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. General remarks

All file format versions of the AG50x up to version V003 have in common that the sampled data
(measurement data) is stored as binary data in a file. The sample width (size of the one sample in
byte) of the binary section corresponds directly to the number of channels of the system whereas the
channel width/size is identical for pos-files (28 bytes) but depends on the number of transmitters of the
system for amp-files (6 transmitters for AG500 (24 bytes), 9 transmitters for AG501 (36 bytes)).

File format versions V003 and V002 include a header-section in ASCII-format preceding the binary-
section containing the file format version number, sampling frequency, number of channels and
additional information. The header section of a file can be displayed with the program cs5bin2ascii.

Since this header-section is missing in the AG500 file format and the file-format version V001, if in
doubt, to distinguish the amplitude-files of these file-types (the position-files are identical) it is
necessary to analyze an ini-file created for the amplitude-file. The ini-file contains the calibration
factors for each channel (matching the number of transmitters of the system) of the corresponding
sweep. So the ini-files of the AG500 contain six calibration factors per channel whereas the ini-files of
the AG501 V001 contain nine calibration factors per channel.

Revision: 4 February 20", 2014
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lll. AG501 data format for 8 to 24 channels (V0O03)

A. Measurement and position data

1. Amplitudes —amps

The data of the movement recording with cs5recorder are stored in the folder
/data/recorder/current/amps/

For each sweep one *.amp file is created.

The *.amp file contains the recorded samples. One sample consists of nine decoded amplitudes for
each channel according to the nine transmitters. This set of amplitudes is recorded 250 times per
second.

2. Calculated position and orientation — rawpos

The CalcPos program uses the amps to calculate the position and orientation for each sample. The
format is binary and contains x, y, z, Phi, Theta, RMS, and an extra word.

3. Head movement corrected data — pos
The result of the NormPos program looks similar to the rawpos files. The co-ordinate system for each

sample is shifted and rotated in a way that all reference sensors remain at the same place. With this
the head movement is eliminated.

4. Audio data — wav

In case the data recording is combined with sound recording, there is an additional folder that contains
one *.wav file for each sweep.

B. Structure of *.amp- and *.pos-files

The amplitude- and position-files (amp- and pos-files) are stored as binary data files including two
sections, the header-section including file-format information and measurement details and the data
section containing the sweep-data.

1. The header-section of *.amp- and *.pos-files

The header section starts with two lines containing the AG50x-file-format version (AG50xDATA_V003)
in the first line and the full size of the header section as an eight digit number (70 bytes in Figure 1) in
the second line. Since each line of the header section is terminated by a line feed (LF), these two lines
make up the first 24 bytes of the file.

Following the initial two lines, the number of channels (8, 16 or 24) and the sampling frequency, which
is variable, are specified.

The header-section is terminated by a #0-character and filled with filling data up to the beginning of
the binary data section.

Full size of the header in byte (71)

AG50x DATA_V003 File Format Version
00000071
NumberOfChannels=16
SamplingFrequencyHz=1250

Figure 1: header of a *.pos-file

Revision: 4 February 20", 2014
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AGS0xDATA_V003 i .

00001891 File Format Version

NumbNOfChannels= 186

Samph crequcn:sz:'-Zig

if Ch O« -2027' 24526201 -2680.9189 2251.7300 2535.6001 -2741.6799 -2305.7600 2538.7500 2774.0601 |

Ca® (=] -2011.4398 2435 3809 -2676.36809 2234.1201 2519.2000 -2726.0100 -2288.3401 25227700 2766.3701 |
Ca¥ Cha \2023.3101 .2444 5200 2670.1799 2245 8701 2526 5701 2722.7700 22987200 -2529,4900 -2749,3101)
Caif_Chan 1-2430.1499 2655 6599 -2235.6799 -2511.6001 2703.2700 2287 5200 -2512.7000 -2731.7400 )
Ca¥_Chanr 106 42,2900 2635 7000 -2214 7800 -2483 9099 2686.0901 2266 6499 -2496.3000 -2716.4399 )
Caif_Chanm U000 2 . 2676.4700 22455801 2526.4700 -2725,3899 .2288 0701 2528,1799 2758.1399 |
Calf_Channe! \Q -2429.4399 205 -2233.2000 -2512 2000 2705.2700 2285 0801 -2513.5400 -2738.8899 ]
Car— e TEETTTTTTN18.3201 2704.2800 229168101 -2520.7300 -2734,1399 )
. . g 127476299 232 2557, -2781.
S Full size of the header in bvte 2 T 01 TR |

