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Abstract 

 

The U.S. Department of Energy’s Energy Storage Systems (ESS) Program, through the support 

of Pacific Northwest National Laboratory (PNNL) and Sandia National Laboratories (SNL), 

facilitated the development of the protocol provided in this report.  The focus of the protocol is to 

provide a uniform way of measuring, quantifying, and reporting the performance of ESSs in 

various applications; something that does not exist today and, as such, is hampering the 

consideration and use of this technology in the market.  The availability of an application-

specific protocol for use in measuring and expressing  performance-related metrics of ESSs will 

allow technology developers, power-grid operators and other end-users to evaluate the 

performance of energy storage technologies on a uniform and comparable basis.  This will help 

differentiate technologies and products for specific application(s) and provide transparency in 

how performance is measured.  It also will assist utilities and other consumers of ESSs to make 

more informed decisions as they consider the potential application and use of ESSs, as well as 

form the basis for documentation that might be required to justify utility investment in such 

technologies.  
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EXECUTIVE SUMMARY 

 

The U.S. Department of Energy’s Energy Storage Systems (ESS) Program, through the support 

of Pacific Northwest National Laboratory (PNNL) and Sandia National Laboratories (SNL), 

facilitated the development of the protocol provided in this report.  The focus of the protocol is to 

provide a uniform way of measuring, quantifying, and reporting the performance of EESs in 

various applications; something that does not exist today and, as such, is hampering the 

consideration and use of this technology in the market.  The availability of an application-

specific protocol for use in measuring and expressing  performance-related metrics of ESSs will 

allow technology developers, power-grid operators and other end-users to evaluate the 

performance of energy storage technologies on a uniform and comparable basis.  This will help 

differentiate technologies and products for specific application(s) and provide transparency in 

how performance is measured.  It also will assist utilities and other consumers of ESSs make 

more informed decisions as they consider the potential application and use of ESSs, as well as 

form the basis for documentation that might be required to justify utility investment in such 

technologies. 

The Department of Energy launched this protocol development activity in early 2012 through 

public-private collaboration and with a sense of urgency.  This effort was intended to empower a 

working group of industry leaders in the grid-connected energy storage field, assisted by staff of 

PNNL and SNL, to craft a written document that addresses the most urgent needs in the industry 

related to measuring and expressing performance characteristics for energy storage technologies 

in various applications.  The goal of this effort was to produce a document by September 2012 

that addresses the most pressing needs associated with the measuring and expressing the 

performance of ESSs as determined by those participating in the development of the protocol. 

The protocol development process has been open and widely representative of ESS industry 

leaders, developers, users, government, research, and other interested stakeholders.  This process 

included a project introduction and invitation letter in early February 2012 to many and varied 

stakeholders, the involvement of any stakeholders who responded on the project Working Group, 

five meetings (four web-based and one face-to-face) of the Working Group over a period of 8 

months and numerous additional meetings of four subgroups working on specific details 

associated with the protocol (peak shaving and frequency regulation applications, metrics, and 

definitions).  Through those efforts and numerous correspondence, drafts, re-drafts, etc., the 

protocol presented in this document was developed. 

The protocol presented in this document is intended to be used initially to foster the uniform 

measurement and expression of performance of ESS used for peak shaving and frequency 

regulation applications.  For each of those applications, a specific duty cycle is presented and 

relevant metrics to be measured and reported for each application provided.  Use of the protocol 

by manufacturers of ESSs on a voluntary basis or as required by customers of ESS will result in 

each ESS, via a permanent label and/or specification document providing relevant data about the 

performance of the ESS, that is uniform in nature and comparable amongst ESS technologies 

intended for the same application.  It is recognized that in addressing only two applications, and 

a limited set of metrics for each, there are other applications and metrics that need to be 
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addressed.  The intent with this initial protocol was to address the most pressing needs in a short 

period of time and, in doing so, establish a process to identify further work on other applications 

and/or metrics and build on the protocol in the future. 

Protocol development and enhancement is intended to be a dynamic process that will occur over 

time through a phased approach to address enhancement and consideration of all applications 

and relevant performance metrics.   Through application and use of this protocol, it is hoped that 

the resultant information will serve short-term needs and that needed refinements can be 

identified and addressed in a more formal standards development process by a voluntary sector 

standards development organization.  This would then result in a future consensus standard to 

replace this protocol.  Concurrent with any such efforts to develop a consensus standard, the 

Working Group, protocol, and process for its development are expected to continue, focusing on 

additional applications and metrics for those new applications as well as additional metrics for 

the two applications addressed in the initial protocol.  In like manner, the next version of the 

protocol could feed into updates and revisions to any consensus standard whose provisions are 

based on those in this protocol.  This process, compared to going immediately into formal 

standards development, saves time and money and most importantly provides a document that, 

while not having an official consensus designation, is available for application and use in a 

timely manner to fill the immediate need noted above.  The success of this collaborative process 

and 8 month effort to develop this protocol will be realized through the voluntary application and 

use of the protocol by ESS manufacturers, or the request for its use by ESS customers as they 

consider adoption and use of the technology.  It is hoped that the effort undertaken to develop 

this protocol proves to be a good investment in technology acceptance by realizing such a 

successful adoption and use of the protocol. 
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FOREWARD 

 

Protocol for Uniformly Measuring and Expressing the Performance  

of Energy Storage Systems 

(The information presented in this foreword is not part of the protocol.  It is merely 

informative and does not contain requirements necessary for conformance to or use of the 

protocol.) 

The Energy Storage Systems (ESS) Program of the U.S. Department of Energy, through the 

support of the Pacific Northwest National Laboratory (PNNL) and Sandia National Laboratories 

(SNL) facilitated the development of this protocol to support the uniform measurement and 

reporting of the performance of ESSs in various applications.  The availability of a suite of 

uniform, application-specific protocols will allow technology developers, power grid operators 

and other end-users to evaluate the performance of energy storage technologies.  This will help 

differentiate technologies and products for specific application(s) and provide transparency and 

uniformity in how performance is measured.  It will also assist utilities and other consumers of 

ESSs make more informed decisions as they consider the potential application and use of ESSs. 

The protocol is intended to assist the energy storage industry more effectively communicate to 

all interested parties and ESS customers and users about energy-storage applications in terms of 

the technical performance associated with providing a service or services that employ ESSs.  

This in turn will foster the ability of the ESS industry to showcase applicable options for 

increasing the reliability and energy management capabilities of the electricity delivery system, 

whether it is connected to the grid or through onsite stand-alone systems. 

The Department of Energy launched this protocol development activity officially on February 3, 

2012, with a sense of urgency to establish and empower a working group of industry leaders in 

the grid-connected energy storage field to craft a written document that addresses the most 

urgent needs in the industry related to measuring and reporting performance characteristics for 

ESSs in various applications.  The goal of this effort was to produce a document by September 

30, 2012, that addresses the most pressing needs related to measuring and reporting the 

performance of ESSs as determined by those participating in the development of the protocol.  

The protocol development process has been open and widely representative of ESS industry 

leaders, developers, users, government, research, and other interested stakeholders. 

The protocol is intended to be used initially as a resource for uniform test methods for measuring 

the performance of commercially available ESS for stationary applications with or without all 

electric inputs and outputs and as a foundation for future work.  Protocol development and 

enhancement is intended to be dynamic and occur over time through a phased approach to 

address all storage technologies, applications, and relevant performance metrics as deemed 

appropriate by ESS stakeholders.  It is intended that the ESS manufacturer identify the 

application(s) intended for the system based on the application requirement for the system and 

desired output characteristics.  This allows an orderly delineation of systems in a manner that 
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will meet customer needs.  Based on the intended application, the manufacturers of systems 

intended for a particular application have a uniform way to measure and report performance and 

customers have a common metric and basis for comparison within a specific application 

universe.  If a system has multiple applications then it would be evaluated under each of the 

applicable but separate “application tracks” and be accompanied by a separate performance 

report for each application. The protocol addresses what were determined to be short-term needs 

associated with the covered topic and capable of being addressed given the timeframe available 

and availability of the working group members to recommend specific criteria for consideration.  

Further enhancements are envisioned in the future, as discussed below, to address technologies, 

applications and associated metrics that are not covered in this initial protocol.  

This initial protocol provides methods to address specific metrics associated with the 

performance of electric ESSs being applied for peak-shaving and frequency-regulation 

applications.  This protocol can also accommodate thermal-storage systems through 

identification of appropriate metrics and test procedures, some of which may overlap with those 

presented in the initial protocol.  Additional methods to address the performance of ESSs that are 

intended for other applications are clearly within the title, purpose, scope, and general criteria 

currently in the protocol and will be developed as subsequent enhancements to and be included 

in future versions of the protocol.  For instance future applications could be identified based on 

Energy Storage Proceeding R10-12-007 of the California Public Utilities Commission, which 

identifies 26 uses for energy storage.  Additional applications can be included in Table 1 of the 

protocol, presented in Section 4.3 as new subsections 4.3.3, 4.3.4, etc., and then subsequently 

addressed as applicable by current or future provisions in Sections 5 through 9.  The time frame 

for addressing additional applications in the protocol would be dependent on market demand for 

performance information on those systems and the degree to which proponents of those 

applications are willing to contribute to the development of the language for the protocol to 

address those applications.  This phased approach to develop appropriate standards criteria saves 

time and better serves critical needs of the industry both in the short and long term. 

The protocol is intended to help the industry more effectively communicate about the technical 

performance associated with providing a service or services that employ ESSs.  This in turn will 

showcase applicable options for increasing the reliability and energy management capabilities of 

the electricity delivery system, whether it is connected to the grid or through onsite stand-alone 

systems. 

This protocol represents the collective wisdom of over 100 individuals representing over 60 

entities involved in ESS or ESS component development, sales and installation, utilities and 

energy service providers, research and academia, testing agencies, government, and other 

relevant stakeholders.  Those participating in the Working Group, and on subgroups developing 

the criteria for the two applications, the metrics, and the definitions contained in the protocol, are 

shown below (subgroup members in bold). 

Working Group Participants 

Name Affiliation 

Acker, Bill  

Ashtiani, Cyrus  

New York Battery and Energy Storage Technology 

Saft America, Inc. 
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Name Affiliation 

Baker, Scott  

Baxter, Richard  

Beaston, Virgil  

Becker, Dusty 

Beshir, Mohammed  

Bining, Avtar 

Black, Clifton 

Booth, Bob 

Bouchard, Philippe 

Bryan, John  

Buiel, Edward 

Butkowski, John 

Carbonara, Joe 

Cerveny, John 

Chouinar, Jean Francois 

Colman, Jessica 

Conto, Jose 

Daim, Tugrul 

Dantam, Vani 

Deichert, J  

Everett, Michael 

Fernandez, Manuel 

Fioravanti, Rick  

Foster, Rhys  

Francis, Dan 

Franks, Ryan 

Gaillac, Loic 

Gardow, Eva 

Gerhart. David 

Gotschall, Harold 

Gower, David 

Gravely, Mike 

Gray, Bill  

PJM Interconnection 

Mustang Prairie, LLC 

Powin Energy 

Emerson 

Los Angeles Department of Water & Power 

California Energy Commission 

Southern California Edison 

Pacific Gas & Electric Corporation 

EOS Energy Storage 

CODA Energy 

Ioxus, Inc. 

R.W. Beckett Corporation (Beckett Energy) 

Consolidated Edison, Inc. 

 New York Battery and Energy Storage Technology 

Emerson 

Nichicon America 

Electric Reliability Council of Texas 

Bonneville Power Administration 

Axion Power 

Steffes Corporation 

Maxwell Technologies 

Consolidated Edison, Inc. 

DNV KEMA Energy & Sustainability 

A123 Systems 

American Electric Power 

National Electrical Manufacturers Association 

Southern California Edison 

First Energy Technologies 

Emerson 

NGK 

Intertek 

California Energy Commission 

Velkess 
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Name Affiliation 

Greisen, Leanne 
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HDR Engineering 
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Powin Energy 
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American Electric Power 
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EOS Energy Storage (EOS) 
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Ice Energy 
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Southern California Edison 

Electrical Power Research Institute 
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General Electric Energy Storage 
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Institute of Electrical and Electronics Engineers 
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Shpigler, David  
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Subgroup Participants 
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Name Affiliation 
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Name Affiliation 

Viswanathan, Vish 

Cerveny, John 
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A123 Systems 
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Metrics Subgroup 

Name Affiliation 

Franks, Ryan 

Bouchard, Philippe 
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Daim, Tugrul 
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Lepp, Gary 
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From February 2012 to September 2012, the Working Group exchanged materials for 

development, comment and revision and conducted one face-to-face and five web-based 

meetings.  In addition, the four subgroups (peak shaving, frequency regulation, metrics, and 

definitions) also exchanged materials associated with their portions of the document and had 

numerous web-based meetings.  Collectively the Working Group developed a title, purpose, 

scope for the protocol and then a general section to provide an overview of how the protocol 

would be organized.  An initial draft of the protocol was provided as a foundation for additional 

work and refinement on definitions, identification of performance metrics, duty cycles, and test 

procedures to determine the metrics for each application.  Each of the four subgroups (peak 

shaving, frequency regulation, metrics, and definitions) proceeded to address these items in more 

detail within their area of responsibility.  The input from those four subgroups was then 

assembled as an initial draft of the complete protocol and subsequently refined by the subgroup 

leads to create a final draft. 

Once a final draft of the integrated material from all four subgroups (including the PNNL and 

SNL technical staff that led or participated in the subgroups) was completed, it was sent to all 

Working Group members for review and comment.  The Working Group members were 

encouraged to provide “specific text” changes to the protocol and the rationale for those 

suggested text changes, as opposed to “general comments” that did not detail suggested text 

changes, additions or deletions. 
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Prior to sending out the protocol for review/comment via e-mail, a webinar was conducted by 

PNNL and SNL with the Working Group to walk through the protocol.  The purpose of this 

webinar was to help foster an understanding of the review process and expectations for input that 

could be used in preparing the final version of the protocol before its publication.  Ten responses 

replied with suggested text changes and/or broad, general comments. 

 

Name Affiliation 

Ashtiani, Cyrus SAFT 

Foster, Rhys A123 Systems 

Greisen, Leanne HDR Engineering 

Holt, John NRECA 

Lepp, Gary Prudent Energy 

Murphy, Kelly Steffes Corporation 

Nourai, Ali KEMA 

Sandberg, Chet IEEE 

Sember, James S&C Electric Company 

Willard, Steve PNM Resources 

These responses were compiled into an integrated document and reviewed and considered by the 

subgroup leads with assistance from PNNL and SNL.  The protocol contained in this report 

represents the results of these efforts over the above mentioned 8 month period.  In most cases, 

where specific language was provided, it was included in the protocol.  When comments were 

general in nature, they were addressed when possible.  If the comments received would have 

required a major rewrite of the protocol, they were not considered at this time but may be 

considered in future enhancements to the protocol.  Comments received during the review of the 

final protocol as well as areas for future work identified during development of the protocol are 

discussed below. 

In completing this protocol, it was recognized that the scope of the work to be accomplished to 

satisfy the stated purpose of the protocol was much larger than could be covered in the short 

period of time after organizing the Working Group.  It was also recognized that the level of detail 

and specificity provided might need additional refinement in the future.  During the development 

of the protocol, the following items were identified and are documented for future consideration 

as potential enhancements to the protocol through future work on the protocol and for any 

standards development organizations that develop standards associated with ESS performance or 

others that use the protocol as a basis for specifications or other documents covering the purpose 

and scope addressed by the protocol. 

 Structuring of the protocol.  There was considerable discussion by the Working Group on 

the approach to be taken in structuring the protocol following the completion of the 

purpose and scope of the protocol.  An agreed upon approach early on was critical in 

providing a foundation for the applications and metrics to be initially addressed as well as 
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being able to be built upon long term as additional applications, metrics and 

enhancements to the protocol were considered.  The decision was made to focus on 

specific applications for ESSs and then for those applications to identify relevant metrics 

and the methods to be used in determining and reporting those metrics for each ESS 

intended to be used in that application.  Figure 1 in the protocol provides that foundation 

for applications covered in the initial protocol and provides the dynamics needed to 

visualize future enhancement of the protocol.  During final review of the protocol, a 

member of the Working Group suggested an alternative figure that suggested a series 

approach consisting of steps to define the ESS boundary, then needed functional testing, 

identification of applications, integration of the ESS with other systems both onsite and 

offsite, modeling, and then location.  Application of the approach suggested would have 

had a significant impact on the format and content of the protocol and was not capable of 

being implemented.  That said, there are a myriad of ways to describe ESSs their 

interactions on the utility and customer sides of the system, all of which could be 

included in an informative appendix, separate commentary or other document intended to 

address ESSs.  For the purpose of the protocol, the Working Group felt that Section 4 

provides the most appropriate layout for short-term use and long-term enhancement. 

 System life.  When a system’s performance degrades to the point where it is no longer 

usable in its intended application, it has reached End of Life.  When a system is new, at 

Beginning of Life, it is a complex task to predict time to End of Life that must be based 

on and incorporate environmental conditions, maintenance schedules, component cycle 

life, component calendar life, and many specifics about how the system will be used 

during its life.  It is for these reasons that system life is not included as a performance 

metric in the protocol.  Any metric that could be agreed on would either be too simplistic 

and misleading (such as battery cycle life) or too expensive and time intensive (such as 

mean time to End of Life of 10,000 systems tested under various profiles).  Even with the 

complexity of this task, it is still possible to get a reasonable handle on how long a system 

should last.  Conducting component cycle life testing, fully integrated storage system 

testing, and third-party testing of both varieties will yield reliable data for how long the 

different elements of a full system should last and how system performance should 

change over time and use.  An analysis of these data can produce a system component 

replacement/refurbishment schedule, an estimated design life in a given application, and 

a description of system life sensitivities to operational choices.  Life calculations often 

use complex system models that combine the collected data in nonlinear and technology 

specific ways to obtain these values.  When presented as a package, these data and 

analyses convey a confidence in design life.  While the protocol does not specifically 

address the issue of system life, it does not preclude anyone from addressing that issue, or 

any other issue not currently covered by the protocol. 

 Definition of performance testing. Some feel the concept of reference performance testing 

needs a more clear definition and the development of more robust procedures should be 

addressed in the future.  The protocol, as discussed above, is an initial effort to provide 

something in the short term that establishes a firm foundation for future work but 

concurrently fills a present void that if left unfilled could have an impact on the 

acceptance of ESSs in the market. 
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 Aging. The concepts of power capability and power requirement, available energy versus 

total energy versus required energy need to be distinguished and the issue of aging needs 

to be addressed (e.g., application of the protocol using a power requirement of X on an 

ESS that has a power capability of X+Y).  It was noted that testing to a requirement in the 

protocol and not the capability of the ESS will not produce meaningful information on 

real aging.  It was suggested that the protocol provide for the availability of these data for 

the ESS purchaser.  At the present time, the protocol does not attempt to define a specific 

rated power for all applications, only the application being considered (of which there are 

currently two addressed in the protocol).  It is noted that the protocol does reference 

another test (reference performance test) that users could use to assess battery 

degradation over time if they so choose.  The issue of aging and impacts on performance 

(degradation) is duly noted, could not be addressed in detail in the timeframe available, 

and should be the subject of further work and enhancements to the protocol. 

