPV E\HQVXULQJ WKH LQWHUQDW
7KH LVVXH ZLWK OLJKW SROOXWLRQ LV GLVFXVVHG LQ WKH VHFWLRQ RQ
WKLV LQFOXGLQJFRDWLQJRSWLRQV DUHQRW WUHDWHG GXH WR WKH V

OLVVLRQ FRQWULEXWLRQ WR VXVWDLQDELOLW\

J)LQDOO\ LQ WKH GLVFXVVLRQ RQ VXVWDLQDELOLW\LW LV LQWHUHVWLQJ W
GXFLQJHQYLURQPHQWDOO\LPSDFWLQJ SUDFWLFHV RQ (DUWK (QYLURQPF
VFDOH DOORZLQJWKHRSSRUWXQLW\WR VHH ZKHQ WKHVH OHYHOV UHDFK K
DEOH SUDFWLFHVRQODQGDQG H[SRVHHPLVVLRQ YLRODWLRQV ORQLWRUL
LQIRUPDWLRQ WR DOORZ IRU HDUO\ PLWLJDWLRQ RI IXWXUH RFFXUUHQFHV |
EHFRPHLOOHJDO GXHWR VXVWDLQDELOLW\FRQFHUQV FDQ DOVR EHPRQLW!|
PDVVLYHDPRXQWV RIJUHHQKRXVH JDVHV



SHOLDELOLW\ $YDLODELOLMW
6DIHW\ $QDO

L, QRUGHUWRHQVXUHWKDW WKHRSHUDWLRQ RIWKHV\VWHPJRHV DV SODQQ|
GHWHULRUDWH ZLWK WLPH UHOLDELOLW\ DYDLODELOLW\ PDLQWDLQDELO

SHGXQGDQF\ SKLORVRSK\DQG UHOLDELOLW\

5HOLDELOLW\RIVRPHRIWKHVXEV\VWHPV DQG FRPSRQHQWYV FRXOG EHLPS
IRUPDQ\RI WKH FRPSRQHQWY UHGXQGDQF\DGGV FRPSOH[LW\ WR WKH V\V'
PDVVDQG FRVW 7KHUHIRUH PRUH UHOLDEOH FRPSRQHQWYVY KLJK  TXDOLW\
WHVWLQJ VKRXOG EH XVHG DV DGGLWLRQDO W\SHV RIUHOLDELOLW\

$IWHU \HDUV JHQHUDWLRQ LWLVHVWLPDWHG WKDW WKH IDEOXQH UDYV
RQHKDQG 0,58 VDWHOOLWHV KDYHFRPSOLFDWHG SD\ORDG GHSOR\DEOH W
EXWRQ WKHRWKHU KDQG FRQVWHOODWLRQ KDV PDQ\ VDWHOOLWHY WKDW L
%\ WDNLQJ WKRVH IDFWRUV LQWR DFFRXQW LW ZDV HVWLPDWHG WKDW WKH
LQRQHIJHQHUDWLRQDUHH[SHFWHG WR IDLO ZKLFK LV DSSUR[LPDWHO\ VD\

6 XEV\VWHP OHYHO UHGXQGDOQF\

6RPH RI WKH VXEV\VWHPV LQFOXGH UHGXQGDQW FRPSRQHQWY LQ WKHLU G
XVHIXOIRUFRPSRQHQWV WKDWDUHLGHQWLILHGDV VSHFLILFDOO\VULVN IXO
$'&6 VXEV\VWHP LOQFOXGHV UHGXQGDQW VHQVRUV 7KH WKHUPDO VXEV\VWE
VHQVRUV 7KH *1& VXEV\VWHP KDV D UHGXQGDQW *166 VLIJQDO UHFHLYHU 7
VLIQLILFDQWON\LQFUHDVH WKH WRWDO PDVV DQG FRVW EXW VLIQLILFDQW (
FRPSRQHQWY KDYH UHODWLYHO\ KI@ D QUGREDED®HWAKRH\ DLAX UHKH SHUIRU
VHULRXVO\GHFUHDVHV

JRURWKHU VXEV\VWHPV LWLV QRWYLDEOHWRLQFOXGHUHGXQGDQF\ EHI
RI'WKH RYHUDOO VDWHOOLWH )RULQVWDQFH WKH SD\ORDG RU WKH VWUX
SD\ORDG IRUWKH VLPSOH UHDVRQ WKDW WKH VDWHOOLWH FDQ QRW GRXEOI
WKHVLIHRIWKHVDWHOOLWHURXJKO\E\DIDFWRU DQG WKHSULFHLQFUHDV
E\GHILQLWLRQ WKHUH FDQ QRW EH WZR VWUXFWXUHV 7KHUHIRUH IRU VXF
EHFRQVLGHUHG

&RQVWHOODWLRQ OHYHO UHGXQGDOQF\

WLV GHFLGHG WKDW WKHUH ZLOOEH UHGXQGDQW 7,5 VDWHOOLWHIRU HDF
7,5 VDWHOOLWHV IRU 7,5 06 RUELWDO SODQHYVY 6R LQ WRWDO UHGXQGDQ
PXOWLSOH VDWHOOLWHV LQRQHRUELWDO SODQH ZLOO RFFXU 9HJD URFNH'
IDXOW\ VDWHOOLWHYV 7KHUH FDQ EH ODXQFKHV RI 9HJD URFNHW SHU JHQF
VR HIWUD VDWHOOLWHY FRXOG EH ODXQFKHG

