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INTISARI

Model sederhana digunakan dalam pembuatan perangkat lunak untuk melakukan simulasi interferensi pada radar di jalan tol. Hasil-hasil dari sebuah skenario simulasi dikumpulkan untuk menemukan karakteristik dari sinyal-sinyal interferensi. Hasil tersebut kemudian digunakan untuk memperlihatkan distribusi waktu kedatangan, kekuatan, dan pergeseran Doppler dari sinyal-sinyal interferensi. Diketengahkan pula perbandingan ketiga karakteristik dari sinyal yang diinginkan dengan sinyal-sinyal interferensi.

Kata kunci : Radar Kendaraan, Interferensi pada Radar

ABSTRACT
Simple motorway modelling used to develop a software to simulate the radar interference on the motorway. The results for one particular scenario gathered to find the characteristic of the interference signals. It is then used to show the distributions of the interference signals time of arrival, power, and doppler shift. Comparisons between the wanted radar signals with its interference in term of those three parameters are also presented..

Keywords :  Automotive Radar, Radar Interference. 

1. INTRODUCTION

Nowadays there are increasing social demands for a more safety vehicle system. The seat belt and the safety air bag only reduce the risk of injury or fatality in the event of collision and do not actually prevent the collision itself. People wanted a more reliable system that can make them more aware of the traffic, warn them in the event of possible collision, and even take the safety measures to avoid collision.  
This demands lead to the research and development of automotive radar. Automotive radar can be used for a simple task of obstacle detection to a more advance task such as intelligent cruise control (ICC) with the capability of giving collision warning and automatic braking.
Table 1

Types and Characteristics of Obstacle Detection Sensor

	Sensor
	Advantages
	Disadvantages

	Ultrasonic sensor
	· Simple structure and low cost

· Relative velocity detectable (directly)
	· Difficulty of medium to long distance detection

· Highly affected by wind

	Laser radar
	· Comparatively inexpensive

· Minor technical difficulties
	· Weak to rain and dirt

	Microwave radar
	· Strong against rain and dirt

· Relative velocity detectable (directly)
	· Presently expensive

· Compliance with Radio Law prerequisite

	Image sensor
	· Compact size

· Number of objects detectable
	· Weak to rain, dirt and night time application


There are several types of sensor that can be used for the obstacle detection technology. Table 1 outlines the principal means and their advantages and disadvantages [Tokoro, 1996]. Among these obstacle detection sensors, the microwave radar has excellent characteristic as a long distance sensor. It can provides highly accurate output under all weather conditions. The millimetre wave radar, particularly, offers the possibility of antenna miniaturisation in comparison to conventional radar (centimetre wave) and consequently great expectation is being placed on it as a practical means for automotive obstacle detection sensor.

Shown in Figure 1 is one example of Intelligent Cruise Control design [Tokoro, 1996]. This system which apply laser radar and image sensor is already available on the market, however its application using millimetre-wave is still under study. Figure 2 shows the Toyota Advanced Safety Vehicle (ASV) system currently in research and development stage [Tokoro, 1996]. This system will use millimetre-wave radar.
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Figure 1.

Application Systems of Obstacle Detection Technology
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Figure 2.

Automatic Braking System

for Reduction of Collision Impact Force
2. Interference Problems

Imagining the future where the automotive radars already used widely on the road leads to one particular concern, the interference problems. As for  any other communications systems, the interference problems would costly damaged the performance of the system if its not carefully recognised and put into account in the design of the new system. 

Therefore, before the system widely implemented, the interference effect between radars needs to be investigated, most importantly to give some picture on what to expect in the real condition. One best place to start the investigation would be on the motorway, where faster speed would normally be used and consequently when all the safety devices expected to work properly.

3. Simulation Model

To come up with the initial software that can be used to simulate and find the automotive radar interference characteristics, simplifications and assumptions have to be made to the real condition. These simplifications are : 

· The implementation of identical vehicle's dimension.

· The implementation of trivial 'box' shape for the vehicles. The fact that the body of the vehicle is not flat is compensated by giving reduction factor for the amount of energy reflected by the flat surface.
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Figure 3.

Trivial Box Shape Vehicle Specifications
· The implementation of the simplest type of radar, the pulse radar, for vehicles with radar on the motorway.
· The exclusion of objects other than the vehicles from the motorway.
· The implementation of same speed and inter-vehicle distance for vehicles on the same lane.
· The consideration that the interference only come from two sources (shown in Figure 4.),
1. direct/unobstructed signals, and 
2. interference signals which reach the platform vehicle radar  through reflection from only one surface.
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Figure 4.

