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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
> Typicaldetectiondistance of 50m for personsand 150m for cars
» Multi-target tracking forup to 8 moving objects

> Targetlist output overserial UART interface

> Pulsed FSKsignal processing to lower power consumption

> Integrated bootloader for firmware update

> Wide operating voltage range of 3.2 to 5.5V

> 34x30degree antennabeam pattern

The K-MD7isan 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 to read 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 footprintof 70x 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 on speedrange setting lec 55 105 mA
Peak current lpp 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 ETSI300 440 Pspur -30 dBm
Receiver
LNAgain Guna 19 dB
Mixer conversion loss fir=1kHz Dmixer 10 dB
Antenna gain frx=24.125GHz Grxant 9.8 dBi
Receiversensitivity fir=500Hz, B=1kHz, S/N=6dB Prx -104.2 dBm
Overallsensitivity fir=500Hz, B=1kHz, 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 Ttracking 1 300 m
Antenna
TXHorizontal -3dB beam width E-Plane Werx 30
TXVertical -3dB beam width H-Plane Werx 30
RXHorizontal -3dB beam width E-Plane Warx 46
RXVertical -3dB beam width H-Plane Werx 30
Horiz. side lobe suppression Do -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 levelvoltage VoLesma 0 0.4 \
Digital output high levelvoltage VoHe20ma 1.7 3 \
Digital output low level voltage VoLezoma 0 1.3 \
Digitalinput high level voltage Vin 1.7 4 \%
Digitalinput low levelvoltage Vie -0.3 1.3 \Y
Digitall/O source/sink current low, lou -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

X1 Pint
(3x2.54)

Table 1: Pin function description

30°

Connector Pin. No. Name Description
X1 1-3 Mounting These pins are for mounting only.
Leave these pins floatingand 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 vCcC Power supply pin (3.2t0 5.5V)
4 RX Serialinterface RXinput
5 X Serialinterface TX output
6 Digitall01 Reserved for future use, donot 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)

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 overa digital output.
To getthe full controlinan applicationitis possible toread out
the data of each processing step over the serialinterface.

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

» Samples |/QADC data of receiver Rx1 for frequency B

Raw FFT data (RFFT)

» Calculates the complex FFT from the I/Q ADC data of Rx1 and Rx2 for frequency A

» Averages the two complex FFT's

» Adds the threshold line to the RFFT data
> Includes speed and direction filters

Raw ADC data (RADC)

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

» Samples |/Q ADC data of receiver Rx1 for frequency B

Tracking data (TDAT)

> Clusterand track the dominant raw targets

> Filter outinterferences

> Predicts temporary lost objects

» Cantrackupto 8 different targets

Detection zone

» Generatesadetectionifin minimum one tracked targetisin a detection zone

» Size of detection zone is configurable
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3.3 Speedand 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 representsareceding and a negative speed
anapproaching movement.

The calculated speedis only correctif the movement of the
objectisradialtothe sensor. If the movementis tangential the
speed needs to be compensated by the angle of the movement
comparedtothe sensor.

v _ Vmeasured
real COS ( a)

[kem/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.

Theangleis calculated in 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
theright or left side 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 one raw 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 can also 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 serial interface 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 can beread 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
to values which are matching with the distance and speed of
the expectedtargetsin the detection area of the sensor.

Forexample, if the goalis to measure objectsin the 100m
distance and 50km/h speed range, but cars are 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 orspeed range 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
maximal distance range, therange resolutionis better but if
the distance of a measured targetis higher than the current
distance range setting it can generate wrong measurements.
Henceitisveryimportantto setthe 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 get a 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. Thereforeitisveryimportant to 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 duration itis
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
indB between 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 optionto 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 Enablesafasterdetection 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
such anenvironment
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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 parameter structure which is described in detail in 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
detection speed Raw targetsare only generated if the speed

of the objectis between the minimum and
maximum detection speed limit.
Detection Usedto limitthe target generation by its
direction direction. Itis possible tofilter outap-
proachingorrecedingtargetsorallowa
detection for both directions.

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 zone toa
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 -> Novalid targetinside 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

Every command sent by the clientis acknowledged by the ser-

ver with aresponse message (RESP). The response message

includesan 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 clienttoserverand messages are sent fromserverto
client.
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