2WKHU W\SHV RI UHOLDELOLW\

5HOLDELOLW\FDQ DOVR EH VHHQ WKURXJK WKH SULVP RI SHUIRUPDQFH SHU
IRUVXEV\VWHPV DUH PRUH UHOLDEOH GXH WR IOLJKW SURYHQ WHFKQRORJ\
GRHV QRW KDYH WR EH DVVHVVHG 7KHUHIRUH UHOLDEOH RIl WKH VKHOI FRI
SUREOHP ZLWK RIl WKH VKHOI FRPSRQHQWY LV WKDW RIWHQ WKH\ DUH QRW
IRUWKH PLVVLRQ GHVLJQ VR D FXVWRP FRPSRQHQW KDV WR EH GHVLJQHG
DFKLHYH GHFHQW UHOLDELOLW\RIFXVWRP GHYHORSHG FRPSRQHQWYV IRU W
WR D UHOLDELOLW\ UHFRUG DIWHU WKH ILUVW JHQHUDWLRQ RI VDWHOOLWH

+LJK TXDOLW\ SURGXFWLRQ WHFKQLTXHV LQFOXGLQJLQVSHFWLRQ DQG V
RYHUDOO VXEV\VWHP VKRXOG EH XVHG WR LQFUHDVH WKH UHOLDELOLW\ 7K
KDQG LQWR SURGXFWLRQ F\FOH WR KDYH KLJK FRPSRQHQW WROHUDQFHV 2



$YDLODELOLW\

WKH VWDUW RI SURGXFWLRQ WKH\ZRXOG VLIQLILFDQWO\EHQHILW SURGXF
,Q DGGLWLRQ WR WKDW SURSHU WHVWLQJ RI WKH VSDFHFUDIW RQ WKH JUF
FRXOG UHYHDO UHOLDELOLW\LVVXHV RI VRPHRIWKHFRPSRQHQWYV
,WLVLGHQWLILHG WKDW $'&6 DQG SD\ORDG VXEV\VWHPV KDYH WR EH GHY
SUHVHQFH RIPDQ\PHFKDQLFDOO\PRYLQJSDUWYV 5HOLDELOLW\RIWKRVHYV
GXULQJ WKH GHYHORSPHQW RI WKRVH VXEV\VWHPV LW VKRXOG EH DLPHG IF
UHJDUGV WR SD\ORDG DV LWLV DNH\VXEV\VWHP ZLWK UHVSHFW WR WKH PL

$YDLODELOLW\

7TKHDYDLODELOLW\RIWKHFRQVWHOODWLRQGHSHQGVRQVHYHUDODVSHFV
VDWHOOLWH ZLWK DIDLOXUH RUGDPDJH ,WZDV HVWLPDWHG WKDW DW PR
WR VDWLVI\WKHDYDLODELOLWN\UHTXLUHPHQW 7KHVHFRQGDVSHFW LV DE
FDQ QRW SHUIRUP WKHLU RSHUDWLRQDO WDVNV GXHWR LQVXIILFLHQW DPR
H[SHFWHG WKDW WKHUH ZRXOG DOZD\VEH VXIILFLHQW SRZHU IRU SD\ORDG R
ZLWK WKHDERYHPHQWLRQHG DVSHFWV LWLV HQVXUHG WKDW WKH UHTXLU

, I WKHUHOLDELOLW\RIWKHZKROHFRQVWHOODWLRQLVDVVXUHG WKDWL
IRUIXOO RSHUDWLRQ WKHDYDLODELOLW\RIWKH SMIVWHRQ EWHIRWUPD® BDF D EX
DZKROH (DUWKFRYHUDJHHYHU\ PLQXWHV WKDWLV LQFOXG®EY D BRSO
ZLOO EH DEOH WR PDNH HDUWK FRYHUDJH HYHU\ PLOQXWHY GXULQJ GD\OL.
DEOH WR ZRUN

ODLQWHQDQFH

ODLQWDLQLQJLQGLYLGXDO VDWHOOLWHY ZKLOH WKH\DUHLQ RSHUDWLRQ L
FRQVLVW RI KDYLQJ VOLJKWO\ PRUH WKDQ QHFHVVDU\ VDWHOOLWHV LQ RU
RUELWHG DQG LWV SODFH FDQ EH ILOOHG E\DQ H{\WUD VDWHOOLWH LQ WKDW
WKLY FRQVWHOODWLRQ FRQVLVWV RIGH RUELWLQJIDLOHG VDWHOOLWHYV D
UHGXQGDQW VDWHOOLWHV DQG 9HJD ODXQ&KHW LR Q7KAHUHGLH/GDLOD/\R IDHS\R R W1
RIODXQFKLQJD VDWHOOLWHDV D VHFRQGDU\SD\ORDG RQ ERDUG RI D URFNI
IXUWKHU LQYHVWLJDWLRQ EXW LV SUHIHUUHG RYHU WKH XVH RI D 9HJD URT
JHQHUDWLRQ WR WKH QH[W RQH E\ GH RUELWLQJ DOO WKH ROG VDWHOOLW|
PDMRU SDUW RI PDLQWHQDQFH

