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(54) MULTIPLE-MODE DATA ACQUISITION SYSTEM

(57) A system (10) for recording data from one or
more electronic control units in one or more vehicles (16)
includes a data-recorder (12) and a memory (22). The
data-recorder (12) is suitable for communication with an
electronic control unit of a vehicle (16). The memory (22)
is in communication with the data-recorder (12). The
memory (22) is used to store configurations of vehicles
(16). The configurations are used to configure the da-
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ta-recorder (12) to communicate with the vehicle (16).
The memory (22) is also used to store additional code
(28) used to configure data acquisition (DAQ) settings of
the data-recorder (12) to capture data from the vehicle
(16) at a first data-rate when a first trigger-signal transi-
tions to a first state, and capture data from the vehicle
(16) at a second data-rate when a second trigger-signal
transitions to a second state.
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Description
TECHNICAL FIELD OF INVENTION

[0001] This disclosure generally relates to an electron-
ic control unit data recorder, such as vehicle data record-
er.

BACKGROUND OF INVENTION

[0002] A vehicle data recorder is a recording device
which is present in a vehicle and which receives infor-
mation from various electronic control units which are
presentin the vehicle. Each of the electronic control units
controls one or more of the electrical systems or subsys-
tems in the vehicle. Examples of some of the electronic
control units which may be present in a vehicle include,
but are not limited to, an airbag control unit, an engine
control unit, a seat control unit, a speed control unit, and
a transmission control unit. The vehicle data recorder
receives information from the various electronic control
units, and stores the information in memory and/or trans-
mits the information wirelessly to a remote location. This
information can be used for various purposes, for exam-
ple to assess the function and performance of a pre-pro-
duction or post-production vehicle, or to manage a fleet
of vehicles.

[0003] Atypical vehicle datarecorderthatis sufficiently
intelligent to receive proprietary information from a vehi-
cle is configured to only work with a specific vehicle con-
figuration, such as a specific make and model of vehicle
which has a certain engine and transmission, certain
emission systems, as well as certain electronic control
unit hardware/software configurations. Specifically, the
vehicle data recorder has a configuration stored therein
which dictates how the vehicle data recorder collects and
processes datareceived from the electronic control units.
The configuration which is stored in the vehicle data re-
corder is vehicle-specific. Therefore, to manage a fleet
of vehicles, where the fleet includes vehicles of various
configurations such as various makes and models of ve-
hicles, one must employ a plurality of different vehicle
data recorders.

SUMMARY OF THE INVENTION

[0004] Described herein is an electronic control unit
data recorder which is automated and efficient. Specifi-
cally, an embodiment of the present invention provides
an electronic control unit data recorder, such as a vehicle
data recorder, which is configured to provide multiple da-
ta acquisition tools in a single piece of hardware by having
data acquisition software that is capable of acquiring data
in different modes.

[0005] In accordance with one embodiment, a system
for recording data from one or more electronic control
units in one or more vehicles is provided. The system
includes a data-recorder and a memory. The data-re-
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corder is suitable for communication with an electronic
control unit of a vehicle. The memory is in communication
with the data-recorder. The memory is used to store con-
figurations of vehicles. The configurations are used to
configure the data-recorder to communicate with the ve-
hicle. The memory is also used to store additional code
used to configure data acquisition (DAQ) settings of the
data-recorder to capture data from the vehicle at a first
data-rate when a first trigger-signal transitions to a first
state, and capture data from the vehicle at a second data-
rate when a second trigger-signal transitions to a second
state.

[0006] In another embodiment, the data-recorder cap-
tures data simultaneously at the first data-rate and the
second data-rate when the second trigger-signal transi-
tions to the second state.

[0007] In yet another embodiment, the data-recorder
determines an on-board synthetic-data parameter based
on sampled-data, and the first trigger-signal is based on
the on-board synthetic-data parameter.

[0008] Inanother embodiment, the second trigger-sig-
nal occurs a time-interval after the first trigger-signal.
[0009] In yet another embodiment, the data-recorder
determines statistical-data based on sampled-data, said
statistical-data characterized as one of a minimum, a
maximum, an average, a standard deviation, a variance,
a signal-to-noise ratio, and a frequency, and the first trig-
ger-signal is based on the statistical-data.

