K-MD7 data sheet

K-MD7/

digital radar transceiver

Features

Description

Block Diagram

RFbeamMicrowave

> Smalland low cost digital 24 GHz traffic radar sensor

> Measuresspeed, direction, distance and angle of moving objects
» Perfectforspeedsigns orsimple traffic counting applications

> Maximum speed range of 200 km/h and distance range of 300m
» Typicaldetection distance of 50m for personsand 150m for cars
> Multi-target tracking for up to 8 moving objects

> Target list output overserial UART interface

> Pulsed FSKsignal processing to lower power consumption

> Integrated bootloader for firmware update

> Wide operating voltage range of 3.2t0 5.5V

> 34x30degree antennabeam pattern

The K-MD7is an evolution of the successful K-LD7 with a narrower antenna beam and
enhanced processing power. This allows for higher detection distances and tracking
of up to 8 objects to a maximum unambiguous range of 300m. The serialinterface
features the possibility toread out a target list with speed, direction, distance and
angle information of all moving objects in front of the sensor or to digitally configure
the sensors detection parameters.

Thereisnoneedtowrite ownsignal processing algorithms or handle smalland noisy
signals. Asmall footprint of 70 x 32 x 13.5 mm gives maximum flexibility in the product
development process. For fast prototyping an evaluation kit (K-MD7-EVAL) is availa-
ble which features powerful signal visualizationona PC.

Figure 1: Block diagram
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Characteristics
Parameter Conditions / Notes Symbol Min Typ Max Unit
Operating conditions
Supply voltage Vee 3.2 55 \Y
RMS current Depending onspeedrange setting lec 55 105 mA
Peak current lop 180 250 mA
Operating temperature Top -40 +85
Storage temperature Tst -40 +105
Transmitter
Transmitter frequency Tamp=-40°C .. +85°C frx 24.075 24175 GHz
Frequency driftvs. temperature Afrx 0.6 MHz/°C
Antenna gain frx=24.125GHz Grxant 12.2 dBi
Output power EIRP Prx 20 dBm
Spurious emissions Accordingto ETSI300440 Pspur -30 dBm
Receiver
LNAgain Guina 19 dB
Mixer conversion loss fir=1kHz Dmixer 10 dB
Antenna gain frx=24.125GHz Grxant 9.8 dBi
Receiversensitivity fir=600Hz, B=1kHz, S/N=6dB Prx -104.2 dBm
Overallsensitivity fir=500Hz, B=TkHz, S/N=6dB Dsystem -148.8 dBc
Detection distance =1 m? (Person) R 50 m
Signal Processing
Modulation FSK
Velocity processing 512 pointcomplex FFT
Speedrange Max value adjustable Tspeed 0.5 200 km/h
Speedresolution Depending onspeedrange setting Arspeed 0.2 0.8 km/h
Distancerange Max value adjustable Idistance 1 300 m
Distance resolution Depending on distance range Ardistance 1 3 m
setting
Angularresolution Arangle 1 deg
Trackingrange Tiracking 1 300 m
Antenna
TXHorizontal -3dB beam width E-Plane Werx 30
TXVertical -3dB beam width H-Plane Weorx 30
RXHorizontal -3dB beam width E-Plane Warx 46
RXVertical -3dB beam width H-Plane Worx 30
Horiz. side lobe suppression De -12 -20 dB
Verticalside lobe suppression De -12 -20 dB
Rx1/Rx2 spacing L 12.446 mm
Interface
Digital output high levelvoltage Von@sma 2.4 3 \Y
Digital output low level voltage Voresma 0 0.4 \
Digitaloutput high levelvoltage Vohe20ma 1.7 3 \
Digital output low levelvoltage VoLe@20ma 0 1.3 \Y
Digitalinput high levelvoltage Vin 1.7 4 \Y
Digitalinput low levelvoltage Vie -0.3 1.3 \Y
Digital1/0 source/sink current low, loL -20 20 mA
Body
Outline dimensions 70x32x13.5 mm?
Weight 1 g
Connector 3pin2.54mm/8pin2.54mm
ESD rating
Electrostatic discharge Human body modelclass 2 Veso 2000 \
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1 Antenna Diagram Characteristics

This diagram shows module sensitivity in both azimuth and

elevationdirections. Itincorporates the transmitterand recei-

ver antenna characteristics.