 Where and how to do testing of ESSs?  For large systems (rated at hundreds of kW to 

MW and beyond), most testing will likely be done in the field at an installation due to the 

challenges of setting up the system in a test facility (itself a challenge for large systems) 

and then disassembling it for shipment.  For example, the new test site at SNL is 

physically limited in space and its ability to handle flow battery electrolytes.  Scaled-

down systems are possible, but many key aspects of a scaled-down system would have to 

be changed.  In this situation (e.g. scale down), it becomes difficult to know if the test 

results are really representative.  The protocol does not address where the testing is to be 

performed, only that certain data be secured.  If in the application of the protocol, it is 

determined that more specifics as to where testing is to be performed, for the entire ESS 

and/or ESS components, are needed those can be added in the future.  It is hoped in 

applying the protocol in the short-term users will secure meaningful information that can 

inform future decisions on this issue. 

 Duty cycle. The duty cycle provided for each application generated discussion as to the 

specific choice of the duty cycle (as opposed to others) and then the application of the 

duty cycle with respect to a full or partial state of charge.  The protocol contains a 

singular duty cycle for each application, which could be enhanced in the future with one 

or more duty cycles that would represent other conditions imposed on ESS applications.  

In addition, the duty cycles provide for a number of repeats over 7 days.  Future 

enhancements to the protocol should suggest ways to shorten the number of repeats and 

time frames associated with the duty cycles in a manner that does not adversely 

compromise the validity of the resultant reported ESS performance. 

 Inclusion of ESS other than batteries. Future efforts should include provisions that ensure 

the applicability of the protocol to storage systems that are not battery oriented. 

 Power test. A power test should be added in the future as well as metrics to measure and 

express power factor and harmonics and when added refer to appropriate published 

consensus standards such as IEEE 1547 or UL 1741. 

 Minimum system size. Consider establishing a minimum system size for use with the 

protocol and reinforce that this is a system-level test.  The protocol is intended to be 

applied to the entire system, noting that there are provisions in the protocol directing how 

the system boundaries are to be defined and described for the ESS being tested.  It is also 
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noted that the scope of the protocol specifically excludes the testing of a battery cell or 

single battery pack, which one might want to conduct and then scale up to represent the 

performance of a system comprised of those tested cells or battery packs.  

 Common reporting format. There is a need for a common format or information model 

for reporting measured parameters to enable further analysis and the incorporation of data 

obtained from one test into another. 

 Inclusion of operational transition time. It is not clear where time is measured for 

systems that have a “sleep” or “dormant state” below “active standby;” it seems that the 

transition time from dormant to active standby should be counted and included in the 

measurement of response time as an additional measurement to the total response time 

measured otherwise. 

 Customer side thermal storage.  A number of participants who manufacture or want to 

apply “customer side” thermal storage applications, such as the use of residential electric 

water heaters in the aggregate for peak-shaving control by the serving utility, stressed the 

important of covering such applications in the protocol.  As noted above, those drafting 

the protocol could not cover all possible situations in this initial effort and in the end were 

further limited by what those participating were willing to author and contribute as 

specific text (criteria) for inclusion in the protocol.  The initial protocol only provides 

specific details for all electric ESSs being applied for peak-shaving and frequency 

applications.  The scope and purpose of the protocol, however, are written to cover all 

ESS technologies.  Additional methods addressing systems that are other than all electric 

should immediately be developed as an enhancement to a future version of the protocol.  

The development of specific revisions and enhancements to the protocol that would foster 

its application and use with such systems are encouraged. 

 Use of PJM data for duty cycle. The Dynamic Regulation Signal from PJM for April 

2011 to March 2012 has been made publicly available so it was used as a reference in 

developing the duty cycle in Section 5.2.3.  In a future version of the protocol, it will be 

important to look at other regional transmission organizations and areas of the country for 

differences in representative regulation data. 

 Additional metrics. There are additional metrics that can be considered for future 

enhancement to the protocol.  For frequency regulation, these include the correlation or 

relationship between control signal and the regulating unit’s response, the time delay 

between the control signal and point of highest correlation, and the difference between 

the areas under the curve for the control signal and the regulating unit’s response. 

 Use of the term application. There was some concern about the use of the term 

“application” to describe a single service that storage (or alternative resource) can 

provide the grid and also to mean a bundle of multiple services or use case.  The need to 

distinguish these was felt to be important to make because the grid service requirements 

need to be defined by those who will decide to use it (e.g., distribution planners, capacity 

planning proceedings, etc.).  It was further suggested that applications be defined as 

energy intensive or power intensive.  To address this, the terms grid service (i.e., an 

avoided cost or revenue opportunity with defined technical requirements that can be 

accomplished through the use of energy storage or an alternative resource) and use case 
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(i.e., a combination or “bundle” of grid services that has established operational hierarchy 

and control to prioritize services with long-term commitments over short-term 

commitments were suggested for inclusion in the protocol.  It was also suggested that the 

tests to be performed be guided by grid service requirements including system 

performance (e.g., capacity, duration, efficiency, ramp, etc.), life (e.g., cycle, calendar, 

etc.), safety, communications, etc.  A list of 13 grid services and associated value metrics 

were also suggested for inclusion.  These suggestions came very late in the development 

phase and were not able to be addressed during finalization of the protocol.  

 

The collective wisdom of the individuals representing the organizations identified above has 

produced this document as a starting point to facilitate uniform communication about and 

assessment of ESS performance.  As a starting point it is hoped its use will foster enhancements 

to the protocol in scope as well as the depth and competency which it brings to addressing the 

need for reliable and robust performance information on ESS that can foster acceptance and 

appropriate use of ESS in the market. 
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1.  PURPOSE 

 

This protocol provides a set of “best practices” for characterizing energy storage systems (ESSs) 

and measuring and reporting on their performance.  It serves as a basis for assessing how 

individual ESSs will perform with respect to key performance attributes relevant to different 

applications.  It is intended to provide a valid and accurate basis for the comparison of different 

ESSs.  By achieving the stated purpose, the protocol will enable more informed decision-making 

in the selection of ESSs for various stationary applications. 
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2.  SCOPE 

 

The protocol defines a set of test, measurement and evaluation criteria with which to express the 

performance of and applies to energy storage systems (ESS) that are intended for energy 

intensive stationary applications and/or power intensive stationary applications.  The energy 

storage system includes the storage device and any power conversion systems installed with the 

storage device and may include battery management systems.  The protocol is agnostic with 

respect to the storage technology and the size and rating of the energy storage system. The 

protocol does not apply to single use storage devices and storage devices that are not coupled 

with power conversion systems, nor does it address safety, security or operations and 

maintenance of ESSs, nor does it provide any pass/fail criteria. 
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3.  DEFINITIONS 

 

The following definitions shall be applied within the context of this protocol for the purposes of 

performance testing.  To be useful, test procedures must include definitions to narrow the margin 

for interpretation and increase the repeatability of tests.  Terms not defined shall have their 

normal dictionary meaning and be applied as such when using the protocol. 

Area Control Error.  A measure of the deviation of the actual interchange energy from the 

scheduled interchange energy on the ties with adjacent balancing authorities coupled with a 

frequency error component, a meter error component, a time error correction term and an 

inadvertent energy payback term. 

Area Regulation.  A control signal from the balancing authority to devices that will respond to 

the control signal within the time frame specified by the balancing authority through a 

calculation by the balancing authority’s energy management system of the area control error. 

Balancing Authority.  The responsible entity that integrates resource plans ahead of time, 

maintains load-interchange-generation balance within a balancing authority area, and supports 

interconnection frequency in real-time. 

Duration.  The discharge time at rated power from the upper state of charge limit to lower state 

of charge limit as specified for the application. 

Duty Cycle.  A charge/discharge profile that represents the demands associated with a specific 

application that are placed on an energy storage system (ESS). 

Energy Efficiency.  The useful energy output divided by the energy input to the ESS expressed 

as a percentage [1], including all parasitic energies needed to run the system, such as heating or 

cooling. 

Energy Performance.  The energy supplied to a load at a given discharge rate [1]. 

Frequency Regulation.  Regulation of electric power frequency provided by generating units 

that are online and increase or decrease power as needed and provided by ESSs that provide “up” 

regulation by discharging and “down” regulation by charging.  This is also considered the use of 

generation, loads, and energy storage to control system frequency within a predetermined 

bandwidth and the inclusion of local devices that continuously measure frequency such as a 

generator governor or a relay or a phasor management unit and then send a control signal to a 

device to increase or decrease the amount of energy injected into the grid or the amount of load 

on the grid.   

Peak Shaving (Management).  An energy storage application that requires discharge duration 

during the daily on peak period (on the order of 2 to 12 hours) and is intended to recharge in the 

daily off-peak period and be available again the following day. 
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Power Performance.  The maximum rate of discharge sustainable for a given duration of 

discharge. 

Ramp Rate.  The rate of change of power delivered to or absorbed by an ESS or device 

expressed as a percentage change in capacity over time (MW/minute). 

Reference Performance Test.  A set of tests performed at periodic intervals during life testing 

to establish the condition and rate of performance degradation of devices under test that are 

generally performed prior to the start of life testing, at defined periodic intervals, and at end of 

testing, for all devices undergoing either cycle life testing or calendar life testing. 

Roundtrip Energy Efficiency.  The useful energy output from an ESS divided by the energy 

input into the system, and expressed as a percentage, and including all system losses as well as 

any electrochemical, electromechanical, or electrical inefficiency involved in the storage of the 

energy under normal operating conditions. 

Response Time.  The time in seconds it takes an ESS to respond to a specific change in output 

or input plus the time to reach or discharge to 100 percent of rated capacity from an initial 

measurement taken when the system is at rest. 

Stored Energy Capacity.  The amount of energy capable of being stored by an ESS expressed 

in terms of electric power or heat. 
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4.  GENERAL 

 

4.1 Intent 

The intent of this section is to provide an overview of the protocol and how it is intended to be 

used to determine the performance of an energy storage system (ESS).  The first step in using the 

protocol is to identify the ESS and its intended application.  These activities shall be performed 

in accordance with Sections 4.2 and 4.3.  Based on the intended application of the ESS, Section 

4.4 shall be used in identifying the duty cycle to be applied and data to be collected at the ESS 

boundary as defined by the manufacturer of the ESS.  Section 4.5 shall be used in defining the 

collected data that are to be used to determine the performance metrics applicable to the selected 

application(s). The reporting and presentation of the ESS performance based on the application 

and use of the collected data shall be in accordance with Section 4.6 (see Figure 1). 

 

Figure 1.  Protocol Overview. 

 

4.2 Identification of the energy storage system 

The ESS shall be described by the system manufacturer via a system inventory, which shall 

include the devices, components, controls, and other components associated with the system.  

The boundary within which the ESS resides shall be identified and all the inputs and outputs that 

cross the ESS boundary shall be identified as to type of input or output and the purpose of each 

(See Figure 1).  In describing the ESS, the manufacturer shall also provide information necessary 

to clearly define the communication interface across the ESS boundary.  This shall include a 
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description of the type, quality, and the source of and destination for all information sent from 

and received by the ESS.  This information shall be available for application and use in 

designing the interfaces to be used for required tests and data collection. 

 

4.3 Identification of the ESS application 

The intended application(s) of the ESS shall be identified by the manufacturer in accordance 

with Table 1. 

Table 1.  Energy Storage System Applications 

Intended Application of the System 

Peak Shaving (Management) (See Section 4.3.1) 

Frequency Regulation (See Section 4.3.2) 

 

4.3.1 Peak Shaving (Management) 

ESSs that are intended to be applied to manage energy use associated with peak load/generation 

shall be identified by the system manufacturer as to their application classification, discharge 

duration and power range in accordance with Section 5.1.1.  All required testing, calculations, 

and/or simulations to determine the performance of ESSs intended for peak-shaving 

(management) applications shall be conducted in accordance with the duty cycle in Section 5.1.3.  

 

4.3.1.1  System rating 

The rating of the ESS shall be determined by the manufacturer as outlined in Section 5.1.2. 

 

4.3.1.2  Performance 

The power and energy performance of the ESS shall be determined in accordance with the 

provisions in Section 5.1.4.1. 

 

4.3.1.3  Roundtrip efficiency 

The roundtrip efficiency of the ESS shall be determined in accordance with the provisions in 

Section 5.1.4.2. 
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4.3.1.4  Response time 

The response time of the ESS shall be determined in accordance with the provisions in Section 

5.1.4.3. 

 

4.3.1.5  Stored energy capacity 

The capacity of the ESS shall be determined in accordance with the provisions in Section 5.1.4.4. 

 

4.3.2  Frequency regulation 

ESSs that are intended to be applied for frequency regulation shall have their performance 

determined in accordance with Section 5.2.1.  All required testing, calculations and/or 

simulations to determine the performance of these applications shall be conducted in accordance 

with the duty cycle provided in Section 5.2.3. 

 

4.3.2.1 System rating 

The rating of the ESS shall be determined in accordance with the provisions in Section 5.2.2. 

 

4.3.2.2  Round-trip efficiency 

The roundtrip efficiency of the ESS shall be determined in accordance with the provisions in 

Section 5.2.4.1. 

 

4.3.2.3 Capacity stability 

The capacity stability of the ESS shall be determined in accordance with the provisions in 

Section 5.2.4.2. 

 

4.3.2.4  Response time 

The response of the ESS shall be determined in accordance with the provisions in Section 

5.2.4.3. 
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4.3.2.5 Ramp rate 

The ramp rate of the ESS shall be determined in accordance with the provisions in Section 

5.2.4.4. 

 

4.3.2.6 Reference signal tracking 

The ability of the ESS to respond to a reference signal shall be determined in accordance with 

the provisions in Section 5.2.4.5. 

 

4.4 Measurement Procedure 

Measurements shall be conducted in accordance with the test conditions, data acquisition 

conditions, and test procedures in Section 6.0, the use of which is intended to produce accurate 

and repeatable data necessary to calculate the performance metrics relevant to the application. 

4.4.1  Input 

The data associated with input(s) to the ESS across the designated system boundary shall be 

determined in accordance with Section 6.2. 

 

4.4.2  Output 

The data associated with outputs(s) from the ESS across the designated system boundary shall be 

determined in accordance with Section 6.3. 

 

4.5 Determining relevant performance metrics 

The performance of the ESS shall be determined using the data collected pursuant to Section 6.0 

and used in accordance with Section 7.0.  The application will define what metrics are to be used 

and the measurement procedure and collected data will provide the information necessary to 

derive these metrics.  In some situations calculations can be performed to determine energy 

and/or power before a metric is determined such as but not limited to a thermal ESS that does not 

have an electrical output but does have an effect on the electrical efficiency of the building as 

well as potentially affecting the efficiency and stability of the power grid.  In such cases, any 

reported value of the metric pursuant to the provisions in Section 8.0 must clearly state how 

values for the energy or power were obtained or derived. 
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4.6 Reporting and displaying performance 

 

The performance of the ESS for each intended application shall be reported in accordance with 

Section 8.0 and included in a permanent label affixed to the system or included with the system 

specifications.  Where the system has multiple applications, the determination and reporting of 

performance shall be conducted separately for each application. 
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5.  APPLICATIONS 

 

5.1 Peak shaving (management) 

Energy storage systems (ESS) intended for use in peak-shaving (management) applications shall 

have their performance determined in accordance with this section. 

 

5.1.1  Classification 

ESSs intended for peak-shaving (management) applications shall be classified as to use in 

accordance with the provisions of this section.   

Sections 5.1.1.1 through 5.1.1.11 shall be used to determine the applicable application 

classification(s). 

 

5.1.1.1 Energy time shift (arbitrage) 

Energy time shift (arbitrage) shall be considered a use classification of an ESS) in a peak-

shaving (management) application where the system is charged during low energy price periods 

and discharged during high energy price periods where either the storage system owner pays 

wholesale market energy rates plus a delivery charge or pays time of day retail rates.  

 

5.1.1.2 Electric supply capacity 

Electric supply capacity shall be considered a use classification of an ESS in a peak-shaving 

(management) application where the storage capacity of the system is used to defer the 

installation of new electric generation capacity, such as but not limited to a relatively small 

storage system or series of systems where growth has created a need for generation which cannot 

be satisfied in the short term and the storage system would be expected to supply load over the 

full period when the excess capacity is needed. 

 

5.1.1.3 Load following 

Load following shall be considered a use classification of an ESS in a peak-shaving ( 

management) application where the system is used to reduce ramp rate magnitudes so that 

conventional load following generating units can better moderate cycling and be brought on at, 

or near, full load. 
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5.1.1.4 Transmission congestion relief 

Transmission congestion relief shall be considered a use classification of an ESS in a peak-

shaving (management) application that is a special case of the energy time shift use classification 

in Section 5.1.1.1 where electric transmission congestion leads to price differences across a 

transmission system at the same point in time.  In this use classification, the storage system shall 

be located on the load side of the congested network, charged in low price periods when the 

system is not congested and discharged during high price time periods when prices have 

increased due to congestion. 

 

5.1.1.5 Distribution system upgrade deferral 

Distribution system upgrade deferral shall be considered a use classification of an ESS in a peak-

shaving (management) application where the system responds to a situation where a piece of 

equipment on the distribution system, including power line conductors, experiences loadings that 

approach the distribution system equipment’s rated capacity, thereby allowing the current 

distribution system equipment to remain on line longer until other conditions necessitate that the 

distribution system equipment be upgraded. 

 

5.1.1.6 Transmission system upgrade deferral 

Transmission system upgrade deferral shall be considered a use classification of an ESS in a 

peak-shaving (management) application identical to the distribution upgrade deferral application 

covered in Section 5.1.1.5 except that it applies on higher voltages and higher power conditions 

found on the electric transmission system. 

 

5.1.1.7 Retail demand charge management 

Retail demand charge management shall be considered a use classification of an ESS in a peak-

shaving (management) application where the system is applied and used to minimize the demand 

charge from a utility over the course of each month. 

 

5.1.1.8 Wind energy time shift (arbitrage) 

Wind energy time shift shall be considered a use classification of an ESS in a peak-shaving 

(management) application where electric power generated from a wind technology during low 

price periods is stored and then delivered during high wholesale price periods. 
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5.1.1.9 Photovoltaic energy time shift (arbitrage) 

Photovoltaic energy time shift shall be considered a use classification of an ESS in a peak-

shaving (management) application where electric power generated from photovoltaic technology 

that typically correlates more closely with system load is stored and then delivered to the system 

when needed. 

 

5.1.1.10 Renewable capacity firming 

Renewable capacity firming shall be considered a use classification of an ESS in a peak-shaving 

(management) application that involves the coupling of intermittent renewable generation with a 

specific capacity and type of energy storage that allows for an increase the ability of the 

renewable generation to participate in the capacity market. 

 

5.1.1.11 Baseload generation time shift 

Baseload generation time shift shall be considered a use classification of an ESS in a peak-

shaving (management) application where an ESS is configured to allow baseload units to operate 

at full capacity during lighter nighttime loads, and deliver energy to the system in a way that 

minimizes or displaces higher cost peaking generation. 