£ 7433501 -2304 5500 2542,8000 27680 3899 ]
00 -2256.5500 247540990 2687 7500 ]

A T R TUS = TS0Y STV 2US 0 SO0 U TR 9L 9T Ravd T O Z4750701 -2

Ca¥f_Channei_11=[ -2002.5899 2408.0500 -2625.4190 2219.1260 2487 4309 -2671 2 9.5200 2488.8701 2697.2900 |
Caif_Channel_12=[ -2014 6100 2438.5200 -2670.8701 2237 6699 2521.3501 -2721.4800 -229 5250001 2754.9099 |
Ca¥f_Channel_13=[ 2019,1500 24395701 2662.1389 -.2240.8401 -2521 8501 2712.0400 2293 4500 25293500 27418999 ]
Ca¥f_Channei_14=[ -2007.5200 24259700 -2652.7200 2227 700 2508.3601 -2702.3401 -2280.5200 2509.8660T 292,90
Calf_Channel_15=[ -2015 8800 2437.6101 -2666.8000 22381001 2519,7500 -2716 9700 -2291.5300 2523.3101 2748

Figure 2: header of an *.amp-file

The header of the amplitude-files also contains the calibration factors of each channel (Figure 2).

Additional information can be added to the header. However it is recommended to add the program
name as a prefix to the custom information (for example “myProgram_SweepComment = ...”) in the
header-section to avoid conflicting key-value pairs.

2. The data section of *.amp files

The data section starts following the header. The offset in bytes is specified in line two of the header

section. The amps are stored as 4 byte 'single precision’ values.

A whole sample comprises 8, 16 or 24 channels and nine values per channel adding up to 72, 144 or
216 values and 288, 576 or 864 bytes per sample. The samples are written sequentially in the *.amp
file as shown in the following table:

Sample 1 Sample 2
Channel 1 ... |Channel 8/16/24 Channel 1
st |s2 [s3 [sa |. |so |.. [s1 |s2 |s3 [sa |. |so |s1 [s2 [s3 [s4 |..
—
e —

288 /576 / 864 bytes

S1 to S9 are the measured amplitudes of the transmitter coils 1 to 9. These values are already
normalized by the calibration factors. They are directly comparable to the expected amplitudes which
are calculated using a mathematical model of the magnetic field.

3. The data section of *.pos files

The data section of the pos-files also follows the header (the offset is specified in the header). The
calculated positions are saved as 4 byte 'single precision' values. A whole sample comprises 8, 16 or
24 channels and 7 values per channel. This makes it 56, 112 or 168 values and 224, 448 or 672 bytes
per sample. The samples are written sequentially in the *.pos file as shown in the following table:

Sample 1 Sample 2
Channel 1 ... |Channel 8/16/24 Channel 1
X ‘y |z |phi ‘theta‘rms‘extra I ¢ ‘y ‘z ’phi ‘theta‘rms‘extra X |y |z ‘phi ‘
~— 7
—

224/ 448 | 672 bytes

X, Y, and z represent the position of the corresponding sensor at this moment. phi and theta describe
the alignment of the sensor. The rms value reflects the 'root mean square' between the expected and
the measured transmitter amplitudes.

The extra field is reserved for future use.

Revision: 4 February 20", 2014
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IV. AG501 data format for 16 channels (V002)

A. Measurement and position data

1. Amplitudes —amps

The data of the movement recording with cs5recorder are stored in the folder
/data/recorder/current/amps/

For each sweep one *.amp file is created.