Direct and Reflected Interference
One particular radar system specification used in the simulation is a radar system developed by Raytheon Electronic Systems in USA. This particular radar system actually implements FM-CW technique rather   than pulse radar, but the fact that the specifications could be achieved using FM-CW technique gives the indication that pulse radar technique could also achieved it. The specifications are then shown in Table 2 [Russel et. al., 1997].

Table 2. 

Example of Automotive Radar Specifications
	Characteristics
	Value

	Operating Frequency
	76 - 77 GHz

	Waveform
	FM-CW

	Range
	3 - 100+ meters

	Transmit Power
	6.3 mW

	Antenna Gain
	37 dBi

	Field of View (Azimuth)
	8.8 degrees

	Field of View (Elevation)
	4 degrees


4. Radar EquationS

The ability of a radar to detect the presence of a target is expressed in term of the radar equation. If the power of the radar transmitter is denoted by Pt, and if an isotropic antenna is used, the power density (watts per unit area) at a distance R from the radar is equal to the transmitter power divided by the surface area 4(R2 of an imaginary sphere of radius R, or,
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Radars employ directive antenna to channel, or direct, the radiated power Pt into some particular direction. The transmit gain Gt of an antenna is a measure of the increased power radiated in the direction of the target as compared with the power that would have been radiated from an isotropic antenna. It may be defined as the ratio of the maximum radiation intensity from the subject antenna to the radiation intensity from a lossless, isotropic antenna with the same power input. The power density at the target from an antenna with the transmitting gain Gt is,
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The target intercepts a portion of the incident power and reradiates it in various directions. The measure of the amount of incident power intercepted by the target and reradiated back in the direction of the radar is denoted as the radar cross section (, and is defined by the relation,
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The radar cross section ( has units of area. It is a characteristic of the particular target and is a measure of its size as seen by the radar. More on radar cross section will be described in the next section.

The radar antenna captures a portion of the echo power. If the effective area of the receiving antenna is denoted Ae, the power Pr received by the radar is,
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If the receiving antenna is described by its gain Gr, the following relationship may be used,
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Using (5) in (4) leads the equation to,
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Finally, the inevitable inefficiencies of a radar system and also the propagation losses should be taken into account. Equation (7) gives the complete radar equation in the case that the transmit and receive antenna is collocated (monostatic radar).
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where
Pr = received signal power (W)

Pt = transmitted power (W)

G  = antenna gain

(  = wavelength (m)

(m = monostatic cross section (m2)

R   = range to target (m)

Lp  = one-way propagation loss

Ls  = system losses

In the case that the transmit and receive antenna is separated by considerable distance (bistatic radar) the radar equation becomes,
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where
Gt = transmit antenna gain

Gr = receive antenna gain

(b = bistatic cross section (m2)

Dt = transmitter to target distance (m)

Dr = receiver to target distance (m)

Lp(t)  = propagation loss over transmitter to 

            target path

Lp(r) = propagation loss over receiver to target 

            path

There are four doppler shift mechanisms that can occur on the motorway model. These mechanisms shown in Figure 5 would require some consideration concerning the relative radial velocity for each case.    

The first doppler shift mechanism is in the case of reflected signals where the transmitting and receiving radar is collocated (monostatic case). Figure 5a shows the occurrence of this type of doppler shift which will happened to the wanted echo. In this case the doppler shift can be calculated as,
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where,    Vp   = platform vehicle speed (ms-1)

Vref = reflector vehicle speed (ms-1)

(     = wavelength (m)
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Figure 5.

Doppler Shift Mechanisms on The Motorway
Second doppler shift mechanism is in the case of signals reflected by vehicle moving in the same direction, where the transmitting and receiving radar is separated (bistatic case). Figure 5b shows this type of doppler shift mechanism. The doppler shift is then,
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where, 
Vi  
= interferer vehicle speed (ms-1)


θ
= angle made by interferer trajectory and 



the line joining platform vehicle radar and 



the interference source (deg)


α 
= angle made by reflector trajectory and 



the line joining interferer radar and the 



reflection surface (deg)

Third doppler shift mechanism is in the case of signals reflected by vehicle moving in the opposite direction, and the transmitting and receiving radar is separated (bistatic case). Figure 5c shows this type of doppler shift mechanism. The doppler shift is then,
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The last doppler shift mechanism is when the direct signals come from vehicle in opposite direction as shown in Figure 5d. The doppler shift is,
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5. SIMULATION PROGRAM
The aim of this project is to study interference effects on the application of automotive radars. One approach taken in this project is to create a software that can simulate the motorway traffic and find the interference characteristics.

