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1 License

Copyright (c) 2010, Zeo, Inc. All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the following conditions are met:

· Redistributions of source code must retain the above copyright notice, this list of conditions and the following disclaimer.

· Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following disclaimer in the documentation and/or other materials provided with the distribution.

· Neither the name of Zeo, Inc. nor the names of its contributors may be used to endorse or promote products derived from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL ZEO, INC. BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
2 Introduction
The Zeo Data Decoder is a tool for converting binary Zeo sleep data files into a collection of records which represent a user’s nights of sleep. This tool is intended to be used for extracting information from the sleep records stored on the SD card.
In addition to decoding and outputting the raw data from the ZEOSLEEP.DAT file, the Zeo Data Decoder also augments the raw data with information of its own, including a Nap flag and a Sleep Date value. This document lays out how to use the decoder and describes all of its output. 

The decoder has the following features:

· Ability to decode raw ZEOSLEEP.DAT files into records. 

· Ability to present decoded records in a machine readable XML form.

· Ability to present decoded records in a human readable form for easy analysis. 

· Ability to collapse duplicate records from a single sleep episode down to one record. 

· Ability to notify the user which sleep episode represents the longest night of sleep in a given 24 hour period (6AM to 6AM). Sleep episodes are classified as either naps or non-naps with only the longest sleep episode from each day classified as a non-nap.

· Currently only works with the OpenZeo firmware 2.6.3O.

2.1 How to Use:

2.1.1 Update Zeo Bedside Display Firmware to 2.6.3O

The standard Zeo firmware (version 2.6.3) produces encrypted .dat files. This decoder is only capable of decoding unencrypted .dat files produced by firmware version 2.6.3O. Please follow these steps to disable SD card encryption:

1. Upload data as usual.

2. Download the zeo.img file corresponding to firmware 2.6.3O.

3. Place the zeo.img file on the SD card.

4. Update the firmware on your Zeo.

5. Tell Zeo to erase the Zeo Card.

6. Use your Zeo as usual and enjoy having offline access to your sleep data.
2.1.2 Compiling from Source
The Java JDK must be installed in order to compile the source code.
Run Ant to compile the source.

2.1.3 Executing the Decoder

The jar file’s basic forms of execution are:

· Print human readable text to the terminal:

· java -jar ZeoDataDecoder.jar [options] /directory/zeosleep.dat

· Write human readable text to the specified file:

· java -jar ZeoDataDecoder.jar [options] /directory/zeosleep.dat /directory/zeosleep.txt

· Write an XML form output to the specified file:

java -jar ZeoDataDecoder.jar [options] /directory/zeosleep.dat /directory/zeosleep.xml

2.1.3.1 Options

-e or --expand for forcing the decoder not to reduce duplicate records down to one record. This outputs the entire contents of the .dat file, rather than outputting one record for each sleep episode.

-V or --version to cause the program to output the program version number information and exit
3 What is Stored on the SD Card:
Sleep information and device history is periodically written to the SD card when present. The following sections describe in detail what is stored onto the SD card.

3.1 Write Timing

Sleep information and device history data is appended to the ZEOSLEEP.DAT file on a SD card asynchronously when certain events occur.

Records may be written when the following events occur:

· 0 - Tentative End of Night 

· 1 - End of Night 

· 2 - When alarm is turned off or stops ringing on its own without sleep algorithm active 

· 3 - Upon insertion of the SD card 

· 4 – Each day at 12:00 noon 

· 5 – When the user enters a new Sleep Rating value 

On each write, the reason for the write is stored according to the above codes. 

In each of these “sleep information and device history write records”, a time stamp and the headband serial number are included in the file.  Hence, if a card is inserted into different bedside displays, it will have multiple “write records” with potentially different headband serial numbers recorded. If the same headband is used with different bedside displays, the records are indistinguishable.

Each record written to a SD card includes the latest Sleep Information and Device History.  This means that a single ZEOSLEEP.DAT file may include multiple copies of the sleep information for a particular night.

The sleep information to be stored on the SD card is cleared when the sleep algorithm has initialized and recognized a new night has begun. This ensures that there is no overlap in the data for different nights of sleep. The device history is initialized at startup and accumulates from that point in time.  

3.2 Sleep Information
The following information is contained in a single Sleep Information record. Their decoded counterparts are described in detail in section 4.4 (Field Specifications):

· Display hypnogram “start time” (Unix timestamp)

· Start of Night  (Unix timestamp)

· End of Night (Unix timestamp)

· Total Sleep Time (stored as a count of 30 second epochs)

· Time in Wake/REM/Light/Deep (stored as a count of 30 second epochs)

· Time to Fall Asleep (stored as a count of 30 second epochs)

· Number of Awakenings

· ZQ Score

· Sleep Rating value

· Base Hypnogram (sleep graph, 30 second resolution)

· All of the “Best” sleep history values that are maintained (stored as counts of 30 second epochs)

· All of the “Average” sleep history values that are maintained (stored as counts of 30 second epochs)

· Insufficient Data (binary flag). Note: A night flagged with Insufficient Data is not stored in sleep history

· Wakeup Information

· What triggered the alarm
· Data Format:  3 bits

· 000 - Wake REM to Non-REM

· 001 - Wake Non-REM to REM

· 010 - Wake on Wake

· 011 - Deep Rising Wakeup

· 100 – End of Window Wakeup

· First and last time the alarm rang for night of sleep. Time is recorded at the start of ramp.