Figure 2: Overall antenna diagram
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2 Pin Configurations and Functions

Figure 3: Pin configuration
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Table 1: Pin function description

Connector Pin. No. Name Description
X1 1-3 Mounting These pins are for mounting only.
/A Leave these pins floating and do not connect them to any potential.
X2 1 GND Ground pin
2 Detection out Digitaldetection output. Goes to highif in minimum one tracked targetisinside of the
defined detection zone.
& The detection areaand other parameters of the detection algorithm can be easily
changed overtheinstruction set.
3 vCce Power supply pin (3.2t0 5.5V)
4 RX Serialinterface RXinput
5 X Serialinterface TX output
6 Digitall0 1 Reserved forfuture use, do not connect
7 Digital102 Reserved for future use, do not connect
8 Digital10 3 Reserved for future use, donot connect
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3  Theory of Operation

3.1 Overview

The K-MD7isa Dopplerradarsensorand consists of ananalo-
gue RF frontend and a powerfulsignal processor with tracking
and a fully digital serialinterface. The RF frontend features one
transmitter with a modulation inputand two I/Qreceivers. The
signal processing unit modulates the frontend with a frequency
step (FSK modulation) and samples the analogue I/Q Doppler
signals for both transmit frequencies and for both receiving
antennas. The processing of thissampled data allows the mea-
surementand tracking of speed, direction, distance and angle
of moving objectsin the front of the sensor.

Table 4: Signal processing workflow

Raw ADC data (RADC)

Raw target data (PDAT)

Tracking data (TDAT)

» Filter outinterferences

Detection zone

» Predicts temporary lost objects

3.2 Processing

The processing of the K-MD7 uses different processing stages
to measure and track the speed, direction, distance and angle
of moving targets. The last stage implements a configurable
detection zone which signals a detection over a digital output.
To getthe full controlinanapplicationitis possible to read out
the data of each processing step over the serialinterface.

» Samples |/QADC data of receiver Rx1 and Rx2 for frequency A
» Samples |/Q ADC data of receiver Rx1 for frequency B

v
Raw FFT data (RFFT)
) n » Calculates the complex FFT from the I/Q ADC data of Rx1 and Rx2 for frequency A
» Averages the two complex FFT's
el i » Adds the threshold line to the RFFT data
ﬂ WWW M > Includes speed and direction filters
v

» Search alltargetsaboveathresholdinthe FFT
» Calculates the speed, direction, distance and angle of each target
» Generates up to 24 raw targets for the PDAT target list

> Clusterand track the dominant raw targets

» Cantrackup to 8 different targets

» Generatesadetectionifin minimum one tracked targetisin a detection zone

RFbeam Microwave GmbH | Schuppisstrasse 7 | CH-9016 St.Gallen | Switzerland | www.rfbeam.ch

i 2 » Size of detection zone is configurable
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3.3 Speed and direction measurement

Every moving objectin front of the sensor generates a Doppler
frequency at the analogue outputs of the RF frontend. This
Doppler frequency is proportional to the speed of the object.
Moving direction is defined by the phase shift between the I/Q
signals.

The K-MD7 calculates the speed and the direction for all raw
targets. The directionisrepresented by the sign of the speed.
Apositive speed representsarecedingand a negative speed
anapproaching movement.

The calculated speedis only correctif the movement of the
objectisradialto the sensor. If the movementis tangential the
speed needsto be compensated by the angle of the movement
comparedtothe sensor.

v _ Vmeasured
real COS ( a)

[fem/h]

Figure 5: Tangential speed compensation

moving object

radarsensor
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3.4 Distance measurement

The distance measurementis based onthe FSKprinciple. The
signal processing unit quickly changes between two discrete
RF frequencies and measures the ADC values for both trans-
mitting frequencies. After the detection of all raw targets
abovethe threshold, the distance for each targetis calculated
based onthe phase difference in both ADC signals.

3.5 Angle measurement

The angle measurementis based on the angle of arrival princi-
ple. Afterthe detection of all raw targets above the threshold,
the angle foreach targetis calculated based on the phase
difference between the two receiving channels.

The angleis calculatedin degree and valid between +/- 30°. If
anobjecthasanangle of zeroitis directly in front of the sen-
sor. Apositive or negative angle defines if the targetis more on
therightor leftside of the sensor.

Any objects outside the valid angularrange will be
attenuated due to the narrow antenna beam of the
sensor. Ifastrongreflectorisinthe nearfield of the
sensor, but outside the unambiguous angle range,
itmay produce a RAW target with incorrectangle
information.

Figure 6: Positive and negative angle definition
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3.6 Raw targets and tracking filter

Arealobject generates notonly oneraw target point. Acar
forexample generates severalraw target points with diffe-
rentspeeds and different distances created by the size of the
carand the wheels. This generates a so called point cloud

of different raw targets from one object. Depending on the
environment where the sensoris used it willalso see more or
lessreflexions generated by the moving object. The number of
raw targets can be controlled by adjusting the threshold offset
which isdescribed in more detailin chapter Threshold offset
onpage 9 orbyusingaspeed ordirection filter.

