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The Monostatic Radar Module Reconfiguration and Evaluation Tool (MRM-RET) is a Microsoft
Windows-based Graphical User Interface (GUI) program that provides an easy and illustrative means
of manipulating the configuration parameters on Time Domain’s PulsON® 400 Monostatic Radar
Module (MRM) and demonstrating its operation as an ultra wideband (UWB) monostatic radar.
MRM-RET comes as an “.msi” installation executable which, when unbundled, will load the
software, install the MRM Server as a Windows Service, and create a link on the Desktop. The
default location for MRM-RET is in the directory:

C:/Program files (x86)/Time Domain/MRM Reconfiguration and Evaluation Tool (RET)
For instructions on the installation and initial use of MRM-RET, see the MRM Quick Start Guide.

The tabs and data structures of MRM-RET closely match those defined in the MRM API
Specification. The primary function of MRM-RET is to provide a graphical representation of these
parameters so that the user can develop an intuitive feel for how the APl command structures operate.
MRM-RET also provides a real-time display of the raw radar returns, filtered data, detections, and
logging functions. This allows a user to develop a feel for how the radar works.

Many of the configuration settings and data returned are explained in more detail in the P400 MRM
API Specification. We recommend having a copy of this document close at hand and referring to it
for more information on the configuration parameters and return data.

More than one copy of MRM-RET can be run on the same PC. Each copy can be connected to
different MRMs through an Ethernet hub. At the user’s option, each MRM-RET can use an MRM
Server process to provide additional radar signal processing.

Before connecting to a MRM with MRM-RET, you should verify the TCP/IP properties of your PC.
The PC is typically configured with static IP 192.168.1.1, subnet mask 255.255.255.0. Please see the
MRM Quick Start Guide for detailed instructions.

Next, connect to the MRM with the crossover Ethernet cable (provided with the MRM Development
Kit) or use an Ethernet hub. Make sure that the MRM is powered up and that the LEDs on the
Ethernet connector are illuminated. If the LEDs are ON and initial connection doesn’t work, try
sending a PING command to the MRM IP address from a terminal window. The IP address is
initially set at the factory to 192.168.1.100 and a label to this effect can be found on the MRM
Ethernet connector. This will confirm that the MRM can communicate with the PC.

For more information, please visit www.timedomain.com.
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3. Connecting

When launching MRM-RET, a “Connect” pop-up window will be displayed querying the user for the
local MRM’s IP address. (See Figure 1.) The IP address is 192.168.1.xxx where “xxx” is the
number written on the top of the MRM Ethernet connector. Enter the MRM IP Address and click the
Connect! button. MRM-RET will attempt to verify connectivity to the MRM by sending a
RCM_GET_CONFIG_REQUEST (see API Specification) to that address.

E Connect

IP Address 192.168.1.100| Port

Connect! l

Fig. 1: When connecting to MRM, set IP address to 192.168.1.xxx (where xxx is the address
found on the MRM Ethernet connector)

If the MRM-RET connection to the MRM is unsuccessful, the blank window shown in Figure 2 will
appear. If this happens, please verify your network settings (as explained in the MRM Quick Start
Guide), confirm that you have the correct Node ID number, insure that your MRM is powered on,
confirm that it has successfully booted (both external LEDs are on and the tiny onboard LEDs are
blinking), that it is connected to an Ethernet cable and that the Ethernet LEDS are active. Once these
parameters are verified, the user can again attempt to connect by clicking the Connect! button. If this
does not resolve the problem, then try “pinging” the MRM IP address from a command window.

USINFG_REQUEST [MsgID:2]
t [MsqgID:2]
mpt. #3] ...

Fig. 2: This window will appear if the MRM fails to connect

For more information, please visit www.timedomain.com.
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If the connection to the MRM is successful, then MRM-RET will transition to the Configuration Tab
window (described in Section 5).

4. Overview: Tabs & Action Area

Each MRM-RET window is divided into two main areas: Tab Control and Action Area. See Figure
3.

P =
E Time Domain Reconfiguration and Evaluation Tool (RET)
Configuration | contral | MRM Server | Scan | Status Info | Logging| Six Tab Pages
MRM Operations Scanning (ps)
Message 1D 10 =
Get Configuration Scan start 10000 < ps
Node ID 102 =
Set Configuration Scan stop 39297 = ps
Pulse Int Index |12 - 4096 Pulses per Symi +
X Antenna Mode |2 - Txon A, Rxon B -
File Operations .
Code Channel 1} =
Load From File
Transmit Gain 0 =
Save Ta File
Persist 1 - Write to Flash A

Tab Control: provides access to commands and/or display areas

Sending MRM GET FILTER CONFIG REQUEST [MagID:7] -
T

; CONFIRM [MsgID:7] H . . . .
oo ived MR T RFIR (MegTnie] Action Area: provides a scrolling display
Status Info Get: Successful.
Seamins VRN Se1 Conmes BESURST (MazTo:s] of every message passed to/from MRM-RET

Received MRM SET_CONFIG_CONEIRM [MsgID:9] and the MRM

L Conigurarion. S rorel

4 [m]

Connection Status Indicator (Status: Unit ID) /[ Dscomnect_] |

|| Connected: Node 102 ~

Use this button to disassociate this MRM- RET
process from the currently connected MRM

Bt |

Fig. 3: Configuration screen with indication of the main areas

Tab Control is the upper area and provides access to six selectable tab pages. The function of each
tab is summarized below. A complete description is provided in the following sections.
e Configuration: Defines various parameters including integration rate, antenna
configuration, and radar scan windows
Control: Starts and stops radar scanning
e MRM Server: Allows the user to connect to a Windows Service that converts raw radar
scans from the MRM into filtered radar scans
e Scan: Displays a live plot of the radar scans including filtered response and detections
e Status Info: Displays software & hardware version numbers as well as MRM board
temperature
e Logging: Allows the user to record radar scan data to log files

The bottom part of the window contains the Action Area, which provides scrolling text indication of
every message sent to and received from the MRM.

For more information, please visit www.timedomain.com.
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Other areas of interest in the MRM-RET window include:

Right-clicking on the Title Bar Icon, will produce the “About RET” dialog box. This box will
show the MRM-RET version number.

A Connection Status Indicator located at the bottom left hand side of the status pane indicates
connection status and the 1D of the connected MRM. This field is useful when using multiple
copies of MRM-RET on a single PC to connect to multiple MRMs through an Ethernet hub.

The Disconnect button located at the bottom right hand side of the window allows the user to
switch MRM-RET to a different MRM.