· Data Format: Unix Time Stamps – 32 bits * 2 = 64 bits

· Hypnogram display bin value that was “forced” to reflect an early alarm condition.

· Data Format: display bin index (16 bits) and sleep forced sleep stage value (16 bits). Bin index of 0 indicates no forced display bin.

· At what time was the alarm turned off

· Data Format: Unix Time Stamp – 32 bits

· At what times was the snooze button pressed (store maximum of 9 presses)
· Data Format: Unix Time Stamps – 32 bits * 9 = 288 bits

3.3 Device History

The following information on device history is also written to the SD card.

· Current time indicating when record was written to SD card.

· Data Format: Unix Time Stamp – 32 bits

· Current Backlight Brightness Selection

· Data Format: 4 bits – 0000 off; 1000 8

· Current Wake Tone Selection

· Data Format: 3 bits – 000 duo; 001 forest, 010 sunrise, 011 meadow, 100 daybreak

· Current 12/24 Hour Selection

· Data Format: 1 bit: 1 – 12 hour; 0 – 24 hour

· Current Wake Window

· Data Format: 6 bits: stored in minutes

· Zeo Wake On/Off

· Data Format: 1 bit: 0 – off; 1 – on

· Watchdog reset detected

· Data Format: 1 bit: 0 – last restart not due to watchdog reset; 1 – last restart was due to a watchdog reset

· Snooze Time

· Data Format: 5 bits: 0-30 minutes

· Current Airplane Mode status

· Data Format: 1 bit: 0 – off; 1 – on

· Assertion error function name

· Data Format: 20 character NULL terminated string containing the name of the function that triggered the most recent assertion. The function name may be truncated due to the 19-character limit (after accounting for the NULL terminator). If there was no assertion since the most recent power cycle then this string is empty.

· Assertion error line number

· Data Format: 32 bit number indicating the line number in the source file associated with the function named by the previous entry that triggered the most recent assertion. If there was no assertion since the most recent power cycle then this value is 0.

· Record Format Version Number

· Data Format: 16 bit number with value that changes for each update to this record format. This value can be used to correctly decode different versions of the record layout.

· Hardware Revision Number

· Data Format: 16 bit number storing Zeo bedside display hardware revision

· Software Version Number

· Data Format: 16 bit number storing Zeo bedside display software version 

The following data is collected specifically for file storage and is primarily used by customer service for troubleshooting.

· Headband Impedance – A measure of the headband's ability to pick up signals from the forehead. Averaged over 10 minute periods for the last 24 hours.  Store using 8 bits.  Lower is better. 0 indicates no data was received from the headband for the 10 minute period. 255 indicates an error - the headband is off the head or otherwise not making a connection. 

· Data Format:

· There are 144 10 minute blocks during a 24 hour period.

· 8 bits

· 8*144 = 1152 bits

· Bit Mask representing whether the headband was primarily charged (0), charging (1) or off the bedside display (2) over a 10 minute period for the last 24 hours. The 2-bit bit mask value is set to 3 to indicate no status value has been stored. 

· Data Calculation:

· For each 10 minute block, of which there are 6 in an hour, 

· (6*24) = 144 during a day.

· bits * 144 = 288 bits

· Value for each 10 minute period of the last 24 hours representing average RSSI (received signal strength). 

· Data Format: stored as an array of 8 bit signed integers (i.e. numbers between -127 and 128). 

· Data Calculation:

· For each 10 minute block, of which there are 6 in an hour, 

· (6*24)=144 during a day.

· 8 bits * 144 = 1152 bits

· Value for each 10 minute period of the last 24 hours representing % of unique packets received. 

· floor(# of packets/5) lost over a 10 minute period (vs. the expected 8*60*10 = 4800 packets).  If 13 packets were lost, then 2 would be stored.  Limit stored value to 8 bits (256 values) and just store the highest value (255) if more than 1279 packets are lost.

· Data Calculation:

· For each 10 minute block, of which there are 6 in an hour, 

· (6*24) = 144 during a day

· 8 bits * 144 = 1152 bits

· Time at which the alarm time changed along with the new alarm time value.  At power-up an initial entry is created with a time value of 0 for the time the alarm changed and an alarm time value indicating alarm time at power up.  Times when the alarm was turned on and off are also be represented. When the alarm is turned on, an entry with the current alarm time is created. When the alarm is turned off, an entry with an alarm time of 0 is created. 

· Current instance and last 3 instances of change

· Data Format: Unix Time Stamp for time at which alarm time changed. Hours and minutes value converted to seconds for alarm time.

· 32 * 2 * 4 = 256 bits

· When the time changed (i.e. current time), and to what time (i.e. new time). 

· Current instance and last 3 instances of change. At power-up an initial entry is created with a current time value of 0 and a new time value indicating time at power up. 