To getamore usable output the sensor features a tracking
filterto clusterandtrack the dominant targets based on the
raw targets. The filterincludes a suppression of reflexions,
vibrations and interferences and canalso predict temporary
lost targets which generates a smooth output.

The tracking filter can be adapted to various applications via
the parameters Tracking filter type which is described in more
detailin chapter Tracking on page 9.

information.

Figure 7. RAW targets vs. tracked targets
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4  Application Information

4.1 Hostdriven operation

With a connection of the serialinterface to a host (for exam-
ple MCU or PC) itis possible to read out the processing data
(RADC, RFFT, PDAT and TDAT) and controlall the parameters
of the sensor. Optionally itis possible to connect the digital
output of the sensortoaninput onthe hostto trigger the host if
the sensor generatesavalid detection. Thisis the recommen-
ded use case and allows the userto optimize the sensor easily
fordifferentapplications.

Figure 8: MCU or PC connection example

optional
detect » InputorINT
TX > RX
RX = X

4.2 Radar settings

The K-MD7 features different parameters to adjust the func-
tionality of the sensor to the needs of different applications.
All parameters are stored in the radar parameter structure
which canberead outand written overthe serialinterface. The
structure and the serial protocolare described in the chapter
Instruction Set Description on page 11.

Itisveryimportanttosetthe distance and speed range settings
tovalues which are matching with the distance and speed of
the expected targetsinthe detection area of the sensor.

Forexample, if the goalis to measure objectsin the 100m
distance and 50km/h speed range, but carsare moving at 150m
with 150km/h, the 200m distance range and 200km/h speed
range setting must be used or the threshold offset needs to be
increased untilthe carsare no longervisible in the raw targets.

Wrong settings can generate false sensor outputs. It
is possible that strong targets outside the configured
distance orspeedrange can create faulty targets.

RFbeam Microwave GmbH | Schuppisstrasse 7 | CH-9016 St.Gallen | Switzerland | www.rfbeam.ch

4.2.1 Distancerange

The distance range parameter defines the maximum unam-
biguous distance measurement of the sensor. Fora lower
maximaldistance range, therange resolutionis better but if
the distance of a measured targetis higher than the current
distance range setting it can generate wrong measurements.
Henceitisveryimportanttosetthe distance range to a setting
where targets are expected.

Table 2: Distance range settings

Max. range [m] Range resolution [m]

100 1
200 2
300 3

An approach to work with a lower maximum distance range is
tochange the sensororientation to geta field of view without
moving objects above the maximal distance range ortoincrea-
se the threshold offset (described in the chapter Threshold
offset on page 9) toreduce the sensitivity of the sensor.
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4.2.2 Speedrange

The speed range parameter defines the maximum unambigu-
ous speed measurement of the sensor. Fora lower maximal
speedrange, the speed resolutionis betterand the current
consumptionissmaller butif the speed of a measured target
ishigherthanthe currentspeed range setting it can generate
wrong measurements. Thereforeitisveryimportantto set the
speedrangeto asetting where targets are expected.

Table 3: Speed range settings

Max. speed Speedresolu- Typ.frame Typ. Supply
[km/h] tion [km/h] duration [ms]  current [mA]
50 0.2 114 55

100 0.4 57 72

200 0.8 29 105

Anapproach to work with a lower maximum speed is to change
the sensororientation to geta field of view without moving
objects above the maximalspeed range ortoincrease the
threshold offset (described in the chapter Threshold offset on
page 9) to reduce the sensitivity of the sensor.

Toread outdataintensive messages like RADC and
RFFTitisrecommended to work with the highest
baudrate. If the readout time of the requested
datais higherthan the typical frame durationitis
not possible toread out the framesinrealtime. By
checking the frame numberin the DONE message, it
ispossible tovalidate realtime readout.

4.2.3 Threshold offset

The threshold offsetis adjustable and defines the distance
indBbetween the noise floor of the raw FFT dataand the
threshold line. The processing in the K-MD7 searches for raw
targets thatare above this threshold line. The smaller the
offset the more sensitive the sensor will be. Ahigher offset will
reduce the sensitivity.