6DIHW\

7KHUHFDQEHWZRDVSHFWVY UHODWHG WR VDIHW\ KXPDQ UHODWHG VDIHW\ |
LV YLUWXDOO\QRQ H[LVWHQW GXULQJWKHVDWHOOLWHYV RSHUDWLRQDO C
WREHWDNHQLQWRDFFRXQWUHODWHGWR SUH RSHUDWLRQDOOLIHDQG SR
RIVDWHOOLWHY RQO\UHJLVWHUHG DOUHDG\ZRUNLQJDQG FHUWLILHG IDF
WKH XVH RI WR[LF PDWHULDOV LV PLQLPLVHG GXULQJ SURGXFWLRQ .U\SWF
PRVW FRPPRQ ZD\V WR REWDLQ NU\SWRQ 2QH ZD\ WR REWDLQ LW LV IURP D
ZKHUHDV WKH RWKHU ZD\ LV WR UHFRYHU LW IURP VS HKQNWI LXUWOVZG R RR BW B
NU\SWRQ ZLOO EH XVHG ,Q DGGLWLRQ WR WKDW ULVN RI H[SORVLRQ RI WK
WDQNDW WKHWHPSHUDWXUHFRQWUROOHG HQYLURQPHQW 7KHWDQN VKR>
WR UHGXFH WKH SUREDELOLW\ RI H[SORVLRQ ORUHRYHU DW WKH ODXQFK
PLQLPLVHWKHULVNRIIDLOXUHV GXULQJWKHODXQFK WKDW ZRXOG SURYRN
VDWHOOLWHV ZKHQ GH RUELWHG VKRXOGIXOO\GLVLQWHJUDWHLQWR WKFE
DQG FDXVLQJDQ\FDVXDOWLHYVY OLQLPXP DPRXQW RI WLWDQLXP DQG VWHH
WKH VDWHOOLWH DV WRXJK FRPSRQHQWV IURP WLWDQLXP DQG VWHHO FRXC(
KLW WKH (DUWK

JXUWKHUPRUH V\VWHP VDIHW\ UHODWHYV PRUH WR WKH ZHOO EHLQJ RI Wk
+DUVK HQYLURQPHQW DQG LQWHUIHUHQFH ZLWK RWKHU VI\VWHPV FRXOG FD
LV FRQVLGHUHG GXULQJ WKH VWUXFWXUHfV GHVLJQ WKHUPDO V\VWHP GH
DSSURSULDWH RSHUDWLRQDO FRQGLWLRQV IRUHDFKRIWKH VXEV\VWHP

PKWWSV ZZZ FKHPLFDOERRN FRP 3URGXFWG&KHP LFOLOBWER SHYQYHH V8@ B(1 KWP
EKWWSV ZZZ \RXWXEH FRP ZDWFKWHBN- Y@H& J @



SHTXLUHPHQWYV 2°

7KLV FKDSWHU SURYLGHV WKH YLWDO UHTXLUHPHQWY WKDW IRUP WKH ED
H[SODLQHG IROORZHG E\ WKH XVHU UHTXLUHPHQWY )URP WKHVH WKH NH\
PLVVLRQ DUH KLJIKOLJKWHG 7KHQ WKHRYHUDOO VI\VWHP UHTXLUHPHQWYV R
VXE VIVWHP OHYHO UHTXLUHPHQWY DUH ORFDWHG LQ WKHLU FRUUHVSRQGL

SHTXLUHPHQWY QRPHQFODWXUH

7KH SDUHQW XVHU UHTXLUHPB GW\B O3 H ODEZHKEOHGEBSWKWDQGYV IRU XVHU
QRWHV RQH RI WKH IROORZLQJ PLVVLRQ 0,6 VDIHW\DQG UHOLDELOLW\
PLVFHOODQHRXV 0,6& DQG '<<” GHQRWHV WKH QXPEHU 7KHVH UHTXLUHF
TXLUHPHQWYV

7KH ORZHU OHYHO UHTXLUHPHQWY FRQVLVW RI WKH YDULRXV VXEV\VWHP\
VXFK DV SHUIRUPDQFH 3(5) IXQFWLRQDO )81& DQG RSHUDWLRQDO 236
WKH IROORDL QY 3D %% % 65$ 6XEVI\VWHP &ODVVLILFDWLRQ W\SH 5HTXLL

8VHU UHTXLUHPHQWYV

7TKHUHTXLUHPHQWWBBEMAQUHHSSUIRY LGHG E\ WKH XVHU DQG ZHUH GHULYHG
%RRNOHW @*%Q WKHOLGWHUP@®HGR3VW6650>6 VWDWLQJ WKDW WKH V\VWH
DUHD RI [ NP EHWZHHQ f ODWLWXGH HYHU\ PLQXWHV ZDV UHPRYHG
ORUHRYHU 0,5% 865 0,6 VWDWLQJ WKDW WKH VI\IVWHP VKDOO PRQLWRU WK
ZDV FKDQJHG LQWR 0,5% 865 0,6 DQG 0,5%$ 865 0,6

7DEOH 8VHU UHTXLUHPHQWYV
SHTXLUHPHQW ,' SHTXLUHPHQW 2ULJLQ
0,5$ 865 0,6 7KH VI\VWHP VKDOO KDYHDQ RQ ERDUG UHWB'WLRQ Rl PR
0,5$ 865 0,6 7KH VA\VWHP VKDOO PRQLWRU WKH ZKROH (DBW& HYHU\ K1
0,5$ 865 0,6 7KH VAIVWHP VKDOO GRZQOLQN WKH PRQLWRY*#G GDWD ZLW
0,5$ 865 0,6 7KH VA\VWHP VKDOO GRZQOLQN WKH IRRWDJBRADQ HYHQW

GHILQHEDROWHIQ UHDO WLPH
0,5$ 865 0,6 7KH VAIVWHP VKDOO PRQLWRU WKH WKHUPDO3F@®IUDUHG ED

JURXQG VDPSOLQJGLVWDQFHRI P
0,5$ 865 0,6 7KH VI\VWHP VKDO®++PRQIHPRVWIZ2RQV XVLQJ 3*%

QDUURZ EDQG RSWLFDO LPDJLQJZLWK D JURXQG VDPSOLQJ
0,5$ 865 0,6 7KH RSHUDWLRQDO OLIHWLPH RI VDWHOOLWHYV ZLWKLQ WK
0,5$ 865 0,6 7KH RYHUDOO PLVVLRQ GXUDWLRQ RI WKH QB8*"W:ZRUN VKDO
0,5$ 865 0,6 7KH VDWHOOLWHY VKDOO EH ODXQFKHG LQWR D /RZ (DUWK
0,5$ 865 0,6 7KH VAIVWHP VKDOO SURYLGH D PLQLPXP RI OBLQXWHV WHF