 Because there was no particular scenario that can clearly represent the real condition, it is best to make a flexible simulation software that can simulate several different scenarios. Consequently, the results gathered from several different scenarios can give a wider view of the automotive radar interference characteristics.

Borland C++ 5.02 have been used to develop the simulation software. Furthermore, using its Object Windows Library (OWL), the software was successfully implemented Graphical Users Interface (GUI) as ways to interact with the users.
The simulation will run for the duration that can be specified by the user. The user can also specify the interval between each snapshot. The shorter the snapshot interval the more snapshots will be taken during the simulation period, which also mean more samples can be gathered. 

The software has the ability to visualise scaled view of the motorway condition and also the results for each snapshot. These abilities can be disabled if the user wants to have faster final results.
[image: image18.jpg]ooi<

6Y5006

6ra008

BrL00

05309

65005

6007

BrE00E

Brz00

BrL00L

Time of arrival (ns)

3000

2500

2000
1500
1000
a0 ]

sajdums Jo sacuny

Bl

—r]
——

— 2ndtane|
—tsthne





Figure 6. The Observation Area
The area of observation in this simulation taken to be 100 metres in radius from which the platform vehicle as its centre. The simulation software will analyse all the interference coming directly or reflected from vehicles within this observation area, as shown in Figure 6.
The scenario used to find the initial interference characteristics is shown in Figure 7.
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Figure 7. The Simulation Setup
6. RESULTS AND DISCUSSIONS
The distribution of the interference signals time of arrival is shown in Figure 8 below. It gives the distribution for different platform vehicle position on the motorway, and it also gives the total distribution. 

[image: image20.emf]0

500

1000

1500

2000

2500

3000

3500

4000

4500

5000

< -140

-130..-120.01 -110..-100.01

-90..-80.01 -70..-60.01 -50..-40.01 -30..-20.01

-10..-0.01

10-19.99 30-39.99

50-60

Signal Power (dBm)

Number of samples

Total

3rd lane

2nd lane

1st lane


Figure 8.

Distribution of the interference signals time of arrival for different lane on the motorway

In term of the range, the quickest time of arrival is 43.33 ns and the longest is 740.39 ns. Cumulatively most of the interference signals will come between 200 ns and 249.9 ns.

  Figure 9 shows distribution of the interference signals power for platform vehicle radar in each lane and also the distribution for the total interference. 

The weakest interference power is -58.91 dBm and the strongest is -4.548 dBm. Most of the interference signals arrive with power between -40 dBm and -30 dBm. 


The figure also shown that higher interference power (between -1 dBm and 0 dBm) only experienced by platform vehicle in the second and third lane, where the strongest interference actually experienced by platform vehicle in the second lane. This is again due to the fact that the interference with shortest propagation path reached the platform vehicle radar in the second lane. 
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Figure 9.

Distribution of the interference signals power

for different lane on the motorway
Figure 10 shows distribution of the interference signals doppler shift. It shows the distribution for different platform vehicle lane on the motorway and also the cumulative distribution.

The doppler shift occur within two ranges, from about  -4 kHz to 4 kHz and from about 16 kHz to 28 kHz. Interference with the lower doppler shift can be distinguished coming from vehicles in the same direction with the platform vehicle. The low doppler shift indicate low relative radial velocity difference between the interferer and the reflecting surface and between the reflecting surface and the platform vehicle. Furthermore the negative doppler shift can only caused by receding vehicle in the same direction.
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Figure 10.

Distribution of the interference signals doppler shift

for different lane on the motorway
The interference with doppler shift in the higher range can be distinguished come from two kinds of mechanism. The first is the direct interference coming from vehicles moving in opposite direction, which occupy lower part of this higher range. Secondly, the interference coming from vehicle in the same direction but reflected toward the platform radar by the front part of the vehicles moving in opposite direction. This second kinds of interference occupy higher part of the higher range because its doppler shift will have two components of high relative radial velocity difference, between the interferer and the reflecting surface and between the reflecting surface and the platform vehicle.

Finally, Figure 10 also suggests that dominantly the interference come from vehicles with radar in the same direction with the platform vehicle.
By comparing all the distributions between each lane above it can be concluded that there are increasing number of interference for platform vehicle radar in the faster lane. There are two explanations for this result. Firstly, as the platform vehicle rides in the faster lane, it become more surrounded by other vehicles with radar. Furthermore, it also becomes more exposed to direct interference from vehicle radar in the opposite direction, as the platform vehicle radar becomes more visible to the interfering radars beam. Secondly, this is due to the closer inter-vehicle distance in the slower lane and farther in the faster lane. The first vehicle directly in front of the platform vehicle (i.e. the reflector surface which the wanted signal coming from) actually becomes a useful defence against interference. As its position become closer to the platform vehicle, it prevents more interfering signals reaching the platform radar. Thus when there is more space in front of the platform radar, as in the case of platform vehicle in the faster lane, more unobstructed interfering signals will come through.   

