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1.0 Introduction 
1.1 Project Summary 

RACL proposes to construct the Mt Emerald Wind Farm (MEWF) on elevated land located approximately  
20 km SSW of the town of Mareeba on the Atherton Tablelands in north Queensland.  The project site 
occupies a total area of 2422 ha. 

The wind farm's electrical energy generation facility and infrastructure will comprise 63 wind turbines and 
associated tracks for underground cabling and access between the turbine arrays (Figure 1).  An electricity 
substation is also proposed and will feed energy generated from the wind farm into the existing Chalumbin to 
Woree 275 kV transmission line.  A conspicuous section of this transmission line more or less dissects the 
site and closely corresponds with bioregional boundaries. 

The wind farm site occurs at the northern extent of the Herberton Range and includes the prominent 
landmark of Walsh Bluff at the most northern end.  Mount Emerald (proper) is located off the site at the 
southern boundary.  The undisturbed landform and vegetation is contiguous with Mt Emerald.  Land to the 
north, east and west is characterised by agriculture and is generally cleared and modified. 

1.2 Landscape Features 

The proposed MEWF site is situated over mountainous terrain coinciding with the northern extent of the 
Herberton Range.  The site is broadly divided in terms of the degree of surface relief.  This has bearing on 
the landforms, vegetation types and ultimately, the constructability of the project.  To the south of the 
Chalumbin to Woree 275 kV transmission line the land is conspicuously dissected, rugged and characterised 
by narrow, high ridges and in some instances, precipitous slopes.  Heath vegetation and low, windswept 
sparse woodlands characterise this landform.  This area falls into the Wet Tropics bioregion section of the 
site and corresponds with the highest level of biodiversity in terms of vegetation and conservation significant 
flora, as well as being the least disturbed.  It is a contiguous tract of land with Mt Emerald on the southern 
boundary and holds high levels of environmental integrity. 

The land to the north of the transmission line exhibits less surface relief, dissected ridges and steep slopes 
become far less frequent, and the landform generally becomes more undulating.  Consequently, different 
vegetation types are hosted; where woodlands are generally taller, more widely represented on a regional 
basis, and conspicuously fewer conservation significant plants are present.  This part of the site corresponds 
with the Einasleigh Uplands bioregion section of the site, and holds lower environmental values than the Wet 
Tropics section.  From a constructability viewpoint, the Einasleigh Uplands section is least constrained and 
offers the most opportunities with the potential for notably reduced environmental impacts on important plant 
habitats and conservation significant plant species.  
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Figure 1 Turbine Locations and Development Footprint 
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1.3 Assessment of Utilisation Patterns 

The high likelihood of the vulnerable EPBC-listed Spectacled Flying-fox (Pteropus conspicillatus) occurring 
on the proposed Mt Emerald Wind Farm (MEWF) site (RPS, 2011) is likely to have been one of the key 
factors in the project being assessed as a controlled action under the EPBC. In particular, the potential for 
the project to have significant impacts on values of the Wet Tropics World Heritage Area (WTWHA) are most 
likely related to the potential impacts on the Spectacled Flying-fox, which has been identified as contributing 
to the World Heritage values of the WTWHA intrinsically.  

The Spectacled Flying-fox contributes to the WTWHA values by assisting the maintenance the ecological 
integrity of the area (ACTFR, 2001), by pollinating flowers and dispersing fruits of rainforest trees (WTMA, 
2000 in ACTFR, 2001).  

The DotE (formerly SEWPaC) EIS Guidelines for the proposed MEWF request a detailed assessment of the 
nature, extent, likelihood and consequence of the short-term and long-term impacts of collision risk and 
barotrauma from turbines on Matters of National Environmental Significance (MNES) fauna species (Section 
5.10), including the Spectacled Flying-fox (Pteropus conspicillatus). Numerical collision modelling is 
recognised as the preferred method of assessing risk where sufficient information on the species abundance 
and number of at risk flights per annum is obtainable (EPHC, 2010).  

Various numerical collision risk models have been previously used in wind farm assessments in Europe and 
North America for birds, for example the Scottish Natural Heritage Collision Risk Model (Band Model) (Band 
et al., 2007). In Australia, the BIOSIS model (Smales et al., 2013) has been used to model predicted  wind 
turbine numerical collision risk for the following EPBC listed threatened and migratory species:  

� Orange-bellied Parrot  (Smales et al., 2005),  

� Swift Parrot (Smales, 2005a),  

� Tasmanian Wedge-tailed Eagle subspecies (Smales and Muir, 2005)  

� White-bellied Sea (Smales, 2005b). 

There have been few attempts to conduct numerical wind turbine collision risk modelling for any nocturnally 
active bat species, either microbat or flying-fox, anywhere in the world, due to the difficulties in obtaining the 
specific input data, particularly flight heights. The only numerical collision risk modelling that has been 
conducted (to date) anywhere in the world for any flying-fox species is for the Butoni Wind Farm in Fiji 
(Smales, 2005c).  

Two species of flying-fox, the Pacific Flying-fox (Pteropus tonganus) and Samoan Flying-fox (Pteropus 
samoensis) were identified as potentially occurring in the vicinity of the wind farm (Smales, 2005c). P. 
tonganus is known to forage during both the day and night, while P. samoensis is totally nocturnal. A total of 
86 records of P. tonganus were recorded during the study within or immediately adjacent to the wind farm 
site (Smales, 2005c). The surveys were only conducted during diurnal and dusk hours and therefore the 
survey results are highly likely to have underestimated the activity of the species. On the basis of a four day 
survey (62 ten-minute point counts made at six locations), the turbine collision risk to P. tonganus was 
determined to be low (<1.1 flights at risk per annum, assuming an avoidance rate of between 98-99%) EPHC 
(2010) state that the flight behaviours of fruit bats are more similar to that of crepuscular bats and nocturnal 
birds than other bat taxa and therefore, it may be feasible to obtain data suitable for collision risk modelling 
using standard point count survey methods typically used for assessing wind farm bird utilisation.  

To date, only two wind farms have been constructed within the range of the Spectacled Flying-fox: Windy Hill 
(near Ravenshoe) and Thursday Island (in the Torres Strait). No systematic long-term mortality monitoring 
has been undertaken at either location (Terry Johannesen, pers. com.) and, as such, their impact on  
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P. conspicillatus is not currently known. DoE approval has been granted for Stage 1 of the proposed High 
Road Wind Farm (near Ravenshoe), in cleared agricultural land adjacent to the extensive wet and dry 
sclerophyll woodland and forests of the Bluff State Forest.  The EPBC referral submitted for the project 
concluded that there was a low likelihood of P. conspicillatus occurring on the site due to the absence of 
closed rainforest roosting habitat (RPS, 2009). However, P. conspicillatus is now  known to forage 
extensively in other vegetation communities such as eucalypt and Melaleuca forests (Curtis et al., 2012) 
including  the wet and dry sclerophyll habitats of the Herberton Range adjacent to the proposed High Road 
and MEWF wind farms (D. Westcott, pers. comm.) and is also known to forage on the fruits of Wild Tobacco 
(Solanum mauritianum) (Eggert, 1994, Spencer et al., 1992), which is an abundant introduced plant 
occurring in disturbed habitats on the Atherton Tablelands. Several wind farms in Australia have been 
constructed or are proposed within the distribution range of Grey-headed Flying-fox (similar ecology to the 
SFF) e.g. Dundonell Wind Farm (Vic) and Capital Wind Farm (NSW).  These projects have been assessed 
as posing low risk to this species as the habitats are not considered to be suitable and no numerical risk 
modelling was conducted (or required) as part of these assessments (Richards, 2005; BLA, 2010) 

Wind turbine collision risk assessment for nocturnally active flying fauna in the US and Europe typically 
utilises marine radar to obtain accurate data on abundance, flight tracks and flight heights.  The only 
successful use of radar in the southern hemisphere for wind farm bird assessments was conducted at 
Taharoa Wind Farm in New Zealand (Fuller et al., 2009). The cost of the commercially available systems, 
capable of tracking small to large-sized targets in three dimensions (e.g. Detect Inc. bird and bat radar 
system), is in the order of at least $1million for purchase and/or $374,000 for a one-year lease (Attachment 
A  – Detect quote).  

Thermal imaging video and image enhancing night vision devices (binoculars, goggles and scopes) have 
been previously used in ecological studies of nocturnally active flying-foxes and microbats. Examples of 
thermal imaging video cameras and/or night-vision devices previously used in survey are; 

� to count microbats emerging from cave roosts (Sabol & Hudson, 1995; Betke et al., 2008);   

� counting roosting Mariana Fruit Bat (Pteropus marianus marianus) from vantage points (USGS, 2010);  

� to determine the 3D flight trajectory of microbats (Theriault et al., 2010; Hristov et al., 2008);  

� nocturnal bird migration (Fortin et al., 1999; Zehender et al.,2001; Ahlen 2003, Desholm, 2003; Desholm 
et al., 2006, Gauthreaux and Livingston 2006);  

� to assess flight patterns and mortality of microbats around operating wind turbines (Desohlm et al., 2003; 
Horn et al., 2008).  

Although thermal imaging and night-vision devices are still relatively expensive (~$40K for high resolution 
and capture rate thermal imaging video, $2-4 K for night vision device), they are significantly cheaper than 
commercially available bird and bat radar systems. Both methods are mentioned in the Australian Draft 
National Wind Farm Development Guidelines as being suitable for monitoring bat movements (EPHC, 2010).  

It is difficult to determine the height or altitude at which bats fly because of their nocturnal behaviour 
(Parsons et al., 2008).  The only study that provides indirect data on the flight heights of Australian flying 
foxes was conducted  by Parsons et al. (2008), who conducted an analysis of the altitudes of aircraft bat 
strikes from Australia in the period 1996-2006 using data obtained from the Australian Transport Safety 
Bureau.  Parsons et al. (2008) suggested that the majority of the collisions identified as bats are likely to be 
flying-foxes (>500g) as smaller microbats are not likely to cause damage to aircraft. Parsons et al. (2008) 
found the majority of collisions with flying-foxes occurred at approximately 150 m above the ground with only 
a few collisions occurring at higher elevations up to 1500 m (Parsons et al., 2008).  Interpretation of this data 
should consider the small sample size of 75 bat collisions and that Australian aircraft spend only a very small 
proportion of their total flight time at low elevations (<300 m).  
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Some studies have attempted to estimate flight height of migrating birds by using the relationship between 
the silhouette sizes of the targets images captured with light-enhancing night vision goggles or thermal 
imaging devices and the flight altitude (Fortin et al., 1999; Leichti et al., 1995).  

To make an informed assessment of the impacts of collision risk from turbines on Spectacled Flying-fox 
habitat utilisation surveys were necessary. As identified above a variety of methods have been trialled on 
bats internationally but few have provided the necessary information.  

The aims of the study were: 

� To confirm the presence of Pteropus conspicillatus on the site; 

� To examine spatial and temporal utilisation patterns of the species; and 

� To collect data suitable for inclusion in a collision risk model such as abundance and flight height. 



Mount Emerald Wind Farm 
An Assessment of Utilisation Patterns of Spectacled  

Flying-fox on the Proposed Mount Emerald Wind Farm Site 
 
 

 
 
PR100246-1 / R72881; Draft – October 2013 Page 6 

2.0 Methodology 
All opportunistic observations of Pteropus spp. on the site during the course of all field work were recorded 
and relevant information noted (e.g. actively foraging, flying over-head, flight height etc). 

2.1 Night Vision Goggle Surveys 

A total of 21 survey locations (Figure 2) were identified across the site to sample as much of the variation in 
ridge habitats across the site as was possible given limitations associated with access and safety (i.e. 
locations were limited to areas within one hours walk of the nearest vehicle access and within mobile phone 
coverage range). Survey locations were selected to provide unobstructed 360 degree views (where possible) 
and were located predominately along rocky ridges with low shrubs and few trees. At each site, visual 
observations were conducted continuously between approximately 30 minutes after sunset to 30 minutes 
before sunrise by two observers alternating over three hour shifts to minimise fatigue. Each observer was 
equipped with a pair of NVA 7 HP dual-eyepiece, single lens, helmet mounted night vision goggles with 1 x 
magnification and a 40° field of view, and a 100W hand-held spotlight fitted with an infra-red filter(to assist 
with species identification).  The survey dates are shown in Table 1.  Using the methodology of Biosis 
(2013), once a target was observed, the estimated distance from observers and height of target at first sight 
was recorded. Where possible, targets were identified to species or if this was not possible into the broader 
taxonomic groups e.g. waterbird, small to medium sized bird, microbat, etc. Surveys were conducted during 
periods of high ambient moonlight to aid detection. Surveys were conducted during periods without 
sustained rain or drizzle to ensure high levels of detectability.  All sites, except for NVG 20, were sampled on 
only one occasion (Table 1).  A total of 11 observers were used to conduct the surveys. It is accepted that 
observer biases associated with varying levels of experience was an unquantifiable variable during the 
surveys.  
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Figure 2  Night Vision Goggle Survey Site Locations 
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2.2 Thermal Imaging Video Surveys 

The thermal imaging video system consisted of: 

� a FLIR A615 thermal camera (640 x 480 pixel resolution @ 50 HZ; 25° horizontal x 19° vertical field of 
view; spatial resolution = 0.68 mrad) in a weatherproof housing set up on a tripod with the video facing 
directly vertical and with the top of the lens oriented towards north;  

� an Adlink Matrix Industrial PC and two Buffalo 4TB USB 3.0 external hard drives housed in a IP67 rated 
Pelican 1600 case; and  

� an external 12v 20A power supply consisting of 4 x 80 Ah seal gel-cell lead-acid batteries, weighing a 
total of approximately 60 kg. 

Figure 3 shows the three sites where thermal imaging survey were conducted. Sampling was conducted for 
one continuous evening (from approximately sunset to 0800 hrs) at each of the sites between 12 and 15 
February 2013. The footage was saved as 13 one-hour segments (FLIR sequence files) of approximately 
66GB of memory each. Analysis of the recorded footage was conducted in the FLIR Research IR Version 
3.4.13039.1003 software (FLIR, 2011). A plot of maximum pixel temperature versus time was examined to 
enable more time-efficient identification of flying fauna. Warm-blooded flying targets were typically visible on 
the plot as peaks, particularly during periods of no cloud cover when the contrast between the warm targets 
and the cold sky was most pronounced (Plate 1). 

 

 
Plate 1 Potential Pteropus spp. FLIR Images 

For each flying fauna target identified on the video footage, the following data was recorded: 

� Time first visible (hh:mm:ss.000 format),  
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� Time last visible,  

� Flight direction relative to screen (e.g. top middle to bottom right),  

� Faunal group identification categorized according to a set of qualitative criteria as a bat, insect, bird, 
aircraft, or unknown (unidentifiable) object. 

Identification criteria included object size, object morphology, estimations of inertia and velocity, evaluation of 
flight manoeuvres and behaviours and wing-beat frequency. In an effort to reduce false positive identification 
and observer biases, a highly conservative approach was used when classifying objects, categorizing many 
objects as “unknown”. The apparent size of the flying targets (with respect to the member of pixels) as 
viewed with the FLIR Research IR software was highly dependent upon the temperature scale that was 
selected for the optimal identification of targets. The size of the object decreased as the upper bound of the 
temperature scale was increased.  All analyses were conducted by the same scientist to avoid classification 
biases. 
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Figure 3 Location of Thermal Imaging Video Survey Sites 
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3.0 Results 
3.1 MEWF Incidental Flying-fox Observations  

Two species of flying-foxes were confirmed to occur within the MEWF site. On the 19/3/13 at 2322 hrs, a 
single Spectacled Flying-fox individual was observed foraging in a flowering Melaleuca viridiflora tree ~3m 
above the ground with a hand-held LED spotlight at c. 326469E 8100237N (UTM WGS 84 55K). The animal 
flew off when disturbed and flew to a height of ~30-50 m above the ground heading south.  

A single freshly dead Little Red Flying-fox (Pteropus scapullatus) male was located at c. 328543E 8100734N 
along the power line access track at 19/12/12 at 0718 hrs. The animal showed no signs of predation (e.g. 
puncture, tear or bite wounds) and may have collided with the high tension power lines (40m) directly above 
the animal. 

3.2 MEWF Night Vision Surveys 

Preliminary observations of flying-foxes alighting from the canopy at the Tolga Scrub roost using the night-
vision goggles in October 2012 demonstrated that animals were able to be observed at distances of up to 
~150 m under full-moon light conditions with no cloud cover.  However, it was not possible to distinguish 
between P. conspicillatus from P. scapulatus with any confidence and both species were confirmed to be 
present during daylight hours. 

These observations presented adequate information to continue with night vision goggles as an assessment 
tool to determine presence/absence of flying foxes on the proposed MEWF, and to attempt to provide 
estimates of horizontal and vertical distances during surveys.  

Pteropus spp. individuals were recorded at 12 of the 21 survey sites (Figure 2). A total of 67 individual 
Pteropus spp. were recorded during the surveys, of which only two individuals could be confidently identified 
as P. conspicillatus (Table 1).  Both of the two positively identified P. conspicillatus individuals were 
observed from very close range (as confirmed by second observer without night vision goggles) and were 
illuminated with a 30W infrared spotlight so that the distinctive pale eye rings and patches on the head and 
shoulders were visible with the night vision goggles.  
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Table 1  Summary of Night Vision Goggle (NVG) Survey Data 

Date Site Easting Northing 

Number of Individuals Recorded 

Total 
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2/10/2012 NVG1 328467 8098753 0 0 0 0 0 0 0 0 

2/10/2012 NVG2 327591 8102189 0 0 0 0 0 0 0 0 

2/10/2012 NVG3 329754 8099405 0 0 0 2 0 0 0 2 

2/10/2012 NVG4 325581 8102596 0 10 2 0 0 0 1 13 

29/10/2012 NVG5 326789 8099837 10 0 0 0 0 0 0 10 

29/10/2012 NVG6 327258 8099624 0 0 3 0 0 0 0 3 

29/10/2012 NVG7 325617 8101231 0 3 0 0 0 0 0 3 

30/10/2012 NVG10 328506 8101239 0 0 0 0 0 0 0 0 

30/10/2012 NVG11 327218 8100019 0 1 11 0 0 0 0 12 

30/10/2012 NVG8 326167 8100444 0 0 0 0 0 2 0 2 

30/10/2012 NVG9 328029 8099220 0 13 0 0 0 0 0 13 

26/11/2012 NVG12 325916 8101631 0 2 1 0 0 0 0 3 

26/11/2012 NVG13 328367 8099407 0 1 4 0 2 0 0 7 

26/11/2012 NVG14 329040 8100460 1 0 0 0 0 0 0 1 

26/11/2012 NVG15 328792 8102560 0 0 2 0 0 0 0 2 

27/11/2012 NVG16 327386 8099294 0 1 4 0 0 1 0 6 

27/11/2012 NVG17 329002 8098559 0 0 0 0 0 0 0 0 

27/11/2012 NVG18 328046 8100298 0 0 5 0 0 0 0 5 

27/11/2012 NVG19 329823 8099182 0 2 4 0 0 0 0 6 

26/02/2013 NVG20 328934 8102042 0 13 20 0 0 0 2 35 

27/02/2013 NVG21 329091 8100198 0 7 8 0 0 0 0 15 

28/05/2013 NVG20 328934 8102042 0 2 1 0 0 0 0 3 
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The abundance of Pteropus spp. individuals increased from dusk onwards, peaking between 2000 -2200 hr 
and then declined gradually towards dawn (Figure 4). 

 
Figure 4 Pteropus spp. Abundances Observed during Hourly Time Periods for all Night Vision Surveys 

Combined 

3.3 Thermal Imaging Video Surveys 

A total of 111 targets were classified as potentially being Pteropus spp. at each of the three sites during the 
February 2013 surveys (Table 2). 

A comparison of NVG results to those of Thermal Imaging at the same date, time and location support this 
method with the same level of classification applied to NVG targets at same data point. 

Table 2  Number of Targets Provisionally Classified as Pteropus spp. 

Site Name Survey Night Date Total No. Potential Pteropus spp. 
Identified 

FLIR 1 12/02/13 42 
FLIR 2 13/02/13 23 
FLIR 3 14/02/13 46 

Examples screen shots of targets that were considered to represent Pteropus spp. are shown in Plate 2. 
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4.0 Discussion 
4.1 Spatial and Temporal Utilisation Patterns 

Pteropus spp were identified across the MEWF site at more than half of the survey locations between 
October 2012 and May 2013. Individuals were observed in both the Wet Tropics Bioregion and the 
Einasleigh Uplands Bioregions of the site.  More specifically, Spectacled Flying-foxes were confirmed to 
occur on the site on two separate occasions (late dry season and late wet season) during the entire period of 
our ecological surveys on the site between 2010 and 2013. 

Our attempts to examine the species spatial and temporal utilisation patterns on the site using thermal 
imaging video and night vision goggles were unsuccessful due predominately to the difficulties in reliably 
obtaining positive species identifications with either of these devices.   

Significant effort was placed in the development and conduct of the methodologies with the understanding 
this was a novel approach, untested in Australia, on a species that has been understudied due to the 
challenges in obtaining sufficient ecological data.  This was recognised as a risk, however every effort was 
undertaken to provide information to the DoE on the species, and these methods were selected for trial as 
they were the only affordable method with any potential to obtain the required data. At the time of developing 
the survey methodologies, commercially available bat and avian radar systems, which were assessed as 
having the best potential to gather the required data, were deemed not cost effective (in the order of 
$1million) and research suggested that cheaper, marine radar systems would not be suitable.  

The tested methods proved suitable for collection of presence/absence data on site; however detailed 
abundance and flight height data proved difficult and were ultimately also not cost effective. The ruggedness 
of the survey site meant that observers could only travel to a tower location before dusk carrying all 
equipment on foot (thermal imaging totalled 100kg). Due to the site relief (greater than 15o- 30o over 83% of 
the site) and the hazardous groundlayer it was not possible to conduct surveys in multiple locations on each 
night. This limited replication and increased the number of field staff required to assist.   

There are several sources of potential variation associated with the night-vision goggle survey data including 
environmental conditions and observer bias.  

� The night vision goggles that were used had a limited field of view of ~40° compared to between 124°-
208° for the human eye, therefore only a small proportion of the total potential detection volume around 
each observer (~0.005 km3) could be sampled at any one time.  

� The need to scan continuously for long-periods was physically and mentally demanding for the observers 
and it is likely that detectability was not constant during the 3 hour shifts, particularly in the early morning 
due to observer fatigue.  

The night vision goggles surveys were restricted to periods of high lunar illumination to facilitate the detection 
and identification of P. conspicillatus. The influence of moon phase on the activity of any P. conspicillatus or 
other Australian Pteropus spp. is not currently understood.  Many studies have shown a pronounced luna 
phobia effect in bats. For example, a meta-analysis conducted by Saldaña-Vázquez & Munguía-Rosas 
(2012), found that the relationship between moonlight intensity and bat activity is negative and significant. 
Latitude was also found to be positively correlated with luna phobia in bats (Saldaña-Vázquez & Munguía-
Rosas, 2012). Many species of New World phyllostomatid bats have been shown to exhibit reduced activity 
during periods of high lunar lamination (Morrison, 1975; Crespo et al., 1972; Gannon & Willig, 1997). 
Feeding activity of a megachiropteran fruit bat, the Greater Short-nosed Fruit Bat (Cynopterus sphinx) on 
Calophyllum inophyllum fruit and leaves of two other plant species was shown to be negatively correlated 
with the percentage of moonlight each night (Elandgovan & Marimuthu, 2006). This lunar phobia effect may 
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be due to increased risk of predation by visually oriented predators (Morrison, 1978) such as owls, as lunar 
illumination has not been shown to be correlated with resource abundance and distribution or bat social 
activity (Morrison, 1978). If the Australian Pteropus spp. exhibit luna phobia, then the abundances recorded 
during the night vision goggle surveys, which were only conducted during periods of high ambient moonlight 
to aid detection, may not be representative of “optimum” flying-fox activity across the site, i.e. the counts 
would be underestimated due to the potential lunar phobia phenomenon. 

Weather conditions also varied significantly across the site during the surveys, with survey locations above 
900 m on the south eastern section of the site often covered in dense low cloud for large periods of the night. 

4.2 Effectiveness of NVG and Thermal Imaging Video to Collected Data Suitable 
for Numerical Collision Risk Modelling Data 

Numerical turbine collision risk modelling requires information on the number of individuals that might interact 
with turbines and the estimated number of their flights that are at risk of collision (EPHC, 2010).  

Neither of the methods used in this trial study was determined to be suitable for collecting utilisation data 
suitable for numerical risk modelling because of  

(a) the inability to accurately identify species (as discussed preciously) and  

(b) the inability to accurately estimate flight heights of individuals.  

These technologies together with a radar system would provide a more holistic approach to data collection. 

The night vision goggles that were used did not permit binocular vision to estimate horizontal and vertical 
distances. All of the Pteropus spp. individuals recorded during the night vision goggle surveys were 
considered likely to have been flying within or below the rotor sweep area (hub height 90 m, blade length 55 
m - 35 m to 145 m above the ground) as it was not possible to discriminate flying-foxes at distances greater 
than ~150 m with the night-vision goggles. Therefore, even assuming sufficient spatial and temporal 
replication could be obtained, the estimate of the turbine collision risk obtained from the data is likely to 
overestimate the risk. 

The potential for using thermal imaging to estimate the flight height of any Pteropus spp. appears to be 
limited due to the high degree of subjectivity regarding the positive identification of targets and the influence 
of the temperature scale selected to view the image on the FLIR Research IR software on the apparent size 
of the target. It is theoretically possible to estimate the flight height of a target of known size by counting the 
number of pixels its image occupies on the monitor.  It was not possible to keep the temperature scale 
constant while effectively detecting all targets of interest as the relative brightness of the target against the 
sky background varied depending upon the presence and amount of cloud cover. There is a significant 
difference in the average wing span of the species of flying-fox which have been confirmed to occur on the 
site (Pteropus conspicillatus ~ 20-40% greater than P. scapulatus), which may be a significant source of 
error in estimating flight heights based on size of the target on the image (number of pixels).  

4.3 Recommended Further Research 

It is apparent that radar is the only proven methodology (currently available) to collect accurate data on the 
flight heights of nocturnally flying animals such as flying-foxes. Avian and bat radar systems are the primary 
method used in the US and Europe to quantify utilisation and assess the environmental risk of wind energy 
developments on nocturnally flying fauna (birds and bats) (Davenport, 2010, d’ Entremont, 2010; Johnson, 
2010 and Svedlow, 2011). These radar systems can provide data on the number of targets passing through 
the radar beam in a set amount of time, the distance to the target from the radar (either elevation or range 
depending on whether the radar is used in a horizontal or vertical orientation) and trajectory or flight path 
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(Duberstein et al., 2012). However, radar systems used on their own may not be sufficient to enable effective 
differentiation between insects and fauna of interest (birds and bats) (Addy Borst, Robin Radar, pers. 
comm.). The simultaneous used of both radar and thermal imaging devices have been used successfully to 
differentiate nocturnal insects, birds and bats, with radar providing accurate distance measurements and 
thermal imaging assisting with target differentiation (Gauthreaux & Livingston, 2006).  
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�� 5HVLGHQW� PLFUREDWV� �LQFOXGLQJ� WKH� FULWLFDOO\� HQGDQJHUHG� %DUH�UXPSHG� 6KHDWKWDLO� %DW��
6DFFRODLPXV�VDFFRODLPXV��
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�
��� 7KUHH�3KDVH�,PSOHPHQWDWLRQ�RI�WKH�0(5/,1�$56�DQG�0(5/,1�6&$'$��DV�IROORZV��

D�� 3KDVH�2QH���6XUYH\��'HOLYHU�DQG�LQVWDOO�RQH�RU�WZR�0(5/,1�;6�����PH�$YLDQ�5DGDU�
6\VWHP� �$56��� WRJHWKHU�ZLWK� D� ODVHU� FHLORPHWHU� DQG�D�PHWHRURORJLFDO� YLVLELOLW\� VHQVRU��
DQG� FRPPHQFH� DYLDQ� VXUYH\� ZRUN� �WR� EHJLQ� ���� PRQWKV� $52���ZLWK� WKH� REMHFWLYH� RI�
FDUU\LQJ� RXW� XS� WR� ��� PRQWKV� RI� ����� ELUG� DFWLYLW\� GDWD� FROOHFWLRQ� DQG� WR� GHYHORS� D�
FRPSUHKHQVLYH�� �XQGHUVWDQGLQJ�RI� WKH�ZLQGIDUPµV�VSHFLILF�PLWLJDWLRQ�UHTXLUHPHQWV��DQG�
WR�GHYHORS�LQLWLDO�5LVN�5XOH�6HWV�IRU�LPSOHPHQWDWLRQ�RI�0(5/,1�6&$'$��2QH�V\VWHP�ZLOO�
SURYLGH�RQO\�SDUWLDO��FRYHUDJH�RI�WKH�ZLQG�IDUP��VR�WKH�FOLHQW�VKRXOG�FRQVLGHU�EX\LQJ�WZR�
V\VWHPV� WR� FRYHU� WKH� HQWLUH�:5$�� ��7KH� DYLDQ�� FORXG�KHLJKW�	� VN\� FRYHU� DQG� YLVLELOLW\�
GDWD�FROOHFWHG�ZLOO�DOORZ�ULJRURXV�DVVHVVPHQW�RI�KRZ�EHVW�WR�XWLOL]H�0(5/,1�6&$'$�WR�
PLQLPL]H�ELUG�PRUWDOLW\�ULVN���

3KDVH�2QH�ZLOO�DOVR�GHYHORS�GHWDLOHG�UDGDU�FRYHUDJH�GDWD�IRU�DQDO\VLV�RI�WKH�ZLQGIDUP�LQ�
RUGHU� WR�GHWHUPLQH� WKH� ILQDO�QXPEHU�RI� UDGDUV�QHHGHG�DQG�SODFHPHQW� WR�VDWLVI\�3KDVH�
7KUHH�RSHUDWLRQDO�UDGDU�FRYHUDJH�UHTXLUHPHQWV����

6SHFLILF�REMHFWLYHV�GXULQJ�WKLV�LQLWLDO�VXUYH\�SKDVH�LQFOXGH��

x� 'HILQH�ELUG�IOLJKW�SDWWHUQV�DQG�DUHD�DFWLYLW\�OHYHOV��

x� ,GHQWLI\�SUHFXUVRU�ULVN�SDWWHUQV��

x� 4XDQWLI\�DYLDQ�PRUWDOLW\�ULVN�

x� 'HILQH�UHTXLUHG�UHVSRQVH�WLPHV�DQG�DSSURSULDWH�PLWLJDWLRQ�VWUDWHJ\��

x� 'HWHUPLQH� WKH�RSHUDWLRQDO�0(5/,1�V\VWHP�SODFHPHQW�DQG� WKH�HYHQWXDO�QXPEHU�RI�
KRUL]RQWDO�DQG�YHUWLFDO�UDGDUV�UHTXLUHG�WR�DFKLHYH�IXOO�FRYHUDJH�RI�WKH�ZLQGIDUP���

1RWH�� � 7KLV� DVVHVVPHQW� UHTXLUHV� D� PLQLPXP� RI� �� PRQWKV� RI� RQ�VLWH� GDWD� FROOHFWLRQ�
GXULQJ�SHULRGV�RI�KLJKHVW�ULVN�ZLWK�FRQILUPDWRU\�YLVXDO�REVHUYDWLRQV��)XUWKHUPRUH��XS�WR�
��� PRQWKV� RI� GDWD� FROOHFWLRQ� DUH� W\SLFDOO\� DUH� QHHGHG� LQ� RUGHU� WR� RSWLPL]H� RXU�
XQGHUVWDQGLQJ�RI�ELUG�EHKDYLRUV�DQG�WR�IXOO\�GHYHORS�WKH�5LVN�5XOHV�QHHGHG�IRU�0(5/,1�
6&$'$�ELUG�PRUWDOLW\�ULVN�PLWLJDWLRQ���7KLV�SURSRVDO�DVVXPHV�WKDW�D�IXOO����PRQWK�UDGDU�
VXUYH\�ZLOO�EH�FDUULHG�RXW��

�

E�� 3KDVH�7ZR�±�,QLWLDO�6&$'$�,PSOHPHQWDWLRQ��LQ�WKLV�SKDVH�'H7HFW�ZLOO�LQVWDOO�DQG�WHVW�
WKH� LQLWLDO� 6&$'$� V\VWHP� FRQILJXUDWLRQ� RYHU� D� SHULRG� RI� �����PRQWKV�� XVLQJ� WKH� 5LVN�
5XOHV� GHYHORSHG� LQ� 3KDVH� 2QH�� � 7KLV� SURFHVV� ZLOO� SURYLGH� LQWHQVLYH� RSHUDWLRQDO�
HYDOXDWLRQ�LQ�RUGHU�WR�RSWLPL]H�WKH�PLWLJDWLRQ�ULVN�UXOHV�DQG�UHVSRQVHV�IRU�RSWLPDO�DYLDQ�
PRUWDOLW\�ULVN�PLWLJDWLRQ����

F�� 3KDVH�7KUHH� ��$56�&RYHUDJH�([SDQVLRQ��XVLQJ�DGGLWLRQDO�9HUWLFDO�DQG�RU�+RUL]RQWDO�
6XUYHLOODQFH�5DGDUV� �965µV� DQG�+65µV�� DV� QHHGHG� WR� SURYLGH� IXOO�ZLQGIDUP� FRYHUDJH�
DQG� WR� LPSOHPHQW� 6&$'$� FRQWURO� RI� DOO� WXUELQHV� XVLQJ� RSWLPL]HG� 5LVN� 5XOHV��� )XOO�
6&$'$�LPSOHPHQWDWLRQ�LV�H[SHFWHG�WR�EH�FRPSOHWHG�ZLWKLQ�����PRQWKV�DIWHU�LQVWDOODWLRQ�
RI� WKH�DGGLWLRQDO�0(5/,1�UDGDUV��'H7HFW�ZLOO�SURYLGH� WKH�FOLHQW�ZLWK�D�UHSRUW�SURMHFWLQJ�
WKH�QXPEHUV�DQG�W\SHV�RI�UDGDUV�QHHGHG�IRU�WKLV�SXUSRVH��DW�WKH�HQG�RI�3KDVH�2QH��
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�

��� 5DGDU�6XUYH\�'HVFULSWLRQ�
7KH�SURSRVHG�V\VWHP�LV�ZLGHO\�XVHG�IRU�WKLV�SXUSRVH�DQG�LV�RSWLPDO�IRU�JHQHUDO�DYLDQ�PRQLWRULQJ�
IRU�WKH�DERYH�UHIHUHQFHG�SURMHFW���7KH�JHQHUDO�REMHFWLYH�RI�DQ�DYLDQ�VXUYH\�RI�WKLV�QDWXUH�LV�WR�
GHYHORS�GDWD�RQ�ELUG�DFWLYLW\�OHYHOV�DQG�SDWWHUQV�IRU�WKH�VWXG\�DUHD���7KH�GHVLJQ�RI�WKH�VXUYH\�
DQG�VSHFLILF�VFRSH�RI�DQDO\VLV�RI�WKH�UDGDU�GDWD�FROOHFWHG�WR�EH�VXSSRUWHG�E\�'H7HFW�ZLOO�EH�
GHWHUPLQHG�WKURXJK�GLUHFW�GLVFXVVLRQ�ZLWK�WKH�&OLHQW��KRZHYHU�WKH�VFRSH�ZLOO�JHQHUDOO\�EH�LQ�
DFFRUGDQFH�ZLWK�'H7HFWµV�VWDQGDUG�PHWKRGRORJ\�IRU�VXFK�VXUYH\V�DQG�ZLOO�LQFOXGH�WKH�IROORZLQJ��

D�� 4XDQWLI\LQJ�GLXUQDO�DQG�QRFWXUQDO�ELUG�DFWLYLW\�LQ�WKH�DUHD�RI�WKH�VXUYH\�DUHD�WR�LQFOXGH�
KHLJKW�GLVWULEXWLRQ��SDVVDJH�UDWHV�DQG�FRPSRVLWLRQ��WDUJHW�VL]H�FODVVHV���

E�� $VVHVV�IOLJKW�SDWWHUQ�RI�ELUGV�DFURVV�WKH�SURSRVHG�DUHD�WR�LQFOXGH�IOLJKW�SDWKV��IOLJKW�
DOWLWXGHV��IOLJKW�GLUHFWLRQV��IOLJKW�VSHHGV��DQG�FRQGLWLRQV��YLVLELOLW\�GDWD�WR�EH�SURYLGHG�E\�
WKH�&OLHQW���

�
7KH�FOLHQWµV�ELRORJLVWV�DQG�UHVHDUFKHUV�ZLOO�EH�RSHUDWLQJ�WKH�V\VWHP�DQG�'H7HFW�ZLOO�FRRUGLQDWH�
ZLWK� WKH�&OLHQW� WR� GHILQH� WKH� VWXG\� SODQ� SULRU� WR� GHOLYHU\� DQG� VWDUW�XS� RI� WKH� UDGDU�� WR� LQFOXGH�
GHILQLQJ�WKH�VSHFLILF�GDWD�DQDO\VLV�DQG�GDWD�RXWSXWV�GHVLUHG���'H7HFW�ZLOO�DOVR�WUDLQ�WKH�&OLHQWµV�
VWDII�RQ�V\VWHP�RSHUDWLRQ�DQG�VXSSRUW�����

����0(5/,1�$YLDQ�5DGDU�6\VWHP�&KDUDFWHULVWLFV�
0(5/,1�UHSUHVHQWV�WKH�VWDWH�RI�WKH�DUW�DQG�LV�WKH�PRVW�DGYDQFHG�DQG�SURYHQ�V\VWHP�DYDLODEOH��
ZLWK� RYHU� ��� V\VWHPV� RSHUDWLQJ� ZRUOGZLGH� LQ� DYLDWLRQ� VDIHW\� DQG� ELUG� FRQWURO�� KRZHYHU� WKH�
WHFKQRORJ\� GRHV� KDYH� OLPLWDWLRQV� LQ� WKDW� UDGDU� LV� D� OLQH� RI� VLJKW� LQVWUXPHQW� DQG� WKH� FXUUHQW�
V\VWHP� LPSOHPHQWDWLRQ� LV� QRW� VSHFLHV� VSHFLILF�� � 7KH� 0(5/,1� WHFKQRORJ\� ZDV� RULJLQDOO\�
GHYHORSHG� DQG� LV� FXUUHQWO\� XVHG� E\� WKH� 86� $LU� )RUFH� DQG� 1$6$� IRU� DLUFUDIW�ELUG� VWULNH� ULVN�
PDQDJHPHQW�DQG�LQFOXGHV�DGYDQFHG��PLOLWDU\�JUDGH�VLJQDO�SURFHVVLQJ�VRIWZDUH���3OHDVH�UHIHU�WR�
WKH�ILJXUH�EHORZ��LOOXVWUDWLQJ�D�W\SLFDO�$%$5�FRQILJXUDWLRQ��
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All radar systems are however susceptible to interference from structures, vegetation, high sea 
state, and other radars that may limit detection in certain areas and/or environments.  The 
system will require installation in a representative location with a relatively clear line-of-sight of 
the area of interest and DeTect will assist the client in siting analysis and desktop clutter and 
coverage modeling as part of its scope of delivery under this proposal. 

Data from the X-band (3 cm wavelength, ~22 degree beam angle width in the vertical) vertical 
scanning radar (VSR) will not generally be available during periods of precipitation.  The solid-
state S-band (10 cm, ~24 degree beam angle from the horizontal) horizontal surveillance radar 
(HSR) generally will function in up to moderate precipitation.  

The system classifies targets into size classes generally corresponding to small, medium, large 
and flock size birds, but cannot definitively distinguish species.  As such, DeTect recommends 
that periodic field groundtruthing of the radar system data be conducted by qualified biologists 
as part of any survey, using the system for data validation and to develop data subsets on 
species predominant at the survey site (using the MERLIN groundtruth recording feature). 