ZKHQ PRQLWRULQJ HPLVVLRQV
0,5$ 865 0,6 7KH VAIVWHP VKDOO SURYLGH D PLQLPXP RI OBLQXWHYV WHF

ZKHQ PRQLWRULQJLQ WKHWKHUPDO LQIUDUHG UHJLRQ
0,5$ 865 65 7KH UHPRWH FRQWURO DFFHVV RI WKH VDWHO@LWHYV VKD O
0,5$ 865 65 7KH GRZQ OLQNHG GDWD VKDOO EH HQFU\SVBH®
0,5$ 865 65 7KH VDWHOOLWHY LQ WKH FRQVWHOODWLR@*KDOO QRW F

VSDFHFUDIW GXULQJ WKHLU GH RUELW
0,5%$ 865 65 7KHFRQVWHOODWLRQ VKDOO KDYHDQDYDLODELOLW\RI




8VHU UHTXLUHPHQWYV

7TDEOH FRQWLQXHG IURP SUHYLRXV SDJH

S5HTXLUHPHQW ,' SHTXLUHPHQW 2ULJLQ

0,5%$ 865 65 7TKH FRQVWHOODWLRQ VKDOO EH BEXDGW K% 30N WHSV DV C

0,5% 865 686 7KHVDWHOOLWHYV LQ WKHFRQVWHOODWLR@WKDOO QRW F
GXULQJ QRPLQDO RSHUDWLRQV

0,5% 865 686 7KH VDWHOOLWH GHVLJQ VKDOO LQFOXGH FROOLVLRQ DYR

0,5%$ 865 686 6DWHOOLWHY VKDOO EHGH RUELWHG ZLWKB&®% \HDUV DIW|
RSHUDWLRQDO OLIHWLPH

0,5% 865 686 7TKHHQYLURQPHQWDO LPSDFW RI WKH ODXQF¥KWKDOO EH P
GHULYHG ODXQFK PDVV

0,5% 865 686 7TKHHQYLURQPHQWDO LPSDFW RI WKH ODXQFKo&WKDOO EH P

RUELWDO GLVWULEXWLRQ

0,5%$ 865 &267 7TKHLQLWLDO LQYHVWPHQW IRUDQLQ RUELLWYW XDOLILFDW
DVSHFWVY RI WKH IXOO VSDFHFUDIW EXVDQGLQFOXGLQJ ODX
OHVV WKDQ 0 Y

0,5% 865 &267 7KH WRWDO LQYHVWPHQW FRVW VKDOO EH BP®W[LPXP RI
RSHUDWLRQ RI WKHHQWLUH VA\VWHP LQFOXGLQJJURXQG VH
FRVW

0,5% 865 &267 7TKH RSHUDWLRQDO FRVW VKDOO EH OHVV WXK'D& 0% SHU
UHSOHQLVKPHQW RI G\WWVIXQFWLRQDODQG UHWLUHG VDWHOUC
ODXQFK FRVW

0,5%$ 865 0,6& $O00 VDWHOOLWHY ZLWK WKH VDPH SD\ORD&@*%KHUPDO LQ
VKDOO XVHWKH VDPHJHQHULF EXV SODWIRUP

0,5%$ 865 0,6& 7KH 'HOIW 'HSOR\DEOH 6SDFH THOHVFRSH '36% VKDOO EH :
EDVHOLQH IRU WKH SD\ORDG

0,5%$ 865 0,6& 7KHVDWHOOLWHY VKDOO EH ODXQFKHG XVIB3Q%H[LVWLQJELC
YHKLFOHYV

,GHQWLILFDWLRQRI . H\DQG '"ULYLQJUHTXLUHPHQWYV

'"ULYLQJ UHTXLUHKRHQWMW LQJ UHTXLUHPHEQWKD OHVUWROGL@HG VLPLODU WR W
EDVHOLQH UHSRUW 7KH\ DUH GLYLGHG LQWR IRXU GHVLJQ GULYLQJ DVSHI
UHTXLUHPHQWYV

7TDEOH '"ULYLQJUHTXLUHPHQWYV
'"HVLIJQ GULYLQJIDFWRU ([SODQDWLRQ '"ULYLQJUHTXLUHPHQW ,"
THPSRUDO UHVROXWLRQ '"HWHUPLQHYV QXPEHUORS % B&®HWSH®O6LWHY QHHGH

ORDG W\SH

6SDWLDO UHVROXWHBBRLQHY DOWLWXGH RIWKH VDWHB6LVWHY KHQFH UHT)
SURSHOODQW WR NHHS WKH VDWHOOLWHV LQ RUELW

1XPEHU RI PHDS$KUBIR®Y QXPEHU RI SD\ORDG QHHG G 88BXV6VDWHOOLWHYV
EDQGZLGWKY WRPHDVXUHDOO GHVLUHG DVSHFWYV

ILIHWLPH "HWHUPLQHV W\SHRIDWWLWXGH RUBELBDQFBDPRXQW RI IX
UHTXLUHG

. HVUHTXLUHPHQ@QWWTXLUHPHQWY RI0,5% 865 0,6 DQG 0,5%$ 865 0,6 DUH NI
SRUDO UHVROXWLRQV FKDUDFWHULVWLFV RI WKH PLVVLRQ 7KHIROORZLQ
UHTXLUHPHQWV’
t0,5% 865 0,6 0,5% 865 0,6 0,5% 865 0,6 0,5%$ 865 0,6 0,5%$ 865 0,6
865 0,6 0,5% 865 0,6 0,5%$ 865 0,6 0,5% 865500, 81l WKHVH UHTXLUHPH



