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1. Introduction

Human error is still one of the most frequent causes of catastrophes and ecological disasters. The main reason is that the monitoring systems concern only the state of the processes whereas human contribution to the overall performance of the system is left unsupervised. Since the control instruments are automated to a large extent, a human – operator becomes a passive observer of the supervised system, which results in weariness and vigilance drop. Thus, he may not notice important changes of indications causing financial or ecological consequences and a threat to human life. It therefore is crucial to assure that the operator’s conscious brain is involved in an active system supervising over the whole work time period.

It is possible to measure indirectly the level of the operator’s conscious brain involvement using eye motility analysis. Although there are capable sensors available on the market, a complex solution enabling transformation, analysis and reasoning based on measured signals still does not exist. In large control rooms, wiring the operator to the central system is a serious limitation of his mobility and disables his operation. Utilization of wireless technology becomes essential.

BlueEyes - the system developed by our team is intended to be the complex solution for monitoring and recording the operator’s conscious brain involvement as well as his physiological condition. This required designing a Personal Area Network linking all the operators and the supervising system. As the operator using his sight and hearing senses the state of the controlled system, the supervising system will look after his physiological condition.

System overview

BlueEyes system provides technical means for monitoring and recording the operator’s basic physiological parameters. The most important parameter is saccadic activity
, which enables the system to monitor the status of the operator’s visual attention along with head acceleration, which accompanies large displacement of the visual axis (saccades larger than 15 degrees). Complex industrial environment can create a danger of exposing the operator to toxic substances, which can affect his cardiac, circulatory and pulmonary systems. Thus, on the grounds of plethysmographic signal taken from the forehead skin surface, the system computes heart beat rate and blood oxygenation.

The BlueEyes system checks above parameters against abnormal (e.g. a low level of blood oxygenation or a high pulse rate) or undesirable (e.g. a longer period of lowered visual attention) values and triggers user-defined alarms when necessary.

Quite often in an emergency situation operators speak to themselves expressing their surprise or stating verbally the problem. Therefore, the operator’s voice, physiological parameters and an overall view of the operating room are recorded. This helps to reconstruct the course of operators’ work and provides data for long-term analysis.

Our system consists of a mobile measuring device and a central analytical system. The mobile device is integrated with Bluetooth module providing wireless interface between sensors worn by the operator and the central unit. ID cards assigned to each of the operators and adequate user profiles on the central unit side provide necessary data personalization so different people can use a single mobile device (called hereafter DAU – Data Acquisition Unit)[image: image7.wmf]Supervisior
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. The overall system diagram is shown in Figure 1.

The tasks of the mobile Data Acquisition Unit are to maintain Bluetooth connections, to get information from the sensor and sending it over the wireless connection, to deliver the alarm messages sent from the Central System Unit to the operator and handle personalized ID cards. Central System Unit maintains the other side of the Bluetooth connection, buffers incoming sensor data, performs on-line data analysis, records the conclusions for further exploration and provides visualization interface. 

Performance requirements

The portable nature of the mobile unit results in a number of performance requirements. As the device is intended to run on batteries, low power consumption is the most important constraint. Moreover, it is necessary to assure proper timing while receiving and transmitting sensor signals. To make the operation comfortable the device should be lightweight and electrically safe. Finally, the use of standard and inexpensive ICs will keep the price of the device at relatively low level.

The priority of the central unit is to provide real-time buffering of incoming sensor signals and semi-real-time processing of the data, which requires speed-optimized filtering and reasoning algorithms. Moreover, the design should assure the possibility of distributing the processing among 2 or more central unit nodes (e.g. to offload the database system related tasks to a dedicated server). 

Design methodologies

In creating the BlueEyes system a waterfall software development model was used since it is suitable for unrepeatable and explorative projects. During the course of the development UML standard notations were used. They facilitate communication between team members; all the ideas are clearly expressed by means of various diagrams, which is a sound base for further development.

The results of the functional design phase were documented on use case diagrams (Fig. 2, 3 and 4). During the low-level design stage the whole system was divided into five main modules (Fig. 1 – thick frames). Each of them has an independent, well-defined functional interface providing precise description of the services offered to the other modules. All the interfaces are documented on UML class-, interaction- and state diagrams. At this point each of the modules can be assigned to a team member, implemented and tested in parallel. The last stage of the project is the integrated system testing.

Innovative ideas

The unique feature of our system relies on the possibility of monitoring the operator’s higher brain functions involved in the acquisition of the information from the visual environment. The wireless link between the sensors worn by the operator and the supervising system offers new approach to system overall reliability and safety. This gives a possibility to design a supervising module whose role is to assure the proper quality of the system performance. The new possibilities can cover such areas as industry, transportation (by air, by road and by sea), military command centers or operating theaters (anesthesiologists).

Implementation and engineering considerations

1.1. Functional design
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During the functional design phase we used UML standard use case notation, which shows the functions the system offers to particular users. We defined three groups of users: operators, supervisors and system administrators.

Operator is a person whose physiological parameters are supervised. The operator wears the DAU. The only functions offered to that user are authorization in the system and receiving alarm alerts. Such limited functionality assures the device does not disturb the work of the operator (Fig. 2).

Authorization – the function is used when the operator’s duty starts. After inserting his personal ID card into the mobile device and entering proper PIN code the device will start listening for incoming Bluetooth connections. Once the connection has been established and authorization process has succeeded (the PIN code is correct) central system starts monitoring the operator’s physiological parameters. The authorization process shall be repeated after reinserting the ID card. It is not, however, required on reestablishing Bluetooth connection.

Receiving alerts – the function supplies the operator with the information about the most important alerts regarding his or his co-workers’ condition and mobile device state (e.g. connection lost, battery low). Alarms are signaled by using a beeper, earphone providing central system sound feedback and a small alphanumeric LCD display, which shows more detailed information.
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Supervisor is a person responsible for analyzing operators’ condition and performance. The supervisor receives tools for inspecting present values of the parameters (On-line browsing) as well as browsing the results of long-term analysis (Off-line browsing).
During the on-line browsing it is possible to watch a list of currently working operators and the status of their mobile devices. Selecting one of the operators enables the supervisor to check the operator’s current physiological condition (e.g. a pie chart showing active brain involvement) and a history of alarms regarding the operator. All new incoming alerts are displayed immediately so that the supervisor is able to react fast.

However, the presence of the human supervisor is not necessary since the system is equipped with reasoning algorithms and can trigger user-defined actions (e.g. to inform the operator’s co-workers). 

During off-line browsing it is possible to reconstruct the course of the operator’s duty with all the physiological parameters, audio and video data. A comprehensive data analysis can be performed enabling the supervisor to draw conclusions on operator’s overall performance and competency (e.g. for working night shifts).
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System administrator is a user that maintains the system. The administrator is delivered tools for adding new operators to the database, defining alarm conditions, configuring logging tools and creating new analyzer modules.

While registering new operators the administrator enters appropriate data (and a photo if available) to the system database and programs his personal ID card.

Defining alarm conditions – the function enables setting up user-defined alarm conditions by writing condition-action rules (e.g. low saccadic activity during a longer period of time ( inform operator’s co-workers, wake him up using the beeper or playing appropriate sound and log the event in the database). 

Designing new analyzer modules – based on earlier recorded data the administrator can create new analyzer modules that can recognize other behaviors than those which are built-in the system. The new modules are created using decision tree induction algorithm. The administrator names the new behavior to be recognized and points the data associated with it. The results received from the new modules can be used in alarm conditions.

Monitoring setup enables the administrator to choose the parameters to monitor as well as the algorithms of the desired accuracy to compute parameter values.

Logger setup provides tools for selecting the parameters to be recorded. For audio data sampling frequency can be chosen. As regards the video signal, a delay between storing consecutive frames can be set (e.g. one picture every two seconds).

Database maintenance – here the administrator can remove old or “uninteresting” data from the database. The “uninteresting” data is suggested by the built-in reasoning system.

1.2. Data Acquisition Unit (DAU)

In this section we describe the hardware part of the BlueEyes system with regard to the physiological data sensor, the DAU hardware components and microcontroller software.

1.2.1. Physiological data sensor

To provide the Data Acquisition Unit with necessary physiological data we decided to purchase an off-shelf eye movement sensor – Jazz Multisensor. It supplies raw digital data regarding eye position, the level of blood oxygenation, acceleration along horizontal and vertical axes and ambient light intensity.
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Eye movement is measured using direct infrared oculographic transducers.

The eye movement is sampled at 1kHz, the other parameters at 250 Hz. The sensor sends approximately 5,2kB of data per second.

1.2.2. Hardware specification

We have chosen Atmel 8952 microcontroller to be the core of the Data Acquisition Unit since it is a well-established industrial standard and provides necessary functionality (i.e. high speed serial port) at a low price. The figure below shows the other DAU components (for detailed DAU schematics – see Appendix A).
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Since the Bluetooth module we received supports synchronous voice data transmission (SCO link) we decided to use hardware PCM codec to transmit operator’s voice and central system sound feedback. The codec that we have employed reduces the microcontroller’s tasks and lessens the amount of data being sent over the UART. Additionally, the Bluetooth module performs voice data compression, which results in smaller bandwidth utilization and better sound quality. We have chosen Motorola MC145483 linear 13-bit 3.3V codec to be used in the prototype, since it is voltage-level compatible with the Bluetooth module.

Communication between the Bluetooth module and the microcontroller is carried on using standard UART interface. MAX232 Level Shifter does the RS232 ( TTL voltage level conversion. The speed of the UART is set to 115200 bps in order to assure that the entire sensor data is delivered in time to the central system (sensor data along with Bluetooth-related control data take up approx. 70% of the bandwidth).

The alphanumeric LCD display (two 8-character lines) gives more information of incoming events and helps the operator enter PIN code. In the prototype we used inexpensive Hitachi command-set LCD display.

The LED indicators show the results of built-in self-test, power level and the state of wireless connection.

The simple keyboard is used to react to incoming events (e.g. to silence the alarm sound) and to enter PIN code while performing authorization procedure.

ID card interface helps connect the operator’s personal identification card to the DAU. After inserting the card authorization procedure starts. In the prototype as the ID card an I2C EEPROM (24C16) was used since it provides easy programming interface and is capable of holding all the necessary operator’s data. In the commercial release a cryptographic processor should be used instead. Each ID card is programmed to contain: operator’s unique identifier, device access PIN code the operator enters on inserting his ID card and system access PIN code that is used on connection authentication. The operator’s unique identifier enables the supervising system to distinguish different operators. 

1.2.3. Microcontroller software specification

All the DAU software is written in 8051 assembler code, which assures the highest program efficiency and the lowest resource utilization (for detailed microcontroller software description – see Appendix B). During the development we used GNU licensed 8051 assembler compiler – as31.

At a low-level design stage we modeled the software using a state diagram. Such a diagram facilitates implementation, debugging and testing phases.
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In each state the DAU communicates with the Bluetooth module using Host Controller Interface (HCI) commands. 

In the No ID card state a self-test is performed to check if the device is working correctly. After the self-test passes the sensor and Bluetooth module are reset and some initialization commands are issued (i.e. HCI_Reset, HCI_Ericsson_Set_UART_Baud_Rate etc.). Once the initialization has been successfully completed the device starts to check periodically for ID card presence by attempting to perform an I2C start condition. When the attempt succeeds and the operator’s identifier is read correctly the device enters User authorization state.

In the User authorization state the operator is prompted to enter his secret PIN code. If the code matches the code read from the inserted ID card the device proceeds waiting for incoming Bluetooth connections.

On entering Waiting for connection state the DAU puts the Bluetooth module in Inquiry and Page Scan mode. After the first connection request appears, the DAU accepts it and enters Connection authentication state.

In the Connection authentication state the DAU issues Authentication_Requested HCI command. On Link Controller’s Link_Key_Request the DAU sends Link_Key_Negative_Reply in order to force the Bluetooth module to generate the link key based on the supplied system access PIN code. After a successful authentication the DAU enters the Data Processing state, otherwise it terminates the connection and enters the Waiting for connection state.
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The main DAU operation takes place in the Data Processing state. In the state five main kinds of events are handled. Since the sensor data has to be delivered on time to the central system, data fetching is performed in high-priority interrupt handler procedure. Every 4ms the Jazz sensor raises the interrupt signaling the data is ready for reading. The following data frame is used:
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The preamble is used to synchronize the beginning of the frame, EyeX represents the horizontal position of the eye, EyeY – vertical, AccX and AccY – the acceleration vectors along X and Y axes, PulsoOxy, Batt and Light – blood oxygenation, voltage level and light intensity respectively. The figure below shows the sensor communication timing.

The received data is stored in an internal buffer; after the whole frame is completed the DAU encapsulates the data in an ACL frame and sends it over the Bluetooth link. The fetching phase takes up approx. 192(s (24 frames x 8(s) and the sending phase takes at 115200 bps approx. 2,8 ms, so the timing fits well in the 4ms window. Omitting the acknowledgement signal allows faster transmission.

The second group of events handled in the Data Processing state are system messages and alerts. They are sent from the central system using the Bluetooth link. Since the communication also uses microcontroller’s interrupt system the events are delivered instantly. More detailed considerations regarding handling of the Bluetooth- and sensor-related interrupts are presented in section 3.2.4 Tradeoffs and optimizations.

The remaining time of the microcontroller is utilized performing LCD display, checking the state of the buttons, ID card presence and battery voltage level. Depending on which button is pressed appropriate actions are launched (e.g. dismissing alarm sound). In case the voltage level is low the operator and the central system are notified.

In every state removing the ID card causes the device to enter the No ID card state, terminating all the established connections.

1.2.4. DAU Project and implementation tradeoffs and optimizations

In the DAU there are two independent data sources – the Jazz sensor and Bluetooth Host Controller. Since they are both handled using the interrupt system it is necessary to decide which of the sources should have higher priority. Giving the sensor data the highest priority may result in losing some of the data sent by the Bluetooth module, as the transmission of the sensor data (192 (s) takes twice as much time as receiving one byte from UART (87 (s). Missing one single byte sent from the Bluetooth causes the loss of control over the transmission. On the other hand, giving the Bluetooth the highest priority will make the DAU stop receiving the sensor data until the Host Controller finishes its transmission. In this case the interrupted sensor frame shall be discarded. We do not consider the data being sent from the DAU to the Bluetooth as it does not affect the operation. Since missing one byte of the Bluetooth communication affects functioning of the DAU much more than losing one single sensor data frame (which can be estimated at the central system) we have chosen the second option. Central system alerts are the only signals that can appear during sensor data fetching after all the unimportant Bluetooth events have been masked out. The best solution would be to make the central unit synchronize the alerts to be sent with the Bluetooth data reception. As the delivered operating system is not a real-time system, the full synchronization is not possible. We therefore have calculated the probability of interrupting the sensor data transmission by a single alert.

The interruption may occur when there is a collision between sensor data fetching and an asynchronously incoming central system alert. The situation is shown in the figure below. 
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The alert message is approx. 20 bytes long (including HCI headers), thus its reception time is approx. 1.6 ms. The probability of the collision Pc equals Tc/Tp = 1.792ms / 4ms = 0.44, which means every second alert request discards one sensor data frame. Assuming that during normal system operation the alert message arrivals are less frequent than one per 15 minutes – only one of more than 200,000 sensor data frames is lost. Moreover, while buffering at the central system the missing frame is reconstructed based on the previous and next sensor data packet (each frame’s preamble contains a sequential number and a checksum). 

As the Bluetooth module communicates asynchronously with the microcontroller there was a need of implementing a cyclic serial port buffer, featuring UART CTS/RTS flow control and a producer-consumer synchronization mechanism. 

At the low-level design stage we calculated the amount of data to be sent to the Bluetooth device over UART interface. The sensor data along with Bluetooth control command occupy approx. 70% of the available 115200 bps bandwidth. Thus, if we wanted to send the operator’s voice data over the same channel this would dramatically increase microcontroller’s load and affect sound quality. Introducing hardware PCM codec and using the Bluetooth synchronous connection (SCO link) eliminates those constraints.

During the DAU hardware design and implementation we put much emphasis on optimizing price and power consumption of the device. To achieve this we used standard low-voltage ICs where possible. Moreover, the microcontroller software enables power-down modes of the ICs when it does not disturb the function of the device (i.e. when no ID card is inserted the PCM codec and the Bluetooth module are put in low-power mode). All those optimizations help keep the time between recharging the batteries long.

1.2.5. DAU Validation and testing

While testing the DAU software we used two techniques. At the implementation stage we were performing a white-box testing. After completing subsequent portions of an assembler code its creator checked the program for hidden or logical errors. Then, another team member checked the results. After the implementation phase finished, based on the state diagram we performed a black-box testing. All the transitions between the states have been checked against possible implementation errors. This assured us that every state is reached only under the conditions specified on the diagram. After the implementation of the central system finished we performed integrated system tests.

1.3. Central System Unit (CSU)

CSU software is located on the delivered Toshiba laptop, in case of larger resource demands the processing can be distributed among a number of nodes. In this section we describe the four main CSU modules (see Fig. 1): Connection Manager, Data Analysis, Data Logger and Visualization. The modules exchange data using specially designed single-producer-multi-consumer buffered thread-safe queues. Any number of consumer modules can register to receive the data supplied by a producer. Every single consumer can register at any number of producers, receiving therefore different types of data. Naturally, every consumer may be a producer for other consumers (for system core class diagram – see Appendix C). This approach enables high system scalability – new data processing modules (i.e. filters, data analyzers and loggers) can be easily added by simply registering as a consumer.

1.3.1. Connection Manager

[image: image17.png]L20AP Haater

P a— —
® ®

158

e




Connection Manager’s main task is to perform low-level Bluetooth communication using Host Controller Interface commands. It is designed to cooperate with all available Bluetooth devices in order to support roaming (for CSU detailed hardware specification – see Appendix D). Additionally, Connection Manager authorizes operators, manages their sessions, demultiplexes and buffers raw physiological data. Figure 11 shows Connection Manager architecture.

Transport Layer Manager hides the details regarding actual Bluetooth physical transport interface (which can be either RS232 or UART or USB standard) and provides uniform HCI command interface.

Bluetooth Connection Manager is responsible for establishing and maintaining connections using all available Bluetooth devices. It periodically inquires new devices in an operating range and checks whether they are registered in the system database. Only with those devices the Connection Manager will communicate. After establishing a connection an authentication procedure occurs. The authentication process is performed using system PIN code fetched from the database. Once the connection has been authenticated the mobile unit sends a data frame containing the operator’s identifier. Finally, the Connection Manager adds a SCO link (voice connection) and runs a new dedicated Operator Manager, which will manage the new operator’s session (for detailed Bluetooth communication flow charts and protocols – see Appendix E). Additionally, the Connection Manager maps the operator’s identifiers into the Bluetooth connections, so that when the operators roam around the covered area a connection with an appropriate Bluetooth device is established and the data stream is redirected accordingly.

The data of each supervised operator is buffered separately in the dedicated Operator Manager. At the startup it communicates with the Operator Data Manager in order to get more detailed personal data. The most important Operator Manager’s task is to buffer the incoming raw data and to split it into separate data streams related to each of the measured parameters. The raw data is sent to a Logger Module, the split data streams are available for the other system modules through producer-consumer queues. Furthermore, the Operator Manager provides an interface for sending alert messages to the related operator.

Operator Data Manager provides an interface to the operator database enabling the other modules to read or write personal data and system access information.

1.3.2. Data Analysis Module

The module performs the analysis of the raw sensor data in order to obtain information about the operator’s physiological condition. The separately running Data Analysis Module supervises each of the working operators. The module consists of a number of smaller analyzers extracting different types of information. Each of the analyzers registers at the appropriate Operator Manager or another analyzer as a data consumer and, acting as a producer, provides the results of the analysis. An analyzer can be either a simple signal filter (e.g. Finite Input Response (FIR) filter) or a generic data extractor (e.g. signal variance, saccade detector) or a custom detector module. As we are not able to predict all the supervisors’ needs, the custom modules are created by applying a supervised machine learning algorithm to a set of earlier recorded examples containing the characteristic features to be recognized. In the prototype we used an improved C4.5 decision tree induction algorithm. The computed features can be e.g. the operator’s position (standing, walking and lying) or whether his eyes are closed or opened.

As built-in analyzer modules we implemented a saccade detector, visual attention level, blood oxygenation and pulse rate analyzers.

The saccade detector registers as an eye movement and accelerometer signal variance data consumer and uses the data to signal saccade occurrence. Since saccades are the fastest eye movements the algorithm calculates eye movement velocity and checks physiological constraints. 

The algorithm we used performs two main steps:

A. User adjustment step. The phase takes up 5 s. After buffering approx. 5 s of the signal differentiate it using three point central difference algorithm, which will give eye velocity time series. Sort the velocities by absolute value and calculate upper 15% of the border velocity along both X – v0x and Y – v0y axes . As a result v0x and v0y are cut-off velocities.

B. On-line analyzer flow. Continuously calculate eye movement velocity using three point central difference algorithm. If the velocity excess precalculated v0 (both axes are considered separately) there is a possibility of saccade occurrence. Check the following conditions (if any of them is satisfied do not detect a saccade):

· the last saccade detection was less than 130 ms ago (physiological constraint – the saccades will not occur more frequently)

· the movement is nonlinear (physiological constraint)

· compare the signal with accelerometer (rapid head movement may force eye activity of comparable speed)

· if the accelerometer signal is enormously uneven consider ignoring the signal due to possible sensor device movements.

If none of the above conditions is satisfied – signal the saccade occurrence.

The visual attention level analyzer uses as input the results produced by the saccade detector. Low saccadic activity (large delays between subsequent saccades) suggests lowered visual attention level (e.g. caused by thoughtfulness). Thus, we propose a simple algorithm that calculates the visual attention level (Lva): Lva = 100/ts10, where ts10 denotes the time (in seconds) occupied by the last ten saccades. Scientific research has proven [1] that during normal visual information intake the time between consecutive saccades should vary from 180 up to 350 ms. This gives Lva at 28 up to 58 units. The values of Lva lower than 25 for a longer period of time should cause a warning condition. The following figure shows the situation where the visual attention lowers for a few seconds.
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The Pulse rate analyzer registers for the oxyhemoglobin and deoxyhemoglobin level data streams. Since both signals contain a strong sinusoidal component related to heartbeat, the pulse rate can be calculated measuring the time delay between subsequent extremes of one of the signals. We decided not to process only one of the data streams – the algorithm is designed to choose dynamically one of them on the grounds of the signal level. Unfortunately, the both signals are noised so they must be filtered before further processing. We considered a number of different algorithms and decided to implement average value based smoothing. More detailed discussion is presented in section 3.3.5 Tradeoffs and Optimization. The algorithm consists in calculating an average signal value in a window of 100 samples. In every step the window is advanced 5 samples in order to reduce CPU load. This approach lowers the sampling rate from 250 Hz down to 50 Hz. However, since the heartbeat frequency is at most 4 Hz the Nyquist condition remains satisfied. The figures show the signal before (Fig. 13a) and after filtering (Fig 13b).
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After filtering the signal the pulse calculation algorithm is applied. The algorithm chooses the point to be the next maximum if it satisfies three conditions: points on the left and on the right have lower values, the previous extreme was a minimum, and the time between the maximums is not too short (physiological constraint). The new pulse value is calculated based on the distance between the new and the previous maximum detected. The algorithm gets the last 5 calculated pulse values and discards 2 extreme values to average the rest. Finally, it does the same with the minimums of the signal to obtain the second pulse rate value, which gives the final result after averaging.

Additionally, we implemented a simple module that calculates average blood oxygenation level. Despite its simplicity the parameter is an important measure of the operator’s physiological condition.

The other signal features that are not recognized by the built-in analyzers can be extracted using custom modules created by Decision Tree Induction module. The custom module processes the generated decision tree, registers for needed data streams and produces the desired output signal. 

Decision Tree Induction module generates the decision trees, which are binary trees with an attribute test in each node. The decision tree input data is an object described by means of a set of attribute-value pairs. The algorithm is not able to process time series directly. The attributes therefore are average signal value, signal variance and the strongest sinusoidal components. As an output the decision tree returns the category the object belongs to.

In the Decision Tree Induction module we mainly use C4.5 algorithm [2], but also propose our own modifications (for details regarding the C4.5 algorithm – see Appendix F). The algorithm is a supervised learning from examples i.e. it considers both attributes that describe the case and a correct answer. The main idea is to use a divide‑and‑conquer approach to split the initial set of examples into subsets using a simple rule (i-th attribute less than a value). Each division is based on entropy calculation – the distribution with the lowest entropy is chosen. Additionally, we propose many modifications concerning some steps of the algorithm and further exploration of the system. 

Algorithm step
Original C4.5
Proposed modification

Entropy calculation
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Tree pruning 
Prune the tree to maximize the test set hit ratio
Stop splitting input set when it is too small (much faster than the other method). No tree modifications after testing.

For each case to be classified C4.5 traverses the tree until reaching the leaf where appropriate category id is stored. To increase the hit ratio our system uses more advanced procedure. For single analysis we develop a group of k trees (where k is a parameter), which we call a decision forest. Initial example set S is divided randomly into k+1 subsets S0,...,Sk. S0 is left to test the whole decision forest. Each tree is induced using various modifications of the algorithm to provide results’ independence. Each i-th tree is taught using S\S0\Si set (S without S0 and Si sets) and tested with Si that estimates a single tree error ratio. Furthermore we extract all wrongly classified examples and calculate correlation matrix between each pair of the trees. In an exploring phase we use unequal voting rule – each tree has a vote of strength of its reliability. Additionally, if two trees give the same answer their vote is weakened by the correlation ratio. 

Alarm Dispatcher Module is a very important part of the Data Analysis module. It registers for the results of the data analysis, checks them with regard to the user-defined alarm conditions and launches appropriate actions when needed. The module is a producer of the alarm messages, so that they are accessible in the logger and visualization modules.

1.3.3. Data Logger Module

The module provides support for storing the monitored data in order to enable the supervisor to reconstruct and analyze the course of the operator’s duty. The module registers as a consumer of the data to be stored in the database (for database schema – see Appendix G). Each working operator’s data is recorded by a separate instance of the Data Logger. Apart from the raw or processed physiological data, alerts and operator’s voice are stored. The raw data is supplied by the related Operator Manager module (Fig. 11), whereas the Data Analysis module delivers the processed data. The voice data is delivered by a Voice Data Acquisition module. The module registers as an operator’s voice data consumer and optionally processes the sound to be stored (i.e. reduces noise or removes the fragments when the operator does not speak). The Logger’s task is to add appropriate time stamps to enable the system to reconstruct the voice.