The Exit button, also located at the bottom right hand side of the window, will close the
application and stop MRM scanning. The MRM will also halt scans if the user exits MRM-RET
by using the red X in the upper right hand corner of the GUI or by killing the task with Windows
Task Manager. However, the MRM will continue scanning if the Ethernet cable is disconnected.
The Message ID field appears on most, if not all, of the screens. MRM-RET will define a
message number for any command that is sent and its associated response message. This number
serves as a tracking number and is of great value to a system engineer during the development
and debug of a network of multiple MRMs. Note that this field can be manually incremented,
decremented, or set to an arbitrary value. Subsequent message numbers will be incremented.
Similarly, when the MRM sends radar data to MRM-RET each transmission will have a unique
scan message number. This number is incremented each time a new radar data message is sent.
The command/response message numbers are incremented separately from the radar data scan
message numbers.

For more information, please visit www.timedomain.com.
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5. Configuration Tab

Successful connection to an MRM brings up the Configuration Tab showing the MRM’s current
configuration parameters. (See Figure 4.) This tab provides the user with an easy method for
reading and writing the seven essential MRM configuration parameters: Node ID, Pulse Integration
Index, Antenna Configuration, Code Channel, Transmit Gain, Radar Scan Start point, and Radar Scan
Stop point. This tab implements the MRM API messages RCM_GET_CONFIG_CONFIRM and
RCM_SET_CONFIG_REQUEST.

E Time Domain Reconfiguration and Evaluation Tool (RET) » E‘ﬂgq

Configuration |Contr0\ | MRM Server | Scan | Status Info| Loggmg‘
MEM Operations Scanning (ps)
Message ID 10 :I
Use these buttons to Read or - Scan start 10000 =] ps
. . . Hode ID
Write the MRM configuration Scan stop 30297 = ps
parameters Pulse Int Index
} 3 Antenna Mode
File Operations
Code Channel 1] =
Transmit Gain 0 =
. i
Pareet I (1.~ wike to Fiasn E The?7 es‘sentlal values
that define MRM
operation
Store/retrieve these Message ID provides Persist specifies whether or not
config parameters to/ tracking number for the MRM will store these
from files on this PC all messages parameters in non-volatile
‘ memory
Sending MRM GET_FILTER_CONFIG_REQUEST [MsgID:7] -
Sending MRM GEI_STATUSINFO 0 T [MsgID:g]
Received MRM GET_FILTER_CY . CONFIRM [MsgID:7]
I |Received MRM _GET_STATUSINI M [MsgID:8]
Status Info Get: Successfiul.
Sending MRM SET_CONFIG EST [MsgID:9] —
[Received MRM SET_CONFIG_CONFIRM [MsgID:3] ‘il
Set Configuration: Successful. 2 I
Disconnect ] [ Exit ]
Connected: Node 102

Fig. 4: Configuration Tab

Figure 4 shows the default factory settings. The factory default settings can be loaded by clicking on
“Load From File” and then browsing to the file “MRM Factory Defaults.ret.” (This file is located in
the default MRM-RET directory selected at installation.)

The user can alter the default configuration by adjusting the parameters and then clicking the Set
Configuration button on the left. To make these changes last through the next time the MRM is
powered down, the user must also set the Persist flag to “1-Write to Flash™ (this is the default
position). If the Persist Flag is set to a 1, then any time the Set Configuration button is clicked, the
current values will be set to last through power down. If the user does not want the changes to last
through a power down, then the user must be sure to set “Write to Flash” to a zero.

To view the current MRM values or to confirm that the requested changes were made, click on Get
Configuration.

For more information, please visit www.timedomain.com.
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To save the current settings for future use, click on the Save to File button. MRM-RET will prompt
the user with a standard Windows File-Open dialog window. To load the settings from an existing
file, click on the Load From File button.

The seven essential values are defined in the API. Node ID and Antenna mode are reasonably
obvious but the other fields warrant a bit of discussion.

Pulse Integration Index: Since the MRM has been designed for coherent operation, it is possible
to integrate multiple scans and thereby improve the received Signal-to-Noise Ratio (SNR). Each time
the integration is doubled, the SNR of the received signal will improve by 3dB. Consequently,
doubling the integration also doubles the amount of time it takes to produce a scan. The minimum
integration the user can set is 64:1 or 2*6. Time Domain refers to this as a Pulse Integration Index
(PI1) of 6. A PII setting of 6 will increase the received SNR by 18 dB. Similarly a P1I of 15 (the
maximum allowed by MRM) will integrate 32,768 scans and thereby provide an SNR improvement
of 45 dB.

Set Configuration: Clicking Set Configuration will stop radar scanning, set the radar scan
message ID number equal to the current message ID number, and download the newly requested
configuration information.

Code Channel: When operating two or more MRMs in the same vicinity, the user must take care to
insure that the units are operating on different code channels. Code channels are numbered from 0-
255. The user should limit his selection to values between 0 and 6 inclusive. Code channel values
greater than 6 are reserved for special applications. Use of code channel numbers greater than 6
should only be done at the recommendation of Time Domain’s technical support team. Using an
invalid code channel number can cause unpredicable results.

Transmit Gain: When set to zero, the unit will transmit at the maximum transmit power compliant
with FCC regulations. However, for experimental purposes, the P400 MRM supports the use of
higher transmit power levels. Setting Transmit Gain to 63 will increase the transmit power from -13
dBmto +2 dBm. Between 0 and 63, transmit power increases approximately linearly with the
Transmit Gain value. This relationship is illustrated in Figure 5.

For more information, please visit www.timedomain.com.



MRM RET User Guide

Gain Profile vs Configured Transmit Power

ain (CE)

Configured Transmit Pover (0-63)

Fig 5: Relationship of Transmit Gain value to transmit power

Scan Start: While this field is entered in increments of picoseconds (ps), the MRM converts the
input values into “bins,” where each bin is 1.907 ps. This conversion takes place when the Set
Configuration command is executed. When the Get Configuration command is executed, the
MRM will convert the bin value used into ps. Because this conversion involves rounding, the value
shown in Scan Start may not match the value originally entered by the user. For example, setting a
Scan Start value to 5000 will actually result in the Scan Start value being set to 4999.

Scan Stop: While this field is entered in increments of ps, it is constrained in two ways.

First, the MRM converts the input values from ps into “bins,” where each bin is 1.907 ps. Because the
process may involve rounding, the value loaded and stored with a Set Configuration command may
be off by a ps when it is recovered with a Get Configuration command.