Figure 9: Low vs. high threshold offset
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4.2.4 Tracking filter

The tracking filter can track up to 8 different targets and has
the option to change its behaviour overa parameterin the
instruction set.

f Theimplemented tracking filteris optimized for traf-
ficapplicationsand hence the output does potentially
not match yourapplicationrequirements. RFbeam
offers the possibility to customize the tracker to your
needs. Do not hesitate to contact us foran appropria-
te quote.

Table 4: Tracking filter types

Filter type Description
Standard Standard filter type to track multiple carson a
street

Fastdetection Enables afasterdetection of the target with the

disadvantage toreduce the immunity against

reflexionsand otherinterferences.
Long visibility Filter with a high immunity againstinterfe-
rences and a high prediction of temporary lost

targets

4.2.5 Basefrequency

There are three channels available to adjust the base transmit
frequency of the sensor. This can be usefulif multiple sensors
are transmitting in the same area with the same base frequen-
cy tosuppressthe generated interferences that can occurin
suchanenvironment
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4.3 Detection settings

4.3.1 Targetgeneration filter

The generation of targets in the K-MD7 can be filtered based
onasetof adjustable parameters to optimize the sensor for
differentapplications. The parametersare all located in the
radar parameterstructure whichis described in detailin chap-
ter Parameterstructure on page 14.

Table 5: Target generation filter parameters

Parameter name Description

Min. / max. Usedto filter out slow or fast targets. PDAT
Raw targetsare only generated if the speed
of the objectis between the minimum and

maximum detection speed limit.

detection speed

Detection Usedto limitthe target generation by its

direction direction. Itis possible to filter outap-
proachingorrecedingtargetsorallowa
detection for both directions.

RFbeam Microwave GmbH | Schuppisstrasse 7 | CH-9016 St.Gallen | Switzerland | www.rfbeam.ch

4.3.2 Detection zone filter

The K-MD7 features a configurable detection zone filter which
switches the detection output to highas soon as at least one
TDAT targetis within the defined zone. This function can be
used, forexample, to wake up the host oran external display
when a valid targetis detected.

Table 6: Detection zone filter parameters

Parameter name Description

Min. / max. Used to limitthe detection zonetoa
detection zone minimum and maximum distance.
distance

Min. / max. Used to limitthe detection zone toa
detectionzone minimum and maximum angle.
angle

The detection zone is only adjustable inside of the
unambiguous angle range of +/- 30°.

Figure 10: Detection zone visualisation

5.3.3 Digital output

The sensor features four digital I0’s onits connector. One out-
putisusedtosignalifthereisin minimum one tracked target
within the detection zone. The remaining 3 10's are reserved
forfuture use or customer specific functions.

Table 7: Functionality of detection output

Function Description
Detection Signalsifthereisamoving objectinside of the
output detectionzone

Low -> Novalidtargetinside the detection zone
High -> Inminimum one TDAT targetinside the

detectionzone
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5 Instruction Set Description 5.2.2 Handshaking

5.1 Hardware Layer Figure 12: Handshaking
The hardware layeris based onasimple UART connection with
aconfigurable baudrate. The sensoralways starts up with its

default baud rate. The default baud rate can be changed over Server Client
the INIT command as described in the chapter Connection on (Radar) (Host)
page 12.

Table 8: Default serial connection settings < Command

Parameter Configuration RESP (OK, error)

Baud rate 115200

Data bits 8

Parity Even

Stop bits 1

Flow control None

Everycommand sent by the clientis acknowledged by the ser-

ver with aresponse message (RESP). The response message

includes an error code what deliversinformation data about
5.2 Communication Layer the success or failure of the received command.

5.2.1 Client-Server

Figure 11: Client-Server model

Server Client
(Radar) (Host)

Command
<_ _________________

Message

The communication is based ona client-server model. There
are two types of packets transmitted. Commands are sent
from clientto serverand messages are sent fromserverto
client.
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5.2.3 Connection

Figure 13: Connection

Server Client
(Radar) (Host)
Baudrate {
L0200 < INIT (baudrate)
RESP
VERS
Connected
New
Baudrate
< GBYE
RESP
No connection
Baudrate
115200

The serverstarts up with a default baud rate of 115200 baud.
The client has to establish a connection with the INIT com-
mand where it needs to define the baud rate which will be
used for the communication. Afteracknowledging of the INIT
command by a RESP message a VERS message witha firm-
ware string follows before the server changes the baud rate to
the selected one out of the INIT command.

The firmware string of the VERS message can be used to check
ifthe sensor has started into the application orto the boot-
loader. The sensoronly startsinto the bootloaderifajump
bootloader command was sent out of the application orif there
isacorruptfirmware programmed.

Todisconnect, the GBYE command has to be sent by the client.
Afteracknowledging the GBYE message the server changes
back to his default baud rate.