Additionally, there is a dedicated video data logger, which records the data supplied by the Video Data Acquisition module (in the prototype we use JPEG compression). The module is designed to handle one or more cameras using Video For Windows standard. The cameras can be either directly connected to the system or accessible through a UDP network connection (for detailed camera protocol specification – see Appendix H). The Data Logger is able to use any ODBC-compliant database system. In the prototype we used MS SQL Server, which is a part of the Project Kit.

1.3.4. Visualization Module

The module provides user interface for the supervisors. It enables them to watch each of the working operator’s physiological condition along with a preview of selected video source and his related sound stream. All the incoming alarm messages are instantly signaled to the supervisor. Moreover, the visualization module can be set in the off-line mode, where all the data is fetched from the database. Watching all the recorded physiological parameters, alarms, video and audio data the supervisor is able to reconstruct the course of the selected operator’s duty (for detailed Visualization Module structure – see Appendix I).

1.3.5. CSU Project and implementation tradeoffs and optimizations

The prototype we have built has several limitations, which are not the result of the project deficiency but are rather caused by the constraints imposed by the Project Kit and small budget. In the commercial release the USB web-cam should be replaced by an industrial camera, connected to a capturing device (optionally a video signal multiplexer could be used). The use of such a camera would lessen CPU load and improve the video signal quality. Since the Bluetooth module we received does not support redirecting of the voice SCO connections’ data to the serial port (which is a part of the Bluetooth specification) we had to build a PCM interface on the central system side similar to the one used in the DAU. This makes the Voice Data Acquisition module receive the sound using the sound card.

Implementing the pulse rate analyzer we considered several filtering algorithms. We tested FIR (Finite Impulse Response) digital filters, whose output signal is easier to analyze. However, the filter needs ten times as many samples as our algorithm to produce satisfactory results. It makes the FIR filter consume much more CPU processing power. The use of FFT algorithm is pointless, as it needs over 20 000 samples to achieve the desired accuracy (i.e. 0.01 Hz).

While designing and implementing the reasoning algorithm, apart from the decision trees, we considered neural networks and k-nn (k-nearest neighbors) algorithm. We have chosen the decision trees, as the other algorithms are not able to explain their decisions. Traversing the tree nodes it is possible to identify all the perquisites of the decision, whereas neural network and k-nn coefficients do not have clear interpretation. Additionally, based on the decision tree structure the system is able to generate equivalent decision rule set.

1.3.6. CSU Validation and testing

While implementing and testing particular central system modules we used about a hundred disk files containing prerecorded sensor data. The data was specially selected to contain the behaviors we were interested in (e.g. saccades, breathing, low and high pulse rate, standing, walking, lying). The files were prepared using a dedicated tool (section 3.4). As all the central system modules communicate using producer-consumer queues it was possible to implement and test the modules independently. In order to achieve it we created temporary producers serving the data read from the selected file. The next testing step was to create a producer reading the data directly from the sensor using a parallel port. This enabled us to test the Data Analysis, Logger and Visualization modules working in a cooperation with a real-time data source. At this stage we generated a custom analyzer module which determines the position of the operator (standing, lying, walking). After testing we found out that the generated module properly classifies the position (for the details regarding the decision trees – see Appendix J). We also did some minor algorithm and database access optimizations. In the integrated system testing phase we added the wireless communication facility activating the DAU and Connection Manager modules. The last task was to check the Bluetooth communication performance with regard to the number of lost data frames. 

1.4. Tools developed during the course of the project

In creating the hardware part of the DAU we built a development board, which enabled us to mount, connect and test various peripheral devices cooperating with the microcontroller. 

During the implementation of the DAU we needed a piece of software to establish and test Bluetooth connections. We therefore created a tool called BlueDentist (Fig. 14). The tool provides support for controlling the currently connected Bluetooth device. Its functions are: local device management (resetting, reading local BD_ADDR, putting in Inquiry/Page and Inquiry/Page scan modes, reading the list of locally supported features and setting UART speed) and connection management (receiving and displaying Inquiry scan results, establishing ACL links, adding SCO connections, performing link authorization procedure, sending test data packets and disconnecting).

To test the possibilities and performance of the remaining parts of the Project Kit (computer, camera and database software) we created BlueCapture (Fig. 15). The tool supports capturing video data from various sources (USB web-cam, industrial camera) and storing the data in the MS SQL Server database. Additionally, the application performs sound recording. After filtering and removing insignificant fragments (i.e. silence) the audio data is stored in the database. Finally, the program plays the recorded audiovisual stream. We used the software to measure database system performance and to optimize some of the SQL queries (e.g. we replaced correlated SQL queries with cursor operations). Since all the components of the application have been tested thoroughly they were reused in the final software, which additionally reduced testing time. 

We also created a simple tool for recording Jazz Multisensor measurements. The program reads the data using a parallel port and writes it to a file. 

To program the operator’s personal ID card we use a standard parallel port, as the EEPROMs and the port are both TTL-compliant. A simple dialog-based application helps to accomplish the task (for detailed ID card system specification see – Appendix K).
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Summary

We have decided to develop the BlueEyes system because of the need for a real-time monitoring system for a human operator. The approach is innovative since it helps supervise the operator not the process, as it is in presently available solutions. We hope the system in its commercial release will help avoid potential threats resulting from human errors, such as weariness, oversight, tiredness or temporal indisposition. However, the prototype we have developed is a good estimation of the possibilities of the final product.

We find it possible still to improve our project. The use of a miniature CMOS camera integrated into the eye movement sensor will enable the system to calculate the point of gaze and observe what the operator is actually looking at. Introducing voice recognition algorithm will facilitate the communication between the operator and the central system and simplify authorization process.

Despite considering in the report only the operators working in control rooms, our solution may well be applied to everyday life situations. Assuming the operator is a driver and the supervised process is car driving it is possible to build a simpler embedded on-line system, which will only monitor conscious brain involvement and warn when necessary. As in this case the logging module is redundant, and the Bluetooth technology is becoming more and more popular, the commercial implementation of such a system would be relatively inexpensive.

The final thing is to explain the name of our system. BlueEyes emphasizes the foundations of the project – Bluetooth technology and the movements of the eyes. Bluetooth provides reliable wireless communication whereas the eye movements enable us to obtain a lot of interesting and important information.
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Appendices

2.1. Appendix A. Data Acquisition Unit hardware schematics

2.1.1. Microcontroller board
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Appendix B. Data Acquisition Unit software modules

2.1.2. Microcontroller software modules

Data Acquisition Unit microcontroller software comprises several modules. The modules are described in the table below.

Module name
Module functions

main.asm
· system devices (interrupt system, Bluetooth module, Jazz sensor, serial port, LCD display, I2C bus) initialization

· main program loop

· system cold reset

serial.asm
· serial port initialization (speed, frame format)

· single character sending/receiving

· character string sending

cyclic_buffer.asm
· serial port cyclic data buffer

· RTS/CTS flow control 

· reader/writer synchronization

bt_command.asm
· Bluetooth commands sending

bt_event.asm
· Bluetooth events parsing

· Bluetooth events dispatching

bt_data.asm
· parsing Bluetooth data packets

· command dispatching

bt_other.asm
· Bluetooth module initialization (reset, UART speed setting)

sensor.asm
· Jazz sensor initialization

· Jazz sensor data fetching

· Jazz sensor data transmission

lcd.asm
· LCD display initialization

· single character display

· character string display

button.asm
· keyboard handling routines

· 

i2c.asm
· I2C bus communication (reset, I2C read/write)

24c16.asm
· I2C EEPROM handling routines (byte read/write, block read/write)

id_card.asm
· ID card system initialization

· ID card verification

· ID card expiry data updating

· ID card removal handling

pin.asm
· PIN code entering/verification

Microcontroller memory maps

80C52 microcontroller is equipped with 256 bytes of built-in RAM memory. In the memory program variables and data buffers are stored. The table below contains Data Acquisition Unit memory map.

Addr
Description
Variable

0xFF
ACL Data Header
FRAME_BUFFER

...



0xF6



0xF5
Sensor Data Buffer
DATA_BUFFER

...



0xE1



0xE0
Custom Event Text
CUSTOM_EVENT_TEXT

0xDF



0xDE



0xDD



0xDC



0xDB



0xDA



0xD9



0xD8



0xD7



0xD6



0xD5



0xD4



0xD3



0xD2



0xD1
Comand Complete Result
COMMAND_COMPLETE

0xD0



0xCF



0xCE
Unused

...


0xA0


0x9F
STACK

0x80


0x7F
RS232 buffer


0x40

BUF_ADDR

0x3F
RS232 buffer - reader's pointer
GET_POS 

0x3E
RS232 buffer - writer's pointer
PUT_POS 

0x3D
RS232 buffer - bytes free
BUF_FREE 

0x3C
Button state register 1
BUTTON_REG_1

0x3B
Button state register 2
BUTTON_REG_2

0x3A
ID card check delay
ID_CARD_TIMER

0x39
Bytes to send
BYTES_TO_SEND

0x38
Unused

...


0x30


0x2F
Bluetooth Address
Pin code buffer


0x2E
Bluetooth Address
Pin code buffer


0x2D
Bluetooth Address
Pin code buffer


0x2C
Bluetooth Address
Pin code buffer
PIN_NUMBERS

0x2B
Bluetooth Address
Pin code pointer
PIN_PTR

0x2A
Bluetooth Address

BT_ADDR

0x29
Unused

0x23


0x22


0x21
Bit addressable memory



0x20
Bit addressable memory



0x1F
Unused

0x0A


0x09


0x08


0x07
General Purpose Registers

...


0x00


Bit addressable memory map is shown in the table below.

Addr/bit
7
6
5
4
3
2
1
0

0x21






AUTH
SEND NEXT BYTE

0x20
DROP FRAME
PIN VALID
TEMP
ID CARD VALID
CONN

AUTH
I2C

ERR
SCO CONN
ACL CONN

Appendix C. Central System Unit – Core class diagram

This section contains Central System Unit core specification. The core is responsible for connection management, data flow management, data analysis, alert and database management.

2.1.3. Diagram C.1 – Connection Manager Class Diagram

2.1.4. Diagram C.2 – Data Flow Management Class Diagram

2.1.5. Diagram C.3 – Data Analyzers Class Diagram

2.1.6. Diagram C.4 – Alerts Class Diagram

2.1.7. Diagram C.5 – Database Class Diagram

Dictionary items description

Name: BT_Addr [BlueEyes.cm.]

Type: Class

Description: the structure to store BT device address

Name: CAlert [BlueEyes.alerts.]

Type: Class

Description: A class containing alarm details. It can contain simple defined alarms, custom text alarms and beeper alarms.

Name: CAlertProducer [BlueEyes.alerts.]

Type: Class

Description: A class collecting all alarms from the alarm tree and sending them through the buffer to the operator.

Name: CAlertsDatabase [BlueEyes.db.]

Type: Class

Description: A class used to store alerts tree definition

Name: CAnaliserItem [final_src.Kolejki.]

Type: Class

Description: An item on the data analysers list

Name: CAnaliserManager [final_src.Kolejki.]

Type: Class

Description: A class for managing the data analysers

Name: CAnalysisThread [final_src.Kolejki.]

Type: Class

Description: The main analysis thread

Name: CBloodAnaliser [final_src.Kolejki.]

Type: Class

Description: An analiser to provide Oxy/All value calculation

Name: CBrainAnaliser [final_src.Kolejki.]

Type: Class

Description: Eye motility analyser

Name: CBTConnection [BlueEyes.cm.]

Type: Class

Description: A class maintaining all Bluetooth communication routines using a serial port.

Name: CBufferTempl [BlueEyes.tools.]

Type: Class

Description: A template class for a FIFO buffer

Name: CComplexCondition [BlueEyes.alerts.]

Type: Class

Description: A complex condition consisting of several other conditions bound with a logic operator (AND/OR)

Name: CConditionNode [BlueEyes.alerts.]

Type: Class

Description: A general class for all kinds of conditions

Name: CConnection [BlueEyes.cm.]

Type: Class

Description: An abstract base class for connections

Name: CConnectionManager [BlueEyes.cm.]

Type: Class

Description: Connection Manager maintains the mapping between certain connections and operators in the system. It also creates and destroys operator-related objects, provides operator roaming functionality and a possibility for other classes (implementing the IOperatorStateListener interface) to register to be notified about operators' login/logout events.

Name: CDataBufferTempl [BlueEyes.tools.]

Type: Class

Description: A data buffer class template. It can contain any type of structural data. It also provides thread-safe notifying and access to the data listeners (derived from     CListenerQueue)

Name: CDataManager [final_src.Kolejki.]

Type: Class

Description: A class for managing the data sources (queues).

Name: CDataProdItem [final_src.Kolejki.]

Type: Class

Description: An item on the data source list

Name: CDAUData [BlueEyes.cm.]

Type: Class

Description: A class for storing the event to be sent to the operator (text and sound)

Name: CDBConnection [BlueEyes.cm.]

Type: Class

Description: A class emulating a real Bluetooth connection using the data stored in the database. This routine is used while the offline data playback.

Name: CExBufferTempl [BlueEyes.tools.]

Type: Class

Description: A template class for the thread-safe FIFO buffer.

Name: CFileConnection [BlueEyes.cm.]

Type: Class

Description: A class emulating a real connection using the data file.

Name: CHCIAcl [BlueEyes.cm.]

Type: Class

Description: A class used for ACL-level Bluetooth communication routines.

Name: CHCICommand [BlueEyes.cm.]

Type: Class

Description: A class used for HCI-level Bluetooth communication routines.

Name: CHemoAnaliser [final_src.Kolejki.]

Type: Class

Description: An analyser to provide pulse-based smoothing of the haemoglobin level signal.

Name: CImageStorage [BlueEyes.db.]

Type: Class

Description: A class used to store and playback audio/video data from the database.

Name: CListenerPos [BlueEyes.tools.]

Type: Class

Description: An item on the consumers list.

Name: CListenerQueue [BlueEyes.tools.]

Type: Class

Description: A class maintaining thread-safe registration/unregistration of data consumers (listeners). It implements a part of IDataProducer interface.

Name: CMiddleAnaliser [final_src.Kolejki.]

Type: Class

Description: An analyser to calculate average value of a signal.

Name: CMiddleCalc [final_src.Kolejki.]

Type: Class

Description: A class to calculate an average value.

Name: CMultiDataAnaliser [final_src.Kolejki.]

Type: Class

Description: A superclass for analysers with multiple data sources.

Name: CMyDataBase [BlueEyes.db.]

Type: Class

Description: A class covering all ODBC routines (connection to the data source, disconnecting, handle management, error responding).

Name: COperator [BlueEyes.cm.]

Type: Class

Description: A class containing all operator's data and putting all the data through the data queue.

Name: COperatorItem [BlueEyes.cm.]

Type: Class

Description: An item on the operators list.

Name: COperatorLisItem [BlueEyes.cm.]

Type: Class

Description: A single item on the Operator State Listeners list.

Name: COperDatabase [BlueEyes.db.]

Type: Class

Description: A class maintaining all operator-related data.

Name: COxyhemoAnaliser [final_src.Kolejki.]

Type: Class

Description: An analyser to provide pulse-based smoothing of the oxyhemoglobin level signal.

Name: CParallelPort [BlueEyes.Utilities.]

Type: Class

Description: A class for Windows 2000/NT parallel port access.

Name: CPieAnaliser [final_src.Kolejki.]

Type: Class

Description: An analyser to provide the data for the Pie Charts.

Name: CProcessKiller [BlueEyes.Utilities.]

Type: Class

Description: A class to provide a Windows 2000 system process management security workaround.

Name: CPulseAnaliser [final_src.Kolejki.]

Type: Class

Description: An analyser to calculate the pulse rate.

Name: CRawFrame [final_src.Kolejki.]

Type: Class

Description: A raw data frame received from the sensor.

Name: CSensorData [final_src.Kolejki.]

Type: Class

Description: A class for demultiplexing and decoding sensor data and putting it into the data queues.

Name: CSerialPort [BlueEyes.cm.]

Type: Class

Description: An overall serial port access class.

Name: CSimpleAnaliser [final_src.Kolejki.]

Type: Class

Description: A simple analyzer class.  It can work either as a self-threaded or source-threaded      analyzer.

Name: CSimpleCondition [BlueEyes.alerts.]

Type: Class

Description: A simple condition based on the raw signal data, cut level and state duration time.

Name: CStampedFrame [final_src.Kolejki.]

Type: Class

Description: A raw sensor frame with the timestamp.

Name: CSystemLogger [BlueEyes.db.]

Type: Class

Description: A class maintaining raw data logging and playback.

Name: CThread [BlueEyes.Utilities.]

Type: Class

Description: A superclass for classes with separate thread processing.

Name: CTimePercAnaliser [final_src.Kolejki.]

Type: Class

Description: An analyzer to calculate the percentage of time the value is above a certain level

Name: CTreeAnaliser [BlueEyes.Tree.]

Type: Class

Description: A decision tree analyzer

Name: CTreeClassifier [BlueEyes.Tree.]

Type: Class

Description: A simple decision tree classifier.

Name: CVarianceAnaliser [final_src.Kolejki.]

Type: Class

Description: An analyzer to calculate a variance of a signal.

Name: CVarianceCalc [final_src.Kolejki.]

Type: Class

Description: A class to calculate a variance value.

Name: CVelocityAnaliser [final_src.Kolejki.]

Type: Class

Description: An analyzer to calculate a velocity of a signal change.

Name: IDataConsumer [BlueEyes.Interfaces.]

Type: Class

Description: An abstract interface for Data Consumer class.

Name: IDataProducer [BlueEyes.Interfaces.]

Type: Class

Description: An abstract interface for data source (Data Producer).

Name: IManagableAnaliser [BlueEyes.Interfaces.]

Type: Class

Description: An abstract interface for analyzer classes that can be managed by the CAnaliserManager.

Name: IOperatorStateListener [BlueEyes.Interfaces.]

Type: Class

Description: An abstract interface for a class that wants to be notified about operators' login/logout events.
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Appendix D. Central System Unit hardware schematics

2.1.8. CSU adapter board

Components

· Transistor



· T1


BC 237

· Diodes

· D1, D2, D3

LED, round 3mm

· Resistors

· R1


1k

· R2, R3, R4

330

· Connectors

· CONN1

PC interface

· CONN2

Bluetooth hardware reset output

· CONN3

Bluetooth serial interface

Connectors

Connector
PIN number
Signal

CONN1

PC Interface
1
Serial port – TxD


2
Serial port – CTS


3
Serial port – RTS


4
Serial port – RxD


5
Ground 


6
Parallel port – D3


7
Parallel port – D2


8
Parallel port – D1


9
Parallel port – D0

CONN2
1
RESET


2
Ground

CONN3

Bluetooth

Serial

Port
1
Ground


2
RX (input)


3
RTS (input)


4
CTS (output)


5
TX (output)

2.1.9.  Central System Unit hardware interconnection diagram
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Appendix E. Connection Manager specification

Connection Manager consists of 4 modules:

· Bluetooth HCI (Host Controller Interface) driver (simple stack)

· Incoming/outgoing data  management

· Serial port routines (communication with Bluetooth module)

· Parallel port routines (for additional operations i.e. Bluetooth hardware reset, display CSU state)

2.1.10. Bluetooth HCI driver

We have decided to write our own simple Bluetooth communication stack in order to increase system reliability and efficiency. The Connection Manager communicates with the Bluetooth module (Bluetooth Host Controller) via standard serial port using HCI (Host Controller Interface) commands. It implements the Bluetooth HCI UART Transport Layer Protocol.

The HCI provides a uniform command method of accessing the Bluetooth hardware capabilities.  Communication with the Host Controller is based on command/event schema. HCI commands take different amounts of time to be completed. Therefore, the results of commands are reported back to the Host in the form of an event. For example, for most HCI commands the Host Controller will generate the Command Complete event when a command is completed. This event contains the return parameters for the completed HCI command. To detect errors on the HCI-Transport Layer we have defined a response timeout between the Host Controller receiving a command and sending a response to the command (e.g. a Command Complete or Command Status event). 

The following diagrams show the flow control in the Bluetooth HCI Driver module. 
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Bluetooth event parsing
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HCI Communication protocol

HCI Command Packets are used to send commands from the Connection Manager to the Host Controller. Each command is assigned a 2 byte Opcode used to uniquely identify different types of commands. The Opcode parameter is divided into two fields, called the OpCode Group Field (OGF) and OpCode Command Field (OCF). The OGF occupies the upper 6 bits of the Opcode, while the OCF occupies the remaining 10 bits. Each command has a specific number of parameters associated with it. These parameters and the size of each of the parameters are defined for each command. Each parameter is an integer number of bytes in size.
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The format of the HCI Command Packet is shown below.

The HCI Event Packet is used by the Host Controller to notify the Connection Manager when events occur. Each event is assigned a 1-Byte event code used to uniquely identify different types of events. Length of all of the parameters contained in this packet, measured in bytes.

The format of the HCI Event Packet is shown below.
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HCI Data Packets are used to exchange data between the Host and Host Controller. The format of the HCI ACL Data Packet is shown below.
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Raw data cannot be sent directly using the HCI data packet. It is therefore necessary to use a higher layer protocol – L2CAP (Logical Link Control and Adaptation Protocol). It enables applications to transmit and receive data packets up to 64 kilobytes in length. The data should be sent as the payload of the L2CAP packet. The format of L2CAP packet is shown below:

[image: image37.emf]Operator


Authorization


Receiving


alerts




Operator

Authorization

Receiving

alerts

L2CAP PDU is encapsulated into the HCI Data packet. However, HCI does not provide the ability to distinguish the three HCI packet Types (i.e. HCI Command Packet, HCI Event Packet and HCI ACL Data Packet). Therefore, if the HCI packets are sent via a common physical interface (serial port) it is necessary to use HCI UART Transport Layer Protocol. All the packets must be encapsulated into the HCI UART Transport Layer packet. The format of this packet is shown below.

The HCI packet indicator (1Byte) shall be sent immediately before the HCI packet. All kinds of HCI packets have a length field, which is used to determine how many bytes are expected for the HCI packet. When an entire HCI packet has been received, the next HCI packet indicator is expected for the next HCI packet. 

HCI packet indicators:

HCI Packet Type
HCI Packet Indicator

HCI Command Packet
0x01

HCI ACL Data Packet
0x02

HCI Event Packet
0x04

HCI commands used by the Connection Manager

· HCI_Ericsson_Set_UART_Baud_Rate

This Ericsson specific HCI command will change the UART baud rate. 

Command Parameters:

UART speed: Size: 1 Byte

0x00 460800bps

0x01 230400bps

0x02 115200bps

0x03 56700bps

0x04 28800bps

0x05 14400bps

0x06 7200bps

0x07 3600bps

0x08 1800bps

0x09 900bps

Return Parameters: none

Event(s) generated:

When the HCI_Ericsson_Set_UART_Baud_Rate command has completed, a Command Complete event will be generated.

· HCI_Read_BD_Addr

This command will read the value for the BD_ADDR parameter. The BD_ADDR is a 48-bit unique identifier for a Bluetooth device. 

Command Parameters: None.

Return Parameters: 

Status: Size: 1 Byte

0x00 Read_BD_ADDR command succeeded.

0x01-0xFF Read_BD_ADDR command failed. 

BD_ADDR: Size: 6 Bytes

0xXXXXXXXXXXXX BD_ADDR of the Device

Event(s) generated (unless masked away):

When the Read_BD_ADDR command has completed, a Command Complete event will be generated.

· HCI_Write_Scan_Enable

This command will write the value for the Scan_Enable parameter. The Scan_Enable parameter controls whether or not the Bluetooth device will periodically scan for page attempts and/or inquiry requests from other Bluetooth devices. If Page_Scan is enabled, then the device will enter page scan mode based on the value of the Page_Scan_Interval and Page_Scan_Window parameters. If Inquiry_Scan is enabled, then the device will enter Inquiry Scan mode based on the value of the Inquiry_Scan_Interval and Inquiry_Scan_ Window parameters.

Command Parameters:

Scan_Enable: Size: 1 Byte



0x00 No Scans enabled. Default.

0x01 Inquiry Scan enabled. Page Scan disabled.

0x02 Inquiry Scan disabled. Page Scan enabled.

0x03 Inquiry Scan enabled. Page Scan enabled (used by Connection Manager)

Return Parameters:

Status: Size: 1 Byte

0x00 Write_Scan_Enable command succeeded.

0x01-0xFF Write_Scan_Enable command failed. 

Event(s) generated (unless masked away):

When the Write_Scan_Enable command has completed, a Command Complete event will be generated.

· HCI_Inquiry_Cancel

This command will cause the Bluetooth device to stop the current Inquiry if the Bluetooth device is in Inquiry Mode. This command allows the Host to interrupt the Bluetooth device and request the Bluetooth device to perform a different task. The command should only be issued after the Inquiry command has been issued, a Command Status event has been received for the Inquiry command, and before the Inquiry Complete event occurs.

Return Parameters:

Status: Size: 1 Byte



0x00 Inquiry_Cancel command succeeded.

0x01-0xFF Inquiry_Cancel command failed.
Event(s) generated (unless masked away):

When the Inquiry Cancel command has completed, a Command Complete event will be generated. No Inquiry Complete event will be generated for the canceled Inquiry process.

· HCI_Create_Connection

This command will cause the Link Manager to create a connection to the Bluetooth device with the BD_ADDR specified by the command parameters. This command causes the local Bluetooth device to begin the Page process to create a link level connection. The Link Manager will determine how the new ACL connection is established. The Packet_Type command parameter specifies which packet types the Link Manager shall use for the ACL connection. The Page_Scan_Repetition_Mode and Page_Scan_Mode parameters specify the page scan modes supported by the remote device with the BD_ADDR. This is the information that was acquired during the inquiry process. The Clock_Offset parameter is the difference between its own clock and the clock of the remote device with BD_ADDR. Only bits 2 through 16 of the difference are used, and they are mapped to this parameter as bits 0 through 14 respectively. A  Clock_Offset_Valid_Flag, located in bit 15 of the Clock_Offset parameter, is used to indicate if the Clock Offset is valid or not. A Connection handle for this connection is returned in the Connection Complete event (see below). The Allow_Role_Switch parameter specifies if the local device accepts or rejects the request of a master-slave role switch when the remote device requests it at the connection setup (in the Role parameter of the Accept_Connection_Request command).