[0010] Further features and advantages will appear
more clearly on a reading of the following detailed de-
scription of the preferred embodiment, which is given by
way of non-limiting example only and with reference to
the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

[0011] The organization and manner of the structure
and operation of the invention, together with further ob-
jects and advantages thereof, may best be understood
by reference to the following description taken in connec-
tion with the accompanying drawings wherein like refer-
ence numerals identify like elements in which:

FIG. 1 is a block diagram of a fleet management
systemwhich employs a plurality of electronic control
unit data recorders, each of which is in accordance
with an embodiment of the present invention;

FIG. 2 provides a high level diagram of each of the
electronic control unit data recorders shown in FIG.
1;

FIGS. 3-5 provide flowcharts regarding the automat-
ed configuration deployment, management, selec-
tion, error-handling and configuring of each of the
electronic control unit data recorders shown in FIG.
1;

FIG. 6 provides a block diagram of the electronic
control unit data recorder, as well as some external
components of the overall system; and
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FIG. 7 provides a table of sample electronic control
unit data recorder diagnostic codes (V-Codes).

DETAILED DESCRIPTION

[0012] While this invention may be susceptible to em-
bodiment in different forms, there is shown in the draw-
ings and will be described herein in detail, a specific em-
bodiment with the understanding that the present disclo-
sure is to be considered an exemplification of the princi-
ples of the invention, and is not intended to limit the in-
vention to that as illustrated.

[0013] FIG. 1 illustrates a fleet management system
10 which employs a plurality of electronic control unit
datarecorders 12, hereafter the data-recorder 12, where-
in each instance of the data-recorder 12 is identical and
in accordance with an embodiment of the presentinven-
tion. Each instance of the data-recorder 12 contains code
in its memory which provides, as shown in FIG. 1, that
the data-recorder 12 receives a plurality of configurations
from one or more servers 14 and stores the configura-
tions in memory. Each of the configurations which is re-
ceived and stored in the memory of the data-recorder 12
relates to, for example, a different vehicle configuration,
wherein the configuration is specific with regard to sev-
eral factors, such as the make of the vehicle, the exact
level of model year, as well as the exact engine, trans-
mission, emission systems, and electronic control unit
hardware/software, etc. embodied in the vehicle.
[0014] The code stored in the memory of the data-re-
corder 12 provides that thereafter the data-recorder 12
can be interfaced with a vehicle 16 (in FIG. 1, the vehicles
16 are identified with "Vehicle ", "Vehicle,", ..."Vehicley",
thereby indicating that each of the vehicles can be of a
different configuration (i.e., a different configuration with
regard to the make of the vehicle, the exactlevel of model
year, as well as the exact engine, transmission, emission
systems, and electronic control unit hardware/software,
etc. embodied in the vehicle), and the data-recorder 12
receives information from the vehicle 16 which allows the
data-recorder 12 to identify the exact configuration of the
vehicle 16. Based on the identification, the data-recorder
12 effectively selects one of the configurations stored in
memory to use in connection with data collection and
processing vis-a-vis the electronic control units of the ve-
hicle 16. The data-recorder 12 may also store in memory
a default configuration which can be used whenever the
data-recorder 12 is unable to identify the exact configu-
ration of a given vehicle.

[0015] Alternatively, the code stored in the memory of
the data-recorder 12 can be configured such that the da-
ta-recorder 12 receives information from the vehicle 16
which allows the data-recorder 12 to identify the exact
configuration of the vehicle 16 and then based on the
identification, the data-recorder 12 retrieves the correct
configuration from the one or more servers 14 and stores
the configuration in memory for subsequent use in con-
nection with data collection and processing vis-a-vis the
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electronic control units of the vehicle 16.