Second, the Scan Stop entry is further constrained by the Scan Start point and the MRM rake receiver
architecture. The MRM produces a radar scan using several samplers acting in parallel as a rake
receiver. Because of this architecture, the difference between Scan Start and Scan Stop must be in
even multiples of 5859.36 ps. This quantizes the radar scan data into blocks of 480 readings covering
5859.36 ps. As a convenience, the MRM will automatically convert the Scan Stop value entered by
the user into an integer number of quanta. This converstion follows the following two rules. (1) If
the user requests a fraction of a single quanta, then Scan Stop will be set to a full quanta. (2) If the
user requests several quanta plus a fractional quanta, then Scan Stop will be rounded to the nearest
number of quanta (e.g., requests for scans having a duration of 2.3 quanta will be rounded to 2.0
guanta, while 6.53 quanta will be rounded to 7 quanta). To demonstrate this, enter an arbitrary value
for Scan Start and Scan Stop, then execute Set Configuration. Next, execute a Get Configuration
and compare the difference between the entered value and the reported value. If the user

For more information, please visit www.timedomain.com.

10



RET User Guide 11

subsequently changes the Scan Start value, then the Scan Stop value will also be automatically
adjusted such that the Scan Stop is approximately in the same location.

To minimize potential confusion, the user is advised to execute a Get Configuration command
whenever the Scan Start of Scan Stop values are changed.

Antenna Modes: The MRM RF (Radio Frequency) frontend hardware can support two antenna
configurations: Transmit on A, Receive on B, and Transmit on B, Receive on A. The MRM is
currently limited to operation with two antennas. Singe antenna operation is possible but degrades
performance. Those interested in MRM operation using a single antenna are encouraged to discuss
their needs directly with Time Domain.

6. Control Tab

The Control Tab (see Figure 6) is used to initiate and stop radar scans. To perform this work, MRM-
RET uses the following APl messages:

e MRM_CONTROL_REQUEST(0x1003)
e MRM_CONTROL_CONFIRM (0x1103)

7
E Time Domain Reconfiguration and Evaluation Tool (RET) E‘ﬂu
‘ Configuration |: Control }| MRM Serverl Scan | Status Info | LDgg\ng‘
Message ID 10
Scan Control

@ Continuous

@ Count 250

Interval {microseconds) 100000

Start Scanning I l Stop Scanning

Sending MRM_GET_FILTER CONFIG_REQUEST [MsgID:7] -
Sending MRM_GET_STATUSINE ST [MsgID:E]

Received MRM GET FILTER C ONEIRM [MsgID:7]

TRM [MagID:8]

Status Infoc Get: Successt
Sending MRM_SET_CONFIG_REQUEST [MsgID:9]
|JReceived MRM SET CONFIG_CONFIRM [MsgID:9]
Set Configuration: Successful.

4 [m

Disconnect ] [ Exit ]

|| Connected: Node 102 [l

Fig. 6: Control Tab
Radar scans can be started and stopped by clicking on either the Start Scanning or Stop Scanning

buttons. When Start Scanning is selected, the Scan Message ID number will be set equal to the
present Message ID number and scanning will begin. Scanning will be executed based on the

For more information, please visit www.timedomain.com.
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contents of the Scan Control box. Clicking on Stop Scanning will stop the scans and will reset the
Scan Message ID number to the current value of the Message ID number.

By selecting the Continuous option, the user is requesting that scans be generated indefinitely at an
interval defined by the contents of the “Interval (microseconds)” box.

By selecting the Count option, the user is requesting that MRM produce the number of scans
indicated in the Count field at an interval defined by the contents of the “Interval (microseconds)”
field.
Each scan requires a certain amount of time to complete. This time is a function of the integration
rate and the size of the scan window (difference between the Scan Start and Scan Stop times). The
time required is determined by the following equations.

Scan time (us) = (# of quanta in scan window) * (0.0792 us) * (2”(Pulse Integration Index))

Where a quanta (i.e., the rake sampler size) = 5859 ps

For the users convenience this has been summarized in Table 1.

Quanta
Pulse Integration 1 2 3 4 5 6 7 8
Index (PIl) Swath (m)
0.88 1.75 2.63 3.51 4.38 5.26 6.14 7.02
6 51 101 152 203 253 304 355 406
7 101 203 304 406 507 608 710 811
8 203 406 608 811 1,014 1,217 1,419 1,622
9 406 811 1,217 1,622 2,028 2,433 2,839 3,244
10 811 1,622 2,433 3,244 4,055 4,867 5,678 6,489
11 1,622 3,244 4,867 6,489 8,111 9,733 11,355 12,977
12 3,244 6,489 9,733 12,977 16,222 19,466 22,710 25,955
13 6,489 12,977 19,466 25,955 32,444 38,932 45,421 51,910
14 12,977 25,955 38,932 51,910 64,887 77,865 90,842 | 103,819
15 25,955 51,910 77,865 | 103,819 | 129,774 | 155,729 | 181,684 | 207,639

Table 1. Minimum Scan Intervals as a function of Pll and Quanta

For example, selecting a Scan Start value of 10,000 ps and a Scan Stop value of 21,000 ps results in a
requested swath size of 11,000 ps. Dividing 11,000 by 5859 gives a value of 1.87 quanta. The MRM
will round this up to 2 quanta. If the user requests a Pl of 12, then the minimum scan time (or fastest

update rate) will be 12,977 us (77 Hz). If the operator enters a count higher than this, then the radar
will idle between scans. If the operator enters a count smaller than this, then the radar will operate as
fast as possible.

The radar scan data will be reported from the MRM to the MRM-RET PC as UDP packets. However,

the user should be aware that the Host PC must have the communications and processing bandwidth
to receive all of the packets. Otherwise, packets will be dropped. Furthermore, the display shown on
the Scan Tab has an update limit as well. If this limit is exceeded, then the display will update only
occasionally.

For more information, please visit www.timedomain.com.
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The MRM Server is a separate and independent Windows Service that is installed by the .msi loader
when MRM-RET is installed and will be available whenever the PC is booted. When MRM-RET is
connected to this service, the MRM Server will intercept raw data being sent by the MRM to MRM-
RET, filter the data and produce a detection list. While the user can connect and disconnect MRM-
RET from this service, by default this service is normally connected. If the MRM Server task is not
connected then MRM-RET will receive only the raw data scans. If the MRM Server is connected to
MRM-RET, then MRM-RET will receive the raw data and all of the selected filtered and detection
data.

This tab implements the following MRM API messages:
MRM_SERVER_CONNECT_REQUEST (0x1004)
MRM_SERVER_CONNECT_CONFIRM (0x1104)
MRM_SERVER_DISCONNECT_REQUEST (0x1005)
MRM_SERVER_DISCONNECT_CONFIRM (0x1105)

When the user clicks on the MRM Server Tab, then the screen shown in Figure 7 will appear.