Command Parameters:

BD_ADDR: Size: 6 Bytes



0xXXXXXXXXXXXX BD_ADDR of the Device to be connected.

Packet_Type: Size: 2 Bytes



0x0001 Reserved for future use.

0x0002 Reserved for future use.

0x0004 Reserved for future use.

0x0008 DM1

0x0010 DH1 (used by Connection Manager)

0x0020 Reserved for future use.

0x0040 Reserved for future use.

0x0080 Reserved for future use.

0x0100 Reserved for future use.

0x0200 Reserved for future use.

0x0400 DM3

0x0800 DH3

0x1000 Reserved for future use.

0x2000 Reserved for future use.

0x4000 DM5

0x8000 DH5

Page_Scan_Repetition_Mode: Size: 1 Byte

0x00 R0 (used by Connection Manager)

0x01 R1

0x02 R2

0x03 – 0xFF Reserved.

Page_Scan_Mode: Size: 1 Byte

0x00 Mandatory Page Scan Mode  (used by Connection Manager)

0x01 Optional Page Scan Mode I.

0x02 Optional Page Scan Mode II.

0x03 Optional Page Scan Mode III.

0x04 – 0xFF Reserved.

Clock_Offset: Size: 2 Bytes



Bit 14.0 Bit 16.2 of CLKslave-CLKmaster.

Bit 15 Clock_Offset_Valid_Flag 

Invalid Clock Offfset = 0

Valid Clock Offset = 1  (used by Connection Manager)

Allow_Role_Switch: Size: 1 Byte



0x00 The local device will be a master, and will not accept a master-slave

switch requested by the remote device at the connection setup. (used by 
Connection Manager)

0x01 The local device may be a master, or may become a slave after

accepting a master-slave switch requested by the remote device at the

connection setup.

0x02-0xFF Reserved for future use.

Return Parameters:

None.

Event(s) generated (unless masked away):

When the Host Controller receives the Create Connection command, the Host Controller sends the Command Status event to the Host. In addition, when the LM determines the connection is established, the Host Controller, on both Bluetooth devices that form the connection, will send a Connection Complete event to each Host. The Connection Complete event contains the Connection Handle if this command is successful.

· HCI_PIN_Code_Request_Reply

The PIN_Code_Request_Reply command is used to reply to a PIN Code request event from the Host Controller, and specifies the PIN code to use for a connection. The PIN Code Request event will be generated when a connection with remote initiating device has requested pairing. 

Command Parameters:

BD_ADDR: Size: 6 Bytes



0xXXXXXXXXXXXX  - BD_ADDR of the Device which the PIN code is for.

PIN_Code_Length: Size: 1 Byte



0xXX The PIN code length specifics the length, in bytes, of the PIN code to be used.

Range: 0x01-0x10. (Connection Manager uses 8 bytes long PIN codes)

PIN_Code: Size: 16 Bytes

0xXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

PIN code for the device that is to be connected. The Host should insure

that strong PIN Codes are used. PIN Codes can be up to a maximum of

128 bits. The MSB of the PIN Code occupies byte zero.

Return Parameters:

Status: Size: 1 Byte

0x00 PIN_Code_Request_Reply command succeeded.

0x01-0xFF PIN_Code_Request_Reply command failed. 
BD_ADDR: Size: 6 Bytes

0xXXXXXXXXXXXX  BD_ADDR of the Device which the PIN Code request reply  
has completed.

Event(s) generated (unless masked away):

The PIN_Code_Request_Reply command will cause a Command Complete event to be generated.

· HCI_Disconnect

The Disconnection command is used to terminate an existing connection. The Connection_Handle command parameter indicates which connection is to be disconnected. The Reason command parameter indicates the reason for ending the connection. The remote Bluetooth device will receive the Reason command parameter in the Disconnection Complete event. All SCO connections on a physical link are disconnected before the ACL connection on the same physical connection is disconnected. 

Command Parameters:

Connection_Handle: Size: 2 Bytes (12 Bits meaningful)

0xXXXX Connection Handle for the connection being disconnected.

Range: 0x0000-0x0EFF (0x0F00 - 0x0FFF Reserved for future use)

Reason: Size: 1 Byte

0x13-0x15, 0x1A -  Other End Terminated Connection error codes (0x13-0x15) and Unsupported Remote Feature error code (0x1A).

Return Parameters: None.

Event(s) generated (unless masked away):

· HCI_Write_Encryption_Mode

This command will write the value for the Encryption_Mode parameter. The Encryption_Mode parameter controls if the local device requires encryption to the remote device at connection setup. At connection setup, only the device(s) with the Authentication_Enable parameter enabled and Encryption_Mode parameter enabled will try to encrypt the connection to the other device. 

Command Parameters:

Encryption_Mode: Size: 1 Byte

0x00 Encryption disabled. Default.
0x01 Encryption only for point-to-point packets. (used by Connection Manager)
0x02 Encryption for both point-to-point and broadcast packets.

0x03-0xFF Reserved.

Return Parameters:

Status: Size: 1 Byte

0x00 Write_Encryption_Mode command succeeded.

0x01-0xFF Write_Encryption_Mode command failed. 

Event(s) generated (unless masked away):

When the Write_Encryption_Mode command has completed, a Command Complete event will be generated.

· HCI_Add_SCO_Connection

This command will cause the link manager to create a SCO connection using the ACL connection specified by the Connection_Handle command parameter. This command causes the local Bluetooth device to create a SCO connection. The Link Manager will determine how the new connection is established. This connection is determined by the current state of the device, its piconet, and the state of the device to be connected. The Packet_Type command parameter specifies which packet types the Link Manager should use for the connection. SCO-Connection can only be created when an ACL Connection already exists. 

Command Parameters:

Connection_Handle Size 2 Bytes (12 Bits meaningful)

0xXXXX Connection Handle for the ACL connection being used to create an SCO connection. Range: 0x0000-0x0EFF (0x0F00 - 0x0FFF Reserved for future use)

Packet_Type: Size: 2 Bytes

0x0001 Reserved for future use.

0x0002 Reserved for future use.

0x0004 Reserved for future use.

0x0008 Reserved for future use.

0x0010 Reserved for future use.

0x0020 HV1 (used by Connection Manager)

0x0040 HV2

0x0080 HV3

0x0100 Reserved for future use.

0x0200 Reserved for future use.

0x0400 Reserved for future use.

0x0800 Reserved for future use.

0x1000 Reserved for future use.

0x2000 Reserved for future use.

0x4000 Reserved for future use.

0x8000 Reserved for future use. 

Return Parameters: None.

Event(s) generated (unless masked away):

When the Host Controller receives the Add_SCO_Connection command, it sends the Command Status event to the Connection Manager. In addition, when the LM determines the connection is established, the Host Controller, on both Bluetooth devices that form the connection, will send a Connection Complete event to each Host. The Connection Complete event contains the Connection Handle if this command is successful.

Complete event will indicate that this command has been completed.

HCI commands used by the Connection Manager

· HCI_Command_Complete_Event

The Command Complete event is used by the Host Controller for most commands to transmit return status of a command and the other event parameters that are specified for the issued HCI command. The Num_HCI_Command_Packets event parameter allows the Host Controller to indicate the number of HCI command packets the Host can send to the Host Controller. If the Host Controller requires the Host to stop sending commands, the Num_HCI_Command_Packets event parameter will be set to zero. To indicate to the Host that the Host Controller is ready to receive HCI command packets, the Host Controller generates a Command Complete event with the Command_Opcode 0x0000, and the Num_HCI_Command_Packets event parameter is set to 1 or more. Command_Opcode, 0x0000 is a NOP (No OPeration), and can be used to change the number of outstanding HCI command packets that the Host can send before waiting. See each command for the parameters that are returned by this event.

Event Parameters:

Num_HCI_Command_Packets: Size: 1 Byte

N = 0xXX The Number of HCI command packets which are allowed to be sent to the Host Controller from the Host. Range for N: 0 – 255

Command_Opcode: Size: 2 Bytes



0xXXXX Opcode of the command which caused this event.

Return_Parameter(s): Size: Depends on Command

0xXX This is the return parameter(s) for the command specified in the Command_Opcode event parameter. 

· HCI_Inquiry_Result_Event

The Inquiry Result event indicates that a Bluetooth device or multiple Bluetooth devices have responded so far during the current Inquiry process. This event will be sent from the Host Controller to the Connection Manager as soon as an Inquiry Response from a remote device is received if the remote device supports only mandatory paging scheme. The Host Controller may queue these Inquiry Responses and send multiple Bluetooth devices information in one Inquiry Result event. The event can be used to return one or more Inquiry responses in one event. This event contains the BD_ADDR, Page_Scan_Repetition_Mode, Page_Scan_Period_Mode, Page_Scan_Mode, Clock_Offset, and the Class of Device for each Bluetooth device that responded to the latest inquiry.

Event Parameters:

Num_Responses: Size: 1 Byte

0xXX Number of responses from the Inquiry.

BD_ADDR[i]: Size: 6 Bytes * Num_Responses



0xXXXXXXXXXXXX BD_ADDR for each device which responded.

Page_Scan_Repetition_Mode[i]: Size: 1 Byte* Num_Responses

0x00 R0

0x01 R1

0x02 R2

0x03 – 0xFF Reserved

Page_Scan_Period_Mode[i]: Size: 1 Byte* Num_Responses

0x00 P0

0x01 P1

0x02 P2

0x03 – 0xFF Reserved

Page_Scan_Mode[i]: Size: 1 Byte* Num_Responses



0x00 Mandatory Page Scan Mode

0x01 Optional Page Scan Mode I

0x02 Optional Page Scan Mode II

0x03 Optional Page Scan Mode III

0x04 – 0xFF Reserved

Class_of_Device[i]: Size: 3 Bytes * Num_Responses



0xXXXXXX Class of Device for the device

Clock_Offset[i]: Size: 2 Bytes * Num_Responses

Bit 14.0 Bit 16.2 of CLKslave-CLKmaster.

Bit 15 Reserved

· HCI_Inquiry_Complete_Event

The Inquiry Complete event indicates that the Inquiry is finished. This event contains a status parameter, which is used to indicate if the Inquiry completed successfully or if the Inquiry was not completed. In addition, the Num_Responses parameter contains the number of Bluetooth devices, which responded during the latest inquiry.

Event Parameters:

Status: Size: 1 Byte

0x00 Inquiry command completed successfully.

0x01-0xFF Inquiry command failed.

Num_Responses: Size: 1 Byte



0xXX Number of responses from the Inquiry.

· HCI_Connection_Complete_Event

The Connection Complete event indicates to both of the Hosts forming the connection that a new connection has been established. This event also indicates to the Host, which issued the Create Connection, Add_SCO_Connection, or Accept_Connection_Request or Reject_Connection_Request command and then received a Command Status event, if the issued command failed or was successful.

Event Parameters

Status: Size: 1 Byte

0x00 Connection successfully completed.

0x01-0xFF Connection failed to Complete.

Connection_Handle: Size: 2 Bytes (12 Bits meaningful)

0xXXXX Connection Handle to be used to identify a connection between to Bluetooth devices. The Connection Handle is used as an identifier for transmitting and receiving voice or data.  Range: 0x0000-0x0EFF (0x0F00 - 0x0FFF Reserved for future use)

BD_ADDR: Size: 6 Bytes

0xXXXXXXXXXXXX BD_ADDR of the other connected Device forming the connection.

Link_Type: Size: 1 Byte



0x00 SCO connection (Voice Channels).

0x01 ACL connection (Data Channels).

0x02-0xFF Reserved for Future Use.

Encryption_Mode: Size: 1 Byte

0x00 Encryption disabled.

0x01 Encryption only for point-to-point packets.

0x02 Encryption for both point-to-point and broadcast packets.

0x03-0xFF Reserved.

· HCI_Pin_Code_Request_Event

The PIN Code Request event is used to indicate that a PIN code is required to create a new link key. When the Host Controller generates a PIN Code Request event in order for the local Link Manager to respond to the request from the remote Link Manager, the Connection Manager responds with a PIN_Code_Request_Reply.

Event Parameters:

BD_ADDR: Size: 6 Bytes

0xXXXXXXXXXXXX BD_ADDR of the Device which a new link key is being created for.

· HCI_Link_Key_Notification_Event

The Link Key Notification event is used to indicate to the Host that a new Link Key has been created for the connection with the device specified in BD_ADDR. 

Event Parameters:

BD_ADDR: Size: 6 Bytes



0xXXXXXXXXXXXX BD_ADDR of the Device for which the new link key has been

generated.

Link_Key: Size: 16 Bytes

0xXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX Link Key for the associated BD_ADDR.

· HCI_Disconnection_Complete_Event

The Disconnection Complete event occurs when a connection is terminated. The status parameter indicates if the disconnection was successful or not. The reason parameter indicates the reason for the disconnection if the disconnection was successful.

Event Parameters:

Status: Size: 1 Byte



0x00 Disconnection has occurred.

0x01-0xFF Disconnection failed to complete. 

Connection_Handle: Size: 2 Bytes (12 Bits meaningful)



0xXXXX Connection Handle which was disconnected.

Range: 0x0000-0x0EFF (0x0F00 - 0x0FFF Reserved for future use)

Reason: Size: 1 Byte

0x08, 0x13-0x16, 0x1A - Connection Timeout (0x08), Other End Terminated Connection error codes (0x13-0x15), Connection Terminated by Local Host (0x16), and Unsupported Remote Feature error code (0x1A). 
· Hardware_Error_Event

The Hardware Error event is used to indicate some type of hardware failure for the Bluetooth device. This event is used to notify the Host that a hardware failure has occurred in the Bluetooth module. 

Event Parameters:

Hardware_Code: Size: 1 Byte

0x00 These Hardware_Codes will be implementation-specific
· Buffer_Overflow_Event

This event is used to indicate that the Host Controller’s data buffers have been overflowed. The Link_Type parameter is used to indicate that the overflow was caused by ACL data. 

Event Parameters:

Link_Type: Size: 1 Byte

0x00 SCO Buffer Overflow (Voice Channels).

0x01 ACL Buffer Overflow (Data Channels).

0x02-0xFF Reserved for Future Use.

2.1.11. Incoming/outgoing data  management

All packets are encapsulated into the L2CAP packets, which are in turn put into the HCI ACL Data Packets.

Packet sent from the CSU to the DAU

The packet contains the control information and the events that were detected by the analysis module.

1B
0B/8B

Header
Payload

Header:

Bit
7
6
5
4
3
2
1
0

Function
data transfer from Jazz sensor 

1 – start

0 – stop 


Alarm buzzer control

0 – off

1 – on


force Jazz sensor calibration


Event ID

0 – no event (command only)

1 – custom event. Text message (8 characters) is required in the payload.

2-32 – built-in event. Text message is stored in the internal memory of the DAU (no payload).



The payload contains an 8-character long custom event text. The payload should be sent only when the event Id is equal to 1. Otherwise there must be no payload.

Packets sent from DAU to CSU:

1B
2B / 792B

Header
Payload

Header is a packet type indicator:


0x80 – operator ID packet


0x00 – physiological data packet

Payload:

· operator ID packet

The payload contains the operator ID.

(LSB)         2 bytes           (MSB)

Operator’s ID

· physiological data packet
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The payload (792 bytes) contains 36 Jazz sensor frames (22 Bytes/176 bits each).

The Seq.no field (sequential number) contains the number of frames received by the DAU microcontroller from the Jazz sensor.

2.1.12. Serial port routines

We have used the standard Windows API functions to communicate with the Bluetooth Host Controller over the serial port. The functions are listed below.

· CreateFile - opens the serial port

· GetCommState – gets the current control settings for the serial port
· SetCommState – sets the serial port parameters, changes the baud rate
· GetCommTimeouts – reads the time-out settings for the serial port

· SetCommTimeouts ​ - sets the time-out parameters

· PurgeComm – discards the data waiting in the serial port buffer

· ReadFile – reads the data from the serial port

· WriteFile – sends the data over the serial port

The HCI UART Transport Layer uses the following settings for RS232:

· RTS/CTS flow control to prevent UART buffer overrun

· Baud rate: 57600 bps after power-up or reset, 115200 bps during the normal system operation

· Number of data bits: 8

· Parity bit: no parity

· Stop bit: 1 stop bit

2.1.13. Parallel port routines 

Additional input/output lines were needed in order to perform Bluetooth hardware reset and to display the information about the Connection Manager state. We have decided to use the TTL-compliant PC parallel port lines.

The routines read the parallel port data register, change the appropriate bits and write the result to the port register.

Bit #0 is used to perform the Bluetooth hardware reset. Writing “1” forces the Bluetooth device to enter the reset mode. After a short delay (100 ms) bit #0 is cleared letting the Bluetooth module enter the normal operating mode. To confirm the reset operation the Bluetooth module sends two characters (0x30 ‘0’, 0x30 ‘0’) over the serial port at 57600 bps.

Bits 1-3 are used to display the Connection Manager state. These lines are connected to the LED diodes (see Appendix D).

Writing “1” (“0”) turns on (off) appropriate LED diode.

Diode 1 (bit #1) – turned on when the serial port is used.

Diode 2 (bit #4) – turned on when the Bluetooth module is in the Inquiry state

Diode 3 (bit #3) – turned on when a connection is established

Appendix F. C4.5 algorithm

Decision tree induction algorithm is an example-based algorithm. The input for the algorithm consists of a number of examples (each example is a vector of attributes describing a situation and a correct answer (decision class) that the module should generate).

The main idea of the algorithm is to recursively find the best attribute and its value that splits the example set into two simplest subsets. The main measure of set’s simplicity is entropy. Tree leaves are point decision class. 

The algorithm works as follows:

1. Create tree root. Make it current tree node.

2. Check if current set consist of elements that have the same decision class. If so, current node becomes a leaf with decision class the same as in examples.

3. If not: for each attribute i:

a. Sort the set by i-th attribute (q-sort implemented)

b. Calculate entropy of the whole set.

c. For each division of the sorted set into two subsets calculate:

i. Entropy of each of two subsets.

ii. Estimate entropy of division ie. (size of each subset * its entropy) / (size of all subsets). The difference between initial set and division entropy and describes amount of entropy gained.

iii. Calculate preference factor to favor balanced divisions given by formula:
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S denotes the size of the initial set,

A, B denote the sizes of the subsets.

iv. Multiply entropy gained by preference factor 

d. Choose division with highest value in point (iv).

4. Choose the attribute with value in point (d) and update current node. Repeat points 2 – 4 for each subset taking as a new current node left and right child of current node respectively.

2.2. Appendix G. Database schema
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Operator personal and physiological data tables

Detailed table description

Table: 
ADMINS 

Field
Type
Size

Login 
varchar
(20) 

Password
varchar
(20)

Privs 
int


Table:   BlueTooth

Field
Type
Size

BT_ID
int


BD_ADDR
binary
(6)

BT_PIN
binary
(8)

Table:
CameraImage

Field
Type
Size

TIMESTAMP
int


CAMERA_ID
smallint


DATALEN
int


DATA
image


Table:
Groups

Field
Type
Size

ID
int


Name
varchar
20

Table:
Position

Field
Type
Size

ID
int


Name
varchar
(30) 

Table:
AlertSaves

Field
Type
Size

TimeStamp
numeric
(10, 0) 

AdminLogin
varchar
(20)

Table:
Operator

Field
Type
Size

ID
int


Name
varchar
(20)

Surname
varchar
(40)

PicLen 
int


Picture 
image


Pos_ID
int


Group_ID
int


Table:
Alerts

Field
Type
Size

TimeStamp
numeric
(10, 0) 

Name
varchar
(16) 

Beeper
tinyint 


Text
varchar
(16)

Table:
Log

Field
Type
Size

OPER_ID
int


TIMESTAMP
int 


OPERATION
tinyint 


Table:
SystemData

Field
Type
Size

Oper_ID
int


TimeStamp
int


NoPacket
int


Data
binary
(6600)

Table:
Uses_BT
Field
Type
Size

Oper_ID
int


BT_ID
int 


Table:
AlertItem
Field
Type
Size

TimeStamp
numeric
(10, 0)

ID
int


NodeName
varchar
(16) 

AlertName
varchar
(16)

Type
tinyint 


Table:
ComplexAlertItem

Field
Type
Size

TimeStamp
numeric
(10, 0) 

ID
int


Type
tinyint 


Table:
SimpleAlertItem

Field
Type
Size

TimeStamp
numeric
(10, 0) 

ID
int


Signal_Name
varchar
(30) 

CutLevel
int


Relation
tinyint


Duration
int 


Table:
Uses

Field
Type
Size

TimeStamp 
numeric
(10, 0) 

ID
int


USE_ID
int 


Appendix H. Camera UDP protocol
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Image series request – sequence diagram

Package details

· request package
1B
16B
2B

Request
Address
Port

request 
– type of request 

request field = 0 – last camera-grabbed frame request

request field > 0 – register the client for a sequence of next camera-grabbed frames (the request field determines the number of frames)

address 
– null terminated string containing client IPv4 address formatted as “150.254.33.142”

port 
– client IPv4 UDP port number

· response package

4B
4B
8000B

Snapshot time
Real Size
Buffer

snapshot time – local time on the server when the frame was grabbed

real size – the real size of the payload the buffer contains (max 8000 bytes
)

buffer 
– the payload containing camera-grabbed frame compressed using JPEG algorithm

Appendix I. Visualization Module specification

2.2.4. Visualization module structure
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The graphical user interface is based on MDI scheme. The information is visualized using a set of GUI controls developed in the course of the project:

· graphical time series control – shows time series of a number of parameters (raw sensor data, conscious brain involvement level, eye acceleration, blood oxygenation etc.) in real time
· custom control – associated with custom data analyzers – visualizes the decision tree analysis results (e.g. operator position, gesture etc.)
· pie-chart control – shows conscious brain involvement level as a percentage value 

· VU-meter control – shows parameter value (pulse, conscious brain involvement, blood oxygenation etc.) as a LED-diodes-like meter
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Alert conditions and actions

2.3. Appendix J. Generated decision trees

This single decision tree determines whether the operator shook his head trying to say “Yes”, nodded his head to say “No” or just moved his head (no answer).  
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Appendix K. ID card system specification

2.3.1. Working environment
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Simplified schema - no units distribution available

2.3.2. ID card hardware
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ID card is implemented as a 2048 byte EEPROM – ST24C16. Communication with the device is carried on using an I2C bus. The connection scheme is shown in the figure below. Components
· IC1 – 24c16 I2C EEPROM

· CONN1 – ID-card interface connector

2.3.3. ID card memory map

Addr
Description
Value

0x00
Signature
0x42

0x01

0x6C

0x02

0x75

0x03

0x65

0x04

0x45

0x05

0x79

0x06

0x65

0x07

0x73

0x08
BT_PIN


...



0x0F



0x10
USER_ID
LSB

0x11

MSB

0x12
USER_PIN


0x13



0x14



0x15



0x16
CARD_VALID


ID card programmer  
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Items:

· ICs

· IC1 

 
Atmel 89c2051 microcontroller

· IC2 

 
MAX232

· Capacitors

· C1, C2


33p

· C3, C4, C5, C6
10u/16V

· C7


1u/10V

· Resistors

· R1, R2, R3, R4, R5
330

· Crystal

· Q1


11,0592 MHz

· Diodes

· D1


LED, round 3mm, yellow (busy)

· D2


LED, round 3mm, red (error)

· D3


LED, round 3mm, green (power)

· Connectors

· CONN1

PC interface

· CONN2

ID-card interface

Connectors:

Connector
PIN number
Signal

CONN1

PC Interface
1
GND


2
Serial port – RxD


3
Serial port – TxD


4
+5V

CONN2

I2C EEPROM

ID-card
1
Ground


2
SCL


3
SDA


4
+5V

2.3.4.  ID card programmer serial port protocol

ID card programmer communicates with the PC computer using standard RS232 serial port. 

The programmer uses the following RS232 settings:

· Baud rate: 57600 bps 

· Number of data bits: 8

· Parity bit: no parity

· Stop bit: 1 stop bit

· Flow control:  no flow control

We have designed and implemented a simple communication protocol, which enables the PC to read and write the EEPROM memory data.

The communication is based on request/response schema. Requests are sent by the PC. The programmer is passive – it can only respond to the PC requests. Requests and responses have the same packet format.

We have designed two types of the communication packets: a Control Packet and a Data Packet.

Control Packet

The Control Packet describes the operation preformed on the EEPROM memory. 

1B
1B
1B
0-258B

Header
Command
Size
Payload

Header: request/response indicator

· 0x3C (‘<’) – response message (from programmer)

· 0x3E (‘>’) – request message (from PC)

Command:

· 0x52 (‘R’) – read operation

· 0x57 (‘W’) – write operation

· 0x45 (‘E’) – error message (response)

The Size field determines the size of the data in the Payload field. If the payload size is greater than 254 bytes (possible only if a large Data Packet is sent in the payload), the Size is equal to 255 and packet size is calculated using the Data size field of the Data Packet.

Data Packet

The Data Packet contains the data read from (wrote to) the ID card and additional information about the bank number and the address within the bank. This packet is encapsulated into the Control Packet as the payload.

Data is transmitted if the message is a read response or a write request. Otherwise the Data field is empty.

1B
1B
1B
0-255B

Bank
Address
Size
Data

Bank: 

EEPROM bank number

Address:
Address within the bank

Size:

Length of the Data field when the data is transmitted (read response or write request). Otherwise it contains the number of bytes of the data to be read from the memory (read request) or the number of bytes wrote to the memory (write response)

Examples:

· Read request – read 2 bytes from bank 1 at address 4 (the Data Packet with  empty data filed should be sent)

Header
Command
Size
Payload – Data packet

‘>’
‘R’
3
Bank
Address
Size




1
4
2

Write response is analogous (Header contains ‘<’).

· Write request – write 4 bytes (0x10, 0x20, 0x30, 0x40) to the bank 2 at address 1.

