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[bookmark: _Toc358639352]Abstract
This project aimed to explore different methods of blind spot detection that may be applicable to a motorcyclist. The methods explored were ultrasonic, infrared, Light Detection and Ranging (LIDAR) and Radar (Doppler and Frequency Modulated Continuous Wave (FMCW)). Radar was decided on as the best approach. A system design was then developed and researched utilising credible sources as feedback. A prototype was then built to allow testing and to apply different methods of target detection. The system aimed to be small and to use a simple method of signal processing as to not have to include too much hardware onto the motorcycle and initially this seemed possible but as the project progressed problems were encountered that contradicted previously thought plans. 
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This project looks to research and develop an effective means notifying a motorcycle rider to the presence of a vehicle located in the rider’s blind spot area whilst riding. It will try to reduce motorcycle accidents by enhancing the situational awareness of a motorcycle rider to hazards that may not be yet visible. It will use the knowledge of experienced people in the field to assist the development of the system by using a qualitative approach by way of semi-structured interviews. It will explore the different methods of possible blind spot detection and select the most suitable for development.
With the inherent dangers of road use and lack of protection a motorcyclist has when compared to a car user, any system that can help increase the riders situational awareness should make it safer and would be of benefit to the user. 
The author was a motorcycle user so can see how the enhancing safety and situational awareness can be useful and potentially life saving. 
The author benefits from being a part of the motorcycling community and can draw on that resource for research into the project. People from this community will be selected to provide feedback to the author that will be valuable and can provide information and development points that the author my not have thought of.
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The main aim of this report is:
To develop an effective, reliable and non-intrusive way of detecting potential hazards in the blind spot area and to indicate that presence in a non-distracting but noticeable way to the motorcycle rider.
[bookmark: _Toc358639356]Objectives
The objectives are to:
· Explore and review similar devices and different methods of vehicle detection.
· Critically appraise the different detection methods and similar products and use that information to select the most appropriate technology for the task.
· Formulate an operation flowchart detailing the theory of operation for the device.
· Compile a list of questions to conduct qualitative research via semi-structured interviews to fine tune product specifications.
· Select interviewees that will provide a wide range of quality input to the project, conduct interviews and extract relevant data.
· Review operation flowchart to incorporate any desired changes
· Test methods of detection and decide on a way forward.
· Build and test a prototype.
· Analyse prototype performance.
· Write up a conclusion based on findings.
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The Official Highway Code (2) rule 83 states that: 
“On all journeys, the rider and pillion passenger on a motorcycle, scooter or moped must wear a protective helmet.”
This is law; it helps to protect a rider’s head during an accident but has a negative effect on the rider’s field of vision.
Rule 88 states that:
“You should be aware of what is behind and to the sides before manoeuvring.”
A system that can improve a rider’s visibility and knowledge of what is going on in the blind spot areas not visible, would potentially improve the safety of travelling on a motorcycle. 
Motorcycle Roadcraft - The Police Riders Handbook (3) defines a ‘lifesaver’ check is:
“The lifesaver is a last check to the side into the blind spots before you commit yourself to a manoeuvre, use it to check the blind spot on the side to which you intend to turn”
It also states:
“During high-speed overtaking, when you’re certain what’s happening behind, it’s often safer to keep your eyes on what’s happening ahead”
It asks the following question:
“Do you know exactly where the offside and nearside blind spots are on the machines you ride?”
The blind spots areas will vary with different motorbikes, mirrors and helmets, so it suggests:
“Sit in your normal riding position on the stationary bike and look in the mirrors. Where are the nearside and offside areas that you can’t see? Turn your head over your right shoulder until you can see into the blind spots to the right and behind you. Then do the same to the left”
This procedure will aid a rider to identify blind spot areas, this will be where the device will be setup to monitor and give feedback to the rider if it senses a detectable presence within.




A picture showing motorcycle blind spots obtained from motorcycletesttips.co.uk (4) is shown in Figure 1.
	
[image: ]
 
Figure 1 - Diagram Showing Motorcycle Blind Spot Areas

This diagram shows some potential blind spot areas in red with the other areas viewed by mirrors or direct vision. The website comments on blind spots by saying:
“A lack of blind spot checks accounts for many accidents on UK roads each year and as a motorcycle rider, you’ll not have a steel shell to help protect you.”
It also aligns with the Police Riders Handbook (3) by stating:
“Checking the blind spot requires looking behind, which in itself is hazardous as you’re not looking where you’re going. There are occasions when looking behind may be too hazardous. Whilst riding at high speed to overtake or when riding close to a vehicle in front for example.”


Accident statistic obtained from the gov.uk website (5) can be seen in Figure 4.
[image: ]
Figure 2 - Road Fatality Statistics from 2000-2013
From this table, it can be seen that there has been a steady decline in road deaths throughout the period covered. This may be down to improved technology, safer legislation or improved driving skills/attitudes. Either way, the trend downwards needs to continue to make the roads safer for all users. It can also be seen that motorcyclists/passengers make up almost a third of road deaths when combined with car occupants. Motorcyclists are just 1% of total road traffic, but account for 19% of all road user deaths (6). 












[bookmark: _Toc358639359]Different Detection Methods
Blind spot monitoring can be split into two categories, Passive and Active. Passive is the most basic form and simply relies on an extra mirror, normally with a convex shape, to cover the blind spot area. It can be either a small one in the corner of the existing mirror, a separate independent one or a one-piece mirror that is curved to the outside edge.  This method has proven to be highly effective and sometimes preferred by the car consumer because the mirror doesn't blink annoying warning lights at you or make beeping noises (7). This method has been developed further and has resulted in in systems such as RiderScan™ (8) and can be seen in figure 2:
[image: ]
Figure 3 - RiderScan Passive Blind Spot Mirror
 This appears to be a simple solution to the problem and the reviews from the designers website are very positive. In the author’s opinion, it still involves diverting the rider’s attention from the road and is another mirror to check. The rider will have to scan the mirror to be able to see what could be a very small reflection. It also would be very difficult to gauge the distance from the motorbike to the potential danger. The amount of the mirror obscured by the rider would also differ quite a lot depending on the riding position of motorbike and the height of the windscreen. 
Active blind spot monitoring involves using an electronic method of detection. These can be:
· Ultrasonic, such as parking or reversing sensors.
· Optical, such as reversing cameras. 
· Radar, such as collision avoidance.
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Ultrasonic detection modules were initially going to be the focus of this project due to their use in short range detection as parking sensors. This method was thought to be good as they are cheap and the processing and detection programming would be relatively straightforward to accomplish.  On researching this method, a similar project was found (9) that used an Arduino prototyping platform and HC-SR04 ultrasonic modules. The problems that the author can see with this approach are: 
· The system is constantly operating and illuminating the LED’s so it will be a continual distraction to the rider.
· The system is on with the ignition so will drain the battery when the bike is not running.
· An Arduino is unlikely to be able to last very long in the harsh environment of a motorbikes under seat compartment.
If ultrasonic detection were to be used for this project, then a PIC microcontroller would be used to allow better control of operation and more robust hardware.
This principle has been utilised by Bosch to develop a blind spot system (10)
“Bosch’s side view assist is the world’s first assistance system for motorcycles. This system uses four ultrasonic sensors that monitor their surroundings to help riders change lanes safely. The sensors cover a distance of up to five meters in areas that are difficult or impossible to see using just the mirrors. Whenever there is a vehicle in the rider’s blind spot, the technology warns them by way of an optical signal close to the mirror, so they can for example avoid a collision when changing lanes.”
On seeking advice from the author’s head of course in university, it was learned that the signals used by ultrasonic devices could suffer from a lot of interference at higher speed. The reflected echo would be hard to detect amongst other noise sources such as tyre and wind noise. 
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These can be as basic as a camera and monitor, but this means the rider has to monitor the display along with all of the other things that he/she should be looking at. They can be more complex and utilise video processing techniques to detect vehicles in target areas. This could work well but the processing would be very difficult and the optical lens could easily get dirty or wet thus interfering with the operation.
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Luxury cars have been incorporating Radar technology for a number of years. More recently, the technology has been getting more accessible to a larger range of vehicles.  This has been employed for forward facing collision detection or adaptive cruise control. The vehicle automatically applies the brakes if it detects and object approaching the car at a relative speed or it adjusts the cruise control to match a vehicle travelling in the same direction in front.  
On researching this method, the author came across the Radar principle of Frequency Modulated Continuous Wave (FMCW). A website was found called Hackaday that detailed Radar projects (11). The article was written by Gregory Charvat and was an invaluable resource for ideas for the project. 
It covered the following Radar techniques:
· Continuous Wave (CW) or Doppler Radar
· Impulse Radar
· FMCW
The author has previous experience with pulsed Radar and knew that this technique would be very difficult to apply to the short ranges associated with this project. 
An article showing details of a patent filed by Honda was found (12). It contained a sketch of a motorbike with a range of optical and radar sensors that can be seen in figure 3.