 

5.1.2 System ratings 

Ratings for ESSs shall be based on and stated by the manufacturer of the system for specific set 

operating conditions.  The performance of the system shall be based on the actual, measured 

operational effectiveness of the system at those operating conditions at the beginning of the life 

of the system.  In addition the manufacturer shall provide an indication of how the performance 

of the system is expected to change over time to account for time and use of the system. 

The determination and reporting of ratings for ESSs applied in a peak-shaving (management) 

application shall be in accordance with Institute of Electrical and Electronics Engineers (IEEE) 

Standard 1679 as expanded herein to provide more specific test procedures applying to peak-

shaving (management) applications.  Such expansion shall include application of the duty cycle 

in Section 5.1.3 and metrics in Section 5.1.4 in determining and expressing the performance of 

systems for peak-shaving (management) applications. 

 

5.1.3. Duty cycle 

The duty cycles presented in this section shall be used in the determination of the performance of 

systems intended for peak-shaving (management) applications and shall use charge and 

discharge time windows instead of normalized power levels or discharge rates thereby allowing 

the duty-cycle profile to be applied the same to different technologies regardless of system size, 
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type, age, and condition.  The duty cycles applied in determining system performance shall be in 

accordance with Figure 2 and Sections 5.1.3.1 through 5.1.3.3.  When cycling under any of these 

profiles the system shall be operated to maximize its performance with respect to the metrics in 

Section 5.1.4 while not exceeding an operational envelope that compromises the design life of 

the system. 

Each cycle must have a 12-hour charge window, a variable duration discharge window and two 

equal float windows that bring the total cycle duration to one 24- hour period.  While Figure 2 

displays these profiles for a midnight to midnight day with an evening peak, for the purposes of 

testing any 24-hour window shall be permitted to be selected.  When conducting performance 

tests using these profiles, the baseline point selected from which to start the test and representing 

the beginning of each duty cycle shall be the same point the system is returned to after the 24-

hour duration of the test.  This baseline point shall be at either the start of the charge widow or 

the start of the discharge window as applicable to the storage technology being tested. 

 

5.1.3.1 Charge window 

During the charge window, the system shall be permitted to charge or float and shall be 

permitted to supply power to any load external to the system. 

 

5.1.3.2 Float window 

During the float windows the storage system shall not charge or discharge but shall be permitted 

to sustain any necessary balance of plant operation.  The operation of any internal support loads 

for the system such as, but not limited to. HVAC systems shall continue to operate as normal 

during the float window.  Charging of the system shall be permitted when it does not change the 

state of charge of the system, such as but not limited to trickle charging to maintain a state-of-

charge set point.  Discharging of the system that does not serve a load external to the system 

shall be permitted during the float window. 

 

5.1.3.3 Discharge window 

During the discharge window the system shall be set to discharge at a rate that the system can 

sustain for the full duration of the duty cycle.  During the test the system shall ramp up to and 

reach its power set point before the start of the discharge window. 



  

41 

0 2 4 6 8 10 12 14 16 18 20 22 24

Peak Shaving Duty Cycle A
D

is
c
h
a
rg

e
 /

 C
h
a
rg

e

 

 

0 2 4 6 8 10 12 14 16 18 20 22 24

Peak Shaving Duty Cycle B

D
is

c
h
a
rg

e
 /

 C
h
a
rg

e

 

 

0 2 4 6 8 10 12 14 16 18 20 22 24

Peak Shaving Duty Cycle C

Time(hours from start of test)

D
is

c
h
a
rg

e
 /

 C
h
a
rg

e

 

 

2 Hour Discharge

Charge Window

4 Hour Discharge

Charge Window

6 Hour Discharge

Charge Window

 

Figure 2.  Peak-Shaving Duty Cycles. 

 

5.1.3.4 Application of the duty cycles 

In conducting performance testing each separate test shall be run over a 24-hour period and 

consist of the performance of duty-cycle B at least five times consecutively followed 

immediately by one application of duty-cycle A and then one application of duty-cycle C.  At 

least seven such tests shall be performed in sequence over a total of at least seven consecutive 

days as shown in Figure 3. 
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Figure 3.  Peak Shaving (Management) Duty-Cycle Regimen. 
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These duty cycles shall be used to calculate the metrics covered in Section 5.1.4 that are to be 

used as a basis for determining and reporting the operational effectiveness of an ESS in peak-

shaving (management) applications. 

 

5.1.4 Performance 

The performance of the ESS shall be expressed in terms of power and energy performance, 

efficiency, and response rate as outlined in Sections 5.1.4.1 through 5.1.4.3 based on the 

application of the duty-cycle regimen provided in Section 5.1.3. 

 

5.1.4.1 Duty-cycle roundtrip efficiency 

The duty-cycle roundtrip efficiency shall be determined in accordance with Section 7.4.2. 

 

5.1.4.2 Roundtrip energy efficiency 

The roundtrip energy efficiency of ESS shall be calculated in accordance with Section 7.4. 

 

5.1.4.3 Response time 

The response time associated with an ESS does not regulate power or frequency but does 

respond to energy prices that will vary over the course of several minutes or hours.  This includes 

peak-shaving (management) applications that require the ESS to respond to and capitalize on 

sudden peaks in energy generation from renewable or waste energy resources or energy prices 

when improved use of the stored energy in the order of minutes is to be assessed.  Where the 

response time of an ESS is to be reported, it shall be determined in accordance with Section 7.6. 

 

5.1.4.4 Capacity 

The capacity of ESS shall be determined in accordance with Section 7.3. 

 

5.2 Frequency Regulation 

 

5.2.1 Frequency regulation performance assessment 

Energy storage systems (ESS) intended for use in frequency regulation shall have all required 

testing, calculations and/or simulations to determine their performance in accordance with this 

section using the duty cycle provided in Section 5.2.3.  The performance of such ESSs shall be 
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evaluated on the basis of roundtrip efficiency, response time as the time for storage to respond 

and the ramp rate, ramp rate, reference performance and the ability to respond to signal.   

Frequency regulation shall be permitted to represent area regulation as used by a balancing 

authority to meet NERC Balancing Authority Performance Control Standards. 

 

5.2.2 System Rating 

Ratings for ESSs shall be based on and stated by the manufacturer of the system for specific set 

operating conditions.  The performance of the system shall be based on the actual, measured 

operational effectiveness of the system at those operating conditions at the beginning of the life 

of the system. In addition the manufacturer shall provide an indication of how the performance 

of the system is expected to change over time to account for time and use of the system. 

The determination and reporting of ratings for systems to be applied for frequency regulation 

shall be in accordance with the provisions of this section using the duty cycle in Section 5.2.3 

and metrics in Section 5.2.4. 

 

5.2.3 Duty cycle 

The duty cycle to be applied in determining the performance of an ESS for a frequency 

regulation application is shown in Figure 4 as power normalized with respect to the system rated 

power over a 24-hour time period, where positive represents charge into the ESS and negative 

represents discharge from the ESS as a function of time in hours.  The raw data upon which 

Figure 4 is based are included in Appendix A.  
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Figure 4.  Frequency Regulation Duty Cycle. 

 

5.2.4 Performance 

The performance of the ESS shall be expressed in terms of key metrics such as roundtrip energy 

efficiency, reference performance, response time, ramp rate, and the ability for the system to 

respond to signal as outlined in Sections 5.2.4.1 through 5.2.4.5 based on the application of the 

duty-cycle regimen provided in Section 5.2.3 to the applicable provisions of Section 7. 

 

5.2.4.1 Roundtrip energy efficiency 

The roundtrip energy efficiency of an ESS serving a frequency regulation application shall be 

determined in accordance with Section 7.4. 

 

5.2.4.2 Capacity stability 

The energy capacity stability of an ESS serving a frequency regulation application shall be 

measured over a 24-hour duty cycle and reported as a percent of initial performance. The 

ambient temperature and pressure shall be recorded during the test and also reported. The 



  

45 

baseline ESS capacity shall be measured in accordance with Section 7.2.  After the 24-hour duty 

cycle is completed the ESS shall be brought back to 100 percent state of charge and then the 

energy capacity at rated power shall be determined in accordance with Section 7.3. 

 

5.2.4.3 Response time 

The response time of the ESS shall be measured in accordance with Section 7.6 as the time for 

the system to reach the rated power level from rest to full charge or discharge after receiving the 

balancing signal.  Response time shall include the time for the ESS to respond to the signal after 

the signal is received and the time taken to ramp up or down to rated power level as a function of 

its ramp rate.  The time taken to reach rated power from rest shall be measured for the extreme 

state-of-charge ranges specified by the system manufacturer and reported by the manufacturer.  

Response time shall include measuring the time taken for the system to respond to signal and the 

ramp rate.  The time to respond to signal shall be determined by subjecting the system to a signal 

at open circuit voltage and measuring the time it takes for the system to reach 2 percent of rated 

power. 

  

5.2.4.4 Ramp rate 

The ramp rate of the ESS shall be determined by measuring the time it takes for the system to 

reach rated power from 2 percent of rated power in accordance with Section 7.5. 

The ramp rates to full rated power during charge and discharge shall be measured and reported at 

the extreme states-o- charge specified by the system manufacturer.  The system shall respond 

faster than the lower limit of the ramp rate, such that its response time is always less than the 

upper limit of response time measured. 

 

5.2.4.5 Reference signal tracking 

The ability of the ESS to respond to signal for the 24-hour duty cycle and that reflects the ability 

of the system to track the signal shall be defined and determined by the manufacturer of the 

system in accordance with Section 7.4.3.  The balancing signal shall be changed every 4 seconds 

during the duty cycle. 

In addition, the manufacturer of the system shall also determine and report separately the total 

percentage tracking and the times when the system stops tracking and restarts tracking as an 

indication of whether the system is capable of tracking high peaks and/or high energy half 

cycles.  The manufacturer shall also determine if the system can go through a 24-hour period 

without reaching the lower or upper state-of-charge limits. This shall be performed during the 

24-hour duty cycle as provided in Section 5.2.3, and any time during that period when the system 

indicates ability or inability to follow the signal shall be reported.  An inability to follow the 

signal shall be considered a situation where the ESS cannot deliver or absorb required signal 

power during the 4-second duration and cannot deliver or absorb the required signal energy 

during the duration when the signal remains above or below the x-axis.  The total time  
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the system cannot follow the signal and percentage tracked shall be determined in accordance 

with Section 7.4.3. 
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6. ENERGY STORAGE SYSTEMS 

 

 

6.1 Subsystems and components 

The manufacturer shall identify all subsystems and major components that comprise the energy 

storage system (ESS) on a schedule of ESS components that lists each subsystem or major 

component by name and model number.  The schedule shall also list the input and output of each 

component in accordance with Sections 6.2 and 6.3. 

 

6.2 Input characteristics 

The input of each subsystem and major component in terms of electrical power and/or thermal or 

non-electrical energy shall be determined in accordance with recognized standards and those 

standards used reported in conjunction with the data reported in Section 8. 

 

6.3 Output characteristics 

 

The output of each subsystem and major component in terms of electrical power and/or thermal 

energy shall be determined in accordance with recognized standards and those standards used 

reported in conjunction with the data reported in Section 8. 
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7. TEST METHODS AND PROCEDURES 

 

 

7.1 Comprehensive data recording 

All measurements of charge rate, input current and voltage, output current and voltage, thermal 

output, system temperatures, ambient conditions, and other parameters that must be measured 

shall be collected simultaneously at a temporal resolution applicable to the function of the system 

application and system metrics to which they are being applied and in accordance with 

recognized standards applicable to the measurements being taken.  All parameters measured and 

recorded shall be reported by the manufacturer in the system information model that must be 

used for further analysis and determination and reporting of system performance.  All tests shall 

be conducted on the entire energy storage system (ESS) as defined by the manufacturer of the 

system in accordance with Section 4.2. 

 

7.2 Reference performance test 

A reference performance test shall be conducted in accordance with this section and used to 

determine baseline system performance that can be subsequently used as a baseline to assess any 

changes in the condition of the system and rate of performance fade over time and use.  This test 

shall be repeated at regular intervals specified by the manufacturer during cycle testing for same-

system comparison purposes.  Such intervals shall be selected to identify how the testing or 

operation affects the performance of the system and shall be in units of time, number of cycles, 

or energy throughput.  Unless specified otherwise, reference performance testing shall include 

the tests listed in Table 2. 

Table 2.  Reference Performance Tests 

Peak Shaving (Management) Frequency Regulation 

Capacity test (Section 7.3) 

Round trip energy efficiency test 

(Section 7.4) 

Response time test (Section 7.6) 

Duty-cycle roundtrip efficiency (Section 

7.4.2) 

Capacity test (Section 7.3) 

Round trip energy efficiency test (Section 

7.4) 

Ramp rate test (Section 7.5) 

Response time test (Section 7.6) 

Duty-cycle roundtrip efficiency (Section 

7.4.2) 

Reference signal tracking test (Section 7.4.3) 
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7.3 Capacity Test 

A capacity test shall be performed in accordance with this section and is intended to be used to 

determine energy performance at the rated power for the intended application as specified by the 

manufacturer. 

 

7.3.1 Test overview 

After the initial charge to the ESS, the system shall be discharged to the minimum storage level 

specified by the manufacturer.  Recorded values of energy input to the system shall be obtained 

by recording them at regular intervals of time or at step or percentage variances at a rate that is 

documented by the manufacturer to provide adequate resolution.  

In conducting the capacity test, the manufacturer shall describe a detailed and documented 

charging procedure within the specifications of the ESS for charging the system in less than 12 

hours to full state-of-charge.  In addition, the manufacturer shall select a discharge time at 

constant power output based on the intended application of the system.  For devices intended for 

peak-shaving (management) application, the discharge time shall be selected between 2 and 12 

hours or as recommended by the system manufacturer.  For devices intended for frequency 

regulation, the minimum discharge time shall be selected between 15 minutes and 1 hour or as 

recommended by the system manufacturer.  This choice is constrained by the system limitations.  

Once this discharge time is selected, all capacity tests conducted on the same system should 

remain consistent to properly track performance degradation. 

 

7.3.2 Energy Capacity and roundtrip efficiency test routine 

The ESS shall be tested for its stored energy capability at selected power in accordance with the 

procedure listed below.  The measurements shall be collected in accordance with Section 7.3.1 

throughout the test. 

1. The ESS shall be discharged to its minimum state of charge level in accordance with 

the system manufacturer’s specifications and operating instructions. 

2.  The ESS shall be charged in accordance with the system manufacturer’s 

specifications to full state of charge.  The energy input WhIi, into the system during 

system charging, including all parasitic losses, shall be measured and recorded. 

3. The system shall be left at rest in an active standby state for 30 minutes.  

4. The system shall be discharged in accordance with the system manufacturer’s 

specifications and operating instructions to the minimum state of charge associated 

with the practical state-of-charge range as defined by the system manufacturer and 

provided in the system manufacturer’s specifications.  The energy output from the 

system WhDi shall be measured and recorded during discharge.   
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5. The system shall be left at rest in an active standby state for 30 minutes.  

6. Steps 1 to 5 above shall be repeated at least eight times, 1 through the number of test 

repeats X.  The reference performance test value shall be calculated as the mean of 

the second through X
th

 values of WhDi as measured in item 2 above, with the 

standard deviation also calculated and reported. 

7. The system shall be recharged in accordance with step 2 and the system left in a fully 

charged state.  The energy input for this step will not be used for calculation of 

roundtrip energy efficiency. 

7.4 Roundtrip energy efficiency test 

A roundtrip energy efficiency test shall be conducted to determine the amount of energy that an 

ESS can deliver relative to the amount of energy injected into the system during the preceding 

charge.  This test shall be performed as part of the reference performance test outlined in Section 

7.2.  This test shall be performed using the energy test routine and the applicable duty cycle for 

the intended application of the system.  The ESS shall be tested for its roundtrip energy 

efficiency in accordance with the test covered in Section 7.3.2. 

 

7.4.1 Roundtrip energy efficiency from energy capacity test routine 

The roundtrip energy efficiency of the ESS shall be determined in accordance with Equation 7-1 

based on the data secured in accordance with measurements in accordance with Section 7.3.2. 

       (7-1) 

Where: 

X = number of test repeats 

WhDi = the Watt hour rated power (AC) or thermal energy equivalent watt hours 

delivered (output) by the system measured and recorded as WhDi, where I is the 

cycle number 

WhIi = the Watt hour input (AC) into the system during system charging, including 

all parasitic losses, where I is the cycle number 

WhI = the Watt hour input WhI1, into the system during system charging, including 

all parasitic losses. 

 

7.4.2 Duty-cycle roundtrip efficiency measurement 

The manufacturer shall select an intended application and relevant duty cycle as provided in 

Section 5.1.3 for peak shaving (management) applications and Section 5.2.3 for frequency 

regulation applications.  In conducting the tests required in Sections 5.1 and 5.2, the charge and 

discharge of the ESS shall be in accordance with the section using the duty cycle in Section 5.1.3 

or 5.2.2 depending on the intended application of the system.  
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1. The ESS shall be fully charged in accordance with the manufacturer’s specifications.  

The system shall be brought to the initial desired state-of-charge in accordance with the 

applicable duty cycle by removing the necessary amount of energy at the rate provided in 

the system specifications provided by the manufacturer or alternatively brought to the 

desired starting state-of-charge in accordance with a vendor specified procedure. 

2. The ESS shall then be subjected to the applicable duty cycle.  

3. At the end of the duty cycle, the system shall be returned to the initial state-of-charge just 

prior to the application of the duty cycle.   

4.  The roundtrip efficiency shall be determined in accordance as the total energy output 

divided by the total energy input measured between the same state-of-charge end points 

associated with the application of the duty cycle during the test. 

 

7.4.3 Reference signal tracking test (frequency regulation) 

The ability of the ESS to respond to a reference signal shall be recorded during a roundtrip 

efficiency test.  The sum of the square of errors between the balancing signal Psignal and the 

power delivered or absorbed by the ESS Pess shall be calculated in accordance with Equation 7-

2 and used to estimate the inability of the system to track the signal. 

Σ(Psignal-Pess)
2      

   (7-2) 

Where: 

Psignal = balancing signal 

Pess = energy storage system power (watts). 

The sum of the absolute magnitude of the difference between the balancing signal and ESS 

power shall be calculated in accordance with Equation 7-3. 

Σ|Psignal-Pess|         (7-3) 

Where: 

Psignal = balancing signal 

Pess = ESS power (watts). 

The sum of the absolute magnitude of the difference between the balancing signal and ESS 

energy shall be calculated in accordance with Equation 7-4 and reported by the manufacturer of 

the system to account for the inability for the system to meet high energy half cycles due to the 

system reaching the state-of-charge limits. 

Σ|Esignal-Eess          (7-4) 

Where: 

Esignal = signal energy for a half cycle, with half cycle being the signal of the same 

sign (above or below the x-axis) 

Eess = ESS supplied or absorbed energy for each half cycle. 
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The total time the system cannot follow the signal and percentage tracked shall be determined in 

accordance with Equation 7-5. 

(1- time signal cannot be followed (hours)/24)*100     (7-5) 

 

7.5 Ramp rate test 

A ramp rate test to determine the rate at which power output can be changed due to the system 

charging or discharging or whether it is beginning at a low or high state-of-charge initially shall 

be conducted in accordance with this section. 

  

7.5.1 Test overview 

The method for measuring ramp rate shall be the same for all systems regardless of application.  