Header
Command
Size
Payload – “data packet”

‘>’
‘W’
7
Bank
Address
Size
Data




2
1
4
0x10
0x20
0x30
0x40

Read response is analogous (Header contains ‘<’).

· Error response – sent from the programmer when an error occurs. (Control Packet contains no payload)

Header
Command
Size

‘<’
‘E’
0





2.3.5. ID card programmer TCP/IP network protocol
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ID card writing sequence diagram

Package details

· simple request package 
1B

Request

Request = ‘W’ 
– writing to ID card

Request = ‘R’

– reading from ID card

· universal package 
16B
2B
16B
1B
1B
4B

SystemPIN
UserID
UserPin
nTries
bResult
nError

SystemPIN 
– an array of characters determining user’s System PIN code

UserID 
– user identifier

UserPIN 
– an array of characters determining User PIN code

nTries 
– used for various types of ID card usage limitation

bResult 
– result of performed action (read or write)

nError 
– error code if bResult is FALSE

Appendix L. Source code statistics

The table below shows the system complexity (CSU part) according to McCabe’s complexity measure
.

Condition statement
Occurrences

if
1747

and
321

or
51

case
153

while
119

for
452

TOTAL
2843

Source code size:

System part
Programming language
KLOC

CSU
Microsoft Visual C++ 
33

DAU
8051-family assembler
4

Estimated time complexity including software and hardware design, implementation and testing is 3000 person hours.
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Figure 1. Overall system diagram





Figure 2. Mobile device use cases
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Figure 3. Functionality offered to the supervisor





Figure 4. Administrative functionality





Figure 8. Jazz sensor frame format
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Figure 6. DAU hardware diagram
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Figure 12. Saccade occurrences and visual attention level





Figure 7. DAU state diagram
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Figure 9. Jazz Sensor data fetching waveforms





Figure 10. Collision condition timing
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Figure 5. Jazz Multisensor
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Figure 11. Connection Manager components
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Figure 13a.





Figure 13b.
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Figure 15. BlueCapture





Figure 14. BlueDentist
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� Saccades are rapid eye jumps to new locations within a visual environment assigned predominantly by the conscious attention process.


� While compressing, if the result of JPEG algorithm is larger than 8000 bytes, the compression is repeated using a stronger compression factor (worse quality, but smaller result)


� Grabbed frames dimensions are 320 x 240 pixels


� T. J. McCabe, "A Complexity Measure," IEEE Transactions on Software Engineering, vol. SE-2, Dec. 1976. 20





1
[image: image54.wmf]Microcontroller main board

Power supply

CONN1

CONN1

LCD

CONN2

CONN3

Bluetooth module

PCM codec

CONN1

jumper

CONN7

CONN2

CONN2

USB

serial

CONN5

Keyboard

CONN4

ID-card

interface

CONN6

Jazz sensor

microcontroller

X1

X2

microphone

earphone



[image: image55.wmf]Bluetooth module

PCM codec

CONN1

jumper

CONN2

USB

serial

X1

X2

CSU

adapter

CONN2

CONN3

CONN1

PC

parallel port

serial port

USB

speaker out

line in

[image: image56.png]il

B i
=

B it
! A =
= - i3
S i
B —
= o
I

| E3

£ I NN ARAN L




[image: image57.png]e E1

=

@




[image: image58.wmf]Set new baudrate

115200bps

HCI_Ericsson_Set_UART_Baud_Rate

Bluetooth device

ready

Start

Open the serial

port

Set baudrate at

57600bps

Bluetooth hardware

reset

Reset

confirmed?

Clear RX buffer

Bluetooth hardware

reset

No

Yes

New baudrate

confirmed?

No

Get local BD

address

(HCI_READ_BD_ADDR)

Yes

Local BD address read?

(HCI_COMMAND_COMPLETE_EVENT)

Yes

No

C

[image: image59.wmf]Seq.

no

Eye X

Eye Y

Acc X

Acc Y

Eye X

Eye Y

Hemo

OxyHem

o

Eye X

Eye Y

Abmient

light

Volatge

level

Eye X

Eye Y

8

12

12

12

12

12

12

12

12

12

12

12

12

12

12

[image: image60.wmf]Connected

Get operator's ID

ID received?

Check access

rights

Yes

Rights ok?

A

No

No

Start operator's

session

Yes

Add SCO

connection

(HCI_CREATE_CONNECTION)

Start data transfer

Ready

[image: image61.wmf]Ready

Read data from

serial port

Frame

completed?

No

HCI Event?

Parse UART

header

ACL Data?

No

Drop this frame

No

Yes

Physiological

data?

Yes

Decode and check

data

Yes

Add data to the

opeator's buffer

No

Check the outgoing

message buffer

Buffer empty?

Send message

No

Yes

D

B

[image: image62.wmf]Disconnection?

(HCI_DISCONNECTION_COMPLETE_EVENT)

Notify the operator

maganer

Yes

Error message?

(HARDWARE_ERROR_EVENT)

Yes

No

Buffer owerflow?

(DATA_BUFFER_OVERFLOW_EVENT)

Yes

No

Drop this frame

No

D

B

A

C

[image: image63.png]o 4 8

2 18 2 2 2
GpCode Parameter Total | Porameter 0
GCF e Length
Parameter 1 Parameter
.
.
.

Parameter N-1

Parameter N




[image: image64.png]4 s 2

1

Bl 2 £

£

Parameler Total

i Cor Length

Event Parar

Event Parameter 1

Event Parame

Event Parameter 2

Event Parameter N-t

Event Paramel




[image: image65.png]16

20 24

28

Comneton Handis

e
Fig | Fog

Dua TobiLangh

Das




[image: image66.png]L20AP Haater

P a— —
® ®

158

e




[image: image67.png]HCl ket inccator

HCl packet

®




[image: image68.wmf]CLIENT

SERVER

ID card

simple request

package - R

read

ID card

ID card

data

universal

package

[image: image69.wmf]Bluetooth device

ready

Inquire

Check BD_Addr

Inquiry response?

(HCI_INQUIRY_RESULT_EVENT)

Inquiry timeout?

(HCI_INQUIRY_COMPLETE_EVENT)

Yes

No

No

BlueEyes

device found?

No

Inquiry cancel

(HCI_INQUIRY_CANCEL)

Yes

Create ACL

connection

(HCI_CREATE_CONNECTION)

Connection

established?

(HCI_CONNECTION_COMPLETE)

No

Inquiry start

(HCI_WRITE_SCAN_MODE)

Yes

Connection

authentication

(HCI_PIN_CODE_REQUEST_EVENT,

HCI_PIN_CODE_REQUEST_REPLY)

Yes

Authentication succecfull?

(HCI_LINK_KEY_NOTIFICATION_EVENT)

Disconnect

(HCI_DISCONNECT)

No

Yes

Enable encryption

(HCI_WRITE_ENCRYPTION_MODE)

Connected

A

[image: image70.wmf]CLIENT

SERVER

ID card

universal

package

write

ID card

result

universal

package

simple request

package - W

[image: image71.wmf]IP based

network

RS-232

ID card

API

client

program

ID card

TCP/IP

client

ID card client unit

ID card

API

ID

card

TCP/IP

server

ID card

programmer/

reader

 driver

ID card server unit

programmer /

reader

ID

card

ID card

mechanical

interface

I2C

BUS

ID card programmer / reader unit

[image: image72.png]Complexalertitem
—_— 0§ [Timestamp

§ [Timestamp

[Simplealertitem
 [Timestamp
D
5ianal_Name
Cuttevel
Relation
uration




[image: image73.png]Cameralmage
TIMESTAMP
CAMERA_ID
DATALEN
DATA

I

Name

% |D

Name
Surname
PicLen
Picture
Pos_ID
Group_ID

Log

# [oPER_ID
7| TvEsTAMP
__|oPErRATION

Oper_ID
TimeStamp
NoPacket
Data

BlueTooth

% [BT_ID

BD_ADDR
BT_PIN




[image: image74.png]; 7
g4 @
et 2
ReTvR e
E
AL
) e |12
Az AN (12
-
v eyl
o oz
o mamy eis
By e e e 2
e I8 g 1
Rib mior 12 o rm
mour i [ Fa7 o
TiowT T . P
A =)
e H
w
o |2
k 3
o+ FAE
[
&




[image: image75.wmf]RS-232

ID card

API

client program

ID card client unit

ID card

programmer /

reader

 driver

programmer /

reader

ID

card

ID card

mechanical

interface

I2C

BUS

ID card programmer / reader unit

[image: image76.png]<=0

X Accelerometer variance

Yes

<=2

¥ Accelerometer variance >

No answer

Yes

YES

Yes Ne

¥ Accelerometer variance
<=0

X Acederometer varkance >
00

No answer

Yes No

NO




[image: image77.png]Flo View Adnistrate Window Help

D Name. Sumame.

Defined conditons:

13 Panel Kowalk.

KT —

Otfine
D Suname
§ P Kubiacayk
8 Samdew  Deink
9 Toma  Pusk
2 Kysin  Nowsk

Coniion name

[ brin_ o
42 Caltration_need
42} Light_wrang

s Light_Sat

| Light_Low

2} Blood_wrong
59 Blood_5at-

| Hemo_Sat

|38 OrgHemo_Sat
59 Blood_Low

|38 OrgHemo_Low
B Hemo_Low

ok | adaeause]

g Dol St
s Hemo 551
& g wnong
s Lt Low
B Lhsat

) Earaior reed
= Blood wong
=53 oo Low
» g Hemo Low
24 Dot Low
]| B Ewsa
E

Eaves | ot |

[Define Simple Condtion:

Condiion proptiss

Condiion name: [Hemo_Low

Signalname  Condiion sate Condiion Value

gl o

=181]




[image: image78.png]#- Interfejs_2 - Supervising operator Nowak Krystiar s

Flo View Admistrate Window Help

Onine.
" Supervising operator Kowalik Pawel D Sumame
2 Kiystin Nawak

fjocz=ss Oversl Condion | Alets/Everts Blood/Heat " Pawel Konake
fuse 55
? o0
1%
Fiot

Supervising operator Nowak Krystia

- Operatar
5 Overal Condition | Alrts/Everts | Blood/Heart

T

~Condiion

0:13 [Name [ Suname
Kubiaczsk

Name: Pawel Osinski

Sumeme: Kowalk. Puzak

Delete operator

Fosiion: Operator
Group: BlueTeam

B Active (26 %)
Inactive (72 %)

1D:12
O1:01:00 Thursdey, January

Name: Kiystian
Sumame: Novak.
Fosiion: Operator
Group: BlueTeam

Puse Ow/Al HemclwHemo  BAL ey Light
01:0055 Thursday, January 01, 55 450 1%3 118 0




[image: image79.png]R
.

/

v Cron| Ay Bt |

010151 Tty 1.




_1050147255.doc


Supervisior







Audio & video







data browsing







Browsing







physiological







parameters







Browsing pulse







rate







On-line







browsing







Off-line







browsing







Comprehensive







data analysing







Browsing







real-time conc-







lusion results







Browsing raw







sensor data







Browsing







conscious brain







involvement







Browsing







ambient light







intensity







Alarms browsing







Browsing alarm







notifications







Browsing blood







oxygenation







Browsing mobile







device status







Browsing a list of







working operators







uses







uses







uses







uses







uses







uses







uses







uses







uses







uses







uses







uses







uses







uses







uses







uses







uses












_1057684114

_1057739428.vsd
Get operator's ID�

ID received?�

Check access rights �

Rights ok?�

A�

Start operator's session�

Add SCO connection
(HCI_CREATE_CONNECTION)�

�

Start data transfer�

Ready�

Connected�


_1057740531.vsd
B�

Disconnection?
(HCI_DISCONNECTION_COMPLETE_EVENT)�

Notify the operator maganer�

A�

Error message?
(HARDWARE_ERROR_EVENT)�

C�

Buffer owerflow?
(DATA_BUFFER_OVERFLOW_EVENT)�

Drop this frame�

D�


_1057747511.vsd
CLIENT�

SERVER�

ID card�

simple request package - R�

read
ID card�

ID card
data�

universal
package�


_1057754957.vsd
User Interface
main menu�

Time span selection�

On-line operator list�

Off-line operator list�

System login�

Personal data maintenance�

ID card maintenance�

Alerts editing�

User Interface�

Alert condition setup�

Operator maintenance�

Complex condition definition�

Video & audio data browsing�

Alerts maintenance�

BMP file browsing�

Camera image acquiring�

Condition properties setup�

Bluetooth hardware assignment setup�

Raw  sensor data browsing�

Overall condition browsing�

Eye motility browsing�

Custom controls�

Blood & heart data browsing�

Alerts & events browsing�

On-line analysis�

On-line data reconstruction�

Off-line analysis�


_1057747634.vsd
CLIENT�

SERVER�

simple request package - W�

ID card�

universal
package�

write
ID card�

result
�

universal
package�


_1057745735.vsd
Seq. no�

Eye X�

Eye Y�

Acc X�

Acc Y�

Eye X�

Eye Y�

Hemo�

OxyHemo�

Eye X�

Eye Y�

Abmient light�

Volatge level�

Eye X�

Eye Y�

8�

12�

12�

12�

12�

12�

12�

12�

12�

12�

12�

12�

12�

12�

12�


_1057739976.vsd
Read data from serial port�

Frame completed?�

HCI Event?�

Parse UART header�

ACL Data?�

Drop this frame�

Physiological data?�

B�

Ready�

Decode and check  data�

Add data to the opeator's buffer�

Check the outgoing message buffer�

No�

Buffer empty?�

Send message�

No�

�

�

D�


_1057739789.vsd
Bluetooth device ready�

Start�

Open the serial port�

Set baudrate at 57600bps�

Bluetooth hardware reset�

Reset confirmed?�

Clear RX buffer�

Bluetooth hardware reset�

Set new baudrate 115200bps
HCI_Ericsson_Set_UART_Baud_Rate �

New baudrate confirmed?�

Get local BD address
(HCI_READ_BD_ADDR)�

Local BD address read?
(HCI_COMMAND_COMPLETE_EVENT)�

C�


_1057726397.unknown

_1057736985.vsd
ID card API�

client program�

ID card client unit�

ID card
programmer / reader
 driver�

programmer / reader�

�

ID card�

ID card mechanical
interface�

I2C
BUS�

ID card programmer / reader unit�

RS-232�


_1057738854.vsd
Bluetooth device ready�

Inquire�

Check BD_Addr �

Inquiry response?
(HCI_INQUIRY_RESULT_EVENT)�

Inquiry timeout?
(HCI_INQUIRY_COMPLETE_EVENT)�

BlueEyes device found?�

Inquiry cancel
(HCI_INQUIRY_CANCEL)�

Create ACL connection
(HCI_CREATE_CONNECTION)�

Connection established?
(HCI_CONNECTION_COMPLETE)�

Inquiry start
(HCI_WRITE_SCAN_MODE)�

Connection
authentication
(HCI_PIN_CODE_REQUEST_EVENT, HCI_PIN_CODE_REQUEST_REPLY)�

Yes�

Authentication succecfull?
(HCI_LINK_KEY_NOTIFICATION_EVENT)�

Disconnect
(HCI_DISCONNECT)�

�

Enable encryption
(HCI_WRITE_ENCRYPTION_MODE)�

Connected�

A�


_1057736785.vsd
IP based network�

ID card API�

client program�

ID card TCP/IP client�

�

�

ID card API�

ID card client unit�

ID card TCP/IP server�

ID card
programmer/ reader
 driver�

RS-232�

programmer / reader�

�

ID card�

ID card mechanical
interface�

I2C BUS�

ID card server unit�

ID card programmer / reader unit�


_1057684181.vsd
Microcontroller main board�

Power supply�

CONN1�

CONN2�

CONN1�

LCD�

CONN2�

CONN3�

Bluetooth module�

USB�

PCM codec�

CONN1�

jumper�

CONN7�

CONN2�

serial�

CONN5�

Keyboard�

CONN4�

ID-card interface�

CONN6�

Jazz sensor
microcontroller�

X1�

X2�

microphone�

earphone�


_1057681710

_1057682933

_1057663317

_1057681182

_1056140555.vsd


CSU adapter�

CONN2�

CONN3�

CONN1�

PC�

Bluetooth module�

USB�

PCM codec�

CONN1�

jumper�

parallel port�

CONN2�

serial port�

USB�

serial�

speaker out�

line in�

X1�

X2�


_1049887258.unknown

_1049989722.xls
Wykres1

		4504

		4504

		4509

		4509

		4514

		4514

		4519

		4519

		4524

		4524

		4529

		4529

		4534

		4534

		4539

		4539

		4544

		4544

		4549

		4549

		4554

		4554

		4559

		4559

		4564

		4564

		4569

		4569

		4574

		4574

		4579

		4579

		4584

		4584

		4589

		4589

		4594

		4594

		4599

		4599

		4600

		4604

		4604

		4609

		4609

		4614

		4614

		4619

		4619

		4624

		4624

		4629

		4629

		4634

		4634

		4639

		4639

		4644

		4644

		4649

		4649

		4654

		4654

		4659

		4659

		4664

		4664

		4669

		4669

		4674

		4674

		4679

		4679

		4684

		4684

		4689

		4689

		4694

		4694

		4699

		4699

		4700

		4704

		4704

		4709

		4709

		4714

		4714

		4719

		4719

		4724

		4724

		4729

		4729

		4734

		4734

		4739

		4739

		4744

		4744

		4749

		4749

		4754

		4754

		4759

		4759

		4764

		4764

		4769

		4769

		4774

		4774

		4779

		4779

		4784

		4784

		4789

		4789

		4794

		4794

		4799

		4799

		4800

		4804

		4804

		4809

		4809

		4814

		4814

		4819

		4819

		4824

		4824

		4829

		4829

		4834

		4834

		4839

		4839

		4844

		4844

		4849

		4849

		4854

		4854

		4859

		4859

		4864

		4864

		4869

		4869

		4874

		4874

		4879

		4879

		4884

		4884

		4889

		4889

		4894

		4894

		4899

		4899

		4904

		4904

		4909

		4909

		4914

		4914

		4919

		4919

		4924

		4924

		4929

		4929

		4934

		4934

		4939

		4939

		4944

		4944

		4949

		4949

		4954

		4954

		4959

		4959

		4964

		4964

		4969

		4969

		4974

		4974

		4979

		4979

		4984

		4984

		4989

		4989

		4994

		4994

		4999

		4999

		5004

		5004

		5009

		5009

		5014

		5014

		5019

		5019

		5024

		5024

		5029

		5029

		5034

		5034

		5039

		5039

		5044

		5044

		5049

		5049

		5054

		5054

		5059

		5059

		5064

		5064

		5069

		5069

		5074

		5074

		5079

		5079

		5084

		5084

		5089

		5089

		5094

		5094

		5099

		5099

		5104

		5104

		5109

		5109

		5114

		5114

		5119

		5119

		5124

		5124

		5129

		5129

		5134

		5134

		5139

		5139

		5144

		5144

		5149

		5149

		5154

		5154

		5159

		5159

		5164

		5164

		5169

		5169

		5174

		5174

		5179

		5179

		5184

		5184

		5189

		5189

		5194

		5194

		5199

		5199

		5204

		5204

		5209

		5209

		5214

		5214

		5219

		5219

		5224

		5224

		5229

		5229

		5234

		5234

		5239

		5239

		5244

		5244

		5249

		5249

		5254

		5254

		5259

		5259

		5264

		5264

		5269

		5269

		5274

		5274

		5279

		5279

		5284

		5284

		5289

		5289

		5294

		5294

		5299

		5299

		5300

		5304

		5304

		5309

		5309

		5314

		5314

		5319

		5319

		5324

		5324

		5329

		5329

		5334

		5334

		5339

		5339

		5344

		5344

		5349

		5349

		5354

		5354

		5359

		5359

		5364

		5364

		5369

		5369

		5374

		5374

		5379

		5379

		5384

		5384

		5389

		5389

		5394

		5394

		5399

		5399

		5400

		5404

		5404

		5409

		5409

		5414

		5414

		5419

		5419

		5424

		5424

		5429

		5429

		5434

		5434

		5439

		5439

		5444

		5444

		5449

		5449

		5454

		5454

		5459

		5459

		5464

		5464

		5469

		5469

		5474

		5474

		5479

		5479

		5484

		5484

		5489

		5489

		5494

		5494

		5499

		5499

		5500

		5504

		5504

		5509

		5509

		5514

		5514

		5519

		5519

		5524

		5524

		5529

		5529

		5534

		5534

		5539

		5539

		5544

		5544

		5549

		5549



Time

Oxyhemoglobin

1551

1551

1544

1544

1545

1545

1533

1533

1538

1538

1538

1538

1521

1521

1537

1537

1530

1530

1535

1535

1521

1521

1514

1514

1531

1531

1514

1514

1547

1547

1540

1540

1561

1561

1568

1568

1583

1583

1617

1617

1622

1630

1630

1640

1640

1661

1661

1683

1683

1673

1673

1711

1711

1721

1721

1733

1733

1741

1741

1765

1765

1784

1784

1774

1774

1805

1805

1823

1823

1842

1842

1861

1861

1868

1868

1904

1904

1925

1925

1923

1923

1931

1943

1943

1939

1939

1918

1918

1890

1890

1854

1854

1828

1828

1795

1795

1766

1766

1746

1746

1688

1688

1647

1647

1635

1635

1621

1621

1615

1615

1619

1619

1618

1618

1616

1616

1594

1594

1613

1613

1613

1613

1606

1606

1606

1613

1613

1615

1615

1609

1609

1611

1611

1627

1627

1643

1643

1630

1630

1627

1627

1636

1636

1647

1647

1660

1660

1684

1684

1687

1687

1699

1699

1713

1713

1737

1737

1756

1756

1758

1758

1789

1789

1814

1814

1808

1808

1809

1809

1847

1847

1848

1848

1867

1867

1881

1881

1898

1898

1904

1904

1899

1899

1861

1861

1844

1844

1814

1814

1788

1788

1755

1755

1720

1720

1690

1690

1678

1678

1651

1651

1626

1626

1615

1615

1612

1612

1608

1608

1595

1595

1562

1562

1580

1580

1566

1566

1572

1572

1580

1580

1589

1589

1597

1597

1614

1614

1621

1621

1643

1643

1659

1659

1686

1686

1701

1701

1722

1722

1724

1724

1745

1745

1770

1770

1754

1754

1753

1753

1769

1769

1765

1765

1791

1791

1793

1793

1819

1819

1834

1834

1840

1840

1840

1840

1870

1870

1878

1878

1881

1881

1857

1857

1817

1817

1771

1771

1747

1747

1722

1722

1682

1682

1655

1655

1638

1638

1624

1624

1608

1608

1593

1593

1584

1584

1583

1583

1584

1584

1586

1586

1589

1589

1558

1558

1553

1553

1530

1530

1557

1557

1553

1553

1568

1568

1603

1603

1608

1608

1628

1628

1633

1633

1624

1653

1653

1660

1660

1669

1669

1679

1679

1688

1688

1703

1703

1734

1734

1736

1736

1759

1759

1761

1761

1792

1792

1827

1827

1834

1834

1865

1865

1880

1880

1898

1898

1905

1905

1889

1889

1852

1852

1818

1818

1806

1764

1764

1743

1743

1726

1726

1708

1708

1674

1674

1642

1642

1638

1638

1641

1641

1612

1612

1594

1594

1603

1603

1590

1590

1576

1576

1570

1570

1564

1564

1580

1580

1580

1580

1559

1559

1542

1542

1548

1548

1551

1566

1566

1568

1568

1573

1573

1547

1547

1532

1532

1555

1555

1572

1572

1581

1581

1587

1587

1606

1606



PULSE

		4		2032		2032		0

		4		2032		2032		0

		9		2048		2048		0

		9		2048		2048		0

		14		2019		2019		0

		14		2019		2019		0

		19		1967		1967		0

		24		1945		1945		104

		24		1945		1945		104

		29		1913		1913		104

		34		1893		1893		104

		34		1893		1893		104

		39		1860		1860		104

		39		1860		1860		104

		44		1854		1854		104

		44		1854		1854		104

		49		1834		1834		104

		49		1834		1834		104

		54		1812		1812		104

		54		1812		1812		104

		59		1830		1830		104

		59		1830		1830		104

		64		1811		1811		143

		64		1811		1811		143

		69		1817		1817		143

		69		1817		1817		143

		74		1812		1812		143

		74		1812		1812		143

		79		1813		1813		143

		79		1813		1813		143

		84		1801		1801		143

		84		1801		1801		143

		89		1786		1786		143

		89		1786		1786		77

		94		1787		1787		77

		94		1787		1787		77

		99		1795		1795		109

		99		1795		1795		109

		100		1795		1795		109

		104		1814		1814		109

		104		1814		1814		109

		109		1839		1839		109

		109		1839		1839		109

		114		1848		1848		109

		114		1848		1848		109

		119		1874		1874		109

		119		1874		1874		109

		124		1887		1887		109

		124		1887		1887		109

		129		1903		1903		109

		129		1903		1903		109

		134		1915		1915		109

		134		1915		1915		109

		139		1914		1914		109

		139		1914		1914		109

		144		1930		1930		154

		144		1930		1930		154

		149		1943		1943		154

		149		1943		1943		172

		154		1960		1960		172

		154		1960		1960		172

		159		1973		1973		172

		159		1973		1973		172

		164		1989		1989		172

		164		1989		1989		172

		329		1902		1902		172

		329		1902		1902		186

		334		1927		1927		186

		334		1927		1927		186

		339		1919		1919		199

		339		1919		1919		199

		344		1938		1938		199

		344		1938		1938		199

		349		1952		1952		199

		349		1952		1952		199

		354		1963		1963		199

		354		1963		1963		199

		359		1979		1979		199

		359		1979		1979		199

		364		1979		1979		199

		364		1979		1979		199

		369		2009		2009		199

		369		2009		2009		199

		374		2028		2028		199

		374		2028		2028		199

		379		2032		2032		199

		379		2032		2032		199

		384		2049		2049		199

		384		2049		2049		199

		389		2060		2060		199

		389		2060		2060		199

		394		2048		2048		199

		394		2048		2048		224

		399		1988		1988		224

		399		1988		1988		224

		400		1988		1988		224

		404		1958		1958		224

		404		1958		1958		224

		409		1944		1944		224

		409		1944		1944		224

		414		1909		1909		224

		414		1909		1909		224

		419		1885		1885		224

		419		1885		1885		224

		424		1851		1851		224

		424		1851		1851		224

		429		1811		1811		224

		429		1811		1811		224

		434		1793		1793		224

		434		1793		1793		224

		439		1779		1779		224

		439		1779		1779		224

		444		1774		1774		224

		444		1774		1774		224

		449		1764		1764		224

		449		1764		1764		224

		454		1760		1760		224

		454		1760		1760		224

		459		1771		1771		224

		459		1771		1771		231

		464		1757		1757		231

		464		1757		1757		231

		469		1752		1752		231

		469		1752		1752		231

		474		1771		1771		231

		474		1771		1771		231

		479		1753		1753		231

		479		1753		1753		231

		484		1776		1776		213

		484		1776		1776		213

		489		1778		1778		213

		489		1778		1778		258

		494		1764		1764		258

		494		1764		1764		258

		499		1775		1775		258

		499		1775		1775		258

		500		1785		1785		258

		504		1786		1786		258

		504		1786		1786		258

		509		1797		1797		258

		509		1797		1797		258

		514		1810		1810		258

		514		1810		1810		258

		519		1825		1825		258

		519		1825		1825		258

		524		1834		1834		258

		524		1834		1834		258

		529		1853		1853		258

		529		1853		1853		258

		534		1871		1871		258

		534		1871		1871		258

		539		1874		1874		258

		539		1874		1874		258

		544		1898		1898		258

		544		1898		1898		258

		549		1915		1915		258

		549		1915		1915		258

		554		1924		1924		258

		554		1924		1924		258

		559		1949		1949		258

		559		1949		1949		258

		564		1943		1943		258

		564		1943		1943		258

		569		1966		1966		249

		569		1966		1966		249

		574		1975		1975		249

		574		1975		1975		195

		579		1954		1954		195

		579		1954		1954		195

		584		1921		1921		195

		584		1921		1921		195

		589		1910		1910		195

		589		1910		1910		195

		594		1857		1857		195

		594		1857		1857		195

		599		1835		1835		195

		599		1835		1835		195

		604		1801		1801		195

		604		1801		1801		195

		609		1762		1762		195

		609		1762		1762		195

		614		1727		1727		195

		614		1727		1727		195

		619		1679		1679		195

		619		1679		1679		195

		624		1651		1651		195

		624		1651		1651		195

		629		1633		1633		195

		629		1633		1633		195

		634		1621		1621		195

		634		1621		1621		195

		639		1617		1617		195

		639		1617		1617		195

		644		1607		1607		195

		644		1607		1607		195

		649		1587		1587		195

		649		1587		1587		195

		654		1586		1586		195

		654		1586		1586		195

		659		1586		1586		195

		659		1586		1586		195

		664		1582		1582		195

		664		1582		1582		195

		669		1574		1574		195

		669		1574		1574		195

		674		1596		1596		195

		674		1596		1596		195

		679		1611		1611		195

		679		1611		1611		195

		684		1633		1633		195

		684		1633		1633		195

		689		1652		1652		195

		689		1652		1652		195

		694		1668		1668		195

		694		1668		1668		195

		699		1664		1664		195

		699		1664		1664		195

		704		1708		1708		175

		704		1708		1708		175

		709		1698		1698		175

		709		1698		1698		144

		714		1729		1729		144

		714		1729		1729		144

		719		1739		1739		144

		719		1739		1739		144

		724		1730		1730		144

		724		1730		1730		144

		729		1760		1760		144

		729		1760		1760		144

		734		1786		1786		144

		734		1786		1786		144

		739		1797		1797		144

		739		1797		1797		144

		744		1817		1817		144

		744		1817		1817		144

		749		1826		1826		144

		749		1826		1826		144

		754		1844		1844		144

		754		1844		1844		144

		759		1859		1859		144

		759		1859		1859		144

		764		1885		1885		144

		764		1885		1885		144

		769		1913		1913		144

		769		1913		1913		144

		774		1916		1916		144

		774		1916		1916		144

		779		1902		1902		144

		779		1902		1902		158

		784		1858		1858		158

		784		1858		1858		158

		789		1821		1821		158

		789		1821		1821		158

		794		1778		1778		158

		794		1778		1778		158

		799		1747		1747		158

		799		1747		1747		158

		800		1735		1735		158

		804		1700		1700		158

		804		1700		1700		158

		809		1658		1658		158

		809		1658		1658		158

		814		1615		1615		158

		814		1615		1615		158

		819		1593		1593		158

		819		1593		1593		158

		824		1567		1567		158

		824		1567		1567		158

		829		1560		1560		158

		829		1560		1560		158

		834		1571		1571		158

		834		1571		1571		160

		839		1567		1567		160

		839		1567		1567		160

		844		1563		1563		160

		844		1563		1563		160

		849		1553		1553		160

		849		1553		1553		160

		854		1556		1556		160

		854		1556		1556		160

		859		1553		1553		160

		859		1553		1553		160

		864		1564		1564		160

		864		1564		1564		160

		869		1574		1574		160

		869		1574		1574		160

		874		1581		1581		160

		874		1581		1581		160

		879		1588		1588		160

		879		1588		1588		160

		884		1596		1596		160

		884		1596		1596		160

		889		1599		1599		160

		889		1599		1599		160

		894		1609		1609		160

		894		1609		1609		160

		899		1633		1633		160

		899		1633		1633		160

		904		1638		1638		160

		904		1638		1638		160

		909		1645		1645		160

		909		1645		1645		160

		914		1658		1658		160

		914		1658		1658		160

		919		1668		1668		160

		919		1668		1668		160

		924		1718		1718		160

		924		1718		1718		160

		929		1720		1720		160

		929		1720		1720		160

		934		1745		1745		160

		934		1745		1745		160

		939		1761		1761		160

		939		1761		1761		160

		944		1771		1771		160

		944		1771		1771		160

		949		1777		1777		160

		949		1777		1777		160

		954		1787		1787		160

		954		1787		1787		160

		959		1823		1823		160

		959		1823		1823		160

		964		1839		1839		160

		964		1839		1839		160

		969		1858		1858		160

		969		1858		1858		160

		974		1901		1901		160

		974		1901		1901		160

		979		1915		1915		160

		979		1915		1915		160

		984		1934		1934		160

		984		1934		1934		160

		989		1881		1881		160

		989		1881		1881		138

		994		1844		1844		138

		994		1844		1844		138

		999		1810		1810		138

		999		1810		1810		138

		1000		1803		1803		138

		1004		1765		1765		138

		1004		1765		1765		138

		1009		1734		1734		138

		1009		1734		1734		138

		1014		1697		1697		138

		1014		1697		1697		138

		1019		1647		1647		138

		1019		1647		1647		138

		1024		1636		1636		138

		1024		1636		1636		138

		1029		1619		1619		138

		1029		1619		1619		138

		1034		1593		1593		138

		1034		1593		1593		138

		1039		1599		1599		138

		1039		1599		1599		138

		1044		1591		1591		129

		1044		1591		1591		129

		1049		1597		1597		129

		1049		1597		1597		129

		1054		1594		1594		129

		1054		1594		1594		129

		1059		1587		1587		129

		1059		1587		1587		129

		1064		1587		1587		142

		1064		1587		1587		142

		1069		1579		1579		142

		1069		1579		1579		142

		1074		1596		1596		142

		1074		1596		1596		142

		1079		1600		1600		142

		1079		1600		1600		142

		1084		1604		1604		142

		1084		1604		1604		142

		1089		1617		1617		142

		1089		1617		1617		142

		1094		1625		1625		142

		1094		1625		1625		142

		1099		1631		1631		142

		1099		1631		1631		142

		1104		1640		1640		142

		1104		1640		1640		142

		1109		1673		1673		142

		1109		1673		1673		142

		1114		1697		1697		142

		1114		1697		1697		142

		1119		1719		1719		142

		1119		1719		1719		142

		1124		1732		1732		142

		1124		1732		1732		142

		1129		1745		1745		142

		1129		1745		1745		142

		1134		1756		1756		142

		1134		1756		1756		142

		1139		1759		1759		142

		1139		1759		1759		142

		1144		1791		1791		142

		1144		1791		1791		142

		1149		1802		1802		142

		1149		1802		1802		142

		1154		1828		1828		142

		1154		1828		1828		142

		1159		1855		1855		142

		1159		1855		1855		142

		1164		1873		1873		142

		1164		1873		1873		142

		1169		1897		1897		142

		1169		1897		1897		142

		1174		1929		1929		142

		1174		1929		1929		142

		1179		1938		1938		142

		1179		1938		1938		142

		1184		1956		1956		142

		1184		1956		1956		142

		1189		1989		1989		142

		1189		1989		1989		142

		1194		1983		1983		142

		1194		1983		1983		142

		1199		1965		1965		142

		1199		1965		1965		142

		1204		1910		1910		142

		1204		1910		1910		142

		1209		1882		1882		142

		1209		1882		1882		142

		1214		1854		1854		142

		1214		1854		1854		142

		1219		1814		1814		142

		1219		1814		1814		142

		1224		1786		1786		142

		1224		1786		1786		142

		1229		1768		1768		142

		1229		1768		1768		142

		1234		1716		1716		142

		1234		1716		1716		142

		1239		1693		1693		142

		1239		1693		1693		142

		1244		1687		1687		142

		1244		1687		1687		142

		1249		1669		1669		142

		1249		1669		1669		142

		1254		1663		1663		142

		1254		1663		1663		142

		1259		1656		1656		142

		1259		1656		1656		142

		1264		1660		1660		142

		1264		1660		1660		142

		1269		1654		1654		130

		1269		1654		1654		130

		1274		1658		1658		130

		1274		1658		1658		130

		1279		1647		1647		130

		1279		1647		1647		130

		1284		1652		1652		130

		1284		1652		1652		130

		1289		1659		1659		130

		1289		1659		1659		130

		1294		1667		1667		130

		1294		1667		1667		130

		1299		1681		1681		130

		1299		1681		1681		130

		1300		1682		1682		130

		1304		1687		1687		130

		1304		1687		1687		130

		1309		1707		1707		130

		1309		1707		1707		130

		1314		1706		1706		130

		1314		1706		1706		130

		1319		1739		1739		111

		1319		1739		1739		111

		1324		1760		1760		111

		1324		1760		1760		111

		1329		1763		1763		111

		1329		1763		1763		111

		1334		1768		1768		111

		1334		1768		1768		111

		1339		1777		1777		111

		1339		1777		1777		111

		1344		1789		1789		111

		1344		1789		1789		111

		1349		1816		1816		111

		1349		1816		1816		111

		1354		1831		1831		111

		1354		1831		1831		111

		1359		1849		1849		111

		1359		1849		1849		111

		1364		1859		1859		111

		1364		1859		1859		111

		1369		1893		1893		111

		1369		1893		1893		111

		1374		1913		1913		111

		1374		1913		1913		111

		1379		1922		1922		111

		1379		1922		1922		111

		1384		1942		1942		111

		1384		1942		1942		111

		1389		1965		1965		111

		1389		1965		1965		111

		1394		1968		1968		111

		1394		1968		1968		111

		1399		1990		1990		111

		1399		1990		1990		111

		1404		1999		1999		111

		1404		1999		1999		111

		1409		2034		2034		111

		1409		2034		2034		111

		1414		2004		2004		111

		1414		2004		2004		111

		1419		1953		1953		111

		1419		1953		1953		111

		1424		1929		1929		111

		1424		1929		1929		111

		1429		1915		1915		111

		1429		1915		1915		111

		1434		1908		1908		111

		1434		1908		1908		111

		1439		1896		1896		111

		1439		1896		1896		111

		1444		1888		1888		111

		1444		1888		1888		111

		1449		1878		1878		111

		1449		1878		1878		111

		1454		1853		1853		111

		1454		1853		1853		111

		1459		1836		1836		111

		1459		1836		1836		111

		1464		1812		1812		111

		1464		1812		1812		111

		1469		1798		1798		111

		1469		1798		1798		111

		1474		1800		1800		111

		1474		1800		1800		111

		1479		1785		1785		103

		1479		1785		1785		103

		1484		1772		1772		103

		1484		1772		1772		103

		1489		1770		1770		103

		1489		1770		1770		103

		1494		1767		1767		103

		1494		1767		1767		103

		1499		1755		1755		103

		1499		1755		1755		103

		1500		1746		1746		103

		1504		1771		1771		103

		1504		1771		1771		103

		1509		1793		1793		103

		1509		1793		1793		103

		1514		1793		1793		103

		1514		1793		1793		103

		1519		1804		1804		103

		1519		1804		1804		103

		1524		1831		1831		103

		1524		1831		1831		103

		1529		1840		1840		103

		1529		1840		1840		103

		1534		1865		1865		103

		1534		1865		1865		103

		1539		1861		1861		103

		1539		1861		1861		103

		1544		1839		1839		98

		1544		1839		1839		98

		1549		1869		1869		98

		1549		1869		1869		98

		1554		1871		1871		98

		1554		1871		1871		98

		1559		1906		1906		98

		1559		1906		1906		98

		1564		1912		1912		98

		1564		1912		1912		98

		1569		1932		1932		98

		1569		1932		1932		98

		1574		1946		1946		98

		1574		1946		1946		98

		1579		1972		1972		98

		1579		1972		1972		98

		1584		1978		1978		98

		1584		1978		1978		98

		1589		1995		1995		98

		1589		1995		1995		98

		1594		2008		2008		98

		1594		2008		2008		98

		1599		2030		2030		98

		1599		2030		2030		98

		1604		2060		2060		98

		1604		2060		2060		98

		1609		2068		2068		98

		1609		2068		2068		98

		1614		2087		2087		98

		1614		2087		2087		98

		1619		2110		2110		98

		1619		2110		2110		98

		1624		2109		2109		98

		1624		2109		2109		98

		1629		2077		2077		98

		1629		2077		2077		98

		1634		2046		2046		98

		1634		2046		2046		98

		1639		2027		2027		98

		1639		2027		2027		98

		1644		2002		2002		98

		1644		2002		2002		98

		1649		1962		1962		98

		1649		1962		1962		98

		1654		1903		1903		98

		1654		1903		1903		98

		1659		1868		1868		98

		1659		1868		1868		98

		1664		1839		1839		98

		1664		1839		1839		98

		1669		1814		1814		98

		1669		1814		1814		98

		1674		1800		1800		98

		1674		1800		1800		98

		1679		1803		1803		98

		1679		1803		1803		98

		1684		1796		1796		91

		1684		1796		1796		91

		1689		1786		1786		91

		1689		1786		1786		91

		1694		1785		1785		91

		1694		1785		1785		91

		1699		1796		1796		91

		1699		1796		1796		91

		1700		1804		1804		91

		1704		1776		1776		91

		1704		1776		1776		73

		1709		1788		1788		73

		1709		1788		1788		73

		1714		1785		1785		73

		1714		1785		1785		73

		1719		1791		1791		73

		1719		1791		1791		73

		1724		1796		1796		73

		1724		1796		1796		73

		1729		1777		1777		73

		1729		1777		1777		73

		1734		1775		1775		73

		1734		1775		1775		73

		1739		1786		1786		73

		1739		1786		1786		73

		1744		1799		1799		73

		1744		1799		1799		73

		1749		1790		1790		73

		1749		1790		1790		73

		1754		1826		1826		73

		1754		1826		1826		73

		1759		1831		1831		73

		1759		1831		1831		73

		1764		1836		1836		73

		1764		1836		1836		73

		1769		1834		1834		73

		1769		1834		1834		73

		1774		1845		1845		73

		1774		1845		1845		73

		1779		1881		1881		73

		1779		1881		1881		73

		1784		1858		1858		73

		1784		1858		1858		73

		1789		1894		1894		73

		1789		1894		1894		73

		1794		1891		1891		73

		1794		1891		1891		84

		1799		1901		1901		84

		1799		1901		1901		84

		1804		1904		1904		84

		1804		1904		1904		84

		1809		1909		1909		84

		1809		1909		1909		84

		1814		1932		1932		84

		1814		1932		1932		84

		1819		1958		1958		84

		1819		1958		1958		84

		1824		1972		1972		84

		1824		1972		1972		84

		1829		1969		1969		84

		1829		1969		1969		84

		1834		1947		1947		91

		1834		1947		1947		91

		1839		1899		1899		91

		1839		1899		1899		91

		1844		1875		1875		91

		1844		1875		1875		91

		1849		1837		1837		91

		1849		1837		1837		91

		1854		1810		1810		91

		1854		1810		1810		91

		1859		1797		1797		91

		1859		1797		1797		91

		1864		1778		1778		91

		1864		1778		1778		91

		1869		1761		1761		91

		1869		1761		1761		91

		1874		1744		1744		91

		1874		1744		1744		91

		1879		1750		1750		91

		1879		1750		1750		91

		1884		1746		1746		91

		1884		1746		1746		91

		1889		1747		1747		91

		1889		1747		1747		91

		1894		1738		1738		91

		1894		1738		1738		91

		1899		1736		1736		91

		1899		1736		1736		91

		1900		1733		1733		91

		1904		1738		1738		91

		1904		1738		1738		92

		1909		1733		1733		92

		1909		1733		1733		92

		1914		1731		1731		92

		1914		1731		1731		92

		1919		1740		1740		92

		1919		1740		1740		92

		1924		1743		1743		92

		1924		1743		1743		92

		1929		1762		1762		92

		1929		1762		1762		92

		1934		1762		1762		92

		1934		1762		1762		92

		1939		1760		1760		92

		1939		1760		1760		96

		1944		1793		1793		96

		1944		1793		1793		96

		1949		1801		1801		96

		1949		1801		1801		96