[image: ]
Figure 4 - Honda Sensor Patent Sketch
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This principle involves a continually radiating module that receives the scattered echo signal off a target and outputs the frequency difference between the two, which is known as the Doppler shift or Doppler Frequency. This frequency can be used to measure the speed of a target. If a target is stationary, no Doppler frequency will be produced therefore making a target undetectable. It also cannot determine the range of a target and the range of detection will be determined by the power of the wave transmitted and sensitivity of the receiver.
Tutor Vista explains Doppler as follows (13):
[image: ]
Figure 5 - Doppler Explanation 
It shows the compression of the electromagnetic waves by the forward motion of the car as it travels towards the stationary person.  This can be represented by the equation:

Where Fd = Doppler Frequency (Hz), v = speed of the source (m/s) and .
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This principle utilises the same continuous wave transmission but includes a difference that allows the detection of static objects and with that range information can be determined. 
“For a FMCW radar, a CW oscillator is frequency modulated with a linear ramp. In other words, the CW oscillator starts at one frequency and ramps-up to a second over a relatively long period of time (0.5-10 S). This waveform is radiated out of the transmit antenna towards the target scene. Some of this waveform is fed to the receiver mixer. What is scattered off the target is amplified by the LNA and fed into the receive mixer where it is mixed with the transmit waveform. The mixing product results in a low frequency (KHz range) beat tone that is proportional to range. The higher the frequency of beat tone the further the target.” (11).
This Radar technique is being used in cars now, in the 1930’s when it was developed, it was used for aircraft altimeters. The Signal would be radiated towards the earth and the beat frequency output would be fed to frequency to voltage converter. This would then output a voltage that was representative of the height of the aircraft (14). This is called Non-imaging FMCW Radar. It can be used to measure the distance to a single dominant object. A moving coil meter can also be used as it has a greater inductive impedance for higher frequencies therefore it would give a read out indicative of range (15). 
The beat frequency output can also contain information on multiple targets. By applying Discrete Fourier Transform (DFT), converting the signal from the time domain to the frequency domain, range information to the multiple targets can be obtained.
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This approach was chosen to allow the author to question the interviewee and for the interviewee’s to be selected to provide maximum input to the project. It used semi guided interview format with a view of a prototype in build. A brief was given about why the project was chosen, including the theory of operation. 
The slide below, Figure 6 was taken from the animated presentation formulated to demonstrate the proposed operation of the system.
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Figure 6 - Slide From Proposed Operation Demonstration












This presentation showed following process:
Rider decides to change lane
Rider checks mirror on that side
Rider operates indicator that activates system sensor on that side
Way Clear?
Halt intended manoeuvre
First Green LED lights to show system operational
No
Yes
System monitors blind spot area
Light Red LED
Detection 2-3m
Detection 1-2m
Detection 3-4m
Target Detected?
Shoulder Check and continue manoeuvre
No
Light Amber LED
Light Green LED












Figure 7 - System Process Flowchart
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 The following people were interviewed, they were asked to provide a bit of information on their motorcycling history to add some background to their input to the project.
Dai Jones (DJ)- age 36
Been riding for 18 years on various types of motorcycles. Currently ride a custom style bike and work in motorcycle retail in Haverfordwest.
Alan Williams (AW)
Riding bikes since 1982. 7 years experience of the motorcycle industry (3 years sales as part of a main dealer, 4 years of running own motorcycle sales business).
PC David Blockwell (DB)
Currently police motorcyclist, police since 1991. Advanced motorcyclist and also VIP rider. Riding motorcycles for 35 years.
Neil Owen (NO)
Owner of Podium motorcycle training. Riding motorcycles for 34 years. Riding on the road for 23 years. Motorcycle instructor for 6 years.
The candidates were shown the presentation, given the brief about why the project was being done and the following point was stressed. “The device is intended to supplement safety and situational awareness of the riders’ surroundings. It is not supposed to replace any procedures or taught methods such as the lifesaver or shoulder check”.
They were then asked the following questions (their answers underneath each question):
1. After being shown the principles of operation, what are your initial thoughts?
DJ - The idea seems useful as a rider aid for long distance or dispatch riders. It may also prove useful for touring bikers abroad.
AW - An innovative design and a great idea. Anything to enhance rider safety is a bonus.
DB - In principle, a very good idea to enhance safe motorcycling. Well thought out, a lot of work already completed.
NO - Great idea.
2. Do you think there is a market for such a product?
DJ - Possibly, the market for such a product would be relatively small but it could prove useful.
AW - With the advent of safety features on cars, there is definitely a place in the market for this.
DB - Yes, motorcycle manufacturers should look closely at this system.

NO - Definitely.

3. Do you think it would be a positive addition to rider awareness?
DJ - It could certainly help to aid awareness on longer journeys.
AW - Yes, as long as riders do not substitute the device for the basic safety life saver checks.
DB - Yes
NO - It would be a positive addition. Needs to be stressed, not as a replacement.
4. Do you foresee any potential flaws of improvements that could be made?
DJ - The unit could be triggered by stationary objects that could lead to riders ignoring warnings.
AW - As above (referring to his previous answers).
DB - The system should be easy to install for a DIY installation and should be weather proof. Flaws possibly when bike on angle. Possible audio rider feedback through Bluetooth headset or haptic feedback through handlebar grips.
NO - Not really, good information as to operation and feedback to the rider.
5. Any other thoughts or feedback?
DJ - Nil
AW - Bluetooth feature to headsets giving riders in ear alerts of potential vehicle. Look forward to seeing a prototype of this device.
DB - Nil
NO - Build me one to try.
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The overall feed back from the participants was very positive. They liked the way I had thought out the operation of the device and could tell that I had put a lot of thought and research into it. The main point that most suggested was to ensure that the device was to be used only to enhance the riders situational awareness and not to be to heavily relied upon to do the checks for the rider. This was already recognised and it was just highlighted by the research. There seems to be a good market for such a product and the participants were very interested in the idea and the device. It was mentioned about having alternative feed back (audio through Bluetooth and haptic). It was acknowledged but stated it was beyond the scope of the project at this time.  
After initially wanting to pursue the ultrasonic method, due to the review of literature and existing systems that a Radar approach was going to be sought with a focus on FMCW.

[bookmark: _Toc358639368]Development Methodology
A prototyping model methodology will be used in this project. It should allow for the development of the system and allow testing and re-evaluation along the way.
“The Prototyping Model is a systems development method (SDM) in which a prototype (an early approximation of a final system or product) is built, tested, and then reworked as necessary until an acceptable prototype is finally achieved from which the complete system or product can now be developed. This model works best in scenarios where not all of the project requirements are known in detail ahead of time. It is an iterative, trial-and-error process that takes place between the developers and the users.” (16)
The research already carried out is detailed enough to have a system plan based on the information given during the interviews. It should follow the stages below:
1. Obtain Radar modules for evaluation.
2. Evaluated performance using lab equipment to create inputs and display outputs.
3. Design and build appropriate method of target detection from received signal using proteus simulation software.
4. Test and evaluate.
5. Build breadboard prototype of target detection design.
6. Test and evaluate.
7. Scale down to lab equipment inputs to breadboard design to run off 12V.
8. Test and evaluate
9. Build veroboard prototype.
10. Test and evaluate on motorcycle.
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Figure 8 - HB100 Doppler Module Block Diagram
[image: ]
Figure 9 - HB100 Doppler Module Face View
This was a very cheap module purchased off the Internet and tested to find out the sensitivity of its functionality to get an idea if it could be an avenue for the project. As this module is a CW, non-modulated item, it required no ramp input. A simple amplifier circuit was built and applied to the Intermediate Frequency (IF) output, see figure 10.