2YHUDOO VA\VWHP UHTXLUHPHQWYV

NH\ DVWKH\DUH FORVHO\UHODWHG WR WKHPLVVLRQ REMHFWLYH ZKLF
WKHVXUYHLOODQFH V\VWHP

t0,5%$ 865 65 DQGO0,5% 865KBHVH UHTXLUHPHQWY ERWKDIIHFW WKH VHFXL
7TKH\DUH WKHUHIRUH NH\ WR WKH FXVWRPHUVY DV WKH GDWD FROOHFWHG
DQG ODZHQIRUFHPHQW SXUSRVHV ZKLFKPDNHV WKHGDWD VHQVLWLYH

,Q FRQFOXVLRQ WKHLGHQWLILHG GULYLQJ UHTXLUHPHQWY ZLOO EH RI XWI
J)LQDOOV WKH NH\UHTXLUHPHQWY ZLOO EHPRQLWRUHG FRQWLQXRXVO\DQCG
ZLOO EH SUHVHQWHG WR WKH FXVWRPHUV GXULQJ SURGXFW UHYLHZV

2YHUDOO VA\VWHP UHTXLUHPHQWYV

7TDEOHVKRZV UHTXLUHPHQWY WKDW DUH UHOHYDQW IRU WKH ZKROH VA\VWHP
SUHYLRXV UHTXLUHPHQW LW FRPHVIURP DQG WKH\DUH OLQNHG WR GLIIHUI
DQDO\WLVY UHI FROXPQ ,Q WKHFRPSOLDQFH PDWUL[ WKDW IROORZV LQ WK
GHQRWH WKH VWDWH RI WKHUHTXLUHPHQW PHW QRWPHW QRW YHULILDEC

7TDEOH 1RQ VXEV\VWHP VSHFLILFUHTXLUHPHQWY WKDW VWHP IURP DQDO

. S5HTXLUHPHQW 2ULJLQ $QDO\VLV UHI

6XVWDLQDELOLW\UHTXLUHPHQWYV

0,5%$ 686 )81& 7KHVSDFHFUDIW VKDOO EH H%D% DOE B$H RE 630H 5/ USBISW L Q J
DW PLVVLRQ HQG 686 )81& 686

0,5% 686 )81& 7KH VSDFHFUDIW LQ WKH FRQY WHD0®8/8 DRSS \BKBE OO QRW
SURGXFH PRUH VSDFH GHEULW®86 )81& 686

0,5%$ 686 )81& 7KH ODXQFK LPSDFW Rl WKHA/S5DFHFUD IV 6§ 8®6 EH
OLPLWHG E\ PD[LPLVLQJ WKH @ %8B BDH&&R | V 8 DRRH
FUDIW SHU ODXQFK 686 )81&

0,5%$ 686 )81& 7KH VSDFHFUDIW V\VWHPV W B 00 5.$Q & ® Y0G 5i$ U3-6G X Q

GDQF\LQ FRKHVLRQ ZLWK WKH6BBV)8 P& WLIDWLRQ SODQ
GHILQREDROWHU

0,5%$ 686 3(5) (PLVVLRQV SURGXFHG G X UL%/5GH¥$ Q6D Q,G SVSH\BW
LQJVKDOO EHPLQLPLVHG 686 0,6
0,5$ 686 3(5) (PLVVLRQV SURGXFHG GXU L9%Q/5 WK5H$ AL, 6H0 B BESR |

WKH VSDFHFUDIW VKDOO EH PBEQ@&PLVHG 0,6

6FKHGXOLQJUHTXLUHPHQWYV

0,5$ 6+(' 3(5) 7KH ODXQFK RI WKH VSDFHF WD BWOYE® O3 Q RPL @0 O\
RFFXU E\WKH \HDU 6+ (" 0,6

ODQXIDFWXULQJUHTXLUHPHQWYV

0,5$ 0818 3(5) 7KH XVH Rl WR[LF PDWHULDOV VKDOO EH BBQ&PL]HG
GXULQJ SURGXFWLRQ

0,5 0818 3(5) .U\SWRQ VKDOO EH REWDLQHG IURP DL3$XVLQJ
GLVWLOODWLRQ OLTXHIDFWLRQ SURFHVYV
0,5$ 0%$18 686 7TKHFRQVWHOODWLRQ VKDOO XVH VHULHBXSWRGRIPWLA QW

IRUWKHEXLOW XS

7TDEOHVKRZV WKH VA\VWHP UHTXLUHPHQWY GHULYHG IURP WKH SHUIRUPDZC
5HSRUW



2YHUDOO VA\VWHP UHTXLUHPHQWYV

7TDEOH 6\VWHP UHTXLUHPHQWYV

SHTXLUHPHQW ,'

SHTXLUHPHQW 2ULJLQ

0,5$ 6<6 7,5 3(5)

0,5%

6<6

6<6

6<6

7,5 3(5)

7,5 &267

06 3(5)

06 3(5)

06 &267

)81&

)81&

)81&

)81&

3(5)

7TKH WRWDO PDVV RIHDFK WKHWEDW D QJ 8 WUHIROWKMW I O!
VKDOO EHDW PRVW NJ PDVV EXGJHW

7TKH WRWDO SRZHU UHTXLUHPH@SV\WDHDAKWWRBOXYHADLQ 7,
LQIUDUHG VDWHOOLWH VKDOO EH®OPRZRARVEWGIHW

7KH WRWDO FRVW RIHDFK WKHUB®H &R KPBUHG VDWHOC

EHDWPRVW 0% )< GLYLGHG E\ VDWHOOLW
7TKH WRWDO PDVV RI HDFK P X0 WQLY SMEBF WIHDND WIDOAKHHOLAL G\6}
EHDPD[LPXP RI NJ PDVV EXGJHW