The manufacturer shall provide information on rated power as required by Section 5.1 or 5.2. 

 

7.5.2 Charge test routine 

The ESS charge test shall be performed once at the 50 percent state-of-charge as specified by the 

manufacturer.  The test shall be initiated with the system in a state of active standby.  The system 

shall then be subjected to a constant power charge equal to its rated power and the voltage (or 

voltage and thermal output equivalent) across the system and the current (or current and thermal 

output equivalent) measured at the external system terminals and the time taken to reach the 

rated power recorded.  The ramp rate shall be determined in accordance with Equation 7-6 and 

expressed ratio of rated power in MW and the time in minutes to reach the rated power. 

Ramp Rate = RP/T          (7-6) 

Where: 

RP = Rated power (MW) 

T = Time (minutes). 

 

7.5.3 Discharge test routine 

The ESS shall have a discharge test performed once at the 50 percect state-of-charge as specified 

by the manufacturer.  The test shall be initiated with the system in a state of active standby.  The 

system shall then be subjected to a constant power load equal to its rated power and the voltage 

(or voltage and thermal output equivalent) across the system and the current (or current and 

thermal output equivalent) measured at the external system terminals and the time taken to reach 

the rated power recorded.  The ramp shall be determined in accordance with Equation 7-6 and 

expressed as ratio of rated power in MW and the time in minutes to reach the rated power. 
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7.6 Response time test 

The ESS shall have a response time test performed in accordance with this section to determine 

the amount of time required for the system output to transition from no discharge to full 

discharge rate and from no charge to full charge. 

 

7.6.1 Test overview 

The response time shall be measured in accordance with Figure 5 starting when the signal is 

received at the system boundary as established in Section 4.2 to when the system begins to 

discharge within 2 percent of the rated power of the system.   

 

Figure 5.  Response Time Test. 

 

7.6.2 Charge test routine 

The response time test shall be conducted in accordance with the following procedure and the 

response time calculated in accordance with Equation 7-7. 

1. The system shall be at the maximum state-of-charge as specified by the manufacturer for 

the applications and in an active standby state. 

2. The data acquisition system shall be configured to record a time stamp T1 when a change 

in set point from rest to a discharge output is sent to the system. 
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3. The data acquisition system shall be configured to record a time stamp T2 when the 

output of the system maintains a value within 2 percent of its rated power.  The 

acquisition rate of data shall be at least twice as fast as the full rated power divided by the 

ramp rate of the system, as determined in Section 7.5, and at least one intermediate data 

point shall be acquired as the system transitions from rest to full discharge. 

4. The system shall be configured to respond to a step change in power set point according 

to the system specifications provided by the manufacturer. 

5. The data acquisition system shall be started and shall the command to change the power 

output of the system to full rated discharge power and T1 and T2 measured and recorded 

6. The data acquisition system shall be reset to a state to begin taking data and the system 

placed in a state of active standby. 

RT as RTY = T2 - T1         (7-7) 

Where: 

RT = response time in seconds 

T1 = the initial time beginning when a change in set point of output is sent to the system, 

in seconds 

T2 = the end time stamp when the output of the system maintains a value within 2 percent 

of its rated power, in seconds. 

The test shall be repeated starting at the minimum state-of-charge as specified by the 

manufacturer based on the intended application of the system. 

 

7.6.3. Discharge test routine 

 

The tests in Section 7.6.2 shall be repeated at the maximum and minimum state of charge levels, 

with a charge input signal sent to the ESS. 
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8. REPORTING PERFORMANCE RESULTS 

 

 

8.1 Peak shaving (management) applications 

The performance of an energy storage system (ESS) intended for a peak-shaving (management) 

application shall be reported by the manufacturer of the system in accordance with Sections 8.1.1 

through 8.1.4 as determined in accordance with Sections 7.3, 7.4, 7.4.2 and 7.6 along with the 

specific application as determined in accordance with Section 5.1.1. 

 

8.1.1 System capacity 

The capacity (size) of the ESS shall be reported for the selected power as determined in 

accordance with Section 7.3. 

 

8.1.2 Duty-cycle roundtrip efficiency 

The duty-cycle roundtrip efficiency shall be reported together with respect to each other and to 

the discharge duration based on the data collected in accordance with Section 7.4.2.  Table 3 

shall be used to report the measured power and energy performance of the ESS. 

Table 3.  Reporting Peak-Shaving (Management) Duty-Cycle Roundtrip Efficiency 

 Discharge Duration Power Performance Energy Performance 

Cycle 1 4 hours ______ kW ______ kWh 

Cycle 2  4 hours ______ kW ______ kWh 

Cycle 3 4 hours ______ kW ______ kWh 

Cycle 4 4 hours ______ kW ______ kWh 

Cycle 5 4 hours ______ kW ______ kWh 

Cycle 6 6 hours ______ kW ______ kWh 

Cycle 7 2 hours ______ kW ______ kWh 

 

8.1.3 Roundtrip efficiency 

The roundtrip efficiency of the ESS shall be reported based on calculations in accordance with 

Section 7.4.  Table 4 shall be used to report the efficiency of the ESS, and Table 5 shall be used 

to report the recorded performance metrics. 
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Table 4.  Reporting Peak-Shaving (Management) Efficiency 

 Discharge Duration Efficiency 

Cycle 1 4 hours ______ % 

Cycle 2 4 hours ______ % 

Cycle 3 4 hours ______ % 

Cycle 4 4 hours ______ % 

Cycle 5 4 hours ______ % 

Cycle 6 6 hours ______ % 

Cycle 7 2 hours ______ % 

 

 

Table 5.  Reporting Peak-Shaving (Management) Metric Statistics 

 Min Mean Max σ 

Power Performance ______ kW ______ kW ______ kW  

Energy Performance ______ kWh ______ kWh ______ kWh  

Efficiency ______% ______ % ______ %  

 

8.1.4 Response time 

The response time in minutes of the ESS shall be reported as determined in accordance with 

Section 7.6. 

 

8.2 Frequency regulating applications 

The performance of an ESS intended for a frequency-regulation application shall be reported by 

the manufacturer in accordance with Sections 8.2.1 through 8.2.5 as determined in accordance 

with Sections 7.3, 7.4, 7.4.2, 7.4.3, 7.5 and 7.6. 

 

8.2.1 System capacity 

The capacity (size) of the ESS shall be reported for the selected power as determined in 

accordance with Section 7.3. 
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8.2.2 Roundtrip energy efficiency 

The roundtrip energy efficiency of the ESS shall be reported in accordance with Section 8.1.3. 

 

8.2.3 Reference signal tracking 

The reference signal tracking of the ESS shall be reported in accordance with Section 7.4.3. 

 

8.2.4 Duty-cycle roundtrip efficiency 

The duty-cycle roundtrip energy efficiency of the ESS shall be reported in accordance with 

Section 8.1.2. 

8.2.5 Ramp rate 

The ramp rate of the ESS in watts per minute shall be reported as determined in accordance with 

Section 7.5. 

 

8.2.6 Response time 

 

The response time in seconds of the energy storage shall be reported as determined in accordance 

with Section 7.6. 
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9. REFERENCED STANDARDS 

 

 

9.1 Institute of Electrical and Electronics Engineers (IEEE) Standard 
1679-2010 

 

IEEE Recommended Practice for the Characterization and Evaluation of Emerging Energy 

Storage Technologies in Stationary Applications. 
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APPENDIX A:  DUTY-CYCLE SIGNAL FOR FREQUENCY REGULATION 
APPLICATIONS OF ESSs 

 

In determining the duty cycle, the PJM balancing signal for the year 2011 was analyzed.  The 

standard deviation over a 24-hour period was used as a metric for aggressiveness of the signal.  

The signals were grouped into low, average, and high standard deviation days.  A representative 

2-hour average standard deviation signal was chosen, and a representative 2-hour high standard 

deviation signal was chosen.  It was also noted that 24-hour signals were energy neutral.  The 

average and high standard deviation signals were chosen such that they were energy neutral and 

had the same nominal standard deviation as the average and high deviation signal days the 

representative segment was taken from. The duty cycle consisted of three 2-hour average signals, 

followed by one 2-hour high deviation signals, three 2-hour average signals, one 2-hour high 

deviation signals and four 2-hour average signals to make up the 24 hour signal.   

Data and statistics provided in Table A.1 are the bases for a duty-cycle graphic presented in 

Section 5.2.3. 

Table A.1. Example Data and Statistics for Frequency Regulation 

 

Example 

Statistics 
Standard 

Deviation 

Sum of 

signal 

Time at 1 

(sec) 

Time at -1 

(sec) 

% Time at 

1 

% 

Time 

at -1 

Average 

Profile 0.361 -0.00065 0 0 0 0 

Aggressive 

Signal 0.460 0.00175 164 132 2.28 1.83 

Reference 

Statistics 

Lowest 

Day Avg Day #1 

Avg Day 

#2 

Avg Day 

#3 

Highest 

Day 

Standard 

Deviation 0.132 0.334 0.332 0.333 0.451 

Duty Cycle 

3 Average 

1 Aggressive 

3 Average 

1 Aggressive 

4 Average 

 

Time  Average Signal Aggressive Signal 

0:00:00 -0.144251049 -0.282695264 

0:00:04 -0.129648238 -0.273952544 
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0:00:08 -0.136013523 -0.265209794 

0:00:12 -0.142378807 -0.256467074 

0:00:16 -0.148744106 -0.247724339 

0:00:20 -0.155109391 -0.2383544 

0:00:24 -0.161474675 -0.228357255 

0:00:28 -0.150013253 -0.218360111 

0:00:32 -0.138551846 -0.208362967 

0:00:36 -0.113525704 -0.198365822 

0:00:40 -0.08397799 -0.18872872 

0:00:44 -0.054430272 -0.179451689 

0:00:48 -0.032121196 -0.170174643 

0:00:52 -0.009812118 -0.164905593 

0:00:56 0.00501351 -0.159636542 

0:01:00 0.012355687 -0.139434874 

0:01:04 0.019697864 -0.104300603 

0:01:08 0.005642735 -0.069166332 

0:01:12 -0.008412393 -0.025457811 

0:01:16 -0.016135313 0.018250709 

0:01:20 -0.017526021 0.050382435 

0:01:24 -0.018916732 0.070937358 

0:01:28 -0.007483151 0.091492288 

0:01:32 0.003950429 0.096228711 

0:01:36 0.016937084 0.100965127 

0:01:40 0.030441433 0.101237461 

0:01:44 0.043945782 0.097045712 

0:01:48 0.065859124 0.092853956 

0:01:52 0.087772466 0.087061487 

0:01:56 0.102681331 0.081269011 

0:02:00 0.115255378 0.077279635 

0:02:04 0.127829418 0.075093359 

0:02:08 0.136286065 0.072907083 
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0:02:12 0.144742712 0.071547456 

0:02:16 0.168096304 0.070187822 

0:02:20 0.206346855 0.065275341 

0:02:24 0.24459739 0.056809999 

0:02:28 0.286141574 0.048344657 

0:02:32 0.327685773 0.04501012 

0:02:36 0.371769905 0.041675579 

0:02:40 0.41839397 0.041155186 

0:02:44 0.464600265 0.043448932 

0:02:48 0.509553194 0.045742679 

0:02:52 0.554506123 0.053398695 

0:02:56 0.602924347 0.06105471 

0:03:00 0.654807866 0.070469923 

0:03:04 0.706691384 0.081644334 

0:03:08 0.720910609 0.092818744 

0:03:12 0.735129833 0.1054141 

0:03:16 0.737693191 0.118009456 

0:03:20 0.728600562 0.129463658 

0:03:24 0.719507933 0.139776722 

0:03:28 0.697333694 0.150089785 

0:03:32 0.662077785 0.155796483 

0:03:36 0.616101444 0.161503181 

0:03:40 0.559404731 0.166243717 

0:03:44 0.502707958 0.170018077 

0:03:48 0.434835255 0.173792437 

0:03:52 0.366962582 0.259592712 

0:03:56 0.299703628 0.345392972 

0:04:00 0.233058423 0.409059495 

0:04:04 0.166413218 0.450592279 

0:04:08 0.126902997 0.492125064 

0:04:12 0.087392792 0.492103755 
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0:04:16 0.062752046 0.492082447 

0:04:20 0.052980773 0.490190148 

0:04:24 0.043209501 0.48642692 

0:04:28 0.031373527 0.482663661 

0:04:32 0.019537557 0.480816096 

0:04:36 0.001462346 0.478968501 

0:04:40 -0.022852104 0.480422795 

0:04:44 -0.047166552 0.485178918 

0:04:48 -0.057434734 0.48993507 

0:04:52 -0.067702919 0.500819147 

0:04:56 -0.080728419 0.511703193 

0:05:00 -0.09651123 0.524471402 

0:05:04 -0.112294048 0.539123714 

0:05:08 -0.141811341 0.553776085 

0:05:12 -0.171328619 0.570581317 

0:05:16 -0.19213371 0.587386549 

0:05:20 -0.210034728 0.60419178 

0:05:24 -0.227935746 0.620996952 

0:05:28 -0.252165616 0.63694191 

0:05:32 -0.27639544 0.650305927 

0:05:36 -0.296143562 0.663669944 

0:05:40 -0.31140995 0.677338839 

0:05:44 -0.326676309 0.691312611 

0:05:48 -0.336338639 0.705286384 

0:05:52 -0.346000969 0.719260216 

0:05:56 -0.354167581 0.733233988 

0:06:00 -0.361835599 0.745755792 

0:06:04 -0.369503617 0.756825626 

0:06:08 -0.382226527 0.767895401 

0:06:12 -0.394949466 0.770347893 

0:06:16 -0.413662046 0.772800386 
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0:06:20 -0.438364327 0.771793187 

0:06:24 -0.463066578 0.767326355 

0:06:28 -0.491415203 0.762859464 

0:06:32 -0.519763827 0.758392572 

0:06:36 -0.535574436 0.753925741 

0:06:40 -0.53884691 0.74991554 

0:06:44 -0.542119443 0.74636209 

0:06:48 -0.525878966 0.74280864 

0:06:52 -0.509638429 0.772468626 

0:06:56 -0.485117942 0.802128613 

0:07:00 -0.452317476 0.808736086 

0:07:04 -0.41951701 0.792291105 

0:07:08 -0.398959488 0.775846064 

0:07:12 -0.378401995 0.776005566 

0:07:16 -0.360686213 0.776165128 

0:07:20 -0.345812142 0.778602719 

0:07:24 -0.330938071 0.78331846 

0:07:28 -0.311509281 0.788034201 

0:07:32 -0.292080462 0.792749882 

0:07:36 -0.264012247 0.797465622 

0:07:40 -0.227304593 0.800635874 

0:07:44 -0.190596953 0.802260756 

0:07:48 -0.151647434 0.803885579 

0:07:52 -0.112697922 0.802513361 

0:07:56 -0.07070902 0.801141083 

0:08:00 -0.02568073 0.796761096 

0:08:04 0.019347558 0.789373279 

0:08:08 0.066808105 0.781985462 

0:08:12 0.114268646 0.768378317 

0:08:16 0.149056494 0.754771113 

0:08:20 0.179620102 0.737595737 
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0:08:24 0.21018371 0.716852129 

0:08:28 0.226593435 0.69610852 

0:08:32 0.243003175 0.673140526 

0:08:36 0.260151565 0.650172532 

0:08:40 0.278038591 0.625315309 

0:08:44 0.295925617 0.598568857 

0:08:48 0.345791727 0.571822405 

0:08:52 0.395657867 0.540236712 

0:08:56 0.416477412 0.508651018 

0:09:00 0.427614808 0.475282341 

0:09:04 0.438752174 0.440130711 

0:09:08 0.484879583 0.40497905 

0:09:12 0.531006992 0.368054479 

0:09:16 0.564311445 0.331129909 

0:09:20 0.584792912 0.294205308 

0:09:24 0.605274379 0.257280737 

0:09:28 0.625755847 0.220356166 

0:09:32 0.646237314 0.184814364 

0:09:36 0.653857112 0.149272561 

0:09:40 0.648615301 0.115076534 

0:09:44 0.643373489 0.082226284 

0:09:48 0.618583143 0.049376033 

0:09:52 0.593792737 -0.037982456 

0:09:56 0.579453528 -0.125340939 

0:10:00 0.568597972 -0.255351096 

0:10:04 0.557742417 -0.428012878 

0:10:08 0.534055412 -0.600674689 

0:10:12 0.510368407 -0.702175319 

0:10:16 0.484838426 -0.80367589 

0:10:20 0.45746544 -0.875576496 

0:10:24 0.430092424 -0.917877018 
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0:10:28 0.406610578 -0.9601776 

0:10:32 0.383128703 -0.965281844 

0:10:36 0.355775058 -0.970386088 

0:10:40 0.324549615 -0.967141032 

0:10:44 0.293324172 -0.955546677 

0:10:48 0.249806523 -0.943952382 

0:10:52 0.206288859 -0.924059927 

0:10:56 0.163547352 -0.904167473 

0:11:00 0.121064566 -0.882113814 

0:11:04 0.078581773 -0.85789907 

0:11:08 0.03163211 -0.833684206 

0:11:12 -0.015317554 -0.809469461 

0:11:16 -0.035845049 -0.785254598 

0:11:20 -0.047565155 -0.761400461 

0:11:24 -0.059285261 -0.737906992 

0:11:28 -0.081598312 -0.714413524 

0:11:32 -0.103911363 -0.690919995 

0:11:36 -0.133230746 -0.667426527 

0:11:40 -0.169556454 -0.644908607 

0:11:44 -0.205882162 -0.623366296 

0:11:48 -0.249970943 -0.601823986 

0:11:52 -0.294059724 -0.585796714 

0:11:56 -0.332335889 -0.569769442 

0:12:00 -0.36479944 -0.555796027 

0:12:04 -0.39726299 -0.54387635 

0:12:08 -0.423568636 -0.531956732 

0:12:12 -0.449874282 -0.5225811 

0:12:16 -0.468467623 -0.513205469 

0:12:20 -0.4793486 -0.503829837 

0:12:24 -0.490229607 -0.494454175 

0:12:28 -0.50880307 -0.485078543 
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0:12:32 -0.527376473 -0.479038358 

0:12:36 -0.545949936 -0.472998172 

0:12:40 -0.564523339 -0.46839875 

0:12:44 -0.580560088 -0.465240091 

0:12:48 -0.588986754 -0.462081432 

0:12:52 -0.597413361 -0.518998981 

0:12:56 -0.604643404 -0.575916529 

0:13:00 -0.610676885 -0.614979267 

0:13:04 -0.616710365 -0.636187255 

0:13:08 -0.622743845 -0.657395244 

0:13:12 -0.628777325 -0.640126348 

0:13:16 -0.645559728 -0.622857392 

0:13:20 -0.673091054 -0.60193038 

0:13:24 -0.700622439 -0.577345192 

0:13:28 -0.725902319 -0.552760065 

0:13:32 -0.751182139 -0.5223068 

0:13:36 -0.763730168 -0.491853565 

0:13:40 -0.763546348 -0.458480835 

0:13:44 -0.763362527 -0.42218861 

0:13:48 -0.741654694 -0.385896415 

0:13:52 -0.719946861 -0.349604219 

0:13:56 -0.693281531 -0.313311994 

0:14:00 -0.661658645 -0.278122306 

0:14:04 -0.630035758 -0.24403511 

0:14:08 -0.601230502 -0.209947914 

0:14:12 -0.572425187 -0.178580105 

0:14:16 -0.558908641 -0.147212312 

0:14:20 -0.560680866 -0.116548337 

0:14:24 -0.562453032 -0.086588204 

0:14:28 -0.544116855 -0.056628067 

0:14:32 -0.525780678 -0.029614517 
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0:14:36 -0.51625663 -0.002600966 