[0016] Still further, instead of having to obtain one or
more configurations from a remote location such as from
one or more servers 14, a plurality of configurations may
be pre-stored in the memory of the data-recorder 12. As
such, as shown in FIG. 1, reference numeral 14 can refer
to any appropriate source for the configurations, such as
one or more remote servers, a USB port on the data-
recorder 12, RAM of the data-recorder 12, a memory
card (such as an SD card) of the data-recorder 12, etc.
Regardless, preferably thereafter the data-recorder 12
receives information from the vehicle 16 which allows the
data-recorder 12 to identify the exact configuration of the
vehicle 16. Based on the identification, the data-recorder
12 subsequently uses the correct configuration in con-
nection with data collection and processing vis-a-vis the
electronic control units of the vehicle 16.

[0017] Regardless, the code stored in the memory of
the data-recorder 12 provides that once the data-record-
er 12 selects a configuration, the data-recorder 12 there-
after collects data from various electronic control units
and processes the data pursuant to the configuration.
The configuration also dictates what data is stored by the
data-recorder 12, as well as also possibly what data is
transmitted by the data-recorder 12 to a remote location.
[0018] Preferably, the code stored in the memory of
the data-recorder 12 provides that the electronic control
unit data recorder can communicate with the server(s)
14 and dynamically update at least one of its stored con-
figurations, thereby providing a data-recorder 12 having
a dynamic configuration.

[0019] FIG. 2 provides a high level diagram of the data-
recorder 12, including the code 20 which is stored in the
memory 22 of the data-recorder 12, wherein the code is
in accordance with a preferred embodiment of the
present invention with other embodiments being entirely
possible. As shown, a preferred embodiment of the
present invention provides that the code 20 which is
stored in memory 22 preferably includes configuration
retrieving and storing code 24, which provides that the
data-recorder 12 receives a plurality of configurations
from one or more servers 14 (see FIG. 1) and stores the
configurations in memory 22. As shown, the code 20
which is stored in memory 22 also preferably includes
vehicle analyzing and configuration selection code 26,
which provides that the data-recorder 12 receives infor-
mation from a vehicle 16 (see FIG. 1) which allows the
data-recorder 12 to identify the exact configuration of the
vehicle 16. Thereafter, based on the identification, the
data-recorder 12 effectively selects one of the configu-
rations stored in memory 22 to use in connection with
data collection and processing vis-a-vis the electronic
control units of the vehicle 16. As shown, the code which
is stored in memory also preferably includes additional
code 28, including data acquisition code, which addition-
ally dictates and controls the operation and functionality
of the data-recorder 12. As shown in FIG. 2, in addition
to the memory 22 and code 20 stored therein, the data-
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recorder 12 also includes one or more processors 30 as
well as additional components 32 which are relevant to
the operation and functionality of the data-recorder 12.

[0020] FIGS. 3-5 provide flowcharts regarding the au-
tomated configuration deployment, management, selec-
tion, error-handling and configuring of the data-recorder
12 (and each instance of the data-recorder 12 shown in
FIG. 1), and are self-explanatory.

[0021] Preferably, the code 20 which is stored in the
memory 22 of the data-recorder 12 is configured such
that the data-recorder 12 robustly performs automated
vehicle data acquisition and management. In contrast,
conventional methods depend on the user to physically
setup the system and then deploy it. This type of system
is then not robust with regard to any changes that may
occur in its test environment which would result in the
acquisition of non-useable data.

[0022] As described above, and as shown in FIG. 2 in
addition to configuration retrieving and storing code 24
and vehicle analyzing and configuration selection code
26, the memory 22 of the data-recorder 12 contains ad-
ditional code 28. Some of that additional code 28 is further
described with reference to FIG. 6. This additional code
provides that the data-recorder 12 is configured to ac-
quire data, as well as contains code for data manage-
ment, data transfer, data acquisition settings, a diagnos-
tic system and preferably more. The additional code may
include what may be called the "Management Layer" 50
which runs as a program stored in the memory of the
data-recorder 12, and additional code which may be
called the "Data Acquisition Layer" 54. Preferably, the
Management Layer 50 is configured to have the flexibility
to be uploaded remotely from the server 14 via an internet
connection 56 either in a manual or automated fashion.
[0023] As shown in FIG. 6, the data-recorder 12 may
also be in communication with other 1/0 58, and may be
connected to a heads up display or display device 60 as
well as a local computer 62.