7TKH WRWDO SRZHU UHTXLUHPHQ% RV IHDIFHW XDOM I & € DWW
VDWHOOLWH VKDOO EHDW PRVW SRZHU EXGJHW

7KHWRWDO FRVW RIHDFK PXOW | 534S B&EW&DEY VDWHOOLW
DW PRVW 0% )< GLYLGHG E\ VDWHOOLW

7KH VDWHOOLWH VKDOO EH DEOH WIRVNDIGRHXYUH WR DYRL (
VSDFH GHEULYV

7KHVDWHOOLWH VKDOO KDYH SURBMMRWERQ IURP VRODU D
FRVPLFUDGLDWLRQIODUHYV

7KHVDWHOOLWHY VKDOO EH HTXLSISHG7ALWK VHQVRUV WR
WUDFN SRVLWLRQLQJ RIRWKHU VDWHOOLWHV LQ VDPH RULI

7KH VDWHOOLWH VKDOO EHHTXLSSHG ZLWK D GHSOR\DEOF
EDIIOHWR HQVXUH WKH ""67 IXQFWLRQV SURSHUO\

7KH QXPEHU RIUHGXQGDQW FRPSBRMQWYV LQ WKH
VSDFHFUDIW VKDOO EH PLQLPXP




&RQFHSWXDO 'HVLJQ

"XULQJ WKHGHVLIJQ SKDVHRIWKLY SURMHFW ILYHLQLWLDO FRQFHSWYV KDY
RI WKHVH FRQFHSWV LV SUHVHQWHG )XUWKHUPRUH WKH PLG WHUP WUDG
VXPPDULVHG 7KLV FKDSWHU VKRZV SUHYLRXVO\REWDLQHG UHVROWYV XS W

,QLWLDO FRQFHSWYV

,QLIXUH WKH YLVXDO FRQILIJXUDWLRQ RI WKHILYH FRQFHSWV LV SUHVHQW
FRQVLVWRIRQH W\SHRIVDWHOOLWH SODWIRUPDQG WKH\GLIIHULQ WKHDP
FRQVLVWRIGLITHUHQW VDWHOOLWH SODWIRUPV HDFK FRQWDLQLQJRQHV

JLIXUH 9LVXDOLVDWLRQ DQG GHVFULSWLRQ RIWKHILYH SRVVLEOH FRQF

7TKHLQGLYLGXDO VDWHOOLWHV RI &8RQFHSW DQG DUHOHVV FRPSOH[ WKI
D KLIJKHU DPRXQW RI WRWDO VDWHOOLWHY ZKLFKLQFUHDVHYVY FRPSOH[LW\
DPXOWLVSHFWUDO LPDJHUDGGYVY XWLOLW\WR WKH VI\VWHP DV PRUH JDVHV
LQVWUXPHQWY +RZHYHU LW LQFUHDVHV FRVWV DQG FRPSOH[LW\

7UDGH VXPPDU\

$ UHTXLUHPHQW DQDO\VLV ZDV SHUIRUPHG DIWHU ZKLFK &RQFHSW DQG

RIl 'XULQJ WKH WUDGH RIIDQDO\WVLV &RQFHSW DQG ZHUHFRPSDUHG RQ

ZHLJKW KDYH EHHQ GHWHUPLQHG XVLQJ B IBLBRKLINLN EWZHLWK QY PHRVW R B F L

RQ ZHLJKLQJ HDFK SRVVLEOH SDLU RI FULWHULD Z U W HDFKRWKHU 5HOLLC
DQG FRVW

OLVVLRQ $QDO\VLV

TRPRQLWRUWKHHPLYY DRGVERQ&ZKH DWPRVSKHUH QDUURZEDQG RSWLFDO
UHOLHV RQ WKHIDFW WKDW JDVHV DEVRUE OLJKW LQ GLITHUHQW ZDYHOHQJ
RSWLFDO LPDJHUV RUPXOWLVSHFWUDO LPDJHUV FDQ EH XVHG ORQRFKURF
EDQG ZKHUHDV 06 LPDJHUV FDQ PHDVXUH D ZLGHU EDQGZLGWK 7KLV ZLGHI
VPDOOHUVSHFWUDOEDQGV WKDWFDQEHDQDO\WWHGDVLQGLYLGXDOPRQRF
PHQWY WKHO6 LPDJHULV FKRVHQDVLWFDQPRQLWRUGLITHUHQW NLQGYV RI
UDQJH RI PLVLGHQWLILHG DV D VXLWDEOH RSWLRQ ZKLFK ZLOO EH"
DQDO\WHG IRUWKHJDVHV RILQWHUHVW )RU WKHUPDO LPDJLQJ 30DQFNTV
WXUHWRUDGLDWLRQLQD FHUWDLQZDYHOHQJWKUDQJH ZKLFKFDQEHPHDYV
DORQJ WKH GHVLUHG ZDYHOHQJWK ZKLFK ZDV VSHFLILHG WR EH P 7KL
DWPRVSKHUHDQG ZLWK GLVWDQFH %\FDWHJRULVLQJUDGLDWLRQ OHYHOV