0:14:40 -0.515544653 0.021431228 

0:14:44 -0.514832675 0.042482067 

0:14:48 -0.516575634 0.063532904 

0:14:52 -0.518318653 0.079306312 

0:14:56 -0.517415941 0.09507972 

0:15:00 -0.513867617 0.108115003 

0:15:04 -0.510319233 0.118412152 

0:15:08 -0.4926458 0.128709301 

0:15:12 -0.474972397 0.135443151 

0:15:16 -0.457298964 0.142177001 

0:15:20 -0.439625561 0.14891085 

0:15:24 -0.421952128 0.1556447 

0:15:28 -0.400327325 0.16237855 

0:15:32 -0.378702521 0.169112399 

0:15:36 -0.357551008 0.175846249 

0:15:40 -0.336872816 0.181683719 

0:15:44 -0.316194624 0.18662481 

0:15:48 -0.270259708 0.191565886 

0:15:52 -0.224324822 0.179199785 

0:15:56 -0.180791527 0.166833684 

0:16:00 -0.138058767 0.168021813 

0:16:04 -0.095325999 0.182764143 

0:16:08 -0.056056872 0.197506472 

0:16:12 -0.016787743 0.207903773 

0:16:16 0.015659085 0.218301073 

0:16:20 0.041283615 0.222491622 

0:16:24 0.066908143 0.22047545 

0:16:28 0.067889266 0.218459263 

0:16:32 0.068870381 0.211035207 

0:16:36 0.077603571 0.20361115 
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0:16:40 0.094088838 0.196187079 

0:16:44 0.110574104 0.188763022 

0:16:48 0.136972636 0.181338966 

0:16:52 0.163371146 0.179294288 

0:16:56 0.185547948 0.17724961 

0:17:00 0.203503013 0.178608507 

0:17:04 0.221458077 0.183370993 

0:17:08 0.254830331 0.188133478 

0:17:12 0.288202584 0.195357874 

0:17:16 0.308368504 0.20258227 

0:17:20 0.315328062 0.209177762 

0:17:24 0.322287619 0.215144351 

0:17:28 0.343709856 0.22111094 

0:17:32 0.365132093 0.227077529 

0:17:36 0.394949526 0.233044118 

0:17:40 0.433162093 0.24098675 

0:17:44 0.471374691 0.250905424 

0:17:48 0.504213572 0.260824114 

0:17:52 0.537052453 0.27278617 

0:17:56 0.566769838 0.284748197 

0:18:00 0.593365788 0.296710253 

0:18:04 0.619961739 0.308672279 

0:18:08 0.635332823 0.320634335 

0:18:12 0.650703847 0.331750214 

0:18:16 0.674778104 0.342866123 

0:18:20 0.707555532 0.353982002 

0:18:24 0.740332961 0.36509791 

0:18:28 0.718795717 0.376213789 

0:18:32 0.697258472 0.385999918 

0:18:36 0.699237406 0.395786077 

0:18:40 0.724732518 0.404150993 
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0:18:44 0.75022769 0.411094725 

0:18:48 0.758759141 0.418038458 

0:18:52 0.767290592 0.402234495 

0:18:56 0.772988915 0.386430532 

0:19:00 0.777742863 0.389041275 

0:19:04 0.78249687 0.410066783 

0:19:08 0.767407358 0.431092262 

0:19:12 0.752317786 0.438400149 

0:19:16 0.729599118 0.445708007 

0:19:20 0.699251235 0.446326166 

0:19:24 0.668903351 0.440254569 

0:19:28 0.625755668 0.434182972 

0:19:32 0.582608044 0.420326501 

0:19:36 0.549489439 0.406470001 

0:19:40 0.52639991 0.389910698 

0:19:44 0.503310382 0.370648563 

0:19:48 0.476496965 0.351386428 

0:19:52 0.449683547 0.329670012 

0:19:56 0.416702598 0.307953626 

0:20:00 0.377554119 0.285160273 

0:20:04 0.338405669 0.261289984 

0:20:08 0.293863147 0.23741971 

0:20:12 0.249320656 0.20944871 

0:20:16 0.21532847 0.181477711 

0:20:20 0.191886604 0.152413338 

0:20:24 0.168444753 0.122255579 

0:20:28 0.164989516 0.092097826 

0:20:32 0.16153428 0.064982533 

0:20:36 0.159856126 0.037867244 

0:20:40 0.159955084 0.011721895 

0:20:44 0.160054043 -0.013453512 
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0:20:48 0.147964299 -0.038628917 

0:20:52 0.135874569 -0.060118832 

0:20:56 0.123784833 -0.081608742 

0:21:00 0.111695096 -0.100404285 

0:21:04 0.099605359 -0.116505459 

0:21:08 0.079348914 -0.132606626 

0:21:12 0.059092466 -0.144333169 

0:21:16 0.042184882 -0.156059712 

0:21:20 0.028626161 -0.166475266 

0:21:24 0.015067438 -0.175579831 

0:21:28 0.017848149 -0.184684396 

0:21:32 0.020628858 -0.191529721 

0:21:36 0.02340957 -0.198375061 

0:21:40 0.026190279 -0.204115883 

0:21:44 0.02897099 -0.208752215 

0:21:48 0.0401677 -0.213388532 

0:21:52 0.051364414 -0.276733637 

0:21:56 0.060832068 -0.340078741 

0:22:00 0.068570666 -0.41006881 

0:22:04 0.076309264 -0.486703902 

0:22:08 0.077436797 -0.563338995 

0:22:12 0.078564331 -0.593666375 

0:22:16 0.080322295 -0.623993754 

0:22:20 0.082710676 -0.643087745 

0:22:24 0.085099056 -0.650948226 

0:22:28 0.082506008 -0.658808768 

0:22:32 0.079912961 -0.657201767 

0:22:36 0.077319913 -0.655594766 

0:22:40 0.074726865 -0.652006507 

0:22:44 0.072133817 -0.646437109 

0:22:48 0.057510268 -0.64086771 
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0:22:52 0.042886719 -0.635298252 

0:22:56 0.041184116 -0.629728854 

0:23:00 0.052402459 -0.624159396 

0:23:04 0.063620806 -0.618589997 

0:23:08 0.059617702 -0.613020539 

0:23:12 0.055614598 -0.607451141 

0:23:16 0.053781591 -0.601881742 

0:23:20 0.054118682 -0.596915305 

0:23:24 0.054455772 -0.592551947 

0:23:28 0.052727923 -0.588188529 

0:23:32 0.051000077 -0.586968243 

0:23:36 0.053232357 -0.585747957 

0:23:40 0.059424762 -0.586513758 

0:23:44 0.065617166 -0.589265585 

0:23:48 0.089973457 -0.592017412 

0:23:52 0.114329748 -0.596220434 

0:23:56 0.131035417 -0.600423455 

0:24:00 0.140090451 -0.604626536 

0:24:04 0.149145499 -0.608829558 

0:24:08 0.142941609 -0.613032579 

0:24:12 0.136737719 -0.614885211 

0:24:16 0.139026091 -0.616737843 

0:24:20 0.149806708 -0.616955578 

0:24:24 0.160587341 -0.615538418 

0:24:28 0.176043928 -0.614121258 

0:24:32 0.191500515 -0.609662473 

0:24:36 0.20613879 -0.605203629 

0:24:40 0.219958737 -0.599554718 

0:24:44 0.2337787 -0.59271574 

0:24:48 0.226487219 -0.585876763 

0:24:52 0.219195738 -0.574142396 
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0:24:56 0.21029897 -0.56240797 

0:25:00 0.199796885 -0.557081699 

0:25:04 0.1892948 -0.558163583 

0:25:08 0.169691727 -0.559245408 

0:25:12 0.150088668 -0.558086753 

0:25:16 0.125954702 -0.556928098 

0:25:20 0.097289838 -0.553789496 

0:25:24 0.068624973 -0.548670828 

0:25:28 0.073609591 -0.54355216 

0:25:32 0.0785942 -0.534142911 

0:25:36 0.072992668 -0.524733663 

0:25:40 0.056804989 -0.514337301 

0:25:44 0.040617306 -0.502953708 

0:25:48 0.014631987 -0.491570115 

0:25:52 -0.011353333 -0.479341418 

0:25:56 -0.03555176 -0.46711272 

0:26:00 -0.0579633 -0.453304321 

0:26:04 -0.080374837 -0.437916219 

0:26:08 -0.065543331 -0.422528148 

0:26:12 -0.050711825 -0.403041691 

0:26:16 -0.031836543 -0.383555233 

0:26:20 -0.008917488 -0.364068747 

0:26:24 0.014001568 -0.344582289 

0:26:28 0.002825256 -0.325095832 

0:26:32 -0.008351056 -0.305609375 

0:26:36 -0.022928152 -0.286122918 

0:26:40 -0.040906031 -0.265634239 

0:26:44 -0.058883909 -0.244143367 

0:26:48 -0.068746246 -0.222652495 

0:26:52 -0.078608587 -0.198605984 

0:26:56 -0.079320237 -0.174559459 
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0:27:00 -0.076981664 -0.151367694 

0:27:04 -0.074643083 -0.12903069 

0:27:08 -0.07545495 -0.106693678 

0:27:12 -0.076266818 -0.087153085 

0:27:16 -0.073962696 -0.067612492 

0:27:20 -0.070619904 -0.049330674 

0:27:24 -0.067277111 -0.032307629 

0:27:28 -0.087800533 -0.015284582 

0:27:32 -0.108323954 0.001738463 

0:27:36 -0.112421051 0.018761508 

0:27:40 -0.100091837 0.036672246 

0:27:44 -0.087762624 0.055470672 

0:27:48 -0.068639457 0.074269101 

0:27:52 -0.049516298 0.131853893 

0:27:56 -0.015746912 0.189438686 

0:28:00 0.032668691 0.254576445 

0:28:04 0.076313339 0.3272672 

0:28:08 0.105645105 0.399957925 

0:28:12 0.134976864 0.427090138 

0:28:16 0.149961174 0.454222351 

0:28:20 0.150598034 0.473012716 

0:28:24 0.15123488 0.483461201 

0:28:28 0.159465313 0.493909687 

0:28:32 0.167695746 0.498898178 

0:28:36 0.163605452 0.50388664 

0:28:40 0.147194415 0.508875132 

0:28:44 0.130783379 0.513863623 

0:28:48 0.11437235 0.518852115 

0:28:52 0.097961314 0.523523331 

0:28:56 0.077557892 0.528194547 

0:29:00 0.055823676 0.530721903 
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0:29:04 0.034089461 0.531105459 

0:29:08 0.018564397 0.531488955 

0:29:12 0.003039335 0.513944805 

0:29:16 -0.016027117 0.496400714 

0:29:20 -0.03863496 0.479742289 

0:29:24 -0.0612428 0.463969588 

0:29:28 -0.068343952 0.448196888 

0:29:32 -0.075445116 0.442246914 

0:29:36 -0.080763765 0.43629691 

0:29:40 -0.084299922 0.434620053 

0:29:44 -0.087836079 0.437216282 

0:29:48 -0.08515963 0.439812541 

0:29:52 -0.08248318 0.447064072 

0:29:56 -0.07980673 0.454315603 

0:30:00 -0.07713028 0.462489367 

0:30:04 -0.074453831 0.471585363 

0:30:08 -0.076025404 0.48068133 

0:30:12 -0.077596977 0.485666573 

0:30:16 -0.085438512 0.490651816 

0:30:20 -0.099550024 0.494611353 

0:30:24 -0.113661528 0.497545123 

0:30:28 -0.114408977 0.500478864 

0:30:32 -0.115156427 0.503412664 

0:30:36 -0.109706759 0.506346464 

0:30:40 -0.09805999 0.509603143 

0:30:44 -0.084508665 0.513182759 

0:30:48 -0.065243691 0.516762376 

0:30:52 -0.045978725 0.534201264 

0:30:56 -0.029558875 0.551640213 

0:31:00 -0.015984148 0.571358442 

0:31:04 -0.002409421 0.593355954 
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0:31:08 0.022237675 0.615353525 

0:31:12 0.046884775 0.616210818 

0:31:16 0.074314035 0.617068112 

0:31:20 0.104525469 0.552784145 

0:31:24 0.134736896 0.423358798 

0:31:28 0.158426896 0.293933451 

0:31:32 0.182116896 0.12167947 

0:31:36 0.203654557 -0.050574504 

0:31:40 0.22303988 -0.189317465 

0:31:44 0.242425188 -0.294549376 

0:31:48 0.246698171 -0.399781317 

0:31:52 0.250971138 -0.460362047 

0:31:56 0.255244106 -0.520942807 

0:32:00 0.259517103 -0.552845418 

0:32:04 0.263790071 -0.575188696 

0:32:08 0.268063039 -0.597531974 

0:32:12 0.272336006 -0.605149567 

0:32:16 0.270554334 -0.61276716 

0:32:20 0.262717992 -0.619221866 

0:32:24 0.25488165 -0.624513626 

0:32:28 0.234977037 -0.629805386 

0:32:32 0.215072438 -0.626181543 

0:32:36 0.202280566 -0.62255764 

0:32:40 0.19660145 -0.616029859 

0:32:44 0.19092232 -0.606598198 

0:32:48 0.173740223 -0.597166479 

0:32:52 0.156558126 -0.585349619 

0:32:56 0.147368282 -0.57353276 

0:33:00 0.14617072 -0.561715961 

0:33:04 0.140957594 -0.549899101 

0:33:08 0.123697773 -0.538082242 
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0:33:12 0.106437944 -0.527576447 

0:33:16 0.091812596 -0.517070711 

0:33:20 0.079821721 -0.507260144 

0:33:24 0.067830846 -0.498144865 

0:33:28 0.075896017 -0.489029586 

0:33:32 0.083961189 -0.478457063 

0:33:36 0.086463369 -0.467884541 

0:33:40 0.083402574 -0.456257492 

0:33:44 0.080341779 -0.443575919 

0:33:48 0.08613871 -0.430894345 

0:33:52 0.091935642 -0.474220216 

0:33:56 0.086932309 -0.517546058 

0:34:00 0.071128711 -0.517939746 

0:34:04 0.055325113 -0.475401163 

0:34:08 0.058039334 -0.43286258 

0:34:12 0.060753554 -0.390323997 

0:34:16 0.053288579 -0.347785443 

0:34:20 0.035644408 -0.310472876 

0:34:24 0.018000236 -0.278386354 

0:34:28 -0.013064922 -0.246299803 

0:34:32 -0.044130079 -0.220900774 

0:34:36 -0.070274815 -0.195501745 

0:34:40 -0.09149912 -0.174002111 

0:34:44 -0.112723425 -0.156401873 

0:34:48 -0.115303449 -0.138801634 

0:34:52 -0.117883474 -0.128937975 

0:34:56 -0.117830165 -0.119074322 

0:35:00 -0.115143515 -0.11230389 

0:35:04 -0.112718493 -0.108626686 

0:35:08 -0.111078352 -0.104949482 

0:35:12 -0.109438203 -0.104553059 
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0:35:16 -0.107798062 -0.104156636 

0:35:20 -0.120313048 -0.105229735 

0:35:24 -0.132828027 -0.107772373 

0:35:28 -0.135563582 -0.110315003 

0:35:32 -0.138299152 -0.11593578 

0:35:36 -0.135642454 -0.12155655 

0:35:40 -0.131188318 -0.128110647 

0:35:44 -0.125099853 -0.135598063 

0:35:48 -0.114108309 -0.14308548 

0:35:52 -0.103116781 -0.151730359 

0:35:56 -0.087126561 -0.160375237 

0:36:00 -0.069470108 -0.167192742 

0:36:04 -0.057029136 -0.172182858 

0:36:08 -0.060234591 -0.177172974 

0:36:12 -0.063440047 -0.173083127 

0:36:16 -0.059529398 -0.168993279 

0:36:20 -0.053246714 -0.161057651 

0:36:24 -0.048412353 -0.149276271 

0:36:28 -0.047922954 -0.137494892 

0:36:32 -0.047433559 -0.123905748 

0:36:36 -0.052123599 -0.110316597 

0:36:40 -0.058540121 -0.098165594 

0:36:44 -0.06861791 -0.087452725 

0:36:48 -0.089679524 -0.076739855 

0:36:52 -0.110741138 -0.100688592 

0:36:56 -0.128026932 -0.124637328 

0:37:00 -0.144054115 -0.17171818 

0:37:04 -0.155874163 -0.241931155 

0:37:08 -0.155072793 -0.31214413 

0:37:12 -0.154271424 -0.342128754 

0:37:16 -0.168898404 -0.372113377 
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0:37:20 -0.188668162 -0.387807369 

0:37:24 -0.19878678 -0.38921079 

0:37:28 -0.179952025 -0.390614212 

0:37:32 -0.161117271 -0.378809839 

0:37:36 -0.140420005 -0.367005467 

0:37:40 -0.119101897 -0.352215767 

0:37:44 -0.087246038 -0.334440678 

0:37:48 -0.023776937 -0.31666562 

0:37:52 0.039692167 -0.293596536 

0:37:56 0.084627509 -0.270527422 

0:38:00 0.12956284 -0.248222232 

0:38:04 0.173724413 -0.226680934 

0:38:08 0.215564668 -0.205139637 

0:38:12 0.257404923 -0.185198903 

0:38:16 0.26371333 -0.165258184 

0:38:20 0.258177817 -0.146639258 

0:38:24 0.252642304 -0.129342154 

0:38:28 0.247106776 -0.11204505 

0:38:32 0.241571262 -0.099947862 

0:38:36 0.24404037 -0.087850675 

0:38:40 0.249177694 -0.07850796 

0:38:44 0.256531477 -0.071919732 

0:38:48 0.270534575 -0.065331504 

0:38:52 0.284537673 -0.064053401 

0:38:56 0.286429793 -0.062775306 

0:39:00 0.28428486 -0.063185476 

0:39:04 0.286369622 -0.065283924 

0:39:08 0.301143408 -0.067382373 

0:39:12 0.315917194 -0.069480821 

0:39:16 0.322887719 -0.07157927 

0:39:20 0.327257127 -0.074878335 
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0:39:24 0.323993117 -0.079378024 