[0024] Regardless, preferably the Management Layer
50 includes code which is configured to provide the fol-
lowing:

a) data transfer in and out of the data-recorder 12,
where the data can be data acquired and recorded
by the data-recorder 12, diagnostic data relating to
the data-recorder 12, Data Acquisition (DAQ) con-
figuration files relating to the data-recorder 12,
and/or management configuration files relating to the
data-recorder 12;

b) a DAQ Settings Management function, where the
data acquisition protocol, supported data and/or the
corresponding DAQ configuration file is automatical-
ly determined;

c) that the diagnostics system of the data-recorder
12 monitors the performance of the data-recorder 12
to ensure that useful data is being recorded at all
times. FIG. 7 provides a table 70 of sample electronic
control unit data recorder diagnostic codes (V-
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Codes).

d) network management handles all connectivity to
the data-recorder 12 via a local computer 62 or the
internet 56. Preferably, this function can automati-
cally select among available local, WiFi, and/or sup-
ported cellular networks. More specifically, prefera-
bly the data-recorder 12 is configured to logically de-
cide whether to transmit data via WiFi, transmit data
via a cellular network, or whether to store the data
locally on local physical removable data storage,
such as on a removable USB drive, in order to pre-
vent the internal memory of the data-recorder 12
from becoming so full that the data-recorder 12 no
longer acquires data. This function is also responsi-
ble for logical access control to different areas of the
software system of the electronic control unit data
recorder;

e) data management and security, which is respon-
sible for all data storage and data security; and

f) that data is recorded on non-volatiie memory,
where that data is preferably stored in between pow-
er-on times of the electronic control unit data record-
er, to enable proper function of the DAQ Layer 54
and Management Layer 50.

[0025] As discussed above, and as shown in FIG. 2 in
addition to configuration retrieving and storing code 24
and vehicle analyzing and configuration selection code
26, the memory 22 of the data-recorder 12 contains ad-
ditional code 28 relating to the acquisition of data, data
management, data transfer, data acquisition settings, a
diagnostic system and preferably more.

[0026] Preferably, the additional code 28 is configured
such that the data-recorder 12 is capable of acquiring
data simultaneously for many different use cases or
modes. These consist of, but may not be limited to the
following:

a) simultaneous high-speed data acquisition (i.e.,
faster than 1Hz);

b) on-board synthetic-data parameters as a function
of sampled-data;

c) high-speed data acquisition for a trigger, based
on the sampled-data or synthetic-data, i.e., event-
based high-speed trigger;

d) high-speed data acquisition for a trigger based on
a time-interval, i.e., time-based high-speed trigger;
e) simultaneous low-speed data acquisition (i.e.,
slower than 1Hz);

f) low-speed data acquisition while a condition is true
based on the sampled-data or synthetic-data, i.e.
low-speed event-based trigger;

g) low-speed data acquisition while a condition is
true based on time, i.e., low-speed time based trig-
ger;

h) Snapshot (i.e., one sample only) data acquisition
based on an event of the sampled-data or synthetic-
data, i.e., event-based snapshot;
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i) Snapshot (i.e., one sample only) data acquisition
based on time, i.e., time-based snapshot;

j) On-board statistical-data acquisition based on
sampled-data or synthetic-data that provides event
counts, histograms, minimum, maximum, average,
standard deviation, variance, signal-to-noise ratio,
frequency, and more;

k) dynamically change subsequently sampled-data
or synthetic-data based on the currently sampled-
data or synthetic-data or other input for a calibratable
number of samples or time-interval;

I) real-time data broadcasted to user from vehicle
through Qualifier system. User can change which
parameters are broadcasted from the vehicle via the
Qualifier website; and/or

m) all of the above modes are applied to all available
electronic control units of the vehicle which are ac-
cessible by the data-recorder 12.

[0027] As suggested above, the additional code 28
may configure the system 10, or more specifically the
data-recorder 12, to acquire or capture sampled-data in
any combination of the above described use cases or
modes a) - m). For example, the additional code 28 may
operate aspects of the DAQ layer to configure data ac-
quisition (DAQ) settings of the data-recorder 12 to em-
ploy a combination of modes c), d), f), and/or g) to capture
data from the vehicle 18 at a first data-rate (e.g. low-
speed data acquisition at 1Hz) when a first trigger-signal
transitions to a first state (e.g. key-on to key-off), and
capture data from the vehicle at a second data-rate (e.g.
high-speed data acquisition at 100Hz) when a second
trigger-signal transitions to a second state (key-off to key-
on, or engine-off to engine-running).