D o o ne e I ==

Configuration | Control | MRM Server | ean | Status Infnl Lngglng‘

Message ID 10

Server Fifcer settings
Raw
1P Address 127.0.0.1 Port 21210
Bandpass

I Connect Motion Mation filter FIR4 -

Detection List ~ Threshold muft 5

N [ Get ] [ Set

Connected to MRM Server at 127.0.0.1

Sending MRM GET FILTER CONFIG REQUEST [MsglID:7]
Sending MRM_GET_STATUSINFO_REQUEST [MsgID:8]
Received MRM_GET_FILTER CONFIRM [MsgID:7]
CONFIRM [MagID:g]

EST [MsgID:9]
 CONFIRM [MagID:8]
cessful. -

Disconnect ] [ Exit ]

|| Connected: Node 102

Fig. 7. MRM Server Tab

The MRM Server has two boxes of information: one for the Server and the other for the Filter
Settings. These are described below.

Server Box:

IP Address: This is the IP address of the computer on which the MRM Server is being run.
In theory, one could attach the MRM Server to a service running on a different machine. In

For more information, please visit www.timedomain.com.
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practice, MRM-RET defaults to running the service on the computer that is running MRM-
RET.

Disconnect: Clicking on this button will disconnect the MRM-RET from this service.

Connect: Clicking on this button will connect the MRM-RET to the service operating on the
machine indicated by the current IP Address.

Filter settings:

If MRM-RET is not connected to the MRM Server, then only raw radar scan data will be displayable
on the Scan Tab. If MRM-RET is connected to the MRM Server, then the user will be able to select
the type of filters to be employed. Only the selected filter data streams will be available for display
in the Scan Tab or logging to a .csv file. Appendix A provides a detailed description of the filter
operation.

Raw: Clicking this box will pass raw scans from the MRM Server to MRM-RET, enabling
the display of MRM raw radar scan data.

Bandpass: Clicking this box will pass bandpass filtered scans from MRM Server to MRM-
RET, enabling the display of MRM bandpass filtered scan data.

Motion: Clicking this box will pass motion filtered scans from the MRM Server to the
MRM-RET, enabling the display of MRM motion filtered scan data. The computation of the
motion filtered data is independent of whether or not the Bandpass box is checked. The data
will be filtered using the filter selected in the Motion Filter drop-down window. Four motion
filter options are provided: FIR2, FIR3, FIR4 and IIR3. The FIR filters are Two, Three and
Four Tap difference filters. The IIR3 is a length 3 order 2 IIR filter.

Detection List: Clicking this box will pass detection data from the MRM Server to MRM-
RET, enabling the display of MRM detection lists. The detection list is produced based on
the motion filtered data using the currently selected bandpass filter, motion filter and
Threshold Multiple. Note that the detection list is produced independent of whether or not
the Bandpass and Motion boxes are checked.

Threshold Mult: The value selected will set the sensitivity of the detector. This sensitivity
is based on the results of a “100 scan training period.” The detection processor begins by
measuring the standard deviation of the first 100 scans. This standard deviation is computed
on a per bin basis and constitutes the nominal value for each bin. The Threshold Multiple is
the number of standard deviations that a received signal must deviate from nominal in order
to generate a detection. Consequently, setting the Threshold Multiple to 1 will generate
detections that are very sensitive to changes in the radar scan. Using a large number will
make the system very insensitive to changes. The user may enter values between 1 and 255.
Entries higher than 255 will be set to 255 and entries lower than 1 will be set to 1. Once the
first 100 scans have been computed, the nominal values will be updated each scan using a
100 element box car filter. MRM-RET will not display every individual detection on the
Scan screen. Instead, it will plot a single red dot for every cluster of three adjacent detections
reported by the MRM Server.

Note that if the Detection List box is checked, then the detection list will be produced
regardless of whether or not the Bandpass and Motion filter boxes are checked. Also,

For more information, please visit www.timedomain.com.
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detections will not be reported until 100 scans have been processed. If the sampling interval
is 125000 ps then it will take 12.5 seconds before any detection can be produced. If no
detections are detected, then none will be reported.

Get: Clicking on this button will display the filter settings currently being used by the MRM
Server.

Set: Clicking on this button will set the MRM Server to the currently displayed filter settings.

It is worth taking a moment to discuss in general the use of filters and detection processing. The
objective of filtering and detection is to allow the user to sense items or motions of interest. These
targets of interest can have startlingly different characteristics. For example, one could be interested
in detecting the heartbeat of an individual as opposed to the presence of a large military vehicle. One
could be interested in measuring small objects moving at speeds of millimeters per second or the
application might be trying to detect large targets moving at hundreds of km/hour. One could be
more interested in detecting items in an indoor environment as opposed to under rubble or outside in
the open.

For each of these cases one needs to optimize the filter and detection process for the application of
interest.

The filters and detection algorithm provided with MRM-RET are very basic and are intended to
provide the user with

¢ A means to demonstrate radar functionality

e The ability to experiment with a few simple algorithms

e An example of how raw data scans can be captured and processed

While some users might find these algorithms sufficient, we would expect that many users will
quickly discover that the needs of their particular application will require that the filter and detection
strategy be optimized. If so, these users may choose to develop their own version of an MRM Server.
To help address that need, Time Domain has provided sample C and MATLAB code which interfaces
directly to the MRM and bypasses the MRM server filter. This code is provided on the release CD.

For more information, please visit www.timedomain.com.
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8. Scan Tab

The Scan Tab (see Figure 8) is used to view scan parameters as well as raw and processed data. To
perform this, MRM-RET uses the following APl messages:

e MRM_SCAN_INFO (0xF201)
e MRM_DETECTION_LIST_INFO (0x1201)

E Time Domain Reconfiguration and Evaluation Tool (RET) EE
o

\ Configuration | Contro\l MRM Serverl;__!_i__l}lj___ﬂ Status Info| Logging\
Scan Message ID 3103 guoooe
Source Node ID 102
Scan Start ps 10000 400000
Scan Stop ps 39297
Time since last scan 125 ms 200000 |
Antenna ID T{A-RXB | ‘ ‘
Fist datection 1098 m 5 || ‘ | |‘ |. 'I\l‘.‘l\ll .
Display Options ‘ | | ‘ H
-200000
Raw (gray)
Bandpass (blue)
Motion fitterad (black) 400000
Detections (red)
First detection as vertical red line
-500000

25 30 (ns)

[Received MRM FULL_SCAN_INFO [MsgID:31592] -
[Received MRM FULL_SCAN_INFO [MsgID:3182]

[Received MRM FULL SCAN INFO [MsgID:3132]

[Received MRM DETECTION LIST_INFO [MagID:3192] [8l detecticn3]

[Received MRM FULL_S3CAN_INFO [MsgID:3193]

[Received MRM FULL_SCAN_INFO [MsgID:3133] |
Received MRM FULL SCAN INFO [MagID:3193] [
[Received MRM DETECTICN LIST INFQ [MagID:3193] [99 detecticns] s

=

l Disconnect ] [ Exit I

Connected: Node 102

Fig. 8: Scan Tab

The tab display is divided into three unique areas: parameter info (upper left), display options (lower
left), and the data plot. These areas are discussed below.