0:39:28 0.313095748 -0.083877712 

0:39:32 0.30219835 -0.088377394 

0:39:36 0.285736471 -0.092877083 

0:39:40 0.267419755 -0.098094717 

0:39:44 0.249964669 -0.104030289 

0:39:48 0.233371168 -0.109965868 

0:39:52 0.216777667 -0.139458835 

0:39:56 0.187349871 -0.168951809 

0:40:00 0.153643966 -0.187865153 

0:40:04 0.138993129 -0.196198881 

0:40:08 0.143397331 -0.204532593 

0:40:12 0.147801548 -0.212028667 

0:40:16 0.161009148 -0.219524741 

0:40:20 0.177151233 -0.225644723 

0:40:24 0.178395331 -0.230388641 

0:40:28 0.164741457 -0.235132545 

0:40:32 0.151087582 -0.235192031 

0:40:36 0.123059958 -0.235251516 

0:40:40 0.090241089 -0.230933741 

0:40:44 0.056587346 -0.22223869 

0:40:48 0.020428993 -0.213543639 

0:40:52 -0.015729358 -0.192310631 

0:40:56 -0.042232085 -0.171077624 

0:41:00 -0.065516271 -0.145327434 

0:41:04 -0.087599136 -0.115060061 

0:41:08 -0.106078044 -0.084792681 

0:41:12 -0.124556951 -0.052965395 

0:41:16 -0.139213055 -0.021138106 

0:41:20 -0.152594909 0.008602172 

0:41:24 -0.163542613 0.036255442 
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0:41:28 -0.167187944 0.063908711 

0:41:32 -0.170833275 0.086980365 

0:41:36 -0.195135266 0.110052019 

0:41:40 -0.226322815 0.129442468 

0:41:44 -0.247826397 0.145151719 

0:41:48 -0.240278065 0.160860971 

0:41:52 -0.232729733 0.168106869 

0:41:56 -0.220912755 0.175352782 

0:42:00 -0.207672879 0.178375691 

0:42:04 -0.191694528 0.177175626 

0:42:08 -0.167500734 0.175975561 

0:42:12 -0.143306926 0.1696565 

0:42:16 -0.126584753 0.163337439 

0:42:20 -0.112353146 0.155057773 

0:42:24 -0.099040508 0.144817501 

0:42:28 -0.088484794 0.134577245 

0:42:32 -0.07792908 0.120369174 

0:42:36 -0.064050093 0.106161103 

0:42:40 -0.049063344 0.088851109 

0:42:44 -0.032324664 0.068439186 

0:42:48 -0.010330186 0.048027273 

0:42:52 0.011664291 -0.029392079 

0:42:56 0.025807267 -0.106811427 

0:43:00 0.037333075 -0.173284769 

0:43:04 0.049143858 -0.228812099 

0:43:08 0.061809555 -0.284339428 

0:43:12 0.074475259 -0.302268565 

0:43:16 0.088405587 -0.320197672 

0:43:20 0.102757461 -0.329442739 

0:43:24 0.116369769 -0.330003709 

0:43:28 0.127763361 -0.330564708 
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0:43:32 0.139156967 -0.321760088 

0:43:36 0.153329521 -0.312955439 

0:43:40 0.168428376 -0.302695423 

0:43:44 0.182257071 -0.290979981 

0:43:48 0.192275256 -0.279264569 

0:43:52 0.202293426 -0.271892697 

0:43:56 0.187028632 -0.264520824 

0:44:00 0.171763822 -0.257148981 

0:44:04 0.153605983 -0.249777108 

0:44:08 0.126768962 -0.242405236 

0:44:12 0.099931948 -0.236080617 

0:44:16 0.080253884 -0.229756013 

0:44:20 0.062962145 -0.225157574 

0:44:24 0.049071316 -0.2222853 

0:44:28 0.045383219 -0.219413042 

0:44:32 0.041695122 -0.221587613 

0:44:36 0.03219812 -0.223762184 

0:44:40 0.020764815 -0.228904158 

0:44:44 0.010217833 -0.237013564 

0:44:48 0.002329826 -0.245122954 

0:44:52 -0.005558181 -0.256909192 

0:44:56 -0.023575706 -0.268695474 

0:45:00 -0.044969738 -0.272470295 

0:45:04 -0.063236035 -0.268233687 

0:45:08 -0.072119139 -0.263997078 

0:45:12 -0.081002243 -0.28778255 

0:45:16 -0.091497138 -0.311568022 

0:45:20 -0.102529287 -0.336486757 

0:45:24 -0.111840338 -0.362538785 

0:45:28 -0.115988106 -0.388590783 

0:45:32 -0.120135874 -0.407382339 
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0:45:36 -0.126082376 -0.426173925 

0:45:40 -0.133827597 -0.440561652 

0:45:44 -0.141572818 -0.45054552 

0:45:48 -0.140020922 -0.460529387 

0:45:52 -0.13846904 -0.470513254 

0:45:56 -0.143963248 -0.480497122 

0:46:00 -0.156503558 -0.509838402 

0:46:04 -0.169043869 -0.558537126 

0:46:08 -0.184047908 -0.607235789 

0:46:12 -0.199051946 -0.643144369 

0:46:16 -0.205388725 -0.679052889 

0:46:20 -0.203058258 -0.701789558 

0:46:24 -0.200727791 -0.711354375 

0:46:28 -0.172829062 -0.720919132 

0:46:32 -0.144930333 -0.709490418 

0:46:36 -0.115501367 -0.698061705 

0:46:40 -0.08454217 -0.681348979 

0:46:44 -0.05358297 -0.659352243 

0:46:48 -0.018229576 -0.637355506 

0:46:52 0.017123818 -0.611929059 

0:46:56 0.042132393 -0.586502612 

0:47:00 0.056796148 -0.559995353 

0:47:04 0.071459904 -0.532407165 

0:47:08 0.069582216 -0.504819036 

0:47:12 0.067704529 -0.478195578 

0:47:16 0.068705946 -0.45157212 

0:47:20 0.072586484 -0.428235501 

0:47:24 0.076467015 -0.40818572 

0:47:28 0.086649567 -0.38813597 

0:47:32 0.096832119 -0.369169712 

0:47:36 0.097432934 -0.350203425 
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0:47:40 0.088452011 -0.327296257 

0:47:44 0.079471089 -0.300448179 

0:47:48 0.070490167 -0.273600101 

0:47:52 0.06150924 -0.238925785 

0:47:56 0.044760838 -0.204251453 

0:48:00 0.02024495 -0.167157039 

0:48:04 -0.004270935 -0.127642542 

0:48:08 -0.007168626 -0.088128045 

0:48:12 -0.010066317 -0.045626983 

0:48:16 -0.015785161 -0.003125921 

0:48:20 -0.02432516 0.039375141 

0:48:24 -0.032865159 0.081876203 

0:48:28 -0.041405156 0.124377266 

0:48:32 -0.049945153 0.163682744 

0:48:36 -0.061731566 0.202988237 

0:48:40 -0.076764397 0.239145949 

0:48:44 -0.091797225 0.272155911 

0:48:48 -0.081949078 0.305165857 

0:48:52 -0.072100922 0.395747632 

0:48:56 -0.069992743 0.486329436 

0:49:00 -0.075624533 0.591400802 

0:49:04 -0.081256323 0.710961699 

0:49:08 -0.103984214 0.830522597 

0:49:12 -0.126712099 0.897320628 

0:49:16 -0.134241879 0.964118659 

0:49:20 -0.136705607 0.998014092 

0:49:24 -0.139169335 0.999007046 

0:49:28 -0.139666006 1 

0:49:32 -0.140162677 1 

0:49:36 -0.139673471 1 

0:49:40 -0.138198361 1 
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0:49:44 -0.136723265 1 

0:49:48 -0.139861867 1 

0:49:52 -0.143000484 1 

0:49:56 -0.157831013 1 

0:50:00 -0.184353486 1 

0:50:04 -0.210875943 1 

0:50:08 -0.230153844 1 

0:50:12 -0.249431744 1 

0:50:16 -0.270263523 1 

0:50:20 -0.29264918 0.992753565 

0:50:24 -0.315034837 0.978260756 

0:50:28 -0.321946889 0.963767886 

0:50:32 -0.328858942 0.942291021 

0:50:36 -0.341190189 0.920814157 

0:50:40 -0.358940661 0.898212731 

0:50:44 -0.376691133 0.874486744 

0:50:48 -0.406778246 0.850760698 

0:50:52 -0.436865389 0.827034712 

0:50:56 -0.471258134 0.803308725 

0:51:00 -0.509956539 0.781970203 

0:51:04 -0.548654914 0.763019085 

0:51:08 -0.569556415 0.744067967 

0:51:12 -0.590457916 0.727725923 

0:51:16 -0.600985646 0.711383879 

0:51:20 -0.601139605 0.695654571 

0:51:24 -0.601293564 0.680538058 

0:51:28 -0.607249022 0.665421546 

0:51:32 -0.61320442 0.651132941 

0:51:36 -0.614953756 0.636844337 

0:51:40 -0.612497032 0.621339917 

0:51:44 -0.610040307 0.604619682 
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0:51:48 -0.601915717 0.587899506 

0:51:52 -0.593791068 0.526616395 

0:51:56 -0.573378682 0.465333223 

0:52:00 -0.540678501 0.370833308 

0:52:04 -0.50797832 0.243116587 

0:52:08 -0.449476629 0.115399875 

0:52:12 -0.390974939 0.030582486 

0:52:16 -0.344907075 -0.054234903 

0:52:20 -0.30298385 -0.118818089 

0:52:24 -0.261060596 -0.163167089 

0:52:28 -0.213715687 -0.207516074 

0:52:32 -0.166370779 -0.227708563 

0:52:36 -0.131383315 -0.247901052 

0:52:40 -0.108753294 -0.261604011 

0:52:44 -0.086123273 -0.268817455 

0:52:48 -0.059309252 -0.276030898 

0:52:52 -0.03249523 -0.275200605 

0:52:56 -0.008562541 -0.274370283 

0:53:00 0.014409705 -0.271196038 

0:53:04 0.037381951 -0.265677869 

0:53:08 0.066252165 -0.260159701 

0:53:12 0.095122382 -0.25278911 

0:53:16 0.108717576 -0.245418549 

0:53:20 0.107037745 -0.239167437 

0:53:24 0.105357915 -0.23403582 

0:53:28 0.100886099 -0.228904203 

0:53:32 0.088038333 -0.227699891 

0:53:36 0.080427513 -0.226495564 

0:53:40 0.078053631 -0.227309838 

0:53:44 0.075679749 -0.230142713 

0:53:48 0.060873337 -0.232975587 
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0:53:52 0.046066925 -0.238161623 

0:53:56 0.032489244 -0.24334766 

0:54:00 0.020140294 -0.247515023 

0:54:04 0.007791343 -0.250663728 

0:54:08 0.008938218 -0.253812402 

0:54:12 0.010085092 -0.252890021 

0:54:16 0.017943749 -0.251967609 

0:54:20 0.032514192 -0.251045227 

0:54:24 0.047084633 -0.250122815 

0:54:28 0.076109484 -0.249200433 

0:54:32 0.105134338 -0.254405439 

0:54:36 0.138670802 -0.259610444 

0:54:40 0.173711151 -0.267546058 

0:54:44 0.208751485 -0.278212279 

0:54:48 0.233335853 -0.28887853 

0:54:52 0.257920235 -0.339830458 

0:54:56 0.276153684 -0.390782386 

0:55:00 0.288036197 -0.449650049 

0:55:04 0.299918711 -0.516433477 

0:55:08 0.317984998 -0.583216846 

0:55:12 0.336051285 -0.603971541 

0:55:16 0.363847852 -0.624726176 

0:55:20 0.401374668 -0.647768259 

0:55:24 0.438901514 -0.67309773 

0:55:28 0.478370279 -0.6984272 

0:55:32 0.517839015 -0.710735261 

0:55:36 0.546050131 -0.723043323 

0:55:40 0.570508778 -0.731347024 

0:55:44 0.590425313 -0.735646367 

0:55:48 0.596715808 -0.739945769 

0:55:52 0.603006363 -0.740532875 
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0:55:56 0.614759088 -0.74112004 

0:56:00 0.628332496 -0.741707146 

0:56:04 0.639077842 -0.742294312 

0:56:08 0.641338766 -0.742881417 

0:56:12 0.643599689 -0.746709049 

0:56:16 0.649659455 -0.75053668 

0:56:20 0.656985521 -0.754867971 

0:56:24 0.668605387 -0.759702802 

0:56:28 0.69310683 -0.764537632 

0:56:32 0.717608273 -0.766188562 

0:56:36 0.724306524 -0.767839432 

0:56:40 0.725070357 -0.764999926 

0:56:44 0.723237038 -0.757670045 

0:56:48 0.71361196 -0.750340104 

0:56:52 0.703986943 -0.732811868 

0:56:56 0.683914781 -0.715283632 

0:57:00 0.660360217 -0.69493407 

0:57:04 0.630424142 -0.671763062 

0:57:08 0.581343651 -0.648592055 

0:57:12 0.53226316 -0.627071559 

0:57:16 0.481185377 -0.605551124 

0:57:20 0.42944178 -0.582796752 

0:57:24 0.389031202 -0.558808565 

0:57:28 0.359953612 -0.534820318 

0:57:32 0.330876023 -0.506171942 

0:57:36 0.282100797 -0.477523595 

0:57:40 0.226759717 -0.447463244 

0:57:44 0.176583067 -0.415990949 

0:57:48 0.141899735 -0.384518623 

0:57:52 0.10721641 -0.273000509 

0:57:56 0.081901066 -0.161482364 
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0:58:00 0.056585718 -0.081884257 

0:58:04 0.030142466 -0.034206167 

0:58:08 0.000315489 0.013471927 

0:58:12 -0.029511487 0.01790119 

0:58:16 -0.05869814 0.022330452 

0:58:20 -0.087671354 0.029769493 

0:58:24 -0.113062873 0.040218312 

0:58:28 -0.127709314 0.050667133 

0:58:32 -0.142355755 0.069809258 

0:58:36 -0.166236892 0.088951387 

0:58:40 -0.193196267 0.109362289 

0:58:44 -0.225753248 0.131041989 

0:58:48 -0.275103092 0.152721673 

0:58:52 -0.324452937 0.174401373 

0:58:56 -0.354490727 0.196081057 

0:59:00 -0.378091216 0.216172591 

0:59:04 -0.39722997 0.234675974 

0:59:08 -0.402983665 0.253179342 

0:59:12 -0.408737361 0.253736436 

0:59:16 -0.411205947 0.254293531 

0:59:20 -0.412579447 0.250716746 

0:59:24 -0.419098258 0.243006095 

0:59:28 -0.441052914 0.235295445 

0:59:32 -0.463007569 0.227584794 

0:59:36 -0.479398698 0.219874144 

0:59:40 -0.493935287 0.212163493 

0:59:44 -0.508034348 0.204452842 

0:59:48 -0.520820737 0.197237194 

0:59:52 -0.533607125 0.19150658 

0:59:56 -0.571674705 0.185775965 

1:00:00 -0.618169308 0.174373448 
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1:00:04 -0.656856894 0.157299012 

1:00:08 -0.672123194 0.140224606 

1:00:12 -0.687389493 0.123150177 

1:00:16 -0.698618889 0.106075756 

1:00:20 -0.70850265 0.090442404 

1:00:24 -0.713597298 0.076250128 

1:00:28 -0.704324484 0.062057849 

1:00:32 -0.69505167 0.055418726 

1:00:36 -0.672066331 0.048779603 

1:00:40 -0.64451009 0.044605684 

1:00:44 -0.618361413 0.042896971 

1:00:48 -0.596435368 0.041188255 

1:00:52 -0.574509323 0.063227363 

1:00:56 -0.553252459 0.085266471 

1:01:00 -0.532218754 0.101926014 

1:01:04 -0.516960323 0.113205977 

1:01:08 -0.519027829 0.12448594 

1:01:12 -0.521095395 0.122961879 

1:01:16 -0.524023652 0.121437818 

1:01:20 -0.527238786 0.118761301 

1:01:24 -0.527811944 0.114932336 

1:01:28 -0.520459056 0.111103363 

1:01:32 -0.513106167 0.114228234 

1:01:36 -0.492948204 0.117353097 

1:01:40 -0.468521863 0.120477967 

1:01:44 -0.442765445 0.12360283 

1:01:48 -0.413018793 0.1267277 

1:01:52 -0.383272141 0.123250894 

1:01:56 -0.362186193 0.119774088 

1:02:00 -0.343987167 0.115371756 

1:02:04 -0.323312312 0.110043891 
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1:02:08 -0.295210004 0.104716025 

1:02:12 -0.267107695 0.101111971 

1:02:16 -0.228181422 0.097507924 

1:02:20 -0.185647145 0.08806245 

1:02:24 -0.146814808 0.07277555 

1:02:28 -0.119088247 0.05748865 

1:02:32 -0.091361687 0.055736918 

1:02:36 -0.063635133 0.053985186 

1:02:40 -0.035908572 0.052233454 

1:02:44 -0.010398516 0.050481722 

1:02:48 0.00846204 0.04872999 

1:02:52 0.027322596 0.04021379 

1:02:56 0.03439831 0.03169759 

1:03:00 0.037545741 0.023997007 

1:03:04 0.043551557 0.017112037 

1:03:08 0.058132537 0.010227067 

1:03:12 0.072713517 0.004234673 

1:03:16 0.058027036 -0.001757722 

1:03:20 0.033584733 -0.006581043 

1:03:24 0.009142428 -0.01023529 

1:03:28 -0.006991531 -0.013889536 

1:03:32 -0.014817143 -0.020872151 

1:03:36 -0.013008 -0.027854767 

1:03:40 -0.007987272 -0.037130751 

1:03:44 -0.003214495 -0.048700098 

1:03:48 0.000814423 -0.060269449 

1:03:52 0.004843342 -0.091023423 

1:03:56 -0.011699418 -0.1217774 

1:04:00 -0.035099406 -0.142075285 

1:04:04 -0.062148694 -0.1519171 

1:04:08 -0.100145899 -0.1617589 
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1:04:12 -0.138143107 -0.138165668 

1:04:16 -0.159220174 -0.114572428 

1:04:20 -0.174657211 -0.092906609 

1:04:24 -0.18650648 -0.073168203 

1:04:28 -0.187592462 -0.053429801 

1:04:32 -0.188678443 -0.033691395 

1:04:36 -0.164316848 -0.01395299 

1:04:40 -0.131472722 0.009232687 

1:04:44 -0.097253986 0.035865635 

1:04:48 -0.058911398 0.062498584 

1:04:52 -0.020568807 0.07013119 

1:04:56 0.017095545 0.077763796 

1:05:00 0.054533817 0.091889605 

1:05:04 0.08557938 0.112508602 

1:05:08 0.097446807 0.1331276 

1:05:12 0.109314233 0.158699572 

1:05:16 0.110737503 0.184271559 

1:05:20 0.108679391 0.207279548 

1:05:24 0.105224237 0.227723539 

1:05:28 0.097577974 0.24816753 

1:05:32 0.089931704 0.264663935 

1:05:36 0.073569283 0.281160325 

1:05:40 0.048490699 0.295966357 

1:05:44 0.023412118 0.309082031 

1:05:48 0.0095454 0.322197706 

1:05:52 -0.004321319 0.333109826 

1:05:56 -0.002285655 0.344021976 

1:06:00 0.01565239 0.353272468 

1:06:04 0.033590436 0.360861361 

1:06:08 0.100381702 0.368450254 

1:06:12 0.167172968 0.380681723 
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1:06:16 0.231837362 0.392913222 