[image: ]
Figure 10 - Doppler Amplifier Circuit
This was built to baseline the response to compare it to another module purchased. This had a very good reaction to movement. A signal variation (sine wave) was viewed on the pre-amp output from a person waving their hand at a distance of 5 meters. 
The Doppler equation was applied to evaluate the speed of a person travelling at walking pace towards the module.
An assistant was asked to walk towards the horizontally aligned module at a normal walking pace. The British Heart Foundation (17), for moderate walking, puts that at 6.4 Kph or 1.77 m/s.
Using the Doppler formula where:

Where Fd = Doppler Frequency (Hz), v = speed of the source (m/s) and .
And the Wavelength formula:

The module transmit frequency = 10.5 GHz and the Wave Velocity = 3x108m/s (speed of light).
So 						



The measured Doppler frequency using an oscilloscope during this test was 120Hz approx. Rearranging the Doppler formula for velocity gives:

Therefore


This figure is close enough to the average walking pace to show that the module and the mathematics work together to allow this module to be considered for speed measurements. It could possibly be applied to the project but the distance measurement would have to be taken out. A method of accurately limiting the transmit range would have to be found. This could be attained by using attenuating material over the transmitting element or by reducing the transmitted RF power. The rider feedback would have to be changed to maybe one LED showing a detected target within in the blind spot area. 
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Figure 11 - K-LC1a Radar Transceiver
This module was purchased as it was suggested by Greg Charvat on the Hackaday website (11) as suitable for a FMCW project. The modules associated datasheet states ‘180MHz sweep FM input’ and the technical specifications give inputs to allow the Voltage Controlled Oscillator (VCO) to produce different output. By applying a ramp waveform to the VCO, the transmitted RF frequency from the module will ramp up along with it. This will give a FMCW transmitted waveform. 
A small monolithic function generator kit (XR2206) was tried to create the input ramp as it was thought this could make up a part of a later prototype but the K-LC1a’s required DC offset inputs that were outside the capabilities of the XR2206 kit. The DC offset could be introduced to the output of the XR2206 at a later stage. It was decided, for testing a bench sweep/function generator (TG230) would be used to allow accurate setup in a workshop environment.  
Applying the required ramp input to the K-LC1a to create a 180MHz FMCW output produce an output on an oscilloscope where Doppler components could be seen on moving metallic items in its detection range. No evidence of static items could be seen. All that was visible was the ramp input or modulation pass-through. 
The modules producer was contacted to ensure that the input waveform characteristic were correct to provide a FMCW output to detect static items. They replied stating, “We don't really recommend the K-LC1a for FMCW applications. The FM input is mainly to keep it in the frequency range over a wider temperature range.” They recommended a different module for FMCW applications that contained inbuilt pre-amplification stages and less modulation pass-through.
Gregory Charvat was contacted for advice. He stated that “It should work, I've used these for FMCW.  You need a proper data acquisition system with a good trigger, ramp generator, video amplifier.  You want to read-out data on the start of your ramp modulation.  With the digitized data you need to perform the IDFT to convert to range, you will see a rich range spectrum proportional to all the stuff within the line of sight of the unit.” He also recommended reading the chapter on FMCW in his book (14). 
His approach allowed him to create a Radar picture of the area covered by the Radar module. He would create a recording of the data then apply it to a Matlab script to display the data visually. The author attempted to setup a laptop to acquire data with the intention of using it to process the Intermediate Frequency (IF) signal output from the module. Several attempts were made to get different laptops to recognise a non-audio input but no progress was made. Breakout connectors were tried and also an audio to USB convertor. A good audio analysing program called AudioXplorer was found that contained an oscilloscope, a spectrum analyser and a sonogram. A screenshot can be seen in Figure 12. It was hoped this could be utilised to analyse the IF to discriminate static targets as the spectrum analyser applies a Discrete Fourier Transfer function to convert a composite signal, that would normally be viewed in the time domain on an oscilloscope, into a frequency domain view. This frequency domain view of the IF signal can be seen to depict the range of a target away from the source due to the beat frequency being higher, representing further range.  

[image: ]
Figure 12 - AudioXplorer with 1KHz Input
 It was hoped that this would be a useful tool in analysing the IF outputs from the Radar module. Unfortunately a suitable interface could not be produced. Even the USB convertor gave a half flat line response to a 1Khz tone input (not shown). 
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This was the module advised by the manufacturer of the modules as being suitable for FMCW applications. As stated previously, it had the advantage of having 4 IF outputs. 2 low gain and 2 high gain with each gain being split into I and Q channels. The I and Q channels are 90° phase shifted apart and are not required in this project. 
The module is much larger than the K-LC1a but it was thought that the principles and processing could be proved on this one then scaled down for the smaller modules at a later date.
The K-MC1 F arrived and required a particular ribbon cable to interface it to a testing module that was not purchased so a bespoke connecter had to be manufactured by the author to allow the testing of the module to commence. A plastic box was modified to be used as a housing for the module.




To better understand the expected outputs of the module, when compared to the waveform inputs, an excel spreadsheet was created based on the following FMCW range formula obtained from the RFBeam (the modules manufacturers) data sheet for their ST200 Radar Evaluation System:

Where:
	R = Range, Distance to target
	= Speed of Light (3m/s)
	= Beat Frequency
	= Modulation Depth
	= Modulation Period
A screen shot of the spreadsheet can be seen in Figure 13.
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Figure 13 - FMCW Calculations Spreadsheet
This spreadsheet provided a very useful tool to allow the manipulation of the input wave parameters to provide expected frequency outputs. The Modulation depth was adjusted to give the expected beat frequencies shown in Figure 13. 
These frequencies would be what would be expected to be present in the composite waveform, IF output. 
The following PicoScope screenshots were captured when applying the calculated parameters to the input waveform. They show a variety of captured areas:
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Figure 14 - IF Output Showing Free Space (No Targets)
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Figure 15 - IF Output Showing a Close Metallic Target
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Figure 16 - IF Output Showing a View of Multiple Returns 
Each of these captures clearly show the modulation pass-through that was a major problem with the K-LC1a module. It can be seen clearly in Figure 14 where the top blue waveform is the original modulation ramp input and the bottom red one being the IF output. 
Figure 15 shows a clear dominant frequency that represents a metal plate at a distance of 0.5m. This low frequency component when measured comes out at 2Khz. The expected Fb at 1m = 4Khz, so the calculated range for 2Khz should be half that of 4Khz, 2Khz. It appears to be operating as expected.
Figure 16 shows the beam being projected across multiple metallic desktop items. It can be seen that the composite waveform contains multiple frequency components along with the ramp modulation pass through. 
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The next step was to try and isolate and limit the frequencies (limit the detection range) in the composite waveform. The ideas were to apply the output to standard spectrum analyser circuits, otherwise known as a Graphic Equaliser or to restrict the range data received by low pass filtering the output and eliminating the modulation pass- through by using op amps then applying the resultant waveform to a frequency to voltage circuit.
A self-build graphic equaliser kit was purchased and built to assess its performance when applying the IF output. It took quite a while to build as was surface mount components and all of the components, including the 132 LED’s. A picture of the device can be seen in figure 17.
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Figure 17 - Music Spectrum Electronic DIY LED Flash Kit
This device was tested with a music input and appeared to respond to the various frequency components that music produces. As the inputs and range were setup to give outputs that would fall into the audio range, a normal music or audio range device could be used for analysis. With this device, it was hoped that when a pure sine wave signal was applied to the input, it would show a linear left to right peak detecting response on increasing. This was not the case. It is suspected that the device, that is supposed to apply Fast Fourier Transform to the input, only detects changes in the input. When a steady input was applied, only noise seemed to initiate a change in LED’s. A manually ramped, low to high, sine wave was applied and the expected peak LEDs moving from left to right didn’t appear. 
This unit was powered via a USB cable that also had a 3.5mm audio jack plug included in it to use for the audio input. During testing the frequency response of it, the unit lost power and it was narrowed down to the USB cable. As it was a multi connector cable, it was non-standard, so a replacement wasn’t readily available. A different USB to Mini USB cable was cut and modified and a 3.5mm Jack plug was spliced into the wiring. With the power issue resolved, it was confirmed that the unit’s method of graphically representing the frequencies on the input is not suitable for this task. A datasheet for the chip on the unit could not be sourced to confirm how it worked. 
The next approach was to utilise a frequency to voltage convertor (FVC). A Proteus circuit was designed to remove the ramp frequency component of the IF output. It also encompassed a low pass filter element to effectively limit the range of the transceiver. For testing purposes the components of the filter have a cut off frequency of 15.9KHz. The test circuit with frequency inputs to generate a composite waveform can be seen in Figure 18.
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Figure 18 - Proteus Demodulation Test Circuit
This circuit tested as functional and the scoped outputs can be seen in Figure 19.
[image: ]
Figure 19 - Oscilloscope View of Test Demodulation Circuit
The top two waveforms are different stages of the composite wave simulating the IF output from the Radar module. The bottom waveform is the ramp input that would be fed to the VCO and is the modulation pass-through that needs to be removed to leave the frequencies associated with target returns. The pink wave, second from bottom, represents the recovered target frequency with the modulation ramp removed. This is the signal that, on the Radar module, would contain the range information to a detected target. This can then be fed to a FVC to test the response of that circuit. Figure 20 shows the same circuit as Figure 18 but with test inputs removed.
[image: ]
Figure 20 - Demodulation Circuit













[bookmark: _Toc358639374]Evaluation
The project followed the objectives laid out at the beginning quite well. The initial Gantt chart that was drawn up can be seen in Figure 21.
[image: Untitled.jpeg]
Figure 21 - Initial Gantt Chart for Project
The processes listed in Figure 21 changed as the project developed with some not being required in the end (PIC references) to some that would have been done had the project gone according to plan (IP rated design).  
At the time of the write up of this project, the progress made is reflected within. The hardware side of it will be continued up until the demonstration time and date to attempt to get the FVC stage built and functional. 
The project is still at a stage of development but the data obtained shows that it was making good progress to a working desktop prototype. Problems encountered along the way have stalled the project at various points such as ambiguities on datasheets, workshop/lab time and interfacing issues (Laptop audio ports). Better planning at the earlier stages of the project may have helped along with completing more of the write up along the way instead of leaving it towards the end of the project.