For avian surveys, the recommended range of operation for the vertical scanning radar (VSR) is 
0.75-1.0 nautical miles (nm), maximum range is 1.5 nm; and for the horizontal surveillance radar 
(HSR) recommended range is 1-2 nm (maximum range 3-4 nm).   
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7DEOH����0(5/,1�2SHUDWLQJ�5DQJHV�E\�$SSOLFDWLRQ�

�

7KH�DFWXDO�VLWLQJ�IRU�WKH�0(5/,1�$56�ZLOO�EH�GHILQHG�LQ�D�SUH�GHOLYHU\�VXUYH\��HLWKHU�XWLOL]LQJ�WKH�
FXVWRPHUµV�*,6�GDWD�VHWV��RU�D�IRUPDO�VLWH�YLVLW����
'H7HFW�ZLOO�SURYLGH�VWDQGDUG�DQG�FXVWRP�GDWD�DQDO\VLV�WR�VXSSRUW�WKH�&OLHQWµV�PRQLWRULQJ�
DFWLYLWLHV���7KH�VWDQGDUG�DQDO\VLV�TXHULHV�LQFOXGHG�ZLWK�WKH�V\VWHP�DUH�VKRZQ�LQ�7DEOH���EHORZ��

7DEOH����6WDQGDUG�6XUYH\�3URMHFW�4XHULHV�,QFOXGHG�ZLWK�6\VWHP��
�

4XHU\� 'HVFULSWLRQ� &ODVVLILFDWLRQ� )RUPDW�
�� 7RWDO�QXPEHU�RI�ELUG�WDUJHWV�$*/�XQGHU�

*RRG�YLVLELOLW\�FRQGLWLRQV�
%\�VL]H�DV�6��
0��/�RU�)�

'DWD�WDEOH�DQG�
JUDSKLFDOO\��

�� 7RWDO�QXPEHU�RI�ELUG�WDUJHWV�$*/�XQGHU�
/RZ�YLVLELOLW\�FRQGLWLRQV�

%\�VL]H�DV�6��
0��/�RU�)�

'DWD�WDEOH�DQG�
JUDSKLFDOO\�

�� 7RWDO�QXPEHU�RI�ELUG�WDUJHWV�SHU�NLORPHWHU�
�NP��RI�IURQW�E\�KRXU�RI�WKH�GD\�

%\�VL]H�DV�6��
0��/�RU�)�

'DWD�WDEOH�

�� 7RWDO�QXPEHU�RI�ELUG�WDUJHWV�SHU�NP�RI�
IURQW�E\�KRXU�RI�WKH�GD\��QRUPDOL]HG�WR�DOO�
SURMHFW�GD\V�

%\�VL]H�DV�6��
0��/�RU�)�

'DWD�WDEOH�

�� 7RWDO�QXPEHU�RI�ELUG�WDUJHWV�SHU�NP�RI�
IURQW�E\�SHULRG���GD\��QLJKW�RU�WUDQVLWLRQ�
�GXVN�GDZQ��

� 'DWD�WDEOH�DQG�
JUDSKLFDOO\�

�� 7RWDO�QXPEHU�RI�ELUG�WDUJHWV�SHU�NP�RI�
IURQW�E\�SHULRG���GD\��QLJKW�RU�WUDQVLWLRQ�
�GXVN�GDZQ��

%\�ORZ�RU�KLJK�
YLVLELOLW\�

'DWD�WDEOH�DQG�
JUDSKLFDOO\�

�� 0HDQ�DOWLWXGH�VWDQGDUG�GHYLDWLRQ�RI��ELUG�
WDUJHWV�E\�SHULRG���GD\��QLJKW�RU�WUDQVLWLRQ�
�GXVN�GDZQ��

� 'DWD�WDEOH�DQG�
JUDSKLFDOO\�

�� 1XPEHU�RI�SHULRGV�ZLWK�SDVVDJH�UDWHV�
H[FHHGLQJ�WKH�ULVN�WKUHVKROG�E\�YLVLELOLW\�

� 7DEXODU�

�� 7DUJHW�FRXQW�EHORZ��ZLWKLQ��DQG�DERYH�
WKH�5RWRU�6ZHSW�=RQHV�

� 'DWD�WDEOH�DQG�
JUDSKLFDOO\�

��� 'LUHFWLRQDO�KLVWRJUDPV�E\�FRXQW�E\�SHULRG�
��GD\��QLJKW�RU�WUDQVLWLRQ��GXVN�GDZQ��

� *UDSKLFDOO\�

5DGDU�7\SH� *HQHUDO�6XUYH\� :LQGIDUP�6XUYH\� &RPPHQWV�

965���;�%DQG�� ���������QP�������±�����
NP�

���������QP������±������
NP��

'HWHUPLQHG�E\�
VXUYH\�QHHGV��

+65���6�%DQG�� ��±���QP����������±�����NP�� ����QP��������������±������
NP��

'HWHUPLQHG�E\�
VXUYH\�QHHGV��
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�
���0(5/,1�;6�����PH�$YLDQ�5DGDU�6\VWHP��$56��'HOLYHUDEOHV�
7KH� LQLWLDO�$56�GHOLYHUHG� WR�VDWLVI\�3KDVHV���DQG���ZLOO�EH� WUDLOHU�PRXQWHG�GXDO� UDGDU� V\VWHP�
FRQVLVWLQJ�RI�RQH�9HUWLFDOO\�6FDQQLQJ�5DGDU��965��DQG�RQH�+RUL]RQWDOO\�6FDQQLQJ�5DGDU��+65����
7KH�$56�GHOLYHUDEOHV�ZLOO�LQFOXGH���

���� 2QH�����0(5/,1�;6�����PH�$YLDQ�5DGDU�6\VWHP��PLQLPXP���WR�LQFOXGH��

D�� )XOO\�VHOI�FRQWDLQHG��&(�FHUWLILHG�WUDLOHU�PRXQWHG�V\VWHP�IXQFWLRQDO�DW�GHOLYHU\��
LQFOXGLQJ�'RSSOHU�SURFHVVLQJ��9LVLELOLW\�6HQVRU��DQG�/DVHU�&HLORPHWHU��

E�� &RXQWU\�RI�GHOLYHU\�FRPSOLDQW�PDULQH�JUDGH�DOXPLQXP�WUDLOHU�V\VWHP�DQG�
HTXLSPHQW�SODWIRUP���

F�����&RPPHUFLDO�SRZHU�SOXJ�LQ�DQG�����IW�FDEOH����������Y$&��������DPS�VHUYLFH�
UHTXLUHG��ZLWK�RQ�ERDUG�GLHVHO���NLORZDWW��N:��SRZHU�JHQHUDWRU�V\VWHP�ZLWK�
H[WHQGHG�UXQ�IXHO�WDQN��VXSSRUWV�DERXW�������KRXU�GD\V�RI�RSHUDWLRQ��RLO�DQG�
ILOWHU�FKDQJH�UHTXLUHG�HYHU\�����KRXUV���8QLQWHUUXSWLEOH�3RZHU�6XSSO\��836��
EDFN�XSV��DQG�DXWRPDWLF�FRPPHUFLDO�JHQHUDWRU�SRZHU�WUDQVIHU�VZLWFK�WKDW�ZLOO�
VWDUW�WKH�JHQHUDWRU�VKRXOG�FRPPHUFLDO�SRZHU�IDLO���

1RWH��'XDO��DXWR�VZLWFK�JHQHUDWRU�V\VWHPV�ZLWK�KLJK�FDSDFLW\�IXHO�WDQNV�DUH�DYDLODEOH�
DV�DQ�RSWLRQ�IRU�H[WHQGHG�UXQWLPHV������KRXUV��EHWZHHQ�VHUYLFH���

G�� 'XDO�UDGDU�VHQVRU�V\VWHP���

L�� ����ZDWW�KRUL]RQWDOO\�RSHUDWLQJ�VROLG�VWDWH�6�EDQG�UDGDU�ZLWK�'RSSOHU�
SURFHVVLQJ�ZLWK����WLOW�XS�DQG�a���GHJUHH�EHDPZLGWK��PRXQWHG�RQ�DQ�
H[WHQGDEOH�UDGDU�WRZHU��

LL�� ��N:�YHUWLFDOO\�RSHUDWLQJ�PDJQHWURQ�;�EDQG�ZLWK�WRZHU�DQG�VOLGH�RXW�
VHSDUDWRU��a���GHJUHH�EHDP�ZLGWK�DQJOH���

H�� (QYLURQPHQWDOO\�FRQWUROOHG�RQ�ERDUG�RSHUDWRU�HTXLSPHQW�6,3�FDELQ��a��[���[���
IW��O�[�Z�[�K��ZLWK�ZLQGRZ�DQG�FRGHG��NH\SXQFK��GRRU�ORFNVHW��

I�����2Q�ERDUG�YLEUDWLRQ�GDPSHUHG��UDFN�PRXQWHG�GDWD�SURFHVVLQJ�FRPSXWHU�V\VWHP�
DQG�QHWZRUN��06�:LQGRZV�RSHUDWLQJ�V\VWHP��(QJOLVK�YHUVLRQ�LV�VWDQGDUG��
IRUHLJQ�ODQJXDJH�YHUVLRQV�DYDLODEOH�DW�H[WUD�FRVW���'HOLYHU\�LQFOXGHV�UDGDU�
LQWHUIDFH�DQG�SURFHVVRU�FRPSXWHUV�IRU�HDFK�UDGDU��D�QHWZRUN�VZLWFK��0(5/,1�
:$$6�HQDEOHG�*36�&RPSDVV�JHR�UHIHUHQFHG�GDWXP�V\VWHP��DQG�DQFLOODU\�
FRPSRQHQWV��

J�� 0(5/,1�UDGDU�RSHUDWLQJ�DQG�SURFHVVLQJ�VRIWZDUH�WR�LQFOXGH�RQH�����IXOO�
0(5/,1�V\VWHP�OLFHQVH�IRU�0(5/,1�$GPLQLVWUDWRU��3URFHVVRU��'LVSOD\��
5HPRWH��UHPRWH�FRQWURO�DQG�GLVSOD\�VRIWZDUH���0HUOLQ&KDUW��DQG�7UDFN3ORW���
DQG�RQH�����UHPRWH��OLPLWHG�XVH�V\VWHP�OLFHQVH�IRU�0(5/,1�$GPLQLVWUDWRU��
3URFHVVRU��'LVSOD\��0HUOLQ&KDUW��DQG�7UDFN3ORW��IRU�RIIVLWH�GDWD�DQDO\VLV��

7KH�0(5/,1�GDWD�SURFHVVLQJ�SDFNDJH�,QFOXGHV�UDZ�UDGDU�VWUHDP�UHFRUGHU�IRU�
ERWK�WKH�+65�DQG�965��ZKLFK�DOORZV�UHFRUGLQJ�RI�KLJK�UHVROXWLRQ��XQSURFHVVHG�
�UDZ��UDGDU�GDWDVWUHDP�IRU�GHWDLOHG�RIIVLWH�DQDO\VLV�DQG�4$�4&���
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K�� 0(5/,1�64/�GDWD�V\VWHP�IRU�DUFKLYLQJ�DQG�UHSRUWLQJ�RI�SURFHVVHG�ELUG�WUDFN�
GDWD�DW�WKH�VLWH��

L�����&HOOXODU�::$1�XSOLQN�V\VWHP��FRQQHFWLYLW\�VHUYLFH�SURYLGHG�E\�FOLHQW���

M�����/RFDO�ZLUHOHVV�QHWZRUN���������IW�UDQJH��DQG�ZLUHOHVV�QRWHERRN�GLVSOD\�
FRPSXWHU�IRU�UHFRUGLQJ�ELRORJLVW�JURXQGWUXWK�YLVXDO�GDWD�GLUHFW�WR�WKH�0(5/,1�
V\VWHP�GDWDEDVH��

N�����$QFLOODU\�VXSSRUW�HTXLSPHQW�LQFOXGLQJ�D�ZHDWKHU�VWDWLRQ��'DYLV�:HDWKHU�
:L]DUG���VSDUH�WLUH��ZKHHO�FKRFNV��OLJKWQLQJ�SURWHFWLRQ��WLH�GRZQV�DQG�JURXQG�
DQFKRUV��WRROV�DQG�HTXLSPHQW�VWRUDJH�ER[��VDIHW\�HTXLSPHQW��ILUVW�DLG�DQG�
+DORWURQ��ILUH�H[WLQJXLVKHUV���DQG�VDIHW\�VLJQDJH��

O�����$OO�ZKLWH��SRZGHU�FRDW�SDLQW�VFKHPH�RQ�NH\�FRPSRQHQWV�ZLWK�VWDQGDUG�V\VWHP�
PDUNLQJV�����

P�� 3UH�GHOLYHU\�VFRSLQJ�VLWH�YLVLW�DQG�PHHWLQJ�WR�RFFXU�ZLWKLQ����GD\V�RI�UHFHLSW�RI�
RUGHU��

Q�� 7ZR�����UHSURGXFLEOH�GLJLWDO�FRSLHV�RI�8VHU�2SHUDWLRQV�	�0DLQWHQDQFH��2	0��
0DQXDOV��XVHU�DQG�WHFKQLFDO��RQH�WR�EH�LQVWDOOHG�RQ�PDLQ�V\VWHP���

R�� 'HOLYHU\���&,)��WR�EH�VKLSSHG�WR�QHDUHVW�PDMRU�VHDSRUW�LQ�FOLHQWµV�FRXQWU\��&OLHQW�
SD\V�LQ�FRXQWU\�,QODQG�IUHLJKW�FKDUJHV��DV�ZHOO�DV�DQ\�LPSRUW�GXWLHV�DQG�UHODWHG�
WD[HV�DQG�IHHV��

S�� 6\VWHP�LQVWDOODWLRQ�VXSSRUW��VWDUW�XS��LQLWLDO�JURXQGWUXWKLQJ�DQG�XVHU�WUDLQLQJ��

T�� 'DLO\�UHPRWH�4$�V\VWHP�FKHFN�DQG�UHPRWH�GLDJQRVWLFV�ZLWK�0(5/,1�
)LOH:DWFKHU�

U�����4XDUWHUO\�VLWH�YLVLWV�E\�'H7HFW�UDGDU�RUQLWKRORJLVW�ELRORJLVW�IRU�WKH�ILUVW�FDOHQGDU�
\HDU�DIWHU�VWDUW�XS�WR�FRLQFLGH�ZLWK�H[SHFWHG�SHDN�DFWLYLW\�SHULRGV�IRU�HDFK�
VHDVRQ����GD\V�SHU�YLVLW�WR�LQFOXGH�V\VWHP�LQVSHFWLRQ�DQG�UDGDU�JURXQGWUXWKLQJ�

V�����2QH�����\HDU�GDWD�SURFHVVLQJ�DQG�DQDO\VLV�VXSSRUW�WR�LQFOXGH�GDLO\�PRQLWRULQJ�
RI�WKH�V\VWHP�ZLWK�GDLO\�UHPRWH�V\VWHP�FKHFNV�DQG�GDWD�ILOH�GRZQORDGV�YLD�WKH�
LQWHUQHW��UHTXLUHV�VDWHOOLWH�RU�FHOOXODU�FRQQHFWLYLW\���

5HSRUW�DQG�GDWD�SURGXFWV�WR�LQFOXGH�WDEXODU��JUDSKLFDO�DQG�SORW�RXWSXW�SURGXFWV�
WR�PHHW�WKH�VWXG\�REMHFWLYHV�IRU�ELUG�SDVVDJH�UDWHV��DOWLWXGHV��IORZ�SDWWHUQV�DQG�
TXDQWLWDWLYH�DVVHVVPHQW�RI�PRUWDOLW\�ULVN�

�2XW�\HDU�GDWD�SURFHVVLQJ�LV�DYDLODEOH�RQ�D�IHH�FRQWUDFW�EDVLV���

W�����2QH�����\HDU������WHOHSKRQH�DQG�LQWHUQHW�WHFKQLFDO�VXSSRUW�

X�� $WWHQGDQFH�DW�0(5/,1�&HUWLILFDWLRQ�8VHU�7UDLQLQJ�FODVVHV�KHOG�����SHU�\HDU�LQ�
3DQDPD�&LW\��)ORULGD��86$��VSDFH�DYDLODELOLW\�LV�EDVHG�RQ�ILUVW�ERRNHG�EDVLV��

Y�����2QH�\HDU�IXOO�SDUWV�DQG�ODERU�ZDUUDQW\�

Z�� 7KUHH�����\HDUV�0(5/,1�VRIWZDUH�XSJUDGHV�
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$GGLWLRQDO�LQIRUPDWLRQ����

x� 7KH� V\VWHP� UHTXLUHV� LQVWDOODWLRQ� RQ� D� ILUP�� OHYHO� VXUIDFH� �SDYHPHQW� RU� JUDYHO� SDG�
UHFRPPHQGHG��DQG�ZLOO�EH�DQFKRUHG�ZLWK�OLJKWQLQJ�SURWHFWLRQ�LQVWDOOHG�E\�DW�LQVWDOODWLRQ����

x� 7KH�V\VWHP�LV�GHVLJQHG�IRU�XQDWWHQGHG��HQYLURQPHQWDO�XVH�KRZHYHU�LQ�WKH�HYHQW�RI�KLJK�
ZLQGV� �!� ���PSK��PD\� UHTXLUH� DGGLWLRQDO� VHFXULQJ� DQG�RU� WHPSRUDU\� UHPRYDO� IURP� WKH�
VLWH�����
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���0(5/,1�$56�&RYHUDJH�3ODQ��
7KH�DFWXDO�VLWLQJ�IRU�WKH�3KDVH�2QH�0(5/,1�$56�ZLOO�GHILQHG�LQ�D�SUH�GHOLYHU\�VXUYH\��HLWKHU�
XWLOL]LQJ�WKH�FXVWRPHUµV�*,6�GDWD�VHWV��RU�D�IRUPDO�VLWH�YLVLW���$�SUHOLPLQDU\�DQG�K\SRWKHWLFDO�EHVW�
HVWLPDWH�RI�WKH�UDGDU�UHTXLUHPHQWV�IRU�IXOO�FRYHUDJH�RI�WKH�SURSRVHG�ZLQGIDUPV��WR�EH�
GHWHUPLQHG�DIWHU�FRPSOHWLRQ�RI�3KDVHV���DQG�����LV�VKRZQ�LQ�)LJXUH��D�EHORZ��DQG�DVVXPHV�D�
0(5/,1�6&$'$�OD\RXW�EDVHG�RQ�DW�OHDVW���0(5/,1�;6�����PH�WUDLOHU�PRXQWHG�V\VWHPV��
HDFK�FRQVLVWLQJ�RI���+65�DQG���965���$V�SDUW�RI�3KDVHV���DQG����'H7HFW�ZLOO�FRQGXFW�D�GHWDLOHG�
UHTXLUHPHQWV�UHYLHZ��EDVHG�RQ�GDWD�DQDO\VLV��ILHOG�ZRUN�DQG�*,6�DQDO\VLV��7KLV�LQIRUPDWLRQ��DV�
ZHOO�DV�WKH����PRQWK�DYLDQ�VXUYH\�GDWD��ZLOO�DOORZ�XV�WR�FKDUDFWHUL]H�DQG�XQGHUVWDQG�ELUG�IOLJKW�
SDWWHUQV�DQG�JHQHUDO�XVH�RI�WKH�HQYLURQPHQW��DQG�UHFRPPHQG�D�VXLWDEOH�ILQDO�RSHUDWLRQDO�UDGDU�
QHWZRUN�VROXWLRQ��'H7HFW�KDV�SURYLGHG�D�EDVH�TXRWDWLRQ�IRU�DGGLWLRQDO�965�UDGDUV��LI�QHHGHG��WR�
EH�DEOH�WR�SURYLGH�WRWDO�FRYHUDJH�DQG�6&$'$�LPSOHPHQWDWLRQ��

�

�
�

Figure 4a: Conceptual Initial MERLIN ARS Deployment Plan for full coverage of Ratchaburri’s  
Proposed Windfarms (Not to Scale) 

�
�
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�
����0(5/,1�6&$'$�
7KH�0(5/,1� 6&$'$� VXE�V\VWHP� LV� DQ� DGYDQFHG� $56� DSSOLFDWLRQ� GHVLJQHG� WR� FRQWLQXRXVO\�
DQDO\]H� ELUG� GHQVLW\�� DOWLWXGH�� YLVLELOLW\�� ZHDWKHU� DQG� RWKHU� NH\� UHOHYDQW� ULVN� IDFWRUV� DQG�
DXWRPDWLFDOO\�LGOH�ZLQG�WXUELQHV�DQG�RU�DFWLYDWH�ELUG�GHWHUUHQW�GHYLFHV�VR�DV�WR�UHGXFH�PRUWDOLW\�
ULVN� WR� ELUGV�� �1RWH�� � XS� WR� ���PRQWKV� RI�0(5/,1� DYLDQ� VXUYH\� GDWD� DUH� W\SLFDOO\� QHHGHG� WR�
GHILQH� WKH� 5LVN� 7KUHVKROGV� XVHG� WR� GHILQH� WKH� 6&$'$� ULVN� UXOHV� IRU� HDFK� VLWH��� � *HQHUDO�
SHUIRUPDQFH�FKDUDFWHULVWLFV�IRU�WKH�0(5/,1�V\VWHP�DUH�DV�IROORZV��

D�� 0(5/,1� KRUL]RQWDO� VFDQQLQJ� UDGDUV� �+65�� SURYLGH� ����� GHJUHH� KRUL]RQWDO� �[�\��
GHWHFWLRQ�RI�DSSURDFKLQJ�ELUG�PRYHPHQWV�RXW�WR�����PLOHV�DQG�XS�WR��������IHHW�ZLWKLQ�
OLQH�RI�VLJKW���

E�� 7KH�YHUWLFDOO\�VFDQQLQJ�UDGDUV��965��SURYLGH�YHUWLFDO�GHWHFWLRQ��\�]��RI�ELUG�DFWLYLW\�RXW�WR�
����PLOHV�ZLWKLQ�OLQH�RI�VLJKW��

F�� %DVHG�RQ�SURJUDPPHG�5LVN�7KUHVKROGV�� WKH�0(5/,1�6&$'$�VRIWZDUH�ZLOO�FRQWLQXDOO\�
DQDO\]H� WKH� GHILQHG� ULVN� IDFWRUV� DQG� HQYLURQPHQWDO� FRQGLWLRQV�� LQLWLDWLQJ� IXOO� RU� SDUWLDO�
WXUELQH�LGOLQJ�DQG�RU�GHWHUUHQW�GHYLFH�DFWLYDWLRQ�XQWLO�WKH�ULVN�DEDWHV��SDVVHV���

�

���7HUPV��&RQGLWLRQV�	�4XDOLILHUV�
D�� $OO�SULFLQJ�LV�LQ�8�6��'ROODUV�DQG�WKH�FOLHQW�DVVXPHV�DOO�IRUHLJQ�H[FKDQJH�ULVN��

E�� 3D\PHQW�7HUPV��

x� ����RI�FRQWUDFW�ZLWK�RUGHU�DQG�H[HFXWHG�FRQWUDFW�

x� ����SD\PHQW�GXH����GD\V�DIWHU�FRQWUDFW�

x� ����SD\PHQW�GXH����GD\V�DIWHU�FRQWUDFW�

x� ����SD\PHQW�GXH����GD\V�DIWHU�FRQWUDFW�

x� ����SD\PHQW�GXH�SULRU�WR�VKLSPHQW��

x� %DODQFH� LQ�HTXDO�SD\PHQWV�WR�EH� LQYRLFHG�PRQWKO\�ZLWK����GXH�DW�VWDUW�XS�DQG�
WKH�ILQDO����GXH�ZLWKLQ����GD\V�DIWHU�VWDUWXS��

F�� 3D\PHQWV� DUH� WR� EH� PDGH� ZLWKLQ� WZHQW\� ����� GD\V� RI� LQYRLFH� GDWH�� � )DLOXUH� WR� PDNH�
SD\PHQWV�LQ�DFFRUGDQFH�ZLWK�WKH�WHUPV�DQG�VFKHGXOH�PD\�UHVXOW�LQ�H[WHQVLRQ�RI�GHOLYHU\��

G�� 7KH�SULFH�SURSRVHG�LV�H[FOXVLYH�DQ\�DQG�DOO�DSSOLFDEOH�VDOHV�WD[HV��IHHV��OLFHQVHV��GXWLHV�
�LPSRUW� RU� RWKHU��� RSHUDWLQJ� SHUPLWV� DQG� RWKHU� FRVWV� UHVXOWLQJ� IURP� WKH� VDOH�� GHOLYHU\��
WUDQVIHU�� LQVWDOODWLRQ��DQG�RSHUDWLRQ�RI� WKH�V\VWHP�DQG�WKH�EX\HU�ZLOO�EH�UHVSRQVLEOH� IRU�
REWDLQLQJ�DQG�FRVWV�UHODWHG� WR�VXFK� LWHPV��'H7HFW�ZLOO�SURYLGH�DYDLODEOH� LQIRUPDWLRQ�IRU�
DSSOLFDWLRQV��SHUPLWV�DQG�OLFHQVHV�DV�UHTXLUHG�E\�WKH�EX\HU��

H�� 7LWOH�WR�WKH�HTXLSPHQW�ZLOO�EH�WUDQVIHUUHG�WR�WKH�EX\HU�XSRQ�UHFHLSW�RI�DOO�SD\PHQWV�GXH�
IURP�WKH�EX\HU�WR�'H7HFW�XQGHU�WKLV�SURSRVDO�DQG�DQ\�VXEVHTXHQW�FRQWUDFW��

I�� 'HOLYHU\� TXRWHG� LV� &,)� QHDUHVW� PDMRU� SRUW� �FXVWRPHU� WR� DUUDQJH� FXVWRPV� FOHDUDQFH��
WUDQVSRUW�WR�SURMHFW�DQG�LQVWDOODWLRQ�VLWHV����

J�� 6WDUW�XS�WR�RFFXU�XSRQ�GHOLYHU\��DQG�V\VWHP�VHW�XS��



3URMHFW��$8675$/,$�5DWFKDEXUUL�:LQGIDUPV���$56�	�6&$'$�3URSRVDO�
4'7�������'��

4'7�������'�IRU�536�� � 3DJH���� �

K�� 3URSRVDO�LV�YDOLG�IRU����GD\V�IURP�WKH�GDWH�RI�LVVXH��

L�� 5DGDU� LV�D� OLQH�RI�VLJKW� LQVWUXPHQW�DQG�ZLOO�QRW�GHWHFW� WDUJHWV�REVWUXFWHG�E\�VWUXFWXUHV��
WHUUDLQ��HWF��

M�� 6SHFLILFDWLRQV�DUH�VXEMHFW�WR�FKDQJH�ZLWKRXW�QRWLFH��6\VWHPV�ZLOO�EH�GHOLYHUHG�LQ�JHQHUDO�
DFFRUGDQFH�ZLWK�VSHFLILFDWLRQV�DQG�GHVLJQ�FXUUHQWO\�LQ�HIIHFW�DW�WLPH�RI�RUGHU��

N�� 'H7HFW� SURYLGHV� D� RQH� ���� \HDU� IXOO� SDUWV� DQG� ODERU� ZDUUDQW\� WKDW� LQFOXGHV� UHSDLU� RU�
UHSODFHPHQW�RI�DQ\�GHIHFWLYH�SDUWV�IRU�WKH�WHUP�RI�WKH�ZDUUDQW\��H[FOXVLYH�RI�ZHDU�SDUWV��
:HDU�SDUWV�DUH�SDUWV�ZKLFK�GHJUDGH�XQGHU�QRUPDO�XVH�DQG�LQFOXGH��EXW�DUH�QRW�OLPLWHG�WR��
PRWRU�EUXVKHV��WLUHV��DQG�RWKHU�VXFK�FRPSRQHQWV��RU�SDUWV�WKDW�IDLOV�GXH�WR�GHWHULRUDWLRQ�
IURP� DGYHUVH� HQYLURQPHQWV� RU� FKHPLFDO� H[SRVXUH�� ([WHQGHG� ZDUUDQW\� FRYHUDJH� LV�
DYDLODEOH�DW�DGGLWLRQDO�FRVW��

O�� 3XUFKDVH� DQG� GHOLYHU\� WKH� V\VWHP� PD\� EH� VXEMHFW� WR� WKH� 8QLWHG� 6WDWHV� ,QWHUQDWLRQDO�
7UDIILF� LQ� $UPV� 5HJXODWLRQV� �,7$5V��� 1RQ�86� JRYHUQPHQW� EX\HUV� DW� SXUFKDVH� ZLOO� EH�
UHTXLUHG� WR� H[HFXWH� DQ� DJUHHPHQW� DFNQRZOHGJLQJ� WKDW�� �L�� 'H7HFWµV� 0(5/,1� V\VWHP�
�GHILQHG�DV�WHFKQRORJ\��KDUGZDUH�DQG�VRIWZDUH��PD\�EH�JRYHUQHG�E\�WKH�8QLWHG�6WDWHV�
,7$5V���LL�� WKH�V\VWHP�ZLOO�EH�XVHG�VROHO\�IRU�WKH�LQWHQGHG�FRPPHUFLDO�SXUSRVH�DQG�ZLOO�
EH�XVHG�LQ�VWULFW�FRPSOLDQFH�ZLWK�,7$5V���LLL��KH�ZLOO�LPSOHPHQW�SURFHGXUHV�IRU�UHVWULFWLQJ�
DFFHVV�WR�VDLG�V\VWHP�DQG�DJUHHV�QRW�WR�VHOO��UHQW�� OHDVH�RU�LQ�DQ\�PDQQHU�WUDQVIHU�WKH�
V\VWHP�RU�DQ\�FRPSRQHQW�WR�DQ\�FRXQWU\�RU�LQGLYLGXDO�WR�ZKLFK�VXFK�DFFHVV�RU�WUDQVIHU�LV�
UHVWULFWHG���LY��ZLOO�QRW�WR�H[SRUW�RU�WUDQVIHU�WKH�HTXLSPHQW�RXWVLGH�RI�WKH�8�6��H[FHSW�DV�
SHUPLWWHG�E\� ,7$5V�DQG�ZLWK� WKH�H[SUHVV�ZULWWHQ�DSSURYDO�RI� WKH�'H7HFW��DQG�� �Y��DQ\�
RWKHU� XVH� RI� WKH� V\VWHP�PD\� UHTXLUH� DGYDQFH�DSSURYDO� XQGHU� ,7$5V�� DJUHH� WR� DGYLVH�
'H7HFW�SULRU�WR�DQ\�WUDQVIHU�RU�VXFK�XVH��DQG�ZLOO�QRW�SURFHHG�ZLWK�VXFK�WUDQVIHU�RU�XVH�
ZLWKRXW�UHFHLSW�RI�DSSURYDO�E\�ERWK�'H7HFW�DQG�DQ\�UHTXLUHG�8�6��*RYHUQPHQW�$JHQFLHV��
7KH� EX\HU� ZLOO� EH� JUDQWHG� D� VLQJOH� VLWH� XVHU� OLFHQVH� WR� XVH� WKH� 0(5/,1�� DQG�
+$55,(5�� RSHUDWLQJ� VRIWZDUH� IRU� WKH� LQWHQGHG� SXUSRVH� RQO\�� 'H7HFW� ZLOO� GHOLYHU� D�
FRPSOHWH�VHW�RI�WKH�RSHUDWLQJ�VRIWZDUH�H[HFXWDEOHV�ZLWK�WKH�V\VWHP�DQG�SHULRGLFDOO\�ZLOO�
LVVXH� XSGDWHV� DQG� SDWFKHV� WR� WKH� VRIWZDUH�� $Q\� RWKHU� VXFK� XQDXWKRUL]HG� XVH� RI� WKH�
VRIWZDUH�RU� WUDQVIHU�RI�RU� LQVWDOODWLRQ�RI� WKH�VRIWZDUH� WR�RWKHU�V\VWHPV�RU�FRPSXWHUV�RU�
WUDQVIHU�WR�RWKHU�XVHUV��FRPSDQLHV�RU�LQGLYLGXDOV�LV�H[SUHVVO\�SURKLELWHG��1RQFRPSOLDQFH�
ZLWK�WKH�OLFHQVH�UHTXLUHPHQWV�ZLOO�UHVXOW�LQ�UHYRFDWLRQ�RI�WKH�XVHU�OLFHQVH�XSRQ�QRWLILFDWLRQ�
RI�ZKLFK�WKH�EX\HU�ZLOO�LPPHGLDWHO\�DQG�SURPSWO\�UHPRYH��GHOHWH��DQG�GHVWUR\�DOO�FRSLHV�
RI�VDLG�VRIWZDUH��SURYLGLQJ�ZULWWHQ�FHUWLILFDWLRQ�RI�FRPSOLDQFH�RI�VXFK�UHPRYDO��GHOHWLRQ��
DQG�GHVWUXFWLRQ��

P�� $FFHSWDQFH�RI�WKH�RUGHU�E\�'H7HFW�LV�FRQWLQJHQW�RQ�H[HFXWLRQ�RI�D�FRQWUDFW�RU�RUGHU�LQ�D�
IRUP� DFFHSWDEOH� WR� 'H7HFW�� � $OO� VSHFLILFDWLRQV� DQG� GHOLYHU\� VFKHGXOHV� DUH� VXEMHFW� WR�
FKDQJH�EDVHG�RQ�FXUUHQW�PRGHOV�RIIHUHG�DW�WKH�WLPH�RI�WKH�RUGHU����
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����0(5/,1�$56�6RIWZDUH�6XLWH�
7KH�0(5/,1�$56�DSSOLFDWLRQV�VRIWZDUH�GHOLYHUHG�ZLWK�WKH�$56�FRQVLVWV�RI�WKH�IROORZLQJ�
PRGXOHV���
�
���� 0(5/,1�$GPLQLVWUDWRU���EDVLF�V\VWHP�FRQILJXUDWLRQ�VRIWZDUH�PRGXOH�XVHG�WR�GHILQH�DOO�

EDVLF� VHWWLQJV� RI� WKH� 0(5/,1� VRIWZDUH� DQG� KDUGZDUH� IRU� SURSHU� RSHUDWLRQ�� LQFOXGLQJ�
UDGDU�VHQVRU� W\SH�DQG�SRZHU�� UDGDU�VFDQQLQJ�PRGH��YHUWLFDO�RU�KRUL]RQWDO���JHRJUDSKLF�
ORFDWLRQ��ODWLWXGLQDO�DQG�ORQJLWXGLQDO�SRVLWLRQ���WDUJHW�WUDFNLQJ�SDUDPHWHUV�DQG�DOO�UHODWHG�
SDUDPHWHUV���7KH�0(5/,1�$GPLQLVWUDWRU�RSHUDWHV�DV�DQ�RQ�VFUHHQ�:L]DUG�ZLWK�WDEV�IRU�
TXLFN�QDYLJDWLRQ�DQG�VHW�XS�RU�DGMXVWPHQW�RI� WKH�V\VWHP��6SHFLILF�SDUDPHWHUV�VHW�DQG�
FRQWUROOHG�E\�0(5/,1�$GPLQLVWUDWRU�LQFOXGH��

�
D�� 5DGDU� 2SHUDWLQJ�0RGH� ±� 6XUYHLOODQFH�� IRU� +RUL]RQWDO� 6FDQQLQJ� 5DGDU� �+65��

PRGH�RU�9HUWLFDO��IRU�9HUWLFDO�6FDQQLQJ�5DGDU��965��0RGH���

E�� 6WDWLF�7DUJHW�)LOWHUV�±�GHILQHV�FOXWWHU�ILOWHU�VHWWLQJV��
F�� 9DULDEOH� 6HQVLWLYLW\� 7KUHVKROG� �967�� �� 6WDQGDUG� 'HYLDWLRQ� RI� D� JLYHQ� SL[HO�

YDOXH� DQG�PXOWLSOLHU� DV� SULPDU\� DQG� VHFRQGDU\� �LQFOXGHV� D�ʊ%XLOG�&OXWWHU�'DWD”�
RSWLRQ�IRU�PDQXDO�PDVNLQJ�RI�DQ�DUHD�RI�WKH�LPDJH���

G�� 5DGDU� /RFDWLRQ� 	� 'DWXP� ±� ODWLWXGH� DQG� ORQJLWXGH� DV� VHW� E\� WKH� 0(5/,1�
*36�&RPSDVV� :$$6� XQLW� WKDW� SURYLGH� FRQWLQXDOO\� WLPH� DQG� ORFDWLRQ� KDFNLQJ�
GXULQJ�RSHUDWLRQ�WR�PDLQWDLQ�V\VWHP�DFFXUDF\��

H�� 5DGDU�6HQVRU�0RGHO�DQG�3RZHU�±������VWDQGDUG�LV�����ZDWW�6�EDQG���
I�� 7LPH�=RQH�DW� WKH�/RFDWLRQ� �� DOO�0(5/,1�GDWDEDVH� UHFRUGV�DUH� WLPH�VWDPSHG�

DFFRUGLQJ�WR�WKH�XVHU�VHOHFWHG�WLPH��0(5/,1�DOVR�DXWRPDWLFDOO\�WLPH�VWDPSV�DOO�
UHFRUGV�LQ�=XOX�WLPH�WR�SURYLGH�D�FRQVLVWHQW�UHIHUHQFH�WR�WLPH�WKDW�LV�QRW�DIIHFWHG�
E\�GD\OLJKW�VDYLQJV�WLPH���

J�� &ORFN� 7LPH� �� DV� VHW� E\� WKH�0(5/,1�*36�&RPSDVV�:$$6� XQLW� WKDW� SURYLGHV�
FRQWLQXDOO\� WLPH� DQG� ORFDWLRQ� KDFNLQJ� GXULQJ� RSHUDWLRQ� WR� PDLQWDLQ� V\VWHP�
DFFXUDF\��

K�� 'DWD�3DWKV�DQG�1DPHV�±�GHILQH�ORFDWLRQ�IRU�HDFK�W\SH�RI�GDWD�SURGXFHG�E\�WKH�
V\VWHP�YLD�D�SDWK�QDYLJDWLRQ�GLDORJ�ER[�IRU�VHOHFWLRQ�RI�ILOH�DQG�GLUHFWRU\�ORFDWLRQ�
LQFOXGLQJ�WKH�'LVSOD\�,PDJH�3DWKV��5HPRWH�6WDWXV�/RJ�3DWKV��5HPRWH�8VHU�'DWD�
3DWKV�� 'DWDEDVH� )LOH� 1DPHV�� 'DWDEDVH� &KDQJH� 7LPHV�� $XWR� )LOH� =LS� RSWLRQ��
5HPRWH�6WDWXV�/RJ��HQDEOH�RU�GLVDEOH���DQG�0D[LPXP�'DWDEDVH�)LOH�6L]H���

L�� 5LVN�7KUHVKROG�9DOXHV�±�VHWV�0(5/,1�$7&�/RZ�DQG�+LJK�ULVN�WKUHVKROGV�DQG�
GHVLJQDWHV�WKH�QXPEHU�RI�WDUJHWV�VHHQ�LQ�D�JLYHQ�DOWLWXGH�EDQG�LQ�D�GHILQHG�WLPH�
IUDPH�PLQXWHV� WKDW�ZLOO� WULJJHU� WKH� DOWLWXGH� ULVN� EDU� JUDSK� FRORU� WR� FKDQJH� IURP�
JUHHQ�WR�\HOORZ�RU�\HOORZ�WR�UHG���

M�� 1HWZRUN�&RQILJXUDWLRQ�6HWWLQJV� ��FRQILJXUHV� WKH� UROH� �LQWHUIDFH�RU� SURFHVVRU��
DQG�GHVLJQDWLRQ��QDPH��RI�WKH�0(5/,1�FRPSXWHU�RU�0(5/,1�QHWZRUN���

N�� 5DGDU� 2SHUDWLRQDO� 6HWWLQJV� ±� LQFOXGHV� VHWWLQJV� IRU� WKH� 3XOVH� )LOWHU�� 3XOVH�
/HQJWK� �WR� RSWLPL]H� WKH� UDGDU� IRU� ELRORJLFDO� WDUJHW� GHWHFWLRQ��� &)$5� 2Q�2II�
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�&RQVWDQW�)DOVH�$ODUP�5DWH�IRU�VFDQ�E\�VFDQ�ILOWHU�IRU�VXSSUHVVLQJ�UDGDU�HQHUJ\�
UHIOHFWHG�E\�FOXWWHU���&)$5�:LQGRZ�/HQJWK��UHSUHVHQWV�WKH�QXPEHU�RI�UDQJH�ELQV�
LQ� D� UDGLDO� WKDW� DUH� DQDO\]HG� WR� GHWHUPLQH� WKH� &)$5� WKUHVKROG��� &)$5� 2IIVHW�
�GHILQHV� WKH�RSWLPDO� WDUJHW�GHWHFWLRQ� IRU�D�JLYHQ�UDGDU�HQYLURQPHQW���DQG�&)$5�
5DQN��

O�� 5DQJH�6HWWLQJ�±�VHW�EDVHG�RQ�WKH�VPDOOHVW�WDUJHW�GHWHFWLRQ�UHTXLUHG�DW�RSHUDWLQJ�
UDQJH�DQG�VHW�E\�WKH�KH�,PDJH�6L]H�&DOFXODWRU�3URJUDP��ZKLFK�FDQ�EH�IRXQG�RQ�
WKH�0(5/,1�FRPSXWHU�GHVNWRS��

P�� 6DPSOLQJ�5DWH� ±� VHWV� WKH� VDPSOLQJ� UDWH� XVHG� WR�PHDVXUH� WKH� UHIOHFWHG� UDGDU�
HQHUJ\��YROWDJH���RSWLPL]HG�VR�WKDW�WKH�SHDN�VLJQDOV�ZLOO�EH�VDPSOHG��PHDVXUHG��
E\�WKH�VLJQDO�SURFHVVLQJ�FDUG���

Q�� $]LPXWK�6DPSOHV�±�GHWHUPLQHV�WKH�QXPEHU�RI�D]LPXWK�VDPSOHV�WDNHQ�IRU�HDFK�
UHYROXWLRQ�RI�WKH�DQWHQQD��

R�� 0D[LPXP�*DWHG�,PDJH�6L]H�±�VHWV�PD[LPXP�LPDJH�VL]H�QHHGHG�WR�DFKLHYH�D�
GHVLUHG�UDGDU�UDQJH�EDVHG�RQ�WKH�VDPSOLQJ�UDWH�DQG�D]LPXWK�VDPSOHV�WDNHQ����

S�� 5DGDU�'LVSOD\�2ULJLQ�	�&HQWHU�±�VHW�GHSHQGDQW�RQ� WKH�5DGDU�0RGH�VHOHFWHG�
�+65�RU�965����

T�� $GYDQFHG� 3URFHVVLQJ� 3DUDPHWHUV� ±� GHILQHV� VHWWLQJV� IRU� 6FDQ�� )UHTXHQF\�
7LPH� &RQVWDQW� �)7&�� ,QGH[�� ,QWHUIHUHQFH� 5HMHFWLRQ� �:[� DQG� UDGDU��� DQG� 8VH�
5HFRUGHG�'DWD��IRU�SURFHVVLQJ�RI�UHFRUGHG�UDZ�UDGDU�GDWD����

U�� 7DUJHW� 6L]H� )LOWHUV� ±� VHWV� 0D[� 6L]H� DQG� 0LQ� 6L]H� �PD[LPXP�PLQLPXP� VL]H�
EDVHG�RQ�SL[HO�DUHD�IRU�DOO�WDUJHWV�WUDFNHG�E\�WKH�0(5/,1�VRIWZDUH�WR�ILOWHU�UHDO�
WLPH�GDWD� WR�RQO\� WDUJHWV�RI� LQWHUHVW�VXFK�DV� ODUJHU� WDUJHWV� WKDW�SRVH�VLJQLILFDQW�
VWULNH�ULVN�WR�DLUFUDIW���DQG��0D[�/)�0LQ�/)��/LQHDU�)LOWHU�DSSOLHG�WR�WKH�0D[�DQG�
0LQ�6L]H�YDOXH�DQG�WR�FRPSHQVDWH�IRU�WKH�LQFUHDVH�LQ�WDUJHW�VL]H�ZLWK�GLVWDQFH��

�

�

�

�
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�
�

�
)LJXUH����0(5/,1�$GPLQLVWUDWRU�RQ�VFUHHQ�*8,�

�

V�� &OHDU�$LU�7KUHVKROG��&$7��OHYHO���HOLPLQDWHV�WKH�ORZHVW�UHIOHFWLYLW\�YDOXHV�IURP�
0(5/,1�SURFHVVLQJ�DQG�SUHYHQWV�0(5/,1�IURP�VFDQQLQJ�XQQHFHVVDU\�SL[HOV�
DVVRFLDWHG�ZLWK�EDFNJURXQG�QRLVH�RI�WKH�UDGDU�HTXLSPHQW���

W�� 0LQ�,QWHQVLW\�±�GHILQHV�WKH�LQFUHDVH�DERYH�WKH�DYHUDJH�FOXWWHU�YDOXH�IRU�D�JLYHQ�
ORFDWLRQ�RQ�WKH�GLVSOD\�EHIRUH�D�WDUJHW�LV�SORWWHG�E\�WKH�0(5/,1�VRIWZDUH�IRU�IDOVH�
WDUJHW�FRQWURO��

X�� &OXWWHU�6WDWLVWLF�,PDJHV���JHQHUDWHV�D�UDZ�UDGDU�LPDJH�WKDW�LV�VWRUHG�LQ�WKH�
GDWDEDVH�IRU�FDOLEUDWLRQ��GLDJQRVWLF�DQG�UHIHUHQFH�SXUSRVHV��
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���� 0(5/,1�'DWD�6HUYHU���XVHG�WR�FRPPXQLFDWH�ZLWK�WKH�5DGDU�,QWHUIDFH�&RPSXWHU��5,&��
DQG�UHOD\�VHWWLQJV�FRQILJXUHG�LQ�0(5/,1�$GPLQLVWUDWRU��7KH�GDWD�VHUYHU�DOVR�PRQLWRUV�
WKH�UDGDU�DQG�FROOHFWV�DQG�RXWSXWV�GDWD�WR�0(5/,1�'LVSOD\���'DWD�LV�RXWSXW�WR�WKH�SDWKV�
VHW�LQ�WKH�0(5/,1�$GPLQLVWUDWRU�VRIWZDUH�DQG�FRQWUROV�GHVFULEHG�EHORZ����

�
)LJXUH����0(5/,1�'DWD�6HUYHU�6WDWXV�:LQGRZ�

�

�
D�� %XLOG�5HI�'DWD���IRU�ZHDWKHU��:[��DQG�&KDII�GHWHFWLRQ�%XLOG�5HI�'DWD�VDPSOHV�

����]RQHV�RQ�WKH�VFUHHQ�WR�ILQG�DUHDV�RI�LQFUHDVHG�UHIOHFWLYLW\�IURP�:[�RU�FKDII���
7KH� EDFNJURXQG� YDOXHV� IRU� WKLV� DUH� KHOG� LQ� D� ILOH� IXQFWLRQV� WR� SURYLGH� XVHUV�
LQIRUPDWLRQ�ZKHUH�ZHDWKHU�RU�FKDII�LQWHUIHUHQFH�LV�DIIHFWLQJ�ELUG�GHWHFWLRQ�PDNLQJ�
GDWD�LQ�WKDW�XQUHOLDEOH�IRU�ULVN�PDQDJHPHQW���%XLOG�5HI�'DWD�UXQV�DW�HDFK�V\VWHP�
VWDUW�XS�DW�D�V\VWHP� ORFDWLRQ�DQG�VORZO\�ZRUNV� WKURXJK�WKH�UDQJHV�DYDLODEOH� IRU�
WKH�SXOVH�OHQJWK�FXUUHQWO\�VHW�RQ�WKH�UDGDU�����

E�� %XLOG� &OXWWHU� 'DWD� �� IRU� 967� DOJRULWKPV� WR� PDS� VLWH� FOXWWHU� LPSURYLQJ� ELUG�
GHWHFWLRQ�LQ�KLJK�FOXWWHU�HQYLURQPHQWV�DQG�FORVH�WR�JURXQG�ZDWHU�OHYHOV��

F�� 2XWSXW� 6WDW� 'DWD� �� SURGXFHV� D� VHOHFWLRQ� RI� VWDWLVWLFDO� LPDJHV� DQG� D� G\QDPLF�
UDQJH�JUDSK�WKDW�DOORZV�XVHUV�WR�GHWHUPLQH�WKH�VHYHULW\�RI�WKH�FOXWWHU�HQYLURQPHQW�
DW�WKH�VWXG\�VLWH���7KHVH�LPDJHV�FDQ�EH�XVHIXO�LQ�VHOHFWLQJ�WKH�PRVW�DSSURSULDWH�
FOXWWHU�VXSSUHVVLRQ�DOJRULWKP��

G�� '\QDPLF� 5DQJH� *UDSK� �� SURGXFHV� D� JUDSK� VKRZLQJ� DOO� WKH� SL[HO� YDOXHV�
FRQWDLQHG�LQ�WKH�UDZ�UDGDU�LPDJH�DQG�XVHG�IRU�GHWHUPLQLQJ�WKH�RSWLPXP�&OHDU�$LU�
7KUHVKROG�VHWWLQJV��

H�� 2XWSXW�&$7�6WDWV���RXWSXWV�DQ�LPDJH�VKRZLQJ�HYHU\�SL[HO�LQ�WKH�UDZ�UDGDU�GDWD�
WKDW�LV�H[FHHGLQJ�WKH�&OHDU�$LU�7KUHVKROG�YDOXH�VHW�LQ�0(5/,1�$GPLQLVWUDWRU�DQG�
XVHG� WR� GHWHUPLQH� LI� WRR� KLJK� D� QXPEHU� KDV� EHHQ� XVHG� E\� YLVXDOO\� FKHFNLQJ�
ZKHWKHU� FOXWWHU� LQ� WKH� LPDJH� ZLWK� KLJKHU� YDOXHV� DUH� EHLQJ� HURGHG� RU� LI� WKHUH�
DSSHDUV�WR�EH�QR�EDFNJURXQG�QRLVH�LQ�WKH�LPDJH���

I�� �'DWD�&ROOHFWLRQ���VWDUWV�GDWD�FROOHFWLRQ��UHFRUGLQJ�RI�0(5/,1�WUDFN�GDWD����
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���� 0(5/,1�'LVSOD\�±�'LVSOD\V�0(5/,1�SURFHVVHG�ELUG�WUDFNV�RQWR�WKH�XVHU�VFUHHQ���7KH�
GLVSOD\�ZLOO�VWDUW�DW�VHWWLQJV�EDVHG�RQ�WKH�ODVW�VHWWLQJV�XVHG�E\�WKH�V\VWHP�LQ�WKH�SUHYLRXV�
VHVVLRQ���7KH�0(5/,1�'LVSOD\�$GPLQLVWUDWRU�VRIWZDUH�LV�XVHG�WR�FKDQJH�WKH�GLVSOD\�
IRUPDW�DQG�WR�VHOHFW�XVHU�VSHFLILF�RSWLRQV���$�ZLGH�YDULHW\�RI�VWDQGDUG�DQG�FXVWRP�XVHU�
GLVSOD\�IRUPDWV�DUH�DYDLODEOH�LQ�0(5/,1��

�

)LJXUH� ��� 6FUHHQFDSWXUH� RI� 0(5/,1� +RUL]RQWDO� VXUYHLOODQFH� UDGDU� �+65�� GLVSOD\� RI�
RIIVKRUH�ZLQG� IDUP�VLWH�ZLWK�FXVWRP�XQGHUOD\�VKRZLQJ� UDGDU�SODWIRUP�DQG�SRVLWLRQV�RI�
SURSRVHG� ZLQG� WXUELQHV� �IURP� 7DOLVPDQ� %HDWULFH� 0(5/,1� $56� RIIVKRUH� RI� $EHUGHHQ��
6FRWODQG���

�
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Figure 7 : MERLIN vertical scanning radar (VSR) display with Groundtruth Bar and target 
tags (size) and Heading Bars enabled during heavy migration (from Cornell Lab of 

Ornithology proposed wind farm site survey). 