5.3 Presentation Layer
Allcommands and messages sent have the format described
intable below.

Table 9: Packet format

Description Datatype Length
Header ASCllcharacter 4 Bytes
The header describesthe command or message type (e.g. INIT, RADC, ...)

Payload Length UINT32 4 Bytes

Definesthesize of the added payload. The payload length is always sent even if the payload s zero.
Itissentas little endian (LSBfirst).

Payload Binary data X
The payloadis message and command dependent. If the payload includes datatypes with multiple
bytes (e.g. UINT16,INT32, ...) then they are sent as little endian (LSB first).
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5.4 Application

5.4.1 Dataoutput
The client canrequest application messages from the server
using a handshake or streaming mode.

In handshake mode, the client mustrequest each message
with the GNFD command, which has the disadvantage that
messages can be lostifthe clientis too slow to send the next
GNFD command within one frame.

The streaming mode allows the client to enable or disable
streaming of messages viathe RDOT command. The sensor
thensends the enabled messages perframeinrealtime to the
client. This only makes senseif the client can process all data
fastenough.

Figure 14: Read messages in handshake mode

Server Client
(Radar) (Host)
GNFD (DONE, TDAT)
< ______________

Frame
acquisition TDAT

DONE (frame 0)

GNFD (DONE, RADC)

Frame
acquisition ~ RADC

DONE (frame 1)

Figure 15: Read messages in streaming mode

Server Client
(Radar) (Host)
RDOT (DONE, TDAT)
< ______________

Frame
acquisition TDAT

DONE (frame 0)

Frame
acquisition TDAT

DONE (frame 1)
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5.4.2 Getandsetparameterstructure

The client cansetevery parameter with a single command.
But thereisalso the possibility to setall parameters together
withina parameterstructure or read this structure out. The
structureis defined in detail in the next chapter.

Figure 16: Get parameter structure Figure 17: Set parameter structure
Server Client Server Client
(Radar) (Host) (Radar) (Host)
< GRPS < SRPS
RESP RESP
RPST

5.4.3 Parameter structure

Theradarhasasetof parameters whatare storedinastruc-
ture. The structure can be read out by the GRPS command and
setbythe SRPS command. Furtheritis possible to change
each parameter by a dedicated command.

Table 10: Radar parameter structure

Description Datatype Payload Payload data Default settings
length
Firmware version STRING 19 Zero-terminated String K-MD7_APP-RFB-YYXX
Frequency channel UINT8 1 O=Low 1=Middle
1=Middle
2=High
Speed setting UINT8 1 0=50km/h 1=100km/h
1=100km/h
2=200km/h
Range setting UINT8 1 0=100m 1=200m
1=200m
2=300m
Threshold offset UINT8 1 Minimum=0dB 12dB
Maximum =60 dB
Tracking filter type UINT8 1 0=Standard 0= Standard

1=Fast detection

2=Long visibility

Minimum detection zone distance UINT8 1 0-100% of range setting
Maximum detection zone distance UINT8 1 0-100% of range setting
Minimum detection zone angle INT8 1 -30°to +30°
Maximum detection zone angle INT8 1 -30°to +30°
Minimum detection speed filter UINT8 1 0-100% of speed setting
Maximum detection speed filter UINT8 1 0-100% of speed setting
Detection direction filter UINT8 1 0=Receding

1=Approaching
2=Both

40% ->80m @ default range
60% ->120m @ default range
-30°

+30°

5%

100%

2=Both
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5.4.4 Commands

The following table provides detailed information about all

possible commands of the application:

Table 11: Application commands

Header Payload Description Datatype Payload data
length
INIT 1 Command to start a connection with a defined UINT8 Baud rate in bit/s:
baud rate. 0=115200
1=460800
2=921600
3=2000000
4=3000000
GNFD 1 Get next frame data request to read out application UINT8 Binary coded bit-field for messages: O=disabled, 1=enabled
messages once. . .
Bit-field representation:
& Enable DONE message to read out 7 6 5 4 3 2 1 0
frame number. X X DONE X  TDAT PDAT RFFT RADC
X=don'tcare
RDOT 1 Enable streaming messages. All enabled messages UINT8 Binary coded bit-field for messages: 0=disabled, 1=enabled
will be streamed out untila GBYE command is sent
or apower cycle is performed. Bit-field representation:
7 6 5 4 3 2 1 0
& Enable DONE message to read out X X DONE X  TDAT PDAT RFFT RADC
frame number. X=don't care
GRPS 0 Read complete radar parameter structure - -
SRPS 31 Write complete radar parameter structure STRUCT See chapter "Parameter structure” for detailed information
about the format of the data structure.
RFSE 0 Restore factory settings - -
GBYE 0 Disconnect from sensor - -
RBFR 1 Set frequency channelto prevent interferences if UINT8 0=Low
multiple sensors are used in the same application. 1=Middle
2=High
RSPI 1 Set speed setting UINT8 0=50km/h
1=100km/h
2=200km/h
RRAI 1 Setrange setting UINT8 0=100m
1=200m
2=300m
THOF 1 Change threshold offset UINT8 0-60dB
TRFT 1 Set tracking filter type UINT8 0=Standard
1=Fast detection
2=Longyvisibility
MIRA 1 Change minimum detection zone distance UINT8 0-100% of range setting
MARA 1 Change maximum detection zone distance UINT8 0-100% of range setting
MIAN 1 Change minimum detection zone angle INT8 -30°to+30°
MAAN 1 Change maximum detection zone angle INT8 -30°to+30°
MISP 1 Set minimum detection speed filter UINT8 0-100% of speed setting
MASP 1 Set maximum detection speed filter UINT8 0-100% of speed setting
DEDI 1 Change detection direction filter UINT8 0=Receding
1=Approaching
2=Both
JBTL 0 Jump to bootloader -

RFbeam Microwave GmbH | Schuppisstrasse 7 | CH-9016 St.Gallen | Switzerland | www.rfbeam.ch
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5.4.5 Messages
The following table provides detailed information about all
possible messages of the application:

Table 12: Application messages

Header Payload Description Datatype Payload data
length
RESP 1 Response message including an error code UINT8 Error codes:

0=0K, no error
1=Unknown command,
2=Invalid parameter value
3=Invalid RPST version
4=Uart error (parity, framing, noise)
5=No calibration values
6=Timeout
7= Application corrupt or not programmed
VERS 19 Application version STRING Version string including Null-terminator:
K-MD7_APP-RFB-YYXX
YY=Variant, XX=Revision
RADC 6144 Raw ADC values STRUCT

Description Datatype Length
A\ ltisrecommended to use the highest baud IF1 Frequency A UINT16 2048
rate whenreading out RADC messages 512 values of I-Channel
512 values of Q-Channel
IF2 Frequency A UINT16 2048
512 values of I-Channel
512 values of Q-Channel
IF1 Frequency B UINT16 2048
512 values of I-Channel
512 values of Q-Channel
RFFT 2048 Raw FFT STRUCT Description Datatype Length
Itis recommended to use the highest baud 512 spectrum points [dBx 100]  UINT16 1024
rate when reading out RFFT messages 512 threshold points [dBx 100]  UINT16 1024
PDAT 0-192 The array of detected raw targets. Max. 24 targets STRUCT Description Datatype Length
with 8 bytes each. -
Distance [cm] UINT16 2
Speed [km/hx 100] INT16 2
Angle [deg x 100] INT16 2
Magnitude of target [dBx 100]  UINT16 2
TDAT 0-72 The array of tracked targets. Max. 8 targets with 9 STRUCT Description Datatype Length
bytes each. -
Distance [cm] UINT16 2
Speed [km/hx 100] INT16 2
Angle [deg x 100] INT16 2
Magnitude of target [dBx 100] ~ UINTT1é 2
Tracking channel ID UINT8 1
DONE 4 Frame done information with frame number UINT32 Frame number since reset.
RPST 31 Radar parameter structure STRUCT See chapter "Parameter structure” for details
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5.4.6 Communication example

Figure 18: Example INIT command with 115200 baud

Header: INIT Length: 1 Byte Payload 1 Byte: value 0=115200 baud
host to radar
0x49 Ox4E 0x49 0x54 0x01 0x00 0x00 0x00 0x00

Header: RESP Length: 1 Byte Payload 1 Byte: value 0=0K

radar to host
0x52 0x45 0x53 0x50 0x01 0x00 0x00 0x00 0x00

Header: VERS Length: 19 Byte Payload 19 Byte: Firmware string

radar to host Forexample: K-MD7_APP-RFB-0100if connected to application or
0x36 0xA5 0x52 0x33 0x13 0x00 0x00 0x00 ' \yn7 B7i-RFB-0100 for bootloader

Figure 19: Example read out TDAT message with GNFD command

Header: GNFD Length: 1 Byte Payload 1 Byte: value 8 =only TDAT enabled
host to radar
0x47 0Ox4E 0x46 0x44 0x01 0x00 0x00 0x00 0x08