[bookmark: _Toc358639375]Conclusion
This project was approached with the hope of developing working prototype that could be further developed into a viable commercial product. The research clearly pointed out that any device that improves safety is a good project to develop. Had I followed the ultrasonic route, I believe that a working prototype would have been easier to attain. It may have worked in a laboratory environment but may have had performance issues when tested in the field with the additional noise and interference that would be encountered. 
I could have gone down the route of Digital Signal Processing chips but this would have probably been beyond my expertise. Due to this, a simpler, therefore, cheaper and smaller solution was sought, hence the spectrum display unit and the FVC solutions explored. The FVC solution thought to to be a viable route to explore further. The output, providing it would work as expected, would interface quite easily with the rider feedback LED’s. If this processing system worked then it would be feasible to scale down the workshop equipment into components like the XR-2206 to allow testing on a motorcycle. 
[bookmark: _Toc358639376]Reflection
I believe my performance on this project was OK but could have been better. The initial route of Ultrasonics would have been an easier route to accomplish but I feel I have learned a lot more about different Radar principles than I knew before. Using this technology would have developed a better device in the end. Prior to this project, I didn’t know FMCW radars existed. 
I have learned to research items better before purchasing, had I known how the spectrum display kit worked prior to buying and testing it; I may have purchased something else with more data available. 
I realised that thinking carefully and planning a systems proposed theory of operation well helped during this process. The flow chart didn’t need to be amended after the feedback from the interviewees. That was one aspect that went well. 
I should have spaced out the write up more throughout the project instead of letting it build up at the end. I could have had more time to develop the hardware and got closer to the prototype required. 
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Number of fatalities resulting from road accidents in Great Britain, by road user group: 2000 to 201

Number/percentage

Percentage

Pedal Motorcyclist Other road All Road User change from

Year Pedestrian Cyclist rider/passenger Car Occupant user Groups previous year
2000 857 127 605 1,665 155 3,409 -0.4
2001 826 138 583 1,749 154 3,450 1.2
2002 775 130 609 1,747 170 3,431 -0.6
2003 774 114 693 1,769 158 3,508 2.2
2004 671 134 585 1,671 160 3,221 -8.2
2005 671 148 569 1,675 138 3,201 -0.6
2006 675 146 599 1,612 140 3,172 -0.9
2007 646 136 588 1,432 144 2,946 -7.1
2008 572 115 493 1,257 101 2,538 -13.8
2009 500 104 472 1,059 87 2,222 -12.5
2010 405 111 403 835 96 1,850 -16.7
2011 453 107 362 883 96 1,901 -2.3
2012 420 118 328 801 87 1,754 -2.3

2013 398 109 331 785 90 1,713 -2.3
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HB 100 MICROWAVE SENSOR MODULE 



 



• Low current consumption 
• CW or Pulse operation 
• Flat profile 
• Long detection range    



HB100 Miniature Microwave Motion Sensor is a X-Band Bi-Static
Doppler transceiver module. Its built-in Dielectric Resonator
Oscillator (DRO) and a pair of Microstrip patch antenna array,
make it ideal for OEM usage in motion detection equipment.  
 
This module is ideally suitable for false alarms reduction in intruder
detectors when work together with Passive Infrared (PIR) sensor. It
can also be used for auto-door opening and vehicle speed
measurement. 



• Microwave-PIR motion detector
• Speed measurement 
• Lighting control 



Applications  Features 



 Description 



10.525GHz Microwave Motion Sensor Module



   
  H



B
 1



00
 M



ic
ro



w
av



e 
S



en
so



r 
M



od
ul



e 



 
CERT. NO. : 94-1-0033 



SS ISO 9001 : 2000 
www.agilsense.com 



Block diagram and connection 
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Unless noted otherwise, the specifications are measured with +5VDC, CW operation, 12 kQ load at ambient
temperature of +25°C.

Parameter Jotes Min Typ. Max Units
Frequency Setting 1 10.520 10.525 10.530 GHz
Radiated Power (EIRP) 1 12 15 20 dBm
Spurious Emission 1 55 dBm
Settling Time 3 3 uSec
Received Signal Strength P 200 LWpp
Noise Bl 5 uVrms
Antenna Beam-width (3 dB) - Azimuth 80 °
Anfenna Beam-width (3 dB) - Elevation 40 °
Supply Voltage 475 5.00 525 VDC
Current Consumption 30 40 mA
Pulse Repetition Frequency 4 2 KHz
Pulse Width 4 10 uSec
Operating Temperature 15 55 °C
Weight 8 am

Note 1: The radiated emissions of HB100 is designed to meet the requirements of Federal Communications
Commission (FCC) rules, Part 15, Section 15.245 (use within a building or to open building door]

Note 2: The Received Signal Strength (RSS) is measured at the total 2 ways path loss of 93dB.

Note 3: The noise voltages are measured from 10 Hz fo 100 Hz at the output port, inside an Anechoic
chamber.

Note 4: Pulse operation.

Note 5: The design, manufacturing process and specifications of this device are subjected fo change
without prior nofice.

Note 6: CAUTION: ELECTROSTATIC SENSITIVE DEVICE. Observe precautions for handling and storage.

VER 1.02

Satcom & Sensor Systems "2, Singapore Technologies
ST Electronics (Satcom & Sensor Systems) Pte Ltd @™ Electronics
100 Jurong East Street21, ST Electranics Jurang East Building Level 4, Singapare 609502 A companyofSingapare Techmologes Engneerng

Tel : (65) 6567 6791 Fax : (65) 6567 6370 Email : agilsense@stee.stengg.com
Website : wwweagilsense.com | Regn: 199103901W¥)
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K-LC1a RADAR TRANSCEIVER Datasheet



Features



 24 GHz K-band miniature transceiver



 180MHz sweep FM input (n.a. for K-LC1a_V2)



 Dual 4 patch antenna



 Single balanced mixer with 50MHz bandwidth



 Beam aperture 80°/34°



 15dBm EIRP output power



 25x25mm2 surface, 6mm thickness



 Lowcost design



 3 pin version K-LC1a_V2 available
K-LC1a Actual Size



Applications



 General purpose movement detectors



 Security systems



 Object speed measurement systems



 Simple shortrange ranging detection



 Highspeed shortrange data transmission



 Industrial sensors



Description



K-LC1a is a 8 patch Doppler module with an
asymmetrical beam for lowcost short distance
applications. Its typical applications are move-
ment  sensors  in  the  security  and  automatic
door  domain. In building automation this mod-
ule may be an alternative for infrared PIR or
AIR  systems  thanks  to  its  outstanding  per-
formance/cost ratio. 
The module is extremely small and lightweight.



With  its  IF  bandwidth  from  DC  to  50MHz  it
opens many new applications. 
FSK is possible thanks to the unique RFbeam
oscillator  design.  This  allows  to  use  this
lowcost module even in ranging applications. 
Powerful  starterkits  with  signal  conditioning
and  visualization  is  available  from  RFbeam.
Find more informations at www.rfbeam.ch. 



Blockdiagram



Fig. 1: Block diagram (FM input not present on K-LC1a_V2)
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K-LC1a RADAR TRANSCEIVER Datasheet

Features



24 GHz K-band miniature transceiver



180MHz sweep FM input (n.a. for K-LC1a_V2)



Dual 4 patch antenna



Single balanced mixer with 50MHz bandwidth



Beam aperture 80°/34°



15dBm EIRP output power



25x25mm2 surface, 6mm thickness



Lowcost design



3 pin version K-LC1a_V2 available

K-LC1a Actual Size

Applications



General purpose movement detectors



Security systems



Object speed measurement systems



Simple shortrange ranging detection



Highspeed shortrange data transmission



Industrial sensors

Description

K-LC1a is a 8 patch Doppler module with an

asymmetrical beam for lowcost short distance

applications. Its typical applications are move-

ment sensors in the security and automatic

door  domain. In building automation this mod-

ule may be an alternative for infrared PIR or

AIR systems thanks to its outstanding per-

formance/cost ratio. 

The module is extremely small and lightweight.