Parameter Information:

Scan Message ID: This is the ID of the raw scan and filtered scans currently being
displayed. In other words, the raw scan data, bandpass filtered data, motion filtered data, and
detection list data all share the same scan message ID because they are all using the same raw
data.

Source Node ID: This is the ID of the MRM that produced the scan data.

Scan Start ps: This is the starting time in picoseconds of the first data point in the scan.

For more information, please visit www.timedomain.com.
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Scan Stop ps: This is the ending time in picoseconds of the last data point in the scan.

Time since last scan: This is the difference in time between this scan and the previous scan.
This value is computed by MRM-RET by subtracting the Timestamp value reported by the
previous MRM_SCAN_INFO message from the current MRM_SCAN_INFO message. The
Timestamp value is actually generated by the MRM processor based on its operating system
clock interrupts. These interrupts have an accuracy tolerance of, at best, a few microseconds.
However, this is not the actual time when the scan was produced, rather it is the best
approximation that the interrupt can make. The actual time is controlled by the FPGA and
the UWB chipset. These devices are responsible for all scan timing and maintain the intra-
scan and inter-scan timing accuracy to within a few picoseconds.

The user should occasionally monitor this value and compare it to the Interval defined on the
Control Tab. The two numbers should match. If they do not, then either the Host is dropping
packets or the user has requested an interval that is smaller than the requested scan duration.
Antenna ID: Indicates the current antenna configuration.

First Detection: This is an approximate measurement of the distance, in meters, from the
Scan Start point to the First Detection. If the Scan Start point is set to 10,000 then the
measurement is the approximate distance of the supplied Broadspec antenna (with the
associated with elbow connectors) to the target.

This distance is computed using the following equation:

Distance = (Detection0_ps — ScanStart_ps)*(Seconds/picoseconds)*C/2

Where:
Distance: distance from target to the face of the Broadspec antenna
Detection0_ps: detection time in picoseconds
ScanStart_ps: value entered for Scan Start on Configuration Tab (normally
10,000)
Seconds/picoseconds:  seconds to picoseconds conversion factor
C: speed of light 299,792,458 m/s

Display Options:

The user can select which waveform scans are to be displayed by putting a check mark in the
indicated box. Note that it is only possible to display those scans provided by the MRM
Server. The scan parameters provided are selected on the MRM Server tab. The screen
shown in Figure 8 was taken with all five waveforms selected.

Scan Data Plot:

This is a plot of radar scan amplitude or reflectivity (y-axis) as a function of time in
nanoseconds (ns) (x-axis). (The API reports the reflectivity as an integer value and time in
ps.) The vertical scale is set when the Scan Tab is selected. The horizontal scan uses the
Scan Start value as the origin and sets that maximum so that it includes the Scan Stop value.
The mouse buttons are used to change scales in the following fashion:
e To change the vertical scale, hold the right mouse button down and move the mouse
up or down.

For more information, please visit www.timedomain.com.
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e To change the horizontal scale, hold the right mouse button down and move to the
left or right.

e To change the origin, hold the left mouse button down and move to the left or right.

e Toreturn to default plot setting, double click the left mouse button.

Note that the first ~5 ns of the raw signal is subject to a great deal of “chatter.” During this
time energy is coupling from the transmit antenna directly to the receiver. This produces
regular, repeating saturated pulse images. This chatter is static and can be reduced by
motion filtering, integration, or scan template calibration. However, since the chatter region
has high amplitude, slight deviations in sample time (jitter) can cause significant noise.

Odd Behaviors: There are three relatively common behaviors that the user might occasional
see and may interpret as a hardware or software bug. In the interest of reducing confusion
the following is an explanation for these behaviors.

No detections are being produced. The radar is scanning, the motion filter shows obvious
targets, and all of the proper buttons are checked, but no detections are being reported.
Remember that all of the following conditions must exist for detections to be displayed:

e The Detection List box on the MRM Server Tab must have a check mark.

e The Threshold Mult on the MRM Server Tab must be set to a low enough value to
sense detections.

e The Detections box on the Scan Tab must be checked.

e The user should not expect any detections to be reported until after the “100 Scan
Training Period” has concluded.

e There must be a target moving within the bounds of the Scan Start and Scan Stop
points (a range of approximately 0.1 and 4 meters from antenna when using the
factory default settings.

o If the target oscillates in a very regular fashion, then over the course of 100 scans the
oscillation will be averaged into the nominal. This may reduce the sensitivity of the
detection algorithm such that a threshold that initially worked might no longer have
sufficient sensitivity to produce detections.

If this does not resolve the problem, then please contact Time Domain for assistance.

The scan screen display is flickering. If the scans are being produced at a reasonable rate
(i.e., the “Time since last scan” matches the interval set on the Control Tab) and the plot
seems to be “flickering,” then it is likely that the flow of information from the MRM to the
PC exceeds the capability of the processor or the display driver to keep up with the flow of
information. In these cases one can improve the situation by reducing the amount of
information being displayed. This can be accomplished by one or more of the following:
Unchecking the Raw And Bandpass boxes on the Scan Tab,
Increasing the scan interval
Reducing the scan size
Using a faster PC

e Implementing a custom MRM Server using the standard API
If this does not resolve the problem, then please contact Time Domain for assistance.

The Detections clip. The raw and filtered data has an absolute magnitude that is limited by
the transmit power, the target proximity, the radar cross-section (RCS) of the target, and the
amount of integration that has been selected. The raw and filtered data are reported as 32-bit
values while the detections are reported at 16-bit values. Time Domain has yet to observe

For more information, please visit www.timedomain.com.
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signals strong enough to exceed 32-bit value. However, the 16-bit detections sometimes will
clip or flatline. This is illustrated in Figure 9. If there is a need to recover this clipped
information, the simplest approach is to extract the missing information from the
corresponding bandpassed filtered data stream. If this proves to be an issue for your
application, then please contact Time Domain for assistance.

[ e i R T = |

Flatline Clipping

Fig. 9: Example of clipped or flatlined detections.