· Data Format: Unix Time Stamp for both values

· 32 bits * 2 * 4 = 256 bits

· When Factory Reset occurred 

· Last instance

· Data Format: Unix Time Stamp – 32 bits

· When Sensor Life Reset occurred

· Last instance 

· Data Format: Unix Time Stamp – 32 bits

· When Sleep Statistics Reset occurred

· Last instance 

· Data Format: Unix Time Stamp – 32 bits

· When Airplane Mode engaged and disengaged 

· Last instance of each 

· Data Format: Unix Time Stamp – 32 bits * 2 = 64 bits

The headband status values that are part of the device history are stored in arrays that can hold averages for a complete 24 hour period.  This includes the headband impedance, charging state, RSSI and packet loss values.  The values will be stored in the arrays using indices that are based on the “time of day” represented by the averaged data. The first entry in each array corresponds to the 10 minutes of data collected from 12:00 pm to 12:10 pm.  The second entry corresponds to the next 10 minutes.  This indexing is repeated for a whole day.  When a new day starts, the stored values wrap to the beginning of the array. Since the SD card is written at least once per day, this approach allows all status data to be saved.  Using the Current Time value included in the saved record, the decoder can determine which values in the arrays are most recent and which are oldest. 
4 Decoder Output

The decoded record data is output in either a human readable text format or an XML format. The human readable format can be directly output to the terminal and both formats can be saved to a file.

The decoder attempts to detect and tolerate corrupted data records. Under no conditions should it crash during the decoding of a ZEOSLEEP.DAT file. Valid records are those that contain the established record identifier string, “SLEEP”, at the start. Valid records also have to have a valid checksum. When an invalid record is detected, it is ignored and file decoding continues by searching for the start of another record.

4.1 Duplicate Record Collapse

Zeo outputs sleep data records for a number of reasons including:

· SD card insertion (which includes the case where Zeo first powers up).

· The alarm being turned off.

· The sleep algorithm determines the end of a night.

· Records output every 24 hours at 12 noon.

· User entered a sleep rating after docking the headband.

Because of the multiple reasons for record output, the records can represent “duplicate” information from a sleep analysis perspective or even records that are meaningless from a sleep analysis perspective. By default, the decoder filters the raw data records and only output those that are meaningful for sleep data analysis. Under this default mode of operation the decoder outputs only one record for each sleep episode and discards any records that don’t represent a sleep episode. 

Records representing sleep episodes are those that have both start_of_night and end_of_night time values. Records without both values are discarded. The set of records retained after discarding records not reflecting sleep episodes may still contain duplicate records for a given sleep episode. Duplicates are filtered such that only one of each set of duplicate records is retained. Unique sleep episodes are differentiated by different start_of_night values. Duplicates are a set of records with the same start_of_night value.

The record representing each sleep episode is determined by examining all the duplicate records and keeping the record with the longest sleep time. Comparing the end_of_night values and picking the records with the later end_of_night values determine the record with the longer sleep time. If there are multiple records from the same sleep episode that also have the same end_of_night value then the record with larger base hypnogram count value is considered to have a longer sleep time. If there are multiple records with the same start time and length of sleep, then the decoded data from the last of the equivalent records with a write reason of FS_REASON_SLEEP_RATING is output. If no record with a write reason of FS_REASON_SLEEP_RATING is present, the first of the equivalent records are output.

There is no requirement that duplicate records be sequential in the input ZEOSLEEP.DAT file. The decoder is capable of detecting non-contiguous duplicate records and removing all but one of them. 

When the reduced set of records is output, they are output in a monotonic increasing time order based on the start_of_night values. 

By default the decoder removes “duplicate” records as described above. The decoder does, however, also support an option to cause it to output all records with no duplicate removal see 2.1.3.1 (Options).
4.2 XML Output Format

Most fields in the XML output correspond directly to fields in the sleep record structure created and recorded by the Zeo base firmware, see 3(What is stored on the SD card). Other fields, such as the display hypnogram, are derived by the decoder from data in the sleep record structure. The values in this format are left as their numerical representations. The format is of the standard xml form, <Field>Value</Field>. 
The XML output consists of a single sleep_records tag, containing a list of sleep_record tags, each representing a single record from the input file.

The sleep_record tag has an attribute named version that indicates the version of the record. A single ZEOSLEEP.DAT file from a card used in different units, or used in one unit before and after a software update, might contain records with multiple record versions. This decoder currently only reads records created by the 2.6.3O firmware.

The sleep_record tag contains the current_time, crc, is_nap, and sleep_date tags described later in this section, along with the device_history and sleep_information tags described in subsequent sections.

Example:

<?xml version="1.0" encoding="ISO-8859-1"?>

<sleep_records>

<sleep_record version="22">

<current_time>

<year>2010</year>

<month>6</month>

<day>11</day>

<hour>16</hour>

<minute>30</minute>

<second>18</second>

</current_time>

<crc>42743</crc>

<is_nap>0</is_nap>

<sleep_date>

<year>2010</year>

<month>6</month>

<day>10</day>

<hour>6</hour>

<minute>0</minute>

<second>0</second>

</sleep_date>

<device_history>

<airplane_mode>0</airplane_mode>

<alarm_reason>5</alarm_reason>

<backlight>8</backlight>

<clock_mode>1</clock_mode>

<sleep_valid>true</sleep_valid>

<snooze_time>9</snooze_time>

<wake_tone>4</wake_tone>

<wake_window>20</wake_window>

<write_reason>3</write_reason>

<zeo_wake_on>1</zeo_wake_on>

<wdt_reset>1</wdt_reset>

<airplane_off>

</airplane_off>

<airplane_on>

</airplane_on>

<alarm_change>

<change_time>

<new_value>

<year>1970</year>

<month>1</month>

<day>1</day>

<hour>8</hour>

<minute>0</minute>

<second>0</second>

</new_value>

<time_changed>

</time_changed>

</change_time>

<change_time>

<new_value>

</new_value>

<time_changed>

</time_changed>

</change_time>

<change_time>

<new_value>

</new_value>

<time_changed>

</time_changed>

</change_time>

<change_time>

<new_value>

</new_value>

<time_changed>

</time_changed>

</change_time>

</alarm_change>

<assert_function_name>

</assert_function_name>

<assert_line_number>0</assert_line_number>

<factory_reset>

</factory_reset>

<headband_id>9037</headband_id>

<headband_impedance>

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

</headband_impedance>

<headband_packets>

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

</headband_packets>

<headband_rssi>

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

</headband_rssi>

<headband_status>

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 

</headband_status>

<id_hw>2</id_hw>

<id_sw>40</id_sw>

<rtc_change>

<change_time>

<new_value>

<year>2010</year>

<month>6</month>

<day>11</day>

<hour>16</hour>

<minute>30</minute>

<second>16</second>

</new_value>

<time_changed>

</time_changed>

</change_time>

<change_time>

<new_value>

</new_value>

<time_changed>

</time_changed>

</change_time>

<change_time>

<new_value>

</new_value>

<time_changed>

</time_changed>

</change_time>

<change_time>

<new_value>

</new_value>

<time_changed>

</time_changed>

</change_time>

</rtc_change>

<sensor_life_reset>

</sensor_life_reset>

<sleep_stat_reset>

</sleep_stat_reset>

</device_history>

<sleep_information>

<alarm_ring>

<ring>

</ring>

<ring>

</ring>

</alarm_ring>

<alarm_snooze>

<snooze>

</snooze>

<snooze>

</snooze>

<snooze>

</snooze>

<snooze>

</snooze>

<snooze>

</snooze>

<snooze>

</snooze>

<snooze>

</snooze>

<snooze>

</snooze>

<snooze>

</snooze>

</alarm_snooze>

<alarm_off>

</alarm_off>

<alarm_set_time>

<year>2010</year>

<month>6</month>

<day>11</day>

<hour>8</hour>

<minute>0</minute>

<second>0</second>

</alarm_set_time>

<awakenings>3</awakenings>

<awakenings_average>3</awakenings_average>

<end_of_night>

<year>2010</year>

<month>6</month>

<day>11</day>

<hour>7</hour>

<minute>55</minute>

<second>0</second>

</end_of_night>

<rise_time>

</rise_time>

<start_of_night>

<year>2010</year>

<month>6</month>

<day>10</day>

<hour>23</hour>

<minute>30</minute>

<second>23</second>

</start_of_night>

<sleep_rating>3</sleep_rating>

<time_in_deep>153</time_in_deep>

<time_in_deep_average>140</time_in_deep_average>

<time_in_deep_best>238</time_in_deep_best>

<time_in_light>591</time_in_light>

<time_in_light_average>499</time_in_light_average>

<time_in_rem>252</time_in_rem>

<time_in_rem_average>219</time_in_rem_average>

<time_in_rem_best>447</time_in_rem_best>

<time_in_wake>8</time_in_wake>

<time_in_wake_average>12</time_in_wake_average>

<time_to_z>9</time_to_z>

<time_to_z_average>8</time_to_z_average>

<total_z>996</total_z>

<total_z_average>858</total_z_average>

<total_z_best>1226</total_z_best>

<zq_score>94</zq_score>

<zq_score_average>81</zq_score_average>

<zq_score_best>118</zq_score_best>

<display_hypnogram_forced_index>0</display_hypnogram_forced_index>

<display_hypnogram_forced_stage>0</display_hypnogram_forced_stage>

<hypnogram_start_time>

<year>2010</year>

<month>6</month>

<day>10</day>

<hour>23</hour>

<minute>25</minute>

<second>0</second>

</hypnogram_start_time>

<display_hypnogram_count>0</display_hypnogram_count>

<display_hypnogram>

</display_hypnogram>

<base_hypnogram_count>0</base_hypnogram_count>

<base_hypnogram>

</base_hypnogram>

</sleep_information>

</sleep_record>

</sleep_records>

4.3 Human Readable Output Format

This format is nearly identical in content to the XML format. It is made easier to read by changing the format to be Field=Value and also converting most numerical representations for Value to English descriptions of their meaning.

Example:

record version= 22

current_time  = 2010-06-11 T 16:30:18 (1276273818)

crc           = 42743

is_nap        = false

sleep_date    = 2010-06-10 T 06:00:00 (1276149600)

airplane_mode = false

alarm_reason  = NO_ALARM

backlight     = 8

clock_mode    = HOUR_12

sleep_valid   = true

snooze_time   = 9

wake_tone     = 4

wake_window   = 20

write_reason  = FS_REASON_CARD_INSERT

zeo_wake_on   = true

wdt_reset     = true

airplane_off  = null

airplane_on   = null

alarm_change  = value: 08:00:00 (28800) changed: null

alarm_change  = value: null changed: null

alarm_change  = value: null changed: null

alarm_change  = value: null changed: null

assert_function_name = 

assert_line_number   = 0

factory_reset = null

headband_id   = 9037

headband_impedance  =   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0 

headband_packets    =   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0 

headband_rssi       =   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0 

headband_status     =   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3   3 