Header: RESP Length: 1 Byte Payload 1 Byte: value 0 =0K
radar to host
0x52 0x45 0x53 0x50 0x01 0x00 0x00 0x00 0x00

Header: TDAT Length: 9 Byte Payload 9 Byte: Only one TDAT target detected
radar to host
0x54 0x44 0x41 0x54 0x09 0x00 0x00 0x00 OxF2 0x2B 0x97 O0xFF 0x2F 0x07 0x15 0x18 0x17

Figure 20: Example GBYE message

Header: GBYE Length: 0 Byte
host to radar
0x47 0x42 0x59 0x45 0x00 0x00 0x00 0x00

Header: RESP Length: 1 Byte Payload 1Byte:value 0=0K
radar to host
0x52 0x45 0x53 0x50 0x01 0x00 0x00 0x00 0x00

Table 13: Example TDAT structure conversion

Description TDAT payload LSB first Value Datatype Conversion Result
Distance [cm] 0xF2 0x2B 0x2BF2 UINT16 - 11250 cm
Speed [km/hx 100] 0x97 OxFF OxFF97 INT16 /100 -1.05km/h
Angle [degx 100] 0x2F 0x07 0x072F INT16 /100 18.39 deg
Magnitude of target [dBx 100] 0x15 0x18 0x1815 UINT16 /100 61.65dB
Tracking channelID 0x17 - 0x17 UINT8 - ID23
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5.5 Bootloader Figure 22: Successful firmware update sequence
The bootloader can be invoked by sendinga,Jump to boot-
loader”command from the application. Afterreceiving the

H H Server Client
bootloaderjump command, the sensorrestarts, staysin the e )

bootloaderand waits foranew connection viaan INIT com-

mand. INIT (baudrate)
<_ ______________________
Default RESP
baudrate
The hostreceivesa VERS message back afterasuccessful INIT 115200 VERS
command, which can be used to checkif the sensor has started
into the bootloader. WMEM
<_ ______________________
RESP
Figure 21: Jump to bootloader out of the application Baudrate from Sond whol
end whole
INIT q .
., EM binary file
<_ ______________________
Server Client RESP
(Radar) (Host)
<______JBE‘ _______ GBYE
RESP Application DSttty

Reset

Start Bootloader
Default

baudrate
115200
Baudrate INIT (baudrate)
115200 K ——— — === = — — — —
RESP Bootloader

Connected
New
Baudrate

Inthe nextstep, the host mustsend the complete firmware bi-
nary (provided by RFbeam Microwave) in packets of maximum
2048 bytesto the radarsensorusing the WMEM command.

After successfully writing the binary file, a GBYE command
must be sentto complete the update. The corresponding RESP
message return a feedback with the error code whether the
update was successful or not.

The sensorthenrestartsand the host can establishanew
connection withan INIT command. The VERS message sent
during this process provides information about the new firm-

ware version.
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5.5.1 Commands
The following table provides detailed information about all
possible commands of the bootloader:

Table 14: Bootloader commands

Header Payload length  Description Datatype Payload data
INIT 1 Commandto starta connection with UINT8 Baud ratein bit/s:
adefined baudrate. 0=115200
1=460800
2=921600
3=2000000
4=3000000
GBYE 0 Disconnect - -
WMEM 9t02056 Write a flash memory pagetoa STRUCT Each page write command needs the following data structure:
defined memory address. Byte Length Description
/\ Useonly firmware update files 0-3 4 Relative memory addressin little endian
provided by RFbeam Microwave. (LSBfirst).
Startsat 0x000000 and must be a multiple
of 0x800 with amaximum of 0x06E000.
4-7 4 Datalength of the binary data.
Thelength needsto be between 1and
2048.
8- 1to Binary application data
2055 2048
5.5.2 Messages
The following table provides detailed information about all
possible messages of the bootloader:
Table 15: Bootloader messages
Header Payload length  Description Datatype Payload data
RESP 1 Response message UINT8 Errorcodes:
including an error code. 0=0K, noerror
1=Unknown command,
2=Invalid parametervalue
3=Invalid RPST version
4=Uarterror (parity, framing, noise)
5=No calibrationvalues
6=Timeout
7=Application corrupt ornot programmed
VERS 19 Bootloaderversion STRING Version stringincluding Null-terminator:

RFbeam Microwave GmbH | Schuppisstrasse 7 | CH-9016 St.Gallen | Switzerland | www.rfbeam.ch

K-MD7_BTL-RFB-YYXX
YY=Variant, XX=Revision
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6 Integrators Information
6.1 Installation Instruction

6.1.1 Mechanical enclosure

Itis possible to hide the sensorbehind aso called radome
(shortforradardome) to protectit from environmental
influences ortosimply integrateitin the housing of the end
product. Aradarsensorcansee trough different types of plas-
ticand glass of any colouras long asitis not metallized. This
allows foravery flexible design of the housing as long as the
rules below are observed.