 

 
6.4  MERLIN Display Administrator ± Activates GUI to configure different MERLIN display 

options (vertical or horizontal) and set parameters and features required by each user 
including display type, underlay, tags (speed, size, quality, heading, reflectivity), heading 
bar (actual or predictive), and the sidebar type (vertical activity or groundtruthing).  
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)LJXUH����0(5/,1�'LVSOD\�*8,�:LQGRZ�

�
�
���� 7KH�UHDO�WLPH�GDWD�IURP�0(5/,1µV�UDGDUV��+65�RU�965��FDQ�EH�FRPELQHG�WR�GLVSOD\�RQ�

D� VLQJOH� FRPSXWHU� PRQLWRU�� RU� HDFK� FDQ� EH� GLVSOD\HG� RQ� WZR� VHSDUDWH� PRQLWRUV��
GHSHQGLQJ�RQ�WKH�XVHUµV�DSSOLFDWLRQ����

���� 7KH� 5DZ� 5DGDU� RSWLRQ� GLVSOD\V� WKH� JUD\VFDOH� ʊUDZ”� �XQSURFHVVHG�� UDGDU� LPDJH� DV�
YLHZHG�LQ�WKH�VRXUFH�UDGDU�VLJQDO�EHKLQG�WKH�0(5/,1�WDUJHW�WUDFNV��JUHHQ�RU�UHG�ʊGRWV”��
DQG� LV� W\SLFDOO\� RQO\� XVHG� E\� PRUH� H[SHULHQFHG� RSHUDWRUV� GXULQJ� UDGDU� VHW�XS� DQG�
JURXQGWUXWKLQJ��WUDFNLQJ�DQG�WDUJHW�YHULILFDWLRQ�����
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���� 7KH�ʊ*URXQGWUXWK� 6LGHEar”� RSWLRQ� DOORZV� RSHUDWRUV� WR� UHFRUG� YLVXDOO\� FRQILUPHG� WDUJHW�
LQIRUPDWLRQ� �VSHFLHV�� QXPEHU� RI� ELUGV�� IOLJKW� FKDUDFWHULVWLFV�� HWF��� WR� WKH� 0(5/,1�
GDWDEDVH�IRU�WKDW�WDUJHW���

�����������'LVSOD\�FRQILJXUDWLRQ�DQG�RSWLRQV�LQFOXGH���

D�� 5DQJH�'LVSOD\���GLVSOD\�ZLWK�UDQJH�ULQJV��IRU�WKH�+65��RU�DOWLWXGH�EDQGV��IRU�WKH�
965�� ZLWK� D� EODFN� EDFNJURXQG� EDVHG� RQ� WKH� UDGDU� RSHUDWLRQDO� VHWWLQJ�� � 7KLV�
GLVSOD\�LV�WKH�VWDQGDUG�GLVSOD\�IRU�WKH�YHUWLFDO�UDGDU�LQ�D�WZR�PRQLWRU�FRQILJXUDWLRQ�
DQG�VKRZV�WKH�IXOO�KRUL]RQ�WR�KRUL]RQ�ʊVZHHp”  RI�WKH�YHUWLFDO�UDGDU�EHDP���,Q�WKLV�
GLVSOD\��WKH�UDGDU�SRVLWLRQ�LV�DW�WKH�ERWWRP�FHQWHU�RI�WKH�VFUHHQ�ZLWK�GLVWDQFH�IURP�
WKH�UDGDU�DQG�DERYH�WKH�UDGDU�LQGLFDWHG�RQ�WKH�[��DQG�\��D[HV�UHVSHFWLYHO\����

L�� ,Q� WKH�5DQJH�'LVSOD\�� WKH�*URXQGWUXWK�%DU�FDQ�EH�DFWLYDWHG�RQ�WKH�ULJKW�
VLGH�RI� WKH�VFUHHQ�RU��RSWLRQDOO\�� WKH�9HUWLFDO�5LVN�%DU��$*/�%DU�*UDSK���
FDQ�EH�GLVSOD\HG����

LL�� 7KH�9HUWLFDO�5LVN�%DU� LQGLFDWHV� WKH� OHYHO�RI� WDUJHW�DFWLYLW\�DERYH�JURXQG�
OHYHO��$*/��LQ����IRRW��IW��LQFUHPHQWV�DQG�VKRZV�WKH�UHODWLYH�ULVN�EDVHG�RQ�
D� FXPXODWLYH� UXQQLQJ� FRXQW� RI� WKH� WDUJHWV� FRXQWHG� LQ� HDFK�EDQG�E\� WKH�
UDGDU�RYHU�WKH�SUHYLRXV�����UDGDU�VFDQV����

LLL�� $V�WKH�FRXQW�LQFUHDVHV�ZLWKLQ�WKH�EDQGV��WKH�FRXQW�VFDOH�DW�WKH�ERWWRP�RI�
WKH�ULVN�EDU�ZLOO�FKDQJH�WR�UHIOHFW�WKH�FXUUHQW�PD[LPXP�DQG�WKH�FRORUV�RI�
WKH�EDUV�ZLOO�FKDQJH�UHIOHFWLQJ�SUH�VHW�DFWLYLW\�OHYHOV��

E�� 5DQJH�'LVSOD\�	�(FKR�7UDLO� �� 7KLV� GLVSOD\� SURYLGHV� WKH� VDPH� EDFNJURXQG� DV�
5DQJH� 'LVSOD\� EXW� DOVR� GLVSOD\V� WKH� UDZ� UDGDU� HFKRHV� WKDW� DUH� H[FHHGLQJ� WKH�
FOXWWHU� WKUHVKROG� VHW� LQ� WKH�0(5/,1�$GPLQLVWUDWRU� VRIWZDUH�� DQG� W\SLFDOO\� LV� RQO\�
XVHG�E\�WHFKQLFLDQV�IRU�V\VWHP�FDOLEUDWLRQ�DQG�SHUIRUPDQFH�GLDJQRVWLFV����

F�� 5DQJH� 'LVSOD\� DQG� 0DS� �� 7KLV� GLVSOD\� LV� WKH� PRVW� FRPPRQ� IRUPDW� XVHG� IRU�
GLVSOD\� RI� KRUL]RQWDO� UDGDU� GDWD� DQG� DOORZV� D� EDFNJURXQG� ĴXQGHUOD\µ� PDS�
�SURGXFHG�E\�WKH�HQG�XVHU�RU�E\�'H7HFW���WR�EH�GLVSOD\HG�XQGHU�WKH�UDGDU�WUDFNV�
VKRZQ� JHQHUDWHG� E\� WKH� 0(5/,1� VRIWZDUH�� 7KH� EDFNJURXQG� PDS� VWDQGDUG� LV�
�����;� ����� SL[HOV� LQ� VL]H�� � 7KH� GLVSOD\� VRIWZDUH� DOORZV� DQ� XQGHUOD\� LPDJH� LQ�
9HUWLFDO�PRGH� WKDW�DOORZV� UHIHUHQFH�SRLQWV�RQ� WKH�JURXQG� WR�EH� LQGLFDWHG�RQ� WKH�
GLVSOD\��

G�� (FKR�7UDLO���'LVSOD\V�RQO\�WKH�UDGDU�HFKRHV�WKDW�KDYH�H[FHHGHG�WKH�EDFNJURXQG�
WKUHVKROG�OHYHOV��WKH�HFKR�WUDLO�OHQJWK�FDQ�EH�VHW�IURP���WR������

H�� ,FRQ�6L]H���&KDQJHV�WKH�VL]H�RI�WKH�GLVSOD\�LFRQV��V\PEROV���

I�� /DEHO�7DUJHWV���$OORZV�RQH�SDUDPHWHU�RI�HDFK�WDUJHW�WUDFNHG�RQ�WKH�VFUHHQ�WR�EH�
GLVSOD\HG�DORQJVLGH�WKH�LFRQ����

J�� $*/�%DU�*UDSK���$OORZV�D�G\QDPLF�EDU�JUDSK��9HUWLFDO�5LVN�%DU��RI�WKH�SDVW�����
UDGDU�VFDQV�RI� WKH�YHUWLFDO� VFDQ�GDWD� WR�EH�GLVSOD\HG�DORQJ� WKH� ULJKW�VLGH�RI� WKH�
GLVSOD\�ZLQGRZ����7KLV�FDQ�EH�VKRZQ�RQ�ERWK�WKH�YHUWLFDO�DQG�KRUL]RQWDO�GLVSOD\V����
7KH� 9HUWLFDO� 5LVN� %DU� LQGLFDWHV� WKH� OHYHO� RI� WDUJHW� DFWLYLW\� DERYH� JURXQG� OHYHO�
�$*/��LQ����IRRW��IW��LQFUHPHQWV�DQG�VKRZV�WKH�UHODWLYH�ULVN�EDVHG�RQ�D�FXPXODWLYH�
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UXQQLQJ�FRXQW�RI�WKH�WDUJHWV�FRXQWHG�LQ�HDFK�EDQG�E\�WKH�UDGDU�RYHU�WKH�SUHYLRXV�
����UDGDU�VFDQV���

K�� +HDGLQJ�%DUV���7XUQV�KHDGLQJ�EDUV�21�RU�2))��+HDGLQJ�PHDQV�WKDW�WKH�KHDGLQJ�
LV�VKRZQ�DV�FDOFXODWHG�IURP�WKH�SUHYLRXV�VFDQ���3UHGLFWLYH�XVHV�LQIRUPDWLRQ�IURP�
WKH� SUHYLRXV� �� VFDQV� WR� SUHGLFW� KRZ� WKH� WDUJHW� LV� PDQHXYHULQJ� WR� SURYLGH� D�
SUHGLFWHG� SDWK�� � 7KH� OHQJWK� RI� WKH� EDU� LV� LQGLFDWLYH� RI� WKH� UHODWLYH� VSHHG� RI� WKH�
WDUJHW��

L�� *URXQG� 7UXWK� 'LVSOD\� �� 8VLQJ� WKH� 21�2))� FKHFNER[� DOORZV� D� JURXQG� WUXWK�
ZLQGRZ� WR� EH� VKRZQ� RQ� WKH� ULJKW� VLGH� RI� WKH� GLVSOD\� VFUHHQ�� � &OLFNLQJ� RQ� WKH�
GLVSOD\�VFUHHQ�QHDU�D�WDUJHW�LFRQ�ZLOO�DOORZ�WKH�RSHUDWRU�WR�HQWHU�LQIRUPDWLRQ�DERXW�
WKDW� WDUJHW� LQWR�D� WH[W� ILOH� WKDW� LV� OLQNHG� WR� WKH�GDWD� IRU� WKDW� WUDFN� LQ� WKH�0(5/,1�
GDWDEDVH���7KH�*URXQG�7UXWK�:LQGRZ�VL]H�GHWHUPLQHV�KRZ�FORVH�WR�D�WDUJHW�WKH�
PRXVH�PXVW�EH�FOLFNHG�IRU�WKH�VRIWZDUH�WR�GHWHUPLQH�WKH�WDUJHW�EHLQJ�GHVLJQDWHG�
IRU�JURXQG�WUXWK�LQIRUPDWLRQ�UHFRUGLQJ��

M�� 3ORWV�:;� &KDII� �� $OORZV� RWKHU� LFRQV� WR� EH� VKRZQ� RQ� WKH� 0(5/,1� GLVSOD\�� � ,I�
ʊ3ORWV� 2Qµ� LV� FKHFNHG�� WKHQ� \HOORZ� VTXDUHV� ZLOO� EH� YLVLEOH� RQ� WKH� VFUHHQ� LQ�
ORFDWLRQV�ZKHUH�D�WDUJHW�LV�EHLQJ�VHHQ�E\�WKH�UDGDU�EXW�KDV�QRW�\HW�EHHQ�WUDFNHG�
IRU�VXIILFLHQW�VFDQV�IRU�WKH�0(5/,1�VRIWZDUH�WR�UHFRUG�LW�DV�D�WDUJHW���,I�:;�&KDII�
LV�FKHFNHG�KDWFKHG�EOXH�EORFNV�ZLOO�EH�VKRZQ�RQ�WKH�GLVSOD\�LI�ZHDWKHU�RU�FKDII�LV�
EHLQJ�GHWHFWHG�E\�WKH�UDGDU���

N�� /DEHO� 3ORWV� �� 7KLV� DOORZV� WDUJHW� SORWV� WR� EH� ODEHOHG� ZLWK� 5HIOHFWLYLW\�� 6L]H� DQG�
'LVWDQFH�LQ�SL[HOV�IURP�WKH�UDGDU���7KHVH�ODEHOV�DUH�XVHIXO�ZKHQ�VHWWLQJ�XS�WDUJHW�
VL]H� ILOWHUV�� OLQHDU� ILOWHUV� DQG� RWKHU� WDUJHW� SDUDPHWHUV� LQ� 0(5/,1� $GPLQLVWUDWRU��
�

���� 0(5/,15HFRUGHU���7KH�0(5/,15HFRUGHU�VRIWZDUH�DOORZV�IRU�UDZ��XQSURFHVVHG��UDGDU�
UHFRUGLQJ�DQG�SOD\EDFN�WR�VXSSRUW�GHWDLOHG�GDWD�DQDO\VLV�DQG�UHFRUGNHHSLQJ���5HWHQWLRQ�
RI�UDGDU�VLJQDO�GDWD�UHTXLUHV�ODUJH�DPRXQWV�RI�GLVN�VSDFH�IRU�VWRUDJH�������JLJDE\WHV�RI�
VWRUDJH�SHU����KRXU�SHULRG�GHSHQGLQJ�RQ�WKH�OHYHO�RI�UHVROXWLRQ�RI�WKH�UHWDLQHG�GDWD��DQG�
KDUG�GULYH�VWRUDJH�FDSDFLW\�RI�RQH�WHUDE\WH��7%��LQ�LQFOXGHG��

�
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)LJXUH����0(5/,15HFRUGHU�5HFRUG�DQG�3OD\EDFN�&RQWURO�:LQGRZ�

�
�
������ 0(5/,1� *36�&RPSDVV� �� (DFK� 0(5/,1� UDGDU� VHQVRU� XQLW� LV� HTXLSSHG� ZLWK� LWV� RZQ�

:$$6�HQDEOHG�0(5/,1�*36�&RPSDVV�XQLW�WR�PDLQWDLQ�KLJK�VSDWLDO�DQG�WHPSRUDO�GDWD�
TXDOLW\��

D�� 3RVLWLRQDO�DFFXUDF\�DQG�FRUUHODWLRQ�RI�WKH�WRWDO�0(5/,1�V\VWHP��

E�� 7LPH�V\QFKURQL]DWLRQ�DQG�FRPSXWHU�GULIW�FRUUHFWLRQ�EHWZHHQ�DOO�V\VWHP��
� &RPSXWHU�FORFNV��

F�� 3DUDPHWHUV� FRQWUROOHG� E\� 0(5/,1� *36�&RPSDVV� LQFOXGH� WKH� UDGDU� 1RUWK� 8S�
�)L[HG� 5HIHUHQFH� 3RLQW��� 0DJQHWLF� 1RUWK� �9DULDEOH�� DQG� +HDGLQJ� 2IIVHW� �7UXH�
1RUWK����

����� 0(5/,15HPRWH���UHPRWH�V\VWHP�FRQWURO�LQWHUIDFH�DQG�DOORZV�XVHUV�WR�UHPRWHO\�FRQWURO�
DQG� PRQLWRU� DOO� FULWLFDO� V\VWHP� FRPSRQHQWV� IURP� HQDEOHG� UHPRWH� XVHU� GLVSOD\�
ZRUNVWDWLRQV����
D�� ��.H\�0(5/,1� V\VWHP� IHDWXUHV� DQG� IXQFWLRQV� DUH� DFWLYDWHG� YLD� WKH� UHPRWH� FRQWURO�

SDQHO�LQVWDOOHG�DW�HDFK�UDGDU�VHQVRU�SDFNDJH�����

E���7KH�0(5/,15HPRWH�VXLWH�DOORZV�XVHUV�WR�FRQWURO��PRQLWRU�DQG�GLVSOD\�WKH�VRIWZDUH�
RYHU� D� /RFDO� $UHD� 1HWZRUN�� :LGH� $UHD� 1HWZRUN�� YLD� WKH� ,QWHUQHW� RU� D� 6&$'$�
V\VWHP����

�
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)LJXUH�����0(5/,15HPRWH�GDVKERDUG�*8,��FRQILJXUHG�IRU�HDFK�LQVWDOODWLRQ��

�

F�� 7KH�0(5/,15HPRWH�LQWHUIDFH�LV�WKH�0(5/,1�GDVKERDUG�±�D�VRIWZDUH�DSSOLFDWLRQ�
WKDW�DOORZV�IRU�FRQWURO�DQG�PRQLWRULQJ�RI�D�0(5/,1�V\VWHP�IURP�D�VLQJOH�*8,���
L�� 7KH�*8,�SURYLGHV�WDEV�IRU�HDFK�RI� WKH�HOHPHQWV�RI� WKH�KDUGZDUH��VRIWZDUH��

FRQWUROV�DQG�VHQVRUV�WR�SURYLGH�DQ�RYHUYLHZ�RI�UHPRWH�RSHUDWLRQV�����
LL�� 6WDQGDUG�FRQWURO�DQG�+HDOWK�	�6WDWXV�0RQLWRULQJ� �+60�� IXQFWLRQV� LQFOXGHG�

DUH�SRZHU��FRPPHUFLDO��836�DQG�EDFNXS���UDGDUV��WUDQVPLW��VWDUW�VWRS��WHVW��
RSHUDWLRQDO� VHWWLQJV��� FRPSXWHUV� �VWDUW�VWRS�� VWDWXV��� DQG� HQYLURQPHQWDO�
SULPDU\�DQG�VHFRQGDU\��$&��LQWHUQDO��H[WHUQDO�WHPSHUDWXUH��KXPLGLW\�����

����� 0(5/,15HSRUWHU� �� 0(5/,1� 5HSRUWHU� LV� WKH� VXLWH� RI� GDWD� DQDO\VLV� DQG� UHSRUWLQJ�
DSSOLFDWLRQV� IRU� WKH� 0(5/,1� V\VWHP�� 7KH� VXLWH� RI� DQDO\WLFDO� DQG� UHSRUWLQJ� WRROV� LQ�
0(5/,15HSRUWHU�LQFOXGHV���
D�� 0(5/,1�7UDFNSORW���VXEURXWLQH�WKDW�ZRUNV�ZLWK�+RUL]RQWDO�	�9HUWLFDO�5DGDU�

'DWDEDVHV��VHSDUDWHO\��ZLWK�D�SULPDU\�IXQFWLRQ�LV�WR�YLVXDOL]H�ELUG�WUDFN�GDWD�WKDW�ZDV�
ZULWWHQ�WR�WKH�0(5/,1�GDWDEDVH�DUFKLYHV����

E�� 7UDFNSORW�SURGXFW�RXWSXWV�DUH�LPDJHV�LQ�WKH�IRUP�RI�-3(*V���MSHJV��FRQVLVWHQW�WR�WKH�
0(5/,1�'LVSOD\�IRUPDWV��KRUL]RQWDO�DQG�YHUWLFDO����7UDFNSORW�LV�RSHUDWHG�YLD�D�VLPSOH�
RQ�VFUHHQ�XVHU�ZLQGRZ�WKDW�DOORZV�WKH�XVHU�WR�VHOHFW�WKH�GDWD�ILOH�IRU�DQDO\VLV��WKH�
WLPH�SHULRG��WKH�GDWD�SDUDPHWHUV��H�J��VL]H�FODVVHV��DQG�RWKHU�SDUDPHWHUV��
�

)LJXUH�����0(5/,1�7UDFNSORW�*8,�ZLQGRZ�
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�

�
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)LJXUH�����0(5/,1�7UDFNSORW�YHUWLFDO�GDWD��
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������� � 0(5/,10DVN��DOORZV�H[FOXVLRQ�RI�DUHDV�ZKHUH�SHUVLVWHQW�JURXQG�FOXWWHU�WUDFNLQJ�H[LVWV�
�L�H��IURP�WUHHV��EUXVK��ZLQG�WXUELQHV��VKLSV��HWF����

D�� 0(5/,10DVN���DXWRPDWLFDOO\�FRQYHUWV�D��EPS�LQWR�D�WDEOH�RI�D������[������PDWUL[�
WR�DFFRXQW�IRU�HYHU\�SL[HO�FRPELQDWLRQ������������URZV�RI�GDWD�ZLWK�SL[HO�YDOXHV�RI���
IRU� EODFN�� �� IRU�ZKLWH�� DQG�SHUPLWV�TXDQWLILFDWLRQ�RI� KRZ�PXFK�D� WDUJHW� LV� FOHDU�RI�
FOXWWHU��LQ�D�VHQVH�D�ʊILOWHU”�����

E�� 7KH�FXUUHQW�0(5/,1�EXLOG�XWLOL]HV�ERWK�VWDWLF�DQG�G\QDPLF�FOXWWHU�PDSV�WKDW�DOORZ�
UDGDU�WHFKQLFLDQV�WR�PDQXDOO\�HGLW�VWDWLF�FOXWWHU�PDSV�ZKLOH�VWLOO�UHDSLQJ�WKH�EHQHILWV�
RI�D�G\QDPLF�FOXWWHU�PDS���

F�� 7KH�0(5/,10DVN�LV�RSHUDWHG�YLD�DQ�RQ�VFUHHQ�*8,�DQG�DXWRPDWLFDOO\�FUHDWHV�WKH�
VWDWLF�PDVN��

�
)LJXUH�����0(5/,10DVN�*8,�ZLWK�EHIRUH�DQG�DIWHU�PDVN��
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������ 0HUOLQ&KDUW���ZRUNV�ZLWK�ERWK�KRUL]RQWDO�DQG�YHUWLFDO�0(5/,1�GDWDEDVHV��VHSDUDWHO\���
DQG� LWV� SULPDU\� IXQFWLRQ� LV� WR� SURGXFH� D� TXLFN� DQDO\VLV� DQG� YLVXDOL]DWLRQ� RI� DUFKLYHG�
KLVWRULFDO�YHUWLFDO�DQG�KRUL]RQWDO�GDWD��JHQHUDWHG�DV�WH[W�ILOHV��LPDJHV�DQG�FKDUWV����

D�� 7KH�RXWSXW�LV�XVHG�W\SLFDOO\�IRU�IOLJKW�DQG�ELUG�FRQWURO�SODQQLQJ�DQG�WR�LGHQWLI\�SHDN�
DFWLYLW\�DQG�DOWLWXGHV�RI�ELUG�DFWLYLW\���

E�� 0(5/,1&KDUW�LV�UXQ�WKURXJK�D�VLPSOH�RQ�VFUHHQ�*8,��7KH�DSSOLFDWLRQ�FDQ�EH�UXQ�LQ�
EDWFK�PRGH�RQ�PXOWLSOH�GDWDEDVHV�LQ�D�IROGHU���

�

7DEOH�����0(5/,1&KDUW�*8,�

�

�

$OO�V\VWHP�GDWD�LV�UHFRUGHG�WR�LQWHUQDO�06�$FFHVV�DQG�64/�FRPSDWLEOH�GDWDEDVHV�ZLWK�DOO�WDUJHW�
SDUDPHWHUV�UHFRUGHG��
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�

����3URSRVHG�3URMHFW�6XSSRUW�6WDII�
)RU�WKLV�SURMHFW�'H7HFW�75*�ZLOO�SURYLGH�D�SURMHFW�VXSSRUW�WHDP�RI�WRS�DYLDQ�UDGDU�H[SHUWV�ZLWK�
GLUHFW�� UHOHYDQW� H[SHULHQFH� LQ� GHYHORSPHQW�� VXSSO\�� LQVWDOODWLRQ� DQG� VXSSRUW� RI� WKH� HTXLSPHQW�
DQG�VHUYLFHV�UHTXLUHG�IRU�WKLV�WHQGHU�� �7KLV� LQFOXGHV�'H7HFW�VWDII�PHPEHUV�ZKR�KDYH� LQVWDOOHG�
DQG�VXSSRUWHG�0(5/,1�$YLDQ�5DGDU�6\VWHPV�IRU�WHUUHVWULDO�DQG�RIIVKRUH�ZLQG�HQHUJ\�SURMHFWV�
LQ� (XURSH� ZLWK� UHTXLUHPHQWV� YHU\� VLPLODU� WR� WKRVH� UHTXLUHG� E\� WKLV� WHQGHU�� 5HVXPHV� RI� WKH�
'H7HFW�VWDII�PHPEHUV�ZKR�ZLOO�VXSSRUW�SURMHFW�FDQ�IRXQG�LQ�WKH�IROORZLQJ�SDJHV��
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1$0(��� � 7��$GDP�.HOO\�

7,7/(��� � &KLHI�6FLHQWLVW�3ULQFLSDO�%LRORJLVW��'H7HFW��,QF��

('8&$7,21��� 0DVWHU� RI� 6FLHQFH�� &RQVHUYDWLRQ� %LRORJ\�� 8QLYHUVLW\� RI� .HQW�� (QJODQG�
��������$GYDQFHG�8QLYHUVLW\�'LSORPD�LQ�5DSWRU�%LRORJ\�ZLWK�0HULW��������

<($5�(;3(5,(1&(�� ��� &855(17�326,7,21�� 3ULQFLSDO�%LRORJLVW�

,QWURGXFWLRQ��

0U�� .HOO\� LV� D� KLJKO\� H[SHULHQFHG�:LOGOLIH� %LRORJLVW� VSHFLDOL]LQJ� LQ� DYLDQ� ELRORJ\�� ELUG� DQG� EDW�
PRUWDOLW\� ULVN� DVVHVVPHQW�� ELUG� FRQWURO� DQG� UDGDU� RUQLWKRORJ\�� � +H� LV� D�PHPEHU� RI� WKH�:RUOG�
:RUNLQJ�*URXS�RQ�%LUGV�RI�3UH\�DQG�2ZOV��WKH�:LOVRQ�2UQLWKRORJLFDO�6RFLHW\�DQG�WKH�%LUG�6WULNH�
&RPPLWWHH� 86$�&DQDGD�� +H� KDV� FRQGXFWHG� FDSWLYH� UDSWRU� SURSDJDWLRQ� SURMHFWV�� DLUILHOG� DQG�
LQGXVWULDO� ELUG� FRQWURO� SURJUDPV�� WHOHPHWU\� VWXGLHV�� DYLDQ� UDGDU� VXUYH\V�� PRUWDOLW\� ULVN�
DVVHVVPHQWV�DQG�PLWLJDWLRQ�SURJUDPV�RQ�SURMHFWV� LQ�YDOXH�XS�WR����PLOOLRQ��86'��LQ�WKH�86$��
WKH� 8QLWHG� .LQJGRP�� &DQDGD�� (XURSH�� 1HZ� =HDODQG� DQG�0DXULWLXV�� � 6XSHUYLVRU\� H[SHULHQFH�
LQFOXGHV� WUDLQLQJ� DQG� PDQDJLQJ� WHDPV� RI� RYHU� ��� ELRORJLVWV� DQG� ELUG� FRQWURO� VSHFLDOLVWV� LQ�
VXUYH\��ELUG�FRQWURO�DQG�ELUG�VWULNH�LQYHVWLJDWLRQ����

0U��.HOO\�LV�D�OHDGLQJ�ZRUOG�H[SHUW�LQ�GHYHORSPHQW�RI�VRSKLVWLFDWHG�VLJQDO�SURFHVVLQJ�WHFKQLTXHV�
IRU�UDGDU�UHPRWH�VHQVLQJ�V\VWHPV�IRU�ELUG��EDW�DQG�DLUFUDIW�GHWHFWLRQ��WUDFNLQJ�DQG�PRUWDOLW\�ULVN�
DVVHVVPHQW�DQG�PLWLJDWLRQ�� �0U��.HOO\� LV�FXUUHQWO\� WKH�&KLHI�7HFKQRORJ\�2IILFHU�&KLHI�6FLHQWLVW�
ZLWK� 'H7HFW�� ,QF�� �ZZZ�GHWHFW�LQF�FRP�� DQG� KHDGV� WKH� FRPSDQ\µV� SURJUDPV� IRU� RQ�JRLQJ�
GHYHORSPHQW�DQG� ILHOG�DSSOLFDWLRQ�RI�DGYDQFHG�PHWKRGV�DQG�V\VWHPV� IRU�ELUG�DQG�EDW� UHPRWH�
VHQVLQJ��UDGDU�WUDFNLQJ��PRUWDOLW\�ULVN�PRGHOLQJ��ULVN�DVVHVVPHQW�DQG�ULVN�PLWLJDWLRQ�IRU�DYLDWLRQ�
VDIHW\��ELUG�DLUFUDIW�VWULNH�DYRLGDQFH��DQG�IRU�SURMHFWV�ZLWK�DYLDQ�PRUWDOLW\� LVVXHV�VXFK�DV�ZLQG�
IDUPV��FRPPXQLFDWLRQ� WRZHUV��PLQH� WDLOLQJ�SRQGV�� LQGXVWULDO�ZDVWH� LPSRXQGPHQWV��RLO�DQG�JDV�
WDQNV�DQG�FRPPHUFLDO�ODQGILOOV����

$W�'H7HFW��0U��.HOO\�KDV�EHHQ�WKH�3ULQFLSDO�LQ�&KDUJH�RI�GHYHORSPHQW�DQG�ILHOG�DSSOLFDWLRQ�RI�
WKH�0(5/,1��$LUFUDIW�%LUGVWULNH�$YRLGDQFH�5DGDU�V\VWHP�� WKH�0(5/,1�$YLDQ�5DGDU�6\VWHP��
WKH�0(5/,1�GHWHFW�	�GHWHU�%LUG�&RQWURO�5DGDU�V\VWHP��DQG�WKH�9(63(5�)L[HG�EHDP�9HUWLFDO�
3URILOH�5DGDU���0(5/,1�LV�FXUUHQWO\�WKH�PRVW�ZLGHO\�XVHG�ELUG�DQG�EDW�UDGDU�ZLWK�RYHU����XQLWV�
RSHUDWLQJ� ZRUOGZLGH�� +H� KDV� EHHQ� UHVSRQVLEOH� IRU� YLUWXDOO\� HYHU\� PDMRU� ĴILUVWµ� LQ� ELUG� UDGDU�
WHFKQRORJ\�LQFOXGLQJ�WKH�ILUVW�«�

x� &XVWRP�ELUG�UDGDU�ZDYHIRUP�	�DQWHQQD��0(5/,1�6KDUS(\H��������

x� $OO�ZHDWKHU�VROLG�VWDWH�ELUG�UDGDU�V\VWHP��0(5/,1�6KDUS(\H��������

x� $XWRPDWHG�:LQG� )DUP� UDGDU�PRQLWRULQJ� DQG� ULVN�PLWLJDWLRQ� V\VWHP� �0(5/,1�6&$'$��
������

x� $XWRPDWHG�ELUGVWULNH�ULVN�DOHUWLQJ�ELUG�UDGDU�LQ�D�FRPPHUFLDO�DLUSRUW�FRQWURO�WRZHU��������
'XUEDQ�$LUSRUW��6RXWK�$IULFD��

x� $XWRPDWHG�ELUGVWULNH�ULVN�DOHUWLQJ�ELUG�UDGDU��������86$)��'RYHU�$)%��

x� %LUG� UDGDU� V\VWHP� LQVWDOODWLRQ� DW� FRPPHUFLDO� DLUSRUW� ������� $XJXVWD� 5HJLRQDO� $LUSRUW��
*HRUJLD��
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x� 2Q�DLUILHOG� ELUG� GHWHFWLRQ� UDGDU� LQ� FRQWURO� WRZHU� ������� 5R\DO� $LU� )RUFH� %DVH�� .LQORVV�
6FRWODQG��

x� %LRORJLFDO�WDUJHW�GHWHFWLRQ�DOJRULWKP�IRU�UDGDU��������

x� $XWRPDWLF�YHUWLFDO�VFDQQLQJ�UDGDU�IRU�ELUG�GHWHFWLRQ��������

x� /DUJH�VFDOH� IXOO\� DXWRPDWHG� ELUG� VWULNH� ULVN�PDQDJHPHQW� UDGDU� QHWZRUN� ������� $+$6��
ZZZ�XVDKDV�FRP��86$)��

x� $LUEDVH�ELUG�DYRLGDQFH�PRGHO��������86$)��

x� &RPSXWHU�EDVHG� PLVVLRQ� SODQQLQJ� PRGHO� IRU� XVH� E\� SLORWV� WR� UHGXFH� ELUG� VWULNH� ULVN�
�������86$)��

x� <HDU�URXQG�UHPRWH�VHQVLQJ�VWXGLHV�RI�ELUG�DFWLYLW\��������86$)���

5HOHYDQW�([SHULHQFH����

+H� FXUUHQWO\� KHDGV�'H7HFWµV� DYLDQ� UDGDU� V\VWHP� UHVHDUFK� DQG� GHSOR\PHQW� JURXS� VXSSRUWLQJ�
FOLHQW�SURMHFWV�LQ�WKH�86��&DQDGD��(XURSH�DQG�$IULFD��2Q�JRLQJ�SURMHFWV�LQFOXGH�GHYHORSPHQW�RI�
DGYDQFHG�DOJRULWKPV�DQG�UDGDU�V\VWHPV�IRU�DXWRPDWLF�GHWHFWLRQ�DQG�WUDFNLQJ�RI�ELUGV�DQG�EDWV�
RQ� 1(;5$'� DQG� VPDOO�PRELOH� UDGDUV� IRU� WKH� 86� $LU� )RUFH� �86$)��� 86� $LU� 1DWLRQDO� *XDUG��
1DWLRQDO� $HURQDXWLFDO� DQG� 6SDFH� $GPLQLVWUDWLRQ� �1$6$��� 86� )LVK� DQG� :LOGOLIH� 6HUYLFH�
�86):6���86�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\��86(3$���WKH�*RYHUQPHQWV�RI�&DQDGD�DQG�WKH�
8QLWHG�.LQJGRP� DQG� YDULRXV� FRPPHUFLDO� DYLDWLRQ�� PLQLQJ�� LQGXVWULDO� DQG�ZLQG� HQHUJ\� FOLHQWV���
0U��.HOO\�LV�D�ZRUOG�UHFRJQL]HG�H[SHUW�LQ�%$6+�DQG�UDGDU�RUQLWKRORJ\��KDV�SXEOLVKHG�QXPHURXV�
UHVHDUFK� SDSHUV�� IUHTXHQWO\� SUHVHQWV� DW� VXEMHFW� UHODWHG� FRQIHUHQFHV�� DQG� URXWLQHO\� SURYLGHV�
H[SHUW�WHVWLPRQ\�DW�UHJXODWRU\�KHDULQJV���6SHFLILF�DUHDV�RI�H[SHUWLVH�LQFOXGH��

x� 5DGDU�RUQLWKRORJ\�
x� %LUG�DQG�EDW�UDGDU��DFRXVWLF�DQG�WKHUPDO�VXUYH\�
x� 5LVN�DVVHVVPHQW�DQG�PLWLJDWLRQ�SODQQLQJ�
x� 0LJUDWRU\�UHVHDUFK�DQG�VWXGLHV�
x� 5DGLR�DQG�VDWHOOLWH�WHOHPHWU\�
x� %LUG�WUDSSLQJ�DQG�EDQGLQJ�
x� $LUILHOG�ELUG�DQG�ZLOGOLIH�FRQWURO�
x� %LUG�DLUFUDIW�VWULNH�KD]DUG��%$6+��PDQDJHPHQW�
x� $LUFUDIW�PLVKDS�LQYHVWLJDWLRQ�
x� 3URWHFWHG�VSHFLHV�VXUYH\V�DQG�KDELWDW�DVVHVVPHQW�
x� $YLDQ�UDGDU�FRPSXWHU�DOJRULWKP�DQG�V\VWHP�GHVLJQ�DQG�GHYHORSPHQW����

0U��.HOO\�LV�WKH�OHDG�VFLHQWLVW�DQG�GHYHORSHU�IRU�WZR�%LUG�$YRLGDQFH�0RGHOV��%$0��IRU�WKH�86$)��
WKH�86$)�$YLDQ�+D]DUG�$GYLVRU\� 6\VWHP� �$+$6�� VHH�ZZZ�XVDKDV�FRP��� D�1(;5$'� UDGDU�
EDVHG�V\VWHP�WKDW�WUDFNV�ELUG�DFWLYLW\�LQ�UHDO�WLPH�IRU�WKH�FRQWLQHQWDO�86��$ODVND��+DZDLL��*XDP�
DQG�.RUHD��DQG��WKH�ILUVW�DXWRPDWHG�ELUG�DQG�EDW�GHWHFWLRQ�DQG�WUDFNLQJ�UDGDU�V\VWHPV��0$56�
DQG�0(5/,1��� � ,Q������� WKH�$+$6�V\VWHP�ZDV�H[SDQGHG�WR�SURYLGH�QHDU� UHDO�WLPH��HYHU\�VL[�
PLQXWHV�� ELRORJLFDO� GHQVLW\� LPDJHU\� LQ� ��'� DQG� KH� LV� GLUHFWLQJ� H[SDQVLRQ� RI� WKH� V\VWHP� WR�
SURFHVV�/HYHO�,,�1(;5$'�GDWD�ZKLFK�ZLOO�LQFUHDVH�V\VWHP�UHVROXWLRQ�E\�DQ�RUGHU�RI�PDJQLWXGH���
7KH�$+$6�V\VWHP�DUFKLYHG�GDWD�LQFOXGHV�RYHU����\HDUV�RI������ELRORJLFDO�GHQVLW\�GDWD�IRU�WKH�
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FRQWLQHQWDO�8�6��DQG�0U��.HOO\�KDV�GHYHORSHG�WHFKQLTXHV�WR�XVH�WKLV�GDWD�WR�VXSSRUW�SUHOLPLQDU\�
ULVN�DVVHVVPHQWV�IRU�SURSRVHG�ZLQG�IDUP�VLWHV��

6LQFH�-XQH�������0U��.HOO\�KDV�DOVR�EHHQ�WKH�3URJUDP�0DQDJHU�IRU�'H7HFW�VXSSRUWLQJ�WKH�8�6��
VSDFH�DJHQF\��1$6$�� LQ�ELUGVWULNH� ODXQFK�SUHYHQWLRQ� IRU� WKH�86�VSDFH�VKXWWOH� IURP�.HQQHG\�
6SDFH� &HQWHU� �.6&��� )ORULGD� 86$� XVLQJ� D� FXVWRP� GHVLJQHG� 'H7HFW� 0(5/,1� $YLDQ� 5DGDU�
6\VWHP�� �0U��.HOO\�KDV�EHHQ�WKH� OHDG�DGYLVRU� WR�1$6$�IRU�ELUG�VWULNH�ULVN�PLWLJDWLRQ�IRU�VSDFH�
VKXWWOH� ODXQFKHV�IURP�-XO\���������WR�WKH�SUHVHQW�DQG�KDV�SHUVRQDOO\�EHHQ�RQ�VLWH�DW� WKH�.6&�
SURYLGLQJ� H[SHUW� UDGDU� RUQLWKRORJ\� DQG� ELUGVWULNH� ULVN� PDQDJHPHQW� DQG� DGYLVRU\� VXSSRUW� WR�
1$6$�IRU�IRXUWHHQ�ODXQFKHV�RI�VSDFH�VKXWWOH��

�
5HSUHVHQWDWLYH�3URMHFW�([SHULHQFH��
3ULQFLSDO� %LRORJLVW�5DGDU� 2UQLWKRORJLVW�� *XOI� :LQG� ,� :LQGIDUP�� 7H[DV� 86$� �3DWWHUQ�
(QHUJ\�� �����SUHVHQW�� 'HVLJQ�� GHOLYHU\�� LQVWDOODWLRQ�� VWDUW�XS� DQG� RSHUDWLRQDO� VXSSRUW� RI� D�
PRELOH�0(5/,1�;6����H�$YLDQ�5DGDU�6\VWHP� IRU�DYLDQ�PRUWDOLW\� ULVN�PRQLWRULQJ�DW� WKH�ZLQG�
IDUP�ORFDWHG�RQ�WKH�7H[DV�*XOI�&RDVW��7KH�V\VWHP�ZDV�LQVWDOOHG�LQ�WKH�IDOO�RI������DQG�FROOHFWHG�
WZR�\HDUV�RI������GDWD�RQ�DYLDQ�DFWLYLW\�WKDW�ZDV�XVHG�WR�SURMHFW�SRWHQWLDO�ULVN�WR�PLJUDWRU\�DQG�
UHVLGHQW�ELUGV�LQ�WKH�SURSRVHG�ZLQG�IDUP�DUHDV�DQG�LQ������RYHUVDZ�LQVWDOODWLRQ�RI�WKH�V\VWHP�
DV�D�SHUPDQHQW�PRQLWRULQJ�V\VWHP�IRU�WKH�RSHUDWLQJ�ZLQG�IDUP���&XUUHQWO\�WKH�V\VWHP�XVHV�WKH�
0(5/,1�6&$'$� DYLDQ�PRUWDOLW\� ULVN�PLWLJDWLRQ�VRIWZDUH�GHYHORSHG�E\�0U��.HOO\�ZKLFK�DOORZV�
WKH�ELUG�UDGDU�WR�IXQFWLRQ�DV�DQ�HDUO\�ZDUQLQJ�ULVN�PLWLJDWLRQ�V\VWHP�IRU�ELUGV�DW� WKH�ZLQG�IDUP�
SURYLGLQJ�DGYDQFH�GHWHFWLRQ�RI�HOHYDWHG�ELUG�DFWLYLW\�DQG�DXWRPDWLFDOO\� LGOLQJ�WKH�ZLQG�WXUELQHV�
ZKHQ�ELUGV�DUH�GHWHFWHG�XQGHU�KLJK�PRUWDOLW\�ULVN�FRQGLWLRQV���7KH�0(5/,1�6&$'$�LQVWDOODWLRQ�
DW� WKH� *XOI� :LQG� ,� :LQGIDUP� LV� WKH� ILUVW� XVH� RI� DXWRPDWHG� DYLDQ� UDGDU� WHFKQRORJ\� IRU� ULVN�
PLWLJDWLRQ�DW�D�ZLQG�IDUP�LQ�WKH�ZRUOG�����

3ULQFLSDO� %LRORJLVW�5DGDU� 2UQLWKRORJLVW�� 3HQmVFDO� :LQG� )DUP�� 7H[DV� 86$� �,EHUGUROD�
5HQHZDEOH�������SUHVHQW���'HVLJQ��GHOLYHU\��LQVWDOODWLRQ��VWDUW�XS�DQG�RSHUDWLRQDO�VXSSRUW�RI�D�
PRELOH� 0(5/,1� ;6����H� $YLDQ� 5DGDU� 6\VWHP� DV� D� SHUPDQHQW� PRQLWRULQJ� V\VWHP� IRU� WKLV�
RSHUDWLQJ�ZLQG�IDUP�WKDW�LV�ORFDWHG�DGMDFHQW�WR�WKH�*XOI�:LQG�,�ZLQG�IDUP���7KH�V\VWHP�XVHV�WKH�
0(5/,1�6&$'$� DYLDQ�PRUWDOLW\� ULVN�PLWLJDWLRQ�VRIWZDUH�GHYHORSHG�E\�0U��.HOO\�ZKLFK�DOORZV�
WKH�ELUG�UDGDU�WR�IXQFWLRQ�DV�DQ�HDUO\�ZDUQLQJ�ULVN�PLWLJDWLRQ�V\VWHP�IRU�ELUGV�DW� WKH�ZLQG�IDUP�
SURYLGLQJ�DGYDQFH�GHWHFWLRQ�RI�HOHYDWHG�ELUG�DFWLYLW\�DQG�DXWRPDWLFDOO\� LGOLQJ�WKH�ZLQG�WXUELQHV�
ZKHQ� ELUGV� DUH� GHWHFWHG� XQGHU� KLJK� PRUWDOLW\� ULVN� FRQGLWLRQV�� � $ORQJ� ZLWK� *XOI� :LQG� ,�� WKH�
0(5/,1� 6&$'$� LQVWDOODWLRQ� DW� WKH� ZLQGIDUP� LV� WKH� ILUVW� XVH� RI� DXWRPDWHG� DYLDQ� UDGDU�
WHFKQRORJ\� IRU� ULVN�PLWLJDWLRQ� DW� D� ZLQG� IDUP� LQ� WKH� ZRUOG�� � 7KH� V\VWHPV� DUH� FXUUHQWO\� EHLQJ�
LQWHJUDWHG� LQWR�D�ZLGHU�QHWZRUN�RI�ELUG�UDGDUV�ZLWK� WKRXJK�D�931�WR�H[SDQG�WKH�HDUO\�ZDUQLQJ�
FDSDELOLW\�RI�HDFK�LQGLYLGXDO�UDGDU��������

3ULQFLSDO� %LRORJLVW�5DGDU� 2UQLWKRORJLVW�� 1RUGZLQG]HH� 2IIVKRUH� :LQGIDUP�� 7KH�
1HWKHUODQGV��6KHOO�1821�������SUHVHQW���0(5/,1�;6����H�$YLDQ�5DGDU�6\VWHP�LQVWDOOHG�LQ�
����� RQ� DQ� RIIVKRUH� UHVHDUFK� SODWIRUP�� FROOHFWHG� WZR� \HDUV� RI� SUH�FRQVWUXFWLRQ� VXUYH\� GDWD���
7KH� V\VWHP� LV� FXUUHQWO\� LQVWDOOHG� RQ� WKH�PHW�PDVW� WRZHU� DQG�SURYLGHV� �����PRQLWRULQJ� RI� WKH�
RSHUDWLQJ� ZLQG� IDUP� ZLWK� UHPRWH� DGPLQLVWUDWLRQ� IURP� WKH� VKRUH� YLD� ILEHU� RSWLF� QHWZRUN�� � 7KH�
V\VWHP� LV� RSHUDWHG� E\� WKH� SURMHFW� HQYLURQPHQWDO� FRQVXOWDQW�� %XUHDX�:DDUGHQEXUJ� EY� DQG� LQ�
����� D� VHFRQGDU\� VKLS� WUDIILF� UDGDU� ZDV� XSJUDGHG� ZLWK� D� 0(5/,1� ELUG� UDGDU� SURFHVVRU� WR�
SURYLGH�H[SDQGHG�GHWHFWLRQ�RI�ELUG�DFWLYLW\�DW�WKH�ZLQGIDUP�VLWH��
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3ULQFLSDO�%LRORJLVW�5DGDU�2UQLWKRORJLVW��%HDWULFH�2IIVKRUH�:LQG�3DUN��$EHUGHHQ��6FRWODQG�
�7DOLVPDQ� (QHUJ\�8QLYHUVLW\� RI� $EHUGHHQ�� �����SUHVHQW��0XOWL�\HDU� DYLDQ� UDGDU� VXUYH\� RI�
RIIVKRUH� ZLQG� WXUELQHV� RII� WKH� FRDVW� RI� 6FRWODQG� LQ� WKH� 1RUWK� 6HD�� � 7KH� 0(5/,1� V\VWHP� LV�
LQVWDOOHG� RQ� DQ� RLO� SODWIRUP� QHDU� WKH� WHVW� WXUELQHV� DQG� LV� RSHUDWHG� E\� ELRORJLVWV� ZLWK� WKH�
8QLYHUVLW\�RI�$EHUGHHQ���0U��.HOO\�SURYLGHG�VHQLRU�ELRORJLVW�RYHUVLJKW�DQG�UDGDU�GDWD�4$�4&�IRU�
WKH�SURMHFW��
3ULQFLSDO�%LRORJLVW�5DGDU�2UQLWKRORJLVW��3OXP�,VODQG�2IIVKRUH�:LQG�3DUN��1HZ�<RUN��86$�
�'HHSZDWHU�:LQG�//&�������SUHVHQW��0(5/,1�;6����H�$YLDQ�5DGDU�6\VWHP�FRQGXFWLQJ�WZR�
\HDU�SUH�FRQVWUXFWLRQ�VXUYH\�RI� WKH� ILUVW�86�RIIVKRUH�ZLQG� IDUP�� �)RU�\HDU�2QH�� WKH� UDGDU�ZDV�
LQVWDOOHG� RQ�VKRUH� DQG� VXUYH\HG� WKUHH� QHDU� VKRUH� WXUELQHV� VLWHV�� � )RU� \HDU� 7ZR�� WKH� UDGDU�
V\VWHP�ZLOO�EH� UHLQVWDOOHG�RQWR� WKH�PHW�PDVW� WRZHU���PLOHV�RIIVKRUH� WR�FROOHFW�SUHFRQVWUXFWLRQ�
GDWD�IRU�WKH�RIIVKRUH�ZLQGIDUP��

3ULQFLSDO� %LRORJLVW�5DGDU� 2UQLWKRORJLVW�� :HVWILHOG�5LSOH\� :LQGIDUP�� 1HZ� <RUN�� 86$�
�%DEFRFN�	�%URZQ�� �����SUHVHQW��0(5/,1�;6����H�$YLDQ�5DGDU� 6\VWHP� FRQGXFWLQJ� SUH�
FRQVWUXFWLRQ� VXUYH\� RI� SURSRVHG�ZLQG� IDUP� VLWH� LQ� QRUWKHUQ�1HZ�<RUN� VWDWH�� � 7KH� UDGDU� ZDV�
LQVWDOOHG�LQ�WKH�IDOO�RI������DQG�LV�FROOHFWLQJ�GDWD������IRU�RQH�\HDU�SUH�FRQVWUXFWLRQ���7KH�SURMHFW�
VLWH�LV�ORFDWHG�LQ�WKH�86�*UHDW�/DNHV�IO\ZD\�DQG�LV�FRQVLGHUHG�D�NH\�UHVRXUFH�DUHD��
3ULQFLSDO�%LRORJLVW�5DGDU�2UQLWKRORJLVW��6PROD�:LQGSDUN��1RUZD\��1RUZHJLDQ�,QVWLWXWH�IRU�
1DWXUH� 5HVHDUFK�� �����SUHVHQW�� �0(5/,1� ;6����H� $YLDQ� 5DGDU� 6\VWHP� VXSSRUWLQJ� 6HD�
HDJOH�PRUWDOLW\�VWXG\�DW�RSHUDWLQJ�ZLQG�IDUP���7KH�V\VWHP�LV�FROOHFWLQJ�GDWD������WR�GHWHUPLQH�
XVDJH�SDWWHUQV�IRU�WKH�6HD�HDJOHV�DW�WKH�VLWH�WR�GHYHORS�PRUWDOLW\�ULVN�PLWLJDWLRQ�LPSOHPHQWDWLRQ�
RI�WKH�0(5/,1�6&$'$�PRUWDOLW\�ULVN�V\VWHP���

3ULQFLSDO� %LRORJLVW�5DGDU� 2UQLWKRORJLVW�� /DNH� 2VWURZR� :LQG� )DUP�� 3RODQG� �'RQJ�
(QHUJ\�.$33$�� �����SUHVHQW� ±� 0(5/,1� ;6����H� $YLDQ� 5DGDU� 6\VWHP� FRQGXFWLQJ� �� \HDU�
SRVW�FRQVWUXFWLRQ�VXUYH\�DW�3RODQGµV�ODUJHVW�ZLQG�IDUP�ORFDWHG�RQ�WKH�%DOWLF�FRDVW���7KH�V\VWHP�
LV�RSHUDWHG�E\� WKH�8QLYHUVLW\�RI�6]F]HFLQ�ZLWK�GDWD�DQDO\VLV��SURFHVVLQJ��4$�4&�DQG�JHQHUDO�
FRQVXOWDWLRQ�SURYLGHG�E\�'H7HFW�XQGHU�0U��.HOO\µV�GLUHFWLRQ��

3ULQFLSDO� %LRORJLVW�5DGDU� 2UQLWKRORJLVW�� 9DULRXV� :LQGIDUPV�� 1HZ� =HDODQG� �0HULGLDQ�
(QHUJ\� /WG��� �����SUHVHQW� ±� 0(5/,1� ;6����H� $YLDQ� 5DGDU� 6\VWHP� RSHUDWHG� E\� 1HZ�
=HDODQGµV�ODUJHVW�ZLQG�IDUP�GHYHORSHU�WR�DVVHVV�PLJUDWRU\�ELUG�ULVN�IRU�FRDVWDO�ZLQG�IDUP�VLWHV���
7KH�V\VWHP�LV�RSHUDWHG�E\�WKH�GHYHORSHUµV�FRQVXOWDQWV�ZLWK�GDWD�DQDO\VLV��SURFHVVLQJ�DQG�ULVN�
DVVHVVPHQW�VXSSRUW�SURYLGHG�E\�'H7HFW�XQGHU�0U��.HOO\µV�RYHUVLJKW��

6HQLRU� %LRORJLVW�5DGDU� 2UQLWKRORJLVW�� SURSRVHG� (DVWKDYHQ� :LQG� )DUP� $YLDQ� 5DGDU�
6XUYH\�� (DVWKDYHQ�� 9HUPRQW�� 86$� �9HUPRQW� )LVK� DQG� :LOGOLIH� 'HSDUWPHQW�� � �������
&RQGXFWHG� D� OLPLWHG� DYLDQ� UDGDU� VXUYH\� RI� WKH�SURSRVHG�(DVWKDYHQ�:LQG�)DUP� LQ�1RYHPEHU�
�����XQGHU�FRQWUDFW�WR�WKH�9HUPRQW�)LVK�DQG�:LOGOLIH�'HSDUWPHQW���8QGHU�WKH�FRQWUDFW��0U��.HOO\�
GLUHFWHG�D�IRXU�ZHHN�VXUYH\�RI�WKH�SURSRVHG�ZLQG�IDUP�VLWH�ZLWK�D�'H7HFW�RZQHG�0(5/,1�;���
ELUG�GHWHFWLRQ� UDGDU�V\VWHP�� �7KH�ZRUN� LQFOXGHG� �V\VWHP�RSHUDWLRQ��GDWD�JURXQGWUXWKLQJ��GDWD�
DQDO\VLV�DQG�H[SHUW�WHVWLPRQ\�IRU�DVVHVVPHQW�RI�PRUWDOLW\�ULVN�WR�ELUG�DFWLYLW\�IURP�WKH�SURSRVHG�
ZLQG�WXUELQH�VLWH��

6HQLRU�%LRORJLVW�5DGDU�2UQLWKRORJLVW��3G9�:LQG�)DUP�$YLDQ�5DGDU�6XUYH\��.HUQ�&RXQW\��
&DOLIRUQLD�� 86$�� ������� � ,Q� VXSSRUW� RI� WKH� GHYHORSHUµV� FRQVXOWDQW�� 6DSSKRV� (QYLURQPHQWDO��
,QF���SURYLGHG�WZR�SKDVH�DYLDQ�ULVN�DVVHVVPHQW�RI�SURSRVHG�ZLQG�IDUP�VLWH�LQ�WKH�0RMDYH�DUHD�
RI�&DOLIRUQLD���3KDVH�,�SURYLGHG�SUH�DVVHVVPHQW�RI�WKH�VLWH�XVLQJ�SURFHVVHG�86�1(;5$'�GDWD���
+LVWRULFDO� SURFHVVHG� 1(;5$'� GDWD� IRU� WKH� VLWH� ������ GDWD� XSGDWHG� HYHU\� VL[� PLQXWHV�� ZDV�
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H[WUDFWHG�FRYHULQJ�D� WKUHH�\HDU�SHULRG� IRU� WKH�SURMHFW�VLWH�DQG�VXUURXQGLQJ�DUHD�DQG�DQDO\]HG�
IRU�OHYHOV�RI�ELUG�DFWLYLW\��ZLWK�VSHFLILF�IRFXV�RQ�QLJKWWLPH�PLJUDWLRQ�SHULRG�LQ�ORZ�YLVLELOLW\���'DWD�
ZDV�DOVR�FRPSDUHG�WR�D�NQRZQ�ELUG�KDELWDW�UHVRXUFH�DUHD�DQG�FRQFOXVLRQV�GHYHORSHG�DV�WR�WKH�
UHODWLYH�OHYHO�RI�ELUG�DFWLYLW\�DQG�PRUWDOLW\�ULVN�H[SHFWHG�IRU�WKH�SURMHFW�VLWH���)RU�WKH�IDOO�RI�������
'H7HFW� SURYLGHG� D� FRPSDQ\�RZQHG� 0(5/,1� ;6����H� DYLDQ� UDGDU� V\VWHP� WR� 6DSSKRV�
ELRORJLVWV�IRU�FROOHFWLRQ�RI�GDWD������GXULQJ�WKH�IDOO�PLJUDWRU\�VHDVRQ���6DSSKRV�ELRORJLVWV�ZHUH�
WUDLQHG� RQ� V\VWHP� RSHUDWLRQ� DQG� 'H7HFW� SURYLGHG� IXOO� UHPRWH� WHFKQLFDO� VXSSRUW� DQG� GDWD�
4$�4&���0U��.HOO\�DOVR�PDQDJHG�GDWD�SURFHVVLQJ�DQG�DQDO\VLV� IRU� WKH�ULVN�DVVHVVPHQW�UHSRUW�
GHYHORSHG�E\�6DSSKRV��������

6HQLRU� %LRORJLVW�5DGDU� 2UQLWKRORJLVW�� %XIIDOR� 0RXQWDLQ� :LQG� )DUP� %DW� 5DGDU� 6XUYH\��
2DN� 5LGJH�� 7HQQHVVHH�� 86$�� � �������� � &RQGXFWHG� 3KDVH� ,� EDW� VXUYH\� ZLWK� D� 0(5/,1�
;6����H� UDGDU� V\VWHP�ZLWK� WKHUPDO� LPDJLQJ� FDPHUDV� DW� WKH�%XIIDOR�0RXQWDLQ�:LQG� )DUP� LQ�
2DN�5LGJH��7HQQHVVHH�LQ�$XJXVW������XQGHU�FRQWUDFW�WR�WKH�7HQQHVVHH�9DOOH\�$XWKRULW\��79$��
DQG�WKH�(OHFWULF�3RZHU�5HVHDUFK�,QVWLWXWH��(35,����3URMHFW�WDVNV�LQFOXGHG�VXSSO\�DQG�RSHUDWLRQ�
RI�D�'H7HFW�RZQHG�0(5/,1�$YLDQ�5DGDU�6\VWHP��WKHUPDO�LPDJLQJ�HTXLSPHQW��RSHUDWRUV��ILHOG�
ELRORJLVWV�� GDWD� DQDO\VLV� DQG� H[SHUWLVH� WR� LQYHVWLJDWH� EDW� PRUWDOLW\� DW� WKH� VLWH� DQG� SURYLGH�
UHFRPPHQGDWLRQV�IRU�WKH�3KDVH�,,�VWXG\�DQG�D�SRVW�FRQVWUXFWLRQ�PRQLWRULQJ�SURJUDP�WR�DGGUHVV�
WKH�EDW�NLOOV�DW� WKH�VLWH�� �7KH�GDWD�GHYHORSHG� IURP� WKLV�VWXG\�ZDV�XVHG� WR� LGHQWLI\�VSHFLDOL]HG�
UDGDU� UHTXLUHPHQWV� IRU� EDW� PRUWDOLW\� ULVN�PLWLJDWLRQ� DQG� OHG� WR� WKH� FXUUHQW� UHVHDUFK� HIIRUW� IRU�
'H7HFWµV�9(63(5�)L[HG�EHDP�9HUWLFDO�3URILOH�UDGDU�V\VWHP���

6HQLRU� %LRORJLVW�5DGDU� 2UQLWKRORJLVW�� 1HGD� 0LQH�%XWOHU� 5LGJH� :LQG� )DUP� %DW� 6XUYH\��
)RQG�GX�/DF��:LVFRQVLQ��86$������������&RQGXFWHG�D�UDGDU�EDW�VXUYH\�DW�WKH�SURSRVHG�%XWOHU�
5LGJH� ZLQG� IDUP� QHDU� WKH� 1HGD�0LQH� LQ�:LVFRQVLQ� XQGHU� FRQWUDFW� WR� WKH�:LVFRQVLQ� 1DWXUDO�
5HVRXUFHV�)RXQGDWLRQ�ZLWK�IXQGLQJ�IURP�WKH�86�)LVK�DQG�:LOGOLIH�6HUYLFH��86):6��DQG�WKH�86�
(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\� �(3$��� �'H7HFW� SURYLGHG�D�0(5/,1�;6����H�$YLDQ�5DGDU�
6\VWHP�� WKHUPDO� LPDJLQJ�HTXLSPHQW��RSHUDWRUV��GDWD�DQDO\VLV�DQG�H[SHUWLVH� WR� LQYHVWLJDWH� WKH�
SRWHQWLDO� IRU� EDW�PRUDOLW\� DW� WKH� VLWH� UHODWLYH� WR� WKH� SURSRVHG�ZLQG� IDUP� VLWH�� � 7DVNV� LQFOXGHG�
GHWDLOHG� DQDO\VLV� DQG� FRUUHODWLRQ� RI� WKH� UDGDU� GDWD� ZLWK� DFRXVWLF� GDWD� IURP� $QDEDW� GHWHFWRUV�
GHSOR\HG�GXULQJ� WKH� UDGDU�VXUYH\�E\�VWDII�RI� WKH�:LVFRQVLQ�'HSDUWPHQW�RI�1DWXUDO�5HVRXUFHV�
�'15��DQG�SURJUDPPLQJ�RI�FXVWRP�DOJRULWKPV�WR�DQDO\]H�SRWHQWLDO�WR�DXWRPDWLFDOO\�GLIIHUHQWLDWH�
ELUG�DQG�EDW�WDUJHWV�ZLWKLQ�WKH�UDGDU�V\VWHP�LQ�UHDO�WLPH����

6HQLRU�%LRORJLVW�5DGDU�2UQLWKRORJLVW�� $YLDQ�6XUYH\�DQG�$VVHVVPHQW�RI� SURSRVHG�:LQG�
7XUELQH�3URMHFW�� &DSH�&RG�&RPPXQLW\�&ROOHJH��+\DQQLV��0DVVDFKXVHWWV�� $SULO� ����� WR�
�������6XSSRUWHG�GDWD�FROOHFWLRQ�DQG�DVVHVVPHQW�RI�ELUG�DFWLYLW\�DW� WKH�SURSRVHG�ZLQG�WXUELQH�
VLWH�� � 2SHUDWHG� D�0(5/,1�;6����H� $YLDQ�5DGDU� 6\VWHP� GXULQJ� WKH� IDOO� RI� ����� DQG� VSULQJ�
�����PLJUDWRU\�VHDVRQV���6XSSRUWHG�GDWD�SRVW�SURFHVVLQJ�DQG�DQDO\VLV�LQ�'H7HFWµV�GDWD�FHQWHU�
LQ�3DQDPD�&LW\��)ORULGD�DQG�GHYHORSHG�DYLDQ�LPSDFW�UHSRUW�EDVHG�RQ�WKH�GDWD�FROOHFWLRQ��

6HQLRU�%LRORJLVW�5DGDU�2UQLWKRORJLVW�� $YLDQ�6XUYH\�DQG�$VVHVVPHQW�RI� SURSRVHG�:LQG�
7XUELQH� 3URMHFW�� 7RZQ� RI� 2UOHDQV�� 0DVVDFKXVHWWV�� $SULO� ����� WR� ������ � 6XSSRUWHG� GDWD�
FROOHFWLRQ� DQG� DVVHVVPHQW� RI� ELUG� DFWLYLW\� DW� WKH� SURSRVHG� ZLQG� WXUELQH� VLWH�� � 2SHUDWHG� D�
0(5/,1� ;6����H� $YLDQ� 5DGDU� 6\VWHP� GXULQJ� WKH� IDOO� RI� ����� DQG� VSULQJ� ����� PLJUDWRU\�
VHDVRQV���6XSSRUWHG�GDWD�SRVW�SURFHVVLQJ�DQG�DQDO\VLV�LQ�'H7HFWµV�GDWD�FHQWHU�LQ�3DQDPD�&LW\��
)ORULGD�DQG�GHYHORSHG�DYLDQ�LPSDFW�UHSRUW�EDVHG�RQ�WKH�GDWD�FROOHFWLRQ��

6HQLRU� %LRORJLVW�5DGDU� 2UQLWKRORJLVW�� $YLDQ� 5DGDU� 6XUYH\�� &DSH� :LQG� 2IIVKRUH�
:LQGIDUP��1DQWXFNHW�6RXQG��0DVVDFKXVHWWV�� ��������� �'HVLJQHG� WKH�DYLDQ� UDGDU�VRIWZDUH�
DQG� KDUGZDUH� IRU� WKH� *HR�0DULQH� 0RELOH� $YLDQ� 5DGDU� 6\VWHP� �0$56�� DQG� VXSSRUWHG� GDWD�
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FROOHFWLRQ��0D\�±�-XQH������IURP�DQ�RIIVKRUH�WHVW�SODWIRUP��DQG�$XJXVW�±�6HSWHPEHU������RQ�
0DUWKDµV� 9LQH\DUG�� DQG� DQDO\VLV� IRU� WKH� SURSRVHG� &DSHZLQG� ZLQGIDUP� VLWH� LQ� WKH� 1DQWXFNHW�
6RXQG�RII�WKH�0DVVDFKXVHWWV�FRDVW���7KH�&DSHZLQG�VLWH�LV�WKH�ILUVW�86�SURSRVHG�RIIVKRUH�ZLQG�
HQHUJ\� GHYHORSPHQW�� �:RUN� LQFOXGHG� VRIWZDUH� GHYHORSPHQW�� ILHOG� UDGDU� GDWD� FROOHFWLRQ�� GDWD�
DQDO\VLV�DQG�SURGXFWLRQ�RI�WKH�UHSRUW�RQ�WKH�GDWD�FROOHFWLRQ�LQ���������

3ULQFLSDO� %LRORJLVW�5DGDU� 2UQLWKRORJLVW�� &HQWUDO� 6FLHQFH� /DE� � �QRZ� WKH� )RRG� DQG�
(QYLURQPHQW� 5HVHDUFK� $JHQF\�� $YLDQ� 5DGDU� 6\VWHP�� 8QLWHG� .LQJGRP�� � -DQXDU\� �����
WKURXJK� ������0U�� .HOO\�PDQDJHG� GHYHORSPHQW�� SURJUDPPLQJ� DQG� GHOLYHU\� RI� D�*HR�0DULQH�
0RELOH�$YLDQ�5DGDU�6\VWHP��0$56��WR�WKH�8QLWHG�.LQJGRP��8.��JRYHUQPHQW�&HQWUDO�6FLHQFH�
/DE� �&6/�� %LUGVWULNH� $YRLGDQFH� 7HDP� �%$7�� LQ� ������ � 7KH� &6/� %$7� LV� D� ZRUOG� OHDGHU� LQ�
UHVHDUFK�DQG�PDQDJHPHQW�RI�ELUG�KD]DUGV�WR�DLUFUDIW�DQG�LQ�DVVHVVPHQW�RI�SURMHFWV�ZLWK�DYLDQ�
LPSDFW�LVVXHV�VXFK�DV�ZLQGIDUPV���7KH�V\VWHP�LV�XVHG�E\�WKH�&6/�WR�FROOHFW�ELUG�DFWLYLW\�GDWD�IRU�
D� YDULHW\� RI� ELUG� GHWHFWLRQ� SURMHFWV�� VSHFLILFDOO\� UHODWHG� WR� ELUG� KD]DUGV� WR� DLUFUDIW� DQG� ELUG�
FROOLVLRQV�ZLWK�ZLQG� SRZHU� VWUXFWXUHV�� � ,Q� ������0U��.HOO\�PDQDJHG�GHOLYHU\� DQG� VXSSRUW� RI� D�
FXVWRP�'H7HFW�;6����H[�0(5/,1�$YLDQ�5DGDU� 6\VWHP� WR� WKH�&6/� DQG� XSJUDGH� RI� WKH� ROG�
0$56� XQLW� WR� WKH�0(5/,1� DYLDQ� UDGDU� V\VWHP� VRIWZDUH�� � ,Q� ������ KH� VXSSRUWHG� WKH� &6/� LQ�
DVVHVVPHQW�DQG�GHYHORSPHQW�RI�RIIVKRUH�

3ULRU�([SHULHQFH��
0U��.HOO\�VWDUWHG�KLV�FDUHHU�DV�D�ELRORJLVW�DV�D�OLFHQVHG�IDOFRQHU���+LV�SULRU�H[SHULHQFH�LQFOXGHV�
WHOHPHWU\� WUDFNLQJ� RI� UDSWRUV� ZRUNLQJ� DV� D� WHFKQLFDO� DGYLVRU� RQ� DQ� ,QVWLWXWH� IRU� 7HUUHVWULDO�
(FRORJ\� UDGLR� WHOHPHWU\� VWXG\� RQ� WKH� &RPPRQ� %X]]DUG�� � +H� KDV� VXFFHVVIXOO\� DSSOLHG� WKH�
WHOHPHWU\� EDFNSDFN� KDUQHVV� WHFKQRORJ\� GHYHORSHG� IURP� WKLV� VWXG\� WR� SURMHFWV� RQ�7XUNH\� DQG�
%ODFN�9XOWXUHV��&DQDGD�*HHVH��7XQGUD�6ZDQV��5HG�EHOOLHG�:RRGSHFNHUV��DQG�6DQGKLOO�&UDQHV���
0U�� .HOO\� ZRUNHG� LQ� 0DXULWLXV� RQ� WKH� HQGDQJHUHG� 0DXULWLXV� .HVWUHO� UHVWRUDWLRQ� SURMHFW� DQG�
DSSOLHG� KLV� H[SHULHQFH� LQ� FDSWLYH� SURSDJDWLRQ� RI� UDSWRUV� DQG� XVH� RI� KDFNLQJ� WHFKQLTXHV� IRU�
VXFFHVVIXO�UHOHDVH�RI�WKHVH�ELUGV�LQWR�WKH�ZLOG���0U��.HOO\�DOVR�ZRUNHG�ZLWK�WKH�HQGDQJHUHG�SLQN�
SLJHRQ� DQG� HFKR� SDUDNHHW� DQG� DVVLVWHG� D� ILOP� FUHZ� LQ� ORFDWLQJ� ZLOG� 0DXULWLXV� .HVWUHOV� IRU� D�
GRFXPHQWDU\�RQ�WKH�VSHFLHV��

0U��.HOO\�PDQDJHG�D� WHDP�RI�ELUG�FRQWURO�VSHFLDOLVWV� WR�VXFFHVVIXOO\�NHHS�D� IDFWRU\� LQ� WKH�8.�
IUHH�RI�RQH�KDOI�PLOOLRQ�SLHG�ZDJWDLOV�ZKLOH�D�QHZ�URRI�ZDV�LQVWDOOHG���7KH�WHDP�FRQWULEXWHG�LGHDV�
WR�WKH�URRI�GHVLJQ�SURFHVV�DQG�PRQLWRUHG�FRQVWUXFWLRQ�WR�HQVXUH�WKH�QHZ�URRI�VHDOHG�ELUGV�RXW�RI�
WKH�EXLOGLQJ�DQG�GHQLHG�DQ\�RSSRUWXQLW\�IRU�URRVWLQJ���0U��.HOO\�DOVR�GHYLVHG�DQ�LQQRYDWLYH�IHUDO�
SLJHRQ� FRQWURO� SURJUDP�FRQWURO� SURJUDP� DW� ,VH�%URRN�+RVSLWDO��:HOOLQJEURXJK��1RUWKDQWV��8.�
WKDW�ZDV� VXFFHVVIXOO\� FRQFOXGHG�ZLWK� QR� QRLVH� GLVWXUEDQFH� WR� SDWLHQWV� DW� WKH� KRVSLWDO� DQG�QR�
OHWKDO�PHDQV�RU�WUDSSLQJ����

+H�ZRUNHG� IRU� WZHOYH� \HDUV�ZLWK� /RQJZLQJV�� /WG�� DV� WKH�%LUG�&RQWURO� 3URJUDP�0DQDJHU� DW� D�
YDULHW\� RI� PLOLWDU\� DQG� LQGXVWULDO� VLWXDWLRQV�� � $V� 0DQDJHU� RI� WKH� 86$)�(XURSH� %LUG� &RQWURO�
3URJUDP��KH�GLUHFWHG�ELUG�FRQWURO�RSHUDWLRQV�DW�HLJKW�5$)�EDVHV� LQ� WKH�8QLWHG�.LQJGRP� �8.��
DGYLVLQJ� RQ� SDVVLYH� FRQWURO� RI� ELUGV� WKURXJK� KDELWDW� PDQDJHPHQW� DW� HDFK� LQVWDOODWLRQ�� � 7KLV�
LQFOXGHG� GLUHFW� VXSHUYLVLRQ� RI� WKH� ELUG� FRQWURO� RSHUDWLRQV� DW� 5$)� 0LOGHQKDOO� ZKLFK� LQFOXGHG�
UHVHDUFK�LQWR�WKH�HIIHFWV�RI�WUDLQHG�IDOFRQV�RQ�ELUG�VSHFLHV�KD]DUGRXV�WR�DLUFUDIW�RSHUDWLRQV��DQ�
DQDO\VLV� RI� ��� \HDUV� RI� ELUG� FRQWURO� RSHUDWLRQV� DW� WKH� DLUILHOG�� DQG� WKH� ILUVW� XVH� RI� D� K\EULG�
3HUHJULQH�0HUOLQ�IDOFRQ�IRU�VWDUOLQJ�FRQWURO���7KH�86$)�%LUG�$LUFUDIW�6WULNH�+D]DUG��%$6+��7HDP�
FRQVLVWHQWO\�UDWHG�WKLV�SURJUDP�DV�RQH�RI�WKH�ILQHVW�ELUG�FRQWURO�SURJUDPV�ZRUOGZLGH���$GGLWLRQDO�
ZRUN�ZLWK�WKH�86$)�LQFOXGHG�UHVHDUFK�RQ�WKH�HIIHFWV�RI�WKHUPDO�FRQGLWLRQV�RQ�WKH�RFFXUUHQFH�RI�
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86$)� ELUG� VWULNHV� ZLWK� 5HG�WDLOHG� +DZNV� DQG� 7XUNH\� 9XOWXUHV� DQG� LQYHVWLJDWLRQ� RI� %LUG�
$YRLGDQFH�0RGHOLQJ��%$0��PHWKRGRORJ\���

)URP������WKURXJK�������0U��.HOO\�ZRUNHG�DV�WKH�OHDG�5DGDU�2UQLWKRORJLVW�IRU�*HR�0DULQH��,QF��
VXSSRUWLQJ� %$6+� DQG� DYLDQ� VXUYH\� SURMHFWV� IRU� WKH� 86$)� DQG� RWKHU� FOLHQWV� LQ� WKH� DYLDWLRQ��
FRPPXQLFDWLRQV� DQG� ZLQG� HQHUJ\� LQGXVWULHV�� � :KLOH� ZLWK� *HR�0DULQH�� KH� GHVLJQHG� DQG�
SURJUDPPHG�WKH�DYLDQ�UDGDU�GDWD�SURFHVVLQJ�V\VWHP�IRU�WKH�*HR�0DULQH�0$56��PRELOH�DYLDQ�
UDGDU�V\VWHP��
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�

1$0(��� � $QGUHDV�6PLWK�

7,7/(��� � 6HQLRU�5DGDU�2UQLWKRORJLVW�3URMHFW�%LRORJLVW�

('8&$7,21��� %�6���)LVKHULHV�	�:LOGOLIH�6FLHQFH��1RUWK�&DUROLQD�6WDWH�8QLYHUVLW\�������

<($56�(;3(5,(1&(������ �

352-(&7�326,7,21��5DGDU�2UQLWKRORJLVW�)LHOG�7HFKQLFLDQ�(XURSH�

,1752'8&7,21�
0U�� 6PLWK� LV� D� 5DGDU� 2UQLWKRORJLVW�� %LRORJLVW� ZLWK� 'H7HFW� EDVHG� LQ� (XURSH� DQG� VXSSRUWLQJ�
0(5/,1�$YLDQ�5DGDU�6\VWHPV� WKURXJKRXW�(XURSH�DQG� WKH�8QLWHG�.LQJGRP�� �)RU� WKH�SDVW����
\HDUV�� 0U�� 6PLWK� KDV� VSHFLDOL]HG� LQ� UDGDU� RUQLWKRORJ\�� DYLDQ� UDGDU� V\VWHPV� DQG� DYLDQ� ULVN�
PDQDJHPHQW�IRU�DLUSRUWV�DQG�RWKHU�SURMHFWV�ZLWK�DYLDQ�PRUWDOLW\� LVVXHV��3ULRU� WR�KLV�PRYLQJ� WR�
(XURSH�� KH� VXSSRUWHG� GHYHORSPHQW� DQG� DSSOLFDWLRQ� RI� DGYDQFHG� DYLDQ� UHPRWH� VHQVLQJ�
WHFKQRORJLHV�LQFOXGLQJ�ZRUN�RQ�GHYHORSPHQW�RI�WKH�86�$LU�)RUFH��86$)��$YLDQ�+D]DUG�$GYLVRU\�
6\VWHP��$+$6���FRPSXWHU�EDVHG�%LUG�$YRLGDQFH�0RGHOV��%$0���DQG�PRELOH�UDGDU�V\VWHPV�IRU�
ELUG�DQG�EDW�VXUYH\��GHWHFWLRQ�DQG�ULVN�PDQDJHPHQW���0U��6PLWK�KDV�DOVR�ZRUN�RQ�DYLDQ�VXUYH\�
DQG�%$6+�PDQDJHPHQW�SODQ�GHYHORSPHQW�SURMHFWV� IRU� WKH�86$)�� WKH�86�$LU�1DWLRQDO�*XDUG�
�86���FRPPHUFLDO�DLUSRUWV��ODQGILOOV�DQG�ZLQG�IDUPV�DW�VLWHV�WKURXJKRXW�WKH�86�DQG�(XURSH����
�
5HFHQW�([SHULHQFH����
0U��6PLWK�FXUUHQWO\�PDQDJHV�DQG�VXSSRUWV�ILHOG�SURMHFWV�IRU�'H7HFW�IRU�ELUG�DQG�EDW�VXUYH\�DQG�
ULVN� DVVHVVPHQW� UHODWHG� WR� DYLDWLRQ� VDIHW\� DQG� HQYLURQPHQWDO� PDQDJHPHQW�� � +LV� DUHDV� RI�
H[SHUWLVH�LQFOXGH��

x� 5DGDU�UHPRWH�VHQVLQJ�DQG�RUQLWKRORJ\�
x� 7KHUPDO�LPDJLQJ�DQG�DFRXVWLF�PRQLWRULQJ�RI�ELUGV�DQG�EDWV�
x� $YLDQ�UDGDU�UHVHDUFK��LQVWDOODWLRQ��RSHUDWLRQ�DQG�XVHU�WUDLQLQJ�
x� %LUG�DLUFUDIW�VWULNH�KD]DUG��%$6+��PDQDJHPHQW�DQG�%LUG�$YRLGDQFH�0RGHO�GHYHORSPHQW��
x� $YLDQ�5DGDU�6\VWHP�RSHUDWLRQ�DQG�PDLQWHQDQFH�
x� $LUILHOG�DQG�ODQGILOO�ELUG�FRQWURO�
x� )LHOG�RUQLWKRORJ\�
x� 5DGLR�DQG�VDWHOOLWH�WHOHPHWU\�
x� 3URWHFWHG�VSHFLHV�VXUYH\V�
x� %LUG�QHVW�VXUYH\V�DQG�WUDSSLQJ�DQG�EDQGLQJ��
x� %LUG�DQG�EDW�SRSXODWLRQ�VXUYH\V�DQG�KDELWDW�DVVHVVPHQW�

2YHU� WKH� SDVW� VL[� \HDUV�� 0U�� 6PLWK� KDV� EHHQ� D� NH\� WHDP� PHPEHU� RQ� GHVLJQ�� FRQVWUXFWLRQ��
WHVWLQJ�DQG�RSHUDWLRQ�RI�PRELOH�DYLDQ�UDGDU�V\VWHPV�DQG�RQ�VKRUW��DQG�ORQJ�WHUP�ELUG�DQG�EDW�
VXUYH\� DQG� DVVHVVPHQW� SURMHFWV� IRU� DLUSRUWV�� ZLQG� IDUPV�� ODQGILOOV� DQG�PLQHV�� � 7KLV� LQFOXGHV�
LQVWDOODWLRQ�� RSHUDWLQJ�DQG�VFLHQWLILF�VXSSRUW� IRU� WZR�PDMRU�RII�VKRUH�ZLQG�HQHUJ\�DYLDQ� VXUYH\�
SURMHFWV�LQ�WKH�1RUWK�6HD��6FRWODQG�DQG�7KH�1HWKHUODQGV��DQG�86$)�ELUGVWULNH�DYRLGDQFH�UDGDU�
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LQVWDOODWLRQV�LQ�WKH�86���+H�LV�D�&HUWLILHG�5DGDU�7HFKQLFLDQ�DQG�KDV�D�EURDG�UDQJH�RI�NQRZOHGJH�
DQG�H[SHULHQFH�LQ�V\VWHP�GHVLJQ��WHVWLQJ�DQG�ILHOG�GHSOR\PHQW�KDYLQJ�SHUVRQDOO\�RSHUDWHG�DQG�
PDLQWDLQHG�V\VWHPV�RQ�PXOWL�\HDU�VXUYH\V�ERWK�RQ�VKRUH�DQG�RII�VKRUH����

�
6(/(&7('�5(/(9$17�(;3(5,(1&(��
1RUGZLQG]HH� 2IIVKRUH� :LQGIDUP� $YLDQ� 5DGDU� 6XUYH\�� 7KH� 1HWKHUODQGV�� � 0U�� 6PLWK�
LQVWDOOHG��RSHUDWHG�DQG�FRQWLQXHV�WR�VXSSRUW�D�0(5/,1�;6����H�$YLDQ�5DGDU�6\VWHP�WKDW�ZDV�
LQLWLDOO\� LQVWDOOHG� LQ� ����� RQ� DQ� RIIVKRUH� UHVHDUFK� SODWIRUP� DQG� FROOHFWHG� WZR� \HDUV� RI� SUH�
FRQVWUXFWLRQ�VXUYH\�GDWD�� �+H�DOVR�SURYLGHG�GDWD�SURFHVVLQJ�DQG�DQDO\VLV�VXSSRUW� LQ�'H7HFWµV�
GDWD�ODE�WKDW�LQFOXGHG�TXHU\�GHYHORSPHQW�IRU�WKH�ULVN�PRGHO�DQG�DVVHVVPHQW�UHSRUW��,Q�������KH�
UHLQVWDOOHG�WKH�V\VWHP�RQ�WKH�PHW�PDVW�WRZHU�DW�WKH�RSHUDWLQJ�ZLQG�IDUP�WKDW������PRQLWRULQJ�RI�
WKH�RSHUDWLQJ�ZLQG�IDUP�ZLWK�UHPRWH�DGPLQLVWUDWLRQ�IURP�WKH�VKRUH�YLD�ILEHU�RSWLF�QHWZRUN���7KH�
V\VWHP� LV� RSHUDWHG� E\� WKH� SURMHFW� HQYLURQPHQWDO� FRQVXOWDQW�� %XUHDX�:DDUGHQEXUJ� EY� IRU� WKH�
RZQHU�6KHOO�1821�ZLWK�RSHUDWLRQDO�DQG�GDWD�DQDO\VLV�VXSSRUW�IURP�'H7HFW��

%HDWULFH�2IIVKRUH�:LQG�3DUN�$YLDQ�5DGDU�6\VWHP��$EHUGHHQ��6FRWODQG��0U�6PLWK�LQVWDOOHG�
DQG�FXUUHQWO\�VXSSRUWV� WKH�0(5/,1�DYLDQ� UDGDU�V\VWHP�IRU�D�PXOWL�\HDU�DYLDQ� UDGDU�VXUYH\�RI�
RIIVKRUH�ZLQG� WXUELQHV� RII� WKH� VKRUH� RI� 6FRWODQG�� � 7KH�0(5/,1� V\VWHP� LV� LQVWDOOHG� RQ� DQ� RLO�
SODWIRUP�QHDU�WKH�WXUELQHV�DQG�LV�RSHUDWHG�E\�ELRORJLVWV�ZLWK�WKH�8QLYHUVLW\�RI�$EHUGHHQ�IRU�WKH�
SURMHFW� RZQHU� 7DOLVPDQ� (QHUJ\�� +H� DOVR� SURYLGHG� GDWD� SURFHVVLQJ� DQG� DQDO\VLV� VXSSRUW� LQ�
'H7HFWµV�GDWD�ODE�WKDW�LQFOXGHG�TXHU\�GHYHORSPHQW�IRU�WKH�ULVN�PRGHO�DQG�DVVHVVPHQW�UHSRUW����
6PROD�:LQGSDUN�0(5/,1�$YLDQ�5DGDU�6\VWHP�6XUYH\��6PROD�1RUZD\���0U��6PLWK�LQVWDOOHG��
VWDUWHG�XS�DQG�VXSSRUWV�D�0(5/,1�;6����H�$YLDQ�5DGDU�6\VWHP�DW� WKH�ZLQG� IDUP� WR� WKDW� LV�
EHLQJ�XVHG�WR�GHYHORS�GDWD�RQ�6HD�HDJOH�DFWLYLW\�DURXQG� WKH�ZLQG� UHVRXUFH�DUHD�DV�SDUW�RI�D�
ELUG�PRUWDOLW\�VWXG\�DW�WKH�RSHUDWLQJ�ZLQG�IDUP���7KH�V\VWHP�LV�RSHUDWHG�RQ�D�GD\�WR�GD\�EDVLV�
E\�WKH�1RUZHJLDQ�,QVWLWXWH�IRU�1DWXUH�5HVHDUFK��1,1$��DQG�LV�FROOHFWLQJ�GDWD������WR�GHWHUPLQH�
XVDJH�SDWWHUQV��IOLJKW�DOWLWXGHV�DQG�SHULRGLF�DQG�VHDVRQDO�SRSXODWLRQ�IRU�WKH�6HD�HDJOHV�DW�WKH�
VLWH� WR� GHYHORS� D� PRUWDOLW\� ULVN� PLWLJDWLRQ� LPSOHPHQWDWLRQ� SODQ� WR� SRVVLEO\� LQFOXGH� 'H7HFWµV�
0(5/,1� 6&$'$� V\VWHP� WKDW� DXWRPDWLFDOO\� LGOHV� WKH� WXUELQHV� ZKHQ� KLJK� ULVN� FRQGLWLRQV� DUH�
GHWHFWHG��0U��6PLWK�SURYLGHV�RQ�JRLQJ�VXSSRUW� WR�1,1$�DQG�PDNH�UHJXODU�VLWH�YLVLWV��SURYLGHV�
GDWD�4$�4&�DQG�WHFKQLFDO�FRQVXOWLQJ���

/DNH� 2VWURZR� :LQG� )DUP� 0(5/,1� $YLDQ� 5DGDU� 6\VWHP� 6XUYH\�� 3RODQG�� � 0U�� 6PLWK�
LQVWDOOHG��VWDUWHG�XS�DQG�VXSSRUWV�D�0(5/,1�;6����H�$YLDQ�5DGDU�6\VWHP�WKDW�LV�FRQGXFWLQJ���
\HDU�SUHFRQVWUXFWLRQ�VXUYH\� IRU� WKH�GHYHORSHUV�'RQJ�(QHUJ\�.$33$�DW�3RODQGµV� ODUJHVW�ZLQG�
IDUP� ORFDWHG� RQ� WKH� %DOWLF� FRDVW�� � 7KH� V\VWHP� FROOHFWV� GDWD� ����� DQG� LV� RSHUDWHG� E\� WKH�
8QLYHUVLW\�RI�6]F]HFLQ�ZLWK�GDWD�DQDO\VLV��SURFHVVLQJ��4$�4&�DQG�JHQHUDO�FRQVXOWDWLRQ�SURYLGHG�
E\�'H7HFW��0U��6PLWK�SURYLGHV�RQ�JRLQJ�VXSSRUW�WR�1,1$�DQG�PDNH�UHJXODU�VLWH�YLVLWV��SURYLGHV�
GDWD�4$�4&�DQG�WHFKQLFDO�FRQVXOWLQJ�����

5DGDU�2UQLWKRORJLVW��0XOWL�\HDU�0(5/,1�$YLDQ�5DGDU�6\VWHP�6XUYH\��5LVN�$VVHVVPHQW�	�
%LUG� &RQWURO� 3URJUDP�� /RXLVYLOOH� ,QWHUQDWLRQDO� $LUSRUW�:DVWH� 0DQDJHPHQW� 2XWHU� /RRS�
5')��/RXLVYLOOH��.HQWXFN\�86$����6XSSRUWHG�D�WKUHH�\HDU�������0(5/,1�DYLDQ�UDGDU�VXUYH\��
PRQLWRULQJ�DQG�ULVN�DVVHVVPHQW�SURJUDP�UHTXLUHG�E\�WKH�86�)$$�IRU�H[SDQVLRQ�RI�WKH�/RXLVYLOOH�
,$3�UXQZD\V���$�ODQGILOO�IDFLOLW\�RSHUDWHG�E\�:DVWH�0DQDJHPHQW��,QF��LV�ORFDWHG�GLUHFWO\�VRXWK�RI�
WKH�PDLQ�UXQZD\�DW�WKH�DLUSRUW�DQG��XQGHU�WKH�SHUPLW�DSSURYDO�DJUHHPHQW�WR�H[SDQG�WKH�UXQZD\�
EHWZHHQ�WKH�)$$��WKH�/RXLVYLOOH�,$3�DQG�:DVWH�0DQDJHPHQW��D�FRPSUHKHQVLYH�%$6+�SODQ�DQG�
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ELUG�FRQWURO�SURJUDP�ZDV�UHTXLUHG�WR�LQFOXGH�LQVWDOODWLRQ�DQG�RSHUDWLRQ�RI�DQ�DYLDQ�UDGDU�V\VWHP�
WR�PRQLWRU�DQG�PDQDJH�ELUG�DLUFUDIW�VWULNH�ULVN�� �7KH�/RXLVYLOOH��DV� WKH�1RUWK�$PHULFDQ�KXE�IRU�
8QLWHG�3DUFHO�6HUYLFH��836��DLU�RSHUDWLRQV��LV�WKH�IRXUWK�EXVLHVW��DLUIUHLJKW�DLUSRUW�LQ�WKH�ZRUOG���
,Q� DGGLWLRQ� WR� FRPPHUFLDO�� FLYLOLDQ� DQG�836� IOLJKW� RSHUDWLRQV�� WKH� /RXLVYLOOH� ,$3� DOVR� LV� D� FR�
ORFDWLRQ� IRU� WKH�.HQWXFN\�$LU� 1DWLRQDO�*XDUG�&���� IOHHW�� �0U��0HUULWW� GLUHFWHG� WKH�%$6+�3ODQ�
LPSOHPHQWDWLRQ� WKDW� LQFOXGHG� LQVWDOODWLRQ� DQG� RSHUDWLRQ� RI�0(5/,1� $YLDQ�5DGDU� 6\VWHP� WKDW�
SURYLGHV� ����� ELUG� GHWHFWLRQ��PRQLWRULQJ� DQG� ULVN� DOHUWLQJ� WR� WKH� DLUSRUW� DQG� ODQGILOO� RSHUDWRUV���
7KH�DYLDQ� UDGDU�GDWD� LV�DGGLWLRQDOO\�XVHG� WR� �PRQLWRU� ELUG�DFWLYLW\�ZLWK� D� UXQQLQJ�FRPSDUDWLYH�
DQDO\VLV�ZLWK�WKH�EDFNJURXQG�ELUG�DFWLYLW\�OHYHOV�IRU�DUHDV�WKH�DLUSRUW���0U��6PLWK�SURYLGHG�$YLDQ�
5DGDU�6\VWHP�VHW�XS��FDOLEUDWLRQ��JURXQGWUXWKLQJ�DQG�RSHUDWLRQ�DQG�PDLQWHQDQFH�VXSSRUW�IRU�WKH�
SURMHFW��������

5DGDU� 2UQLWKRORJLVW�� :LOGOLIH� +D]DUG� $VVHVVPHQW�� $YLDQ� 5DGDU� 6XUYH\� 	� 0DQDJHPHQW�
3ODQ�� 3URSRVHG� 1HZ�&RQZD\�0XQLFLSDO� $LUSRUW�� $UNDQVDV� 86$�� �0U�� 6PLWK� VXSSRUWHG� D�
\HDU�ORQJ�ZLOGOLIH�DQG�0(5/,1�$YLDQ�5DGDU�6XUYH\�RI�WKH�DUHD�SURSRVHG�IRU�WKH�QHZ�PXQLFLSDO�
DLUSRUW�DQG�VXUURXQGLQJ�DLUSRUW�GLVWULFW�LQ�&RQZD\��$UNDQVDV�WKDW�LQFOXGHG�ILHOG�RSHUDWLRQ�RI�WKH�
0(5/,1�$YLDQ�5DGDU�6\VWHP�XVHG� IRU� WKH�GDWD� FROOHFWLRQ�� �7KH�VFRSH� LQFOXGHG������VXSSO\��
GHOLYHU\��RSHUDWLRQ�DQG�VXSSRUW�RI�D�0(5/,1�$YLDQ�5DGDU�6\VWHP�WR�FROOHFW�GDWD�RQ�ELUG�DFWLYLW\��
PRYHPHQW�DQG�GHQVLW\�DW� WKH�VLWH�IRU�RQH�\HDU�� �'H7HFWµV�VHUYLFHV� IRU� WKLV�SURMHFW�ZHUH�XQGHU�
FRQWUDFW�ZLWK�WKH�DLUSRUW�GHVLJQ�HQJLQHHULQJ�ILUP��+XLWW�=ROODUV��DQG�ZRUN�ZDV�FRRUGLQDWHG�ZLWK�D�
WKLUG�SDUW\�FRQVXOWDQW�%$6+��,QF��ZLWK�WKH�0(5/,1�UDGDU�RSHUDWHG�RQ�D�GD\�WR�GD\�EDVLV�E\�D�
ORFDO�FRQVXOWDQW�ZLWK�WKH�8QLYHUVLW\�RI�$UNDQVDV��0U��6PLWK�DOVR�SURYLGH�GDWD�DQDO\VLV�VXSSRUW��
DQDO\]LQJ� WKH� GDWD� IURP� 'H7HFW� GDWD� ODE� LQ� 3DQDPD� &LW\�� )ORULGD� WKDW� LQFOXGHG� TXHU\�
GHYHORSPHQW��GDWD�SURFHVVLQJ��GDWD�PRGHOLQJ�DQG�GDWD�TXDOLW\�FRQWURO�TXDOLW\�DVVXUDQFH��

)LHOG� %LRORJLVW�5DGDU� 2UQLWKRORJLVW�� 86� $YLDQ� +D]DUG� $GYLVRU\� 6\VWHP� �$+$6��� 86$)�
%$6+�7HDP��.LUWODQG�$)%��1HZ�0H[LFR�86$��0U��6PLWK�VXSSRUW�'H7HFWµV�FRQWUDFW�IRU�$+$6�
SURYLGLQJ� ILHOG� ELRORJ\�UDGDU� JURXQGWUXWKLQJ� DQG� V\VWHP� GDWD� TXDOLW\� FRQWURO�TXDOLW\� DVVXUDQFH�
DQG�YDOLGDWLRQ�XVLQJ�PRELOH�0(5/,1�$YLDQ�5DGDU�6\VWHPV����$+$6�SURYLGHG�GDLO\�IRUHFDVWV�RI�
KD]DUGRXV� FRQGLWLRQV� DORQJ� VSHFLILHG� ORZ�OHYHO� URXWHV� DQG� UDQJHV� DV� ZHOO� DV� KRXUO\� XSGDWHV�
EDVHG�XSRQ�QHDU�UHDO�WLPH�UDGDU�REVHUYDWLRQV��XSGDWHV�HYHU\�VL[�PLQXWHV��SURFHVVLQJ�GDWD�IURP�
RYHU�����UDGDU�VHQVRUV�DFURVV�WKH�FRQWLQHQWDO�86��$ODVND��+DZDLL�DQG�*XDP�������7KH�$+$6�
V\VWHP� LV� D� QHXUDO� FRPSXWHU� QHWZRUN� ORFDWHG� LQ� 'H7HFWµV� 3DQDPD� FLW\�� )ORULGD� RIILFH� DQG�
SURFHVVHV� WKH� UDGDU� GDWD� ����� LQ� UHDO�WLPH� XVLQJ� FXVWRP� VRIWZDUH� GHYHORSHG� E\� 'H7HFW� DQG�
GHOLYHULQJ� ULVN�DGYLVRULHV� WKURXJK� WKH� ,QWHUQHW� �ZZZ�XVDKDV�FRP�� LQ� WDEXODU�DQG�*RRJOH�(DUWK�
YLVXDO�IRUPDWV��7KH�V\VWHP�DOVR�DUFKLYHV�DOO�GDWD��FXUUHQWO\�ZLWK���\HDUV�RI�GDWD�IRU�WKH�86��DQG�
FDQ� EH� TXHULHG� IRU� KLVWRULFDO� DFWLYLW\� DQG� ULVN� OHYHOV� WR� VXSSRUW� IXWXUH�PLVVLRQ� SODQQLQJ�� � 7KH�
$+$6� FRQFHSW� LV� QRZ� XQGHU� FRQVLGHUDWLRQ� IRU� GHYHORSPHQW� LQ� RWKHU� UHJLRQV� RI� WKH� ZRUOG�
LQFOXGLQJ� (XURSH� DQG� WKH� 0LGGOH� (DVW�� DQG� 'H7HFW� UHFHQWO\� FRPSOHWHG� WKH� UDGDU� QHWZRUN�
DVVHVVPHQW�DQG�GHYHORSHG�WKH�FRQFHSW�SODQ�IRU�D�VLPLODU�V\VWHP�IRU�WKH�8QLWHG�.LQJGRP����

5DGDU� 2UQLWKRORJLVW�)LHOG� 7HFKQLFLDQ�� 1$6$� $YLDQ� $ZDUHQHVV� 'HYLFH� 0(5/,1� 5DGDU�
6\VWHP�'HYHORSPHQW�	� 6SDFH� 6KXWWOH� /DXQFK� 6XSSRUW�� �6XSSRUWHG� GHYHORSPHQW�� WHVWLQJ�
DQG�GHOLYHU\�RI� WKH�$YLDQ�$ZDUHQHVV�'HYLFH��$$'��0(5/,1�5DGDU�6\VWHP��056��VXSSRUWLQJ�
WKH� 86� VSDFH� DJHQF\�� 1$6$�� LQ� ELUGVWULNH� ODXQFK� SUHYHQWLRQ� IRU� WKH� 86� VSDFH� VKXWWOH� IURP�
.HQQHG\� 6SDFH�&HQWHU� �.6&��� )ORULGD� XVLQJ� D� FXVWRP� GHVLJQHG�'H7HFW�0HUOLQ� $YLDQ�5DGDU�
6\VWHP���7KH�VSDFH�VKXWWOH�VWUXFN�D�7XUNH\�YXOWXUH�LQ�WKH�VXPPHU�RI������DQG�1$6$�FRQFOXGHG�
WKDW�UHSUHVHQWHG�WKH�VHFRQG�KLJKHVW�VDIHW\�ULVN�IRU�VKXWWOH�ODXQFKHV�GXH�WR�SRVVLELOLW\�RI�GDPDJH�
WR� KHDW� VKLHOGLQJ� WLOHV� IURP�ELUGVWULNHV�� � ,Q� ������1$6$�HYDOXDWHG� DYDLODEOH� WHFKQRORJLHV� DQG�
VHOHFWHG�WKH�'H7HFW�0(5/,1�$YLDQ�5DGDU�6\VWHP�IRU�IXWXUH�ODXQFK�VXSSRUW��WDNLQJ�GHOLYHU\�RI�D�
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V\VWHP� WKDW� ILUVW� XVHG� RQ� WKH� 5HWXUQ�WR�)OLJKW� ODXQFK� RQ� -XO\� ��� ������ � 1$6$� VXEVHTXHQWO\�
RUGHUHG�D�VHFRQG�V\VWHP�LQ������DQG�WKH�0(5/,1�XQLWV�KDYH�EHHQ�XVHG�WR�VXSSRUW�ELUG�VWULNH�
ODXQFK�IOLJKW�VDIHW\�RQ�QLQH�VSDFH�VKXWWOH�PLVVLRQV�WR�GDWH��676������676������676������676�
�����676������676�����676������676�����DQG�676�������0U��6PLWK�SDUWLFLSDWHG�LQ�WKH�LQLWLDO�
GHSOR\PHQW�RI�WKH�SURWRW\SH�1$6$�0(5/,1�V\VWHP�LQ������DQG�DVVLVWHG�LQ�V\VWHP�LQVWDOODWLRQ��
VWDUW�XS��WHVWLQJ�DQG�RSHUDWLRQ�IRU�WKH�-XO\������VKXWWOH�ODXQFK��

&HQWUDO� 6FLHQFH� /DE� $YLDQ� 5DGDU� 6\VWHP�� 8QLWHG� .LQJGRP�� � 0U�� 6PLWK� VXSSRUWV� WZR�
0(5/,1� $YLDQ� 5DGDU� 6\VWHPV� SXUFKDVHG� E\� WKH� WR� WKH� 8QLWHG� .LQJGRP� �8.�� JRYHUQPHQW�
&HQWUDO�6FLHQFH�/DE��&6/��%LUGVWULNH�$YRLGDQFH�7HDP��%$7����7KH�&6/�%$7�SURYLGHV�UHVHDUFK�
DQG�PDQDJHPHQW� FRQVXOWLQJ� IRU� ELUG� KD]DUGV� WR� DLUFUDIW�� � 7KH� V\VWHP� LV� XVHG� E\� WKH�&6/� WR�
FROOHFW� ELUG� DFWLYLW\� GDWD� IRU� D� YDULHW\� RI� ELUG� GHWHFWLRQ� SURMHFWV�� VSHFLILFDOO\� UHODWHG� WR� ELUG�
KD]DUGV�WR�DLUFUDIW�DQG�ELUG�FROOLVLRQV�ZLWK�ZLQG�SRZHU�VWUXFWXUHV�LQ�WKH�8.����

35,25�(;3(5,(1&(��
0U�� 6PLWK� SULRU� H[SHULHQFH� DV� D� 1DWXUDO� 5HVRXUFH� $VVLVWDQW� ZLWK� WKH� 8�6�� )LVK� DQG�:LOGOLIH�
6HUYLFH��86):6��SHUIRUPLQJ�GXWLHV�RQ�YDULRXV�ZLOGOLIH�VXUYH\V�DQG�PDQDJHPHQW�SURMHFWV���+H�
ZDV� UHVSRQVLEOH� IRU� VXSHUYLVLQJ� D� JURXS� RI� UHVRXUFH� DVVLVWDQWV� RQ� VHYHUDO� SURMHFWV� IRU� WKH�
0DWWDPXVNHHW�6ZDQ� 4XDUWHU�&HGDU� ,VODQG� 1DWLRQDO� :LOGOLIH� 5HIXJHV�� 7KHVH� SURMHFWV� UDQJHG�
IURP� ZDWHUIRZO� FDSWXUH� DQG� EDQGLQJ� SURJUDPV� WR� QHVW� VXUYH\V� RI� VHYHUDO� ELUG� VSHFLHV�� � 0U��
6PLWK� LV� D�PHPEHU� RI� 7KH�:LOGOLIH� 6RFLHW\�� WKH�1DWXUH�&RQVHUYDQF\�� WKH� 1DWXUDO� 5HVRXUFHV�
'HIHQVH�&RXQFLO�DQG�:LOG�5LYHUV��
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�
1$0(��� � (GZDUG�-��=DNUDMVHN�
7,7/(��� � 6HQLRU�%LRORJLVW�±�4$�4&��'H7HFW��,QF��

('8&$7,21��� 0�6��� :LOGOLIH� %LRORJ\�� 8WDK� 6WDWH� 8QLYHUVLW\�� ������ %�6��� :LOGOLIH�
0DQDJHPHQW��:HVW�9LUJLQLD�8QLYHUVLW\�������

<($5�(;3(5,(1&(�� ��� � &855(17�326,7,21�� 2SHUDWLRQV�0DQDJHU�

,QWURGXFWLRQ��
0U��=DNUDMVHN�KDV�RYHU����\HDUV�RI�H[SHULHQFH� LQ�ZLOGOLIH�ELRORJ\��WKUHDWHQHG�DQG�HQGDQJHUHG�
VSHFLHV� PDQDJHPHQW�� UDGDU� RUQLWKRORJ\�� ELUG� DQG� EDW� VXUYH\� DQG� ULVN� DVVHVVPHQW�� DQG� %LUG�
$LUFUDIW�6WULNH�+D]DUG���%$6+��PDQDJHPHQW��7KLV�H[SHULHQFH�LQFOXGHV�SURMHFW�PDQDJHPHQW�DQG�
VFLHQWLILF� VXSSRUW� RQ� D� YDULHW\� RI� SURMHFWV� XVLQJ�DGYDQFHG� UDGDU� WHFKQRORJLHV� WR� GHWHFW�� WUDFN��
PRQLWRU�DQG�DVVHVV�ELUG�DFWLYLW\�WKDW�FRXOG�EH�KD]DUGRXV�WR�DLUFUDIW�RU�SUHVHQW�PRUWDOLW\�ULVN�IURP�
VWULNHV� ZLWK� ZLQG� WXUELQHV� RU� FRPPXQLFDWLRQ� WRZHUV�� � +H� KDV� ZRUNHG� H[WHQVLYHO\� RQ�
GHYHORSPHQW�DQG�DSSOLFDWLRQ�RI�DGYDQFHG�ELUG�DQG�EDW�UHPRWH�VHQVLQJ�UDGDU�WHFKQRORJLHV�WKDW�
KDV� LQFOXGHG� WKH� 86$)� $YLDQ� +D]DUG� $GYLVRU\� 6\VWHP� �$+$6��� FRPSXWHU�EDVHG� %LUG�
$YRLGDQFH�0RGHOV��%$0���DQG�PRELOH�ELUG�DQG�EDW�UDGDU�GHWHFWLRQ�V\VWHPV���0U��=DNUDMVHN�KDV�
FRQGXFWHG�QXPHURXV�ELUG�DQG�EDW�UDGDU�VXUYH\V�DQG�ULVN�DVVHVVPHQWV� LQ�WKH�86�DQG�(XURSH��
+H� DOVR� KDV� GHYHORSHG� %$6+� PDQDJHPHQW� SODQV� IRU� WKH� 86$)�� $LU� 1DWLRQDO� *XDUG� DQG�
FRPPHUFLDO�DLUSRUWV�DW�VLWHV�WKURXJKRXW�WKH�86����

5HOHYDQW�([SHULHQFH����
0U�� =DNUDMVHN� FXUUHQWO\� PDQDJHV� SURMHFWV� IRU� 'H7HFW� IRU� ELUG� DQG� EDW� VXUYH\� DQG� ULVN�
DVVHVVPHQW�UHODWHG�WR�ZLQG�HQHUJ\�SURMHFWV��DLUSRUWV��LQGXVWULDO�VLWHV�DQG�ODQGILOOV���+LV�DUHDV�RI�
H[SHUWLVH�LQFOXGH��

x� 5DGDU�UHPRWH�VHQVLQJ�DQG�RUQLWKRORJ\�
x� 7KHUPDO�LPDJLQJ�DQG�DFRXVWLF�PRQLWRULQJ�RI�ELUGV�DQG�EDWV�
x� $YLDQ�UDGDU�UHVHDUFK��LQVWDOODWLRQ��RSHUDWLRQ�DQG�XVHU�WUDLQLQJ�
x� %LUG�DLUFUDIW�VWULNH�KD]DUG��%$6+��PDQDJHPHQW�DQG�%LUG�$YRLGDQFH�0RGHO�GHYHORSPHQW��
x� $YLDWLRQ�0LVKDS�,QYHVWLJDWLRQV�
x� $LUILHOG��ODQGILOO�DQG�LQGXVWULDO�ELUG�FRQWURO�
x� )LHOG�RUQLWKRORJ\�
x� 5DGLR�DQG�VDWHOOLWH�WHOHPHWU\�
x� 3URWHFWHG�VSHFLHV�VXUYH\V�
x� %LUG�DQG�EDW�SRSXODWLRQ�VXUYH\V�DQG�KDELWDW�DVVHVVPHQW�

2YHU�WKH�SDVW�WHQ�\HDUV��0U��=DNUDMVHN�KDV�EHHQ�D�NH\�WHDP�PHPEHU�RQ�GHVLJQ��FRQVWUXFWLRQ��
WHVWLQJ�DQG�RSHUDWLRQ�RI�PRELOH�DYLDQ�UDGDU�V\VWHPV�DQG�RQ�VKRUW��DQG�ORQJ�WHUP�ELUG�DQG�EDW�
VXUYH\� DQG� DVVHVVPHQW� SURMHFWV� IRU� DLUSRUWV�� ZLQG� IDUPV�� ODQGILOOV� DQG� PLQHV� DV� ZHOO� DV� IRU�
DXWRPDWHG� ELUG� FRQWURO� DW� LQGXVWULDO� ZDVWH� SRQGV� DQG� ODQGILOOV�� � +H� KDV� D� EURDG� UDQJH� RI�
NQRZOHGJH�DQG�H[SHULHQFH�LQ�V\VWHP�GHVLJQ��WHVWLQJ��ILHOG�GHSOR\PHQW�DQG�GDWD�DQDO\VLV�KDYLQJ�
SHUVRQDOO\�RSHUDWHG�V\VWHPV�DQG�PDQDJHG�SURMHFWV�RQ�PXOWL�\HDU�VXUYH\V�ERWK�RQ�VKRUH�DQG�
RII�VKRUH����
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5HSUHVHQWDWLYH�3URMHFW�([SHULHQFH��
3URMHFW�%LRORJLVW��%DW�6XUYH\�DQG�0RUWDOLW\�5LVN�$VVHVVPHQW��1HGD�0LQH�:LVFRQVLQ��-XQH�
�����±�-DQXDU\��������&RQGXFWHG�HQGDQJHUHG�EDW�VXUYH\V�LQ�WKH�DUHD�DURXQG�WKH�1HGD�0LQH�
LQ�:LVFRQVLQ��7KH�1HGD�0LQH�FRQWDLQV�RQH�RI� WKH� ODUJHVW�EDW�KLEHUQDFXOD� LQ�:LVFRQVLQ�ZLWK�D�
SRSXODWLRQ�HVWLPDWHG�DW�RYHU��������EDWV���6XUYH\�ZDV�FRQGXFWHG�XVLQJ�D�0(5/,1�DYLDQ�UDGDU�
V\VWHP�� DFRXVWLF� GHWHFWRUV� DQG� WKHUPDO� LPDJLQJ� FDPHUDV� WR� DVVHVV� EDW� DFWLYLW\� DQG�PRUWDOLW\�
ULVN�LQ�WKH�YLFLQLW\�RI�D�SURSRVHG�ZLQG�HQHUJ\�IDUP�GHYHORSPHQW�����

5DGDU� 2UQLWKRORJLVW�� (DVWKDYHQ� :LQG� )DUP� $YLDQ� 5DGDU� 6XUYH\�� (DVWKDYHQ�� 9HUPRQW���
2FWREHU� WKURXJK� )HEUXDU\� ������ � &RQGXFWHG� DQ� DYLDQ� UDGDU� VXUYH\� RI� WKH� SURSRVHG�
(DVWKDYHQ� :LQG� )DUP� LQ� 1RYHPEHU� ����� XQGHU� FRQWUDFW� WR� WKH� 9HUPRQW� )LVK� DQG� :LOGOLIH�
'HSDUWPHQW���2SHUDWHG�D�0(5/,1�;���(QYLURQPHQWDO�6XUYH\RU�ELUG�GHWHFWLRQ�UDGDU�V\VWHP�IRU�
GDWD�FROOHFWLRQ�DQG�VXSSRUWHG�GDWD�DQDO\VLV�IRU�DVVHVVPHQW�RI�ELUG�DFWLYLW\�DW�WKH�SURSRVHG�ZLQG�
WXUELQH�VLWH��

5DGDU�2UQLWKRORJLVW��$YLDQ�6XUYH\�DQG�$VVHVVPHQW�RI�SURSRVHG�:LQG�7XUELQH�3URMHFW��
&DSH�&RG�&RPPXQLW\�&ROOHJH��+\DQQLV��0DVVDFKXVHWWV��$SULO������WR�SUHVHQW���6XSSRUWHG�
GDWD�FROOHFWLRQ�DQG�DVVHVVPHQW�RI�ELUG�DFWLYLW\�DW� WKH�SURSRVHG�ZLQG�WXUELQH�VLWH�� �2SHUDWHG�D�
0(5/,1�(QYLURQPHQWDO�6XUYH\RU� ELUG� GHWHFWLRQ� UDGDU� V\VWHP�GXULQJ� WKH� VSULQJ� DQG� IDOO� �����
PLJUDWRU\� VHDVRQV�� � 6XSSRUWHG� GDWD� SRVW�SURFHVVLQJ� DQG� DQDO\VLV� LQ�'H7HFWµV� GDWD� FHQWHU� LQ�
3DQDPD�&LW\��)ORULGD�DQG�GHYHORSHG�DYLDQ�LPSDFW�UHSRUW�EDVHG�RQ�WKH�GDWD�FROOHFWLRQ��

5DGDU�2UQLWKRORJLVW��$YLDQ�6XUYH\�DQG�$VVHVVPHQW�RI�SURSRVHG�:LQG�7XUELQH�3URMHFW��
7RZQ� RI� 2UOHDQV�� 0DVVDFKXVHWWV�� $SULO� ����� WR� SUHVHQW�� � 6XSSRUWHG� GDWD� FROOHFWLRQ� DQG�
DVVHVVPHQW� RI� ELUG� DFWLYLW\� DW� WKH� SURSRVHG� ZLQG� WXUELQH� VLWH�� � 2SHUDWHG� D� 0(5/,1�
(QYLURQPHQWDO�6XUYH\RU�ELUG�GHWHFWLRQ� UDGDU�V\VWHP�GXULQJ� WKH�VSULQJ�DQG�IDOO������PLJUDWRU\�
VHDVRQV���6XSSRUWHG�GDWD�SRVW�SURFHVVLQJ�DQG�DQDO\VLV�LQ�'H7HFWµV�GDWD�FHQWHU�LQ�3DQDPD�&LW\��
)ORULGD�DQG�GHYHORSHG�DYLDQ�LPSDFW�UHSRUW�EDVHG�RQ�WKH�GDWD�FROOHFWLRQ��

3URMHFW� 0DQDJHU�� &DSH� :LQG� $VVRFLDWHV� $YLDQ� 5DGDU� 6XUYH\�� 1DQWXFNHW� 6RXQG��
0DVVDFKXVHWWV�� � 0D\� ����� �� 0D\� ������ �0DQDJHG� DYLDQ� VXUYH\� SURMHFW� IRU� WKH� &DSHZLQG�
RIIVKRUH� ZLQG� SURMHFW� WR� VXSSRUW� WKH� ILUVW� 8�6�� RII�VKRUH� ZLQG� SDUN� LQ� WKH� 8�6�� ,QFOXGHG�
PDQDJHPHQW� RI� GDWD� FROOHFWLRQ� GXULQJ� WKH� WZR� ILHOG� VHDVRQV�� GDWD� DQDO\VLV�� DQG� SURMHFW�
UHSRUWLQJ��
�
3URMHFW� 0DQDJHU�� %XUHDX� :DDUGHQEXUJ� $YLDQ� 5DGDU� 6\VWHP�� 7KH� 1HWKHUODQGV��
6HSWHPEHU������ WKURXJK������� �0DQDJHG�GHOLYHU\�� LQVWDOODWLRQ�� VWDUW�XS�� RSHUDWLRQ�DQG�GDWD�
DQDO\VLV� IRU� D� 'H7HFW� 0(5/,1� ;6����� ELUG� GHWHFWLRQ� UDGDU� V\VWHP� WR� RSHUDWHG� E\� WKH��
HQYLURQPHQWDO� FRQVXOWDQW�� %XUHDX� :DDUGHQEXUJ� EY�� IRU� D� FRQGXFW� D� PXOWL�\HDU� VWXG\� RI� D�
SURSRVHG�ZLQG�WXUELQH�IDUP�WR�EH�ORFDWHG�HLJKW�PLOHV�RII�RI�WKH�'XWFK�FRDVWOLQH�LQ�WKH�1RUWK�6HD���
0U��=DNUDMVHN�GLUHFWHG�WKH�SUHFRQVWUXFWLRQ�VLWH�DVVHVVPHQW�DQG�LQVWDOODWLRQ�DQG�VWDUW�XS�RI�WKH�
V\VWHP�RQ�DQ�RIIVKRUH� UHVHDUFK�SODWIRUP� ORFDWHG�HLJKW�NP�RII� WKH�'XWFK�FRDVW�QHDU�0HHWSRVW�
1RUGZLMN�� �7KH�V\VWHP�KDV�RSHUDWHG�VLQFH�ODWH������FROOHFWLQJ�GDWD�RQ�ELUG�PRYHPHQWV� LQ�WKH�
DUHD���,Q�������0U��=DNUDMVHN�VXSSRUWHG�SRVW�SURFHVVLQJ�DQG�DQDO\VLV�RI�WKH�GDWD�FROOHFWHG�VLQFH�
LQFHSWLRQ�IRU�GHYHORSPHQW�RI�WKH�VWXG\�UHSRUW��

3URMHFW� 2UQLWKRORJLVW�� $LUFUDIW� %LUGVWULNH� $YRLGDQFH� 5DGDU� ,QVWDOODWLRQ� DQG� 2SHUDWLRQ��
7\QGDOO��$LU�)RUFH�%DVH��)ORULGD��86$�������WR�SUHVHQW���0U��=DNUDMVHN�VXSSRUWHG�WKH�SURMHFW�
WHDP� IRU� WKH� GHVLJQ�� FRQVWUXFWLRQ�� GHOLYHU\�� LQVWDOODWLRQ� DQG� VWDUW�XS� IRU� D� 0(5/,1� $LUFUDIW�
%LUGVWULNH�$YRLGDQFH�5DGDU�DW�WKH�DLUEDVH�WR�VXSSRUW�WKH�8�6��$LU�)RUFHµV�QH[W�JHQHUDWRU�VWHDOWK�
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ILJKWHU�� WKH�)����5DSWRU�� �7KH�V\VWHP� LV� LQVWDOOHG�RQ� WKH�EDVH�PDLQ� UXQZD\�DQG�SURYLGHV� UHDO�
WLPH�GHWHFWLRQ�DQG�WUDFNLQJ�RI�ELUG�DFWLYLW\�ZLWKLQ���QP�RI�WKH�UXQZD\���,QIRUPDWLRQ�LV�SURYLGHG�WR�
WKH� EDVH� ELUG� FRQWURO� XQLWV� DQG� RSHUDWLRQV� RIILFH� WR� PDQDJH� DLUFUDIW� RSHUDWLRQV� DQG� UHGXFH�
ELUGVWULNH�GDPDJH���7KH�V\VWHP�GHOLYHUHG�LV�D�0(5/,1�;6�����,�VHULHV����
3URMHFW�6FLHQWLVW��86$)�$YLDQ�+D]DUG�$GYLVRU\�6\VWHP��$+$6��2SHUDWLRQ��'HYHORSPHQW�
DQG�5HILQHPHQW�� �6HSWHPEHU������ WR�SUHVHQW�� �$+$6� LV�D�QDWLRQZLGH�� UDGDU�EDVHG�V\VWHP�
WKDW�FRQWLQXRXVO\� �������GHWHFWV�DQG�PRQLWRUV�DYLDQ�DFWLYLW\�DFURVV� WKH�8�6��� LQFOXGLQJ�$ODVND��
+DZDLL�DQG�*XDP�LQ�QHDU�UHDO�WLPH�DQG�SURYLGHV�ELUG�KD]DUG�DGYLVRULHV�WKURXJK�WKH�,QWHUQHW�WR�
DOO�86$)�DQG�RWKHU�PLOLWDU\�IO\LQJ�XQLWV���$+$6�SURFHVVHG�ZHDWKHU�GDWD�IURP�WKH�8�6��QDWLRQDO�
QHWZRUN�RI�����QH[W�JHQHUDWLRQ�UDGDUV��1(;5$'��WR�LVRODWH�ELRORJLFDO�WDUJHWV�LQ�QHDU�UHDO�WLPH�
�XSGDWHG�HYHU\�VL[�PLQXWHV��DQG�WKH�1DWLRQDO�:HDWKHU�6HUYLFH�GDWD�WR�IRUHFDVWLQJ�ELUG�DFWLYLW\�
RQ�RU�QHDU�DLUILHOGV�DQG�LQ�PLOLWDU\�WUDLQLQJ�DLU�VSDFH���0U��=DNUDMVHN�VXSSRUWV�WKH�$+$6�SURMHFW�
WHDP�LQ�GLUHFWLQJ�ILHOG�YHULILFDWLRQ�DQG�FDOLEUDWLRQ�RI�$+$6�XVLQJ�PRELOH�0(5/,1�UDGDU�V\VWHPV��
$VVLVWDQW�3URMHFW�0DQDJHU��2XWO\LQJ�/DQGLQJ�)LHOG�$YLDQ�5DGDU�6XUYH\��8�6��1DY\��1RUWK�
&DUROLQD�� � 0DUFK� �� $SULO� ������ �0U�� =DNUDMVHN� DVVLVWHG� WKH�PDQDJHPHQW� RI� DQ� DYLDQ� UDGDU�
VXUYH\�RI�D�SURSRVHG�RXWO\LQJ�ODQGLQJ�ILHOG��2/)��WR�VXSSRUW�WKH�)�$����6XSHU�+RUQHW�LQ�1RUWK�
&DUROLQD��7KH�VLWH�RI� WKH�SURSRVHG�2/)�ZDV�QHDU� WKH�ZLQWHULQJ�JURXQGV�RI�D�JUHDW�QXPEHU�RI�
6QRZ�*HHVH��7XQGUD�6ZDQV��DQG�RWKHU�ZDWHUIRZO��ZKLFK�SRVH�D�VHYHUH�KD]DUG�WR�DLUFUDIW��7KH�
DYLDQ� UDGDU� V\VWHP� SURYLGHG� ELUG� DFWLYLW\� GDWD� WR� VXSSRUW� WKH� GHFLVLRQ� SURFHVV� WR� VHOHFW� RU�
HOLPLQDWH�WKH�VLWH�IRU�GHYHORSPHQW��
3URMHFW�7HFKQLFLDQ��&HQWUDO�6FLHQFH�/DE�0$56��8QLWHG�.LQJGRP�� �-DQXDU\������ �� -XQH�
������0U��=DNUDMVHN�PDQDJHG�WKH�SURGXFWLRQ�DQG�GHOLYHU\�RI�D�PRELOH�DYLDQ�UDGDU�V\VWHP�WR�WKH�
8.�JRYHUQPHQWµV�&HQWUDO�6FLHQFH�/DE��&6/���7KH�%LUGVWULNH�$YRLGDQFH�7HDP��DQ�RIILFH�RI�WKH�
&6/��LV�D�ZRUOG�OHDGHU�LQ�UHVHDUFK�DQG�PDQDJHPHQW�RI�ELUGVWULNHV�WR�DLUFUDIW��7KH\�ZLOO�XVH�WKH�
UDGDU�V\VWHP�WR�FROOHFW�ELUG�DFWLYLW\�GDWD�IRU�D�YDULHW\�RI�ELUG�GHWHFWLRQ�SURMHFWV��HVSHFLDOO\�IRU�ELUG�
KD]DUGV�WR�DLUFUDIW�DQG�FROOLVLRQV�ZLWK�ZLQG�SRZHU�VWUXFWXUHV��
5DGDU�2UQLWKRORJLVW��5$)�.LQORVV�%LUG�'HWHFWLRQ�6\VWHP��.LQORVV�6FRWODQG���$XJXVW������
��-XQH�������0U��=DNUDMVHN�VXSSRUWHG�WKLV�SURMHFW�WR�SURYLGH�WR�WKH�5R\DO�$LU�)RUFH�WKH�ILUVW�UHDO�
WLPH�DLUSRUW�ELUG�GHWHFWLRQ�UDGDU�V\VWHP�LQ�WKH�ZRUOG��5$)�.LQORVV�KDV�D�VHYHUH�ELUGVWULNH�KD]DUG�
FDXVHG�E\�ODUJH�IORFNV�RI�ZLQWHULQJ�JUD\ODJ�JHHVH�WKDW�WUDQVYHUVH�WKH�DLUILHOG�GXULQJ�RSHUDWLRQV��
7KH� ELUG�GHWHFWLRQ� V\VWHP� WUDFNV� ELUGV� DQG� DLUFUDIW� LQ� WKH� DLUSRUW� YLFLQLW\� WR� DOORZ� DLU� WUDIILF�
FRQWUROOHUV� WR� GLUHFW� DLUFUDIW� VDIHO\� RU� FHDVH� RSHUDWLRQV� ZKHQ� WKH� VLWXDWLRQ� EHFRPHV� RYHUO\�
KD]DUGRXV��+H�RYHUVDZ�WKH�DFTXLVLWLRQ�RI�V\VWHP�FRPSRQHQWV�DQG�WKH�GHOLYHU\�RI�WKH�V\VWHP�WR�
WKH�8.��+H�DOVR�RYHUVDZ� WKH�V\VWHPV�86�RSHUDWLRQV� LQFOXGLQJ� WKH� LQVWDOODWLRQ�RI�D�PLUURU� WHVW�
IDFLOLW\��WHFKQLFDO�VXSSRUW�VHUYLFHV��DQG�SDUWV�LQYHQWRU\��
$VVLVWDQW� 3URMHFW� 0DQDJHU�� %LUG� 'HWHFWLRQ� 6\VWHP� 'HYHORSPHQW�� 7UDQVSRUW� &DQDGD��
&DQDGD�� �-DQXDU\������ ��-XQH������� �0U��=DNUDMVHN�DVVLVWHG� WKH�PDQDJHPHQW�RI� WKLV�PXOWL�
\HDU��PXOWL�SKDVH�SURMHFW�WR�GHYHORS�D�IXOO�WLPH�DLUSRUW�ELUG�GHWHFWLRQ�V\VWHP�IRU�XVH�DW�&DQDGLDQ�
DLUSRUWV��7KLV�V\VWHP�XVHV�D���GLPHQVLRQDO��SKDVHG�DUUD\��'RSSOHU�ZHDWKHU�UDGDU��7KH�V\VWHP�
ZLOO�KDYH�PRUH�IXQFWLRQDOLW\�WKDQ�WKH�RQH�GHOLYHUHG�WR�5$)�.LQORVV��DERYH���7UDQVSRUW�&DQDGD�
UHFRJQL]HG� WKH� QHHG� WR� IXQG� WKH� GHYHORSPHQW� RI� WKLV� V\VWHP� WR� DVVLVW� LQ� WKH�PDQDJHPHQW�RI�
ELUGVWULNH� KD]DUGV� LQ� &DQDGD�� +H� PDQDJHG� DOO� ODE� DQG� ILHOG� RSHUDWLRQV� LQ� ERWK� WKH� 86� DQG�
&DQDGD���
3URMHFW� 0DQDJHU�� &DSH� :LQG� $VVRFLDWHV� $YLDQ� 5DGDU� 6XUYH\�� 1DQWXFNHW� 6RXQG��
0DVVDFKXVHWWV���0D\��������0D\��������0U��=DNUDMVHN�PDQDJHG�DQ�DYLDQ�UDGDU�VXUYH\�IRU�WKH�
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ZLQG�HQHUJ\�GHYHORSPHQW� LQGXVWU\��+LV�ELUG�UDGDU�H[SHULHQFH� WR�GDWH�KDG�EHHQ� LQ� WKH� ILHOG� RI�
ELUG� KD]DUGV� WR� DLUFUDIW�� )RU� RYHU� ��� \HDUV� ELUG� IDWDOLWLHV� GXH� WR� FROOLVLRQV� ZLWK� ZLQG�SRZHU�
VWUXFWXUHV� KDYH� EHHQ� RI� PXFK� LQWHUHVW� WR� WKH� LQGXVWU\�� FLWL]HQV� JURXSV�� DQG� JRYHUQPHQW�
UHJXODWRU\� DJHQFLHV�� 7KH� ELUG�UDGDU� VXUYH\V� ZHUH� WR� VXSSRUW� &DSH� :LQG� $VVRFLDWHµV�
(QYLURQPHQWDO�$VVHVVPHQW�IRU�WKHLU�SURSRVHG�GHYHORSPHQW�RI�WKH�ILUVW�RII�VKRUH�ZLQG�SDUN�LQ�WKH�
8�6��+H�PDQDJHG� WKH�GDWD�FROOHFWLRQ�GXULQJ� WKH� WZR� ILHOG�VHDVRQV��GDWD�DQDO\VLV��DQG�SURMHFW�
UHSRUWLQJ��
3ULRU�([SHULHQFH��
3URMHFW�%LRORJLVW�� �8�6��)LVK�	�:LOGOLIH�6HUYLFH��$OOLJDWRU�5LYHU�1DWLRQDO�:LOGOLIH�5HIXJH��
0DQWHR�� 1RUWK� &DUROLQD�� � 0D\� ����� �� 0D\� ������ � 3URMHFW� ELRORJLVW� DW� WKH� $OOLJDWRU� 5LYHU�
1DWLRQDO� :LOGOLIH� 5HIXJH� PDQDJLQJ� DQG� DVVLVWLQJ� LQ� D� QXPEHU� RI� ILHOG� VXUYH\V� LQFOXGLQJ��
$PHULFDQ�DOOLJDWRU�VSRWOLJKW�FRXQWV��EODFN�EHDU� WUDFN�	�VFDW�FRXQWV��ZDWHUIRZO�JURXQG�	�DHULDO�
FRXQWV��EHDFK�QRXULVKPHQW�LPSDFW�VDPSOLQJ��VHD�WXUWOH�QHVW�VXUYH\V�DQG�UHORFDWLRQV��PRLVW�VRLO�
YHJHWDWLRQ� VDPSOLQJ�� $WODQWLF� ZKLWH� FHGDU� YHJHWDWLRQ� VDPSOLQJ�� UHG�FRFNDGHG� ZRRGSHFNHU�
VXUYH\V�� DQG� ZKLWH�WDLOHG� GHHU� WUDFN� FRXQWV�� � +H� FDSWXUHG� DQG� EDQGHG� ZRRG� GXFNV�� EURZQ�
SHOLFDQV��DQG�FRPPRQ��&DVSLDQ�DQG� OHDVW� WHUQV�� �+H�DVVLVWHG� WUDSSLQJ�DQG�FROOHFWLQJ�GDWD�RQ�
EODFN�EHDUV�DQG�UHLQWURGXFHG��HQGDQJHUHG�UHG�ZROYHV���+H�DVVLVWHG�ZLWK�FRQWURO�HIIRUWV�GXULQJ�D�
)RZO�&KROHUD�RXWEUHDN�LQ�WKH�&KHVDSHDNH�%D\���'XULQJ�ILUH�VHDVRQ�KH�ZDV�LQ�FKDUJH�RI�WKH�ZLOG�
ODQG�ILUH�FUHZ�DQG�RYHUVDZ�ERWK�SUHVFULEHG�EXUQV�DQG�ZLOGILUH�VXSSUHVVLRQ�HIIRUWV�ERWK�RQ�DQG�
RII�WKH�UHIXJH��

)LHOG�LQYHVWLJDWRU��5HG�&RFNDGHG�:RRGSHFNHU�6XUYH\�DQG�/RQJ�7HUP�0DQDJHPHQW�3ODQ���
0DULQH�&RUSV�%DVH�&DPS�/HMHXQH��1RUWK�&DUROLQD��������� �&RQGXFWHG� �SURWHFWHG�VSHFLHV�
VXUYH\� IRU� WKH� HQGDQJHUHG�5HG�&RFNDGHG�:RRGSHFNHU� �5&:��� � +H� FROOHFWHG� IRUHVW� HFRORJ\�
GDWD� IRU� WKH�5&:�+DELWDW�(YDOXDWLRQ�3URFHGXUHV� DQG� FRQGXFWHG� D� VHDUFK� IRU� XQGRFXPHQWHG�
5&:�FOXVWHUV�DQG�FDYLW\�WUHHV�RQ�WKH�EDVH��
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���� 'H7HFW�$56�3URMHFW�5HIHUHQFHV��
����� $56�3URMHFW�2YHUYLHZ���2YHU����0(5/,1�V\VWHPV�DUH�FXUUHQWO\�LQ�XVH�ZRUOGZLGH���

5HSUHVHQWDWLYH�ZLQG�HQHUJ\�SURMHFWV�WKDW�XVH�0(5/,1�LQFOXGH��
�

x� 5R\DO�%HOJLDQ� ,QVWLWXWH�RI�1DWXUDO�6FLHQFHV��5%,16�� � ��0DQDJHPHQW�8QLW�RI� WKH�
1RUWK�6HD�0DWKHPDWLFDO�0RGHO��0800��

x� (O�3LQR��:LQG�)DUP���7256$�5HQRYDEOHV��6/���/RV�%DUULRV��&DGL]��63$,1�

x� *XOI� :LQG� ,� :LQGIDUP�� 7H[DV� 	� :HVWILHOG�5LSOH\� :LQGIDUP�� 1HZ� <RUN�� 86$�
�%DEFRFN�	�%URZQ�5HQHZDEOHV��*XOI�:LQG�,�LQFOXGHV�0(5/,1�6&$'$��

x� 1RUGZLQG]HH�2IIVKRUH�:LQGSDUN��7KH�1HWKHUODQGV��6KHOO�1821��

x� %XWOHU� 5LGJH� :LQG� )DUP� %DW� 6XUYH\�� :LVFRQVLQ�� 86$� �86� )LVK� 	� :LOGOLIH�
6HUYLFH�86� (QYLURQPHQWDO� 3URWHFWLRQ� $JHQF\�:LVFRQVLQ� 'HSDUWPHQW� RI�1DWXUDO�
5HVRXUFHV��

x� %XIIDOR� 0RXQWDLQ� :LQG� )DUP� %DW� 0RUWDOLW\� 6WXG\�� 7HQQHVVHH�� 86$� �(OHFWULF�
3RZHU�5HVHDUFK�,QVWLWXWH�7HQQHVVHH�9DOOH\�$XWKRULW\��

x� %HDWULFH� 2IIVKRUH� :LQG� 'HPRQVWUDWRU�� $EHUGHHQ�� 6FRWODQG� �7DOLVPDQ�
(QHUJ\�8QLYHUVLW\�RI�$EHUGHHQ��

x� :HVW�:LQG�:LQGIDUP��:HOOLQJWRQ��1HZ�=HDODQG��0HULGLDQ�(QHUJ\�/WG��

x� 3HQmVFDO� :LQG� )DUP�� 7H[DV�� 86$� �,EHUGUROD� 5HQHZDEOHV�� LQFOXGHV� 0(5/,1�
6&$'$��

x� 3OXP�,VODQG�2IIVKRUH�:LQG�3DUN��1HZ�<RUN��86$��'HHSZDWHU�:LQG��

x� 6PROD�:LQGSDUN��1RUZD\��1RUZHJLDQ�,QVWLWXWH�IRU�1DWXUH�5HVHDUFK��

x� /DNH�2VWURZR�:LQG�)DUP��3RODQG��'RQJ�(QHUJ\�.$33$��

x� 3OXP�,VODQG�2IIVKRUH�:LQG�3DUN��1HZ�<RUN��86$��'HHSZDWHU�:LQG��

2WKHU�0(5/,1� XVHUV� LQFOXGH� WKH�8�6��$LU� )RUFH� �VHYHQ� V\VWHPV�SXUFKDVHG� WR� GDWH��� WKH�86�
VSDFH� DJHQF\�� 1$6$� �WZR� V\VWHPV� SXUFKDVHG� IRU� XVH� RQ� VSDFH� VKXWWOH� ODXQFKHV��� WKH� 8�6��
*HRORJLFDO�6XUYH\��86*6��SXUFKDVHG�IRU�PLJUDWRU\�ELUG�UHVHDUFK���WKH�8QLWHG�.LQJGRP�&HQWUDO�
6FLHQFH� /DE� �WZR� V\VWHPV� XVHG� IRU� ZLQG� IDUP� DQG� DLUSRUW� VWXGLHV� DQG� PRQLWRULQJ��� DQG� WKH�
7H[DV�$	0�8QLYHUVLW\� &HVDU� .OHEHUJ�:LOGOLIH�5HVHDUFK� ,QVWLWXWH� �SXUFKDVHG� WZR� V\VWHPV� IRU�
PLJUDWRU\� UHVHDUFK���
�
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������ 'HWDLOHG�:LQGIDUP�3URMHFW�6XPPDULHV��
6XPPDULHV�RI�WZR�NH\�UHSUHVHQWDWLYH�ZLQGIDUP�0(5/,1�$56�SURMHFWV�IROORZ��

�
�
������� 7KH�1HDU�6KRUH�:LQGSDUN�DYLDQ�UDGDU�VXUYH\��ULVN�DVVHVVPHQW�	�SRVW�

FRQVWUXFWLRQ�PRQLWRULQJ�
�
'(7(&7�6&23(�� 'HOLYHU\�� LQVWDOODWLRQ�� V\VWHP� VWDUW�XS� 	� VXSSRUW� IRU� 0(5/,1�� $YLDQ�

5DGDU� 6\VWHP� IRU� RIIVKRUH� ZLQG� HQHUJ\� SURMHFW� DYLDQ� VXUYH\�� ULVN�
DVVHVVPHQW��DQG�SRVW�FRQVWUXFWLRQ�PRQLWRULQJ�DQG�PLWLJDWLRQ����

&/,(17�� %XUHDX�:DDUGHQEXUJ�E�Y���7KH�1HWKHUODQGV�

2:1(5�� 5R\DO�'XWFK�6KHOO�1821�(QHUJ\�

7KH�1HDU�6KRUH�:LQGSDUN��16:�� LV�D� MRLQW�SURMHFW�RI� WKH�'XWFK�JRYHUQPHQW�DQG�5R\DO�'XWFK�
6KHOO� WR� FRQVWUXFW� ��� ZLQG� WXUELQHV� ������ NLORPHWHUV� �NP�� RII� WKH� FRDVW� RI� (JPRQG�� WKH�
1HWKHUODQGV�� �%XUHDX�:DDUGHQEXUJ� �%X:D�� LV� WKH�SURMHFW�QDWXUDO� UHVRXUFHV�FRQVXOWDQW� WR� WKH�
RZQHU� DQG� ZDV� WDVNHG� WR� FRQGXFW� D� EDVH� OLQH� VWXG\� WR� DVVHVV� WKH� HIIHFWV� RI� RIIVKRUH� ZLQG�
WXUELQHV�RQ�ELUGV��VSHFLILFDOO\� IRFXVHG�RQ� WKH� ULVN�RI�ELUG�PRUWDOLW\�� LQIOXHQFH�RQ� IOLJKW�SDWWHUQV�
DQG� RWKHU� HFRORJLFDO� LPSDFWV�� DQG� WR� GHYHORS� DQG� LPSOHPHQW� D� ULVN� PLWLJDWLRQ� SODQ� IRU� WKH�
SURMHFW�� � 7KH� ORQJ�WHUP� DVVHVVPHQW� UHVHDUFK� IROORZHG� D� Ĵ%$&,µ� DSSURDFK�� ZKHUH� GDWD� DUH�
FROOHFWHG� EHIRUH� DQG� DIWHU� WKH� FRQVWUXFWLRQ� RI� WKH�ZLQG� IDUP� LQ� RUGHU� WR�PRUH� GLUHFWO\� DVVHVV�
LPSDFW���7KH�SUH�FRQVWUXFWLRQ�DVVHVVPHQW�VWDUWHG�LQ�6HSWHPEHU�RI������ZLWK�WKH�LQVWDOODWLRQ�RI�D�
0(5/,1� ;6����H� $YLDQ�5DGDU� 6\VWHP� �0(5/,1�� WKH� UDGDU� RU� WKH� V\VWHP�� RQ� WKH� UHVHDUFK�
SODWIRUP� 
0HHWSRVWµ� ORFDWHG����NP�RII� WKH�FRDVW�RI�1RRUGZLMN��7KH�1HWKHUODQGV�� �7KH�0(5/,1�
V\VWHP�RSHUDWHG������IRU����PRQWKV�FROOHFWLQJ�GDWD�RQ�ELUG�DFWLYLW\��IOLJKW�SDWWHUQV�DQG�EHKDYLRU���
7KH�UDGDU�GDWD�ZDV�SURFHVVHG�E\�'H7HFW�DQG�XVHG�WR�GHYHORS�WKH�ULVN�DVVHVVPHQW�IRU�WKH�ZLQG�
IDUP�� � 3RVW�FRQVWUXFWLRQ� PRQLWRULQJ� VWDUWHG� LQ� 'HFHPEHU� RI� ����� ZLWK� UH�LQVWDOODWLRQ� RI� WKH�
0(5/,1�DYLDQ�UDGDU�V\VWHP�RQ�D�PRQRSROH�QHDU�WKH�
ZLQG�WXUELQHV���

'H7HFW� ZDV� FRQWUDFWHG� E\� %X:D� RQ� EHKDOI� RI� WKH�
SURMHFW� RZQHU� WR� GHVLJQ�� FRQVWUXFW�� GHOLYHU�� LQVWDOO��
VWDUW�XS� DQG� VXSSRUW� D� FXVWRP� HQJLQHHUHG� DQG�
FRQVWUXFWHG�0(5/,1��$YLDQ��5DGDU�6\VWHP�IRU� WKH�
SURMHFW�� � 7KH� VFRSH� RI� 'H7HFWµV� FRQWUDFW� ZDV� WR�
SURYLGH�DOO� UHTXLUHG�KDUGZDUH�� VRIWZDUH�� SHULSKHUDOV��
WHFKQLFDO�� GDWD� SURFHVVLQJ� DQG� UDGDU� RUQLWKRORJ\�
FRQVXOWDWLRQ�VXSSRUW�IRU�D�IXOO\�IXQFWLRQDO��DYLDQ�UDGDU�
V\VWHP�IRU�FRQWLQXRXV�PRQLWRULQJ��WUDFNLQJ��UHFRUGLQJ�
DQG� DQDO\VLV� RI� ELUG� GDWD� IRU� WKH� SUH�FRQVWUXFWLRQ�
VXUYH\� DQG� SRVW�FRQVWUXFWLRQ� ULVN� PLWLJDWLRQ� SKDVHV�
RI�WKH�SURMHFW�����

7KH�0(5/,1�FRQILJXUDWLRQ�LQFOXGHG�GXDO�UDGDUV��D����NLORZDWW��N:��YHUWLFDOO\�RSHUDWHG�;�EDQG�
VFDQQLQJ�UDGDU��965��DQG�D����N:�KRUL]RQWDOO\�RSHUDWHG�6�EDQG�VFDQQLQJ�UDGDU��FXVWRP�UDGDU�

MERLIN system HSR (foreground) and VSR 
(rear) installation on Meetpost research 
platform (2003) 
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WRZHUV�DQG�EDVH�SODWHV�IRU�PRXQWLQJ�WR�WKH�UHVHDUFK�SODWIRUP��FXVWRP�FRPSXWHU�UDGDU�LQWHUIDFHV�
DQG� ZRUNVWDWLRQV�� GDWD� SURFHVVLQJ� ZRUNVWDWLRQV�� VRIWZDUH� OLFHQVHV�� YROWDJH� DQG� SRZHU�
UHJXODWRUV��LQVWDOODWLRQ�DQG�WUDLQLQJ��DQG��WHOHSKRQH�DQG�,QWHUQHW�WHFKQLFDO�VXSSRUW��,QLWLDO�GHOLYHU\�
RI� WKH� V\VWHP� WR� WKH� SURMHFW� VLWH� ZDV�PDGH� XQGHU� DQ� DFFHOHUDWHG� VFKHGXOH� RI� ��� GD\V� DIWHU�
FRQWUDFW� DZDUG� LQ� RUGHU� WR� KDYH� WKH� V\VWHP� � LQVWDOOHG� DQG� RSHUDWLQJ� LQ� WLPH� IRU� WKH� IDOO� �����
PLJUDWRU\�VHDVRQ���

7KH� SURMHFW� KDG� VHYHUDO� XQLTXH� UHTXLUHPHQWV� QHFHVVLWDWLQJ� FXVWRPL]DWLRQ� RI� WKH� V\VWHP�
KDUGZDUH�DQG�VRIWZDUH�WR�PHHW�VSHFLILF�SURMHFW�QHHGV��
�� 7KH�0(5/,1�V\VWHP�ZDV� WR�EH� LQVWDOOHG�RQ�DQ�XQPDQQHG�RIIVKRUH�UHVHDUFK�SODWIRUP�DQG�

ZDV�HTXLSSHG�ZLWK� WKH�DELOLW\� IRU� UHPRWH�DGPLQLVWUDWLRQ� IURP� WKH�PDLQODQG�YLD�D� WHOHSKRQH�
OLQN���

�� 7KH�965�XVHG� IRU� KHLJKW�PHDVXUHPHQW�DQG�HQXPHUDWLRQ�RI� ELUG� WDUJHWV� SDVVLQJ�RYHU� WKH�
VWXG\� DUHD� ZDV� HTXLSSHG� ZLWK� D� FXVWRP� HQJLQHHUHG� HQFORVHG� WRZHU� GHVLJQHG� WR�
DFFRPPRGDWH� D� VHUYR�PRWRU� WR� DOORZ� WKH� UDGDU� WR� EH� UHPRWHO\� URWDWHG� WR� FKDQJH� WKH�
GLUHFWLRQ�RI�WKH�UDGDU�EHDP��

�� 7KH�'H7HFW�0(5/,1�ELUG�GHWHFWLRQ�VRIWZDUH� LQFOXGHG�FXVWRP�PRGXOHV� WR�SURYLGH� UHPRWH��
XQDWWHQGHG� RSHUDWLRQ� DQG� UHFRUGDWLRQ� RI� ELUG� GDWD� WR� D� GDWDEDVH� IRU� RIIVLWH� DQDO\VLV� DQG�
DUFKLYLQJ�WKDW�LQFOXGHG�D�FXVWRP�FRPSXWHU�FRPPXQLFDWLRQ�ZRUNVWDWLRQ�ZLWK�UHPRYDEOH�KDUG�
GULYHV�DQG�LQWHUQDO�PRGHPV�IRU�XVH�ZLWK�ODQGOLQHV��

�� 7KH� V\VWHP� GHVLJQ� LQFOXGHG� KDUGHQHG� FRPSRQHQWV� IRU� UHOLDEOH� RSHUDWLRQ� LQ� WKH� DGYHUVH�
HQYLURQPHQW�RI�WKH�1RUWK�6HD���

�� 7KH�V\VWHP�ZDV� UH�HQJLQHHULQJ� LQ������ IRU� UH�LQVWDOODWLRQ�RQ�D�PRQRSROH�DW� WKH�RSHUDWLQJ�
ZLQG�WXUELQHV�ZLWK�QHZ�IXQFWLRQDOLW\�LQFOXGLQJ�XSJUDGH�RI�WKH�0(5/,1�DYLDQ�UDGDU�VRIWZDUH��
DGGLWLRQ�RI�DGYDQFHG� UHPRWH�FRQWURO� IHDWXUHV� IRU�H[SDQGHG�V\VWHP�FRQWURO�DQG�PRQLWRULQJ�
IURP�WKH�VKRUH�YLD�ILEHU�RSWLF�FRQQHFWLRQ��

'H7HFW�VXFFHVVIXOO\�GHOLYHUHG�WKH�V\VWHP� LQ� OHVV�
WKDQ� ��� GD\V� DQG�ZDV� DEOH� WR� KDYH� WKH� V\VWHP�
LQVWDOOHG� DQG� RQ�OLQH� LQ� WLPH� WR� EHJLQ� GDWD�
FROOHFWLRQ�IRU�WKH�IDOO������PLJUDWRU\�VHDVRQ���7KH�
0(5/,1�V\VWHP�RSHUDWHG�QHDU�FRQWLQXRXVO\������
WKURXJK� ����� DQG� ����� FROOHFWLQJ� GDWD� RQ� ELUG�
PRYHPHQWV� LQ� YLFLQLW\� RI� WKH� SODWIRUP�� � ,Q� ������
'H7HFW� DVVLVWHG� %X:D� LQ� GDWD� FRPSLOLQJ� DQG�
DQDO\VLV� WR� GHYHORS� GHWDLOHG� VWDWLVWLFDO� GDWD� RQ�
ELUG� GLVWULEXWLRQ�� VL]H� FDWHJRULHV�� DOWLWXGHV�� DQG�
PRYHPHQWV����

'DWD� SURFHVVLQJ� E\� 'H7HFW� LQ� LWV� GDWD� FHQWHU� LQ�
3DQDPD�&LW\��)ORULGD��86$�LQFOXGHG�GHYHORSPHQW�
DQG�DSSOLFDWLRQ�RI�VSHFLDOL]HG�WUDFN�TXDOLW\�FRQWURO�
DOJRULWKPV� DQG� VXSSOHPHQWDO� FOXWWHU� VXSSUHVVLRQ�
WR�DGGUHVV�VSHFLILF�VHD�VWDWH�FOXWWHU�LVVXHV�UHODWHG�WR�WKLV�VLWH�LQ�WKH�1RUWK�6HD���7KH�SURFHVVHG�
GDWD�DQG�UHVXOWDQW�TXHULHV�ZHUH�SURYLGHG�WR�%X:D�IRU�LQFRUSRUDWLRQ�LQ�WKHLU������SURMHFW�UHSRUW���
7KH�0(5/,1� V\VWHP� FRQWLQXHG� WR� RSHUDWH� FROOHFWLQJ� DGGLWLRQDO� EDVHOLQH� GDWD� WKURXJK� SURMHFW�
FRQVWUXFWLRQ��DQG�LQ�WKH�ODVW�TXDUWHU�RI������WKH�V\VWHP�ZDV�LQVWDOOHG�RQ�D�PRQRSROH�WR�SURYLGH�

The MERLIN system was re-installed on a Monopole 
in 2006 as an avian monitoring system for the 
windfarm 
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SRVW�FRQVWUXFWLRQ� PRQLWRULQJ� IRU� WKH� RSHUDWLQJ� ZLQG� IDUP�� � ,Q� 6HSWHPEHU� ������ 0(5/,1�
SURFHVVRUV�ZHUH�DGGHG�WR�D�VKLS�FROOLVLRQ�DYRLGDQFH�UDGDU�DW�WKH�ZLQG�IDUP�WR�SURYLGH�D�VHFRQG�
DYLDQ�UDGDU�V\VWHP�IRU�H[SDQGHG�ELUG�GHWHFWLRQ�UDQJH���

'H7HFW�SURYLGHG�HQJLQHHULQJ��SURJUDPPLQJ�DQG�RQ�VLWH�UH�LQVWDOODWLRQ�VXSSRUW�IRU�WKH�PRQLWRULQJ�
V\VWHP� WKDW� LQFOXGHG� GHVLJQ� UHYLHZ� RI� UDGDU� FXVWRP� UDGDU� PRXQWV� IRU� WKH� PRQRSROH�� UH�
LQVWDOODWLRQ�4$�4&��VSHFLILFDWLRQ�RI�FXVWRP�PDJQHWURQV� WR�HOLPLQDWH� LQ�EDQG� LQWHUIHUHQFH� IURP�
RWKHU�PDULQH�UDGDUV� LQ� WKH�SURMHFW�DUHD��GHOLYHU\�RI�D�QHZ��H[SDQGHG�FDSDELOLW\� UHPRWH�FRQWURO�
LQWHUIDFH��GHOLYHU\�DQG� LQVWDOODWLRQ�RI�0(5/,1�DYLDQ� UDGDU�VRIWZDUH�XSJUDGHV��GHYHORSPHQW�RI�
DXWRPDWHG� GDWD� SURFHVVLQJ� VRIWZDUH� IRU� WKH� PRQLWRULQJ� SKDVH� RI� WKH� SURMHFW�� XSGDWHG� XVHU�
WUDLQLQJ�WR�%X:D��UDGDU�LQVWDOODWLRQ�DQG�FDOLEUDWLRQ��DQG��GDWD�SURFHVVLQJ�DQG�TXDOLW\�DVVXUDQFH���
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������� %HDWULFH�:LQG�)DUP��2IIVKRUH�$YLDQ�5DGDU�6XUYH\��6FRWODQG�

'(7(&7�6&23(�� 'HOLYHU\�� LQVWDOODWLRQ�� V\VWHP� VWDUW�XS� 	� VXSSRUW� IRU� 0(5/,1�� $YLDQ�
5DGDU� 6\VWHP� IRU� RIIVKRUH� ZLQG� HQHUJ\� SURMHFW� DYLDQ� VXUYH\�� ULVN�
DVVHVVPHQW��DQG�SRVW�FRQVWUXFWLRQ�PRQLWRULQJ�DQG�PLWLJDWLRQ����

&/,(17�� 7DOLVPDQ�(QHUJ\��/WG��

2:1(5�� 7DOLVPDQ�(QHUJ\�6FRWWLVK�DQG�6RXWKHUQ�(QHUJ\�

7KH� %HDWULFH� :LQG� )DUP� LV� WKH� IODJVKLS� SURMHFW� IRU� RIIVKRUH� ZLQG� HQHUJ\� GHYHORSPHQW� LQ�
6FRWODQG�� WKH� 8.� DQG� (XURSH�� 7KH� ¼��� PLOOLRQ� SURMHFW�
DLPV� WR� LQVWDOO� WZR� GHPRQVWUDWRU�ZLQG� WXUELQHV� DGMDFHQW�
WR� WKH� %HDWULFH� RLO� ILHOG�� ��� NP� RII� WKH� HDVW� FRDVW� RI�
6FRWODQG����7KH�SURMHFW�LV�RZQHG�E\�7DOLVPDQ�(QHUJ\�DQG�
6FRWWLVK� DQG� 6RXWKHUQ� (QHUJ\�� ZKR� FRQWUDFWHG� WKH�
8QLYHUVLW\�RI�$EHUGHHQ�WR�FRQGXFW�DQ�DYLDQ�VXUYH\�RI�WKH�
SURSRVHG�LQVWDOODWLRQ�DUHD����

,Q� ������ 7DOLVPDQ� SXUFKDVHG� D� )XUXQR� ��� N:� 6�EDQG�
PDULQH� UDGDU� IRU� WKH� 8QLYHUVLW\� WR� XVH� WR� FRQGXFW� DQ�
DYLDQ� VXUYH\� DQG� PRUWDOLW\� ULVN� DVVHVVPHQW� IRU� WKH�
SURSRVHG� ZLQG� IDUP�� � 7KH� UDGDU� ZDV� LQVWDOOHG� E\� WKH�
7DOLVPDQ�DQG�WKH�8QLYHUVLW\�RQ�WKH�7DOLVPDQ�%HDWULFH�RLO�
SODWIRUP� RII� WKH� 6FRWWLVK� FRDVW� DQG� RSHUDWHG� LQ� D�
KRUL]RQWDO�VFDQQLQJ�PRGH���$IWHU�WKH�UDGDU�ZDV�LQVWDOOHG��
WKH� 8QLYHUVLW\� GHWHUPLQHG� WKDW� PDQXDO� LQWHUSUHWDWLRQ� RI�
VWDQGDUG�PDULQH� UDGDU�GLVSOD\�DQG�GDWD�GLG�QRW� SURYLGH�
VXIILFLHQWO\� UHOLDEOH� GDWD� WR� VXSSRUW� WKH� VXUYH\� DQG� ULVN�
DVVHVVPHQW�����

7KH�8QLYHUVLW\�FRQWDFWHG�'H7HFW�DQG�UHTXHVWHG�D�IHDVLELOLW\�SURSRVDO�IRU�'H7HFW�WR�XSJUDGH�WKH�
)XUXQR� UDGDU� WR� 'H7HFWµV� 0(5/,1�� DYLDQ� UDGDU� SURFHVVRU�� � 'H7HFW� ZDV� FRQWUDFWHG� E\�
7DOLVPDQ�(QHUJ\�LQ�HDUO\������WR�SURYLGH�D�SURMHFW�DVVHVVPHQW�DQG�GHOLYHU��LQVWDOO�DQG�VWDUW�XS�
KDUGZDUH�DQG�VRIWZDUH��WR�DXWRPDWH� WKH�UDGDU�GDWD�FROOHFWLRQ�DQG�SURFHVVLQJ�� �'H7HFW�DGGHG�
WKH�0(5/,1�FRPSXWHU�HTXLSPHQW�DQG�VRIWZDUH��LQFOXGLQJ�WKH�0(5/,1�DYLDQ�UDGDU�SURFHVVLQJ�
VRIWZDUH�� WR� WKH�)XUXQR� UDGDU� LQ�0DUFK������DQG� WKH�V\VWHP�ZDV�RSHUDEOH�DQG�DXWRPDWLFDOO\�
FROOHFWLQJ�GDWD������ LQ� WLPH�IRU�WKH�VSULQJ������PLJUDWRU\�VHDVRQ��� �'H7HFW�SURYLGHV�RQ�JRLQJ�
GDWD� DQDO\VLV�� SURFHVVLQJ�� LQWHUSUHWDWLRQ�� � 4$�4&� DQG� UDGDU� RUQLWKRORJ\� FRQVXOWDWLRQ� WR� WKH�
8QLYHUVLW\�DQG�7DOLVPDQ�IRU�WKH�SURMHFW���

Furuno marine radar on the Talisman-
Beatrice platform (top unit - blue); the 
MERLIN processor was installed in the 
equipment console to the left. 
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$IWHU�LQVSHFWLQJ�WKH�SURMHFW�VLWH��
DQG� UHYLHZLQJ� WKH� DVVHVVPHQW��
SODQ� GHYHORSHG� E\� WKH�
8QLYHUVLW\�� 'H7HFW�
UHFRPPHQGHG� DGGLWLRQDO� RI� D�
YHUWLFDO� VFDQQLQJ� ;�EDQG� UDGDU�
�WR� FROOHFW� DOWLWXGH� GDWD� RQ� WKH�
VXUYH\� DUHD��� LQVWDOODWLRQ� RI�
LQWHUQHW� FRQQHFWLYLW\� �WR� WKH�
UDGDU� WR� SURYLGH� UHPRWH� GDWD�
DFFHVV�DQG�V\VWHP�FRQWURO���DQG�
DGGLWLRQ�RI�D�UDGDU�VKLHOG� WR� WKH�
KRUL]RQWDOO\� VFDQQLQJ� 6�EDQG�
UDGDU� �WR� UHGXFH� VHD� FOXWWHU�
LQWHUIHUHQFH��� � � ,Q� 1RYHPEHU��
������ 'H7HFWµV� FRQWUDFW� ZDV�
H[SDQGHG� WR� LQFOXGH�DGGLWLRQ�RI�
WKH� UHFRPPHQGHG� XSJUDGHV�
DQG� WR� SURYLGH� ORQJ�WHUP�
DGYLVRU\� DQG� DYLDQ� ELRORJ\�
VXSSRUW� VHUYLFHV� WR� WKH�
8QLYHUVLW\� DQG�7DOLVPDQ� IRU� WKH�
SURMHFW�����������
7KH�0(5/,1�SURFHVVRU�DGGLWLRQ�
LQ� ����� SURYLGHG� WKH� 8QLYHUVLW\�
ELRORJLVWV� ZLWK� UHDO�WLPH�
SURFHVVHG� ELUG� WUDFN� GDWD� LQ� D�
SUHVHQWDWLRQ� IRUPDW� WKDW� LV�
XVDEOH�WR�WKH�VWXG\�UHVHDUFKHUV���
7KH� 0(5/,1� V\VWHP�
DGGLWLRQDOO\� DXWRPDWLFDOO\�
UHFRUGV� DOO� UDGDU� V\VWHP� DQG�
ELUG� WUDFN� GDWD� GLUHFWO\� LQWR� WKH�
0(5/,1� GDWDEDVH� IRU� RIIVLWH�
DQDO\VLV� DQG� XVH� LQ� ULVN� GHWHUPLQDWLRQ�� � 7KH� SKRWR� WR� WKH� ULJKW� LV� D� VFUHHQ� SKRWR� RI� WKH� SUH�
0(5/,1� XSJUDGH� VWDQGDUG� �XQSURFHVVHG�� )XUXQR� 6�EDQG� UDGDU� GLVSOD\� DV� LQVWDOOHG� E\� WKH�
8QLYHUVLW\�LQ��������7KH�VPDOO�ZKLWH�ʊVSRWs”� LQ�WKH�LPDJH�IURP�VRXWK�VRXWKHDVW�WR�WKH�ZHVW�DUH�
ELUG� WDUJHWV� EHLQJ� WUDFNHG� E\� WKH� UDGDU�� � 7KH�ZKLWH� VHPLFLUFOH� DW� WKH� FHQWHU� RI� WKH� GLVSOD\� LV�
UHIOHFWLYLW\� FOXWWHU� IURP� WKH�PHWDO� RLO� SODWIRUP�VWUXFWXUH�� �7KH� OLJKWHU�ZKLWH�ʊVPHDULQJ”� QHDU� WKH�
FHQWHU� LV� VHD� VWDWH� �ZDYH� WRS�� FOXWWHU� LQWHUIHUHQFH�� � :LWK� WKLV� GLVSOD\�� WKH� ELRORJLVW� PXVW�
FRQWLQXDOO\�PRQLWRU�WKH�VFUHHQ��GHFLGH�ZKLFK�WDUJHWV�DUH�ELUGV��GHWHUPLQH�WKH�VL]HV�RI�WKH�ELUGV�
DQG�DWWHPSW�WR�FRXQW�DQG�UHFRUG�WKH�WDUJHWV���$GGLWLRQDOO\�WKH�SUHVHQFH�RI�FOXWWHU�REVFXUHV�VRPH�
ELUG�WDUJHWV�UHGXFLQJ�WKH�UHOLDELOLW\�RI�WKH�GDWD��

7KH� ERWWRP� SKRWR� LV� WKH� VDPH� GDWH� DIWHU� EHLQJ� SURFHVVHG� E\� WKH� 0(5/,1� VRIWZDUH�� � 7KH�
0(5/,1�V\VWHP�UHPRYHV�WKH�LQWHUIHUHQFH�FOXWWHU�ZLWK�LWV�FXVWRP�FOXWWHU�VXSSUHVVLRQ�DOJRULWKPV��
LGHQWLILHV�� WUDFNV� DQG� FRQYHUWV� WKH� ELUG� WDUJHWV� LQ� WR� UHDGLO\� GLVFHUQLEOH� V\PEROV� ZLWK� ʊWUDLOV”�
LQGLFDWLQJ�WKH�KLVWRULFDO�SDWK�RI�WKH�ELUG��DQG�DGGV�D�FXVWRP�ʊPDS”�UHIHUHQFH�XQGHUOD\�VKRZLQJ�

Right photo– the Furuno 
raw radar image before 
MERLIN processing.   
Bottom photo – the 
same data displayed by 
the MERLIN radar 
processing software  
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WKH�UDGDU�SRVLWLRQ��VFUHHQ�FHQWHU���EHDULQJ��UHODWLYH�GLVWDQFH��UHG���QP�UDQJH�ULQJ���DQG�WKH�ELUG�
WDUJHWV�LQ�UHODWLRQ�WR�RWKHU�IHDWXUHV��:7*���	���±�WKH�SURSRVHG�WXUELQH�ORFDWLRQV�����
�
$OO� LQIRUPDWLRQ�RQ�HDFK�WDUJHW��WUDFN�,'���WDUJHW�VL]H��VSHHG��EHDULQJ��HWF��� LV�DOVR�FRQWLQXRXVO\�
UHFRUGHG�E\�WKH�0(5/,1�VRIWZDUH�WR�WKH�V\VWHPµV�LQWHUQDO�GDWDEDVH�±�WKLV�GDWD�FDQ�EH�TXHULHG�
ZLWK�WKH�VRIWZDUHµV�VWDQGDUG�SURJUDPV�WR�GHYHORS�GHQVLW\�DQG�SDVVDJH�UDWH�YDOXHV�IRU�PRUWDOLW\�
ULVN�FDOFXODWLRQ���7KH�0(5/,1�GLVSOD\�DOVR�VKRZV�WKH�0(5/,1�*URXQGWUXWK�%DU��WKH�ULJKW�SDQHO�
RI� WKH� VFUHHQ�� WKDW� DOORZV� ELRORJLVW� REVHUYHUV� RQ� WKH� SODWIRUP� WR� YLVXDOO\� FRQILUP� ELUG� WDUJHWV�
WUDFNHG�E\� WKH� UDGDU�DQG�DSSHQG�REVHUYDWLRQDO�GDWD�VXFK�D�VSHFLHV��TXDQWLW\�� IOLJKW�EHKDYLRU��
HWF��WR�WKH�VSHFLILF�WDUJHW�WUDFN�LQ�WKH�GDWDEDVH������������
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�

�����5DGDU�6XUYH\�3URMHFW�5HIHUHQFHV�
$� OLVW�RI�DGGLWLRQDO� UHSUHVHQWDWLYH�ZLQG� IDUP�VXUYH\�SURMHFW� WKDW�KDYH�XVHG� WKH�0(5/,1�$YLDQ�
5DGDU�6\VWHP�IROORZV��

%ORFN� ,VODQG� 2IIVKRUH� :LQG� 3DUN�� 5KRGH� ,VODQG�� 86$� �'HHSZDWHU� :LQG� //&�� �����
SUHVHQW��'HVLJQ�� GHOLYHU\�� LQVWDOODWLRQ�� VWDUW�XS� DQG� RSHUDWLRQDO� VXSSRUW� RI� D�PRELOH� 0(5/,1�
;6����H� $YLDQ� 5DGDU� 6\VWHP� IRU� D� \HDUORQJ� SUH�FRQVWUXFWLRQ� VXUYH\� WKH� SURSRVHG� RIIVKRUH�
ZLQG�IDUP���)RU�WKH�ILUVW�\HDU��WKH�UDGDU�ZDV�LQVWDOOHG�RQ�VKRUH�DQG�VXUYH\HG�QHDU�VKRUH�WXUELQHV�
VLWHV�� � 'H7HFWµV� ZRUN� DOVR� LQFOXGHG� VXSSO\� DQG� LQVWDOODWLRQ� RI� IRXU� $QDEDW� EDW� GHWHFWLRQV� WR�
GHYHORS�GDWD�WR�LGHQWLI\�EDW�DFWLYLW\�LQ�WKH�0(5/,1�UDGDU�GDWD���)RU�\HDU�7ZR��WKH�UDGDU�V\VWHP�
ZLOO�EH�UHLQVWDOOHG�RQWR�D�PHW�PDVW�WRZHU���PLOHV�RIIVKRUH�WR�FROOHFW�SUHFRQVWUXFWLRQ�GDWD�IRU�WKH�
RIIVKRUH�ZLQGIDUP�LQVWDOODWLRQ���,Q�WKH�IDOO�RI�������WKH�VXUYH\�ZDV�VXSSOHPHQWHG�E\�LQVWDOODWLRQ�
RI�D�'H7HFW�9(63(5�)L[HG�EHDP�9HUWLFDO�3URILOH�5DGDU�WR�GHYHORS�GDWD�RQ�EDW�DFWLYLW\�DW� WKH�
VLWH�� � 7KH� 9(63(5� GHSOR\PHQW� LV� IXQGHG� E\� D� JUDQW� IURP� WKH� 8�6�� 'HSDUWPHQW� RI� (QHUJ\���
'H7HFW�SURYLGHV�ELUG�UDGDU�VWXG\�WHFKQLFDO�GHVLJQ��FRQVXOWLQJ�DQG�GDWD�SURFHVVLQJ�DQG�DQDO\VLV�
VXSSRUW� ZRUNLQJ� ZLWK� WKH� RZQHUµV� HQYLURQPHQWDO� FRQVXOWDQWV�� 7HWUDWHFK�� ,QF�� DQG� 3DQGLRQ�
$VVRFLDWHV��

3OXP� ,VODQG� 2IIVKRUH� :LQG� 3DUN�� 1HZ� <RUN�� 86$� �'HHSZDWHU� :LQG� //&�� �����������
'HVLJQ�� GHOLYHU\�� LQVWDOODWLRQ�� VWDUW�XS� DQG� RSHUDWLRQDO� VXSSRUW� RI� D�PRELOH�0(5/,1�;6����H�
$YLDQ�5DGDU�6\VWHP� IRU�D�\HDUORQJ�SUH�FRQVWUXFWLRQ�VXUYH\� WKH�SURSRVHG�RIIVKRUH�ZLQG� IDUP���
)RU�WKH�ILUVW�\HDU��WKH�UDGDU�ZDV�LQVWDOOHG�RQ�VKRUH�DQG�VXUYH\HG�WKUHH�QHDU�VKRUH�WXUELQHV�VLWHV���
)RU�\HDU�7ZR��WKH�UDGDU�V\VWHP�ZLOO�EH�UHLQVWDOOHG�RQWR�WKH�PHW�PDVW�WRZHU���PLOHV�RIIVKRUH�WR�
FROOHFW� SUHFRQVWUXFWLRQ� GDWD� IRU� WKH� RIIVKRUH� ZLQGIDUP�� 'H7HFW� SURYLGHV� ELUG� UDGDU� VWXG\�
WHFKQLFDO�GHVLJQ��FRQVXOWLQJ�DQG�GDWD�SURFHVVLQJ�DQG�DQDO\VLV�VXSSRUW�ZRUNLQJ�ZLWK�WKH�RZQHUµV�
HQYLURQPHQWDO�FRQVXOWDQW��HFRORJ\�	�HQYLURQPHQW��,QF��

%XIIDOR�0RXQWDLQ�:LQG�)DUP�%DW�5DGDU�6XUYH\��2DN�5LGJH��7HQQHVVHH��86$����7HQQHVVHH�
9DOOH\� $XWKRULW\� DQG�(OHFWULF�3RZHU�5HVHDUFK� ,QVWLWXWH�� ����������� �'H7HFW� FRQGXFWHG�D�
3KDVH�,�EDW�VXUYH\�ZLWK�D�0(5/,1�;6����H�UDGDU�V\VWHP�ZLWK�WKHUPDO�LPDJLQJ�FDPHUDV�DW�WKH�
%XIIDOR�0RXQWDLQ�:LQG�)DUP� LQ�2DN�5LGJH��7HQQHVVHH� LQ�$XJXVW������XQGHU� FRQWUDFW� WR� WKH�
7HQQHVVHH�9DOOH\�$XWKRULW\� �79$��DQG� WKH�(OHFWULF�3RZHU�5HVHDUFK� ,QVWLWXWH� �(35,��� �3URMHFW�
WDVNV� LQFOXGHG�VXSSO\�DQG�RSHUDWLRQ�RI� D�'H7HFW�RZQHG� UHQWDO�0(5/,1�$YLDQ�5DGDU�6\VWHP�
XQLW�� WKHUPDO� LPDJLQJ� HTXLSPHQW�� RSHUDWRUV�� ILHOG� ELRORJLVWV�� GDWD� DQDO\VLV� DQG� H[SHUWLVH� WR�
LQYHVWLJDWH�EDW�PRUWDOLW\�DW�WKH�VLWH�DQG�SURYLGH�UHFRPPHQGDWLRQV�IRU�WKH�3KDVH�,,�VWXG\�DQG�D�
SRVW�FRQVWUXFWLRQ�PRQLWRULQJ�SURJUDP�WR�DGGUHVV� WKH�EDW�NLOOV�DW� WKH�VLWH�� �7KH�GDWD�GHYHORSHG�
IURP� WKLV� VWXG\� ZDV� XVHG� WR� LGHQWLI\� VSHFLDOL]HG� UDGDU� UHTXLUHPHQWV� IRU� EDW� PRUWDOLW\� ULVN�
PLWLJDWLRQ�DQG� OHG� WR� WKH�GHYHORSPHQW�RI�'H7HFWµV�9(63(5�)L[HG�EHDP�9HUWLFDO�3URILOH� UDGDU�
V\VWHP���

&DSH� &RG� &RPPXQLW\� &ROOHJH�:LQG� 7XUELQH�� +\DQQLV�� 0DVVDFKXVHWWV� �0DVVDFKXVHWWV�
7HFKQRORJ\� &ROODERUDWLYH�� ����������� � 6XSSRUWHG� GDWD� FROOHFWLRQ� DQG� DVVHVVPHQW� RI� ELUG�
DFWLYLW\� DW� WKH� SURSRVHG� VLQJOH� ZLQG� WXUELQH� VLWH� LQFOXGLQJ� GHOLYHU\�� RSHUDWLRQ� RI� D� 0(5/,1�
;6����H� $YLDQ� 5DGDU� 6\VWHP� GXULQJ� WKH� IDOO� RI� ����� DQG� VSULQJ� ����� PLJUDWRU\� VHDVRQV���
'H7HFW� DOVR� SURYLGHG� GDWD� SRVW�SURFHVVLQJ� DQG� DQDO\VLV� LQ� 'H7HFWµV� GDWD� FHQWHU� LQ� 3DQDPD�
&LW\��)ORULGD�DQG�GHYHORSHG�DYLDQ�LPSDFW�DQG�ULVN�UHSRUW�EDVHG�RQ�WKH�GDWD�FROOHFWLRQ��

&HQWUDO� 6FLHQFH� /DE� $YLDQ�5DGDU� 6\VWHPV�� <RUN�� (QJODQG�� 8QLWHG�.LQJGRP� �)RRG� DQG�
(QYLURQPHQW�5HVHDUFK�$JHQF\��IHUD�������SUHVHQW���'H7HFW�KDV�VXSSOLHG�DQG�VXSSRUWV�WZR�
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0(5/,1�;6����H�$YLDQ�5DGDU�6\VWHPV�XVHG�E\�IHUD�IRU�ZLQG�IDUP�DQG�DLUSRUW�DYLDQ�VXUYH\V�
DQG�VXSSRUW� WKURXJKRXW� WKH�8QLWHG�.LQJGRP�� � ,QFOXGHG�D�0(5/,1� �;6����H[�V\VWHP�ZLWK�DQ�
H[WHQGHG�KHLJKW�H[SDQGDEOH�WRZHU�DQG�XSJUDGH�RI�D�*HR�0DULQH��0$56�ELUG�UDGDU�XQLW�WR�WKH�
0(5/,1�DYLDQ�UDGDU�V\VWHP�VRIWZDUH���,Q�������'H7HFW�VXSSRUWHG�WKH�IHUD�LQ�DVVHVVPHQW�DQG�
GHYHORSPHQW�RI�RIIVKRUH�DYLDQ� UDGDU�VXUYH\�PHWKRGRORJLHV� WR�VHW�VWDQGDUGV� IRU� WKH�(XURSHDQ�
8QLRQ��

&RPVWRFN�:LQG� )DUP��5HQR��1HYDGD� �*UHDW�%DVLQ�:LQG�2DN�&UHHN�(QHUJ\�� �����������
'H7HFW�VXSSOLHG�DQG�VXSSRUWHG�RSHUDWLRQ�RI�D�FRPSDQ\�RZQHG�0(5/,1�;6����H�$YLDQ�5DGDU�
6\VWHP�IRU�VXUYH\�DQG�DVVHVVPHQW�RI�ELUG�DFWLYLW\�DW�WKH�SURSRVHG�ZLQG�WXUELQH�VLWH�IRU�WKH�IDOO�
�����DQG�VSULQJ������PLJUDWRU\�VHDVRQV��7KH�RZQHUµV�FRQVXOWLQJ�ELRORJLVWV��.OHLQ�HOGHU�� ,QF���
ZHUH�WUDLQHG�RQ�V\VWHP�RSHUDWLRQ�DQG�PDLQWDLQHG�V\VWHP�RSHUDWLRQ�DQG�GDWD�FROOHFWLRQ�GXULQJ�
WKH���ZHHN�VXUYH\�SHULRGV�IRU�HDFK�VHDVRQ���'H7HFW�SURYLGHG�IXOO�UHPRWH�WHFKQLFDO�VXSSRUW�DQG�
GDWD�DQDO\VLV��4$�4&��ELUG�PRUWDOLW\�ULVN�DVVHVVPHQW�DQG�UHSRUWLQJ���

(DVWKDYHQ�:LQG�)DUP�$YLDQ�5DGDU�6XUYH\��(DVWKDYHQ��9HUPRQW��86$��9HUPRQW�)LVK�DQG�
:LOGOLIH� 'HSDUWPHQW�� � ������ � &RQGXFWHG� D� OLPLWHG� DYLDQ� UDGDU� VXUYH\� RI� WKH� SURSRVHG�
(DVWKDYHQ� :LQG� )DUP� LQ� 1RYHPEHU� ����� XQGHU� FRQWUDFW� WR� WKH� 9HUPRQW� )LVK� DQG� :LOGOLIH�
'HSDUWPHQW�� �8QGHU�WKH�FRQWUDFW��'H7HFW�FRQGXFWHG�D�IRXU�ZHHN�VXUYH\�RI� WKH�SURSRVHG�ZLQG�
IDUP� VLWH� ZLWK� D� 'H7HFW�RZQHG� UHQWDO� 0(5/,1� ;��� ELUG� GHWHFWLRQ� UDGDU� V\VWHP�� � 7KH� ZRUN�
LQFOXGHG� � V\VWHP� RSHUDWLRQ�� GDWD� JURXQGWUXWKLQJ�� GDWD� DQDO\VLV� DQG� H[SHUW� WHVWLPRQ\� IRU�
DVVHVVPHQW�RI�PRUWDOLW\�ULVN�WR�ELUG�DFWLYLW\�IURP�WKH�SURSRVHG�ZLQG�WXUELQH�VLWH��

*XOI� :LQG� ,� :LQGIDUP�� 7H[DV� 86$� �3DWWHUQ� (QHUJ\�� IRUPHUO\� %DEFRFN� 	� %URZQ� 86$��
�����SUHVHQW�� 'HVLJQ�� GHOLYHU\�� LQVWDOODWLRQ�� VWDUW�XS� DQG� RSHUDWLRQDO� VXSSRUW� RI� D� PRELOH�
0(5/,1� ;6����H� $YLDQ� 5DGDU� 6\VWHP� IRU� DYLDQ� PRUWDOLW\� ULVN� PRQLWRULQJ� DW� WKH� ZLQG� IDUP�
ORFDWHG�RQ�WKH�7H[DV�*XOI�&RDVW��7KH�V\VWHP�ZDV�LQVWDOOHG�LQ�WKH�IDOO�RI������DQG�FROOHFWHG�WZR�
\HDUV� RI� ����� GDWD� RQ� DYLDQ� DFWLYLW\� WKDW� ZDV� XVHG� WR� PRGHO� SRWHQWLDO� ULVN� WR� PLJUDWRU\� DQG�
UHVLGHQW� ELUGV� LQ� WKH� SURSRVHG� ZLQG� IDUP� DUHDV�� � ,Q� ����� WKH� V\VWHP� ZDV� LQVWDOOHG� DV� D�
SHUPDQHQW� PRQLWRULQJ� V\VWHP� IRU� WKH� RSHUDWLQJ� ZLQG� IDUP� ZLWK� WKH� 0(5/,1� 6&$'$� DYLDQ�
PRUWDOLW\� ULVN�PLWLJDWLRQ� VRIWZDUH� ZKLFK� DOORZV� WKH� ELUG� UDGDU� WR� IXQFWLRQ� DV� DQ� HDUO\�ZDUQLQJ�
PRUWDOLW\�ULVN�PLWLJDWLRQ�V\VWHP�IRU�PLJUDWRU\�ELUGV�SURYLGLQJ�DGYDQFH�GHWHFWLRQ�RI�HOHYDWHG�ELUG�
DFWLYLW\�DQG�DXWRPDWLFDOO\�LGOLQJ�WKH�ZLQG�WXUELQHV�ZKHQ�ELUGV�DUH�GHWHFWHG�XQGHU�KLJK�PRUWDOLW\�
ULVN�FRQGLWLRQV���7KH�0(5/,1�6&$'$�LQVWDOODWLRQ�DW�WKH�*XOI�:LQG�,�:LQGIDUP�LV�WKH�ILUVW�XVH�RI�
DXWRPDWHG� DYLDQ� UDGDU� WHFKQRORJ\� IRU� ULVN� PLWLJDWLRQ� DW� D� ZLQG� IDUP� LQ� WKH� ZRUOG�� 'H7HFW�
SURYLGHV�ELUG�UDGDU�VWXG\�DQG�PRQLWRULQJ��WHFKQLFDO�GHVLJQ��FRQVXOWLQJ�DQG�GDWD�SURFHVVLQJ�DQG�
DQDO\VLV� VXSSRUW�ZRUNLQJ�ZLWK� WKH� RZQHUµV� HQYLURQPHQWDO� FRQVXOWDQWV��6:&$�� ,QF�� DQG�7H[DV�
(6$��

/DNH�2VWURZR�:LQG�)DUP��3RODQG��'RQJ�(QHUJ\�.$33$�������SUHVHQW�±�'HVLJQ��GHOLYHU\��
LQVWDOODWLRQ��VWDUW�XS�DQG�RSHUDWLRQDO�VXSSRUW�RI�D�PRELOH�0(5/,1�;6����H�$YLDQ�5DGDU�6\VWHP�
FRQGXFWLQJ� PXOWL�\HDU� SRVW�FRQVWUXFWLRQ� VXUYH\� DW� 3RODQGµV� ODUJHVW� ZLQG� IDUP� ORFDWHG� RQ� WKH�
%DOWLF�FRDVW���7KH�V\VWHP�LV�RSHUDWHG�E\�WKH�8QLYHUVLW\�RI�6]F]HFLQ�ZLWK�RQ�JRLQJ�GDWD�DQDO\VLV��
SURFHVVLQJ��4$�4&�DQG�JHQHUDO�FRQVXOWDWLRQ�SURYLGHG�E\�'H7HFW��

1HGD�0LQH�%XWOHU� 5LGJH�:LQG� )DUP�%DW� 6XUYH\�� )RQG� GX� /DF��:LVFRQVLQ�� 86$�� � �����
������ �&RQGXFWHG�D� UDGDU�EDW�VXUYH\�DW� WKH�SURSRVHG�%XWOHU�5LGJH�ZLQG� IDUP�QHDU� WKH�1HGD�
0LQH�LQ�:LVFRQVLQ�XQGHU�FRQWUDFW�WR�WKH�:LVFRQVLQ�1DWXUDO�5HVRXUFHV�)RXQGDWLRQ�ZLWK�IXQGLQJ�
IURP�WKH�86�)LVK�DQG�:LOGOLIH�6HUYLFH��86):6��DQG�WKH�86�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\�
�(3$����'H7HFW�SURYLGHG�D�0(5/,1�;6����H�$YLDQ�5DGDU�6\VWHP��WKHUPDO�LPDJLQJ�HTXLSPHQW��
RSHUDWRUV�� GDWD� DQDO\VLV� DQG� H[SHUWLVH� WR� LQYHVWLJDWH� WKH� SRWHQWLDO� IRU� EDW�PRUDOLW\� DW� WKH� VLWH�
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UHODWLYH�WR�WKH�SURSRVHG�ZLQG�IDUP�VLWH���7DVNV�LQFOXGHG�GHWDLOHG�DQDO\VLV�DQG�FRUUHODWLRQ�RI�WKH�
UDGDU�GDWD�ZLWK�DFRXVWLF�GDWD�IURP�$QDEDW�GHWHFWRUV�GHSOR\HG�GXULQJ�WKH�UDGDU�VXUYH\�E\�VWDII�RI�
WKH�:LVFRQVLQ�'HSDUWPHQW�RI�1DWXUDO�5HVRXUFHV��'15��DQG�SURJUDPPLQJ�RI�FXVWRP�DOJRULWKPV�
WR�DQDO\]H�SRWHQWLDO�WR�DXWRPDWLFDOO\�GLIIHUHQWLDWH�ELUG�DQG�EDW�WDUJHWV�ZLWKLQ�WKH�UDGDU�V\VWHP�LQ�
UHDO�WLPH����

3HQmVFDO�:LQG�)DUP��7H[DV�86$��,EHUGUROD�5HQHZDEOHV�������SUHVHQW�� �'HVLJQ��GHOLYHU\��
LQVWDOODWLRQ��VWDUW�XS�DQG�RSHUDWLRQDO�VXSSRUW�RI�D�PRELOH�0(5/,1�;6����H�$YLDQ�5DGDU�6\VWHP�
DV�D�SHUPDQHQW�PRQLWRULQJ�V\VWHP�IRU� WKLV�RSHUDWLQJ�ZLQG�IDUP�WKDW� LV� ORFDWHG�DGMDFHQW� WR�WKH�
*XOI�:LQG�,�ZLQG�IDUP�VRXWK�RI�&RUSXV�&KULVWL��7H[DV�LQ�.HQHG\�&RXQW\���7KH�V\VWHP�XVHV�WKH�
0(5/,1�6&$'$�DYLDQ�PRUWDOLW\�ULVN�PLWLJDWLRQ�VRIWZDUH�ZKLFK�DOORZV�WKH�ELUG�UDGDU�WR�IXQFWLRQ�
DV� DQ� HDUO\�ZDUQLQJ� ULVN� PLWLJDWLRQ� V\VWHP� IRU� PLJUDWLQJ� ELUGV� DW� WKH� ZLQG� IDUP� SURYLGLQJ�
DGYDQFH�GHWHFWLRQ�RI�HOHYDWHG�ELUG�DFWLYLW\�DQG�DXWRPDWLFDOO\�LGOLQJ�WKH�ZLQG�WXUELQHV�ZKHQ�ELUGV�
DUH�GHWHFWHG�XQGHU�KLJK�PRUWDOLW\�ULVN�FRQGLWLRQV���$ORQJ�ZLWK�*XOI�:LQG�,��WKH�0(5/,1�6&$'$�
LQVWDOODWLRQ�DW� WKH�ZLQGIDUP� LV� WKH� ILUVW�XVH�RI� UDGDU� WHFKQRORJ\� IRU�PLJUDWRU\�ELUG�PRUWDOLW\� ULVN�
PLWLJDWLRQ�DW�D�ZLQG�IDUP�LQ�WKH�ZRUOG���7KH�V\VWHPV�DUH�DOVR�LQWHJUDWHG�LQWR�D�ZLGHU�QHWZRUN�RI�
ELUG�UDGDUV�ZLWK� WKRXJK�D�931�WR�H[SDQG�WKH�HDUO\�ZDUQLQJ�FDSDELOLW\�RI�HDFK� LQGLYLGXDO� UDGDU�
EHWZHHQ� HDFK� ZLQG� IDUP�� 'H7HFW� SURYLGHV� ELUG� UDGDU� VWXG\� WHFKQLFDO� GHVLJQ�� FRQVXOWLQJ� DQG�
GDWD� SURFHVVLQJ� DQG� DQDO\VLV� VXSSRUW� ZRUNLQJ� ZLWK� WKH� RZQHUµV� HQYLURQPHQWDO� FRQVXOWDQWV��
6:&$��,QF���7H[DV�(6$�DQG�:(67��,QF���

3G9�:LQG�)DUP�$YLDQ�5DGDU�6XUYH\��.HUQ�&RXQW\��&DOLIRUQLD��86$���������� ,Q�VXSSRUW�RI�
WKH�GHYHORSHUµV�FRQVXOWDQW��6DSSKRV�(QYLURQPHQWDO�� ,QF���'H7HFW�SURYLGHG�D� WZR�SKDVH�DYLDQ�
ULVN�DVVHVVPHQW�RI�SURSRVHG�ZLQG�IDUP�VLWH�LQ�WKH�0RMDYH�DUHD�RI�&DOLIRUQLD���3KDVH�,�SURYLGHG�
SUH�DVVHVVPHQW� RI� WKH� VLWH� XVLQJ� SURFHVVHG� 86� 1(;5$'� GDWD� ZLWK� 'H7HFWµV� %LUG0DS�
WHFKQRORJ\�� � +LVWRULFDO� SURFHVVHG� 1(;5$'� GDWD� IRU� WKH� VLWH� ������ GDWD� XSGDWHG� HYHU\� VL[�
PLQXWHV��ZDV�H[WUDFWHG�FRYHULQJ�D� WKUHH�\HDU�SHULRG� IRU� WKH�SURMHFW�VLWH�DQG�VXUURXQGLQJ�DUHD�
DQG�DQDO\]HG�IRU�OHYHOV�RI�ELUG�DFWLYLW\��ZLWK�VSHFLILF�IRFXV�RQ�QLJKWWLPH�PLJUDWLRQ�SHULRG�LQ�ORZ�
YLVLELOLW\�� � 'DWD� ZDV� DOVR� FRPSDUHG� WR� D� NQRZQ� ELUG� KDELWDW� UHVRXUFH� DUHD� DQG� FRQFOXVLRQV�
GHYHORSHG�DV�WR�WKH�UHODWLYH�OHYHO�RI�ELUG�DFWLYLW\�DQG�PRUWDOLW\�ULVN�H[SHFWHG�IRU�WKH�SURMHFW�VLWH���
)RU� WKH� IDOO� ����� PLJUDWRU\� VHDVRQ�� 'H7HFW� SURYLGHG� D� FRPSDQ\�RZQHG� UHQWDO� 0(5/,1�
;6����H�DYLDQ� UDGDU� V\VWHP� WR�6DSSKRV�ELRORJLVWV� IRU� FROOHFWLRQ� RI� GDWD� ����� GXULQJ� WKH� IDOO�
PLJUDWRU\�VHDVRQ���6DSSKRV�ELRORJLVWV�ZHUH�WUDLQHG�RQ�V\VWHP�RSHUDWLRQ�DQG�'H7HFW�SURYLGHG�
IXOO� UHPRWH� WHFKQLFDO� VXSSRUW� DQG� GDWD� DQDO\VLV�� 4$�4&�� ELUG� PRUWDOLW\� ULVN� DVVHVVPHQW� DQG�
UHSRUWLQJ���

(O�3LQR�:LQG�)DUP��6SDLQ� �7RUVD�5HQRYDEOHV�������SUHVHQW��'HVLJQ��GHOLYHU\�� LQVWDOODWLRQ��
VWDUW�XS� DQG� RSHUDWLRQDO� VXSSRUW� RI� D� PRELOH� 0(5/,1� ;6�����PH� $YLDQ� 5DGDU� 6\VWHP�
HTXLSSHG�ZLWK� D� VROLG�VWDWH�0(5/,16KDUS(\H� KRUL]RQWDO� VFDQQLQJ� UDGDU� VXSSRUWLQJ� D� YXOWXUH�
PRUWDOLW\� ULVN�PLWLJDWLRQ� VWXG\� DW� RSHUDWLQJ� ZLQG� IDUP�� � 7KH� V\VWHP� LV� FROOHFWLQJ� GDWD� ����� WR�
GHWHUPLQH� XVDJH� SDWWHUQV� IRU� WKH� YXOWXUHV� DW� WKH� VLWH� WR� GHYHORS� PRUWDOLW\� ULVN� PLWLJDWLRQ�
LPSOHPHQWDWLRQ� RI� WKH� 0(5/,1� 6&$'$� PRUWDOLW\� ULVN� V\VWHP�� 'H7HFW� LV� SURYLGLQJ� WKH� VWXG\�
GHVLJQ�� ILHOG� LQVWDOODWLRQ� RYHUVLJKW�� V\VWHP� VWDUWXS�� ILHOG� ELRORJ\� VXSSRUW�� FRQVXOWLQJ� DQG� GDWD�
SURFHVVLQJ�DQG�DQDO\VLV�VXSSRUW�ZRUNLQJ�ZLWK�WKH�RZQHUµV�ELRORJLVWV��

5RVV� ,VODQG� :LQGIDUP�� 1HZ� =HDODQG� �0HULGLDQ� (QHUJ\� /WG��� �����SUHVHQW�� � 'HVLJQ��
GHOLYHU\�� LQVWDOODWLRQ�� VWDUW�XS� DQG� RSHUDWLRQDO� VXSSRUW� RI� D� PRELOH� 0(5/,1� ;6����H� $YLDQ�
5DGDU�6\VWHP�RSHUDWHG�E\�1HZ�=HDODQGµV�ODUJHVW�HQHUJ\�FRPSDQ\�DQG�ZLQG�IDUP�GHYHORSHU�WR�
DVVHVV�PLJUDWRU\�ELUG�ULVN�IRU�WKH�$QWDUFWLF�FRDVWDO�ZLQG�IDUP�VLWH�� �7KH�V\VWHP�LV�RSHUDWHG�E\�
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WKH�GHYHORSHUµV�FRQVXOWDQWV��%RIIDP�0LVNHOO��ZLWK�GDWD�DQDO\VLV��SURFHVVLQJ�DQG�ULVN�DVVHVVPHQW�
VXSSRUW�SURYLGHG�E\�'H7HFW��

7RZQ� RI� 2UOHDQV� :LQG� 7XUELQH�� 0DVVDFKXVHWWV� �0DVVDFKXVHWWV� 7HFKQRORJ\�
&ROODERUDWLYH�������WR��������6XSSRUWHG�GDWD�FROOHFWLRQ�DQG�DVVHVVPHQW�RI�ELUG�DFWLYLW\�DW�WKH�
SURSRVHG� VLQJOH� ZLQG� WXUELQH� VLWH� LQFOXGLQJ� GHOLYHU\�� RSHUDWLRQ� RI� D� 0(5/,1� ;6����H� $YLDQ�
5DGDU�6\VWHP�GXULQJ�WKH�IDOO�RI������DQG�VSULQJ������PLJUDWRU\�VHDVRQV���'H7HFW�DOVR�SURYLGHG�
GDWD� SRVW�SURFHVVLQJ� DQG� DQDO\VLV� LQ� 'H7HFWµV� GDWD� FHQWHU� LQ� 3DQDPD� &LW\�� )ORULGD� DQG�
GHYHORSHG�DYLDQ�LPSDFW�DQG�ULVN�UHSRUW�EDVHG�RQ�WKH�GDWD�FROOHFWLRQ��

6PROD�:LQGSDUN��1RUZD\��1RUZHJLDQ�,QVWLWXWH�IRU�1DWXUH�5HVHDUFK�������SUHVHQW��'HVLJQ��
GHOLYHU\�� LQVWDOODWLRQ�� VWDUW�XS� DQG� RSHUDWLRQDO� VXSSRUW� RI� D� PRELOH� 0(5/,1� ;6����H� $YLDQ�
5DGDU�6\VWHP�VXSSRUWLQJ�6HD�HDJOH�PRUWDOLW\�ULVN�PLWLJDWLRQ�VWXG\�DW�RSHUDWLQJ�ZLQG�IDUP���7KH�
V\VWHP� LV� FROOHFWLQJ� GDWD� ����� WR� GHWHUPLQH� XVDJH� SDWWHUQV� IRU� WKH�6HD� HDJOHV� DW� WKH� VLWH� WR�
GHYHORS�PRUWDOLW\� ULVN�PLWLJDWLRQ� LPSOHPHQWDWLRQ�RI� WKH�0(5/,1�6&$'$�PRUWDOLW\� ULVN�V\VWHP��
'H7HFW�SURYLGHV�ELUG�UDGDU�VWXG\�WHFKQLFDO�GHVLJQ��FRQVXOWLQJ�DQG�GDWD�SURFHVVLQJ�DQG�DQDO\VLV�
VXSSRUW�ZRUNLQJ�ZLWK�WKH�RZQHUµV�FRQVXOWDQWV��1,1$�DQG�6,17()��

7HWUDWHFK�� ,QF�� 0(5/,1� $YLDQ� 5DGDU� 6\VWHPV�� 3RUWODQG�� 0DLQH� 86$� �7HWUDWHFK�� ,QF����
����������� �'H7HFW�KDV� VXSSOLHG�DQG�VXSSRUWV� WZR�0(5/,1�;6����H�$YLDQ�5DGDU�6\VWHPV�
XVHG� E\� D� OHDGLQJ� LQWHUQDWLRQDO� HQYLURQPHQWDO� DQG� HQJLQHHULQJ� FRQVXOWLQJ� ILUP�� 7HWUDWHFK�� IRU�
ZLQG�IDUP�DQG�DLUSRUW�DYLDQ�VXUYH\�SURMHFWV��7KH�0(5/,1�V\VWHP�GHOLYHUHG�LQ������LQFOXGHV�WKH�
H[WHQGHG�VFLVVRU�OLIW�RSWLRQ�WKDW�HOHYDWHV�WKH�UDGDU�VHQVRUV�WR����IHHW�DERYH�JURXQG�OHYHO��

:HVWILHOG�5LSOH\� :LQGIDUP�� 1HZ� <RUN�� 86$� �%DEFRFN� 	� %URZQ�� �����SUHVHQW�� 'HVLJQ��
GHOLYHU\�� LQVWDOODWLRQ�� VWDUW�XS� DQG� RSHUDWLRQDO� VXSSRUW� RI� D� PRELOH� 0(5/,1� ;6����H� $YLDQ�
5DGDU�6\VWHP�FRQGXFWLQJ�SUH�FRQVWUXFWLRQ�VXUYH\�RI�SURSRVHG�ZLQG�IDUP�VLWH� LQ�QRUWKHUQ�1HZ�
<RUN�6WDWH���7KH�UDGDU�ZDV�LQVWDOOHG�LQ�WKH�IDOO�RI������DQG�LV�FROOHFWLQJ�GDWD��������7KH�SURMHFW�
VLWH� LV� ORFDWHG� LQ� WKH�86�*UHDW�/DNHV�IO\ZD\�DQG� LV�FRQVLGHUHG�D�NH\� UHVRXUFH�DUHD�� �'H7HFW�
SURYLGHV� VWXG\� WHFKQLFDO� GHVLJQ� DQG� GDWD� SURFHVVLQJ� DQG� DQDO\VLV� ZRUNLQJ� ZLWK� WKH� RZQHUµV�
HQYLURQPHQWDO�FRQVXOWDQW��HFRORJ\�	�HQYLURQPHQW��,QF��

�

�

�

�

�
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�����&RPPHQGDWLRQV�
'H7HFWµV�0(5/,1�$YLDQ�5DGDUV�DUH�XVHG�DW�IDFLOLWLHV�DQG�SURMHFW�VLWHV�ZRUOGZLGH�ZLWK�D�SURYHQ�
UHFRUG� RI� H[FHSWLRQDO� SHUIRUPDQFH�� UHOLDELOLW\� DQG� RSHUDELOLW\�� ZLWK� RYHU� �������� KRXUV� RI�
RSHUDWLQJ� H[SHULHQFH�� � 7KH� FRPSDQ\� KDV� D� VWURQJ� UHFRUG� RI� UHSHDW� EXVLQHVV��WKH� 86$)� KDV�
SXUFKDVHG�VHYHQ�'H7HFW�V\VWHPV�WR�GDWH�EDVHG�RQ�D�GRFXPHQWHG�UHFRUG�RI� LPSURYHG�DLUFUDIW�
VDIHW\�� DQG� 1$6$� DIWHU� FRQGXFWLQJ� LQWHQVLYH� PDUNHW� UHVHDUFK� DQG� FRPSHWLWLYH� WHVWLQJ� RI�
DYDLODEOH�WHFKQRORJLHV��LQ������VHOHFWHG�'H7HFW�WHFKQRORJ\�WR�VXSSRUW�ODXQFK�VDIHW\�IRU�WKH����
ELOOLRQ�VSDFH�VKXWWOH�GXULQJ�WKH�-XO\�VSDFH�VKXWWOH�5HWXUQ�WR�)OLJKW��1$6$�VXEVHTXHQWO\�RUGHUHG�
D�VHFRQG�'H7HFW�V\VWHP�LQ������IRU�WKH�.HQQHG\�6SDFH�&HQWHU�����

'H7HFW�URXWLQHO\�UHFHLYHV�FRPPHQGDWLRQV�IURP�LWV�FOLHQWV�IRU�LWV�KLJK�OHYHO�RI�FXVWRPHU�VHUYLFH�
DQG�WHFKQRORJ\�«�

0LNH�/HLQEDFK��1$6$�6SDFH�6KXWWOH�/DXQFK�'LUHFWRU�«�
<RXU� V\VWHP� ZRUNHG� OLNH� D� FKDPS� DQG� DOORZHG� XV� WR� ODXQFK� WKH� 6SDFH� 6KXWWOH�
'LVFRYHU\� VDIHO\� -XO\� ��� ����� RQ� KHU� 676� ����0LVVLRQ� WR� WKH� ,QWHUQDWLRQDO� 6SDFH�
6WDWLRQ��7KDQN�\RX�YHU\�PXFK��

$QWKRQ\�*ULIILWK��1$6$�-6&�6XE�2UELWDO�'HEULV�5DGDU�3URJUDP�0DQDJHU�«��
<RX�JX\V� VKRXOG� EH� MXVWLILDEO\� SURXG� WKDW�ZKLOH� UDGDU�ZDV� D� ODWH� FRPHU� WR� WKH� ELUG�
DEDWHPHQW� SDUW\�� LW� LV� RQH� RI� WKH� IHZ� UHPDLQLQJ� V\VWHPV� ILHOGHG� IRU� IOLJKW� VXSSRUW�
DPRQJ� GR]HQV� RI� DOWHUQDWLYHV� WKDW� ZHUH� LQYHVWLJDWHG� DIWHU� 676������ 4XLWH� DQ�
DFFRPSOLVKPHQW��

%UXFH�0DF.LQQRQ��7UDQVSRUW�&DQDGD��0DQDJHU�6HFXULW\�DQG�6DIHW\�«�
,�NQRZ�WKDW�WKH�VWDII�RI�9DQFRXYHU�,QWHUQDWLRQDO�$LUSRUW�VKDUH�P\�KLJK�UHJDUG�IRU�WKH�
'H7HFW� WHDP�� � :H� EHOLHYH� WKDW� WKH� 'H7HFW� WHDP� LV� WKH� RQO\� JURXS� FDSDEOH� RI�
GHOLYHULQJ�WKH�UHVXOWV�WKDW�ZH�VHHN��

6WHSKHQ�-��3D\QH��1$6$�6KXWWOH�7HVW�'LUHFWRU��/DXQFK�DQG�/DQGLQJ�'LYLVLRQ�«�
7KDQNV�IRU�\RXU�H[FHOOHQW�VXSSRUW�RI�WKH�676�����ODXQFK��<RX�KDYH�EHFRPH�D�UHJXODU�
IHDWXUH�DW�RXU�ODXQFKHV�DQG�LW�LV�DOZD\V�D�SOHDVXUH�WR�ZRUN�ZLWK�\RX���

5LFN�*UHLQHU��%DEFRFN�	�%URZQ�5HQHZDEOH�+ROGLQJV��3HUPLWWLQJ�0DQDJHU�«�
>%	%@�KDV��VLQFH�������FRQWUDFWHG�ZLWK�'HWHFW�IRU�HTXLSPHQW�DQG�VHUYLFHV�RQ�SURMHFWV�
LQ� 7H[DV� DQG�1HZ�<RUN��:H� DUH� FRQYLQFHG� WKDW� WKH�0(5/,1� $YLDQ�5DGDU� 6XUYH\�
PHWKRGRORJ\�LV�WKH�EHVW�RQ�WKH�PDUNHW�WRGD\��7KH�OHYHO�RI�VHUYLFH�SURYLGHG�E\�'HWHFW�
DQG� WKH� UHOLDELOLW\�RI� WKHLU�HTXLSPHQW� LV� YHU\�KLJK��:H�FRQWLQXH� WR� UHO\�RQ�'HWHFW� IRU�
UDGDU�HTXLSPHQW�DQG�VHUYLFHV�IRU�PDQ\�RI�RXU�PRVW�FULWLFDO�SURMHFWV��,W�KDV�EHHQ�RXU�
H[SHULHQFH� WKDW� WKH� VWDII� DW� 'HWHFW� ,QF�� KDV� DOZD\V� EHHQ� YHU\� UHVSRQVLYH� WR� RXU�
SURMHFW�QHHGV��

0LFKDHO�.XMDZD��:LQHUJ\�3RZHU��'LUHFWRU�5HVHDUFK�	�$QDO\VLV�«�
7KH�'H7HFW�0(5/,1�V\VWHP�KDV�VXUSDVVHG�RXU�H[SHFWDWLRQV�DV�WR�WKH�GHSWK�RI�
GHWDLO��GLJLWDO�SURFHVVLQJ��DQG�GDWD�PLQLQJ�FDSDELOLWLHV�WKDW�ZH�QHHGHG��$�VLPLODU�
UHVSRQVH�KDV�EHHQ�YRLFHG�E\�DOO�JRYHUQPHQW�UHJXODWRUV�UHJDUG�VXFK�GDWD�DV�D�FULWLFDO�
GHWHUPLQDQW�IRU�JUDQWLQJ�RI�WKH�SHUPLWV�IRU�WKH�SURMHFW��:H�DUH�KLJKO\�VDWLVILHG�E\�
'H7HFW¶V�SURPSW�DQG�VXVWDLQHG�VXSSRUW�DQG�ZLOOLQJQHVV�WR�TXLFNO\�GHYHORS�QHZ�
VROXWLRQV�WR�PHHW�XQIRUHVHHQ�FKDOOHQJHV�WKDW�ZH�IDFHG�E\�SODFLQJ�WKH�XQLW�LQ�VXFK�D�
UHPRWH�ORFDWLRQ���)LQDOO\��ZH�JUHDWO\�DSSUHFLDWH�WKH�OHYHO�RI�SURIHVVLRQDOLVP�DQG�GHSWK�
RI�NQRZOHGJH�WKDW�KDV�EHHQ�GLVSOD\HG�E\�'H7HFW�VXSSRUW�SHUVRQQHO��,W�ZRXOG�EH�KDUG�
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WR�LPDJH�D�EHWWHU�FRPELQDWLRQ�RI�VWDWH�RI�WKH�DUW�WHFKQRORJ\�DQG�RUJDQL]DWLRQDO�
EDFNLQJ��
�
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�����0(5/,1�6&$'$�3DSHUV�
�
$�4XDQWLWDWLYH�0HWKRGRORJ\�IRU�'HWHUPLQDWLRQ�RI�0LJUDWRU\�%LUG�0RUWDOLW\�5LVN�DW�
:LQGIDUPV�

�
$XWKRUV��5RQDOG�/��0HUULWW��3ULQFLSDO�

%LRORJLVW��'H7HFW��,QF���7��$GDP�
.HOO\��&KLHI�6FLHQWLVW��'H7HFW��
,QF���*DU\�:��$QGUHZV��
6FLHQWLVW��'H7HFW��,QF���

3UHVHQWHG�DW�WKH�$PHULFDQ�:LQG�(QHUJ\�$VVRFLDWLRQ��:LQGSRZHU������&RQIHUHQFH�LQ�+RXVWRQ��
7H[DV��86$�-XQH�����������

$EVWUDFW��

$VVHVVPHQW�RI�PLJUDWRU\�ELUG�PRUWDOLW\�ULVN�DW�ZLQGIDUP�VLWHV�WR�GDWH�KDV�UHOLHG�PRVWO\�RQ�
WUDGLWLRQDO�ELRORJLFDO�WHFKQLTXHV���YLVXDO�VXUYH\V�DQG�OLWHUDWXUH�UHYLHZV�²�UHVXOWLQJ�LQ�DW�EHVW�
TXDOLWDWLYH�HVWLPDWLRQ�RI�ULVN��7KH�VXEMHFWLYLW\�DQG�LQGHWHUPLQDF\�LQKHUHQW�LQ�WKLV�DSSURDFK�
VXEVHTXHQWO\�OHDYHV�WKH�FRQFOXVLRQV�RSHQ�WR�YLJRURXV�GHEDWH�EHWZHHQ�WKH�SURMHFW�VWDNHKROGHUV��
5DGDU�LV�LQFUHDVLQJO\�EHLQJ�XVHG�WR�FRQGXFW�ELUG�VXUYH\V�DW�ZLQG�IDUP�VLWHV�EDVHG�RQ�LWV�DELOLW\�
WR�H[WHQG�WKH�GLVWDQFH�WKH�ELRORJLVW�FDQ��VHH��DV�ZHOO�DV�LWV�FDSDELOLW\�WR�GHWHFW�DQG�WUDFN�ELUGV�DW�
QLJKW��5DGDU�WHFKQLTXHV�WR�GDWH�KRZHYHU�KDYH�SULPDULO\�UHOLHG�RQ�FRQYHQWLRQDO�UDGDU�
RUQLWKRORJLFDO�PHWKRGV�ZKHUH�D�WUDLQHG�ELRORJLVW�PRQLWRUV�D�UDGDU�VFUHHQ�YLVXDOO\�GHFLGLQJ�ZKLFK�
�EOLS��RQ�WKH�UDGDU�VFUHHQ�LV�D�ELUG�DQG�PDQXDOO\�UHFRUGLQJ�WKH�QXPEHU�RI�ELUGV�DQG�RWKHU�GDWD��
7KLV�WHFKQLTXH��ZKLOH�PRUH�UHOLDEOH�WKDQ�YLVXDO�VXUYH\V�DORQH��LV�VWLOO�KLJKO\�VXEMHFWLYH�DQG�
UHVXOWV�FDQ�YDU\�JUHDWO\�E\�RSHUDWRU�DQG�WHFKQLTXH��

6LQFH�WKH�����
V��WKH�8�6��$LU�)RUFH�KDV�OHG�GHYHORSPHQW�RI�VSHFLDOL]HG�DYLDQ�UDGDU�V\VWHPV�WR�
GHWHFW�DQG�WUDFN�ELUGV�WR�UHGXFH�DLUFUDIW�ELUG�FROOLVLRQV��VWULNHV��DQG�KDV�GHYHORSHG�FRPSOH[�
SURJUDPV�DQG�PDWKHPDWLFDO�PRGHOV�WR�SUHGLFW�DQG�PDQDJH�VWULNH�ULVN��$�YDULDQW�RI�WKHVH�
PRGHOV�KDV�EHHQ�DSSOLHG�WR�WKH�FRPPXQLFDWLRQ�WRZHU�DQG�ZLQG�HQHUJ\�LQGXVWULHV�WKDW�XVHV�
GDWD�IURP�PRGHUQ�DYLDQ�UDGDU�DQG�PHWHRURORJLFDO�V\VWHPV�WR�FROOHFW�GHWDLOHG�GDWD�DFWLYLW\�DQG�
PRUH�DFFXUDWHO\�PRGHO�ELUG�PRYHPHQWV�LQ�SURMHFW�DUHDV�DQG�WR�TXDQWLWDWLYHO\�SUHGLFW�ELUG�
PRUWDOLW\�ULVN�IURP�FROOLVLRQV�ZLWK�WKH�VWUXFWXUHV��7KH�REMHFWLYLW\�LQ�WKH�GDWD�DQG�PRGHO�SURYLGHV�
WKH�ZLQG�HQHUJ\�LQGXVWU\�ZLWK�D�QHZ�WRRO�WR�PRUH�DFFXUDWHO\�SUHGLFW�DQG�DVVHVV�SRWHQWLDO�ULVN��
HYDOXDWH�SURMHFW�LPSDFWV��DQG�DGGUHVV�FRUH�GHYHORSHU�DQG�VWDNHKROGHU�LVVXHV��
$GGLWLRQDOO\��WKH�FXUUHQW�JHQHUDWLRQ�RI�DGYDQFHG�DYLDQ�UDGDU�V\VWHPV�QRZ�RQ�WKH�PDUNHW�FDQ�EH�
LQWHJUDWHG�ZLWK�ZLQGIDUP�FRQWURO�V\VWHPV�WR�FRQWLQXRXVO\�PRQLWRU�ELUG�DFWLYLW\�DURXQG�WKH�
ZLQGIDUP�DSSO\LQJ�WKH�PRGHO�LQ�UHDO�WLPH�WR�SURYLGH�DFWLYH�ULVN�PLWLJDWLRQ�WKURXJK�D�YDULHW\�RI�
UHVSRQVH�PHDVXUHV�WKDW�FDQ�LQFOXGH�VHOHFWLYH�LGOLQJ�RI�WXUELQHV�GXULQJ�SHULRGV�RI�KLJK�PRUWDOLW\�
ULVN�FRQGLWLRQV��5HFHQW�VWXGLHV�KDYH�LQGLFDWHG�WKDW�WKH�HFRQRPLF�LPSDFW�WR�WKH�ZLQG�HQHUJ\�
SURMHFW�IURP�WKLV�WHFKQRORJLFDO�DSSURDFK�LV�PLQLPDO�DV�WKH�KLJK�ULVN�SHULRGV�W\SLFDOO\�RFFXU�
GXULQJ�WLPHV�RI�ORZ�ZLQG�DQG�RU�QRQ�SHDN�GHPDQG�UHVXOWLQJ�LQ�D�PDQDJHDEOH�PLWLJDWLRQ�FRVW��

%LUG�6XUYH\�0HWKRGV��
$VVHVVPHQW�RI�PLJUDWRU\�ELUG�PRUWDOLW\�ULVN�DW�ZLQGIDUP�VLWHV�WR�GDWH�KDV�UHOLHG�PRVWO\�RQ�
WUDGLWLRQDO�ELRORJLFDO�WHFKQLTXHV���YLVXDO�VXUYH\V�DQG�OLWHUDWXUH�UHYLHZV�²�UHVXOWLQJ�LQ�DW�EHVW�D�
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KLJKO\�VXEMHFWLYH��TXDOLWDWLYH�HVWLPDWLRQ�RI�ULVN��9LVXDO�VXUYH\�WHFKQLTXHV�LQFOXGH�SRLQW�FRXQWV��
ZKHUH�WKH�ELRORJLVW�SHULRGLFDOO\��FRXQW��ELUGV�ZLWKLQ�D�YLHZ�����GHJUHHV�DURXQG�D�UHIHUHQFH�
SRLQW��ILJXUH����DQG�RWKHU�PHWKRGV�WKDW�VLPLODUO\�UHO\�RQ�WKH�VNLOO�DQG�YLVXDO�DFXLW\�RI�WKH�ILHOG�
ELRORJLVW�WR�VHH��FRXQW�DQG�SURMHFW�WKH�QXPEHU�RI�ELUGV�LQ�D�SURMHFW�DUHD��
�

�

)LJXUH����7UDGLWLRQDO�SRLQW�FRXQW�ELUG�VXUYH\�

�

5DGDU�2UQLWKRORJ\��
5DGDU�RUQLWKRORJ\�LV�EHLQJ�LQFUHDVLQJO\�EHLQJ�XVHG�IRU�ELUG�VXUYH\V�DW�ZLQG�IDUP�VLWHV�EDVHG�RQ�
WKH�DELOLW\�RI�UDGDU�WR�H[WHQG�WKH�GLVWDQFH�WKH�ELRORJLVW�FDQ��VHH���5DGDU�RUQLWKRORJ\�RIIHUV�
VHYHUDO�DGYDQWDJHV�WR�WKH�VWXG\�RI�ELUG�PRYHPHQWV�DV�LW�FDQ�VDPSOH�ODUJH�YROXPHV�RI�DLUVSDFH�
FRQWLQXRXVO\�DQG�FRQVLVWHQWO\�DQG�FDQ�WUDFN�ELUGV�RI�DOO�VL]HV��ZHOO�EH\RQG�WKH�FDSDELOLWLHV�RI�DQ�
REVHUYHU�ZLWK�D�VSRWWLQJ�VFRSH��(DVWZRRG��������%ORNSRHO���������
�
(YHQ�GXULQJ�FRQGLWLRQV�RI�JRRG�YLVLELOLW\��VPDOO��KLJKIO\LQJ�RU�GLVWDQW�ELUGV�WKDW�RIWHQ�DUH�PLVVHG�
E\�YLVXDO�REVHUYHUV�FDQ�EH�GHWHFWHG�E\�UDGDU��.RUVFKJHQ�HW�DO����������5DGDU�DOVR�DOORZV�VWXG\�
RI�QLJKWWLPH��GXVN��DQG�GDZQ�ELUG�PRYHPHQWV�ZKHQ�YLVXDO�REVHUYDWLRQV�DUH�XQUHOLDEOH�RU�QRW�
SRVVLEOH�DQG�UDGDU�RSHUDWHV�ZHOO�LQ�IRJ�ZKHQ�W\SLFDO�YLVXDO�WHFKQLTXHV�DUH�LQHIIHFWLYH�
�*DXWKUHDX[���������5DGDU�SURYLGHV�KLJKO\�UHOLDEOH�LQIRUPDWLRQ�RQ�WKH�PRYHPHQWV�ZLWKLQ�D�
UDQJH�RI�D�IHZ�NLORPHWHUV��:LOOLDPV�HW�DO���������0F&UDU\�HW�DO���������&RRSHU�HW�DO���������ZLWK�
VPDOO�PDULQH�UDGDUV�����NLORZDWW�>N:@�SRZHU��DEOH�WR�UHOLDEO\�GHWHFW�LQGLYLGXDO�VPDOO�ELUGV�
�VZDOORZV��RXW�WR�����NP�������PL���DQG�VLQJOH�ODUJHU�ELUGV�RXW�WR�����NP������PL���*DXWKUHDX[��
�������
�
9LUWXDOO\�DQ\�UDGDU�FDQ�GHWHFW�DQG�WUDFN�ELUGV�ZLWK�ELUGV�DSSHDULQJ�DV�VPDOO��EOLSV��LQ�WKH�UDGDU�
GLVSOD\��ILJXUH�����5DGDU�ELUG�VXUYH\V�W\SLFDOO\�KDYH�D�WUDLQHG�ELRORJLVW�PRQLWRU�WKH�UDGDU�VFUHHQ�
YLVXDOO\�GHFLGLQJ�ZKLFK�EOLS�RQ�WKH�UDGDU�VFUHHQ�LV�D�ELUG�DQG�PDQXDOO\�UHFRUGLQJ�WKH�QXPEHU�RI�
ELUGV�DQG�RWKHU�GDWD�VXFK�DV�HVWLPDWHG�ELUG�VL]H��VSHHG��GLUHFWLRQ�DQG�DOWLWXGH��
�
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�
)LJXUH����8QSURFHVVHG��UDZ´�PDULQH�UDGDU�GLVSOD\�GXULQJ�PLJUDWLRQ�

7KH�PRVW�FRPPRQO\�XVHG�UDGDU�IRU�ELUG�VXUYH\V�LV�WKH��IDQ�EHDP�7�EDU�PDULQH�UDGDU���ILJXUH����
ZKLFK�UDQJHV�IURP�ORZ�FRVW��ORZ�SRZHU�XQLWV�ZLGHO\�WKDW�DUH�W\SLFDOO\�XVHG�RQ�UHFUHDWLRQDO�ERDWV�
WR�PRUH�H[SHQVLYH��LQGXVWULDO�JUDGH�V\VWHPV�WKDW�DUH�XVHG�RQ�FRPPHUFLDO��RFHDQJRLQJ�VKLSV��
6RPH�HIIRUWV�KDYH�EHHQ�GLUHFWHG�WR�LPSURYH�WKH�PDQXDO�LQWHUSUHWDWLRQ�SURFHVV�E\�UHFRUGLQJ�WKH�
UDGDU�GLVSOD\�DQG�SRVW�DQDO\VLV�RI�LPDJH�RU�YLGHR��EXW�WKH�PHWKRG�LV�VWLOO�KLJKO\�UHOLDQW�RQ�PDQXDO�
LQWHUSUHWDWLRQ�RI�WKH�EDVH�UDGDU�LPDJHU\��:KLOH�PRUH�UHOLDEOH�WKDQ�YLVXDO�VXUYH\���PDQXDO��UDGDU�
RUQLWKRORJ\�LV�KLJKO\�ODERU�LQWHQVLYH�DQG�YHU\�FRVWO\�IRU�ORQJ�WHUP�VXUYH\�RU�RSHUDWLRQDO�
PRQLWRULQJ��
�
0DQXDO�5DGDU�2UQLWKRORJ\�'DWD�(UURU��
0DQXDO�UDGDU�RUQLWKRORJ\�LV�VXEMHFW�WR�D�KLJK�OHYHO�RI�HUURU�LQ�GDWD�UHOLDELOLW\�GXH�WR�D�QXPEHU�RI�
IDFWRUV�WKDW�LQFOXGH��EXW�DUH�QRW�OLPLWHG�WR�RSHUDWRU�SURILFLHQF\��LQWHU�DQG�LQWUD�RSHUDWRU�
YDULDELOLW\��IDWLJXH��FRXQW�OLPLWDWLRQV��HTXLSPHQW�FDSDELOLWLHV��DQG��PHWKRGRORJ\��2EVHUYHU�
IDWLJXH�LQ�DLU�WUDIILF�FRQWURO�UDGDU�RSHUDWLRQ�LV�ZHOO�VWXGLHG�DQG�LV�GLUHFWO\�DQDORJRXV�WR�UDGDU�
RUQLWKRORJ\��)DWLJXH�LQ�$LU�7UDIILF�&RQWUROOHUV��7UDQVSRUW�&DQDGD��73��������-XO\��������
/LNHZLVH��FRXQW�HUURU�LQWURGXFHG�E\�D�KLJK�QXPEHU�RI�ELUG�WDUJHWV�LV�REYLRXV��ILJXUH����DV�GXULQJ�
SHDN�DFWLYLW\�SHULRGV�WKHUH�FDQ�EH�VLPSO\�WRR�PDQ\�WDUJHWV�IRU�WKH�RSHUDWRU�WR�DFFXUDWHO\�DVVHVV�
DQG�FRXQW��/RZ�DFWLYLW\�SHULRGV�KRZHYHU�DOVR�FDQ�EH�GHPDQGLQJ�DV�ZDWFKLQJ�D�UDGDU�GLVSOD\�
GXULQJ�SHULRGV�RI�ORZ�DFWLYLW\�LQYROYHV�LQWHQVH�FRQFHQWUDWLRQ�ZKLOH�ZDLWLQJ�IRU��VRPHWKLQJ�WR�
KDSSHQ���
�
0HDVXUHPHQW�DFFXUDF\�LV�DOVR�D�OHDGLQJ�HUURU�FDXVH�WKDW�LQFOXGHV�FRXQW�HUURUV��RYHU��RU�XQGHU�
FRXQWLQJ�RU�PLV�LGHQWLILFDWLRQ�RI�D�ELUG�WDUJHW���WDUJHW�GHWHFWDELOLW\��DQG�HTXLSPHQW�VHQVLWLYLW\��
0DULQH�UDGDU�GDWD�LV�QRUPDOO\�UHQGHUHG�WR�D�GDWD�GLVSOD\�DV�D�3ODQ�3RVLWLRQ�,QGLFDWRU��33,��
GLVSOD\��VHH�ILJXUH�����7KH�UDVWHU�LPDJH�RI�D�33,�GLVSOD\�FDQ�EH�YLVXDOL]HG�DV�D�SLHFH�RI�JUDSK�
SDSHU��WKH�ODUJHU�WKH�SLHFH�RI�JUDSK�SDSHU�DQG�WKH�VPDOOHU�WKH�JULG�VTXDUHV��WKH�ILQHU�WKH�GHWDLO�
WKDW�FDQ�EH�UHQGHUHG�LQ�VFDOH��7KH�ORZHU�FRVW��UHFUHDWLRQDO�PDULQH�UDGDUV�WKDW�DUH�XVHG�IRU�PDQ\�
ELUG�VXUYH\V�KDYH�VPDOO�VFUHHQV�DQG�ZLWK�IHZ�FRORUV�RU�VKDGHV��RI�JUD\VFDOH��ZLWK�IDU�ORZHU�
UHVROXWLRQ�WKDQ�WKH�KLJKHU�FRVW��ODUJHU�KLJK�UHVROXWLRQ�GLVSOD\V�LQ�PRUH�H[SHQVLYH�LQGXVWULDO�
PDULQH�UDGDUV��5HFUHDWLRQDO�PDULQH�UDGDU�V\VWHPV�DUH�DGGLWLRQDOO\�UDUHO\�FDSDEOH�RI�UHQGHULQJ�
UDGDU�WDUJHW�LQWHQVLWLHV�DW�PRUH�WKDQ����OHYHOV�DQG��HYHQ�ZKHQ�WKH\�FDQ��RQO\�����OHYHOV�RI�
YDULDELOLW\�FDQ�EH�SHUFHLYHG�E\�WKH�KXPDQ�H\H��9LGHR�RU�VFUHHQ�LPDJH�UHFRUGLQJ�RI�WKH�GLVSOD\�
IXUWKHU�FRPSUHVVHV�WKH�GHWDLO�UHVXOWLQJ�LQ�PRUH�ORVW�GDWD�DQG�LQWURGXFHG�DUWLIDFWV��
�
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�
)LJXUH����7�EDU�W\SH�PDULQH�UDGDU�LQ�KRUL]RQWDO�VXUYHLOODQFH�VFDQQLQJ�

SRVLWLRQ���

0DQXDO�UDGDU�RUQLWKRORJ\�W\SLFDOO\�XVHV�WKH��HFKR�WUDLO��IXQFWLRQ�WR�VKRZ�WKH�WDUJHW��WUDFN���
'XULQJ�PLJUDWLRQ�ZLWK�D�VLJQLILFDQW�QXPEHU�RI�ELUG�WDUJHWV�PRYLQJ�DW�RQH�WLPH��WKH�VFUHHQ�FDQ�
TXLFNO\�EHFRPH�VDWXUDWHG�ZLWK�ELUG�WDUJHWV�DQG�WUDLOV�FRPSOLFDWLQJ�WDUJHW�FRXQWLQJ��ILJXUH�����,W�
LV�QRW�XQXVXDO�IRU�WKH�RUQLWKRORJLVW�WR�VLPSO\�VWRS�FRXQWLQJ�WDUJHWV�GXULQJ�KLJK�DFWLYLW\�
FRQGLWLRQV�UHVXOWLQJ�LQ�VLJQLILFDQW�XQGHUFRXQWV�DQG�GDWD�JDSV��
0DQ\�PDQXDO�UDGDU�RUQLWKRORJ\�VXUYH\V�DOVR�XVH�RQO\�D�VLQJOH�UDGDU�WR�VXUYH\�ERWK�WKH�YHUWLFDO�
�\�]��DQG�KRUL]RQWDO�SODQHV��[�\��ZLWK�VDPSOHV�IRU�HDFK�FROOHFWHG�IRU�VKRUW�SHULRGV�RI�WLPH�
�W\SLFDOO\����PLQXWHV��E\��IOLSSLQJ��WKH�UDGDU�IURP�WKH�KRUL]RQWDO�VXUYH\�PRGH��ILJXUH����RQWR�LWV�
VLGH�LQWR�WKH�YHUWLFDO�PRGH��ILJXUH����ZKHUH�WKH�UDGDU�DQWHQQD�VSLQV�LQ�D�ZLQGPLOO�PDQQHU�
VFDQQLQJ�IURP�KRUL]RQ�WR�KRUL]RQ��ILJXUH����+DUPDWD�HW�DO���������7KH�UHVXOWDQW�GDWD�JDSV�IURP�
WKH�KRUL]RQWDO�DQG�YHUWLFDO�PXVW�EH�H[WUDSRODWHG�LQWURGXFLQJ�GDWD�JDS�ELDV�LQWR�WKH�GDWD��

�
)LJXUH����0DULQH�UDGDU�LQ�WKH)LJXUH����0DULQH�UDGDU�LQ�WKH�
KRUL]RQWDO�VFDQQLQJ�SRVLWLRQ���YHUWLFDO�VFDQQLQJ�SRVLWLRQ�

0DQ\�UDGDU�ELUG�VXUYH\V�DOVR�XVH�GDWD�IURP�WKH�UDGDU�LQ�WKH�KRUL]RQWDO�VFDQQLQJ�SRVLWLRQ�WR�
SURMHFW�ELUG�FRXQWV�DQG��SDVVDJH�UDWHV��ZLWK�DOWLWXGH�HVWLPDWHG�EDVHG�RQ�FDOFXODWLRQ��QRW�DFWXDO�
PHDVXUHG�KHLJKW�RI�WKH�WDUJHW�DERYH�WKH�JURXQG��,Q�WKH�KRUL]RQWDO�PRGH�WKH�DPRXQW�RI�WKH�
UDGDU�GLVSOD\�ORVW�WR�JURXQG�FOXWWHU��WHUUDLQ��YHJHWDWLRQ��LV�JHQHUDOO\�KLJK��VHH�ILJXUH�����:KHQ�
WKH�JURXQG�FOXWWHU�OHYHO�JHWV�WRR�KLJK�DQG�VDWXUDWHV�WKH�UDGDU�UHFHLYHU��RU�LV�VR�KLJK�WKDW�WKH�
DGGLWLRQ�RI�D�VPDOO�WDUJHW�VXFK�DV�D�ELUG�GRHV�QRW�VLJQLILFDQWO\�FKDQJH�WKH�VLJQDO��WKH�WDUJHW�LV�
FDQQRW�EH��VHHQ��E\�WKH�REVHUYHU�RQ�UDGDU�VFUHHQ�DQG�LV�QRW�FRXQWHG��LV��ORVW��LQ�WKH�FOXWWHU���,Q�
FRQWUDVW��VFDQQLQJ�LQ�WKH�YHUWLFDO�PRGH��PRVWO\�ORRNV�DW�FOHDU�DLU�DQG�RQO\�VFDQV�WKH�JURXQG�
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FOXWWHU�QHDU�WKH�KRUL]RQWDO�SODQH�DQG�XS�WR�WKH�KHLJKW�RI�WKH�WHUUDLQ��VR�WKDW�WKH�PDMRULW\�RI�WKH�
ELUG�WDUJHWV�DUH�FOHDU�RI�FOXWWHU��,PDJLQJ�VPDOO�WDUJHWV�DJDLQVW�FOHDU�DLU�UHVXOWV�LQ�D�JUHDWHU�
FRQWUDVW�WKDQ�ZKHQ�LPDJLQJ�WDUJHWV�DJDLQVW�D�EDFNJURXQG�RI�FOXWWHU��DQG�DFFRUGLQJO\��YHUWLFDO�
VFDQQLQJ�KDV�D�VLJQLILFDQW�DGYDQWDJH�RYHU�KRUL]RQWDO�UDGDU�IRU�GHWHFWLQJ�DQG�FRXQWLQJ�WKH�
DFWXDO�QXPEHU�RI�WDUJHWV�SDVVLQJ�WKURXJK�D�VXUYH\�DUHD��
�
7KH�SK\VLFV�RI�LQVHFW�FRQWDPLQDWLRQ�LQ�UDGDU�GDWD�LV�DOVR�ZLGHO\�QRW�FRPSOHWHO\�RU�PLV�
XQGHUVWRRG��,Q�PDQXDO�UDGDU�RUQLWKRORJ\��WDUJHWV�PRYLQJ�XQGHU���PHWHUV�VHFRQGV��P�V��LQ�WKH�
GDWD�DUH�IUHTXHQWO\�VLPSO\�GLVFDUGHG�DV�LQVHFWV�DQG�QRW�LQFOXGHG�LQ�WKH�ELUG�WDUJHW�FRXQW�EDVHG�
RQ�PLVLQWHUSUHWDWLRQ�RI�FRQFOXVLRQV�IURP�VWXGLHV�ZLWK�PLOLWDU\�WUDFNLQJ�UDGDUV��/DUNLQ�������)OLJKW�
VSHHGV�REVHUYHG�ZLWK�UDGDU��D�FRUUHFWLRQ��VORZ��ELUGV��DUH�LQVHFWV���$OWKRXJK�SHQFLO��WLJKW��EHDP�
PDULQH�UDGDU�FDQ�GHWHFW�LQVHFWV��WKRVH�WKDW�XVH�WKH�7�EDU�DQWHQQD�VWDUW�DW�D�SHUIRUPDQFH�
GLVDGYDQWDJH��8QGHU�WKH�ULJKW�FRQGLWLRQV��LQVHFWV�DUH�UHDGLO\�GHWHFWDEOH�DQG�REVHUYDEOH�ZKHQ�
WKH�PDULQH�UDGDU�LV�VHW�WR�WKH�VKRUWHVW�UDQJH�VHWWLQJ�������QP���%XW�DV�WKH�UDQJH�VHWWLQJ�LV�
LQFUHDVHG��WKH�QXPEHUV�RI�VPDOO�WDUJHWV�YLVLEOH�LV�UHGXFHG�VLJQLILFDQWO\�ZLWK�WKLV�VDPH��VFDOLQJ�
HIIHFW��RFFXUULQJ�ZLWK�ODUJHU�WDUJHWV�VXFK�DV�ELUGV�DQG�EDWV�ZLWK�WKH�UHVXOW�WKDW�YDOLG�ELUG�WDUJHWV�
DUH�RIWHQ�UHMHFWHG�DV�LQVHFWV�LQ�PDQXDO�RUQLWKRORJ\��

�
)LJXUH����9HUWLFDO�VFDQQLQJ�FRYHUDJH�IRU�ZLQG�IDUP�VXUYH\��

$XWRPDWHG�$YLDQ�5DGDU�6\VWHPV��

6LQFH�WKH�����
V��WKH�8�6��$LU�)RUFH�KDV�OHG�GHYHORSPHQW�RI�VSHFLDOL]HG��KLJKO\�DXWRPDWHG�
DYLDQ�UDGDU�V\VWHPV�WR�GHWHFW�DQG�WUDFN�ELUGV�WR�UHGXFH�DLUFUDIW�ELUG�FROOLVLRQV��VWULNHV��DQG�KDV�
GHYHORSHG�FRPSOH[�SURJUDPV�DQG�PDWKHPDWLFDO�PRGHOV�WR�SUHGLFW�DQG�PDQDJH�VWULNH�ULVN��
7KHVH�DGYDQFHG�DYLDQ�UDGDU�V\VWHPV��ILJXUH����KDYH�UHFHQWO\�EHFRPH�DYDLODEOH�RQ�WKH�
FRPPHUFLDO�PDUNHW�DQG�DUH�VHHLQJ�LQFUHDVLQJ�XVH�IRU�HQYLURQPHQWDO�VXUYH\�DQG�VFLHQWLILF�
UHVHDUFK��7KH�V\VWHPV�JHQHUDOO\�LQFOXGH�KLJK�HQG��KLJK�UHVROXWLRQ�LQGXVWULDO�UDGDUV�VFDQQLQJ�
VLPXOWDQHRXVO\�LQ�ERWK�WKH�YHUWLFDO�DQG�KRUL]RQWDO�SODQHV�DQG�VRSKLVWLFDWHG��UHDO�WLPH�UDGDU�GDWD�
SURFHVVLQJ�FRPSXWHU�DOJRULWKPV�WKDW�DXWRPDWH�FOXWWHU�VXSSUHVVLRQ�DQG�ELUG�WDUJHW�LGHQWLILFDWLRQ��
WUDFNLQJ�DQG�FRXQWLQJ�UHGXFLQJ�RU�HOLPLQDWLQJ�PDQ\�RI�WKH�GHILFLHQFLHV�LQKHUHQW�LQ�PDQXDO�UDGDU�
RUQLWKRORJ\��7KH�PRUH�DGYDQFHG�V\VWHPV�DGGLWLRQDOO\�FDQ�RSHUDWH�XQDWWHQGHG�������FRVW�
HIIHFWLYHO\�FROOHFWLQJ�GHWDLOHG�GDWDVHWV�RQ�ELUG�DFWLYLW\�DW�SURMHFW�VLWHV�WKDW�FDQ�EH�XVHG�WR�DVVHVV�
ELUG�DFWLYLW\�DQG�PRGHO�PRUWDOLW\�ULVN��
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7KH�FXUUHQW�JHQHUDWLRQ�DYLDQ�UDGDU�V\VWHPV�FDQ�DOVR�EH�LQWHJUDWHG�ZLWK�ZLQGIDUP�FRQWURO�
V\VWHPV�WR�FRQWLQXRXVO\�PRQLWRU�ELUG�DFWLYLW\�DURXQG�WKH�ZLQGIDUP�DSSO\LQJ�WKH�ULVN�PRGHOV�LQ�
UHDO�WLPH�WR�SURYLGH�DFWLYH�ULVN�PLWLJDWLRQ�WKURXJK�D�YDULHW\�RI�UHVSRQVH�PHDVXUHV�WKDW�FDQ�
LQFOXGH�VHOHFWLYH�LGOLQJ�RI�WXUELQHV�GXULQJ�SHULRGV�RI�KLJK�PRUWDOLW\�ULVN�FRQGLWLRQV��5HFHQW�ORQJ�
WHUP�VWXGLHV�KDYH�LQGLFDWHG�WKDW�WKH�HFRQRPLF�LPSDFW�WR�WKH�ZLQG�HQHUJ\�SURMHFW�IURP�WKLV�
WHFKQRORJLFDO�DSSURDFK�LV�PLQLPDO�DV�WKH�KLJK�ULVN�SHULRGV�W\SLFDOO\�RFFXU�GXULQJ�WLPHV�RI�ORZ�
ZLQG�DQG�RU�QRQ�SHDN�GHPDQG��
�
4XDQWLWDWLYH�%LUG�0RUWDOLW\�5LVN�$QDO\VLV�IRU�:LQG�)DUPV�

$�YDULDQW�RI�WKH�PLOLWDU\�ELUGVWULNH�PRGHOV�KDV�EHHQ�GHYHORSHG�IRU�WKH�FRPPXQLFDWLRQ�WRZHU�DQG�
ZLQG�HQHUJ\�LQGXVWULHV�WKDW�XVHV�GDWD�IURP�WKHVH�PRGHUQ�DYLDQ�UDGDU�DQG�PHWHRURORJLFDO�
V\VWHPV�WR�PRUH�DFFXUDWHO\�PRGHO�ELUG�PRYHPHQWV�LQ�SURMHFW�DUHDV�DQG�TXDQWLWDWLYHO\�SUHGLFW�
PLJUDWRU\�ELUG�PRUWDOLW\�ULVN��7KH�REMHFWLYLW\�LQ�WKLV�PRGHO�SURYLGHV�WKH�LQGXVWU\�ZLWK�D�QHZ�WRRO�
WR�PRUH�DFFXUDWHO\�SUHGLFW�DQG�DVVHVV�SRWHQWLDO�ULVN��HYDOXDWH�SURMHFW�LPSDFWV��DQG�DGGUHVV�
FRUH�GHYHORSHU�DQG�VWDNHKROGHU�LVVXHV��
%LUG�DYRLGDQFH�RI�REVWDFOHV�VXFK�DV�WDOO�VWUXFWXUHV��UDGLR�WRZHUV��FRPPXQLFDWLRQ�WRZHUV��DQG�
ZLQG�WXUELQHV�GXULQJ�GD\�DQG�QLJKW�SHULRGV��LQFOXGLQJ�GDZQ�DQG�GXVN��LV�QHDU������DV�
HYLGHQFHG�E\�WKH�

�
)LJXUH����$GYDQFHG�DYLDQ�UDGDU�V\VWHP�GHYHORSHG�E\�'H7HFW��,QF��RI�3DQDPD�

&LW\��)ORULGD��PRGHO�0(5/,1�;6����H�

IDFW�WKDW�VLJQLILFDQW�ELUG�NLOOV�DUH�JHQHUDOO\�QRW�REVHUYHG�GDLO\�QHDU�EXLOGLQJV��IRUHVWV��WRZHUV��
ZLQG�IDUPV��DQG�RWKHU�VLPLODU�VWUXFWXUHV��0RUWDOLW\�ULVN�DSSHDUV�KRZHYHU�WR�LQFUHDVH�GXULQJ�
QRFWXUQDO�PRYHPHQWV�XQGHU�FRQGLWLRQV�RI�ORZ�YLVLELOLW\��JHQHUDOO\�GHILQHG�DV�YLVLELOLW\�RI�OHVV�
WKDQ�����PLOH��VXFK�DV�KHDY\�IRJ�DQG�KD]H��.UXVH�������.HPSHU�������/DUNLQ�������:7�
'RFNHW�1R����������������$FFRUGLQJO\��PLJUDWRU\�ELUG�FROOLVLRQ�PRUWDOLW\�ULVN�DQDO\VLV�IRU�ZLQG�
IDUPV�LV�W\SLFDOO\�IRFXVHG�RQ�SHULRGV�ZKHQ�ULVN�FRQGLWLRQV�RI�ORZ�YLVLELOLW\��H�J��IRJ��RFFXU�DW�
QLJKW��7KH�OHYHO�RI�DYRLGDQFH�RI�ELUGV�WR�REVWDFOHV�XQGHU�FRQGLWLRQV�RI�ORZ�YLVLELOLW\�DW�QLJKW�LV�
QRW�ZHOO�XQGHUVWRRG�KRZHYHU�DQG�VRPH�DYRLGDQFH�LV�OLNHO\�WR�H[LVW�HYHQ�XQGHU�WKHVH�
FRQGLWLRQV��
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7KH�FRPPRQO\�DSSOLHG�PHWKRGRORJ\�IRU�QRUPDOL]HV�WKH�ELUG�SDVVDJH�UDWHV�DFURVV�D���NLORPHWHU�
�NP��IURQW�DW�WKH�KHLJKW�DIIHFWHG�E\�WKH�WXUELQH�URWRU�²�WKH�5RWRU�6ZHSW�=RQH��7KH�56=�LV�
GHILQHG�DV�WKH�WXUELQH�EODGH�UHDFK�DUHD�IURP�WKH�ORZHVW�VZHHS�SRLQW�RI�WKH�WXUELQH�EODGH�WR�LWV�
KLJKHVW�VZHHS�SRLQW����RYHU�WKH�SHULRG�RI�RQH�KRXU��$XWRPDWHG�UDGDU�WHFKQRORJ\�VFDQV�WKH�IXOO���
NP�VXUIDFH�DUHD�DW�D�VDPSOH�UDWH�RI�DSSUR[LPDWHO\����REVHUYDWLRQV�SHU�PLQXWH�ZLWK�VDPSOLQJ�LQ�
ERWK�WKH�YHUWLFDO�DQG�KRUL]RQWDO�VLPXOWDQHRXVO\�DQG�FRQWLQXRXVO\��6XEVHTXHQWO\��VXUYH\�GDWD��
LQFOXGLQJ�SDVVDJH�UDWHV�RI�ELUGV�DFURVV�DUHDV�RI�FRQFHUQ��FDQ�EH�DQDO\]HG�DW�KLJKHU�UHVROXWLRQ�
WLPH�IUDPHV�WR�SURYLGH�PD[LPXP�LQVLJKW�LQWR�WKH�G\QDPLFV�RI�ELUG�DFWLYLW\�DW�WKH�VLWH�DV�ZHOO�DV�
PRUWDOLW\�ULVN��
�
(YDOXDWLRQ�RI�D�ULVN�FRQVLGHUV��
���� WKH�VSHFLILF�ULVN��
���� SUREDELOLW\�RI�RFFXUUHQFH��DQG�

���� UHVXOWDQW�FRQVHTXHQFHV��
5LVN�DVVHVVPHQW�LV�WKH�UHODWLRQVKLS�RI�H[SRVXUH�WR�WKH�ULVN�YHUVXV�WKH�FRQVHTXHQFH�V��RI�WKH�
ULVN��7KH�VSHFLILF�ULVN�WR�ELUGV�SUHVHQWHG�E\�D�SURSRVHG�ZLQGIDUUQ�LV�FROOLVLRQ��VWULNH��RI�ELUGV�ZLWK�
WKH�ZLQG�WXUELQH�FRPSRQHQWV��WRZHU��KXE��EODGHV��UHVXOWLQJ�LQ�VHULRXV�LQMXU\�RU�PRUWDOLW\��7KH�
PDMRULW\�RI�VWXGLHV�RI�ZLQG�IDUP�ELUG�FROOLVLRQV�KDYH�UHFRUGHG�UHODWLYHO\�ORZ�OHYHOV�RI�PRUWDOLW\�
�'UHZLWW��HW�DO����������$V�GLVFXVVHG�SUHYLRXVO\��PLJUDWRU\�ELUGV�JHQHUDOO\�KDYH�JRRG�YLVXDO�
SRZHUV�WR��VHH�DQG�DYRLG�FROOLVLRQV��ZLWK�VWDWLF�RU�PRYLQJ�REMHFWV��KRZHYHU�ELUG�YLVXDO�DFXLW\�LV�
FRPSURPLVHG�GXULQJ�FRQGLWLRQV�RI�ORZ�YLVLELOLW\�FRQGLWLRQV�DW�QLJKW��/RZ�YLVLELOLW\�FRQGLWLRQV�RFFXU�
GXULQJ�IRJ��VHD�PLVW�DQG�ORZ�FORXG�FRQGLWLRQV��RU�RFFDVLRQDOO\�IURP�RWKHU�REVFXUDQWV�VXFK�DV�
VPRNH��DQG�DUH�H[DFHUEDWHG�DW�QLJKW��

7KLV�SUREDELOLW\�DQDO\VLV�PRGHO�LV�EDVHG�RQ�WKH�PRGHO�RULJLQDOO\�GHYHORSHG�DQG�XVHG�E\�WKH�
86$)�IRU�FDOFXODWLQJ�DLUFUDIW�ELUG�VWULNH�ULVN��0H\HU��*HRUJH�(��������7XFNHU��9�$���������7KLV�
PRGHO�FDOFXODWHV�WKH�ULVN�RI�D�ELUG�FROOLVLRQ�ZLWK�WXUELQH�FRPSRQHQWV�EDVHG�RQ�WKH�IURQWDO�]RQH�
SUHVHQWHG�E\�WKH�WDUJHW�UHODWLYH�WR�WKH�ELUG�WDUJHWV�SDVVLQJ�WKURXJK�WKH�]RQH�DQG�SURYLGHV�D�
TXDQWLWDWLYH�EDVLV�IRU�HVWLPDWLRQ�RI�ULVN��
,Q�WKLV�PRGHO��WKH�UDGDU�VFDQQHG�]RQH�LV�WKH�WRWDO�DUHD�LQ�ZKLFK�WKH�UDGDU�FROOHFWV�GDWD��)LJXUH����
\HOORZ�VKDGHG�DUHD���'DWD�IRU�WKH���NP�IURQW�LV�WKH�DUHD�ZLWKLQ�WKH�UDGDU�VFDQQHG�]RQH�����NP�WR�
HLWKHU�VLGH�RI�WKH�UDGDU��)LJXUH����JUHHQ�VKDGHG�DUHD���7KH�URWRU�VZHSW�]RQH��56=��LV�WKH���NP�
ZLGH�DUHD�ZLWKLQ�WKH���NP�IURQW�DUHD�IURP�WKH�ERWWRP�PRVW�VZHHS�RI�WKH�WXUELQH�EODGH�WR�WKH�
WRSPRVW�H[WHQW�RI�WKH�URWRU�EODGH�VZHHS��)LJXUH����UHG�VKDGHG�DUHD���7KH�5RWRU�6ZHSW�$UHD�
�56$��LV�WKH�FLUFXODU�DUHD��VZHSW��E\�WKH�EODGHV�RI�D�WXUELQH�GXULQJ�RSHUDWLRQ��
7KH�PRYLQJ�SDUWV�RI�WKH�ZLQG�WXUELQH��WKH�EODGHV��SUHVHQW�WKH�PRVW�VWULNH�ULVN�WR�ELUGV��EXW�ELUGV�
FDQ�FROOLGH�ZLWK�DQ\�SDUW�RI�WKH�ZLQG�WXUELQH�VWUXFWXUH��LQFOXGLQJ�WKH�VXSSRUW�WRZHU��ILJXUH����DQG�
WKH�FHQWUDO�KXE�RI�WKH�QDFHOOH��KXE���
�



3URMHFW��$8675$/,$�5DWFKDEXUUL�:LQGIDUPV���$56�	�6&$'$�3URSRVDO�
4'7�������'��

4'7�������'�IRU�536�� � 3DJH���� �

�
)LJXUH����,OOXVWUDWLRQ�RI�WKH�UDGDU�VFDQQHG�]RQH��WKH���NP�IURQW��DQG�WKH�URWRU�VZHSW�

]RQH�
�
�

�
�

 

 
 �

�
)LJXUH����&RPSRQHQWV�RI�D�W\SLFDO�ZLQG�WXUELQH�

�
�

7KH�56$�DQG�56=�FDQ�EH�FDOFXODWHG�IRU�HDFK�VSHFLILF�SURMHFW�IURP�WKH�WXUELQH�PDQXIDFWXUHU�
GDWD��)RU�D�VLQJOH�WXUELQH�LQVWDOODWLRQ��WKH�5RWRU�6ZHSW�$UHD�RFFXSLHV�RQO\�D�YHU\�VPDOO�SRUWLRQ�
RI�WKH���NP�IURQW��DQG�WKH�EODGHV�RQO\�RFFXS\�D�VPDOO�SHUFHQWDJH�RI�WKH�VZHSW�DUHD�DW�DQ\�
JLYHQ�WLPH��7KH�)URQWDO�$UHD�SUHVHQWHG�E\�WKH�WXUELQH�LQFOXGHV�WKH�IURQWDO�DUHD�RI�WKH�WRZHU��
WKH�JHQHUDWRU��JHDUER[��EODGHV�DQG�QDFHOOH��DQG�DUH�LQFOXGHG�LQ�WKH�FDOFXODWHG�YDOXH�IRU�WKH�
)URQWDO�$UHD�XVHG�IRU�ULVN�DQDO\VLV��H[SUHVVHG�DV�DQ�DUHD�LQ�VTXDUH�PHWHUV��)LJXUH������

�
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�
�

�
)LJXUH�����7KH�IURQWDO�DUHD�RI�D�ZLQG�WXUELQH�FDQ�EH�H[SUHVVHG�DV�DQ�HTXLYDOHQW�
IURQWDO�DUHD�LQ�VTXDUH�PHWHUV��

�

8VLQJ�WKH�IURQWDO�DUHD��WKH�QXPEHU�RI�GLVFUHWH�SDWKZD\V�ZLWKLQ�WKH�56=�FDQ�EH�GHWHUPLQHG�
ZLWK�D�'LVFUHWH�3DWKZD\�EHLQJ�HTXDO�LQ�DUHD�WR�WKH�IURQWDO�DUHD�RI�WKH�ZLQG�WXUELQH��7KH�WRWDO�
QXPEHU�RI�'LVFUHWH�3DWKZD\V��)LJXUH�����LQ�WKH�56=�IRU�D�VLQJOH�ZLQG�WXUELQH�LV�FDOFXODWHG�DV��
�

5RWRU�6ZHSW�=RQH�)URQWDO�$UHD�RI�WKH�WXUELQH�VWUXFWXUH�

�

)LJXUH�����$UUD\�RI�GLVFUHWH�SDWKZD\V�LQ�WKH�URWRU�VZHSW�]RQH�ZLWK�RQH�RI�DOO�WKH�
'LVFUHWH�3DWKZD\V�EORFNHG�E\�D�ZLQG�WXUELQH�

7KH�FDOFXODWHG�QXPEHU�RI�'LVFUHWH�3DWKZD\V�IRU�D�SURMHFW�UHVXOWV�LQ�D���LQ��[��FKDQFH��ZLWK��[��
EHLQJ�WKH�1XPEHU�RI�'LVFUHWH�3DWKZD\V��WKDW�D�WDUJHW�SDVVLQJ�WKURXJK�WKH�5RWRU�6ZHSW�=RQH�
ZLOO�KDYH�WR�FKDQJH�LWV�IOLJKW�SDWK�WR�DYRLG�D�FRPSRQHQW�RI�WKH�WXUELQH�VWUXFWXUH��$FFRUGLQJO\��LI�
WKH�3DVVDJH�5DWH�RI�WDUJHWV��QXPEHU�RI�ELUG�WDUJHWV�KRXU���NP�IURQW��DV�PHDVXUHG�E\�WKH�UDGDU�
GRHV�QRW�H[FHHG�WKH�QXPEHU�RI�GLVFUHWH�SDWKZD\V��WKHQ�VWDWLVWLFDOO\�QR�VLQJOH�WDUJHW�FURVVHV�WKH�
SUREDELOLW\��5LVN�7KUHVKROG��RI�KDYLQJ�WR�VHH�DQG�DYRLG�DQ\�WXUELQH�FRPSRQHQW��7KLV�PRGHO�
DVVXPHV�D�ZRUVW�FDVH�VFHQDULR�RI�]HUR�DYRLGDQFH�RI�REVWDFOHV�E\�ELUGV�GXULQJ�ORZ�YLVLELOLW\�DW�
QLJKW�FRQGLWLRQV��VR�WKDW�WKH�DFWXDO�ULVN�LV�PRVW�OLNHO\�ORZHU�WKDQ�WKH�ULVN�SURMHFWHG��

&RQFOXVLRQ�

7KH�DGYDQWDJH�RI�WKLV�PRGHO�LV�WKDW�WKH�GDWD�LV�KLJKO\�TXDQWLWDWLYH�DQG�REMHFWLYH��SURYLGLQJ�D�
PHDQV�WR�GHYHORS�VWDQGDUGL]HG�GDWD�IRU�WKH�ZLQG�HQHUJ\�LQGXVWU\�WR�PRUH�UHOLDEO\�FRPSDUH�
SURMHFWHG�UHVXOWV�ZLWK�WKH�DFWXDO�PRUWDOLW\�DW�WKH�RSHUDWLQJ�ZLQG�IDUP��'DWD�GHYHORSHG�E\�WKH�
PRGHO�FDQ�DOVR�EH�XVHG�ZLWK�DGYDQFHG�DYLDQ�UDGDU�V\VWHP�WHFKQRORJ\�DV�D�ULVN�PLWLJDWLRQ�
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V\VWHP�ZKHUH�WKH�UDGDU�LQWHJUDWHG�ZLWK�ZLQGIDUP�FRQWURO�V\VWHPV�WR�FRQWLQXRXVO\�PRQLWRU�ELUG�
DFWLYLW\�DURXQG�WKH�ZLQGIDUP�DSSO\LQJ�WKH�PRGHO�LQ�UHDO�WLPH�WR�SURYLGH�DFWLYH�ULVN�PLWLJDWLRQ�
UHVSRQVHV�WKDW�FDQ�LQFOXGH�VHOHFWLYH�LGOLQJ�RI�WXUELQHV�GXULQJ�SHULRGV�RI�KLJK�PRUWDOLW\�ULVN�
FRQGLWLRQV��5HFHQW�VWXGLHV�KDYH�LQGLFDWHG�WKDW�WKH�HFRQRPLF�LPSDFW�WR�WKH�ZLQG�HQHUJ\�SURMHFW�
IURP�WKLV�WHFKQRORJLFDO�DSSURDFK�LV�PLQLPDO�DV�WKH�KLJK�ULVN�SHULRGV�W\SLFDOO\�RFFXU�GXULQJ�WLPHV�
RI�ORZ�ZLQG�DQG�RU�QRQ�SHDN�GHPDQG�UHVXOWLQJ�LQ�D�PDQDJHDEOH�PLWLJDWLRQ�FRVW��
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�

���� 6\VWHP�:DUUDQW\�DQG�2SHUDWLRQ�	�0DLQWHQDQFH�&RVWV�
�����0(5/,1�$56�&KDUDFWHULVWLFV�

7KH� 0(5/,1� $56� LV� SURYHQ�� KLJKO\� UHOLDEOH� WHFKQRORJ\� ZLWK� RYHU� ��� V\VWHPV� RSHUDWLQJ�
ZRUOGZLGH�VLQFH��������7KH�WHFKQRORJ\�ZDV�RULJLQDOO\�GHYHORSHG�IRU� WKH�86�$LU�)RUFH�DQG�WKH�
86�VSDFH�DJHQF\��1$6$��DQG�KDV�EHHQ�HQJLQHHUHG� WR�GHOLYHU� VXSHULRU� SHUIRUPDQFH�DQG� WKH�
KLJKHVW�OHYHO�RI�V\VWHP�UHOLDELOLW\�DV�D�FULWLFDO�IOLJKW�VDIHW\�V\VWHP�FRPSRQHQW���7KH�86$)�KDV�WR�
GDWH�SXUFKDVHG�VHYHQ�0(5/,1�V\VWHPV��LQFOXGLQJ�D�WKHDWHU�GHSOR\HG�V\VWHP�IRU�$IJKDQLVWDQ��
EDVHG� RQ� D� GRFXPHQWHG� KLVWRU\� RI� ELUGVWULNH� UHGXFWLRQ� DQG� KLJK� V\VWHP� UHOLDELOLW\�� � 1$6$��
SXUFKDVHG�WZR�0(5/,1�V\VWHPV�WR�GDWH�DQG�FDUHIXOO\�DVVHVVHG�0(5/,1�V\VWHP�UHOLDELOLW\�DV�
SDUW�RI�LWV�DFTXLVLWLRQ�SURFHVV��FHUWLI\LQJ�0(5/,1�IRU�RSHUDWLRQDO�VXSSRUW�RI�WKH����ELOOLRQ�VSDFH�
VKXWWOH�EDVHG�RQ�LWV�YDOLGDWHG�SHUIRUPDQFH�DQG�KLJKHVW�OHYHO�RI�UHOLDELOLW\��ELUGVWULNHV�DUH�1$6$µV�
VHFRQG�KLJKHVW� VDIHW\� ULVN� WR� WKH� VKXWWOH� DQG�1$6$�ZLOO� QRW� ODXQFK� WKH� VSDFH� VKXWWOH�ZLWKRXW�
0(5/,1�V\VWHP�VXSSRUW�����

2WKHU�JRYHUQPHQW�DJHQFLHV�WKDW�LQFOXGH�WKH�%ULWLVK�JRYHUQPHQW�DQG�LQWHUQDWLRQDO�DLUSRUWV�KDYH�
VLPLODUO\�VHOHFWHG�WKH�0(5/,1�V\VWHP�IRU�IOLJKW�VDIHW\�VXSSRUW�DQG�0(5/,1�LV�WKH�PRVW�ZLGHO\�
XVHG�ELUG�UDGDU�WHFKQRORJ\�IRU�ZLQG�HQHUJ\�SURMHFW�SUHFRQVWUXFWLRQ�VXUYH\�DQG�RSHUDWLRQDO�ZLQG�
IDUP�PRQLWRULQJ�DQG�ULVN�PLWLJDWLRQ���7KH�ROGHVW�0(5/,1�V\VWHP�DW�DQ�RSHUDWLQJ�ZLQG�IDUP�LV�WKH�
V\VWHP�LQVWDOOHG�DW�WKH�1HDU�6KRUH�:LQG�3DUN��1RUGZLQG]HH��ZLQG�IDUP�RII�RI�WKH�'XWFK�FRDVW�
WKDW� ZDV� LQVWDOOHG� LQ� 6HSWHPEHU� ������ � 7KH� V\VWHP� KDV� RSHUDWHG� XQDWWHQGHG� DW� WKH� UHPRWH�
RIIVKRUH�VLWH�QHDUO\�FRQWLQXRXVO\�VLQFH������ZKLFK� LQFOXGHV���\HDUV�RI�SUHFRQVWUXFWLRQ�VXUYH\�
DQG�FRQWLQXRXV�PRQLWRULQJ�RSHUDWLRQ�ZKHQ� WKH�ZLQG� IDUP�ZHQW�RQ� OLQH� LQ������� �7KLV� V\VWHP�
XVHG� WKH� ROGHU� PDJQHWURQ�EDVHG� UDGDU� V\VWHPV� �QRW� WKH� VWDWH�RI�WKH�DUW� VROLG� VWDWH� UDGDUV�
SURSRVHG� IRU� WKLV� WHQGHU�� \HW� KDV� KDG� YHU\� ORZ� V\VWHP�GRZQWLPH� �OHVV� WKDQ����� DQG�VHUYLFH�
FRVWV��XQGHU��������HXUR����,Q�������WKH�ILUVW�URXQG�RI�'H7HFW�UHFRPPHQGHG�V\VWHP�XSJUDGHV�
ZDV�LPSOHPHQWHG�ZKLFK�LQFOXGHG�UHSODFHPHQW�RI�WKH�V\VWHP�SURFHVVLQJ�FRPSXWHU�XQLWV��

�����'H7HFW�:DUUDQW\�7HUPV�

0(5/,1� LV�GHVLJQHG�DQG�PDQXIDFWXUHG�E\�'H7HFW�� ,QF��RI�3DQDPD�&LW\��)ORULGD�86$��D�8�6��
&RUSRUDWLRQ��DQG�LV�VXSSRUWHG�E\�'H7HFW�WKURXJK�D�QHWZRUN�RI�ZRUOGZLGH�UHSUHVHQWDWLYHV��7KH�
V\VWHPV�DUH� HQJLQHHUHG� DQG� FRQVWUXFWHG� WR�PHHW�86� LQGXVWULDO��0,/63(&�DQG�RWKHU�86�DQG�
LQWHUQDWLRQDO� VWDQGDUGV� IRU� GXUDELOLW\�� UHOLDELOLW\� DQG� SHUIRUPDQFH� XQGHU� FRQWLQXRXV� �����
RSHUDWLRQ�DQG�LQ�KLJK�GHPDQG��DGYHUVH�RSHUDWLQJ�FRQGLWLRQV����

'H7HFW� SURYLGHV� D� IXOO� SDUWV� DQG� ODERU� ZDUUDQW\� ZLWK� V\VWHP� WKDW� LQFOXGHV� 'H7HFW� UHSDLU� RU�
UHSODFHPHQW�RI�DQ\�GHIHFWLYH�SDUWV�IRU�WKH�WHUP�RI�WKH�ZDUUDQW\��H[FOXVLYH�RI�ZHDU�SDUWV��)RU�WKLV�
RIIHU�D�RQH�\HDU�SDUWV�DQG�ODERU�ZDUUDQW\� LV� LQFOXGHG�IRU�DOO�V\VWHP�FRPSRQHQWV� ��'H7HFW�ZLOO�
UHSODFH�DQ\�FRYHUHG�SDUWV�WKDW�IDLO� LQ�WKH�ILUVW�\HDU�DW� LWV�H[SHQVH��ZKLFK�LQFOXGHV�SDUWV�
DQG�ODERU����

1RWH��7KH�RQO\�FRPSRQHQWV�H[FOXGHG�IURP�WKLV�ZDUUDQW\�DUH�ZHDU�SDUWV�DUH�SDUWV�ZKLFK�GHJUDGH�
XQGHU�QRUPDO�XVH�DQG�LQFOXGH��EXW�DUH�QRW�OLPLWHG�WR��PRWRU�EUXVKHV��JHQHUDWRUV��WLUHV��DQG�RWKHU�
VXFK� FRPSRQHQWV�� RU� SDUWV� WKDW� IDLO� GXH� WR� GHWHULRUDWLRQ� IURP� HQYLURQPHQWDO� RU� FKHPLFDO�
H[SRVXUH�FRQGLWLRQV���,Q�������'H7HFW�VLJQLILFDQWO\�LPSURYHG�V\VWHP�UHOLDELOLW\�E\�XSJUDGLQJ�WKH�
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0(5/,1� WHFKQRORJ\� WR� DOO� VROLG�VWDWH� UDGDU� VHQVRUV� ZLWK� ������� KRXU� 07%)� PDQXIDFWXUHU�
UDWLQJV��UHSODFLQJ�PDJQHWURQ�EDVHG�VHQVRUV�WKDW�KDG������KRXU�07%)�PDQXIDFWXUHU�UDWLQJV������
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�
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Date: October 19, 2011 Quotation: QDT-111005D

To: RPS Validity:   90 Days
North Queensland, Australia

Via: Tim Cookes - ES&S

Ex Works DeTect, Inc.

Ref: Migratory Bird Mortality Risk Mitigation for Ratchaburri’s Windfarms in North Queensland - Australia

Item Description QTY Unit Price (US$)

1.0 Phase 1 - MERLIN XS25200me Avian Radar System 1 $553,900
See Item 3. MERLIN XS25200me Avian Radar System (ARS) 
Deliverables of our Technical Proposal QDT-111005D.

2.0 Phase 2 - MERLIN SCADA  Risk Rule Development and 
Implementation 1 $138,600
(if deemed applicable)

TOTAL SYSTEM - CIF Australia $692,500

Radar Coverage Extension (Phase 3)

3.0 Additional MERLIN XS25200me Avian Radar System (same 
configuration as Item 1) 1 $553,900

4.0 Additional 25KW VSR radars (skid mount) as needed for full 
windfarm coverage (final quantity to be determined at the end of 
Phases 1 and 2) 1 $270,000
*Note: Radar locaƟons, number of and type of radar units/sensors 
and radar range seƫngs are all subject to change based on further 
analysis and site visit(s) by DeTect Inc.

All pricing is in U.S. Dollars and the client assumes all foreign exchange risk.
Delivery quoted is CIF nearest major seaport (customer to arrange customs clearance,
import duties, and local  transport to project and installation sites).

Payment Schedule & Terms:
 30% of contract with order and executed contract
 15% payment due 30 days after contract
 15% payment due 60 days after contract
 15% payment due 90 days after contract
 15% payment due prior to shipment 
 Balance in equal payments to be invoiced monthly with 5% due at start-up and the final 5% due within 60 days after startup 

Payments are to be made within twenty (20) days of invoice date.
Failure to make payments in accordance with the terms and schedule may result in extension of delivery.
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Item Description QTY Unit Price (US$)

MERLIN ARS System - Avian Survey Configuration

Delivery Lead Time:
6-8 months after receipt of order

General Terms & Conditions:
1. Specifications are subject to change without notice.  Systems will be delivered 
in general accordance with specifications and design currently in effect at time of order.
2. The price proposed is exclusive any and all applicable sales taxes, fees, 
licenses, duties, operating permits and other costs resulting from the sale, 
delivery, transfer, installation, and operation of the system and the buyer will be 
responsible for obtaining and costs related to such items.  DeTect will provide 
available information for applications, permits and licenses as required by the buyer.
3. Title to the equipment will be transferred to the buyer upon receipt of all 
payments due from the buyer to DeTect under this proposal and any subsequent contract.
4.  The  buyer  will  be  granted  a  single  site  user  license  to  use  the  MERLIN™  
operating software for the intended purpose only.  DeTect will deliver a complete 
set of the MERLIN operating software executables with the system and periodically 
will issue updates and patches to the software.  Any other such unauthorized use 
of the software or transfer of or installation of the software to other systems or computers 
or transfer to other users, companies or individuals is expressly prohibited.  Non-compliance 
with the license requirements will result in revocation of the user license upon notification of 
which the buyer will immediately and promptly remove, delete, and destroy all copies of said 
software, providing written certification of compliance of such removal, deletion, and destruction.
5. Client user to provide required infrastructure for system in advance of delivery to include
equipment pads, power connections and connections for remote system control and display
via client fiber optic (or similar) network.
6.Purchase and delivery the system may be subject to the United States International Traffic in Arms 
Regulations (ITARs). Non-US government buyers at purchase will be required to execute an agreement 
acknowledging  that:  (i)  DeTect’s  MERLIN  system  (defined  as  technology,  hardware  and  software)  may  be  
governed by the United States ITARs; (ii) the system will be used solely for the intended commercial 
purpose and will be used in strict compliance with ITARs; (iii) he will implement procedures for restricting 
access to said system and agrees not to sell, rent, lease or in any manner transfer the system or any 
component to any country or individual to which such access or transfer is restricted; (iv) will not to export 
or transfer the equipment outside of the U.S. except as permitted by ITARs and with the express written 
approval of the DeTect; and, (v) any other use of the system may require advance approval under ITARs, 
agree to advise DeTect prior to any transfer or such use, and will not proceed with such transfer or use 
without receipt of approval by both DeTect and any required U.S. Government Agencies. The buyer will be 
granted  a  single  site  user  license  to  use  the  MERLIN™  and  HARRIER™  operating  software  for  the  
intended purpose only. DeTect will deliver a complete set of the operating software executables with the 
system and periodically will issue updates and patches to the software. Any other such unauthorized use of 
the software or transfer of or installation of the software to other systems or computers or transfer to other 
users, companies or individuals is expressly prohibited. Noncompliance with the license requirements will 
result in revocation of the user license upon notification of which the buyer will immediately and promptly 
remove, delete, and destroy all copies of said software, providing written certification of compliance of such 
removal, deletion, and destruction.
7.  Acceptance of the order by DeTect is contingent on execution of a contract or order in a form 
acceptable to DeTect.  All specifications and delivery schedules are subject to change based on current 
models offered at the time of the order.  
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PO Box 939 

 Hawthorn 
 VIC 3122 

Australia 
 

www.esands.com 
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___________engineering solutions for monitoring the environment___________ 
8 River St, Richmond VIC 3121  Australia   T:+61 3 8420 8999   F: +61 3 8420 8900 ACN: 007 536 807 

 

Standard Terms and Conditions of Trade 
 
To  the  fullest  extent  legally  possible,  all  dealings  between  Environmental  Systems  &  Services  Pty  Ltd  ACN:  006  349  122  (“ESS”)  and  any  Customer  ("the  Customer")  relating  to  any  products  or  services  are  subject  to  the  following  
Terms  &  Conditions  of  Trade  (“these  Terms”)  unless  otherwise  agreed  in  writing. 

1. Payments to be within 30 days of invoice date without deduction, unless otherwise agreed. 
2. Interest  is  payable  on  overdue  accounts  at  ESS’  election  at  the  rate  prescribed  under  the  Penalty  Interest  Rates  Act  1983  (Vic) plus an additional 3% per month. 
3. Property: 

a. Property in products shall not pass until payment in full of all monies owed to ESS on any basis 
b. ESS reserves the right to take possession & dispose of products as it sees fit at any time until full payment & the Customer grants permission to ESS to enter any property where any product is in 

order to do so with such force as necessary 
c. Immediately upon delivery the Customer accepts liability for the safe custody of products 
d. A certificate signed by an officer of ESS identifying ESS products & certifying that monies are owing to ESS shall be conclusive  evidence  of  ESS’  title  thereto 
e. Upon sale or disposition of products prior to payment in full the Customer agrees to hold all proceeds Upon Trust for ESS in a separate bank account agrees not to mix proceeds with any other 

monies & will upon request  immediately account to ESS therefore even if ESS may have at any time granted any credit facility &/or time to pay 
f. Until full payment the Customer agrees 

i. to keep all products as fiduciary and Bailee for ESS & store them in a manner which shows ESS as owner 
ii. only to sell products in its usual course of business 

iii. sale  on  terms,  at  cost  or  less  than  cost  shall  not  be  “in  the  usual  course” 
g. Clause 3 is not intended to create a charge & shall be read down to the extent necessary to avoid being a charge 
h. if the Customer uses or incorporates any products in any production, process, manufacture or construction or combines them with anything to create a finished or combined new thing for 

disposition by the Customer then upon such disposition prior to payment in full of all monies owing, the Customer agrees to hold such part of the proceeds thereof (& until payment is received by 
the Customer, that part of any applicable book debt of the Customer) as equals the costs of the products used and/or incorporated therein (at the prices invoiced by ESS to the Customer for them) 
Upon Trust for ESS until payment in full of all monies. 

4. Limitation Of Liability: 
a. The Customer will limit any claim upon ESS relating to products, to the cost of replacement of products or the supply of equivalent products and relating to services, to the cost of having services 

supplied again 
b. ESS will not be liable in any way for any contingent consequential direct indirect special or punitive damage arising whether due to ESS's negligence or otherwise & the Customer acknowledges 

this limit of liability & agrees to limit any claim accordingly 
c. No other term condition agreement warranty representation or understanding whether express or implied in any way extending to or otherwise relating to or binding upon ESS is made or given 
d. ESS will not be liable for any claim re any alleged fault or defect caused or contributed to by the Customer or any 3rd party nor for any transport installation rectification labour or other cost.  

5. Returns: 
a. Any products which are accepted by ESS as defective may be returned and 

i. be replaced free of charge or 
ii. be the subject of a credit for the invoiced value. Replacement free of charge does not include labour transport or material costs.  

6. Specific Orders. Customer specific orders may be rejected by ESS at its election, unless accompanied by a non-refundable deposit of at least 50% of the total order price. 
7. Placement Of Orders: 

a. if any dispute arises concerning any order (& including any measurement quality quantity identity or authority or any telephone facsimile e-mail or computer generated order) the internal records of 
ESS will be conclusive evidence of what was ordered 

b. each order placed shall be & be deemed to be a representation made by the Customer at the time that it is solvent & able to pay all of its debts as & when they fall due 
c. failure to pay in accordance with these Terms shall be & be deemed to be conclusive evidence that the Customer had no reasonable grounds for making the representation referred to in 7.b) & that 

the representations were unconscionable, misleading and deceptive 
d. when any order is placed, the Customer shall inform ESS of any material facts which would or might reasonably affect the commercial decision by ESS to accept the order &/or grant credit in 

relation thereto. Any failure to do so shall create & be deemed to create an inequality of bargaining position shall constitute & be deemed to constitute the taking of an unfair advantage of ESS & to 
be unconscionable, misleading and deceptive. 

8. Delivery: 
a. ESS accepts no responsibility for delivery but may elect to arrange delivery at its discretion & without any liability & at the Customer's costs & responsibility in all things 
b. ESS reserves the right to charge for any delivery 
c. the Customer shall be deemed to have accepted delivery & liability for the products immediately ESS notifies that they are ready for collection or when they are delivered to a carrier or to the 

Customer's business premises or site whether attended or not 
d. a certificate purporting to be signed by an officer of ESS confirming delivery shall be conclusive evidence of delivery as shall any signed delivery docket 
e. ESS will not be liable for delay, failure or inability to deliver any products 
f. once the Customer has been notified that products are ready for collection, the Customer agrees to pay all costs of holding or handling products 
g. Frustrated Delivery: If the time spent in attempting to or effecting delivery exceeds 30 minutes or requires more than one attempt, the Customer agrees to pay all costs  relating thereto together with 

a loading of 10% to cover administration costs. 
9. Variation or cancellation of any order dealing or arrangement must be agreed  in writing 
10. Purchase Price: 

a. All sales are made by ESS at its quoted price at the time of order placement 
b. government  imposts  and  any  GST  (“imposts”)  will  be  to  the  Customer’s  account 
c. ESS’s  price  lists  exclude  imposts  unless  expressly    noted  thereon. 

11. Exclusions: 
a. No dealing with the Customer shall be or be deemed to be a sale by sample or description 
b. If ESS publishes material about its products & prices, any part which is incompatible with these Terms is expressly excluded 
c. the Customer will rely on its own knowledge & expertise in choosing any product for any purpose 
d. Any advice or assistance given for or on behalf of ESS shall be accepted at the Customer’s  risk  &  shall  not  be  or  be  deemed  given  as  expert  or  adviser  nor  to  have  been  relied  upon. 

12. Default or breach by the Customer of these Terms or in any dealings with ESS will entitle  ESS to retain all monies paid, call-up all monies owing, cease further deliveries & recover from the Customer all loss of 
profits without prejudice to any other of its rights. 

13. Severability: Any part of these Terms can be severed without affecting any other part. 
14. Products: 

a. ESS may update modify make substitution or alter any of its products or any component or raw material incorporated in or used in forming any party of any products as part of its ongoing business. 
The Customer agrees to accept current products in substitution for any products ordered provided they are not materially different 

b. ESS disclaims any responsibility or liability relating to any products 
i. processed or made to designs drawings specifications or measurements etc or with materials which are provided or approved (whether in part or fully) by or on behalf of the 

Customer 
ii. utilised stored handled or used incorrectly or inappropriately 

c. The Customer agrees to check products for compliance with all applicable Standards & regulatory bodies before use, on-sale or application & only to use on-sell or apply products in accordance 
therewith  and  with  any  manufacturer’s  or  ESS’  recommendations  &  directions  as  well  as  with  sound  commercial  practice. 

15. Other Terms & Conditions & Notice: No terms &/or conditions sought to be imposed by the Customer upon ESS shall apply unless agreed in writing by ESS. 
16. Recovery Costs: The Customer will pay all costs & expenses of ESS, its legal advisers, mercantile agents & others acting on its behalf in respect of anything instituted or being considered  as a result of any 

breach of these Terms or of any dealings with ESS. 
17. Attornment: To give effect to its obligations arising under in these Terms the Customer hereby irrevocably appoints any solicitor for ESS from time to time, as its attorney. 
18. Customer Restructure: The Customer will notify ESS of any change in its structure or management including any change in director shareholder management partnership or trusteeship or sale of any material part 

of its business within 7 days of any such change. 
19. Jurisdiction: All contracts made with ESS shall be deemed to be made in Victoria & the parties submit to the jurisdiction of the appropriate Courts in or nearest Melbourne. 
20. Credit Limit: ESS can vary or withdraw any credit facility or limit at any time at its discretion & without any liability to the Customer or any other party. 
21. Waiver: If ESS elects not to exercise any rights arising as a result of breach of these Terms it shall not constitute a waiver of any rights relating to any subsequent or other breach. 
22. Notice: The Customer will be deemed to have notice of any change to these Terms, immediately they are adopted by ESS in its business. 
23. Security For Payment: The Customer 

a. agrees on written request to charge in favour of ESS 
i. by way of a fixed charge, all its books of account goodwill documents of title & current & later acquired real & intellectual property &  

ii. by  way  of  a  floating  charge  the  whole  of  the  Customer’s  other  undertaking  property  &  assets  with  payment  of  all  monies  owed  to ESS  
b. grants a lien to ESS over any of its property in the possession or control of ESS for any monies due and owing to ESS under these Terms or otherwise. 

24. Force Majeure: ESS will not be in default or breach of any dealing with the Customer as a result of Force Majeure (ie: anything  beyond  ESS’  reasonable  control). 
25. Patents etc : If ESS utilises any design patent or intellectual property or follows any instruction provided by or on behalf of the Customer the Customer indemnifies ESS against any claim proceeding damages or 

liability for any loss cost or expense arising as a result whether for any alleged infringement of any intellectual property or otherwise. 
26. Specifications: 

a. Any  illustration  drawing  or  specification  supplied  by  ESS  (“Specs”)  are  drafts  and  approximates 
b. Any tangible or intellectual property rights in Specs shall remain the property of ESS and may be recalled at any time 
c. Specs to be treated at all times as confidential and not made use of  without the prior written consent of ESS. 

27. Materials: All materials supplied by the Customer must be shipped by the Customer to the factory or site nominated by and in accordance with ESS instructions & at the cost and risk of the Customer. Such 
materials will remain at the Customers risk at all times. 

28. Stock Discretion: ESS has a continuing discretion to allocate available stock and gives no warranty as to certainty of supply unless expressly agreed in writing in advance.  
29.  Partial Delivery/Forward Orders: If the Customer places forward orders or request partial or instalment delivery, the Customer agrees  

a. to pay for so much of any order as is from time to time delivered by ESS 
b. that no delay or failure to fulfil any part of any order shall entitle the Customer to cancel or vary any order or delay or reduce any payment.  

30. On-Sale: The Customer agrees that upon on-sale of any products to inform any third party involved of these Terms and in particular the provisions of clause 4 and sub-clause 4. 
31. Indemnity: The Customer indemnifies ESS against any claim or loss arising from or related in any way to any contractor dealing between ESS & the Customer or anything arising therefrom or arising as a result 

of or subsequent to any breach of these Terms Insurance: The Customer agrees to insure ESS from any liability claim or damage arising in any way; whether directly or indirectly under part VA of the Trade 
Practices Act, these Terms, which insurance will note the insured interest of ESS 
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