		1954		1810		1810		96

		1954		1810		1810		96

		1959		1823		1823		96

		1959		1823		1823		96

		1964		1834		1834		96

		1964		1834		1834		96

		1969		1838		1838		96

		1969		1838		1838		96

		1974		1859		1859		96

		1974		1859		1859		96

		1979		1867		1867		96

		1979		1867		1867		96

		1984		1877		1877		96

		1984		1877		1877		96

		1989		1888		1888		96

		1989		1888		1888		96

		1994		1891		1891		96

		1994		1891		1891		96

		1999		1916		1916		96

		1999		1916		1916		96

		2004		1926		1926		96

		2004		1926		1926		96

		2009		1934		1934		96

		2009		1934		1934		96

		2014		1946		1946		96

		2014		1946		1946		96

		2019		1869		1869		96

		2019		1869		1869		96

		2024		1802		1802		96

		2024		1802		1802		96

		2029		1734		1734		96

		2029		1734		1734		96

		2034		1720		1720		96

		2034		1720		1720		96

		2039		1697		1697		96

		2039		1697		1697		96

		2044		1666		1666		96

		2044		1666		1666		96

		2049		1633		1633		96

		2049		1633		1633		96

		2054		1630		1630		96

		2054		1630		1630		96

		2059		1622		1622		96

		2059		1622		1622		96

		2064		1613		1613		96

		2064		1613		1613		96

		2069		1592		1592		96

		2069		1592		1592		96

		2074		1601		1601		96

		2074		1601		1601		96

		2079		1597		1597		99

		2079		1597		1597		99

		2084		1613		1613		99

		2084		1613		1613		99

		2089		1590		1590		99

		2089		1590		1590		99

		2094		1610		1610		99

		2094		1610		1610		99

		2099		1595		1595		99

		2099		1595		1595		99

		2104		1602		1602		99

		2104		1602		1602		98

		2109		1606		1606		98

		2109		1606		1606		98

		2114		1624		1624		98

		2114		1624		1624		98

		2119		1627		1627		98

		2119		1627		1627		98

		2124		1634		1634		98

		2124		1634		1634		98

		2129		1652		1652		98

		2129		1652		1652		98

		2134		1680		1680		98

		2134		1680		1680		98

		2139		1698		1698		98

		2139		1698		1698		98

		2144		1714		1714		98

		2144		1714		1714		98

		2149		1726		1726		98

		2149		1726		1726		98

		2154		1758		1758		98

		2154		1758		1758		98

		2159		1773		1773		98

		2159		1773		1773		98

		2164		1767		1767		98

		2164		1767		1767		98

		2169		1784		1784		98

		2169		1784		1784		98

		2174		1812		1812		98

		2174		1812		1812		112

		2179		1815		1815		112

		2179		1815		1815		112

		2184		1831		1831		112

		2184		1831		1831		112

		2189		1846		1846		112

		2189		1846		1846		112

		2194		1867		1867		112

		2194		1867		1867		112

		2199		1873		1873		112

		2199		1873		1873		112

		2200		1858		1858		112

		2204		1851		1851		122

		2204		1851		1851		122

		2209		1789		1789		122

		2209		1789		1789		122

		2214		1725		1725		122

		2214		1725		1725		122

		2219		1687		1687		122

		2219		1687		1687		122

		2224		1644		1644		122

		2224		1644		1644		122

		2229		1626		1626		122

		2229		1626		1626		122

		2234		1606		1606		122

		2234		1606		1606		122

		2239		1587		1587		122

		2239		1587		1587		122

		2244		1605		1605		122

		2244		1605		1605		122

		2249		1598		1598		122

		2249		1598		1598		122

		2254		1592		1592		122

		2254		1592		1592		122

		2259		1576		1576		122

		2259		1576		1576		122

		2264		1571		1571		122

		2264		1571		1571		122

		2269		1559		1559		122

		2269		1559		1559		122

		2274		1564		1564		122

		2274		1564		1564		122

		2279		1571		1571		128

		2279		1571		1571		128

		2284		1572		1572		128

		2284		1572		1572		128

		2289		1568		1568		128

		2289		1568		1568		128

		2294		1563		1563		128

		2294		1563		1563		128

		2299		1569		1569		128

		2299		1569		1569		128

		2300		1575		1575		128

		2304		1568		1568		128

		2304		1568		1568		136

		2309		1572		1572		136

		2309		1572		1572		136

		2314		1602		1602		136

		2314		1602		1602		136

		2319		1601		1601		136

		2319		1601		1601		136

		2324		1604		1604		136

		2324		1604		1604		136

		2329		1639		1639		136

		2329		1639		1639		136

		2334		1636		1636		136

		2334		1636		1636		136

		2339		1639		1639		136

		2339		1639		1639		136

		2344		1650		1650		136

		2344		1650		1650		136

		2349		1667		1667		136

		2349		1667		1667		136

		2359		1698		1698		136

		2359		1698		1698		136

		2364		1712		1712		136

		2364		1712		1712		136

		2369		1723		1723		136

		2369		1723		1723		136

		2374		1724		1724		136

		2374		1724		1724		136

		2379		1746		1746		136

		2379		1746		1746		136

		2384		1757		1757		136

		2384		1757		1757		136

		2389		1704		1704		136

		2389		1704		1704		136

		2394		1677		1677		136

		2394		1677		1677		136

		2399		1630		1630		136

		2399		1630		1630		136

		2404		1620		1620		136

		2404		1620		1620		136

		2409		1593		1593		136

		2409		1593		1593		136

		2414		1545		1545		136

		2414		1545		1545		136

		2419		1531		1531		136

		2419		1531		1531		136

		2424		1474		1474		136

		2424		1474		1474		136

		2429		1450		1450		136

		2429		1450		1450		136

		2434		1428		1428		136

		2434		1428		1428		136

		2439		1428		1428		136

		2439		1428		1428		136

		2444		1424		1424		136

		2444		1424		1424		136

		2449		1424		1424		136

		2449		1424		1424		136

		2454		1407		1407		136

		2454		1407		1407		136

		2459		1418		1418		136

		2459		1418		1418		136

		2464		1420		1420		127

		2464		1420		1420		127

		2469		1391		1391		127

		2469		1391		1391		127

		2474		1386		1386		127

		2474		1386		1386		127

		2479		1399		1399		127

		2479		1399		1399		127

		2484		1419		1419		127

		2484		1419		1419		127

		2489		1395		1395		127

		2489		1395		1395		121

		2494		1431		1431		121

		2494		1431		1431		121

		2499		1441		1441		121

		2499		1441		1441		121

		2500		1448		1448		121

		2504		1469		1469		121

		2504		1469		1469		121

		2509		1480		1480		121

		2509		1480		1480		121

		2514		1500		1500		121

		2514		1500		1500		121

		2519		1507		1507		121

		2519		1507		1507		121

		2524		1516		1516		121

		2524		1516		1516		121

		2529		1508		1508		121

		2529		1508		1508		121

		2534		1531		1531		121

		2534		1531		1531		121

		2539		1540		1540		121

		2539		1540		1540		121

		2544		1561		1561		121

		2544		1561		1561		121

		2549		1566		1566		121

		2549		1566		1566		121

		2554		1588		1588		121

		2554		1588		1588		121

		2559		1611		1611		121

		2559		1611		1611		121

		2564		1632		1632		121

		2564		1632		1632		121

		2569		1642		1642		121

		2569		1642		1642		121

		2574		1629		1629		121

		2574		1629		1629		121

		2579		1592		1592		121

		2579		1592		1592		121

		2584		1535		1535		121

		2584		1535		1535		121

		2589		1462		1462		121

		2589		1462		1462		121

		2594		1415		1415		121

		2594		1415		1415		121

		2599		1361		1361		121

		2599		1361		1361		121

		2604		1332		1332		121

		2604		1332		1332		121

		2609		1304		1304		121

		2609		1304		1304		121

		2614		1278		1278		121

		2614		1278		1278		121

		2619		1265		1265		121

		2619		1265		1265		121

		2624		1259		1259		121

		2624		1259		1259		121

		2629		1271		1271		121

		2629		1271		1271		114

		2634		1270		1270		114

		2634		1270		1270		114

		2639		1268		1268		114

		2639		1268		1268		114

		2644		1260		1260		114

		2644		1260		1260		114

		2649		1252		1252		114

		2649		1252		1252		114

		2654		1273		1273		114

		2654		1273		1273		114

		2659		1270		1270		114

		2659		1270		1270		114

		2664		1279		1279		106

		2664		1279		1279		106

		2669		1297		1297		106

		2669		1297		1297		106

		2674		1299		1299		106

		2674		1299		1299		106

		2679		1312		1312		106

		2679		1312		1312		106

		2684		1306		1306		106

		2684		1306		1306		106

		2689		1326		1326		106

		2689		1326		1326		106

		2694		1346		1346		106

		2694		1346		1346		106

		2699		1363		1363		106

		2699		1363		1363		106

		2700		1364		1364		106

		2704		1376		1376		106

		2704		1376		1376		106

		2709		1389		1389		106

		2709		1389		1389		106

		2714		1405		1405		106

		2714		1405		1405		106

		2719		1430		1430		106

		2719		1430		1430		106

		2724		1466		1466		106

		2724		1466		1466		106

		2729		1477		1477		106

		2729		1477		1477		106

		2734		1497		1497		106

		2734		1497		1497		106

		2739		1518		1518		106

		2739		1518		1518		106

		2744		1533		1533		106

		2744		1533		1533		106

		2749		1556		1556		106

		2749		1556		1556		106

		2754		1584		1584		106

		2754		1584		1584		106

		2759		1607		1607		106

		2759		1607		1607		106

		2764		1622		1622		106

		2764		1622		1622		106

		2769		1608		1608		106

		2769		1608		1608		106

		2774		1561		1561		106

		2774		1561		1561		106

		2779		1524		1524		106

		2779		1524		1524		106

		2784		1499		1499		106

		2784		1499		1499		106

		2789		1456		1456		106

		2789		1456		1456		106

		2794		1422		1422		106

		2794		1422		1422		106

		2799		1395		1395		106

		2799		1395		1395		106

		2800		1386		1386		106

		2804		1366		1366		106

		2804		1366		1366		106

		2809		1355		1355		106

		2809		1355		1355		106

		2814		1355		1355		106

		2814		1355		1355		106

		2819		1331		1331		106

		2819		1331		1331		106

		2824		1298		1298		106

		2824		1298		1298		106

		2829		1283		1283		106

		2829		1283		1283		106

		2834		1250		1250		106

		2834		1250		1250		106

		2839		1237		1237		106

		2839		1237		1237		106

		2844		1256		1256		106

		2844		1256		1256		104

		2849		1257		1257		104

		2849		1257		1257		104

		2854		1248		1248		104

		2854		1248		1248		104

		2859		1273		1273		104

		2859		1273		1273		104

		2864		1290		1290		104

		2864		1290		1290		104

		2869		1298		1298		104

		2869		1298		1298		104

		2874		1289		1289		104

		2874		1289		1289		101

		2879		1324		1324		101

		2879		1324		1324		101

		2884		1336		1336		101

		2884		1336		1336		101

		2889		1377		1377		101

		2889		1377		1377		101

		2894		1385		1385		101

		2894		1385		1385		101

		2899		1400		1400		101

		2899		1400		1400		101

		2900		1411		1411		101

		2904		1434		1434		101

		2904		1434		1434		101

		2909		1446		1446		101

		2909		1446		1446		101

		2914		1459		1459		101

		2914		1459		1459		101

		2919		1480		1480		101

		2919		1480		1480		101

		2924		1512		1512		101

		2924		1512		1512		101

		2929		1529		1529		101

		2929		1529		1529		101

		2934		1554		1554		101

		2934		1554		1554		101

		2939		1565		1565		101

		2939		1565		1565		101

		2944		1589		1589		101

		2944		1589		1589		101

		2949		1605		1605		101

		2949		1605		1605		101

		2954		1622		1622		101

		2954		1622		1622		101

		2959		1640		1640		101

		2959		1640		1640		101

		2964		1597		1597		101

		2964		1597		1597		101

		2969		1565		1565		101

		2969		1565		1565		101

		2974		1541		1541		101

		2974		1541		1541		101

		2979		1500		1500		101

		2979		1500		1500		101

		2984		1479		1479		101

		2984		1479		1479		101

		2989		1454		1454		101

		2989		1454		1454		101

		2994		1446		1446		101

		2994		1446		1446		101

		2999		1443		1443		101

		2999		1443		1443		101

		3004		1442		1442		101

		3004		1442		1442		101

		3009		1435		1435		101

		3009		1435		1435		101

		3014		1429		1429		101

		3014		1429		1429		101

		3019		1454		1454		101

		3019		1454		1454		93

		3024		1445		1445		93

		3024		1445		1445		93

		3029		1452		1452		93

		3029		1452		1452		93

		3034		1457		1457		93

		3034		1457		1457		93

		3039		1457		1457		93

		3039		1457		1457		93

		3044		1459		1459		93

		3044		1459		1459		93

		3049		1463		1463		93

		3049		1463		1463		93

		3054		1471		1471		93

		3054		1471		1471		93

		3059		1482		1482		93

		3059		1482		1482		93

		3064		1504		1504		93

		3064		1504		1504		93

		3069		1513		1513		93

		3069		1513		1513		93

		3074		1532		1532		93

		3074		1532		1532		93

		3079		1533		1533		93

		3079		1533		1533		93

		3084		1553		1553		93

		3084		1553		1553		93

		3089		1561		1561		93

		3089		1561		1561		93

		3094		1561		1561		93

		3094		1561		1561		93

		3099		1587		1587		93

		3099		1587		1587		93

		3104		1612		1612		93

		3104		1612		1612		93

		3109		1629		1629		93

		3109		1629		1629		93

		3114		1648		1648		93

		3114		1648		1648		93

		3119		1667		1667		93

		3119		1667		1667		93

		3124		1682		1682		93

		3124		1682		1682		93

		3129		1709		1709		93

		3129		1709		1709		93

		3134		1735		1735		93

		3134		1735		1735		93

		3139		1748		1748		93

		3139		1748		1748		93

		3144		1777		1777		93

		3144		1777		1777		93

		3149		1767		1767		93

		3149		1767		1767		93

		3154		1753		1753		79

		3154		1753		1753		79

		3159		1711		1711		79

		3159		1711		1711		79

		3164		1690		1690		79

		3164		1690		1690		79

		3169		1671		1671		79

		3169		1671		1671		79

		3174		1651		1651		79

		3174		1651		1651		79

		3179		1635		1635		79

		3179		1635		1635		79

		3184		1607		1607		79

		3184		1607		1607		79

		3189		1602		1602		79

		3189		1602		1602		79

		3194		1594		1594		79

		3194		1594		1594		79

		3199		1586		1586		79

		3199		1586		1586		79

		3204		1587		1587		79

		3204		1587		1587		79

		3209		1570		1570		77

		3209		1570		1570		77

		3214		1587		1587		77

		3214		1587		1587		77

		3219		1587		1587		77

		3219		1587		1587		77

		3224		1576		1576		77

		3224		1576		1576		77

		3229		1581		1581		77

		3229		1581		1581		77

		3234		1569		1569		77

		3234		1569		1569		77

		3239		1560		1560		77

		3239		1560		1560		77

		3244		1573		1573		77

		3244		1573		1573		77

		3249		1589		1589		77

		3249		1589		1589		77

		3254		1599		1599		77

		3254		1599		1599		77

		3259		1615		1615		77

		3259		1615		1615		77

		3264		1627		1627		77

		3264		1627		1627		77

		3269		1638		1638		77

		3269		1638		1638		77

		3274		1636		1636		77

		3274		1636		1636		77

		3279		1652		1652		85

		3279		1652		1652		85

		3284		1679		1679		85

		3284		1679		1679		85

		3289		1683		1683		85

		3289		1683		1683		85

		3294		1702		1702		85

		3294		1702		1702		85

		3299		1725		1725		85

		3299		1725		1725		85

		3300		1728		1728		85

		3304		1733		1733		85

		3304		1733		1733		85

		3309		1736		1736		85

		3309		1736		1736		85

		3314		1770		1770		85

		3314		1770		1770		85

		3319		1781		1781		85

		3319		1781		1781		85

		3324		1791		1791		85

		3324		1791		1791		85

		3329		1822		1822		85

		3329		1822		1822		85

		3334		1841		1841		85

		3334		1841		1841		85

		3339		1862		1862		85

		3339		1862		1862		85

		3344		1873		1873		85

		3344		1873		1873		85

		3349		1869		1869		85

		3349		1869		1869		85

		3354		1832		1832		85

		3354		1832		1832		85

		3359		1802		1802		85

		3359		1802		1802		85

		3364		1775		1775		85

		3364		1775		1775		85

		3369		1764		1764		85

		3369		1764		1764		85

		3374		1744		1744		85

		3374		1744		1744		85

		3379		1730		1730		85

		3379		1730		1730		85

		3384		1685		1685		85

		3384		1685		1685		85

		3389		1671		1671		85

		3389		1671		1671		85

		3394		1658		1658		85

		3394		1658		1658		85

		3399		1640		1640		85

		3399		1640		1640		85

		3404		1637		1637		85

		3404		1637		1637		85

		3409		1640		1640		85

		3409		1640		1640		85

		3414		1625		1625		84

		3414		1625		1625		84

		3419		1618		1618		84

		3419		1618		1618		84

		3424		1608		1608		84

		3424		1608		1608		84

		3429		1594		1594		84

		3429		1594		1594		84

		3434		1602		1602		84

		3434		1602		1602		84

		3439		1609		1609		84

		3439		1609		1609		84

		3444		1620		1620		84

		3444		1620		1620		84

		3449		1633		1633		84

		3449		1633		1633		84

		3454		1649		1649		84

		3454		1649		1649		84

		3459		1651		1651		84

		3459		1651		1651		84

		3464		1664		1664		84

		3464		1664		1664		84

		3469		1677		1677		84

		3469		1677		1677		84

		3474		1701		1701		84

		3474		1701		1701		84

		3479		1707		1707		84

		3479		1707		1707		84

		3484		1739		1739		84

		3484		1739		1739		84

		3489		1749		1749		84

		3489		1749		1749		84

		3494		1767		1767		84

		3494		1767		1767		84

		3499		1792		1792		84

		3499		1792		1792		84

		3504		1780		1780		84

		3504		1780		1780		84

		3509		1805		1805		75

		3509		1805		1805		75

		3514		1817		1817		75

		3514		1817		1817		75

		3519		1810		1810		75

		3519		1810		1810		75

		3524		1803		1803		75

		3524		1803		1803		75

		3529		1828		1828		75

		3529		1828		1828		83

		3534		1852		1852		83

		3534		1852		1852		83

		3539		1867		1867		83

		3539		1867		1867		83

		3544		1893		1893		83

		3544		1893		1893		83

		3549		1918		1918		83

		3549		1918		1918		83

		3554		1895		1895		83

		3554		1895		1895		83

		3559		1861		1861		83

		3559		1861		1861		83

		3564		1823		1823		83

		3564		1823		1823		83

		3569		1775		1775		83

		3569		1775		1775		83

		3574		1701		1701		83

		3574		1701		1701		83

		3579		1641		1641		83

		3579		1641		1641		83

		3584		1601		1601		83

		3584		1601		1601		83

		3589		1593		1593		83

		3589		1593		1593		83

		3594		1546		1546		83

		3594		1546		1546		83

		3599		1538		1538		83

		3599		1538		1538		83

		3604		1519		1519		83

		3604		1519		1519		83

		3609		1519		1519		83

		3609		1519		1519		83

		3614		1512		1512		83

		3614		1512		1512		83

		3619		1508		1508		83

		3619		1508		1508		83

		3624		1517		1517		83

		3624		1517		1517		83

		3629		1508		1508		83

		3629		1508		1508		83

		3634		1519		1519		89

		3634		1519		1519		89

		3639		1506		1506		89

		3639		1506		1506		89

		3644		1513		1513		89

		3644		1513		1513		89

		3649		1529		1529		90

		3649		1529		1529		90

		3654		1548		1548		90

		3654		1548		1548		90

		3659		1537		1537		90

		3659		1537		1537		90

		3664		1547		1547		90

		3664		1547		1547		90

		3669		1560		1560		90

		3669		1560		1560		90

		3674		1574		1574		90

		3674		1574		1574		90

		3679		1585		1585		90

		3679		1585		1585		90

		3684		1609		1609		90

		3684		1609		1609		90

		3689		1642		1642		90

		3689		1642		1642		90

		3694		1647		1647		90

		3694		1647		1647		90

		3699		1655		1655		90

		3699		1655		1655		90

		3700		1661		1661		90

		3704		1683		1683		90

		3704		1683		1683		90

		3709		1698		1698		90

		3709		1698		1698		90

		3714		1706		1706		90

		3714		1706		1706		90

		3719		1730		1730		90

		3719		1730		1730		90

		3724		1732		1732		90

		3724		1732		1732		90

		3729		1749		1749		90

		3729		1749		1749		90

		3734		1776		1776		90

		3734		1776		1776		90

		3739		1799		1799		90

		3739		1799		1799		90

		3744		1811		1811		90

		3744		1811		1811		90

		3749		1839		1839		90

		3749		1839		1839		90

		3754		1838		1838		90

		3754		1838		1838		90

		3759		1867		1867		98

		3759		1867		1867		98

		3764		1890		1890		98

		3764		1890		1890		106

		3769		1889		1889		106

		3769		1889		1889		106

		3774		1880		1880		106

		3774		1880		1880		106

		3779		1840		1840		106

		3779		1840		1840		106

		3784		1772		1772		106

		3784		1772		1772		106

		3789		1729		1729		106

		3789		1729		1729		106

		3794		1696		1696		106

		3794		1696		1696		106

		3799		1648		1648		106

		3799		1648		1648		106

		3800		1647		1647		106

		3804		1632		1632		106

		3804		1632		1632		106

		3809		1608		1608		106

		3809		1608		1608		106

		3814		1586		1586		106

		3814		1586		1586		106

		3819		1544		1544		106

		3819		1544		1544		106

		3824		1524		1524		106

		3824		1524		1524		106

		3829		1510		1510		106

		3829		1510		1510		106

		3834		1483		1483		106

		3834		1483		1483		106

		3839		1467		1467		106

		3839		1467		1467		106

		3844		1461		1461		106

		3844		1461		1461		106

		3849		1454		1454		106

		3849		1454		1454		106

		3854		1454		1454		106

		3854		1454		1454		106

		3859		1455		1455		106

		3859		1455		1455		106

		3864		1451		1451		106

		3864		1451		1451		106

		3869		1466		1466		118

		3869		1466		1466		118

		3874		1475		1475		127

		3874		1475		1475		127

		3879		1486		1486		127

		3879		1486		1486		127

		3884		1495		1495		127

		3884		1495		1495		127

		3889		1493		1493		127

		3889		1493		1493		127

		3894		1502		1502		127

		3894		1502		1502		127

		3899		1505		1505		127

		3899		1505		1505		127

		3900		1505		1505		127

		3904		1521		1521		127

		3904		1521		1521		127

		3909		1526		1526		127

		3909		1526		1526		127

		3914		1529		1529		127

		3914		1529		1529		127

		3919		1548		1548		127

		3919		1548		1548		127

		3924		1560		1560		127

		3924		1560		1560		127

		3929		1587		1587		127

		3929		1587		1587		127

		3934		1600		1600		127

		3934		1600		1600		127

		3939		1612		1612		127

		3939		1612		1612		127

		3944		1631		1631		127

		3944		1631		1631		127

		3949		1640		1640		127

		3949		1640		1640		127

		3954		1639		1639		127

		3954		1639		1639		127

		3959		1653		1653		132

		3959		1653		1653		132

		3964		1677		1677		132

		3964		1677		1677		138

		3969		1706		1706		138

		3969		1706		1706		138

		3974		1726		1726		138

		3974		1726		1726		138

		3979		1726		1726		138

		3979		1726		1726		138

		3984		1755		1755		138

		3984		1755		1755		138

		3989		1764		1764		138

		3989		1764		1764		138

		3994		1756		1756		138

		3994		1756		1756		138

		3999		1696		1696		138

		3999		1696		1696		138

		4000		1691		1691		138

		4004		1659		1659		138

		4004		1659		1659		138

		4009		1632		1632		138

		4009		1632		1632		138

		4014		1611		1611		138

		4014		1611		1611		138

		4019		1558		1558		138

		4019		1558		1558		138

		4024		1534		1534		138

		4024		1534		1534		138

		4029		1493		1493		138

		4029		1493		1493		138

		4034		1455		1455		138

		4034		1455		1455		138

		4039		1418		1418		138

		4039		1418		1418		138

		4044		1418		1418		138

		4044		1418		1418		138

		4049		1417		1417		138

		4049		1417		1417		138

		4054		1403		1403		138

		4054		1403		1403		138

		4059		1393		1393		138

		4059		1393		1393		138

		4064		1390		1390		138

		4064		1390		1390		138

		4069		1387		1387		138

		4069		1387		1387		138

		4074		1380		1380		138

		4074		1380		1380		138

		4079		1349		1349		138

		4079		1349		1349		138

		4084		1352		1352		138

		4084		1352		1352		138

		4089		1348		1348		138

		4089		1348		1348		138

		4094		1365		1365		138

		4094		1365		1365		138

		4099		1354		1354		138

		4099		1354		1354		138

		4104		1361		1361		130

		4104		1361		1361		130

		4109		1360		1360		130

		4109		1360		1360		121

		4114		1392		1392		121

		4114		1392		1392		121

		4119		1395		1395		121

		4119		1395		1395		121

		4124		1423		1423		121

		4124		1423		1423		121

		4129		1439		1439		121

		4129		1439		1439		121

		4134		1451		1451		121

		4134		1451		1451		121

		4139		1465		1465		121

		4139		1465		1465		121

		4144		1495		1495		121

		4144		1495		1495		121

		4149		1510		1510		121

		4149		1510		1510		121

		4154		1517		1517		121

		4154		1517		1517		121

		4159		1551		1551		121

		4159		1551		1551		121

		4164		1561		1561		121

		4164		1561		1561		121

		4169		1570		1570		121

		4169		1570		1570		121

		4174		1573		1573		121

		4174		1573		1573		121

		4179		1593		1593		121

		4179		1593		1593		121

		4184		1611		1611		121

		4184		1611		1611		121

		4189		1607		1607		121

		4189		1607		1607		121

		4194		1638		1638		131

		4194		1638		1638		131

		4199		1649		1649		131

		4199		1649		1649		142

		4200		1652		1652		142

		4204		1683		1683		142

		4204		1683		1683		142

		4209		1685		1685		142

		4209		1685		1685		142

		4214		1706		1706		142

		4214		1706		1706		142

		4219		1660		1660		142

		4219		1660		1660		142

		4224		1622		1622		142

		4224		1622		1622		142

		4229		1570		1570		142

		4229		1570		1570		142

		4234		1534		1534		142

		4234		1534		1534		142

		4239		1507		1507		142

		4239		1507		1507		142

		4244		1483		1483		142

		4244		1483		1483		142

		4249		1443		1443		142

		4249		1443		1443		142

		4254		1415		1415		142

		4254		1415		1415		142

		4259		1385		1385		142

		4259		1385		1385		142

		4264		1365		1365		142

		4264		1365		1365		142

		4269		1371		1371		142

		4269		1371		1371		142

		4274		1363		1363		142

		4274		1363		1363		142

		4279		1353		1353		142

		4279		1353		1353		151

		4284		1348		1348		151

		4284		1348		1348		151

		4289		1345		1345		151

		4289		1345		1345		151

		4294		1355		1355		151

		4294		1355		1355		156

		4299		1350		1350		156

		4299		1350		1350		156

		4300		1354		1354		156

		4304		1362		1362		156

		4304		1362		1362		156

		4309		1374		1374		156

		4309		1374		1374		156

		4314		1388		1388		156

		4314		1388		1388		156

		4319		1396		1396		156

		4319		1396		1396		156

		4324		1420		1420		156

		4324		1420		1420		156

		4329		1439		1439		156

		4329		1439		1439		156

		4334		1437		1437		156

		4334		1437		1437		156

		4339		1471		1471		156

		4339		1471		1471		156

		4344		1474		1474		156

		4344		1474		1474		156

		4349		1500		1500		156

		4349		1500		1500		156

		4354		1523		1523		156

		4354		1523		1523		156

		4359		1529		1529		156

		4359		1529		1529		156

		4364		1533		1533		156

		4364		1533		1533		156

		4369		1559		1559		156

		4369		1559		1559		156

		4374		1577		1577		156

		4374		1577		1577		156

		4379		1584		1584		156

		4379		1584		1584		156

		4384		1603		1603		156

		4384		1603		1603		156

		4389		1619		1619		156

		4389		1619		1619		156

		4394		1634		1634		156

		4394		1634		1634		156

		4399		1662		1662		156

		4399		1662		1662		156

		4404		1682		1682		156

		4404		1682		1682		156

		4409		1692		1692		156

		4409		1692		1692		156

		4414		1714		1714		156

		4414		1714		1714		156

		4419		1740		1740		156

		4419		1740		1740		156

		4424		1762		1762		156