1:06:20 0.294374853 0.406614751 

1:06:24 0.356912374 0.421786368 

1:06:28 0.382028908 0.436957955 

1:06:32 0.407145441 0.452129573 

1:06:36 0.436691225 0.46730119 

1:06:40 0.4706662 0.482806802 

1:06:44 0.504641175 0.498646438 

1:06:48 0.515115559 0.514486074 

1:06:52 0.525589943 0.454237819 

1:06:56 0.540131867 0.393989593 

1:07:00 0.558741331 0.356477559 

1:07:04 0.577350855 0.341701776 

1:07:08 0.5741359 0.326925963 

1:07:12 0.570920885 0.327572823 

1:07:16 0.570378959 0.328219682 

1:07:20 0.572510064 0.331011295 

1:07:24 0.574641168 0.335947663 

1:07:28 0.574459732 0.34088406 

1:07:32 0.574278235 0.343459427 

1:07:36 0.56793797 0.346034795 

1:07:40 0.555438817 0.347102791 

1:07:44 0.542939663 0.346663356 

1:07:48 0.533623219 0.34622395 

1:07:52 0.524306834 0.345784515 

1:07:56 0.513461888 0.34534511 

1:08:00 0.50108844 0.344905674 

1:08:04 0.488714963 0.344466269 

1:08:08 0.465323329 0.344026834 

1:08:12 0.441931695 0.342830986 

1:08:16 0.417364597 0.341635138 
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1:08:20 0.392405689 0.338976026 

1:08:24 0.36744675 0.334853679 

1:08:28 0.329547077 0.330731332 

1:08:32 0.291647404 0.322955489 

1:08:36 0.253118426 0.315179616 

1:08:40 0.213960126 0.306598485 

1:08:44 0.174801841 0.297212124 

1:08:48 0.114809677 0.287825704 

1:08:52 0.054817509 0.278439343 

1:08:56 -0.006586801 0.269052923 

1:09:00 -0.068461828 0.260228902 

1:09:04 -0.130336851 0.251967251 

1:09:08 -0.176112041 0.243705571 

1:09:12 -0.221887231 0.238561928 

1:09:16 -0.267150372 0.233418286 

1:09:20 -0.31190148 0.234872162 

1:09:24 -0.356652588 0.242923573 

1:09:28 -0.395771027 0.250974983 

1:09:32 -0.434889466 0.255565941 

1:09:36 -0.457653761 0.2601569 

1:09:40 -0.464063853 0.261259228 

1:09:44 -0.470473945 0.258872926 

1:09:48 -0.452385038 0.256486624 

1:09:52 -0.434296131 0.183969349 

1:09:56 -0.428793103 0.111452073 

1:10:00 -0.435875952 0.059997883 

1:10:04 -0.442958772 0.029606774 

1:10:08 -0.446461916 -0.000784331 

1:10:12 -0.44996509 -0.019187972 

1:10:16 -0.447122872 -0.025604144 

1:10:20 -0.437935323 -0.027446218 
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1:10:24 -0.428747773 -0.024714191 

1:10:28 -0.425177574 -0.021982163 

1:10:32 -0.421607345 -0.012934535 

1:10:36 -0.425561041 -0.003886906 

1:10:40 -0.4370386 0.005160722 

1:10:44 -0.44851616 0.014208351 

1:10:48 -0.441635221 0.02325598 

1:10:52 -0.434754282 0.030226758 

1:10:56 -0.429251164 0.037197534 

1:11:00 -0.425125867 0.043009408 

1:11:04 -0.42100057 0.047662377 

1:11:08 -0.400860399 0.052315347 

1:11:12 -0.380720228 0.052240014 

1:11:16 -0.364572853 0.052164681 

1:11:20 -0.352418274 0.049086925 

1:11:24 -0.341873199 0.043006744 

1:11:28 -0.336156577 0.036926564 

1:11:32 -0.330439985 0.026021881 

1:11:36 -0.316324443 0.0151172 

1:11:40 -0.29380995 0.004212518 

1:11:44 -0.271295488 -0.006692165 

1:11:48 -0.252616912 -0.017596846 

1:11:52 -0.233938336 -0.023324598 

1:11:56 -0.210659534 -0.029052349 

1:12:00 -0.182780489 -0.03146036 

1:12:04 -0.154901445 -0.030548636 

1:12:08 -0.159801349 -0.029636912 

1:12:12 -0.164701253 -0.023456587 

1:12:16 -0.168622106 -0.017276259 

1:12:20 -0.171563908 -0.009999882 

1:12:24 -0.174505726 -0.001627456 
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1:12:28 -0.168541655 0.006744971 

1:12:32 -0.162577584 0.013546283 

1:12:36 -0.161243364 0.020347595 

1:12:40 -0.16453898 0.026047152 

1:12:44 -0.167834595 0.030644953 

1:12:48 -0.158429995 0.035242755 

1:12:52 -0.149025381 -0.055772848 

1:12:56 -0.129646987 -0.146788448 

1:13:00 -0.100294814 -0.207798466 

1:13:04 -0.070942633 -0.23880291 

1:13:08 -0.066804774 -0.269807339 

1:13:12 -0.062666923 -0.263669968 

1:13:16 -0.054492291 -0.257532567 

1:13:20 -0.042280883 -0.247634545 

1:13:24 -0.030069474 -0.233975887 

1:13:28 -0.017858066 -0.22031723 

1:13:32 0.007479372 -0.201210186 

1:13:36 0.030449376 -0.182103142 

1:13:40 0.046317082 -0.163949832 

1:13:44 0.062184788 -0.146750271 

1:13:48 0.082672328 -0.129550695 

1:13:52 0.103159867 -0.11778035 

1:13:56 0.123180613 -0.106010005 

1:14:00 0.142734572 -0.097724773 

1:14:04 0.162288517 -0.092924662 

1:14:08 0.175971583 -0.088124551 

1:14:12 0.189654648 -0.089633055 

1:14:16 0.211057723 -0.091141567 

1:14:20 0.240180805 -0.095574327 

1:14:24 0.269303888 -0.102931343 

1:14:28 0.289850503 -0.110288359 
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1:14:32 0.310397118 -0.124826275 

1:14:36 0.32410726 -0.139364183 

1:14:40 0.330980957 -0.157261983 

1:14:44 0.337854624 -0.178519636 

1:14:48 0.340599895 -0.199777305 

1:14:52 0.343345195 -0.221034974 

1:14:56 0.344330668 -0.242292628 

1:15:00 0.343556374 -0.262176931 

1:15:04 0.34278208 -0.280687839 

1:15:08 0.35939908 -0.299198776 

1:15:12 0.376016051 -0.31909132 

1:15:16 0.392633051 -0.338983864 

1:15:20 0.409250021 -0.358876437 

1:15:24 0.425867021 -0.378768981 

1:15:28 0.418198347 -0.398661524 

1:15:32 0.410529703 -0.406015545 

1:15:36 0.398420632 -0.413369536 

1:15:40 0.381871134 -0.41971609 

1:15:44 0.365321636 -0.425055176 

1:15:48 0.330869257 -0.430394262 

1:15:52 0.296416849 -0.484576195 

1:15:56 0.28083232 -0.538758159 

1:16:00 0.284115613 -0.579498172 

1:16:04 0.287398934 -0.606796265 

1:16:08 0.272401512 -0.634094357 

1:16:12 0.257404089 -0.635279655 

1:16:16 0.236102685 -0.636464953 

1:16:20 0.208497256 -0.635039926 

1:16:24 0.180891827 -0.631004512 

1:16:28 0.149290666 -0.626969099 

1:16:32 0.117689505 -0.622933745 
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1:16:36 0.104235724 -0.618898332 

1:16:40 0.096831061 -0.615439713 

1:16:44 0.089426406 -0.612557888 

1:16:48 0.072851948 -0.609676063 

1:16:52 0.056277491 -0.606794238 

1:16:56 0.041294258 -0.603912413 

1:17:00 0.027902246 -0.600537896 

1:17:04 0.014510236 -0.596670806 

1:17:08 -0.009168825 -0.592803657 

1:17:12 -0.032847885 -0.591019571 

1:17:16 -0.066966303 -0.589235485 

1:17:20 -0.111524083 -0.588962317 

1:17:24 -0.156081855 -0.590200007 

1:17:28 -0.177820206 -0.591437697 

1:17:32 -0.199558541 -0.596644521 

1:17:36 -0.21505037 -0.601851404 

1:17:40 -0.224295676 -0.610648692 

1:17:44 -0.234849602 -0.623036504 

1:17:48 -0.249329448 -0.635424256 

1:17:52 -0.263809294 -0.648912668 

1:17:56 -0.285851181 -0.66240114 

1:18:00 -0.310413718 -0.673197448 

1:18:04 -0.334976256 -0.681301713 

1:18:08 -0.354332596 -0.689405918 

1:18:12 -0.373688936 -0.689811409 

1:18:16 -0.383343071 -0.690216899 

1:18:20 -0.383295 -0.687271535 

1:18:24 -0.383246958 -0.680975318 

1:18:28 -0.371765047 -0.674679101 

1:18:32 -0.360283136 -0.662513196 

1:18:36 -0.349548459 -0.650347292 
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1:18:40 -0.339561075 -0.638181448 

1:18:44 -0.329573691 -0.626015544 

1:18:48 -0.322824806 -0.61384964 

1:18:52 -0.316075921 -0.508200645 

1:18:56 -0.309327036 -0.402551591 

1:19:00 -0.302578151 -0.312796861 

1:19:04 -0.297698975 -0.23893638 

1:19:08 -0.298428923 -0.165075913 

1:19:12 -0.299158871 -0.13192147 

1:19:16 -0.305900812 -0.098767042 

1:19:20 -0.318654776 -0.076010831 

1:19:24 -0.331408739 -0.063652858 

1:19:28 -0.349278867 -0.051294886 

1:19:32 -0.367148966 -0.049098067 

1:19:36 -0.367434502 -0.046901245 

1:19:40 -0.350135416 -0.04776426 

1:19:44 -0.33283633 -0.051687106 

1:19:48 -0.326143861 -0.055609953 

1:19:52 -0.319451392 -0.058509286 

1:19:56 -0.323466092 -0.061408624 

1:20:00 -0.331049889 -0.06327083 

1:20:04 -0.338633657 -0.064095907 

1:20:08 -0.347423792 -0.064920984 

1:20:12 -0.356213957 -0.060995203 

1:20:16 -0.355250478 -0.057069421 

1:20:20 -0.344533354 -0.049777631 

1:20:24 -0.33381623 -0.039119836 

1:20:28 -0.324084312 -0.028462043 

1:20:32 -0.314352393 -0.012842255 

1:20:36 -0.296291947 0.002777534 

1:20:40 -0.269902945 0.020036351 
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1:20:44 -0.243513957 0.038934197 

1:20:48 -0.229813486 0.057832044 

1:20:52 -0.216113016 0.081885174 

1:20:56 -0.199881166 0.105938315 

1:21:00 -0.181117937 0.131448135 

1:21:04 -0.162354693 0.158414662 

1:21:08 -0.16142045 0.185381174 

1:21:12 -0.160486221 0.212347701 

1:21:16 -0.153893963 0.239314228 

1:21:20 -0.141643688 0.265549958 

1:21:24 -0.129393414 0.291054934 

1:21:28 -0.12526086 0.316559881 

1:21:32 -0.121128321 0.338306606 

1:21:36 -0.123125069 0.360053331 

1:21:40 -0.131251127 0.380413502 

1:21:44 -0.139377177 0.399387181 

1:21:48 -0.131966338 0.418360829 

1:21:52 -0.124555498 0.492522448 

1:21:56 -0.112740546 0.566684067 

1:22:00 -0.096521489 0.657100916 

1:22:04 -0.080302432 0.763772964 

1:22:08 -0.054155346 0.870445013 

1:22:12 -0.02800826 0.92226702 

1:22:16 -0.004507622 0.974089026 

1:22:20 0.016346565 1 

1:22:24 0.037200753 1 

1:22:28 0.038560804 1 

1:22:32 0.039920855 1 

1:22:36 0.044619635 1 

1:22:40 0.052657142 1 

1:22:44 0.06069465 1 



  

106 

1:22:48 0.06201566 1 

1:22:52 0.06333667 1 

1:22:56 0.05915194 1 

1:23:00 0.049461458 0.989537239 

1:23:04 0.039770976 0.968611658 

1:23:08 0.030080495 0.947686076 

1:23:12 0.020390015 0.926760495 

1:23:16 0.012533192 0.905834913 

1:23:20 0.006510028 0.886403143 

1:23:24 0.000486864 0.868465066 

1:23:28 -0.0055363 0.850526989 

1:23:32 -0.028666645 0.831218302 

1:23:36 -0.055754304 0.811909616 

1:23:40 -0.094713904 0.791350305 

1:23:44 -0.133673504 0.769540429 

1:23:48 -0.156398565 0.747730553 

1:23:52 -0.179123625 0.722923696 

1:23:56 -0.204645038 0.698116839 

1:24:00 -0.232962817 0.67130518 

1:24:04 -0.261280596 0.642488778 

1:24:08 -0.287132919 0.613672316 

1:24:12 -0.312985212 0.579505682 

1:24:16 -0.326897591 0.545339048 

1:24:20 -0.328869998 0.509354651 

1:24:24 -0.330842406 0.471552551 

1:24:28 -0.344168156 0.433750451 

1:24:32 -0.357493877 0.39594835 

1:24:36 -0.368293077 0.35814625 

1:24:40 -0.376565695 0.319968998 

1:24:44 -0.384838343 0.281416535 

1:24:48 -0.397633791 0.242864117 
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1:24:52 -0.410429269 0.244785532 

1:24:56 -0.427841157 0.246706933 

1:25:00 -0.449869514 0.250845134 

1:25:04 -0.47189784 0.257200092 

1:25:08 -0.490746319 0.26355508 

1:25:12 -0.509594798 0.273133785 

1:25:16 -0.527195156 0.28271246 

1:25:20 -0.543547511 0.28495115 

1:25:24 -0.559899807 0.279849857 

1:25:28 -0.582634449 0.274748534 

1:25:32 -0.605369091 0.261630535 

1:25:36 -0.623647094 0.248512566 

1:25:40 -0.637468457 0.234280944 

1:25:44 -0.651289821 0.218935698 

1:25:48 -0.658788383 0.203590453 

1:25:52 -0.666286945 0.188245207 

1:25:56 -0.679855883 0.172899961 

1:26:00 -0.699495196 0.15909797 

1:26:04 -0.71913451 0.146839246 

1:26:08 -0.731681705 0.134580523 

1:26:12 -0.744228899 0.128077656 

1:26:16 -0.750498056 0.121574774 

1:26:20 -0.750489235 0.11704801 

1:26:24 -0.750480413 0.114497356 

1:26:28 -0.739156902 0.111946695 

1:26:32 -0.72783339 0.109396033 

1:26:36 -0.709869266 0.106845379 

1:26:40 -0.685264587 0.100922629 

1:26:44 -0.660659909 0.091627799 

1:26:48 -0.649498105 0.082332961 

1:26:52 -0.63833636 0.065356314 
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1:26:56 -0.616645694 0.048379671 

1:27:00 -0.584426165 0.028627425 

1:27:04 -0.552206635 0.006099584 

1:27:08 -0.515410423 -0.016428258 

1:27:12 -0.478614211 -0.041191604 

1:27:16 -0.445225507 -0.065954953 

1:27:20 -0.415244281 -0.089501671 

1:27:24 -0.385263056 -0.111831754 

1:27:28 -0.378988087 -0.134161845 

1:27:32 -0.372713119 -0.153074548 

1:27:36 -0.371592909 -0.171987265 

1:27:40 -0.375627458 -0.189775497 

1:27:44 -0.379662037 -0.206439242 

1:27:48 -0.363772482 -0.223102987 

1:27:52 -0.347882926 -0.30700478 

1:27:56 -0.327741653 -0.390906572 

1:28:00 -0.30334872 -0.483847857 

1:28:04 -0.278955787 -0.585828543 

1:28:08 -0.250736207 -0.687809289 

1:28:12 -0.222516626 -0.730515122 

1:28:16 -0.195085466 -0.773220956 

1:28:20 -0.167917132 -0.810932219 

1:28:24 -0.142721742 -0.84364903 

1:28:28 -0.123445265 -0.876365781 

1:28:32 -0.104168788 -0.88152504 

1:28:36 -0.087396994 -0.886684299 

1:28:40 -0.073129885 -0.882432878 

1:28:44 -0.058862776 -0.868770778 

1:28:48 -0.061269343 -0.855108678 

1:28:52 -0.06367591 -0.829212844 

1:28:56 -0.065522179 -0.80331701 
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1:29:00 -0.066808142 -0.775414944 

1:29:04 -0.068094105 -0.745506644 

1:29:08 -0.075491987 -0.715598345 

1:29:12 -0.08288987 -0.691401303 

1:29:16 -0.090730377 -0.667204261 

1:29:20 -0.099013507 -0.645814717 

1:29:24 -0.107296638 -0.62723279 

1:29:28 -0.089358874 -0.608650863 

1:29:32 -0.071421109 -0.590068936 

1:29:36 -0.049309317 -0.57148701 

1:29:40 -0.023023494 -0.551136672 

1:29:44 0.003262329 -0.529017985 

1:29:48 0.016531654 -0.506899297 

1:29:52 0.029800979 -0.482416481 

1:29:56 0.036496934 -0.457933664 

1:30:00 0.036619522 -0.434910297 

1:30:04 0.036742106 -0.41334641 

1:30:08 0.031933803 -0.391782522 

1:30:12 0.027125502 -0.374998093 

1:30:16 0.038487431 -0.358213663 

1:30:20 0.066019595 -0.342347383 

1:30:24 0.093551755 -0.327399284 

1:30:28 0.129236147 -0.312451184 

1:30:32 0.164920539 -0.298521578 

1:30:36 0.191351101 -0.284592003 

1:30:40 0.208527863 -0.271248877 

1:30:44 0.22570461 -0.258492202 

1:30:48 0.225097165 -0.245735556 

1:30:52 0.224489719 -0.201657012 

1:30:56 0.219024688 -0.157578468 

1:31:00 0.208702043 -0.118506692 
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1:31:04 0.198379397 -0.084441669 

1:31:08 0.171044141 -0.05037665 

1:31:12 0.1437089 -0.022386443 

1:31:16 0.120413326 0.005603763 

1:31:20 0.101157442 0.030364543 

1:31:24 0.08190155 0.051895898 

1:31:28 0.099814847 0.073427252 

1:31:32 0.117728151 0.080814742 

1:31:36 0.133420661 0.088202238 

1:31:40 0.146892399 0.090438083 

1:31:44 0.160364121 0.087522276 

1:31:48 0.173835844 0.084606476 

1:31:52 0.187307581 0.094046861 

1:31:56 0.204759836 0.103487238 

1:32:00 0.226192608 0.112927623 

1:32:04 0.247625381 0.122368 

1:32:08 0.266429663 0.131808385 

1:32:12 0.285233945 0.142487884 

1:32:16 0.299840361 0.153167382 

1:32:20 0.310248911 0.158476353 

1:32:24 0.320657462 0.158414796 

1:32:28 0.334339231 0.158353254 

1:32:32 0.34802103 0.160650373 

1:32:36 0.365018964 0.162947491 

1:32:40 0.385333061 0.167692885 

1:32:44 0.405647159 0.174886525 

1:32:48 0.421588898 0.182080179 

1:32:52 0.437530607 0.189273819 

1:32:56 0.450583428 0.196467459 

1:33:00 0.460747331 0.201561391 

1:33:04 0.470911235 0.204555616 
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1:33:08 0.470390499 0.207549825 