id_hw                 = 2

id_sw                 = 40

rtc_change            = value: 2010-06-11 T 16:30:16 (1276273816) changed: null

rtc_change            = value: null changed: null

rtc_change            = value: null changed: null

rtc_change            = value: null changed: null

sensor_life_reset     = null

sleep_stat_reset      = null

alarm_ring            = null

alarm_ring            = null

alarm_snooze          = null

alarm_snooze          = null

alarm_snooze          = null

alarm_snooze          = null

alarm_snooze          = null

alarm_snooze          = null

alarm_snooze          = null

alarm_snooze          = null

alarm_snooze          = null

alarm_off             = null

alarm_set_time        = 2010-06-11 T 08:00:00 (1276243200)

awakenings            = 3

awakenings_average    = 3

start_of_night        = 2010-06-10 T 23:30:23 (1276212623)

end_of_night          = 2010-06-11 T 07:55:00 (1276242900)

rise_time             = null

sleep_rating          = 3 (OKAY)

time_in_deep          =  1:17 ( 153 epochs)

time_in_deep_average  =  1:10 ( 140 epochs)

time_in_deep_best     =  1:59 ( 238 epochs)

time_in_light         =  4:56 ( 591 epochs)

time_in_light_average =  4:10 ( 499 epochs)

time_in_rem           =  2:06 ( 252 epochs)

time_in_rem_average   =  1:50 ( 219 epochs)

time_in_rem_best      =  3:44 ( 447 epochs)

time_in_wake          =  0:04 (   8 epochs)

time_in_wake_average  =  0:06 (  12 epochs)

time_to_z             =  0:05 (   9 epochs)

time_to_z_average     =  0:04 (   8 epochs)

total_z               =  8:18 ( 996 epochs)

total_z_average       =  7:09 ( 858 epochs)

total_z_best          = 10:13 (1226 epochs)

zq_score              = 94

zq_score_average      = 81

zq_score_best         = 118

display_hypnogram_forced_index = 0

display_hypnogram_forced_stage = 0

hypnogram_start_time  = 2010-06-10 T 23:25:00 (1276212300)

base_hypnogram_count  = 0

base_hypnogram = 

display_hypnogram_count = 0

display hypnogram =

4.4 Field Specifications
4.4.1 Time representation

All date and time values are represented using a consistent format described here. 

For XML the dates and times are specified as composite tags containing the following nested tags:

· year

· month

· day

· hour (24 hour time)

· minute

· second

Each tag indicates an integer value. In the human readable format the date and time are compressed into a single line of Field = Year-Month-Day T Hour:Minute:Second (UNIX timestamp value).

In cases where only the time of day is relevant (and the date is not relevant) the date is set to 1970/1/1. In these cases the year, month, and day fields is ignored.

In any case where a null time and date is to be specified, none of the six date or time tags will be present.

4.4.2 Decoder Fields

This section describes the fields evaluated by the decoder.
4.4.2.1 crc

CRC16 checksum of the sleep record. There is no need for a user of the XML output to check this value, as only records with a valid CRC are output from the decoder.

4.4.2.2 current_time

Time according to the base station's real time clock indicating when the record was written to the ZEOSLEEP.DAT file.

4.4.2.3 is_nap

See section 4.5.2 (Nap Record Field).

4.4.2.4 sleep_date

See section 4.5.4 (Sleep Date Field).

4.4.3 device_history

The device_history tag contains information about the state of Zeo at the moment the record was written. The tags it contains are described in this section, listed in alphabetical order.

4.4.3.1 airplane_mode

Indicates whether airplane mode is currently enabled. Set to 0 if disabled, 1 if enabled.

4.4.3.2 airplane_off

Indicates the last time, since startup, that airplane mode was turned off. Set to a null time value if airplane mode has not been turned off since startup.

4.4.3.3 airplane_on

Indicates the last time, since startup, that airplane mode was turned on. Set to a null time value if airplane mode has not been turned on since startup.

4.4.3.4 alarm_change

This tag holds the four most recent states of the alarm setting using the format described here. The state of the alarm is either turned off, or turned on and set to a specific time. In the case where the alarm is turned off, the set alarm time is not recorded here (i.e. the recorded value is null).

The tag contains four change_time tags, each containing a new_value tag and a time_changed tag. The new_value tag is either null (representing the alarm turned off) or set to the alarm time if the alarm is turned on. The alarm time is only a time of day; the date portion of the timestamp should be ignored. The time_changed tag is null for the initial entry in the alarm_change list, which is generated on startup. For subsequent entries generated by user action (either changing the alarm time or turning the alarm on or off), the time_changed tag holds the timestamp at which the change occurred. 

4.4.3.5 alarm_reason

Indicates the reason for the most recent alarm ringing. The values are presented as integers with the following meanings:

0. REM_TO_NREM_TRANSITION

1. NREM_TO_REM_TRANSITION

2. WAKE_ON_WAKE

3. DEEP_RISING

4. END_OF_WAKE_WINDOW

5. NO_ALARM

REM_TO_NREM_TRANSITION, NREM_TO_REM_TRANSITION, WAKE_ON_WAKE, and DEEP_RISING only result from the SmartWake function. END_OF_WAKE_WINDOW results from either reaching the end of the wake window in SmartWake or reaching the alarm time in standard wake. NO_ALARM indicates that the alarm has not rung since the alarm reason was cleared.

The alarm reason is cleared to NO_ALARM on power-on, and is cleared to NO_ALARM when a new night of sleep begins.