The *.amp file contains the recorded samples. One sample consists of nine decoded amplitudes for
each channel according to the nine transmitters. This set of amplitudes is recorded 250 times per
second.

2. Calculated position and orientation — rawpos

The CalcPos program uses the amps to calculate the position and orientation for each sample. The
format is binary and contains x, y, z, Phi, Theta, RMS, and an extra word.

3. Head movement corrected data — pos

The result of the NormPos program looks similar to the rawpos files. The co-ordinate system for each
sample is shifted and rotated in a way that all reference sensors remain at the same place. With this
the head movement is eliminated.

4. Audio data — wav

In case the data recording is combined with sound recording, there is an additional folder that contains
one *.wav file for each sweep.

B. Structure of *.amp- and *.pos-files

The amplitude- and position-files (amp- and pos-files) are stored as binary data files including two
sections, the header-section including file-format information and measurement details and the data
section containing the sweep-data.

1. The header-section of *.amp- and *.pos-files

The header section starts with two lines containing the AG50x-file-format version (AG50xDATA_V002)
in the first line and the full size of the header section as an eight digit number (70 bytes in Figure 3) in
the second line. Since each line of the header section is terminated by a line feed (LF), these two lines
make up the first 24 bytes of the file.

Following the initial two lines, the number of channels (16) and the sampling frequency are specified
(250 Hz). Since the file-format V002 only works with 16 channels and 250 Hz this information is fixed
and does not need parsing.

The header-section is terminated by a #0-character and filled with filling data up to the beginning of
the binary data section.

Full size of the header in bvte (70)

AG50xDATA_V002 File Format Version
00000070
NumberOfChannels=16_
SamplingFrequencyHz=250

Figure 3: header of a *.pos-file (V002)

Revision: 4 February 20", 2014
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AGSOXDATA_V002

000018891 i i

Numbe ORChannels=18 File Format Version

SamphngFrequen..sz-”S-’.)

alf_Channel_0={ -2027 5000 2452 8201 -2690.9199 22517300 2535 6001 -2741.6798 -2305.7800 2538.7500 2774 0601 ]
Shagnel_1={ -2011.4399 "435 3699 -2678.389¢ 2234.1201 25192000 -2726.0100 -2288 3401 2522.7700 27683701 ]

i 2023 3101 .2444 5200 2670.1799 22458701 -2526.5701 2722.7700 2288 7900 -2520 4900 -2749.3101 ]

€\ “Shannel_3s( 2 -2430.1499 2655 8599 -2235 6709 -2511.6001 27032700 2287 5200 -2512.7000 -2731.7400)

Ca anel_d={ 1064 0699 V4 "900 2635.7000 -2214.7800 -2493.9000 2686.0001 2286 6499 -2496.3000-2716.4300 |

Cal (3=] -2022 8100 2 2676 4700 2245.5801 2528 4700 -2725.3899 -2298 0701 2528.179%9 2758.1399 ]
Caif) o 20122300 -2420 ‘399 26520800 -2233.2000 -2512.2000 2705,2700 2285.0601 -2513.5400 27388899 |
Cair_Q Q0181699 -2437.1201 2655.27 Q1001 -2518.3201 2704 2800 2281 6101 -2520.7300.2734,1399 )
Calf C ‘32400 -2470 9500 2697 .4500 -’268 25U 4 3401 2747 6209 2321 8000 -2557 0801 -2781.1790 ]

Calf_Ch Q00 2454 3201 26908700 2 = "-‘?43 3501 -2304 5500 2542 8000 ';780 3899 ]
-2OBZE00 -2256 5500 2475 4098 2687 7500 )

. - 9 5200 2488 8701 2697 2900
Full size of the header in bvte (1891) 83,2525 0901 375..9099}

S - <500 -2741.8999 |
Cat C hanneI_M:[ 007 5400 "425 9700 "bS" 7"00 "2"7 9700 2506 3!:01 270" 3401 "280 5"00 2509 85
Calf_Channel_15={ -2015 38800 2437.6101 -2666 8000 2238 1001 2519 7500 -2716.9700 -2291 5300 2523 3101 2748 163

Figure 4: header of an *.amp-file (V002)

The header of the amplitude-files also contains the calibration factors of each channel (Figure 4).