In terms of each parameter ranges, generally interference for each lane will exist within the same ranges. Again the only different is in the total number of interfering signals for each of the platform vehicle position, where least interference occur in the first lane and most interference occur in the third lane.

The wanted signal characteristics can be seen in Table 3, where Table 4 shows the characteristics of the interference.

Table 3.

Wanted signals characteristics 
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Signal power ( dBm) 31.61 26.94 23.41

Time of arrival (ns) 66.67 133.33 200

Doppler shift (Hz) 0 0 0

Platform vehicle lane


The difference in the wanted signal power and time of arrival for each lane obviously comes from the difference in distance between platform vehicle radar and the vehicle directly in front of it. The fact that all the wanted signals have zero doppler shift is because all vehicles in the same lane on the motorway have the same speed. This leads to zero relative radial velocity difference between the platform radar and its target (i.e. the target vehicle appears to be motionless from the platform radar).

Table 4 shows the minimum (shown in yellow shade) and maximum (shown in blue shade) value of the interference signals parameters. Comparing Table 4 with Table 3 gives the conclusion for this investigation that the weakest wanted signal power of 23.41 dBm is actually about 27.95 dB higher than the strongest interference level which is -4.548 dBm. This is an interesting result for further investigation of the signal-to-interference ratio (SIR) effect. This result can be used to determine whether the system in this particular scenario can overcome the interference problem. 
Table 4.

Interference signals characteristics
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Quickest time of arrival (ns) 76.67 43.33 53.33

Longest time of arrival (ns) 740.39 627.82 702.282

Weakest power (dBm) -58.91 -59.83 -60.46

Strongest power (dBm) -14.168 -4.548 -6.353

Maximum negatif doppler shift (Hz) -2602.31 -1967.23 -1406.38

Maximum positif doppler shift (Hz) 26197 26459.2 28243.6
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Figure 11a try to show the correlation between the interference signals time of arrival and power in three dimensional view. It shows that there are two peaks in the number of samples found. 

Clearer impression of the occurrence intensity can be seen in  Figure 11b. Highest  number of samples arrived       after      around      200  ns      with      about
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-30 dBm to -50 dBm power, and arrived after around 100 ns with higher power about -20 dBm.


The red balls with number on it correspond to the wanted signals for different platform vehicle position on the motorway. It shows that the wanted signals arrive within the range of interference arrivals. But the wanted signals can be distinguished by its higher power.

Figure 12 shows the correlation between the interference signals time of arrival and its doppler shift. There is only one major peaks which suggests that most of the interference will arrive between 50 ns and    350 ns with doppler shift between -2 kHz and 2 kHz. There is also another separate interference region with less intensity of occurrence which have time of arrival between 50 ns and 600 ns but with higher doppler shift ranging from about 14 kHz to about 28 kHz.


The most important result found from Figure 12b is that the wanted signals occur within the range of the interference in term of its time of arrival and doppler shift.
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Shown in Figure 13 is the correlation between the interference signals power and its doppler shift. It shows most of the interference have power between -50 dBm and -30 dBm with doppler shift between -2 kHz and 2 kHz. Also shown separate interference region with less intensity of occurrence which have time of arrival between 50 ns and 600 ns but with higher doppler shift ranging from about 14 kHz to about 28 kHz.
7. Conclusions

Simulation using one particular motorway traffic scenario showed consistent results that vehicles in the faster lane received more interference compared to the vehicle in the slower lanes. The fact that vehicles in the faster lane will most probably use faster speed, stressed on the need to investigate the interference effect thoroughly to make sure the device really increases the driver safety.
The results also showed that the time of arrival and doppler shift of the wanted signals were within the range of the interference signals. One convincing result would be that the weakest wanted signal level is still about 23 dB higher than the strongest interference. Further investigation required on finding whether this signal-to-interference ratio (SIR) would be enough to overcome the interference problem.

Finally, the use of different percentage of radars on the motorway did not lead to any significant difference beside the obvious result where there will be more interference in a more dense population of radars.
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Figure 13. Correlation between the interference signals power and doppler shift

















Figure 12. Correlation between the interference signals time of arrival and doppler shift




















Figure 11. Correlation between the interference signals time of arrival and power
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Percentage of radar in 3rd lane : 100

Number of direct interfering signals : 0
Total number of interfering signals : 8
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_1126073739.unknown
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