With its IF bandwidth from DC to 50MHz it

opens many new applications. 

FSK is possible thanks to the unique RFbeam

oscillator design. This allows to use this

lowcost module even in ranging applications. 

Powerful starterkits with signal conditioning

and visualization is available from RFbeam.

Find more informations at www.rfbeam.ch. 

Blockdiagram

Fig. 1: Block diagram (FM input not present on K-LC1a_V2)
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K-LC1a RADAR TRANSCEIVER Datasheet



Characteristics



Parameter Conditions / Notes Symbol Min Typ Max Unit



Operating conditions



Supply voltage Vcc 4.75 5.0 5.25 V



Supply current VCO Pin open Icc 35 45 mA



VCO input voltage Uvco -0.5 2.0 V



VCO pin resistance Driving voltage source Note 1 Rvco 570 



Operating temperature Top -20 +60 °C



Storage temperature Tst -20 +80 °C



Transmitter



Transmitter frequency VCO pin left open, Tamb=-20°C .. +60°C fTX 24.050 24.125 24.250 GHz



Frequency drift vs temperature Vcc=5.0V, -20°C .. +60°C Note 2  fTX -1 MHz/°C



Frequency tuning range  fvco 180 MHz



VCO sensitivity Svco -80 MHz/V



VCO Modulation Bandwidth f=20MHz BVCO 3 MHz



Output power EIRP PTX +12 +15 +17 dBm



Output power deviation Full VCO tuning range  PTX +/- 1 dBm



Spurious emission According to ETSI 300 440 Pspur -30 dBm



Turn-on time Until oscillator stable, fTX < 5MHz ton 1 s



Receiver



Mixer Conversion loss fIF  = 1kHz, IF load = 1k Dmixer1 -6 dB



fIF  = 20MHz, IF load = 50 Dmixer2 -11 dB



Antenna Gain FTX=24.125GHz  Note 3 GAnt 8.6 dB



Receiver sensitivity fIF =500Hz,B=1kHz,RIF =1k,S/N=6dB PRX1 -96 dBm



fIF =1MHz,B=20MHz,RIF =50,S/N=6dB PRX1 -84 dBm



Overall sensitivity fIF =500Hz,B=1kHz,RIF =1k,S/N=6dB Dsystem -111 dBc



IF output



IF resistance RIF 50 



IF frequency range -3dB Bandwidth, IF load = 50 fIF 0 50 MHz



IF noise power fIF =500Hz, IF load = 50 PIFnoise1 -134 dBm/Hz



fIF =1MHz, IF load = 50 PIFnoise2 -164 dBm/Hz



IF noise voltage fIF =500Hz, IF load = 1k UIFnoise1 -147 dBV/Hz



fIF =500Hz, IF load = 1k UIFnoise1 45 nV/Hz



IF output offset voltage Full VCO range, no object in range UIF 10 200 mV



Supply rejection Rejection supply pins to IF output Dsupply 26 dB
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K-LC1a RADAR TRANSCEIVER Datasheet

Characteristics

Parameter Conditions / Notes Symbol Min Typ Max Unit

Operating conditions

Supply voltage V

cc

4.75 5.0 5.25 V

Supply current VCO Pin open I

cc

35 45 mA

VCO input voltage U

vco

-0.5 2.0 V

VCO pin resistance Driving voltage source 

Note 1

R

vco

570



Operating temperature T

op

-20 +60 °C

Storage temperature T

st

-20 +80 °C

Transmitter

Transmitter frequency VCO pin left open, T

amb

=-20°C .. +60°C f

TX

24.050 24.125 24.250 GHz

Frequency drift vs temperature V

cc

=5.0V, -20°C .. +60°C 

Note 2



 f

TX

-1 MHz/°C

Frequency tuning range



 f

vco

180 MHz

VCO sensitivity S

vco

-80 MHz/V

VCO Modulation Bandwidth



f=20MHz B

VCO

3 MHz

Output power EIRP P

TX

+12 +15 +17 dBm

Output power deviation Full VCO tuning range



 P

TX

+/- 1 dBm

Spurious emission According to ETSI 300 440 P

spur

-30 dBm

Turn-on time Until oscillator stable, 



f

TX

 < 5MHz t

on

1



s

Receiver

Mixer Conversion loss f

IF

  = 1kHz, IF load = 1k



D

mixer1

-6 dB

f

IF

  = 20MHz, IF load = 50



D

mixer2

-11 dB

Antenna Gain F

TX

=24.125GHz

  Note 3

G

Ant

8.6 dB

Receiver sensitivity f

IF

 =500Hz,B=1kHz,R

IF

 =1k



,S/N=6dB P

RX1

-96 dBm

f

IF

 =1MHz,B=20MHz,R

IF

 =50



,S/N=6dB P

RX1

-84 dBm

Overall sensitivity f

IF

 =500Hz,B=1kHz,R

IF

 =1k



,S/N=6dB D

system

-111 dBc

IF output

IF resistance R

IF

50



IF frequency range -3dB Bandwidth, IF load = 50



f

IF

0 50 MHz

IF noise power f

IF

 =500Hz, IF load = 50



P

IFnoise1

-134 dBm/Hz

f

IF

 =1MHz, IF load = 50



P

IFnoise2

-164 dBm/Hz

IF noise voltage f

IF

 =500Hz, IF load = 1k



U

IFnoise1

-147 dBV/Hz

f

IF

 =500Hz, IF load = 1k



U

IFnoise1

45 nV/



Hz

IF output offset voltage Full VCO range, no object in range U

IF

10 200 mV

Supply rejection Rejection supply pins to IF output D

supply

26 dB
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K-LC1a RADAR TRANSCEIVER Datasheet



Parameter Conditions / Notes Symbol Min Typ Max Unit



Antenna



Horizontal -3dB beamwidth E-Plane W 80 °



Vertical -3dB beamwidth H-Plane W 34 °



Horiz. sidelobe suppression D -12 dB



Vertical sidelobe suppression D -12 dB



Body



Outline Dimensions 25*25*6 mm3



Weight 4.5 g



Connector 5pin single row jumper



Note 1 The VCO input has an internal voltage source with approx. 0.9VDC. For driving this pin it is necessary to source and 
sink current



Note 2 Transmit frequency stays within 24.050 to 24.250GHz over the specified temperature range when the VCO pin
is left open



Note 3 Theoretical value, given by Design



Antenna System Diagram



This diagram shows module sensitivity in both azimuth and elevation directions. It incorporates the
transmitter and receiver antenna characteristics.



Horizontal 80° , vertical 34° pattern
at IF output voltage -6dB 
(corresponds to -3dB Tx power)



Remarks:
The broader the antenna, the narrower
the beam. 



Fig. 2: System diagram
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K-LC1a RADAR TRANSCEIVER Datasheet

Parameter Conditions / Notes Symbol Min Typ Max Unit

Antenna

Horizontal -3dB beamwidth E-Plane W



80 °

Vertical -3dB beamwidth H-Plane

W



34 °

Horiz. sidelobe suppression D



-12 dB

Vertical sidelobe suppression D



-12 dB

Body

Outline Dimensions 25*25*6 mm

3

Weight 4.5 g

Connector 5pin single row jumper

Note 1  The VCO input has an internal voltage source with approx. 0.9VDC. For driving this pin it is necessary to source and 

sink current

Note 2  Transmit frequency stays within 24.050 to 24.250GHz over the specified temperature range when the VCO pin

is left open

Note 3  Theoretical value, given by Design

Antenna System Diagram

This diagram shows module sensitivity in both azimuth and elevation directions. It incorporates the

transmitter and receiver antenna characteristics.

Horizontal 80° , vertical 34° pattern

at IF output voltage -6dB 

(corresponds to -3dB Tx power)

Remarks:

The broader the antenna, the narrower

the beam. 

Fig. 2: System diagram
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K-LC1a RADAR TRANSCEIVER Datasheet



FM Characteristics



VCO Voltage generates an output signal even without an object in range because of the finite isolation
between transmitter and receiver path. This effect is called self-mixing and leads to a DC signal that
depends on the carrier frequency / the VCO voltage.



Pin Configuration



Pin Description Typical Value



1 *) nc ---



2 VCC 5VDC supply



3 IF output load 1kOhm



4 GND ground



5 *) VCO in Open = f0



*) not present in the option K-LC1a_V2



Outline Dimensions



Fig. 3: Mechanical data
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FM Characteristics

VCO Voltage generates an output signal even without an object in range because of the finite isolation

between transmitter and receiver path. This effect is called self-mixing and leads to a DC signal that

depends on the carrier frequency / the VCO voltage.