4.4.3.6 assert_function_name

If an assertion caused the base station to reset, all records produced from that point onwards until it is powered off will have the wdt_reset flag set, and the name of the function (up to 20 characters) in which the assertion occurred will be specified in the assert_function_name tag. If the base station was reset by the watchdog for a reason other than an assertion, the wdt_reset flag is set but this tag will be empty.

4.4.3.7 assert_line_number

If an assertion caused the base station to reset, all records produced from that point onwards until it is powered off will have the wdt_reset flag set, and the line number where the assertion occurred is specified in the assert_line_number tag. If the base station was reset by the watchdog for a reason other than an assertion, the wdt_reset flag is set but this tag will be set to 0.

4.4.3.8 backlight

Indicates the current brightness setting of the backlight as an integer value. The value 0 indicates the backlight is off, and 1 through 8 represent the dimmest to brightest settings.

4.4.3.9 clock_mode

Indicates whether 12 or 24 hour (military) time is in use. Values are:

0. 24 hour

1. 12 hour

4.4.3.10 factory_reset

Indicates the last time, since startup, that the unit was reset to factory settings. Set to null time if the unit has not been reset to factory settings since startup.

4.4.3.11 headband_id

Serial number, as a decimal integer, of the headband that was most recently docked on the base station.

4.4.3.12 Headband Tracking Arrays

Information about the headband's activity over time is tracked in the headband_impedance, headband_packets, headband_rssi, and headband_status arrays. These tags share a common format that is described here.

The tag contains a space separated list of integers. The specific meaning of the integer depends on the tag and is described in the following subsections. There are 144 elements in the list, each representing a period of 10 minutes. The entire list represents the past 24 hours, with elements added to the list on 10 minute boundaries. The last element in the list represents a period of 10 minutes ending at the record's current_time modulo 10 minutes.

4.4.3.12.1 headband_impedance

Averaged impedance measurement from the headband over 10 minute periods. See 3.3 for details of encoding.

4.4.3.12.2 headband_packets

Packet loss over 10 minute periods. See 3.3 for details of encoding.

4.4.3.12.3 headband_rssi

Averaged wireless received signal strength over 10 minute periods. See 3.3 for details of encoding.

4.4.3.12.4 headband_status

Records what state the headband was in for the most time over a 10 minute period (undocked, docked and charging, or docked and charged). See 3.3 for details of encoding.

4.4.3.13 id_hw

Hardware version number of the base station. The released product version is 2.

4.4.3.14 id_sw

Software version number of the base station firmware.

4.4.3.15 rtc_change

This tag holds the four most recent changes to the real time clock, starting with the real time clock's value on startup.

The tag contains four change_time tags, each containing a new_value tag and a time_changed tag. The new_value tag holds the newly set real time. The time_changed tag is null for the initial entry in the list, which is generated on startup. For subsequent entries generated by the user changing the time, the time_changed tag holds the timestamp at which the change occurred, according to the clock before the change was made. 

4.4.3.16 sensor_life_reset

Indicates the last time, since startup, that the sensor life was reset. Set to a null time value if sensor life has not been reset since startup.

4.4.3.17 sleep_stat_reset

Indicates the last time, since startup, that the sleep statistics were reset. Set to a null time value if sleep statistics have not been reset since startup.

4.4.3.18 sleep_valid

This flag is set to either true or false. This flag is set to the string 'true' when the following conditions are true:

· The record contains valid sleep data

· The insufficient data flag is not set for the night

If either condition is false, the flag is set to the string 'false'.

4.4.3.19 snooze_time

Number of minutes for snooze time, as set by the user. Ranges from 0 minutes (snooze disabled) to 30 minutes in 1 minute increments.

4.4.3.20 wake_tone

Indicates the wake tone selected by the user. The selection is encoded as an integer value with the following meanings:

0. DUO

1. FOREST

2. SUNRISE

3. MEADOW

4. DAYBREAK

4.4.3.21 wake_window

Indicates the wake window as selected by the user. The value is specified in minutes, ranging from 15 minutes to 60 minutes in 5 minute increments. The upper limit is now 40 minutes but older software versions allowed wake windows of up to 60 minutes.

4.4.3.22 wdt_reset

Indicates if the most recent software startup was due to a watchdog reset or not. Set to 1 if the most recent startup of the Zeo software was due to a watchdog reset. Set to 0 if the startup was due to a normal power-up. If wdt_reset is set to 1, assert_function_name and assert_line_number may be populated with debug information.

4.4.3.23 write_reason

Specifies the reason this record was written to the SD card. The reason is encoded as an integer value with the following meanings:

0. TENTATIVE_NIGHT_END
Sleep algorithm transitioned from active mode to tentative idle mode.

1. NIGHT_END
Sleep algorithm transitioned from tentative idle mode to idle mode.

2. ALARM_OFF
A ringing alarm was turned off, either by the user or because it timed out.

3. CARD_INSERT
Unit was powered on with SD card inserted, or SD card was inserted in a unit that was already powered on.

4. 24_HOUR_UPDATE
Record is written out at noon every day.

5. SLEEP_RATED
User entered a sleep rating.

4.4.3.24 zeo_wake_on

Indicates whether the SmartWake feature is enabled. The value 0 indicates standard wake, 1 indicates SmartWake.

4.4.4 sleep_information

The sleep_information tag contains information about the alarm, sleep data, and sleep history.