MRM-RET uses the following messages to report the MRM status information:
e MRM_GET_STATUSINFO_REQUEST
¢ MRM_GET_STATUSINFO_CONFIRM

When the Status Info tab is selected, MRM-RET will issue an MRM_GET_STATUSINFO _
REQUEST and update the table with hardware and software version information.

To update the information, the user can click the Get Status Info button. This is useful for uploaded
software and hardware version numbers as well as measuring the MRM board temperature.

The following is short description of the key parameters. For more information, see the MRM API
Specification.

Software Versions: The MRM has three different types of software: the version of MRM embedded
application software (application code running on the MRM processor), the version of the UWB
Kernel (UWB software running on the MRM processor) and the version of FPGA code (running on
the MRM FPGA).

Hardware Version: There are two hardware items of note: the board Serial Number and the PCB
revision level.

BIT: “BIT” stands for “Built-in Test” and will return “0” under normal operation. A non-zero value
indicates some sort of failure. In the event of this failure, please contact Time Domain.

Temperature: This is the temperature of the sensor mounted on the PCB board. This is not the
ambient air temperature. Because the MRM generates heat, the board will run hotter than the

ambient. The maximum operating temperature of many key components is 70°C. However, these

For more information, please visit www.timedomain.com.
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boards have been successfully run at temperatures approaching 100°C. Operation above 50°C will
increase the power consumption of the circuitry by approximately 0.5 watts. While the performance

does not otherwise degrade, operation above 70°C cannot be guaranteed.

The information on this tab (shown in Figure 10) is valuable for debug purposes. For example, if the
MRM should malfunction, then Time Domain’s product support team will likely ask for a screenshot
of this tab.

As embedded software/firmware is upgraded this version info is used to assure host code
compatibility.

E Time Domain Reconfiguration and Evaluation Tool (RH}“_ |
configuration | Control | MRM Server | scan |{ Status Tnfo’| Logging]
Message 1D 21 =
MRM Version 1.0.0
UWB Kernel Version 1.7.51
FPGA Version 10 [ 3.18.11]
Serial Humber SA00004A
Board Revision C
BIT Results 0
Temperature 32.75°C
Get Status Info
Received MRM FULL_SCAN_INFO [MsgID:1917] -
Received MEM FULL, SCAN_TNFO [MsgID:1917]
Received MRM FULL SCAN INFO [MsgID:1917]
| |Received MRM DETECTICHN LIST INFQ [MsgID:1917] [29 detecticons]
Received MRM FULL_SCAN_INFO [MagID:1918]
Received MRM FULL_SCAN_INFO [MsgID:1918] pL
Received MRM_FULL_SCAN TNFO [MagID:1913] [
Received MEM DETECTION LIST_INFO [MsgID:1918] [35 detections] &
Disconnect ] [ Exit ]
N Connected: Mode 102 '

Fig. 10: Status Info tab

For more information, please visit www.timedomain.com.
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10. Logging Tab

The Logging Tab (see Figure 11) is provided by MRM-RET to support data collection and post-
processing analysis. The logfile is a comma-separated variable ASCII .csv text file. See Appendix B
for more information on the logfile format. Logfiles will be stored in the directory indicated in the
“Directory” field. The user may change the target directory by using the “change” button to browse
to the desired location.

The logfile names are designated by the “Logfile Prefix” field. The user can change the name by
entering the desired prefix name in the ‘Logfile Prefix” field.

When the “Start Logging” button is clicked, MRM-RET will add a three digit suffix number to the
file name. This name will be displayed on the screen. Each time the log is stopped and restarted,
this suffix number will be incremented. The Start Logging button can be clicked at any time. If no
scans are currently requested, then a logfile will be opened, logging will start and it will standby for
scan data. If scans have already been requested, then logging will start with the next scan.

When the “Stop Logging” button is clicked, MRM-RET will stop logging and the logfile will be
closed.

Clicking the “New Logfile” button will close the existing file, open a new logfile with an incremented
number, and continue logging. This can be accomplished in the middle of a scanning sequence
because clicking this button does not stop and restart the MRM, it merely redirects that data flow to a
new file.

[ =

[ Configuration | Control | MRM Server | Scan | Status Info | Logaing |

Directory C:\Users\jhedges\Desktop\MRM_RET_DATA
Logfile Prefix Retlog_
Start Logging

New Logfile

Stop Loaging

Received MRM SERVER_CONNECT_CONFIRM [MsgID:3] -
MRM Server Connect: Successful.

Connected to MRM Server at 127.0.0.1 [Port:21210] [ 8
Sending MRM GET_FILTER CONFIG_REQUEST [MsgID:4] -

I
Disconnect J [ Exit
Connected: Node 40

Fig. 11: Logging tab

For more information, please visit www.timedomain.com.
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The MRM Server filters were implemented using MATLAB and then instantiated in the MRM Server
in C. These filters are relatively basic and are intended to illustrate operation of the radar and
implementation of a sample filtering strategy. While they are illustrative and useful, they have not
been optimized for any particular application. The user will likely need to tailor a custom filtering
strategy to meet the performance requirements of a target application.

Bandpass Filter: The bandpass filter has been implemented as a third order filter. The MATLAB
code for the filter and the associated coefficients are shown below in Figure A-1 and Figure A-2.
This filter is run across a single scan. (Some refer to this as a fast time filter).

function y = iir filt ord3(x,b,a)

o° 00 o° o° oe

o©°

IIR_FILT ORD3

NOTES

Filter order is 3 so length of b and a are 7 = 2*3 + 1.
MATLAB array indices begin with 1.

so it is not used.

a(l) = 1 is the coefficient of y(n)
b(4) = 0 so it is not included in the summation.
y(1:6) must be initialized to O.

o©°

o

= length (x):;
= zeros (1,N);
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Fig. A-1: Order 3 Bandpass Filter

For more information, please visit www.timedomain.com.
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function [b,a] = filt coefs
% FILT COEFS

b(l) = 0.058918593549;
b(2) = 0.003704122993;
b(3) = -0.130605206968;
b(4) = 0;

b(5) = 0.130605206968;
b(6) = -0.003704122993;
b(7) = -0.058918593549;
a(l)y = 1;

a(2) = 0.339893240317;
a(3) = 1.247471159638;
a(4) = 0.315004577848;
a(b5) = 0.752494992039;
a(6) = 0.094346011045;
a(7) = 0.145214408359;

Fig. A-2: Coefficients for Order 3 Bandpass Filter
Motion Filters:

Four motion filters are supported: FIR2, FIR3, FIR4 and IIR3. These filters are implemented for each
scan on each range bin. (Some refer to this as a slow time filter.)