2. The data section of *.amp files

The data section starts following the header. The offset in bytes is specified in line two of the header
section. The amps are stored as 4 byte 'single precision' values. A whole sample comprises 16
channels and nine values per channel. These are 144 values and 576 bytes per sample. The samples
are written sequentially in the *.amp file as shown in the following table:

Sample 1 Sample 2
Channel 1 ... | Channel 16 Channel 1
s1 [s2 [s3 [s4 |. [so [.. [s1 [s2 [s3 [s4 |. [so [s1 [s2 |s3 [s4 ..
— _
—
576 bytes

S1to S9 are the measured amplitudes of the transmitter coils 1 to 9. These values are already

normalized by the calibration factors. They are directly comparable to the expected amplitudes which
are calculated using a mathematical model of the magnetic field.

3. The data section of *.pos files

The data section of the pos-files also follows the header (the offset is specified in the header). The
calculated positions are saved as 4 byte 'single precision' values. A whole sample comprises 16
channels and 7 values per channel. This makes it 112 values and 448 byte per sample. The samples
are written sequentially in the *.pos file as shown in the following table:

Sample 1 Sample 2
Channel 1 ... |Channel 16 Channel 1
‘y |z |phi‘theta‘rms‘extra I ¢ ‘y ‘z ‘phi‘theta‘rms‘extrax |y |z ‘phi‘...
—
448 byte

X, Y, and z represent the position of the corresponding sensor at this moment. phi and theta describe
the alignment of the sensor. The rms value reflects the 'root mean square' between the expected and
the measured transmitter amplitudes.

The extra field is reserved for future use.

Revision: 4 February 20", 2014
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V. AG501 data format for 12 channel (V001)

This data format is valid for all early program revisions before service pack 2.0. These data have no
header in the *.amp and *.pos files.

A. Measurement and position data

1. Amplitudes - amps

The data of the movement recording with cs5recorder are stored here. For each sweep one *.ini file
and one *.amp file is created.

The *.ini file (ASCII) contains the nine calibration factors for each channel.

The *.amp file (binary) contains the recorded samples. One sample consists of nine decoded
amplitudes for each channel according to the nine transmitters. This set of amplitudes is recorded 200
times per second.

2. Calculated position and orientation - rawpos

The CalcPos program uses the amps to calculate the position and orientation for each sample. The
format is binary and contains x, y, z, Phi, Theta, RMS, and an extra word. The extra word is for future
use.

3. Head movement corrected data — pos

The result of the NormPos program looks similar to the rawpos files. The co-ordinate system for each
sample is shifted and rotated in a way that all reference sensors remain at the same place. With this
the head movement is eliminated.

4. Audio data - wav

In case the data recording is combined with sound recording, there is an additional folder that contains
one *.wav file for each sweep.

B. File formats

1. *.amp files

The amps are stored in a binary file as 4 byte single values. A whole sample comprises 12 channels
and nine values per channel. This makes it 108 values and 432 bytes per sample. The samples are
written sequentially in the *.amp file as shown in the following table:

Sample 1 Sample 2
Channel 1 ... |Channel 12 Channel 1
st |s2 [s3 [sa |. |so |.. [s1 [s2 |s3 [sa |. |so |s1 [s2 [s3 [s4 |..
—
e
432 byte

S1to S9 are the measured amplitudes of the transmitter coils 1 to 9. These values are already
normalized by the calibration data. They are directly comparable to the expected amplitudes which are
calculated using a mathematical model of the magnetic field.