Pin Configuration

Pin Description Typical Value

1 *) nc ---

2 VCC 5VDC supply

3 IF output load 1kOhm

4 GND ground

5 *) VCO in Open = f

0

*) not present in the option K-LC1a_V2

Outline Dimensions

Fig. 3: Mechanical data
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K-LC1a RADAR TRANSCEIVER Datasheet



Application Notes



Sensitivity and Maximum Range



The values indicated here are intended to give you a 'feeling' of the attainable detection range with this
module. It is not possible to define an exact RCS (radar cross section) value of real objects because
reflectivity depends on many parameters. The RCS variations however influence the maximum range



only by 4   .



Maximum range for Doppler movement depends mainly on:
- Module sensitivity S: -114dBc (@0.5kHz IF Bandwidth)
- Carrier frequency f0: 24.125GHz



- Radar cross section RCS ("reflectivity") of the object 1): 1m2 approx. for a moving person 
>50m2 for a moving car



note 1) RCS indications are very inaccurate and may vary by factors of 10 and more.



The famous "Radar Equation" may be reduced for our K-band module to the following relation:



440100167.0 
s



r



Using this formula, you get an indicative detection range of 
- 12 meters for a moving person.
- > 31 meters for a moving car



Please  note,  that  range  values  also  highly  depend  on  the  performance  of  signal  processing,
environment conditions (i.e. rain, fog), housing of the module and other factors. 
For simple detection purposes (security applications e.g.) without the need of speed measurements,
range may be enhanced by further reducing the IF bandwidth. With 250Hz bandwidth and a simple
comparator, we get already a 25m detection range.



Ordering Information
Standard device part # K-LC1a
3-pin version part# K-LC1a_V2
3.3V version part# K-LC1a_V4 (see spearate datasheet)
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Application Notes

Sensitivity and Maximum Range

The values indicated here are intended to give you a 'feeling' of the attainable detection range with this

module. It is not possible to define an exact RCS (radar cross section) value of real objects because

reflectivity depends on many parameters. The RCS variations however influence the maximum range

only by 

4

 .

Maximum range for Doppler movement depends mainly on:

- Module sensitivity  S:  -114dBc (@0.5kHz IF Bandwidth)

- Carrier frequency f

0

: 24.125GHz

- Radar cross section RCS ("reflectivity") of the object



1): 1m2 approx. for a moving person 

>50m2 for a moving car

note 1) RCS indications are very inaccurate and may vary by factors of 10 and more.

The famous "Radar Equation" may be reduced for our K-band module to the following relation:

4

40

10 0167 . 0



  



s

r

Using this formula, you get an indicative detection range of 

- 12 meters for a moving person.

- > 31 meters for a moving car

Please note, that range values also highly depend on the performance of signal processing,

environment conditions (i.e. rain, fog), housing of the module and other factors. 

For simple detection purposes (security applications e.g.) without the need of speed measurements,

range may be enhanced by further reducing the IF bandwidth. With 250Hz bandwidth and a simple

comparator, we get already a 25m detection range.

Ordering Information

Standard device part # K-LC1a

3-pin version part# K-LC1a_V2

3.3V version part# K-LC1a_V4 (see spearate datasheet)
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K-LC1a RADAR TRANSCEIVER Datasheet



Datasheet Revision History



Version Date Changes



1.0 08-Aug-2007 initial release



1.1 29-Oct-2008 Some typing errors  corrected



1.2 29-Apr-2009 Outline Dimensions changed for K-LC1a: thickness and pin length



1.3 18-June-2009 Dimensions corrected in table Characteristics, Position Body



1.4 02-Feb-2010 Typing corrected K-LC1 to K-LC1a. 
VCO sensitivity typ. 80MHz/V instead of 45MHz/V



1.5 06-Sep-2010 Typing error corrected: frequency temp. drift from 1MHz/°C to -1MHz/°C



1.6 21-Jan-2012 Chapter FM Characteristics minor text changes. Diagram dropped.



1.7 03-Sept-2013 Added part# for K-LC1a_V4 (3.3V version)



1.8 24-Oct-2014 Notes added regarding K-LC1a_V2 (no FM input)



1.9 14-Apr-2015 Explanation for Fig. 2 System diagram added 
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K-MC1 RADAR TRANSCEIVER Datasheet



Features



• 24 GHz short range transceiver



• 180 MHz sweep FM input



• High sensitivity, with integrated RF/IF amplifier



• Dual 30 patch antenna



• Buffered I/Q IF outputs



• Additional DC IF outputs



• Beam aperture 25°/12°



• RSW Rapid Sleep Wakeup



• Slim 6mm thickness construction 



Applications
• Traffic supervision



• Object speed measurement systems



• Ranging and distance detection



• Industrial sensors



Description
K-MC1 is a 60 patch doppler module with an 
asymmetrical  narrow beam for  long  distance 
sensors. It  is ideally suited for traffic supervi-
sion. 
This module includes a RF low noise amplifier 
and two 47dB IF preamplifiers for both I and Q 
channels.  The  need  for  external  analogue 
electronics will be significantly reduced by this 
feature.  For  special  signal  condition 
applications, an  additional buffered Mixer DC 
output  is  provided.  This  greatly  improves 
flexibility in FSK ranging applications. 



The unique "RSW" Rapid Sleep Wakeup func-
tion with <4us wakeup time makes this module 
ideal  for  battery  operated equipment.  Typical 
duty cycle in RWS mode may be < 1% with full 
movement detection capability by sampling the 
IF signals. 
An extremely slim construction with only 6mm 
depth  gives  you  maximum  flexibility  in  your 
equipment design. 
Powerful  starter  kits  with  signal  conditioning 
and visualization are available. 



Blockdiagram



Fig. 1: K-MC1 Blockdiagram
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K-MC1 RADAR TRANSCEIVER Datasheet

Features

·

24 GHz short range transceiver

·

180 MHz sweep FM input

·

High sensitivity, with integrated RF/IF amplifier

·

Dual 30 patch antenna

·

Buffered I/Q IF outputs

·

Additional DC IF outputs

·

Beam aperture 25°/12°

·

RSW Rapid Sleep Wakeup

·

Slim 6mm thickness construction 

Applications

·

Traffic supervision

·

Object speed measurement systems

·

Ranging and distance detection

·

Industrial sensors

Description

K-MC1 is a 60 patch doppler module with an 

asymmetrical narrow beam for long distance 

sensors. It is ideally suited for traffic supervi-

sion. 

This module includes a RF low noise amplifier 

and two 47dB IF preamplifiers for both I and Q 

channels. The need for external analogue 

electronics will be significantly reduced by this 

feature. For special signal condition 

applications, an  additional buffered Mixer DC 

output is provided. This greatly improves 

flexibility in FSK ranging applications. 

The unique "RSW" Rapid Sleep Wakeup func-

tion with <4us wakeup time makes this module 

ideal for battery operated equipment. Typical 

duty cycle in RWS mode may be < 1% with full 

movement detection capability by sampling the 

IF signals. 

An extremely slim construction with only 6mm 

depth gives you maximum flexibility in your 

equipment design. 

Powerful starter kits with signal conditioning 

and visualization are available. 

Blockdiagram

Fig. 1: K-MC1 Blockdiagram
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K-MC1 RADAR TRANSCEIVER Datasheet



Characteristics



Parameter Conditions / Notes Symbol Min Typ Max Unit



Operating conditions



Supply voltage Vcc 4.75 5.0 5.25 V



Supply current Module enabled (Pin 1 = VIL) Icc 70 100 mA



Module RSW mode  (Pin 1 = VIH) 7 10 mA



VCO input voltage Uvco 1 10 V



VCO pin resistance Internal pulldown 10k Rvco 10k Ω



Operating temperature Top -20 +80 °C



Storage temperature Tst -20 +80 °C



Power down/Enable



Module power down Input tied high with pullup 10k VIH Vcc -0.7 Vcc+ 0.3 V



Module enable VIL -0.2 2 V



Minimum enable time Sample&Hold capacitor charged ton 4 µs



Maximum hold time S&H error <10% toff 2 ms



Hold Step Charge injection visible at DC output Vstep 6 mV



Transmitter



Transmitter frequency UVCO= 5V, Tamb=-20°C .. +60°C fTX 24.050 24.150 24.250 GHz



Frequency drift vs temp. Vcc=5.0V, -20°C .. +60°C Note 1 ∆ fTX -1.0 MHz/°C



Frequency tuning range ∆ fvco 180 MHz



VCO sensitivity Svco 18 MHz/V



VCO Modulation Bandwidth ∆f=20MHz BVCO 3 MHz



Output power EIRP PTX +16 +18 +20 dBm



Output power deviation Full VCO tuning range ∆ PTX +/- 1 dBm



Spurious emission According to ETSI 300 440 Pspur -30 dBm



Receiver



Antenna gain FTX=24.125GHz  Note 2 GAnt 18.5 dBi



LNA gain FRX=24.125GHz GLNA 16 dB



Mixer Conversion loss fIF =500Hz Dmixer -6 dB



Receiver sensitivity fIF =500Hz, B=1kHz, S/N=6dB PRX -123 dBm



Overall sensitivity fIF =500Hz, B=1kHz, S/N=6dB Dsystem -141 dBc



IF output 



IF output impedance _AC outputs RIF_AC 100 Ω



_DC outputs RIF_DC 100 Ω



IF Amplifier gain _AC outputs GIF_AC 47 dB



_DC outputs GIF_DC 15 dB



I/Q amplitude balance fIF =500Hz, UIF=100mVpp (_AC outputs) ∆UIF 3 dB



I/Q phase shift fIF =500Hz, UIF=100mVpp (_AC outputs) ϕ 80 90 100 °



IF frequency range -3dB Bandwidth (_AC outputs) fIF_AC 40 15k Hz



-3dB Bandwidth (_DC outputs) fIF_DC 0 500 kHz



Spurious signals Internal regulator @100kHz at DC output Vsp 0.1 mVrms
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K-MC1 RADAR TRANSCEIVER Datasheet