A subset of the tags record data about alarm events (as opposed to sleep data or history). If the alarm went off then these tags contain valid data. Otherwise their values are null. The alarm tags are listed here:

· alarm_off

· alarm_ring

· alarm_set_time

· alarm_snooze

A subset of the tags record relevant sleep data (as opposed to alarm data) for the current night. At any given time there may or may not be a current night stored. If the start_time tag is null, there is no current night and the tags do not contain valid data. If the start_time tag is not null, the tags contain valid data. The current night tags are listed here:

· awakenings

· base_hypnogram

· base_hypnogram_count

· display_hypnogram

· display_hypnogram_count

· display_hypnogram_forced_index

· display_hypnogram_forced_stage

· end_of_night

· hypnogram_start_time

· rise_time

· sleep_rating

· start_of_night

· time_in_deep

· time_in_light

· time_in_rem

· time_in_wake

· time_to_z

· total_z

· zq_score

A record that is written while a night is in progress, or after the night is over but while the base station remains plugged in, will contain a hypnogram. However, when the current night has been loaded from internal Flash memory on startup, the hypnogram will not be present. All other sleep data will be present. The affected tags are:

· base_hypnogram

· base_hypnogram_count

· display_hypnogram

· display_hypnogram_count

The sleep_information tags are described here in alphabetical order.

4.4.4.1 alarm_off

Records the most recent time the alarm was turned off, or null if the alarm has not been turned off. Cleared when a new night of sleep begins.

4.4.4.2 alarm_ring

Records the information about the dates and times at which the alarm rang as an array of timestamp tags named 'ring'. There are always 2 tags regardless of the number of alarm rings. The tags record the first and last time that the alarm rang as part of the most recent alarm ringing sequence. If the alarm didn’t ring the values are null. If the alarm only rang once before being turned off then the second element is null. If there was more than one ring, the second element always holds the most recent ring.

The array is cleared when a new night of sleep begins. Rings are recorded regardless of whether the sleep algorithm is active.

4.4.4.3 alarm_set_time

See section 4.5.1(Alarm Set Time Field).

4.4.4.4 alarm_snooze

Records the dates and times at which the snooze button was pressed during the current night as an array of timestamp tags named ‘snooze.’ There are always 9 tags regardless of the number of presses. If there were less than 9 presses the remaining snooze tags are null. If there are more than 9 presses the earliest times are overwritten.

The array is cleared when a new night of sleep begins. Presses are recorded regardless of whether the sleep algorithm is active.

4.4.4.5 awakenings

Number of awakenings for the current night.

4.4.4.6 awakenings_average

Average number of awakenings from sleep history.

4.4.4.7 base_hypnogram

Records the sleep stages on a 30 second time scale. The base_hypnogram tag contains a space-separated list of numbers. The first element represents the time period starting at the time specified in the hypnogram_start time tag and ending 30 seconds later. The sleep stages are encoded as integers according to the following mapping: (deep and deep_2 both represent deep sleep)

0. undefined

1. wake

2. REM

3. light

4. deep

5. (not used)

6. deep_2

4.4.4.8 base_hypnogram_count

Number of elements in the base hypnogram if it is present, or 0 if there is no hypnogram.

4.4.4.9 display_hypnogram

Records the sleep stages on a 5 minute time scale. The display_hypnogram tag contains a space separated list of numbers. The first element represents the time period starting at the time specified in the hypnogram_start time tag and ending 5 minutes later. The sleep stages are encoded as integers according to the following mapping:

0. undefined

1. wake

2. REM

3. light

4. deep

4.4.4.10 display_hypnogram_count

Number of elements in the display hypnogram if it is present, or 0 if there is no hypnogram.

4.4.4.11 display_hypnogram_forced_index

When the alarm is rung before the set alarm time by the SmartWake feature, the software may artificially change the value of a single display hypnogram bin to indicate to the user the reason for the alarm ringing. This tag indicates whether the adjustment has been made. If this adjustment has been made on the current night, this tag will indicate the zero-based index of the display hypnogram element that has been changed. If the adjustment has not been made, the tag will be set to 0.

4.4.4.12 display_hypnogram_forced_stage

If the display_hypnogram_forced_index tag is nonzero, this tag will hold the sleep stage that the adjusted display hypnogram bin was set to. The sleep stage is reported as an integer value using the encoding described for the display_hypnogram tag.

4.4.4.13 end_of_night

The End of Night is the time at which no further sleep data was collected for the current night.

4.4.4.14 hypnogram_start_time

Indicates the date and time corresponding to the first element of the base and display hypnograms. This time is always aligned to a 5 minute boundary.

4.4.4.15 rise_time

See section 4.5.3(Rise Time Field).

4.4.4.16 sleep_rating

Indicates the user's perception of how their night of sleep was. The value 0 indicates they entered no rating. Otherwise, the rating varies from 1 (terribly) to 5 (great).

4.4.4.17 start_of_night

Records the time when the sleep algorithm entered the active state for the current night, or null if there is no current night stored.

4.4.4.18 time_in_deep

Time in deep sleep, as a count of 30 second epochs, for the current night.

4.4.4.19 time_in_deep_average

Average time in deep sleep, as a count of 30 second epochs, from sleep history.

4.4.4.20 time_in_deep_best

Best time in light sleep, as a count of 30 second epochs, from sleep history.