[0028] By way of further example and not limitation,
the system 10 may be configured to record only engine-
coolant temperature at a relatively low sample-rate (e.g.
-1 Hz, i.e. 1 second sample interval) until the status of
the vehicle ignition-key transitions (e.g. key-off to key-
on) and continue low frequency sampling of engine-cool-
ant temperature while the system 10 simultaneously
records at a relatively high sample-rate (e.g. - 100 Hz,
i.e. 10ms sample interval) multiple relatively high-speed
signals files and snapshots such as engine-air-flow-rate
and/or fuel-injector duty-cycle, the sampling of which may
be initiated based on unique trigger conditions. The sys-
tem 10 may be further configured to record / sample ad-
ditional signals for a prescribed time-interval after a par-
ticular trigger-event. Trigger-event examples include a
high-speed data pre/post around a check-engine light
coming on or the engine stalling, and snapshot examples
would be a diagnostic test result or a transmission shift
time after a transmission shift occurs.

[0029] In another embodiment, the additional code 28
may operate aspects of the DAQ layer to configure data
acquisition (DAQ) settings of the data-recorder 12 to em-
ploy a combination of modes a) and e) to configure the
data-recorder 12 to capture data simultaneously at the
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first data-rate and the second data-rate when the second
trigger-signal transitions to the second state. For exam-
ple, after the engine is started, engine coolant tempera-
ture may be recorded at 1Hz, and engine intake airflow
rate may be recorded at 100Hz.

[0030] In another embodiment, the additional code 28
may operate aspects of the DAQ layer to configure data
acquisition (DAQ) settings of the data-recorder 12 to em-
ploy a combination of modes b) and h) to configure the
data-recorder 12 to process data to determine an on-
board synthetic-data parameter based on sampled-data.
Then instead of basing the first-trigger-signal on a directly
monitored signal, the first trigger-signal may be based
on the on-board synthetic-data parameter. For example,
when a predetermined combination of throttle-position
and engine-speed is detected, the first trigger-signal may
be generated

[0031] In another embodiment, the additional code 28
may operate aspects of the DAQ layer to configure data
acquisition (DAQ) settings of the data-recorder 12 to em-
ploy modes d) and/or k) to configure the data-recorder
12 to generate the second trigger-signal a time-interval
after the first trigger-signal. For example, the system 10
may be configured to initiate the sampling or collecting
of data in response to a key-on to key-off event, and
continue to record signals from a predetermined list for
a predetermined duration of time. This configuration may
be useful evaporative emissions testing, for example.
[0032] In another embodiment, the additional code 28
may operate aspects of the DAQ layer to configure data
acquisition (DAQ) settings of the data-recorder 12 to em-
ploy mode j) to configure the data-recorder 12 to deter-
mine statistical-data based on sampled-data, where the
statistical-data may be characterized as one or more of
of a minimum, a maximum, an average, a standard de-
viation, a variance, a signal-to-noise ratio, and a frequen-
cy, the first trigger-signal is based on the statistical-data,
and the like.

[0033] By way of further example, the system 10 may
be configured to initiate the sampling or collecting of data
in response to a key-off to key-on event, continue to cap-
ture data while the engine is warming up, and stop re-
cording once the engine reaches a predetermined or nor-
mal operating temperature.

[0034] By way of further example, the system 10 may
be configured to calculate statistics during a drive-cycle
and storing the statistics in memory. Then when the key
is turned off, the statistics are recorded as a snapshot
file. Example statistics would be maximum observed cat-
alyst temperature, average vehicle speed, time at idle,
etc.

[0035] While an electronic control unit vehicle recorder
which is useable with a plurality of different types of ve-
hicles has been described above, an electronic control
unit vehicle recorder which is in accordance with an em-
bodiment of the present invention may instead by con-
figured for use with only one type of vehicle, but which
is capable of acquiring or transmitting data in different
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modes.