Characteristics

Parameter Conditions / Notes Symbol Min Typ Max Unit

Operating conditions

Supply voltage V

cc

4.75 5.0 5.25 V

Supply current Module enabled (Pin 1 = V

IL

) I

cc

70 100 mA

Module RSW mode  (Pin 1 = V

IH

) 7 10 mA

VCO input voltage U

vco

1 10 V

VCO pin resistance Internal pulldown 10k R

vco

10k

W

Operating temperature T

op

-20 +80 °C

Storage temperature T

st

-20 +80 °C

Power down/Enable

Module power down Input tied high with pullup 10k V

IH

V

cc 

-0.7 V

cc

+ 0.3 V

Module enable V

IL

-0.2 2 V

Minimum enable time Sample&Hold capacitor charged t

on

4

m

s

Maximum hold time S&H error <10% t

off

2 ms

Hold Step Charge injection visible at DC output V

step

6 mV

Transmitter

Transmitter frequency U

VCO

= 5V, T

amb

=-20°C .. +60°C f

TX

24.050 24.150 24.250 GHz

Frequency drift vs temp. V

cc

=5.0V, -20°C .. +60°C Note 1

D

 f

TX

-1.0 MHz/°C

Frequency tuning range

D

 f

vco

180 MHz

VCO sensitivity S

vco

18 MHz/V

VCO Modulation Bandwidth

D

f=20MHz

B

VCO

3 MHz

Output power EIRP P

TX

+16 +18 +20 dBm

Output power deviation Full VCO tuning range

D

 P

TX

+/- 1 dBm

Spurious emission According to ETSI 300 440 P

spur

-30 dBm

Receiver

Antenna gain F

TX

=24.125GHz  Note 2 G

Ant

18.5 dBi

LNA gain F

RX

=24.125GHz G

LNA

16 dB

Mixer Conversion loss f

IF

 =500Hz D

mixer

-6 dB

Receiver sensitivity f

IF

 =500Hz, B=1kHz, S/N=6dB P

RX

-123 dBm

Overall sensitivity f

IF

 =500Hz, B=1kHz, S/N=6dB D

system

-141 dBc

IF output 

IF output impedance _AC outputs R

IF_AC

100

W

_DC outputs R

IF_DC

100

W

IF Amplifier gain _AC outputs G

IF_AC

47 dB

_DC outputs G

IF_DC

15 dB

I/Q amplitude balance f

IF

 =500Hz, U

IF

=100mV

pp 

(_AC outputs)

D

U

IF

3 dB

I/Q phase shift f

IF

 =500Hz, U

IF

=100mV

pp 

(_AC outputs)

j

80 90 100 °

IF frequency range -3dB Bandwidth (_AC outputs) f

IF_AC

40 15k Hz

-3dB Bandwidth (_DC outputs) f

IF_DC

0 500 kHz

Spurious signals Internal regulator @100kHz at DC output V

sp

0.1 mVrms
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K-MC1 RADAR TRANSCEIVER Datasheet



Parameter Conditions / Notes Symbol Min Typ Max Unit



IF output (continued)



IF noise voltage fIF =500Hz UIFnoise 22 µV/√Hz



fIF =500Hz UIFnoise -93 dBV/Hz



IF output offset voltage Vcc = 5V, _AC outputs Uos_AC 2.0 2.5 3.0 V



no object in range,VCO pin open,_DC outputs Uos_DC 0.5 2.5 4.5 V



Supply rejection Rejection supply pins to _AC outputs, 500Hz Dsupply -24 dB



Antenna



Horizontal -3dB beamwidth E-Plane Wϕ 12 °



Vertical -3dB beamwidth H-Plane Wθ 25 °



Horiz. sidelobe suppression Dϕ -20 dB



Vert. sidelobe suppression Dθ -18 dB



Body



Outline Dimensions connector left unconnected 65*65*6 mm3



Weight 50 g



Connector Module side: AMP X-338069-8 8 pins



Note 1 Transmit frequency stays within 24.050 to 24.250GHz over the specified temperature range when the VCO pin
is left open



Note 2 Theoretical value, given by Design



Antenna System Diagram



This diagram shows module sensitivity in 
both azimuth and elevation directions. It 
incorporates therefore the transmitter and 
receiver antenna characteristics.



Fig. 2: Anntenna system diagram
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Parameter Conditions / Notes Symbol Min Typ Max Unit

IF output (continued)

IF noise voltage f

IF

 =500Hz U

IFnoise

22

m

V/

Ö

Hz

f

IF

 =500Hz U

IFnoise

-93 dBV/Hz

IF output offset voltage V

cc

 = 5V, _AC outputs U

os_AC

2.0 2.5 3.0 V

no object in range,VCO pin open,_DC outputs U

os_DC

0.5 2.5 4.5 V

Supply rejection Rejection supply pins to _AC outputs, 500Hz D

supply

-24 dB

Antenna

Horizontal -3dB beamwidth E-Plane W

j

12 °

Vertical -3dB beamwidth H-Plane W

q

25 °

Horiz. sidelobe suppression D

j

-20 dB

Vert. sidelobe suppression

D

q

-18 dB

Body

Outline Dimensions connector left unconnected 65*65*6 mm3

Weight 50 g

Connector Module side: AMP X-338069-8 8 pins

Note 1  Transmit frequency stays within 24.050 to 24.250GHz over the specified temperature range when the VCO pin

is left open

Note 2  Theoretical value, given by Design

Antenna System Diagram

This diagram shows module sensitivity in 

both azimuth and elevation directions. It 

incorporates therefore the transmitter and 

receiver antenna characteristics.

Fig. 2: Anntenna system diagram
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FM Characteristics

Carrier frequency can be modulated by means of a voltage applied to the VCO input.

This feature can be used for ranging applications using FMCW ( see also Fig. 4) or FSK
techniques.

FMCW needs good linearity in the frequency ramp. RFbeam provides a downloadable tool
"VCO-Lin" that allows calculating the non-linearity using 3 known frequency versus VCO
voltage points.

2424

42
22

T 2418
Ed

Z16

S a1

< a1z

21

2408

2006
1 2 3 4 5 6 78 9 1
VCO Voltage

Fig. 3: Typical carrier frequency vs. VCO voltage

Pin Configuration

Pin Description Typical Value
1 /Enable GND: module active
2 vcc 5V supply
3 GND 0V supply
4 IF output Q@ AC high gain output
5 IF output |_AC high gain output
6 VCOin 2.0V =Afo
7 IF output | DC low gain output
8 IF output Q DC Low gain output

Outline Dimensions

q Mounting instruction

Mount from back side using thread
marked with B:

9 M2.5 screws, screw depth < 3.5mm

Alternate mounting:

Original screws A may be unscrewed and
replaced by M2 screws for fixation on a holder.
112 K-MC1 modules must not be used without

screws in A.
z.oj 50

55.0

10.4

65.0 +/-0.1

The antenna PCB is glued into the case against
damage, but not for practical use of the module.

47 >
&

5.0

Fig. 4: Mechanical dimensions
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K-MC1 RADAR TRANSCEIVER Datasheet



Application Notes



Using VCO and Internal IF Amplifier



The IF amplifier provides two outputs per channel according to Fig. 1. These outputs are designed for 
different requirements in processing radar signals. Both I (In Phase) and Q (Quadrature) mixer signals 
are available.  The I  and Q signals  are phase shifted by +90° or  -90°,  depending on the moving 
direction of objects in range. 
FMCW generates an output signal even without an object  in range because of the finite isolation  
between transmitter and receiver path. This effect is called self-mixing and leads to a DC signal that 
depends on the carrier frequency. Using FMCW, these signals move and may overdrive the 2nd stage 
(x_AC outputs) of the IF amp under certain circumstances.