		4424		1762		1762		156

		4429		1767		1767		156

		4429		1767		1767		156

		4434		1785		1785		156

		4434		1785		1785		156

		4439		1810		1810		156

		4439		1810		1810		156

		4444		1837		1837		156

		4444		1837		1837		156

		4449		1857		1857		156

		4449		1857		1857		156

		4454		1875		1875		156

		4454		1875		1875		156

		4459		1848		1848		156

		4459		1848		1848		145

		4464		1822		1822		145

		4464		1822		1822		145

		4469		1777		1777		145

		4469		1777		1777		145

		4474		1720		1720		145

		4474		1720		1720		145

		4479		1686		1686		145

		4479		1686		1686		145

		4484		1654		1654		145

		4484		1654		1654		145

		4489		1617		1617		145

		4489		1617		1617		145

		4494		1593		1593		145

		4494		1593		1593		145

		4499		1569		1569		145

		4499		1569		1569		145

		4504		1551		1551		145

		4504		1551		1551		145

		4509		1544		1544		145

		4509		1544		1544		145

		4514		1545		1545		145

		4514		1545		1545		145

		4519		1533		1533		133

		4519		1533		1533		133

		4524		1538		1538		133

		4524		1538		1538		133

		4529		1538		1538		133

		4529		1538		1538		133

		4534		1521		1521		133

		4534		1521		1521		133

		4539		1537		1537		140

		4539		1537		1537		140

		4544		1530		1530		140

		4544		1530		1530		140

		4549		1535		1535		140

		4549		1535		1535		140

		4554		1521		1521		140

		4554		1521		1521		140

		4559		1514		1514		140

		4559		1514		1514		140

		4564		1531		1531		140

		4564		1531		1531		140

		4569		1514		1514		140

		4569		1514		1514		140

		4574		1547		1547		140

		4574		1547		1547		140

		4579		1540		1540		140

		4579		1540		1540		140

		4584		1561		1561		140

		4584		1561		1561		140

		4589		1568		1568		140

		4589		1568		1568		140

		4594		1583		1583		140

		4594		1583		1583		140

		4599		1617		1617		140

		4599		1617		1617		140

		4600		1622		1622		140

		4604		1630		1630		140

		4604		1630		1630		140

		4609		1640		1640		140

		4609		1640		1640		140

		4614		1661		1661		140

		4614		1661		1661		140

		4619		1683		1683		140

		4619		1683		1683		140

		4624		1673		1673		140

		4624		1673		1673		140

		4629		1711		1711		140

		4629		1711		1711		140

		4634		1721		1721		140

		4634		1721		1721		141

		4639		1733		1733		141

		4639		1733		1733		141

		4644		1741		1741		141

		4644		1741		1741		141

		4649		1765		1765		141

		4649		1765		1765		141

		4654		1784		1784		141

		4654		1784		1784		141

		4659		1774		1774		141

		4659		1774		1774		141

		4664		1805		1805		142

		4664		1805		1805		142

		4669		1823		1823		142

		4669		1823		1823		142

		4674		1842		1842		142

		4674		1842		1842		142

		4679		1861		1861		142

		4679		1861		1861		142

		4684		1868		1868		142

		4684		1868		1868		142

		4689		1904		1904		142

		4689		1904		1904		142

		4694		1925		1925		142

		4694		1925		1925		142

		4699		1923		1923		142

		4699		1923		1923		142

		4700		1931		1931		142

		4704		1943		1943		142

		4704		1943		1943		142

		4709		1939		1939		142

		4709		1939		1939		142

		4714		1918		1918		142

		4714		1918		1918		142

		4719		1890		1890		142

		4719		1890		1890		142

		4724		1854		1854		142

		4724		1854		1854		142

		4729		1828		1828		142

		4729		1828		1828		142

		4734		1795		1795		142

		4734		1795		1795		142

		4739		1766		1766		142

		4739		1766		1766		142

		4744		1746		1746		142

		4744		1746		1746		142

		4749		1688		1688		142

		4749		1688		1688		142

		4754		1647		1647		142

		4754		1647		1647		142

		4759		1635		1635		142

		4759		1635		1635		142

		4764		1621		1621		142

		4764		1621		1621		142

		4769		1615		1615		142

		4769		1615		1615		142

		4774		1619		1619		142

		4774		1619		1619		142

		4779		1618		1618		142

		4779		1618		1618		142

		4784		1616		1616		142

		4784		1616		1616		142

		4789		1594		1594		142

		4789		1594		1594		142

		4794		1613		1613		142

		4794		1613		1613		142

		4799		1613		1613		142

		4799		1613		1613		142

		4800		1606		1606		142

		4804		1606		1606		132

		4804		1606		1606		132

		4809		1613		1613		132

		4809		1613		1613		132

		4814		1615		1615		132

		4814		1615		1615		132

		4819		1609		1609		132

		4819		1609		1609		132

		4824		1611		1611		132

		4824		1611		1611		132

		4829		1627		1627		132

		4829		1627		1627		132

		4834		1643		1643		132

		4834		1643		1643		132

		4839		1630		1630		132

		4839		1630		1630		132

		4844		1627		1627		132

		4844		1627		1627		132

		4849		1636		1636		132

		4849		1636		1636		132

		4854		1647		1647		132

		4854		1647		1647		132

		4859		1660		1660		132

		4859		1660		1660		132

		4864		1684		1684		132

		4864		1684		1684		132

		4869		1687		1687		132

		4869		1687		1687		132

		4874		1699		1699		132

		4874		1699		1699		132

		4879		1713		1713		132

		4879		1713		1713		132

		4884		1737		1737		132

		4884		1737		1737		132

		4889		1756		1756		132

		4889		1756		1756		132

		4894		1758		1758		132

		4894		1758		1758		132

		4899		1789		1789		132

		4899		1789		1789		132

		4904		1814		1814		132

		4904		1814		1814		132

		4909		1808		1808		132

		4909		1808		1808		132

		4914		1809		1809		132

		4914		1809		1809		132

		4919		1847		1847		132

		4919		1847		1847		123

		4924		1848		1848		123

		4924		1848		1848		123

		4929		1867		1867		123

		4929		1867		1867		123

		4934		1881		1881		123

		4934		1881		1881		123

		4939		1898		1898		123

		4939		1898		1898		123

		4944		1904		1904		123

		4944		1904		1904		123

		4949		1899		1899		123

		4949		1899		1899		123

		4954		1861		1861		111

		4954		1861		1861		111

		4959		1844		1844		111

		4959		1844		1844		111

		4964		1814		1814		111

		4964		1814		1814		111

		4969		1788		1788		111

		4969		1788		1788		111

		4974		1755		1755		111

		4974		1755		1755		111

		4979		1720		1720		111

		4979		1720		1720		111

		4984		1690		1690		111

		4984		1690		1690		111

		4989		1678		1678		111

		4989		1678		1678		111

		4994		1651		1651		111

		4994		1651		1651		111

		4999		1626		1626		111

		4999		1626		1626		111

		5004		1615		1615		111

		5004		1615		1615		111

		5009		1612		1612		111

		5009		1612		1612		111

		5014		1608		1608		111

		5014		1608		1608		111

		5019		1595		1595		111

		5019		1595		1595		111

		5024		1562		1562		111

		5024		1562		1562		111

		5029		1580		1580		111

		5029		1580		1580		111

		5034		1566		1566		111

		5034		1566		1566		111

		5039		1572		1572		111

		5039		1572		1572		111

		5044		1580		1580		111

		5044		1580		1580		111

		5049		1589		1589		111

		5049		1589		1589		111

		5054		1597		1597		111

		5054		1597		1597		111

		5059		1614		1614		111

		5059		1614		1614		111

		5064		1621		1621		111

		5064		1621		1621		111

		5069		1643		1643		111

		5069		1643		1643		111

		5074		1659		1659		111

		5074		1659		1659		111

		5079		1686		1686		111

		5079		1686		1686		111

		5084		1701		1701		111

		5084		1701		1701		111

		5089		1722		1722		111

		5089		1722		1722		111

		5094		1724		1724		111

		5094		1724		1724		111

		5099		1745		1745		111

		5099		1745		1745		111

		5104		1770		1770		111

		5104		1770		1770		111

		5109		1754		1754		111

		5109		1754		1754		111

		5114		1753		1753		109

		5114		1753		1753		109

		5119		1769		1769		109

		5119		1769		1769		121

		5124		1765		1765		121

		5124		1765		1765		121

		5129		1791		1791		121

		5129		1791		1791		121

		5134		1793		1793		121

		5134		1793		1793		121

		5139		1819		1819		121

		5139		1819		1819		121

		5144		1834		1834		121

		5144		1834		1834		121

		5149		1840		1840		121

		5149		1840		1840		121

		5154		1840		1840		121

		5154		1840		1840		121

		5159		1870		1870		121

		5159		1870		1870		121

		5164		1878		1878		121

		5164		1878		1878		121

		5169		1881		1881		121

		5169		1881		1881		121

		5174		1857		1857		121

		5174		1857		1857		121

		5179		1817		1817		121

		5179		1817		1817		121

		5184		1771		1771		121

		5184		1771		1771		121

		5189		1747		1747		121

		5189		1747		1747		121

		5194		1722		1722		121

		5194		1722		1722		121

		5199		1682		1682		121

		5199		1682		1682		121

		5204		1655		1655		121

		5204		1655		1655		121

		5209		1638		1638		121

		5209		1638		1638		121

		5214		1624		1624		121

		5214		1624		1624		121

		5219		1608		1608		121

		5219		1608		1608		121

		5224		1593		1593		121

		5224		1593		1593		121

		5229		1584		1584		121

		5229		1584		1584		121

		5234		1583		1583		121

		5234		1583		1583		121

		5239		1584		1584		121

		5239		1584		1584		121

		5244		1586		1586		121

		5244		1586		1586		121

		5249		1589		1589		121

		5249		1589		1589		121

		5254		1558		1558		121

		5254		1558		1558		120

		5259		1553		1553		120

		5259		1553		1553		120

		5264		1530		1530		120

		5264		1530		1530		120

		5269		1557		1557		120

		5269		1557		1557		108

		5274		1553		1553		108

		5274		1553		1553		108

		5279		1568		1568		108

		5279		1568		1568		108

		5284		1603		1603		108

		5284		1603		1603		108

		5289		1608		1608		108

		5289		1608		1608		108

		5294		1628		1628		108

		5294		1628		1628		108

		5299		1633		1633		108

		5299		1633		1633		108

		5300		1624		1624		108

		5304		1653		1653		108

		5304		1653		1653		108

		5309		1660		1660		108

		5309		1660		1660		108

		5314		1669		1669		108

		5314		1669		1669		108

		5319		1679		1679		108

		5319		1679		1679		108

		5324		1688		1688		108

		5324		1688		1688		108

		5329		1703		1703		108

		5329		1703		1703		108

		5334		1734		1734		108

		5334		1734		1734		108

		5339		1736		1736		108

		5339		1736		1736		108

		5344		1759		1759		108

		5344		1759		1759		108

		5349		1761		1761		108

		5349		1761		1761		108

		5354		1792		1792		108

		5354		1792		1792		108

		5359		1827		1827		108

		5359		1827		1827		108

		5364		1834		1834		108

		5364		1834		1834		108

		5369		1865		1865		108

		5369		1865		1865		108

		5374		1880		1880		108

		5374		1880		1880		108

		5379		1898		1898		108

		5379		1898		1898		108

		5384		1905		1905		108

		5384		1905		1905		108

		5389		1889		1889		108

		5389		1889		1889		109

		5394		1852		1852		109

		5394		1852		1852		109

		5399		1818		1818		109

		5399		1818		1818		109

		5400		1806		1806		109

		5404		1764		1764		109

		5404		1764		1764		109

		5409		1743		1743		109

		5409		1743		1743		109

		5414		1726		1726		109

		5414		1726		1726		109

		5419		1708		1708		109

		5419		1708		1708		109

		5424		1674		1674		109

		5424		1674		1674		109

		5429		1642		1642		109

		5429		1642		1642		109

		5434		1638		1638		109

		5434		1638		1638		109

		5439		1641		1641		109

		5439		1641		1641		109

		5444		1612		1612		106

		5444		1612		1612		106

		5449		1594		1594		106

		5449		1594		1594		106

		5454		1603		1603		106

		5454		1603		1603		106

		5459		1590		1590		106

		5459		1590		1590		106

		5464		1576		1576		106

		5464		1576		1576		106

		5469		1570		1570		106

		5469		1570		1570		106

		5474		1564		1564		106

		5474		1564		1564		106

		5479		1580		1580		106

		5479		1580		1580		106

		5484		1580		1580		106

		5484		1580		1580		106

		5489		1559		1559		106

		5489		1559		1559		113

		5494		1542		1542		113

		5494		1542		1542		113

		5499		1548		1548		113

		5499		1548		1548		113

		5500		1551		1551		113

		5504		1566		1566		113

		5504		1566		1566		113

		5509		1568		1568		113

		5509		1568		1568		113

		5514		1573		1573		113

		5514		1573		1573		113

		5519		1547		1547		113

		5519		1547		1547		113

		5524		1532		1532		113

		5524		1532		1532		113

		5529		1555		1555		113

		5529		1555		1555		127

		5534		1572		1572		127

		5534		1572		1572		127

		5539		1581		1581		127

		5539		1581		1581		127

		5544		1587		1587		127

		5544		1587		1587		127

		5549		1606		1606		127

		5549		1606		1606		127

		5554		1624		1624		127

		5554		1624		1624		127

		5559		1647		1647		127

		5559		1647		1647		127

		5564		1657		1657		127

		5564		1657		1657		127

		5569		1678		1678		127

		5569		1678		1678		127

		5574		1703		1703		127

		5574		1703		1703		127

		5579		1725		1725		127

		5579		1725		1725		127

		5584		1746		1746		127

		5584		1746		1746		127

		5589		1733		1733		127

		5589		1733		1733		127

		5594		1772		1772		127

		5594		1772		1772		127

		5599		1780		1780		127

		5599		1780		1780		127

		5600		1772		1772		127

		5604		1762		1762		127

		5604		1762		1762		127

		5609		1729		1729		127

		5609		1729		1729		127

		5614		1706		1706		127

		5614		1706		1706		127

		5619		1668		1668		127

		5619		1668		1668		127

		5624		1622		1622		127

		5624		1622		1622		127

		5629		1602		1602		127

		5629		1602		1602		127

		5634		1563		1563		127

		5634		1563		1563		127

		5639		1531		1531		127

		5639		1531		1531		127

		5644		1520		1520		127

		5644		1520		1520		127

		5649		1506		1506		127

		5649		1506		1506		127

		5654		1492		1492		127

		5654		1492		1492		127

		5659		1471		1471		127

		5659		1471		1471		127

		5664		1448		1448		127

		5664		1448		1448		127

		5669		1453		1453		127

		5669		1453		1453		127

		5674		1441		1441		123

		5674		1441		1441		123

		5679		1434		1434		123

		5679		1434		1434		123

		5684		1444		1444		123

		5684		1444		1444		123

		5689		1443		1443		123

		5689		1443		1443		123

		5694		1442		1442		130

		5694		1442		1442		130

		5699		1441		1441		130

		5699		1441		1441		130

		5700		1431		1431		130

		5704		1448		1448		130

		5704		1448		1448		130

		5709		1461		1461		130

		5709		1461		1461		130

		5714		1467		1467		130

		5714		1467		1467		130

		5719		1487		1487		130

		5719		1487		1487		130

		5724		1506		1506		130

		5724		1506		1506		130

		5729		1527		1527		130

		5729		1527		1527		130

		5734		1548		1548		130

		5734		1548		1548		130

		5739		1545		1545		130

		5739		1545		1545		130

		5744		1584		1584		130

		5744		1584		1584		130

		5749		1608		1608		130

		5749		1608		1608		130

		5754		1616		1616		130

		5754		1616		1616		130

		5759		1646		1646		130

		5759		1646		1646		130

		5764		1663		1663		130

		5764		1663		1663		130

		5769		1673		1673		130

		5769		1673		1673		130

		5774		1690		1690		130

		5774		1690		1690		130

		5779		1714		1714		130

		5779		1714		1714		130

		5784		1728		1728		130

		5784		1728		1728		130

		5789		1745		1745		130

		5789		1745		1745		130

		5794		1759		1759		130

		5794		1759		1759		130

		5799		1785		1785		130

		5799		1785		1785		130

		5804		1797		1797		130

		5804		1797		1797		130

		5809		1807		1807		130

		5809		1807		1807		130

		5814		1791		1791		130

		5814		1791		1791		130

		5819		1751		1751		130

		5819		1751		1751		130

		5824		1715		1715		130

		5824		1715		1715		130

		5829		1677		1677		130

		5829		1677		1677		130

		5834		1626		1626		130

		5834		1626		1626		130

		5839		1612		1612		130

		5839		1612		1612		130

		5844		1571		1571		130

		5844		1571		1571		130

		5849		1530		1530		130

		5849		1530		1530		130

		5854		1522		1522		130

		5854		1522		1522		130

		5859		1501		1501		130

		5859		1501		1501		130

		5864		1485		1485		130

		5864		1485		1485		130

		5869		1496		1496		130

		5869		1496		1496		130

		5874		1477		1477		113

		5874		1477		1477		113

		5879		1486		1486		113

		5879		1486		1486		113

		5884		1485		1485		113

		5884		1485		1485		113

		5889		1479		1479		113

		5889		1479		1479		113

		5894		1468		1468		107

		5894		1468		1468		107

		5899		1470		1470		107

		5899		1470		1470		107

		5900		1471		1471		107

		5904		1465		1465		107

		5904		1465		1465		107

		5909		1469		1469		107

		5909		1469		1469		107

		5914		1473		1473		107

		5914		1473		1473		107

		5919		1477		1477		107

		5919		1477		1477		107

		5924		1482		1482		107

		5924		1482		1482		107

		5929		1484		1484		107

		5929		1484		1484		107

		5934		1518		1518		107

		5934		1518		1518		107

		5939		1519		1519		107

		5939		1519		1519		107

		5944		1545		1545		107

		5944		1545		1545		107

		5949		1553		1553		107

		5949		1553		1553		107

		5954		1556		1556		107

		5954		1556		1556		107

		5959		1574		1574		107

		5959		1574		1574		107

		5964		1569		1569		107

		5964		1569		1569		107

		5969		1581		1581		107

		5969		1581		1581		107

		5974		1582		1582		107

		5974		1582		1582		117

		5979		1602		1602		117

		5979		1602		1602		117

		5984		1611		1611		117

		5984		1611		1611		117

		5989		1628		1628		117

		5989		1628		1628		117

		5994		1643		1643		117

		5994		1643		1643		117

		5999		1664		1664		117

		5999		1664		1664		117

		6004		1687		1687		117

		6004		1687		1687		117

		6009		1695		1695		117

		6009		1695		1695		117

		6014		1715		1715		117

		6014		1715		1715		117

		6019		1744		1744		117

		6019		1744		1744		117

		6024		1750		1750		117

		6024		1750		1750		117

		6029		1741		1741		117

		6029		1741		1741		123

		6034		1710		1710		123

		6034		1710		1710		123

		6039		1663		1663		123

		6039		1663		1663		123

		6044		1630		1630		123

		6044		1630		1630		123

		6049		1579		1579		123

		6049		1579		1579		123

		6054		1565		1565		123

		6054		1565		1565		123

		6059		1523		1523		123

		6059		1523		1523		123

		6064		1487		1487		123

		6064		1487		1487		123

		6069		1448		1448		123

		6069		1448		1448		123

		6074		1415		1415		123

		6074		1415		1415		123

		6079		1387		1387		123

		6079		1387		1387		123

		6084		1385		1385		123

		6084		1385		1385		123

		6089		1381		1381		123

		6089		1381		1381		123

		6094		1394		1394		123

		6094		1394		1394		130

		6099		1379		1379		130

		6099		1379		1379		130

		6100		1378		1378		130

		6104		1375		1375		130

		6104		1375		1375		130

		6109		1368		1368		130

		6109		1368		1368		130

		6114		1362		1362		130

		6114		1362		1362		130

		6119		1357		1357		130

		6119		1357		1357		130

		6124		1359		1359		130

		6124		1359		1359		130

		6129		1372		1372		130

		6129		1372		1372		130

		6134		1363		1363		130

		6134		1363		1363		130

		6139		1383		1383		127

		6139		1383		1383		127

		6144		1410		1410		127

		6144		1410		1410		127

		6149		1419		1419		127

		6149		1419		1419		127

		6154		1445		1445		127

		6154		1445		1445		127

		6159		1464		1464		127

		6159		1464		1464		127

		6164		1465		1465		127

		6164		1465		1465		127

		6169		1484		1484		127

		6169		1484		1484		127

		6174		1512		1512		127

		6174		1512		1512		127

		6179		1523		1523		127

		6179		1523		1523		127

		6184		1535		1535		127

		6184		1535		1535		127

		6189		1550		1550		127

		6189		1550		1550		127

		6194		1535		1535		127

		6194		1535		1535		127

		6199		1543		1543		127

		6199		1543		1543		127

		6204		1535		1535		127

		6204		1535		1535		127

		6209		1544		1544		127

		6209		1544		1544		127

		6214		1546		1546		127

		6214		1546		1546		123

		6219		1574		1574		123

		6219		1574		1574		123

		6224		1588		1588		123

		6224		1588		1588		123

		6229		1608		1608		123

		6229		1608		1608		123

		6234		1620		1620		123

		6234		1620		1620		123

		6239		1649		1649		123

		6239		1649		1649		123

		6244		1646		1646		123

		6244		1646		1646		123

		6249		1657		1657		122

		6249		1657		1657		122

		6254		1662		1662		122

		6254		1662		1662		122

		6259		1665		1665		122

		6259		1665		1665		122

		6264		1689		1689		122

		6264		1689		1689		122

		6269		1727		1727		122

		6269		1727		1727		122

		6274		1740		1740		122

		6274		1740		1740		122

		6279		1752		1752		122

		6279		1752		1752		122

		6284		1728		1728		122

		6284		1728		1728		122

		6289		1686		1686		122

		6289		1686		1686		122

		6294		1648		1648		122

		6294		1648		1648		122

		6299		1603		1603		122

		6299		1603		1603		122

		6304		1574		1574		122

		6304		1574		1574		122

		6309		1542		1542		122

		6309		1542		1542		122

		6314		1497		1497		122

		6314		1497		1497		122

		6319		1459		1459		122

		6319		1459		1459		122

		6324		1415		1415		122

		6324		1415		1415		122

		6329		1403		1403		122

		6329		1403		1403		122

		6334		1395		1395		122

		6334		1395		1395		122

		6339		1359		1359		122

		6339		1359		1359		122

		6344		1363		1363		122

		6344		1363		1363		122

		6349		1359		1359		123

		6349		1359		1359		123

		6354		1340		1340		123

		6354		1340		1340		123

		6359		1326		1326		123

		6359		1326		1326		123

		6364		1331		1331		123

		6364		1331		1331		123

		6369		1337		1337		123

		6369		1337		1337		123

		6374		1349		1349		123

		6374		1349		1349		123

		6379		1345		1345		123

		6379		1345		1345		123

		6384		1360		1360		119

		6384		1360		1360		119

		6389		1359		1359		119

		6389		1359		1359		119

		6394		1382		1382		119

		6394		1382		1382		119

		6399		1400		1400		119

		6399		1400		1400		119

		6400		1404		1404		119

		6404		1398		1398		119

		6404		1398		1398		119

		6409		1394		1394		119

		6409		1394		1394		119

		6414		1390		1390		119

		6414		1390		1390		119

		6419		1391		1391		119

		6419		1391		1391		119

		6424		1423		1423		119

		6424		1423		1423		119

		6429		1438		1438		132

		6429		1438		1438		132

		6434		1448		1448		132

		6434		1448		1448		132

		6439		1475		1475		132

		6439		1475		1475		132

		6444		1489		1489		132

		6444		1489		1489		132

		6449		1491		1491		132

		6449		1491		1491		132

		6454		1517		1517		132

		6454		1517		1517		132

		6459		1538		1538		132

		6459		1538		1538		132

		6464		1570		1570		132

		6464		1570		1570		132

		6469		1578		1578		132

		6469		1578		1578		132

		6474		1589		1589		132

		6474		1589		1589		132

		6479		1624		1624		132

		6479		1624		1624		132

		6484		1618		1618		132

		6484		1618		1618		132

		6489		1638		1638		137

		6489		1638		1638		137

		6494		1673		1673		137

		6494		1673		1673		137

		6499		1672		1672		137

		6499		1672		1672		137

		6500		1679		1679		137

		6504		1681		1681		137

		6504		1681		1681		137

		6509		1701		1701		137

		6509		1701		1701		137

		6514		1727		1727		137

		6514		1727		1727		137

		6519		1739		1739		137

		6519		1739		1739		137

		6524		1754		1754		137

		6524		1754		1754		137

		6529		1778		1778		137

		6529		1778		1778		137

		6534		1781		1781		137

		6534		1781		1781		137

		6539		1722		1722		137

		6539		1722		1722		137

		6544		1692		1692		137

		6544		1692		1692		137

		6549		1668		1668		137

		6549		1668		1668		137

		6554		1631		1631		137

		6554		1631		1631		137

		6559		1613		1613		137

		6559		1613		1613		137

		6564		1575		1575		137

		6564		1575		1575		137

		6569		1563		1563		137

		6569		1563		1563		137

		6574		1519		1519		137

		6574		1519		1519		137

		6579		1496		1496		137

		6579		1496		1496		137

		6584		1478		1478		137

		6584		1478		1478		137

		6589		1473		1473		137

		6589		1473		1473		137

		6594		1452		1452		137

		6594		1452		1452		137

		6599		1442		1442		137

		6599		1442		1442		137

		6604		1455		1455		137

		6604		1455		1455		137

		6609		1454		1454		137

		6609		1454		1454		137

		6614		1448		1448		137

		6614		1448		1448		137

		6619		1448		1448		137

		6619		1448		1448		137

		6624		1458		1458		137

		6624		1458		1458		138

		6629		1467		1467		138

		6629		1467		1467		138

		6634		1460		1460		138

		6634		1460		1460		138

		6639		1465		1465		138

		6639		1465		1465		138

		6644		1487		1487		138

		6644		1487		1487		138

		6649		1468		1468		138

		6649		1468		1468		138

		6654		1477		1477		138

		6654		1477		1477		138

		6659		1470		1470		138

		6659		1470		1470		138

		6664		1473		1473		138

		6664		1473		1473		138

		6669		1484		1484		138

		6669		1484		1484		138

		6674		1460		1460		138

		6674		1460		1460		138

		6679		1476		1476		138

		6679		1476		1476		138

		6684		1492		1492		138

		6684		1492		1492		138

		6689		1507		1507		138

		6689		1507		1507		138

		6694		1519		1519		138

		6694		1519		1519		138

		6699		1534		1534		138

		6699		1534		1534		138

		6704		1551		1551		138

		6704		1551		1551		138

		6709		1559		1559		138

		6709		1559		1559		138

		6714		1576		1576		138

		6714		1576		1576		138

		6719		1573		1573		138

		6719		1573		1573		138

		6724		1576		1576		138

		6724		1576		1576		138

		6729		1596		1596		138

		6729		1596		1596		141

		6734		1616		1616		141

		6734		1616		1616		141

		6739		1617		1617		141

		6739		1617		1617		141

		6744		1649		1649		141
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1675

1685

1695

1707

1719

1730

1742

1756

1770

1783

1795

1804

1812

1817

1820

1820

1819

1814

1809

1801

1791

1782

1771

1759

1745

1730

1715

1698

1682

1665

1652

1640

1630

1623

1618

1616

1617

1619

1623

1629

1636

1643

1650

1659

1669

1679

1690

1702

1714

1727

1739

1752

1766

1778

1788

1794

1799

1800

1800

1797

1792

1787

1780

1773

1764

1754

1744

1732

1720

1707

1693

1676

1659

1642

1627

1615

1605

1598

1594

1591

1590

1591

1593

1596

1601

1607

1614

1621

1630

1639

1650

1664

1679

1694

1710

1727

1742

1757

1769

1779

1785

1789

1793

1794

1794

1791

1787

1782

1775

1766

1757

1745

1732

1717

1702

1686

1669

1653

1637

1624

1613

1604

1596

1588

1581

1576

1573

1570

1569

1570

1571

1573

1577

1583

1589

1596

1605

1614

1625

1637



PULSE

		5		102		102		0

		10		206		206		0

		15		308		308		0

		20		408		408		0

		25		507		507		0

		30		603		603		0

		35		699		699		0

		40		794		794		0

		45		887		887		0

		50		980		980		0

		55		1072		1072		0