[0036] Additionally, while the present disclosure spe-
cifically discusses a vehicle data recorder as being the
type of electronic control unit data recorder with which
the present invention is utilized, the present invention
can be implemented in many other types of devices and
systems. For example, the presentinvention can be used
to manage a fleet of boats, a plurality of bridges, or really
anything which is capable of being monitored and/or con-
trolled by one or more electronic control units.

[0037] While a specific embodiment of the present in-
vention is shown and described, it is envisioned that
those skilled in the art may devise various modifications
without departing from the spirit and scope of the present
invention. While this invention has been described in
terms of the preferred embodiments thereof, it is not in-
tended to be so limited, but rather only to the extent set
forth in the claims that follow.

Claims

1. A system (10) for recording data from one or more
electronic control units in one
or more vehicles (16), said system (10) comprising:

adata-recorder (12) suitable for communication
with an electronic control unit of a vehicle (16);
a memory (22) in communication with the data-
recorder (12), said memory (22) used to store
configurations of vehicles (16), said configura-
tions used to configure the data-recorder (12) to
communicate with the vehicle (16), said memory
(22) also used to store additional code (28) used
to configure data acquisition (DAQ) settings of
the data-recorder (12) to capture data from the
vehicle (16) at a first data-rate when a first trig-
ger-signal transitions to a first state, and capture
data from the vehicle (16) at a second data-rate
when a second trigger-signal transitions to a
second state.

2. Thesystem (10) in accordance with claim 1, wherein
the data-recorder (12) captures data simultaneously
at the first data-rate and the second data-rate when
the second trigger-signal transitions to the second
state.

3. The system (10) in accordance with claim 1 or 2,
wherein the data-recorder (12) determines an on-
board synthetic-data parameter based on sampled-
data, and the first trigger-signal is based on the on-
board synthetic-data parameter.

4. The system (10) in accordance with any one of
claims 1 to 3, wherein the second trigger-signal oc-
curs a time-interval after the first trigger-signal.
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5.

The system (10) in accordance with any one of
claims 1 to 4, wherein the data-recorder (12) deter-
mines statistical-data based on sampled-data, said
statistical-data characterized as one of a minimum,
a maximum, an average, a standard deviation, a var-
iance, a signal-to-noise ratio, and a frequency, and
the firsttrigger-signal is based on the statistical-data.
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/—70

V-CODE | DESCRIPTION
999 MISMATCH DETECTED
998 AVIT DISK FULL
997 DEF. CONFIG SELECTED
996 CORRUPT AVIT-XXX FILE
995 CORRUPT VEHICLECONFIG.INI
994 CORRUPT TEMP1
993 MISSING AVIT-XXX FILE
992 MISSING VEHICLECONFIG.INI
991 NON-EXISTENT CONFIG SELECTED
990 NO DLOGGER SELECTED
989 DLOGGER CRASHED
088 NO VDR CONFIG FILE
987 BAD SYSTEM TIME
086 READ ONLY FILE SYSTEM
985 BLANK/CORRUPT VDRCONFIG.INI
984 GPS UNPLUGGED
983 PCM SECURITY ACCESS DENIED
982 VDR UNPLUGGED
981 THERMO CRASHED OR STOPPED RUNNING
980 THERMO UNPLUGGED
979 BAD READ SHARED MEMORY THERMO READ
978 NO THERMO DATA WRITTEN FOR FIFTEEN SECONDS
977 THERMO SHARED MEMORY SETUP FAILED
976 THERMO BAD INIT
975 SCRIPT COPY IN PROGRESS AT BOOTUP
974 SCRIPT COPY IN PROGRESS HAD TO SHUT DOWN ANYAWAY
973 SCRIPT COPY OF NEW MASTERLIST OVER OLD FAILED
972 SCRIPT COPY OF NEW FILE OVER OLD FAILED
971 INVALID SERVER MASTER LIST DOWNLOADED
970 NO VALID LOCAL MASTER LIST FOUND
969 RUNDLOGGER.SH CRASHED
911 TX TRANSMISSION ERROR - BAD CABLE
900 RAPID RATE RESET

FIG. 7
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