Example showing a single target:
Triangle VCO Amplitude: 8Vpp
Triangle period TM = 14ms. 
Modulation depth fM = 160MHz 
IF output freq.  fb = 450Hz



I_AC and Q_AC outputs show a low 
frequency caused by local carrier 
feedthrough.
The superposed higher frequency fb 
is  often called beat frequency, 
caused by a target at a distance of 
about 3m.



Fig. 5: x_AC Output FMCW signals with triangle VCO and df = 160MHz



Distance calculation



R=
c
0



2
⋅
f b



f M
⋅
T M



2



= 3m approx
For legend refer to Fig. 5
R Range, distance to target
c0 Speed of light (3 * 108 m/s)



Please contact RFbeam Microwave GmbH for more informations on FMCW and also on FSK 
applications.



I_AC and Q_AC High Gain Outputs



These outputs provide high gain/low noise signals generated by doppler effects or FMCW. They di-
rectly can drive ADC input stages of microprocessors or DSPs. Even with 10Bit of resolution only,  
sensitive and relatively long range Doppler detections are possible. The outputs cover a frequency 
range of 40Hz ... 15kHz.
However, these outputs may saturate and clip because of too high input signals. In these cases you 
may use the x_DC outputs described below. 
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I_DC and Q_DC Low Gain Outputs



The low gain DC outputs (I_DC and Q_DC) hardly enter into a saturation state and may be used in 
cases, where the high gain outputs (I_AC and Q_AC) are clipped because of high input signals.  Satu-
ration and clipping typically arise in conjunction with FMCW and may be caused by objects nearby the 
sensor, non-compensated radoms etc. 
These outputs carry more signal information than the x_AC outputs because of their bandwidth rang-
ing from DC to 500kHz. Using ADCs with resolutions of 12Bits and more and processing with DSP 
processors allow versatile and flexible radar applications.



Rapid Sleep Wakeup (RSW)



RFbeam's unique rapid sleep wakeup feature allows power savings of more than  90% during 'silent' 
periods. The module may be used in a relaxed sampling mode as long as no movements are de -
tected. RSW also helps saving power, if not the full IF bandwidth of 15kHz is needed.
In  battery operated equipment such as traffic control, RSW may significantly lower battery and equip-
ment volume and cost.



RSW in Action



This graph shows the sampling signal at pin /Enable 
and a resulting output signal at an x_AC pin caused 
by an approaching object.
This signal may be processed 'as is' or used as trig-
ger to start continuous acquisition.
If RSW mode is used only to detect any movement, 
aliasing effects are not important (i.e. undersampling 
is useful).
By choosing a sampling frequency, aliasing must be 
taken into  account,  if  frequency measurements are 
intended.



Fig. 6: Sampled Doppler signal at x_AC outputs



RSW principle



RSW combines switching of the RF oscillator and sample&hold of the mixer signals (please refer to 
Fig. 1: K-MC1 Blockdiagram). During sleep mode (pin /ENABLE = high), only the amplifiers stay 
switched on to hold the output voltage and coupling capacitor charges. This assures minimum peaks 
at the outputs when returning to the active state. 
Nevertheless, we have to take some important effects into account. An important effect is charge 
injection, caused by the digital control signal. 



/ENABLE signal with ton = 7µs.



x_AC output signal recovers after 80µs approx.



Fig. 7: x_AC output is influenced by charge injection caused by switching signal 
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Fig. 6: Sampled Doppler signal at x_AC outputs

RSW principle

RSW combines switching of the RF oscillator and sample&hold of the mixer signals (please refer to 

Fig. 1: K-MC1 Blockdiagram). During sleep mode (pin /ENABLE = high), only the amplifiers stay 

switched on to hold the output voltage and coupling capacitor charges. This assures minimum peaks 

at the outputs when returning to the active state. 

Nevertheless, we have to take some important effects into account. An important effect is charge 

injection, caused by the digital control signal. 

/ENABLE signal with t
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Fig. 7: x_AC output is influenced by charge injection caused by switching signal 

© RFbeam Microwave GmbH www.rfbeam.ch Page 6/8

"real" output level

charge injection

1µs/div

1 2 typical sampling points


image36.emf



K-MC1 RADAR TRANSCEIVER Datasheet



Sampling sequence



To simplify signal processing sequence, output sampling may be done immediately after /ENABLE 
goes high (1) or before next /ENABLE (2).  
Both methods have their advantages and disadvantages: 



- Sampling point (1)  contains a constant overshoot, i.e. sampled output signal becomes shifted by 
a constant DC component. There is no loss of sensitivity.



- Sampling point (2) corresponds to the real mixer output, as long as sleep time is short enough. But 
with longer off times, signal amplitude decreases. 



                                                                                                                                                                    
As a rule of thumb: with a repeat frequency of 1kHz (duty cycle of 7µs/1ms = 0.7%) amplitude loss is 
3dB approx. This situation is shown in the figure below.



Sampling signal (tc = 1ms, ton = 7us)



Output signal decreases during the off-period with 
a timeconstant of 4.8ms approx.



Fig. 8: x_AC output amplitude decreases during sleep time. 
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Sampling sequence

To simplify signal processing sequence, output sampling may be done immediately after /ENABLE 

goes high (1) or before next /ENABLE (2).  
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a constant DC component. There is no loss of sensitivity.

-
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Fig. 8: x_AC output amplitude decreases during sleep time. 
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Sensitivity and Maximum Range



The values indicated here are intended to give you a 'feeling' of the attainable detection range with this 
module. It is not possible to define an exact RCS (radar cross section) value of real objects because 
reflectivity depends on many parameters. The RCS variations however influence the maximum range 



only by 4 σ .



Maximum range for Doppler movement depends mainly on:
- Module sensitivity S: -141dBc (@1kHz IF Bandwidth)
- Carrier frequency f0: 24.125GHz



- Radar cross section RCS ("reflectivity") of the object σ1): 1m2 approx. for a moving person 
>50m2 for a moving car



note 1) RCS indications are very inaccurate and may vary by factors of 10 and more.



The famous "Radar Equation" may be reduced for our K-band module to the following relation:



440100167.0 σ⋅⋅=
− s



r



Using this formula, you get an indicative detection range of 
- 56 meters for a moving person
- > 150 meters for a moving car



Please note, that range values also highly depend on the performance of signal processing, 
environment conditions (i.e. rain, fog), housing of the module and other factors. 



Datasheet Revision History



Version Date Changes



1.0 08-Aug-2007 initial release



1.1 29-Oct-2008 Replaced Fig. 4: Mechanical dimensions
Added chapter ounting instruction



1.2 09-Nov-2009 Operating temperature corrected to +80°C



1.3 15-Dec-2009 VCO sensitivity corrected to 22MHz/V



2.0 13-July-2011 Adapted to new hardware Revision G, valid from lot # L1114 
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FMCW Mode



About FMCW



FMCW stands for Frequency Modulated Continuous Wave. This technique allows detection of 



stationary objects. FMCW needs Radar sensors with an FM input. This input accepts a voltage that  



causes a frequency change. There are also sensors with digital frequency control based on digital PLL 



designs. Modulation depth is normally a very small amount of the carrier frequency. In the K-band, 



most countries allow a maximum frequency range of 250MHz.



Descfription of many effects such as velocity-range unambiguities go beyond the scope of this paper.



Please refer to Radar literature for more detailed explanations of FMCW and FSK techniques.



Sawtooth Modulation



Transmit frequency is modulated by a linear ramp. Fig. 14 shows a typical signal fRx returned by    



stationary and constantly moving objects. Note, that the difference frequency fb is constant throughout 



nearly the whole ramp time.



At the output of the Radar transceiver we get the low frequency signal fb called beat frequency. This  is 



the result of mixing (=multiplying) transmitted and received frequencies (refer to Fig. 5).



Sawtooth modulation has important disadvantages:



• It is very difficult to get reliable results for moving objects



• The very sharp down ramp can disturb the amplified signals (ringing, saturation)



Returned echo from stationary object



fM Modulation depth



TM Modulation period



fTx Transmitted frequency



fRx Received frequency



tp Signal propagation time (time of flight)



fb Beat frequency fTx - fRx 



fD  Doppler shift frequency



Fig. 14: Sawtooth modulation
Above: Stationary object, Below: Moving object



Returned echo from moving object



Received frequency fRx is shifted by  fD .
This is the Doppler frequency caused by a 



receding object moving at a constant speed.



Distance can be calculated as follows:



R=
c
0



2
⋅



f b



f M



⋅T M
(5)



For legend refer to Fig. 14 above
R Range, distance to target
c0 Speed of light (3 * 108 m/s)
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