		60		1164		1164		0

		65		1256		1256		0

		70		1348		1348		0

		75		1439		1439		0

		235		1985		1985		0

		235		1985		1985		0

		240		1981		1981		0

		245		1976		1976		0

		250		1970		1970		10

		255		1963		1963		10

		260		1955		1955		10

		265		1947		1947		10

		270		1937		1937		10

		275		1927		1927		10

		280		1916		1916		10

		285		1903		1903		10

		290		1890		1890		10

		295		1876		1876		10

		300		1863		1863		10

		305		1852		1852		10

		310		1843		1843		10

		315		1837		1837		10

		320		1832		1832		10

		325		1830		1830		10

		330		1831		1831		10

		335		1835		1835		10

		340		1839		1839		17

		345		1844		1844		17

		350		1850		1850		17

		355		1857		1857		17

		360		1865		1865		17

		365		1873		1873		17

		370		1883		1883		17

		375		1893		1893		17

		380		1905		1905		17

		385		1917		1917		17

		390		1930		1930		17

		395		1942		1942		17

		400		1952		1952		17

		405		1959		1959		17

		410		1964		1964		17

		415		1966		1966		17

		420		1967		1967		17

		425		1965		1965		17

		430		1961		1961		17

		435		1955		1955		20

		440		1948		1948		20

		445		1940		1940		20

		450		1931		1931		20

		455		1921		1921		20

		460		1910		1910		20

		465		1899		1899		20

		470		1886		1886		20

		475		1873		1873		20

		480		1859		1859		20

		485		1845		1845		20

		490		1830		1830		20

		495		1816		1816		20

		500		1805		1805		20

		505		1796		1796		20

		510		1789		1789		20

		515		1784		1784		20

		520		1780		1780		20

		525		1780		1780		20

		530		1781		1781		20

		535		1785		1785		20

		540		1790		1790		26

		545		1796		1796		26

		550		1804		1804		26

		555		1812		1812		26

		560		1821		1821		26

		565		1831		1831		26

		570		1841		1841		26

		575		1852		1852		26

		580		1862		1862		26

		585		1871		1871		26

		590		1878		1878		26

		595		1883		1883		26

		600		1886		1886		26

		605		1887		1887		26

		610		1885		1885		26

		615		1881		1881		26

		620		1874		1874		36

		625		1865		1865		36

		630		1855		1855		36

		635		1842		1842		36

		640		1829		1829		36

		645		1815		1815		36

		650		1798		1798		36

		655		1781		1781		36

		660		1762		1762		36

		665		1744		1744		36

		670		1724		1724		36

		675		1705		1705		36

		680		1687		1687		36

		685		1672		1672		36

		690		1659		1659		36

		695		1649		1649		36

		700		1641		1641		36

		705		1636		1636		36

		710		1633		1633		36

		715		1633		1633		36

		720		1636		1636		36

		725		1640		1640		36

		730		1646		1646		43

		735		1654		1654		43

		740		1662		1662		43

		745		1673		1673		43

		750		1685		1685		43

		755		1697		1697		43

		760		1711		1711		43

		765		1726		1726		43

		770		1742		1742		43

		775		1758		1758		43

		780		1773		1773		43

		785		1785		1785		43

		790		1794		1794		43

		795		1800		1800		43

		800		1805		1805		43

		805		1805		1805		43

		810		1803		1803		43

		815		1798		1798		43

		820		1791		1791		56

		825		1782		1782		56

		830		1772		1772		56

		835		1761		1761		56

		840		1750		1750		56

		845		1738		1738		56

		850		1724		1724		56

		855		1710		1710		56

		860		1694		1694		56

		865		1678		1678		56

		870		1661		1661		56

		875		1644		1644		56

		880		1628		1628		56

		885		1615		1615		56

		890		1604		1604		56

		895		1595		1595		56

		900		1589		1589		56

		905		1585		1585		56

		910		1585		1585		56

		915		1587		1587		56

		920		1591		1591		56

		925		1597		1597		68

		930		1606		1606		68

		935		1614		1614		68

		940		1624		1624		68

		945		1634		1634		68

		950		1645		1645		68

		955		1657		1657		68

		960		1670		1670		68

		965		1684		1684		68

		970		1699		1699		68

		975		1714		1714		68

		980		1731		1731		68

		985		1748		1748		68

		990		1763		1763		68

		995		1775		1775		68

		1000		1784		1784		68

		1005		1791		1791		68

		1010		1796		1796		68

		1015		1798		1798		68

		1020		1797		1797		68

		1025		1793		1793		68

		1030		1788		1788		70

		1035		1781		1781		70

		1040		1773		1773		70

		1045		1764		1764		70

		1050		1755		1755		70

		1055		1745		1745		70

		1060		1733		1733		70

		1065		1720		1720		70

		1070		1706		1706		70

		1075		1691		1691		70

		1080		1675		1675		70

		1085		1658		1658		70

		1090		1645		1645		70

		1095		1634		1634		70

		1100		1625		1625		70

		1105		1618		1618		70

		1110		1615		1615		70

		1115		1615		1615		70

		1120		1618		1618		70

		1125		1623		1623		70

		1130		1629		1629		74

		1135		1637		1637		74

		1140		1645		1645		74

		1145		1655		1655		74

		1150		1665		1665		74

		1155		1677		1677		74

		1160		1690		1690		74

		1165		1705		1705		74

		1170		1720		1720		74

		1175		1737		1737		74

		1180		1754		1754		74

		1185		1771		1771		74

		1190		1789		1789		74

		1195		1807		1807		74

		1200		1824		1824		74

		1205		1839		1839		74

		1210		1850		1850		74

		1215		1858		1858		74

		1220		1864		1864		74

		1225		1867		1867		74

		1230		1868		1868		74

		1235		1867		1867		74

		1240		1864		1864		74

		1245		1858		1858		74

		1250		1851		1851		74

		1255		1842		1842		74

		1260		1832		1832		74

		1265		1821		1821		74

		1270		1809		1809		74

		1275		1795		1795		74

		1280		1781		1781		74

		1285		1765		1765		74

		1290		1749		1749		74

		1295		1733		1733		74

		1300		1718		1718		74

		1305		1707		1707		74

		1310		1697		1697		74

		1315		1690		1690		74

		1320		1686		1686		74

		1325		1684		1684		74

		1330		1683		1683		74

		1335		1686		1686		74

		1340		1690		1690		74

		1345		1695		1695		74

		1350		1703		1703		74

		1355		1711		1711		74

		1360		1721		1721		74

		1365		1731		1731		74

		1370		1743		1743		74

		1375		1756		1756		74

		1380		1769		1769		74

		1385		1783		1783		74

		1390		1799		1799		74

		1395		1814		1814		74

		1400		1829		1829		74

		1405		1845		1845		74

		1410		1861		1861		74

		1415		1876		1876		74

		1420		1888		1888		74

		1425		1897		1897		74

		1430		1905		1905		74

		1435		1912		1912		74

		1440		1918		1918		74

		1445		1923		1923		74

		1450		1926		1926		74

		1455		1928		1928		74

		1460		1927		1927		74

		1465		1925		1925		74

		1470		1920		1920		71

		1475		1915		1915		71

		1480		1908		1908		71

		1485		1900		1900		71

		1490		1891		1891		71

		1495		1881		1881		71

		1500		1869		1869		71

		1505		1857		1857		71

		1510		1845		1845		71

		1515		1834		1834		71

		1520		1826		1826		71

		1525		1821		1821		71

		1530		1817		1817		71

		1535		1814		1814		71

		1540		1813		1813		71

		1545		1811		1811		71

		1550		1810		1810		71

		1555		1811		1811		71

		1560		1814		1814		71

		1565		1819		1819		71

		1570		1826		1826		71

		1575		1833		1833		71

		1580		1842		1842		71

		1585		1852		1852		71

		1590		1863		1863		71

		1595		1875		1875		71

		1600		1888		1888		71

		1605		1903		1903		71

		1610		1917		1917		71

		1615		1932		1932		71

		1620		1947		1947		71

		1625		1961		1961		71

		1630		1974		1974		71

		1635		1983		1983		71

		1640		1992		1992		71

		1645		2000		2000		71

		1650		2005		2005		71

		1655		2007		2007		71

		1660		2005		2005		71

		1665		2002		2002		71

		1670		1997		1997		71

		1675		1989		1989		71

		1680		1981		1981		71

		1685		1971		1971		71

		1690		1961		1961		71

		1695		1950		1950		71

		1700		1938		1938		71

		1705		1924		1924		71

		1710		1910		1910		71

		1715		1895		1895		71

		1720		1879		1879		71

		1725		1863		1863		71

		1730		1848		1848		71

		1735		1834		1834		71

		1740		1822		1822		71

		1745		1812		1812		71

		1750		1804		1804		71

		1755		1799		1799		71

		1760		1797		1797		71

		1765		1797		1797		71

		1770		1798		1798		71

		1775		1800		1800		71

		1780		1804		1804		70

		1785		1808		1808		70

		1790		1812		1812		70

		1795		1818		1818		70

		1800		1823		1823		70

		1805		1829		1829		70

		1810		1835		1835		70

		1815		1843		1843		70

		1820		1851		1851		70

		1825		1860		1860		70

		1830		1870		1870		70

		1835		1879		1879		70

		1840		1884		1884		70

		1845		1888		1888		70

		1850		1890		1890		70

		1855		1890		1890		70

		1860		1889		1889		70

		1865		1886		1886		70

		1870		1882		1882		70

		1875		1877		1877		70

		1880		1871		1871		70

		1885		1865		1865		70

		1890		1857		1857		70

		1895		1849		1849		70

		1900		1841		1841		70

		1905		1833		1833		70

		1910		1824		1824		70

		1915		1813		1813		70

		1920		1802		1802		70

		1925		1790		1790		70

		1930		1779		1779		70

		1935		1770		1770		70

		1940		1764		1764		70

		1945		1759		1759		70

		1950		1757		1757		70

		1955		1757		1757		70

		1960		1758		1758		70

		1965		1761		1761		70

		1970		1765		1765		71

		1975		1770		1770		71

		1980		1776		1776		71

		1985		1783		1783		71

		1990		1790		1790		71

		1995		1798		1798		71

		2000		1807		1807		71

		2005		1816		1816		71

		2010		1826		1826		71

		2015		1837		1837		71

		2020		1845		1845		71

		2025		1848		1848		71

		2030		1847		1847		71

		2035		1845		1845		71

		2040		1842		1842		71

		2045		1836		1836		74

		2050		1828		1828		74

		2055		1818		1818		74

		2060		1808		1808		74

		2065		1798		1798		74

		2070		1786		1786		74

		2075		1772		1772		74

		2080		1759		1759		74

		2085		1745		1745		74

		2090		1731		1731		74

		2095		1716		1716		74

		2100		1700		1700		74

		2105		1684		1684		74

		2110		1667		1667		74

		2115		1651		1651		74

		2120		1639		1639		74

		2125		1631		1631		74

		2130		1627		1627		74

		2135		1624		1624		74

		2140		1624		1624		74

		2145		1626		1626		74

		2150		1630		1630		74

		2155		1636		1636		74

		2160		1644		1644		74

		2165		1651		1651		74

		2170		1661		1661		74

		2175		1671		1671		74

		2180		1682		1682		74

		2185		1693		1693		74

		2190		1705		1705		74

		2195		1718		1718		74

		2200		1733		1733		74

		2205		1745		1745		74

		2210		1755		1755		74

		2215		1761		1761		74

		2220		1764		1764		74

		2225		1765		1765		74

		2230		1763		1763		74

		2235		1760		1760		74

		2240		1755		1755		74

		2245		1749		1749		74

		2250		1743		1743		74

		2255		1735		1735		74

		2260		1725		1725		74

		2265		1716		1716		74

		2270		1704		1704		74

		2275		1692		1692		74

		2280		1679		1679		74

		2285		1666		1666		74

		2290		1652		1652		74

		2295		1636		1636		74

		2300		1621		1621		74

		2305		1607		1607		74

		2310		1596		1596		74

		2315		1589		1589		74

		2320		1585		1585		74

		2325		1583		1583		74

		2330		1583		1583		74

		2335		1584		1584		74

		2340		1587		1587		74

		2345		1589		1589		75

		2350		1592		1592		75

		2355		1596		1596		75

		2360		1602		1602		75

		2365		1609		1609		75

		2370		1617		1617		75

		2375		1626		1626		75

		2380		1635		1635		75

		2385		1644		1644		75

		2390		1652		1652		75

		2395		1658		1658		75

		2400		1661		1661		75

		2405		1664		1664		75

		2410		1665		1665		75

		2415		1663		1663		75

		2420		1659		1659		75

		2425		1653		1653		76

		2430		1645		1645		76

		2435		1634		1634		76

		2440		1624		1624		76

		2445		1612		1612		76

		2450		1600		1600		76

		2455		1587		1587		76

		2460		1573		1573		76

		2465		1558		1558		76

		2470		1541		1541		76

		2475		1524		1524		76

		2480		1506		1506		76

		2485		1489		1489		76

		2490		1473		1473		76

		2495		1461		1461		76

		2500		1451		1451		76

		2505		1443		1443		76

		2510		1438		1438		76

		2515		1435		1435		76

		2520		1434		1434		76

		2525		1436		1436		76

		2530		1439		1439		76

		2535		1444		1444		77

		2540		1449		1449		77

		2545		1455		1455		77

		2550		1462		1462		77

		2555		1471		1471		77

		2560		1480		1480		77

		2565		1491		1491		77

		2570		1504		1504		77

		2575		1516		1516		77

		2580		1526		1526		77

		2585		1533		1533		77

		2590		1537		1537		77

		2595		1536		1536		77

		2600		1532		1532		77

		2605		1526		1526		79

		2610		1517		1517		79

		2615		1506		1506		79

		2620		1494		1494		79

		2625		1482		1482		79

		2630		1470		1470		79

		2635		1457		1457		79

		2640		1443		1443		79

		2645		1429		1429		79

		2650		1413		1413		79

		2655		1397		1397		79

		2660		1380		1380		79

		2665		1362		1362		79

		2670		1344		1344		79

		2675		1327		1327		79

		2680		1313		1313		79

		2685		1302		1302		79

		2690		1295		1295		79

		2695		1292		1292		79

		2700		1291		1291		79

		2705		1294		1294		79

		2710		1298		1298		79

		2715		1304		1304		79

		2720		1311		1311		79

		2725		1321		1321		79

		2730		1331		1331		79

		2735		1342		1342		79

		2740		1354		1354		79

		2745		1368		1368		79

		2750		1383		1383		79

		2755		1398		1398		79

		2760		1415		1415		79

		2765		1432		1432		79

		2770		1448		1448		79

		2775		1462		1462		79

		2780		1473		1473		79

		2785		1484		1484		79

		2790		1490		1490		79

		2795		1494		1494		79

		2800		1496		1496		79

		2805		1496		1496		79

		2810		1494		1494		79

		2815		1492		1492		79

		2820		1487		1487		78

		2825		1479		1479		78

		2830		1470		1470		78

		2835		1458		1458		78

		2840		1444		1444		78

		2845		1430		1430		78

		2850		1415		1415		78

		2855		1398		1398		78

		2860		1381		1381		78

		2865		1364		1364		78

		2870		1349		1349		78

		2875		1335		1335		78

		2880		1324		1324		78

		2885		1316		1316		78

		2890		1312		1312		78

		2895		1310		1310		78

		2900		1310		1310		78

		2905		1313		1313		78

		2910		1318		1318		77

		2915		1323		1323		77

		2920		1331		1331		77

		2925		1341		1341		77

		2930		1353		1353		77

		2935		1368		1368		77

		2940		1384		1384		77

		2945		1401		1401		77

		2950		1418		1418		77

		2955		1436		1436		77

		2960		1455		1455		77

		2965		1470		1470		77

		2970		1484		1484		77

		2975		1497		1497		77

		2980		1506		1506		77

		2985		1513		1513		77

		2990		1517		1517		77

		2995		1520		1520		77

		3000		1522		1522		77

		3005		1523		1523		77

		3010		1522		1522		77

		3015		1521		1521		77

		3020		1519		1519		77

		3025		1516		1516		77

		3030		1512		1512		77

		3035		1507		1507		77

		3040		1502		1502		77

		3045		1495		1495		77

		3050		1489		1489		77

		3055		1481		1481		77

		3060		1473		1473		77

		3065		1468		1468		77

		3070		1465		1465		77

		3075		1465		1465		77

		3080		1466		1466		77

		3085		1470		1470		77

		3090		1475		1475		78

		3095		1481		1481		78

		3100		1489		1489		78

		3105		1497		1497		78

		3110		1506		1506		78

		3115		1517		1517		78

		3120		1528		1528		78

		3125		1539		1539		78

		3130		1552		1552		78

		3135		1566		1566		78

		3140		1580		1580		78

		3145		1596		1596		78

		3150		1612		1612		78

		3155		1626		1626		78

		3160		1639		1639		78

		3165		1648		1648		78

		3170		1657		1657		78

		3175		1663		1663		78

		3180		1668		1668		78

		3185		1671		1671		78

		3190		1673		1673		78

		3195		1674		1674		78

		3200		1674		1674		78

		3205		1673		1673		78

		3210		1670		1670		78

		3215		1667		1667		78

		3220		1663		1663		78

		3225		1658		1658		78

		3230		1652		1652		78

		3235		1644		1644		78

		3240		1634		1634		78

		3245		1624		1624		78

		3250		1614		1614		78

		3255		1606		1606		78

		3260		1601		1601		78

		3265		1598		1598		78

		3270		1596		1596		78

		3275		1595		1595		78

		3280		1596		1596		78

		3285		1599		1599		78

		3290		1603		1603		77

		3295		1609		1609		77

		3300		1615		1615		77

		3305		1622		1622		77

		3310		1630		1630		77

		3315		1639		1639		77

		3320		1649		1649		77

		3325		1659		1659		77

		3330		1671		1671		77

		3335		1685		1685		77

		3340		1700		1700		77

		3345		1715		1715		77

		3350		1729		1729		77

		3355		1741		1741		77

		3360		1751		1751		77

		3365		1759		1759		77

		3370		1765		1765		77

		3375		1771		1771		77

		3380		1775		1775		77

		3385		1776		1776		77

		3390		1775		1775		77

		3395		1773		1773		77

		3400		1770		1770		77

		3405		1765		1765		77

		3410		1760		1760		77

		3415		1753		1753		77

		3420		1746		1746		77

		3425		1736		1736		77

		3430		1725		1725		77

		3435		1713		1713		77

		3440		1700		1700		77

		3445		1687		1687		77

		3450		1675		1675		77

		3455		1665		1665		77

		3460		1658		1658		77

		3465		1652		1652		77

		3470		1647		1647		77

		3475		1645		1645		77

		3480		1644		1644		77

		3485		1646		1646		77

		3490		1650		1650		77

		3495		1656		1656		77

		3500		1663		1663		77

		3505		1670		1670		77

		3510		1678		1678		77

		3515		1688		1688		77

		3520		1697		1697		77

		3525		1707		1707		77

		3530		1719		1719		77

		3535		1731		1731		77

		3540		1745		1745		77

		3545		1758		1758		77

		3550		1772		1772		77

		3555		1785		1785		77

		3560		1796		1796		77

		3565		1805		1805		77

		3570		1810		1810		77

		3575		1810		1810		77

		3580		1807		1807		77

		3585		1801		1801		77

		3590		1793		1793		76

		3595		1782		1782		76

		3600		1770		1770		76

		3605		1756		1756		76

		3610		1742		1742		76

		3615		1726		1726		76

		3620		1711		1711		76

		3625		1697		1697		76

		3630		1680		1680		76

		3635		1663		1663		76

		3640		1645		1645		76

		3645		1626		1626		76

		3650		1606		1606		76

		3655		1588		1588		76

		3660		1572		1572		76

		3665		1559		1559		76

		3670		1548		1548		76

		3675		1541		1541		76

		3680		1538		1538		76

		3685		1538		1538		76

		3690		1541		1541		76

		3695		1545		1545		76

		3700		1551		1551		75

		3705		1559		1559		75

		3710		1568		1568		75

		3715		1577		1577		75

		3720		1588		1588		75

		3725		1599		1599		75

		3730		1611		1611		75

		3735		1624		1624		75

		3740		1639		1639		75

		3745		1653		1653		75

		3750		1668		1668		75

		3755		1683		1683		75

		3760		1699		1699		75

		3765		1716		1716		75

		3770		1733		1733		75

		3775		1748		1748		75

		3780		1762		1762		75

		3785		1771		1771		75

		3790		1776		1776		75

		3795		1779		1779		75

		3800		1780		1780		75

		3805		1777		1777		75

		3810		1773		1773		75

		3815		1767		1767		73

		3820		1758		1758		73

		3825		1747		1747		73

		3830		1735		1735		73

		3835		1721		1721		73

		3840		1704		1704		73

		3845		1687		1687		73

		3850		1667		1667		73

		3855		1648		1648		73

		3860		1628		1628		73

		3865		1606		1606		73

		3870		1584		1584		73

		3875		1564		1564		73

		3880		1546		1546		73

		3885		1531		1531		73

		3890		1519		1519		73

		3895		1509		1509		73

		3900		1501		1501		73

		3905		1496		1496		73

		3910		1492		1492		73

		3915		1489		1489		73

		3920		1490		1490		73

		3925		1491		1491		73

		3930		1495		1495		73

		3935		1501		1501		71

		3940		1508		1508		71

		3945		1516		1516		71

		3950		1525		1525		71

		3955		1534		1534		71

		3960		1544		1544		71

		3965		1555		1555		71

		3970		1567		1567		71

		3975		1580		1580		71

		3980		1592		1592		71

		3985		1605		1605		71

		3990		1618		1618		71

		3995		1631		1631		71

		4000		1642		1642		71

		4005		1649		1649		71

		4010		1655		1655		71

		4015		1659		1659		71

		4020		1660		1660		71

		4025		1659		1659		71

		4030		1654		1654		71

		4035		1647		1647		72

		4040		1638		1638		72

		4045		1627		1627		72

		4050		1616		1616		72

		4055		1605		1605		72

		4060		1591		1591		72

		4065		1577		1577		72

		4070		1561		1561		72

		4075		1543		1543		72

		4080		1525		1525		72

		4085		1505		1505		72

		4090		1484		1484		72

		4095		1464		1464		72

		4100		1446		1446		72

		4105		1431		1431		72

		4110		1417		1417		72

		4115		1406		1406		72

		4120		1398		1398		72

		4125		1392		1392		72

		4130		1390		1390		72

		4135		1390		1390		72

		4140		1392		1392		72

		4145		1396		1396		72

		4150		1400		1400		72

		4155		1406		1406		72

		4160		1413		1413		72

		4165		1422		1422		72

		4170		1431		1431		72

		4175		1441		1441		72

		4180		1453		1453		72

		4185		1466		1466		72

		4190		1480		1480		72

		4195		1493		1493		72

		4200		1508		1508		72

		4205		1524		1524		72

		4210		1540		1540		72

		4215		1556		1556		72

		4220		1569		1569		72

		4225		1580		1580		72

		4230		1587		1587		72

		4235		1591		1591		72

		4240		1593		1593		72

		4245		1593		1593		72

		4250		1589		1589		72

		4255		1584		1584		71

		4260		1576		1576		71

		4265		1567		1567		71

		4270		1557		1557		71

		4275		1546		1546		71

		4280		1534		1534		71

		4285		1520		1520		71

		4290		1507		1507		71

		4295		1492		1492		71

		4300		1477		1477		71

		4305		1461		1461		71

		4310		1445		1445		71

		4315		1429		1429		71

		4320		1416		1416		71

		4325		1405		1405		71

		4330		1398		1398		71

		4335		1393		1393		71

		4340		1391		1391		71

		4345		1390		1390		71

		4350		1393		1393		71

		4355		1398		1398		71

		4360		1405		1405		71

		4365		1413		1413		71

		4370		1423		1423		71

		4375		1434		1434		71

		4380		1445		1445		71

		4385		1458		1458		71

		4390		1471		1471		71

		4395		1485		1485		71

		4400		1500		1500		71

		4405		1517		1517		71

		4410		1532		1532		71

		4415		1549		1549		71

		4420		1566		1566		71

		4425		1583		1583		71

		4430		1599		1599		71

		4435		1617		1617		71

		4440		1634		1634		71

		4445		1653		1653		71

		4450		1671		1671		71

		4455		1689		1689		71

		4460		1705		1705		71

		4465		1720		1720		71

		4470		1732		1732		71

		4475		1739		1739		71

		4480		1745		1745		71

		4485		1748		1748		71

		4490		1748		1748		71

		4495		1747		1747		71

		4500		1742		1742		71

		4505		1736		1736		68

		4510		1729		1729		68

		4515		1720		1720		68

		4520		1710		1710		68

		4525		1698		1698		68

		4530		1687		1687		68

		4535		1673		1673		68

		4540		1659		1659		68

		4545		1643		1643		68

		4550		1627		1627		68

		4555		1609		1609		68

		4560		1592		1592		68

		4565		1577		1577		68

		4570		1565		1565		68

		4575		1556		1556		68

		4580		1548		1548		68

		4585		1543		1543		68

		4590		1540		1540		68

		4595		1540		1540		68

		4600		1541		1541		68

		4605		1545		1545		68

		4610		1550		1550		65

		4615		1555		1555		65

		4620		1563		1563		65

		4625		1570		1570		65

		4630		1578		1578		65

		4635		1588		1588		65

		4640		1598		1598		65

		4645		1609		1609		65

		4650		1621		1621		65

		4655		1633		1633		65

		4660		1646		1646		65

		4665		1660		1660		65

		4670		1675		1675		65

		4675		1690		1690		65

		4680		1705		1705		65

		4685		1721		1721		65

		4690		1738		1738		65

		4695		1755		1755		65

		4700		1771		1771		65

		4705		1787		1787		65

		4710		1802		1802		65

		4715		1816		1816		65

		4720		1827		1827		65

		4725		1836		1836		65

		4730		1842		1842		65

		4735		1846		1846		65

		4740		1848		1848		65

		4745		1849		1849		65

		4750		1845		1845		65

		4755		1839		1839		65

		4760		1832		1832		65

		4765		1823		1823		65

		4770		1813		1813		65

		4775		1801		1801		65

		4780		1789		1789		65

		4785		1776		1776		65

		4790		1760		1760		65

		4795		1745		1745		65

		4800		1729		1729		65

		4805		1712		1712		65

		4810		1695		1695		65

		4815		1680		1680		65

		4820		1666		1666		65

		4825		1653		1653		65

		4830		1643		1643		65

		4835		1636		1636		65

		4840		1629		1629		65

		4845		1623		1623		65

		4850		1620		1620		65

		4855		1620		1620		65

		4860		1621		1621		65

		4865		1623		1623		65

		4870		1627		1627		63

		4875		1631		1631		63

		4880		1636		1636		63

		4885		1642		1642		63

		4890		1649		1649		63

		4895		1656		1656		63

		4900		1665		1665		63

		4905		1675		1675		63

		4910		1685		1685		63

		4915		1695		1695		63

		4920		1707		1707		63

		4925		1719		1719		63

		4930		1730		1730		63

		4935		1742		1742		63

		4940		1756		1756		63

		4945		1770		1770		63

		4950		1783		1783		63

		4955		1795		1795		63

		4960		1804		1804		63

		4965		1812		1812		63

		4970		1817		1817		63

		4975		1820		1820		63

		4980		1820		1820		63

		4985		1819		1819		63

		4990		1814		1814		63

		4995		1809		1809		63

		5000		1801		1801		63

		5005		1791		1791		63

		5010		1782		1782		63

		5015		1771		1771		63

		5020		1759		1759		63

		5025		1745		1745		63

		5030		1730		1730		63

		5035		1715		1715		63

		5040		1698		1698		63

		5045		1682		1682		63

		5050		1665		1665		63

		5055		1652		1652		63

		5060		1640		1640		63

		5065		1630		1630		63

		5070		1623		1623		63

		5075		1618		1618		63

		5080		1616		1616		63

		5085		1617		1617		63

		5090		1619		1619		63

		5095		1623		1623		64

		5100		1629		1629		64

		5105		1636		1636		64

		5110		1643		1643		64

		5115		1650		1650		64

		5120		1659		1659		64

		5125		1669		1669		64

		5130		1679		1679		64

		5135		1690		1690		64

		5140		1702		1702		64

		5145		1714		1714		64

		5150		1727		1727		64

		5155		1739		1739		64

		5160		1752		1752		64

		5165		1766		1766		64

		5170		1778		1778		64

		5175		1788		1788		64

		5180		1794		1794		64

		5185		1799		1799		64

		5190		1800		1800		64

		5195		1800		1800		64

		5200		1797		1797		64

		5205		1792		1792		64

		5210		1787		1787		64

		5215		1780		1780		64

		5220		1773		1773		64

		5225		1764		1764		64

		5230		1754		1754		64

		5235		1744		1744		64

		5240		1732		1732		64

		5245		1720		1720		64

		5250		1707		1707		64

		5255		1693		1693		64

		5260		1676		1676		64

		5265		1659		1659		64

		5270		1642		1642		64

		5275		1627		1627		64

		5280		1615		1615		64

		5285		1605		1605		64

		5290		1598		1598		64

		5295		1594		1594		64

		5300		1591		1591		64

		5305		1590		1590		64

		5310		1591		1591		64

		5315		1593		1593		64

		5320		1596		1596		64

		5325		1601		1601		64

		5330		1607		1607		64

		5335		1614		1614		64

		5340		1621		1621		64

		5345		1630		1630		64

		5350		1639		1639		64

		5355		1650		1650		64
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