4.4.4.21 time_in_light

Time in light sleep, as a count of 30 second epochs, for the current night.

4.4.4.22 time_in_light_average

Average time in light sleep, as a count of 30 second epochs, from sleep history.

4.4.4.23 time_in_rem

Time in REM sleep, as a count of 30 second epochs, for the current night.

4.4.4.24 time_in_rem_average

Average time in REM sleep, as a count of 30 second epochs, from sleep history.

4.4.4.25 time_in_rem_best

Best time in REM sleep, as a count of 30 second epochs, from sleep history.

4.4.4.26 time_in_wake

Time awake, as a count of 30 second epochs, for the current night.

4.4.4.27 time_in_wake_average

Average time awake, as a count of 30 second epochs, for the current night.

4.4.4.28 time_to_z

Time to fall asleep, as a count of 30 second epochs, for the current night.

4.4.4.29 time_to_z_average

Average time to fall asleep, as a count of 30 second epochs, from sleep history.

4.4.4.30 total_z

Total sleep time, as a count of 30 second epochs, for the current night.

4.4.4.31 total_z_average

Average total sleep time, as a count of 30 second epochs, from sleep history.

4.4.4.32 total_z_best

Best total sleep time, as a count of 30 second epochs, from sleep history.

4.4.4.33 zq_score

ZQ score for the current night.

4.4.4.34 zq_score_average

Average ZQ score from sleep history.

4.4.4.35 zq_score_best

Best ZQ score from sleep history.

4.5 Decoder Additions

As the decoder processes sleep records it will perform certain data processing to determine additional relevant sleep information. This will result in values for new fields that will be added to each sleep record. These new fields are separately described in the subsections that follow. The output tags for these new fields are included in the earlier requirements for output record contents.

4.5.1 Alarm Set Time Field

The decoder adds an “alarm_set_time” field to each output record. The alarm_set_time field indicates the set alarm date and time that was in use for the night of sleep represented by a sleep record. If a sleep record doesn’t indicate a night of sleep (i.e. either start_of_night or end_of_night are null), this value will be null also. Otherwise, this value will be set based on the alarm_change values (see section 4.4.3.4). Unlike the alarm_change values which have only “time of day values” that are meaningful, this field includes both a date and a time.

If the alarm rang during a given sleep record, the latest alarm change preceding the first alarm ring is used. A ringing alarm is indicated by a non null value for alarm_ring (see section 4.4.4.2). If the alarm did not ring, the latest alarm change preceding the end_of_night is used. A special case is made for the first alarm_change entry if it has a null time_changed value to account for the fact that at startup the current alarm setting is stored with a null value for time_changed. Specifically, it is assumed that such an initial entry always precedes the alarm_ring or start_of_night value being used for comparisons. If no alarm_change entry matching the above criteria can be found (due to later alarm changes overwriting all valid alarm changes), the alarm_set_time field will be null. Note that because of this, this field can be null even if the alarm did ring.

Once the correct alarm_change entry is identified, the new_value tag from the entry will be used to set this alarm_set_time field. If new_value is null (indicating the alarm was turned off), this field will be null too. Otherwise, the date associated with the start_of_night field is combined with the time of day from the alarm_change new_value field. If the result precedes the value for start_of_night (as will be common as the results of alarms often being set earlier in the day than when sleep starts), the result will be advanced one day to yield the final result.

4.5.2 Nap Record Field

When the decoder outputs the parsed record data it includes an “is_nap” record field. The is_nap record field flags those records for a given day that are considered naps. For decoding purposes, a day is defined as the 24 hour period starting at 6AM. It is possible for the user to use Zeo to record multiple sleep episodes during a given day. When multiple records reflect the same start_of_night value then the records are considered duplicates and are handled as explained in the previous section. Records that have different start_of_night values reflect different sleep episodes. The sleep episodes are assigned to particular days by comparing the start_of_night time to the definition of a day given above.

If multiple records exist that represent different sleep episodes within the same day, then all but one of those episodes is considered to be a nap and is flagged as such. Only one sleep episode is considered not to reflect a nap. The sleep episode that is considered to not be a nap is the sleep episode with the longest sleep time (as defined above). If there are multiple records with the same longest sleep time in a given day then the last one encountered is the one not labeled as a nap. If only a single sleep episode occurred for a given day then that sleep episode and the record associated with it is labeled as not being a nap.

The proper operation of the nap labeling assumes that duplicate records have been removed as per section 4.1 (Duplicate Record Collapse). For the optional mode where all records are output the nap labeling may not be accurate.

4.5.3 Rise Time Field

The decoder adds a “rise time” field to each output record. The rise_time field indicates when the user got up and is computed as "the time of day at the end of the last 5 minute block of sleep in the display hypnogram" (where “sleep” includes REM, light, or deep sleep). For this calculation, the time of day at the end of one bin is considered to be the same as the time at the start of the following bin. If no sleep is present in the display_hypnogram, the result is null.

4.5.4 Sleep Date Field 

The decoder adds a “sleep date” field to each output record. The sleep_date field designates the date corresponding to each output sleep record. This date is set based on the start_of_night field in each record. It is set to the date corresponding to the start_of_night value minus 6 hours and a time value of 6am. This effectively handles the fact that “days” for the purposes of sleep episodes run from 6am one day to 6am the following day. If start_of_night is null, this value is null also.
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