FIR2 is a Two Tap Difference Filter that uses the following equations:
w=[1-1]
y(n) = w(1)*x(n) + w(2)*x(n-1) = x(n) - x(n-1)

FIR3 is a Three Tap Difference Filter that uses the following equations:
w=[1-0.8-0.2]
y(n) = w(1)*x(n) + w(2)*x(n-1) + w(3)*x(n-2)

FIR4 is a Four Tap Difference Filter that uses the following equations:
w=[1-0.6 -0.3-0.1]
y(n) = w(1)*x(n) + w(2)*x(n-1) + w(3)*x(n-2) + w(4)*x(n-3)

1IR3 is a length 3, order 2 IIR filter. The MATLAB code used to implement the filter and
the associated coefficients are shown in Figure A-3 and Figure A-4.

For more information, please visit www.timedomain.com.



MRM RET User Guide

function y = iir filt ord2(x,b,a)

o° o° o o° o° o°

o\

IIR_FILT ORD2

NOTES

Filter order is 2 so length of b and a are 3 = 2 + 1.
MATLAB array indices begin with 1.

a(l) = 1 is the coefficient of y(n) so it is not used.
y(1:2) must be initialized to O.

length (x) ;
= zeros (1l,N);

y(n) = ..
+ b(l) *x(n)
+ b(2)*x(n-1)
+ b(3)*x(n-2)
- a(2)*y(n-1)
- a(3)*y(n-2);
end
Fig. A-3: 1IR3 filter
function [b,a] = filt coefs
% FILT COEFS

Detection Filter:

0.245 Hz -3 dB cutoff at 8 Hz update rate
1) = 1.000000000000;
2) = -1.729249571742;
3) = 0.761764999239;

1) = 0.872753642745;
2) = -1.745507285491;
(3) = 0.872753642745;

Fig. A-4: 1IR3 filter coefficients

Detections are determined through the following procedure.

1. Each scan is bandpass filtered as described above.
2. Each scan is motion filtered as described above.
3. Ascan envelope is computed by

a.
b.

e.

4. A 100 element moving box car average is computed by taking each measurement in the

Multiplying the scan by 2*Pi*cos(Fot)

Low pass filtering the result using the filter shown in Figure A-6 and Figure A-7

I=Ipf(scan*2*Pi*cos(Fot))
Multiplying the scan by 2*Pi*sin(Fot)

Low pass filtering the result using the filter shown in Figure A-6 and Figure A-7

Q=lIpf(scan*2*Pi*sin(Fot))
Taking the square root of the sum of the squares of | and Q
Envelope = SQRT(I"2 + Q"2)

scan and averaging it with the corresponding measurements in the previous 99 scans.

For more information, please visit www.timedomain.com.
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The standard deviation for each measurement position in this 100 element box car filter is
computed.

5. Each measurement in the enveloped waveform is compared with the average
measurement in the 100 element moving box car filter. A detection is reported if the
measurement is greater than the 100 element average measurement by more than
Threshold Mult * standard deviation of the 100 element average measurement.

6. Each of these detections is reported by the MRM Server both to the logfile and to MRM-
RET.

7. The MRM-RET Scan screen reports detections in a slightly different manner. MRM-
RET will report a detection (plot a red dot on the Scan Tab plot) if there are three
adjacent detections. This simplification reduces the false alarm rate, thereby making the
detection process more robust. This is illustrated in Figure A-5. In this figure, a
measurement that constitutes a detection is marked as an “X”, otherwise it is an “0.”

MRM Server Detection:  OOOOXOOXXXXOXOXXOXXXOO0OXOX0OX
MRM-RET Plot: 000000O0XOO0OOO0OOOXOOOO0OOOOO00O
1 2 3

Fig. A-5: Example of how MRM-RET further filters the detections
MRM-RET will report point #1 as a detection because it is the first of three Xs. Point #2 is an X, but
it is followed by an O and an X, so it doesn’t qualify. Point #3 is the first of three Xs so MRM-RET
will report a detection at that point.

function y = iir filt ordé6(x,b,a)
$ IIR FILT ORD6

o\

o

% NOTES

% Filter order is 6 so length of b and a are 7 = 6 + 1.
% MATLAB array indices begin with 1.

% a(l) = 1 is the coefficient of y(n) so it is not used.

o

y(1:6) must be initialized to 0.

=z
I

= length(x);
y = zeros(1l,N);

y(n) = ...
+ b(l)*x(n) ..
+ b(2)*x(n-1)
+ b(3)*x(n-2)
+ b(4)*x (n-3)
+ b(5)*x(n-4)
+ b(6)*x(n-5)
+ b(7)*x(n-6)
- a(2)*y(n-1)
- a(3)*y(n-2)
- a(4)*y(n-3)
- a(5)*y(n-4)
- a(6)*y(n-5)
- a(7)*y(n-6);
end

Fig. A-6: MATLAB code for implementing the detection filter
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function [b,a] = filt coefs
% FILT COEFS

b(l) = 0.010312874763;
b(2) = 0.061877248576;
b(3) = 0.154693121440;
b(4) = 0.206257495253;
b(5) = 0.154693121440;
b(6) = 0.061877248576;
b(7) = 0.010312874763;
a(l) = 1.000000000000;
a(2) = -1.187600680176;
a(3) = 1.305213349289;
a(4) = -0.674327525298;
a(5) = 0.263469348280;
a(e) = -0.051753033880;
a(7) = 0.005022526595;

Fig. A-6: Detection filter coefficients

For more information, please visit www.timedomain.com.
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Appendix B: MRM-RET Logfile Format

The MRM-RET logfile captures in a .csv file all of the messages sent to, and received from, the
MRM or MRM Server. If MRM-RET is connected directly to the MRM (bypassing the MRM
Server), then the only data logged will be the raw scan data. If the MRM_RET is connected to the
MRM Server, then the filter parameters set in the MRM Server Filter Settings will determine which
data is logged.

Before the FIRST instance of each message type, a header description will be provided. The initial
timestamp (always the first parameter in each message line) is a floating point time value, in seconds,
provided by the Host PC. All parameters for all messages are described in the MRM API
Specification.