Revision: 4 February 20", 2014
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2. *.posfiles

The calculated positions are stored in a binary file as 4 byte single values. A whole sample comprises
12 channels and 7 values per channel. This makes it 84 values and 336 bytes per sample. The

samples are written sequentially in the *.pos file as shown in the following table:

Sample 1 Sample 2

Channel 1 Channel 12 Channel 1

X ‘y ‘z ‘phi‘theta‘rms‘extra e X ‘y ‘z ‘phi‘theta‘rms‘extrax ‘y ‘z ‘phi‘...
—
336 byte

X, Y, Z represent the position of the corresponding sensor at this moment. phi and theta describe the
alignment of the sensor. The rms value reflects the 'root mean square' between the expected and

measured transmitter amplitudes.

The extra field is reserved for future use.

The data format for the *.pos files is exactly the same as in the AG500 data.

Revision: 4

February 20", 2014
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VI. AG500 data format

A. Measurement and position data

1. Amplitudes - amps

The data of the movement recording with cs5recorder are stored here. For each sweep one *.ini file
and one *.amp file is created.

The *.ini file (ASCII) contains the six calibration factors for each channel.

The *.amp file (binary) holds the recorded samples. One sample consists of six decoded amplitudes
for each channel according to the six transmitters. This set of amplitudes is recorded 200 times per

second.

2. Calculated position and orientation - rawpos

The CalcPos program uses the amps to calculate the position and orientation for each sample. The
format is binary and contains x, y, z, Phi, Theta, RMS, and an extra word. The extra word is for future
use.

3. Expected amplitudes at "rawpos" - posamps

The calculated position and orientation (rawpos) is used to calculate the expected amplitudes. The
calculated reference values is based on the mathematical field model from the six transmitters which
are stored as posamps.

4. Head movement corrected data - pos

The result of the NormPos program looks similar to the rawpos files. The co-ordinate system for each
sample is shifted and rotated in a way that all reference sensors remain at the same place. With this
the head movement is eliminated.

5. Audio data - wav

In case the data recording is combined with sound recording, there is an additional folder that contains
one *.wav file for each sweep.

B. File formats

1. *.amp files

The amps are stored in a binary file as 4 byte single values. A whole sample comprises 12 channels
and six values per channel. This makes it 72 values and 288 bytes per sample. The samples are
written sequentially in the *.amp file as shown in the following table:

Sample 1 Sample 2
Channel 1 ... |Channel 12 Channel 1
s1 |s2 [s3 [s4 |s5 [s6 |.. |s1 |s2 [s3 [s4 [s5 [s6 [s1 [s2 [s3 [s4 |..
—
—
288 byte

S1to S6 are the measured amplitudes of the transmitter coils 1 to 6. These values are already
normalized by the calibration factor. They are directly comparable to the expected amplitudes which
are calculated using a mathematical model of the magnetic field. The expected amplitudes are stored
in the 'posamps' folder in the same format.

Revision: 4 February 20", 2014
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2. *.pos files

The calculated positions are stored in a binary file as 4 byte single values. A whole sample comprises
12 channels and 7 values per channel. These are 84 values and 336 byte per sample. The samples
are written sequentially in the *.pos file like shown in the following table:

Sample 1 Sample 2

Channel 1 ... | Channel 12 Channel 1

X ‘y ‘z ‘phi‘theta‘rms‘extra I ¢ ‘y ‘z ‘phi‘theta‘rms‘extrax ‘y ‘z ‘phi‘...
—
336 byte

X, Y, Z represent the position of the corresponding sensor at this moment. phi and theta describe the
alignment of the sensor. The rms value reflects the 'root mean square' between the expected and
measured transmitter amplitudes.

The extra field is reserved for future use.
The data format for the *.pos files is exactly the same as in the 12 channel data of the AG501.

VIl.  Revision history - AG501-data-format

Date Revision | Annotation

June 12th, 2012 1 Initial Carstens Release

November 5th, 2012 new 16 channel / 250 Hz data format for AG501

2
February 7" 2013 3 Grammar & spelling, readability (by Johannes)
February 20", 2014 4 Data version V003 added
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