1:33:12 0.469869763 0.206007943 

1:33:16 0.463170946 0.20446606 

1:33:20 0.454412729 0.202924177 

1:33:24 0.445654541 0.201382294 

1:33:28 0.423277527 0.199840412 

1:33:32 0.400900483 0.196244061 

1:33:36 0.385716081 0.19264771 

1:33:40 0.392109543 0.18905136 

1:33:44 0.398503006 0.185455009 

1:33:48 0.423699409 0.181858659 

1:33:52 0.448895812 0.206551865 

1:33:56 0.460877329 0.231245071 

1:34:00 0.45964396 0.278782904 

1:34:04 0.458410591 0.34916532 

1:34:08 0.447501838 0.419547737 

1:34:12 0.436593086 0.465321064 

1:34:16 0.423254639 0.511094391 

1:34:20 0.407486469 0.543321192 

1:34:24 0.391718298 0.562001348 

1:34:28 0.40530929 0.580681562 

1:34:32 0.418900251 0.579436541 

1:34:36 0.431510657 0.578191519 

1:34:40 0.443140477 0.569676578 

1:34:44 0.454770297 0.553891778 

1:34:48 0.452098221 0.538106918 

1:34:52 0.449426115 0.516598701 

1:34:56 0.439906329 0.495090425 

1:35:00 0.423538864 0.472049743 

1:35:04 0.407171398 0.447476625 

1:35:08 0.405181289 0.422903508 
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1:35:12 0.403191179 0.396229893 

1:35:16 0.413738877 0.369556278 

1:35:20 0.436824352 0.342882663 

1:35:24 0.459909827 0.316209048 

1:35:28 0.484290004 0.289535433 

1:35:32 0.508670151 0.263909072 

1:35:36 0.527629733 0.23828271 

1:35:40 0.5447824 0.215386763 

1:35:44 0.561935067 0.195221245 

1:35:48 0.572072148 0.175055727 

1:35:52 0.582209229 0.160627455 

1:35:56 0.587177753 0.146199182 

1:36:00 0.586977661 0.133609653 

1:36:04 0.586777568 0.122858867 

1:36:08 0.601276815 0.112108082 

1:36:12 0.615776062 0.102431454 

1:36:16 0.621433198 0.092754818 

1:36:20 0.618248224 0.083078191 

1:36:24 0.61506325 0.073401555 

1:36:28 0.622388959 0.063724928 

1:36:32 0.629714668 0.052588217 

1:36:36 0.633552015 0.04145151 

1:36:40 0.633901 0.029734179 

1:36:44 0.639066994 0.017436231 

1:36:48 0.658684075 0.00513828 

1:36:52 0.678301156 -0.04734293 

1:36:56 0.697918236 -0.099824145 

1:37:00 0.717535317 -0.167980939 

1:37:04 0.737152398 -0.251813322 

1:37:08 0.759451389 -0.335645705 

1:37:12 0.781750381 -0.387345761 
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1:37:16 0.793706715 -0.439045787 

1:37:20 0.795320511 -0.461463094 

1:37:24 0.796934307 -0.454597652 

1:37:28 0.812513351 -0.44773221 

1:37:32 0.828092396 -0.455302775 

1:37:36 0.838631868 -0.46287331 

1:37:40 0.844131768 -0.468019247 

1:37:44 0.849631667 -0.470740587 

1:37:48 0.824965835 -0.473461896 

1:37:52 0.800299942 -0.469753772 

1:37:56 0.779529393 -0.466045618 

1:38:00 0.762654066 -0.459516138 

1:38:04 0.745778799 -0.450165331 

1:38:08 0.728903472 -0.440814495 

1:38:12 0.712028146 -0.431463659 

1:38:16 0.695990145 -0.422112852 

1:38:20 0.680789411 -0.413391858 

1:38:24 0.665588617 -0.405300736 

1:38:28 0.650387883 -0.397209585 

1:38:32 0.635187149 -0.392726511 

1:38:36 0.628696561 -0.388243437 

1:38:40 0.625109375 -0.383110464 

1:38:44 0.621522188 -0.377327532 

1:38:48 0.609051466 -0.371544629 

1:38:52 0.596580684 -0.364049166 

1:38:56 0.594513834 -0.356553704 

1:39:00 0.602850795 -0.348375291 

1:39:04 0.611187816 -0.339513898 

1:39:08 0.627466023 -0.330652505 

1:39:12 0.64374423 -0.318825573 

1:39:16 0.646987855 -0.30699861 
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1:39:20 0.637196898 -0.295171678 

1:39:24 0.624941587 -0.283344716 

1:39:28 0.605293095 -0.271517783 

1:39:32 0.585644603 -0.262546271 

1:39:36 0.564082921 -0.253574759 

1:39:40 0.540608168 -0.244603261 

1:39:44 0.517133415 -0.235631764 

1:39:48 0.502045751 -0.226660252 

1:39:52 0.486958027 -0.166231483 

1:39:56 0.467710704 -0.105802715 

1:40:00 0.444303691 -0.074989848 

1:40:04 0.420896709 -0.07379289 

1:40:08 0.385578483 -0.072595932 

1:40:12 0.350260258 -0.090675972 

1:40:16 0.312329561 -0.108756006 

1:40:20 0.271786392 -0.119915232 

1:40:24 0.231243193 -0.124153651 

1:40:28 0.200648129 -0.128392071 

1:40:32 0.17005305 -0.122729532 

1:40:36 0.140772894 -0.117066994 

1:40:40 0.112807639 -0.108359493 

1:40:44 0.084842391 -0.096607029 

1:40:48 0.038602907 -0.084854566 

1:40:52 -0.007636577 -0.073102102 

1:40:56 -0.047738642 -0.061349634 

1:41:00 -0.08170329 -0.048189286 

1:41:04 -0.115667932 -0.033621058 

1:41:08 -0.136460364 -0.019052828 

1:41:12 -0.157252803 0.000904706 

1:41:16 -0.183246166 0.020862238 

1:41:20 -0.21444048 0.037015591 
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1:41:24 -0.245634779 0.049364764 

1:41:28 -0.274496734 0.061713938 

1:41:32 -0.303358674 0.066209048 

1:41:36 -0.341748625 0.070704155 

1:41:40 -0.389666557 0.084585115 

1:41:44 -0.426380277 0.107851923 

1:41:48 -0.429481357 0.13111873 

1:41:52 -0.432582438 0.150884524 

1:41:56 -0.449205697 0.170650318 

1:42:00 -0.479351103 0.188537255 

1:42:04 -0.50949651 0.204545319 

1:42:08 -0.531883538 0.220553398 

1:42:12 -0.554270506 0.231387913 

1:42:16 -0.579113185 0.242222413 

1:42:20 -0.606411517 0.250771046 

1:42:24 -0.633709848 0.257033795 

1:42:28 -0.649273098 0.263296545 

1:42:32 -0.664836347 0.269559294 

1:42:36 -0.680399597 0.275822043 

1:42:40 -0.695962846 0.281170666 

1:42:44 -0.711526096 0.285605222 

1:42:48 -0.724182904 0.290039778 

1:42:52 -0.736839652 0.431818306 

1:42:56 -0.735217273 0.573596835 

1:43:00 -0.719315648 0.709925294 

1:43:04 -0.703414083 0.840803564 

1:43:08 -0.670739114 0.971681893 

1:43:12 -0.638064146 0.98300916 

1:43:16 -0.60993588 0.994336367 

1:43:20 -0.586354434 1 

1:43:24 -0.56277293 1 
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1:43:28 -0.535267293 1 

1:43:32 -0.507761657 1 

1:43:36 -0.487634778 1 

1:43:40 -0.4896442 1 

1:43:44 -0.491653621 1 

1:43:48 -0.490011275 1 

1:43:52 -0.488368958 1 

1:43:56 -0.488991648 1 

1:44:00 -0.491879404 0.980865538 

1:44:04 -0.49352026 0.942596555 

1:44:08 -0.491420507 0.904327571 

1:44:12 -0.489320755 0.860717535 

1:44:16 -0.491745889 0.817107499 

1:44:20 -0.49869591 0.773497522 

1:44:24 -0.505645931 0.729887486 

1:44:28 -0.502879739 0.686277449 

1:44:32 -0.500113547 0.645007789 

1:44:36 -0.488255769 0.603738129 

1:44:40 -0.467306376 0.560146749 

1:44:44 -0.446356952 0.514233649 

1:44:48 -0.4130027 0.468320578 

1:44:52 -0.379648447 0.415001124 

1:44:56 -0.350264937 0.3616817 

1:45:00 -0.324852169 0.30515483 

1:45:04 -0.299439371 0.245420575 

1:45:08 -0.276420414 0.18568632 

1:45:12 -0.253401428 0.122895144 

1:45:16 -0.235997632 0.060103972 

1:45:20 -0.224208981 -0.002687204 

1:45:24 -0.212420329 -0.065478377 

1:45:28 -0.189953625 -0.128269553 
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1:45:32 -0.167486921 -0.187221318 

1:45:36 -0.142826483 -0.246173099 

1:45:40 -0.115972281 -0.301379919 

1:45:44 -0.089118078 -0.352841765 

1:45:48 -0.051507816 -0.40430361 

1:45:52 -0.013897553 -0.506070197 

1:45:56 0.024606951 -0.607836723 

1:46:00 0.064005695 -0.726976037 

1:46:04 0.10340444 -0.863488019 

1:46:08 0.128716543 -1 

1:46:12 0.154028639 -1 

1:46:16 0.168327719 -1 

1:46:20 0.171613783 -1 

1:46:24 0.174899846 -1 

1:46:28 0.192248181 -1 

1:46:32 0.2095965 -1 

1:46:36 0.231247053 -1 

1:46:40 0.254331678 -1 

1:46:44 0.281175584 -1 

1:46:48 0.319297343 -1 

1:46:52 0.357419103 -1 

1:46:56 0.374807805 -1 

1:47:00 0.371463418 -1 

1:47:04 0.368119061 -1 

1:47:08 0.368144929 -1 

1:47:12 0.368170798 -1 

1:47:16 0.364930362 -1 

1:47:20 0.358423591 -1 

1:47:24 0.35191685 -1 

1:47:28 0.357450157 -1 

1:47:32 0.362983465 -1 
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1:47:36 0.384386331 -1 

1:47:40 0.421658754 -1 

1:47:44 0.458931178 -1 

1:47:48 0.508335829 -1 

1:47:52 0.557740569 -1 

1:47:56 0.597144008 -1 

1:48:00 0.626546264 -1 

1:48:04 0.65594852 -1 

1:48:08 0.685350776 -1 

1:48:12 0.714753032 -1 

1:48:16 0.74050355 -1 

1:48:20 0.762602329 -0.97870636 

1:48:24 0.784701109 -0.93611902 

1:48:28 0.789961636 -0.89353168 

1:48:32 0.795222163 -0.829052925 

1:48:36 0.800482631 -0.76457423 

1:48:40 0.805743158 -0.70261246 

1:48:44 0.811003685 -0.643167615 

1:48:48 0.803021848 -0.58372277 

1:48:52 0.795040011 -0.38856858 

1:48:56 0.783347011 -0.19341439 

1:49:00 0.767942786 0.014713663 

1:49:04 0.752538681 0.23581557 

1:49:08 0.737134457 0.456917465 

1:49:12 0.721730351 0.627764225 

1:49:16 0.703573108 0.798610985 

1:49:20 0.682662785 0.907227516 

1:49:24 0.661752462 0.953613758 

1:49:28 0.622421682 1 

1:49:32 0.583090901 1 

1:49:36 0.541712224 1 
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1:49:40 0.498285651 1 

1:49:44 0.454859048 1 

1:49:48 0.42924574 1 

1:49:52 0.403632462 1 

1:49:56 0.373788446 1 

1:50:00 0.339713752 0.987224221 

1:50:04 0.305639058 0.961672604 

1:50:08 0.273789525 0.936121047 

1:50:12 0.241940007 0.90241003 

1:50:16 0.224351153 0.868699014 

1:50:20 0.221022964 0.837182462 

1:50:24 0.217694789 0.807860434 

1:50:28 0.205658019 0.778538406 

1:50:32 0.193621263 0.75060463 

1:50:36 0.184663832 0.722670853 

1:50:40 0.178785756 0.69439137 

1:50:44 0.172907665 0.66576606 

1:50:48 0.169177547 0.637140751 

1:50:52 0.165447429 0.608515441 

1:50:56 0.157423869 0.579890132 

1:51:00 0.145106852 0.552354515 

1:51:04 0.13278985 0.525908589 

1:51:08 0.119439602 0.499462605 

1:51:12 0.106089361 0.470760405 

1:51:16 0.093734004 0.442058176 

1:51:20 0.08237353 0.413355976 

1:51:24 0.071013056 0.384653747 

1:51:28 0.066402741 0.355951548 

1:51:32 0.061792426 0.322619885 

1:51:36 0.057754796 0.289288223 

1:51:40 0.054289855 0.253437638 
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1:51:44 0.050824914 0.215068132 

1:51:48 0.032275695 0.17669864 

1:51:52 0.013726478 0.247568995 

1:51:56 -0.01549956 0.318439364 

1:52:00 -0.05540242 0.372379243 

1:52:04 -0.095305279 0.409388632 

1:52:08 -0.147595808 0.44639802 

1:52:12 -0.199886322 0.454463124 

1:52:16 -0.253193676 0.462528199 

1:52:20 -0.307517886 0.456949353 

1:52:24 -0.361842066 0.437726557 

1:52:28 -0.406140238 0.418503761 

1:52:32 -0.45043838 0.38502875 

1:52:36 -0.481121004 0.351553738 

1:52:40 -0.498188049 0.315056801 

1:52:44 -0.515255094 0.275537908 

1:52:48 -0.541460395 0.236019015 

1:52:52 -0.567665756 0.198411077 

1:52:56 -0.586654127 0.160803139 

1:53:00 -0.598425627 0.121021703 

1:53:04 -0.610197067 0.080515757 

1:53:08 -0.607450247 0.041958585 

1:53:12 -0.604703486 0.009247728 

1:53:16 -0.603474259 -0.023463132 

1:53:20 -0.603762627 -0.045611903 

1:53:24 -0.604050994 -0.064239979 

1:53:28 -0.603355527 -0.080305971 

1:53:32 -0.60266012 -0.088685706 

1:53:36 -0.602907896 -0.097065449 

1:53:40 -0.605985522 -0.10017506 

1:53:44 -0.609063148 -0.101527974 



  

121 

1:53:48 -0.610770226 -0.102616608 

1:53:52 -0.612477362 -0.102912426 

1:53:56 -0.604503095 -0.103208244 

1:54:00 -0.586847425 -0.105024494 

1:54:04 -0.569191754 -0.107347548 

1:54:08 -0.556356549 -0.109670602 

1:54:12 -0.543521345 -0.111993663 

1:54:16 -0.535643876 -0.114316717 

1:54:20 -0.532724261 -0.112968408 

1:54:24 -0.529804647 -0.110396303 

1:54:28 -0.528995931 -0.106313333 

1:54:32 -0.528187156 -0.09769775 

1:54:36 -0.531520784 -0.089082174 

1:54:40 -0.538996816 -0.077713907 

1:54:44 -0.546472788 -0.065428078 

1:54:48 -0.546351671 -0.058191381 

1:54:52 -0.546230555 -0.066102095 

1:54:56 -0.542518675 -0.074012809 

1:55:00 -0.535216033 -0.081923522 

1:55:04 -0.527913392 -0.089834236 

1:55:08 -0.516534984 -0.095007606 

1:55:12 -0.505156577 -0.091968976 

1:55:16 -0.476738662 -0.088930346 

1:55:20 -0.431281328 -0.082126252 

1:55:24 -0.385823965 -0.074067011 

1:55:28 -0.341343939 -0.062682293 

1:55:32 -0.296863884 -0.04132114 

1:55:36 -0.256356686 -0.01995999 

1:55:40 -0.219822302 0.000250033 

1:55:44 -0.183287933 0.020076348 

1:55:48 -0.166973129 0.038548391 
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1:55:52 -0.150658324 0.052957628 

1:55:56 -0.130586624 0.067366861 

1:56:00 -0.106758028 0.075012617 

1:56:04 -0.082929432 0.080403879 

1:56:08 -0.064991727 0.083676063 

1:56:12 -0.047054026 0.080591008 

1:56:16 -0.033677049 0.077505961 

1:56:20 -0.024860803 0.073420897 

1:56:24 -0.016044557 0.069002487 

1:56:28 -0.015577439 0.065084733 

1:56:32 -0.01511032 0.06266892 

1:56:36 -0.032246668 0.06025311 

1:56:40 -0.066986479 0.056998707 

1:56:44 -0.101726294 0.053464778 

1:56:48 -0.114221931 0.049645744 

1:56:52 -0.126717567 0.044971406 

1:56:56 -0.140705779 0.040297069 

1:57:00 -0.156186581 0.03658253 

1:57:04 -0.171667367 0.033187922 

1:57:08 -0.187148154 0.029289661 

1:57:12 -0.202628955 0.023880431 

1:57:16 -0.224631637 0.018471202 

1:57:20 -0.253156215 0.013061972 

1:57:24 -0.281680793 0.007652743 

1:57:28 -0.297771007 0.003055002 

1:57:32 -0.313861251 0.000891722 

1:57:36 -0.313938916 -0.001271558 

1:57:40 -0.298004061 0.001509728 

1:57:44 -0.282069206 0.005939202 

1:57:48 -0.260969162 0.016653111 

1:57:52 -0.239869133 0.046220332 
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1:57:56 -0.220104992 0.075787552 

1:58:00 -0.201676756 0.178553477 

1:58:04 -0.18324852 0.305718958 

1:58:08 -0.16685003 0.42279774 

1:58:12 -0.150451541 0.509616375 

1:58:16 -0.134967685 0.59643501 

1:58:20 -0.120398462 0.64934355 

1:58:24 -0.105829239 0.690948725 

1:58:28 -0.085855812 0.72519201 

1:58:32 -0.065882385 0.737349749 

1:58:36 -0.05748304 0.749507487 

1:58:40 -0.060657773 0.748818099 

1:58:44 -0.063832507 0.743846297 

1:58:48 -0.042603187 0.73644793 

1:58:52 -0.021373866 0.72176981 

1:58:56 -0.00212042 0.707091689 

1:59:00 0.015157154 0.687150002 

1:59:04 0.032434728 0.665453792 

1:59:08 0.02456098 0.641113877 

1:59:12 0.016687235 0.608842731 

1:59:16 0.012388599 0.576571584 

1:59:20 0.011665074 0.541061342 

1:59:24 0.010941549 0.504471362 

1:59:28 0.002515012 0.470980912 

1:59:32 -0.005911525 0.446789086 

1:59:36 -0.026255293 0.422597289 

1:59:40 -0.058516294 0.404270113 

1:59:44 -0.090777293 0.387897789 

1:59:48 -0.121898793 0.372231752 

1:59:52 -0.153020293 0.35868451 

1:59:56 -0.182889059 0.345137268 
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