Figure B-1 shows an example .csv logfile as viewed in MS Excel. This figure does not show the
final 474 columns.

e A T T e
= Home Insert Page Layout Formulas Data Review View “_‘3) - =5 X
1 s | [ o e -
i Calibri -1 - |AaE| S EI‘@/'l =i Wrap Text General - ijgl ﬁ#—‘a gﬂ Ii—']m E\ r_.;J %- %
Paste |B I O~ i - A~ =| §§Merge aCenter~ || § - % ¢ | %} ;%|| Conditional Format  Cell Insert Delete Format Sort & Find &
& \; — = Formatting = as Table = Styles K K & T Filter~ Select~
M cipboara = Font = Alignment ] Number il Styles Cells Editing
Al - e | Timestamp ¥
A B c D E F G H I el K L M N o P a R S T u V
I 1 Times(aﬂ. Config Nodeld ScanStar ScanStop ScanRes Baselnt: Segment Segment Segment Segment Segment Segment Segment Segment Antenna Transmi- CodeChannel
2 | 1.3E+09 Config 102 10000 39297 32 12 0 o 0 o 0 o 0 o 2 o o
3 |Timestar MrmCon® ScanCou IntervalTimeMicroseconds
I 4 | 13E+09 MrmCon 23 65535 125000
5 Timestar MrmCon Message Status
6 | 1.3E+09 MrmCon 23 0 E
7 Timestar MrmFull Message Sourcelc Timesta Reservel Reserver Reservel Reserve: ScanStar ScanStor ScanStep Filtering Antenna Reserver NumSan ScanData
8 | 1.3E+09 MrmFull 23 102 1.1E+07 0 o 0 1.3E+08 10000 39297 32 1 2 1 480 262957 382078 -162026 -507281 -82939 470
9 | 1.3E+09 MrmFull 24 102 1.1E+07 0 o 0 1.3E+08 10000 39297 32 1 2 1 480 236575 510136 -104160 -504422 -131380 4624
10 1.3E+09 MrmFull 25 102 11E+07 o o 0 1.3E+08 10000 39287 32 1 2 1 480 225284 513188 -B9226 -501104 -144541 454y
11 1.3E+09 MrmFull 26 102 11E+07 o o 0 1.3E+08 10000 3g287 32 1 2 1 480 207536 5121BD -76241 -502857 -15B364  460¢
12 | 1.3E+09 MrmFull 27 102 1.1E+07 0 o 0 13E+08 10000 39297 32 1 2 1 480 198106 511091 -63309 -503607 -160111 4607
13 | 1.3E+09 MrmFull 28 102 1.1E+07 0 o 0| 13E+08 10000 39297 32 1 2 1 480 189623 512604 -62873 -503184 -172355 4554
14 | 1.3E+09 MrmFull 29 102 1.1E+07 0 o 0 1.3E+08 10000 39297 32 1 2 1 480 195019 512167 -55757 -501478 -180330 452
15| 1.3E+09 MrmFull 30 102 1.1E+07 0 o 0 1.3E+08 10000 39297 32 1 2 1 480 179018 510805 -51584 -503%91 -191593 4484
16 | 1.3E+09 MrmFull 31 102 1.1E+07 0 o 0 1.3E+08 10000 39297 32 1 2 1 480 181025 511661 -47562 -499%67 -184810 4484
17 1.3E+09 MrmFull 32 102 11E+07 o o 0 1.3E+08 10000 39287 32 1 2 1 480 180286 512326 -45011 -500281 -193250 447%
18 | 13E+09 MrmFull 33 102 1.1E+07 0 o 0 13E+08 10000 39297 32 1 2 1 480 176254 511984  -48919 -500677 -200611 4437
19 | 1.3E+09 MrmFull 34 102 1.1E+07 0 o 0| 13E+08 10000 39297 32 1 2 1 480 175057 511275 -32120 -489897 -196407 4477
20 | 1.3E+09 MrmFull 35 102 1.1E+07 0 o 0| 13E+08 10000 39297 32 1 2 1 480 174506 512956 -25483 -489189 -197301 4464
21| 1.3E+09 MrmFull 36 102 1.1E+07 0 o 0 1.3E+08 10000 39297 32 1 2 1 480 172855 512534 -35797 -502545 -197748 4457
22 | 1.3E+09 MrmFull 37 102 1.1E+07 0 o 0 1.3E+08 10000 39297 32 1 2 1 480 162784 512357 -26580 -489295 -205663 4447
23 1.3E+09 MrmFull 38 102 11E+07 o o 0 1.3E+08 10000 39287 32 1 2 1 480 161846 513167 -24708 -501712 -203380 446¢
24 1.3E+09 MrmFull 39 102 11E+07 o o 0 1.3E+08 10000 3g287 32 1 2 1 480 155038 511820 -24994 -499286 -195802 443¢
25 | 1.3E+09 MrmFull 40 102 1.1E+07 0 o 0 13E+08 10000 39297 32 1 2 1 480 157718 512674 -29001 -500269 -206851 4424
26 | 1.3E+09 MrmFull 41 102 1.1E+07 0 o 0| 13E+08 10000 39297 32 1 2 1 480 171660 511755 -25272 -500304 -205446 4406
4 4 » v wed testoo3 <FJ 0 m [
Ready ‘ £ [0/ | 803k (= {1 +,

Fig. B-1: Example logfile

As described previously, Line 1 contains the column names for all of the fields associated with the
message shown in Line 2. The message shown on Line 2 shows the following:
e Time stamp (1.3E-09 seconds, expanding the field will show a PC-generated timestamp of
1319650541)
o Message name (Config, an abbreviation for MRM_SET_CONFIG_REQUEST (0x1001 in
the API)
e Subsequent parameters on line 2 map directly to the headers on line 1 and to the parameters
defined in the MRM_SET_CONFIG_REQUEST.

Similarly, Line 3 contains the column names for all of the fields of the message shown in Line 4.
Line 4 is the MRM API command that initiates the taking of radar scans. Lines 5 and 6 are the API
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confirmations for the previous API request. Lines 7 and 8 are radar scan messages. Columns A
through P contain header information. Column P indicates the number of data points that follow. In
this case, there are 480 data points in each scan. The first point corresponds to the reading taken at
Scan Start Point 10000, with the subsequent 479 data points being taken at 32 bin increments up to
the Scan Stop Point. (Each bin is an increment of 1.907 picoseconds.)

While raw scan data, bandpass data, motion filtered data, and detections all share the same message
number, they are easy to distinguish based either on the contents of the Filtering field (column M in
Excel) or the message type. (See Table B-1.) Note that the detections will only be produced if the
Detection List Flag is set on the MRM Server page and there are detections present.

Data Type Message Type Column M
Raw Scan Data MrmFullScaninfo 1
Bandpass Data MrmFullScaninfo 2
Motion Filtered Data MrmFullScaninfo 4
Detection Data MrmDetection ListInfo Number of Detections (1-350)

Table B-1: Example logfile

Finally, a scan can be very long and can consist of thousands of measurements. In theory, every
measurement could generate a detection. However, the MRM Server will only report the earliest 350

detections.

For more information, please visit www.timedomain.com.