PKWWSV PHFKDQLFDOF FRP UHIHUHQFH WUDGH VWXG\



7UDGH VXPPDU\

3D\ORDG 'HVLJQ

JLYH SD\ORDG GHVLJQV ZHUH GHVFULEHG ZKHUH &RQFHSWYV FRQVLVW RI
WZR VDWHOOLWH SODWIRUPV DQG &RQFHSW RIIRXU VDWHOOLWH SODWIRI
RIRQH WHOHVFRSH IRUWZR VHWV RI LQVWUXPHQWY RQH IRU 06 LPDJLQJ D
&RQFHSW WKHWZRLQVWUXPHQWY 7,5DQG 06 QRZKDYH WKHLURZQ WHO
VSHFWUDO UDQJHV +RZHYHU WKLV FRQFHSW WKHUHIRUH EHFRPHYV PRUH FI
LQWKHVDPH VDWHOOLWH ZKLOVW KDYLQJ GLIITHUHQW SURSHUWLHYV ,0Q &RC
RQHIRU HDFK JDV HDFK ZLWK D VHSDUDWH LQVWUXPHQW ER[ )RU &RQFHS)
WZR SODWIRUPVDUHLQWURGXFHG ZKHUH RQH KDV D WHOHVFRSHIRU 06 LP|
7,5LPDJLQJ VAIVWHP &RQFHSW XVHVIRXUVDWHOOLWH S SODWIRUPVY ZKLFK L

$Q DQDO\WLVY RI WKH ILYH SD\ORDG GHVLJQV ZzDV PDGH WR FKHFN ZKHWKI
UHVSHFW WR XWLOLW\ ,QFOXGLQJDQO06 LPDJHU FRQWULEXWHG WR PDNH W|
SURFHVV 7KLV ZDV PRVWO\GXHWR WKHIDFW WKDW QDUURZEDQGLPDJHUYV
GLIIHUHQWLDWH EHWZHHQ GLIITHUHQW JDVHV 7KXV RQO\WKH SD\ORDG GH
WR WKHWUDGH RIIl SURFHVYV

&RQVWHOODWLRQ '"HVLIJQ &KDUDFWHULVWLFVDQG /DXQFK &RC

7TKHUHDUH QR PDMRU GLITHUHQFHVLQ WKHJHQHUDO DVWURG\QDPLF FKDUD
IRUFRQFHSW DQG 7KH RUELWDO DOWLWXGH ZDV VHW DW NP DQG SRODL
VDWHOOLWHV IRUERWK &RQFHSW DQG ZHUHFDOFXODWHG IRUWKH WHPSR

UHVSHFWLYHO\ 7KH QXPEHU RIRUELWDO SODQHV ZDV DOVR FDOFXODWH

7KH PDLQ DHURG\QDPLF FKDUDFWHULVWLFVY DUHWKH WRWDO GUDJ RQ WK
WRWDO GUDJ DW NP ZDV IRXQG WRLBDHIBTWRI® DWRIRG\QDPLF WRUTXH ZDV Gt
JHUR DV LW ZDVDVVXPHG WKDW WKHFHQWUH RIDHURG\QDPLF SUHVVXUH D

7TKHODXQFKRSWLRQV SURYLGHG E\WKH '27 ZHUHEULHIO\GHVFULEHG $ W
DQG SD\ORDG IDLULQJ GLPHQVLRQV RI PXOWLSOH ODXQFKHUYV FRPSDUHV W
J)DOFRQ URFNHWORRNV SURPLVLQJ )XUWKHUPRUH LW ZDVDVVXPHG WKDW
XVLQJ RQH ODXQFKHU PHDQLQJ ODXQFKHV ZRXOG EH QHHGHG IRU &RQFHSYV

THFKQLFDO &KDUDFWHULVWLFV 6XPPDU\IRUDOO &RQFHSWYV

7KH WHFKQLFDO VXPPDU\ GHWDLOV WKH EXGJHWLQJ RI HDFK FRQFHSW ZLW
EDVHG RQ HVYWLPDWLRQV DQG SURGXFW IHDWXUHV )RU&RQFHSW WKH WR'
VDWHOOLWHLY 0% DQGQ9 LV PV )RU&RQFHSW 06DQG 7,5 VDWHOOLW!

NJ SRZHU :IRUERWK FRVW SHU VDWHOOLWH DURXQG 0% DQG a9 |
UDWH IRU &RQFHSW VDWHOOLWHV LV 0% V ZKLOHLQ &RQFHSW WKH 7,5
QHHG 0% V

J)LQDO WUDGH RII

,Q WKH WUDGH VXPPDU\ &RQFHSW LV VHOHFWHG DV WKH ILQDO GHVLJQ W
UHOLDEOH PDLQO\EHFDXVHLWRQO\KDVRQHWHOHVFRSH ZKHUHDV WKH W
SHUIRUPDQFHV 7ZR WHOHVFRSHVLQ RQHSODWIRUP OHDGWRDQLQFUHDVF
QRUHVHDUFKHGLQYHVWLIJDWLRQRQLW SUHVXPDEO\GXHWR WKHIDFW WK
QHZ 7KHFRVW LV DOVR VOLJKWO\ KLJKHU IRU &RQFHSW GXH WR WKH KLJK
DQG YROXPH 7KHVXPPDULVHG WUDGH RII I RIDERGFHSHMW DD.@GG LU VHWUKHRYRH VR
VFRULQJRI WKHWUDGH FULWHULD FDQ EH VXPPDULVHG DV IROORZYV

+3D\ORDG 7KH FRPSOH[LW\ RI WKH VSDFHFUDIW LQFUHDVHY ZLWK DGGLV
FRVWY IRU FRQVWUXFWLRQ &RQVLGHULQJ WKH UHODWLYHO\QHZ ILHO
SD\ORDGV RQ GLIITHUHQW VSDFHFUDIW VXFK DV WKH FDVH RI &RQFHSW
DIIHFW WKH RWKHU WKHUHE\GHFUHDVLQJILQDQFLDO FRQVHTXHQFHYV Z
F3URSXOVLRQ VXEV\VWHP &RQFHSW KDV D ORZHU VHYHULW\RI IDLOXUH
RQH SD\ORDG RSHUDWLRQV
F&RPPXQLFDWLRQ VXEV\VWHP 7KHKLJKHU QXPEHURIVDWHOOLWHY UHT X
PDNHV LW OHVVIDYRXUDEOHLQ WHUPV RIDGGLWLRQDO JURXQG VHJPH
f3RZHU VXEV\VWHP 7KHORZHU SRZHU UHTXLUHG SHU VDWHOOLWH IRU &F