» Cover must not be metallic.

» No plastic coating with colours containing metallic or car-
bon particles.

Distance between coverand front of Radar sensor should
be>=6.2mm

Coverthicknessisveryimportantand depends onthe used
material. Examples can be found in the application note
,AN-03-Radome".

Vibrations of the Radarantenna relatively to the cover

should be avoided, because this generates signals that can
trigger the output

The cover materialcanactasalensand focus ordisperse
the transmitted waves. Use a constant material thickness
withinthe area used fortransmission to minimize the effect
of the radome to the radiated antenna pattern.

f Detailed information about the calculation and
thickness fordifferent cover materials can be found
inthe application note "AN-03-Radome".
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6.2 Europe (CE-RED)
Thismodule is a Radio Equipment Directive assessed radio
module thatis CE complaintand have been manufactured and

tested with the intention of being integrated into a final product.

According to the RED every final product thatincludes aradio
moduleisalsoaradioproduct which falls under the scope of
the RED. This means that OEM and host manufacturersare
ultimately responsible for the compliance of the host and the
module. The final product must be reassessed against all of
the essentialrequirements of the RED before it can be placed
on the EU market. Thisincludes reassessing the module for
compliance against the following RED articles:

> Article 3.1(a): Health and safety

» Article 3.1(b):  Electromagnetic compatibility (EMC)
> Article 3.2: Efficient use of radio spectrum (RF)
The RED knows different conformity assessment procedures
to show compliance against the essential requirements (See

RED Guide, chapter2.6b). Aslong as the radio module can show

compliance toArticle 3.2 by the use of a harmonized standard,
whichis listed in the officialjournal of the EU (OJEU), it is not
necessarytodoanEU type examination for the final radio pro-

duct by a notified body. In this case itis possible to demonstrate

conformity according to the essential requirements of the RED
by using Module A (Annex Il of the RED), which allows to show
conformity by internal production control.

f Aslongasaharmonized standard listed in the OJEU
can be usedtodemonstrate conformity inaccordan-
ce with Article 3.2 of the RED, itis possible to carry
outthe CE certification in self-declaration without
the involvement of a notified body.

The K-MD7 shows compliance against the Article 3.2 by the
use of the standard EN 300 440 whichis a harmonized stan-
dard listed inthe OJEU, what gives the possibility to show
conformity by internal production control.

An OEM integrator can show compliance to article 3.1(a) and
3.1(b) for the final product by doing internal or external tests
and following the Module A (Annex Il of the RED) assessment
procedure. Toshow compliance againstarticle 3.2 itis possi-
ble toreuse the assessmentofthe K-MD7 as long as itis the
only radio module in the final product orif the integrator can

guarantee that only oneradio module is operating at the same

time. Testreports of the K-MD7 are available on request.

& TheETSIquide EG 203367 provides detailed
guidance on the application of harmonized
standards to multi-radio and combined equipment
todemonstrate conformity.
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6.2.1 RFExposure Information (MPE)

This device has been tested and meets applicable limits for
Radio Frequency (RF) exposure. A detailed calculation to
show compliance to the RED Article 3.1(a) is available on
request.

6.2.2 Simplified DoC Statement

Hereby, RFbeam Microwave GmbH declares that the ra-

dio equipment type K-MD7isin compliance with Directive
2014/53/EU. The declaration of conformity may be consulted
atwww.rfbeam.ch.
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7 Outline Dimensions

Figure 23: Outline dimensions in millimetre
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8 Order Information
The ordering number consists of different parts with the structure below.
Figure 24: Ordering number structure
Product - Customer - HW variant Supply
=K-MD7 =RFB =00 =H
forstandard forstandard for3.3V...5V
products variant version

Table 16: Available ordering numbers

Ordering number Description
K-MD7-RFB-00H-02 Standard K-MD7 without PC software

K-MD7-EVAL-RFB-00H Standard K-MD7 evaluation kit with
powerful PC software

9 Revision History

09/2022 - Revision A: Preliminary Version

03/2023 - Revision B: Initial Version

04/2025 - Revision C: Bug Fixin communication
example and signal processing workflow
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RFbeam does notassume any responsibility for use of any circuitry described, no circuit patent licenses are implied and

RFbeamreserves therightatany time without notice to change said circuitry and specifications.
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