7UDGH VXPPDU\

WKH UHGXFWLRQ LQ QXPEHU RI FRPSRQHQWV
$+7KHUPDO VXEV\VWHP )RU &RQFHSW RQO\WKH VDWHOOLWHY ZLWK WK
RQ ERDUG WKH FU\RJHQLF FRROLQJ VI\VWHP 7KLV UHGXFHV WKH VHYHU
DIIHFW RQH RI WKH WZR VDWHOOLWH W\SHV
$6WUXFWXUHV DQG PHFKDQLVPV &RQVLGHULQJ WKH GHSOR\DELOLW\ RI
ORDGV RQWR GLIIHUHQW VDWHOOLWHY UHGXFHV WKH FRPSOH[LW\RIHDF
FORVHWR QR IOLJKW KLVWRU\DQG KHQFH KDYHUHODWLYHO\ORZ 75/ &R
VFRSHV RQ ERDUG ZKLFK LQFUHDVHV WKH FRPSOH[LW\ RI WKH PHFKDQL
DOVR KDV WKH DGYDQWDJH WKDW WKH VHYHULW\ RI IDLOXUH GXH WR Of
SD\ORDG
$$,7 +LJKHUFRPSOH[LW\RIVDWHOOLWHDUFKLWHFWXUH IRU&RQFHSW O
&RQFHSW GRHV QRW DOORZ WKH PLUURUV WR ZUDS DURXQG WKH VSDF
LQWHJUDWLRQ
$$'&6 7KH $'&6 GHVLJQ IRU ERWK FRQFHSWV ZLOO EH VLPLODU 7KHUHIF
RXWFRPH RI WKH WUDGH RII

7DEOH J)LQDO WUDGH RII

&ULWHULD
SHOLDELOLW\ &RV W 6XVWDLQDELO
2SWLRQ LW\

7THOHVFRSHV DIIHFW H

SHUIRUPDQFH LQFUH gﬁﬁgkpv RQ
PRYLQJSDUWYV YHU\C = NJ PDWI 2LDO
&RQFHSW GRXEOH GHSOR\DEOH § UHODWH °
LQWHJUDWLRQ VLJQL HPLVVLF /
VWUXFWXUDO FKDOOF 6FRUH

6FRUH

/RZHU ODXC
ORZHU SD\C IRZHU Ol QFK

/IRZHU FRPSOH[LW\ VL

DPRXQW RI SURSRVHG

SHU FRQVW UHODWH

\HOORZ
EOXH

JUHHQ

&RQFHSW &iéi%i:iﬁchﬁggi ORZHU VHUI = | HPLVVLEF ®/
WHOH SURGXFWLF | 6FRUH

6FRUH

JUHHR
EOXH
\HOORZ




OHULILFDWLRQ DQGC

9HULILFDWLRQ DQG YDOLGDWLRQ DUH LPSRUWDQW WR EULQJFRQILGHQFH W
DQG SURGXFW OHYHO 7KH SURFHGXUHV WR YHULI\DQG YDOLGDWH WKH PR
GHVLJQ DUH SUGWFQMROBHEWLR@KH SURFHGXUHV WR YHULI\DQG YDOLGDW
H[SODLQHG

ORGHO YHULILFDWLRQDQG YDOLGDWLRQ

JLIXUHVKRZV WKH SURFHGXUH WR FRQGXFW YHULILFDWLRQ DQG YDOLGDW|
LOOXVWUDWH PDLQ DFWLRQV ZKLOH WKH OLJKWHU RQHV VKRZ KRZ WR DFK
YDOLGDWHG ,IHUURUVDQGLQFRQVLVWHQFLHVDUHIRXQG WKH\QHHG WR E

J)LIXUH ORGHO YHULILFDWLRQ DQG YDOLGDWLRQ SURFHGXUHYV

7TKHILUVW VWHS RI YHULILFDWLRQLVUHODWHG WRWKHDVVXPSWLRQV 7K
DVVHVVHG WLV LPSRUWDQW WR FRPPXQLFDWH LQGLYLGXDO VXEV\VWHP
WKHUHLVDFRPPRQEDVLVIRUWKHPRGHO 7KHVHFRQGDQG WKLUG VWHSLV
VKRXOG EHGRQHFRQWLQXRXVO\ZKLOHWKHPRGHOLVEHLQJPDGH 8QLWW
ZKLOHLQWHIJUDWLRQ WHVWLQJDLPV DW FKHFNLQJ FRPELQHG HTXDWLRQV V
LV NH\ IRU D JRRG LQWHUDFWLRQ LQ WKH VA\VWHP VR DOVR YHULILHV WKI
VXEV\VWHPYV DUH EHLQJ XVHG 7KH QH[W VWHS LV VA\VWHP WHVWLQJ ZKLFK 1
FRPSOHWH 6HYHUDO FKHFNV FDQ EH SHUIRUPHG FKDQJLQJLQSXW SDUDPH
FKHFENLQJ WKH RXWSXWV IRU SK\VLFDO VHQVH DQG FKHFNLQJ WKH UHVXOW
WKH HQG RI WKH VA\VWHP WHVW WKH UHVXOWY FDQ EH FKHFNHG IRU DFFXUDF
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