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Radar system

Radar is an object detection system that uses radio waves to determine the position
(distance), angle, or velocity of objects. The importance of radar in this modern world is very
important. Few decades ago, the use of radar system is limited for military purposes to detect
aircraft, ships, spacecraft, guided missiles, and so on. But, nowadays, a radar system is part of
our lives, for instance, the forecast of weather information is entirely depend on the radar system,

and radar system is a major component of self-driving cars.

There are two major types of radar system pulsed radar and Frequency-Modulated
continuous-wave (FMCW). The pulsed radar detects the range to a target by emitting a short
pulse and observing the time to reach the target object and return back to the receiver. For our
radar system we used the FMCW radar system. Frequency-modulated continuous-wave
(FMCW) radars achieve similar results using much smaller instantaneous transmit powers and
physical size by continuously emitting periodic waves whose frequency content varies with time.
To summarize the process in a simple words, in FMCW radar system, the transmitted signal is a
linear frequency modulated continuous wave sequence, whose frequency vs time characteristics
follows the saw tooth pattern as shown below in the figure. The local oscillator (LO) module
generates a linear frequency modulated continuous wave signal and amplified by the power

amplifier. This amplified wave transmitted from the antenna.



The target object illuminated by the radar reflects back the transmitted signal. The
receiver (antenna) receives the reflected signal and passes to the LNA, and the LNA amplifies
the signal. The received signal mixes with the LO signal to produce the intermediate frequency
(IF) output, which the ADC digitizes and subsequently to process it. Pictorially, it presented

below.
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Fig 1. The FMCW radar system.

Analysis of the computation

Unlike the pulsed radar, FMCW radar uses a continuous wave signal for transmission. As
stated above the frequency changes with respect to time in a specific pattern such as a saw tooth
wave or a triangle wave. A triangle wave example is shown below. These patterns are achieved

by ramping the control voltage of the VCO in the transmitting side up and down.
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Fig 2. Wave form of the transmitted and received signal.

As shown on the above figure, the transmitted and received signals have different
frequency. These differences in frequency of the two signals are extracted by the mixer. The
main point on here is that, this frequency difference is proportional to the round trip delay of the
radar signal to and from the target object. Hence, the distance of the target object is calculated by

examining the frequency difference. The general calculation is presented below.

Where t- the time required the wave reaches to the target and comeback to the source.
d- is the distance of the target object
c- Speed of light.

The difference of the frequency is proportional to the distance of the object.
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Designing the radar system

For our radar system, we used the general block diagram of FMCW radar system presented on

the lab manual 6. The block diagram is presented below.
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Fig 3. Block diagram of the FMCW radar system.

The main requirement of our design is to measure accurately the distance between our radar an
object 5-50m away. The calculated maximum path loss for an object 50m away determines the
minimum requirements for our transmit and receive system. The received power at 5m and 50

calculated as follows:
Pt =21.7dBm = 0.14791 W
Gt = Gr = 10dBi

o= 0.3%0.3=0.09m?
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PtGtoAeff  0.14791 % 10 * 0.09  0.01243

Prom) =—eap = 161254

= 1.67653E —8W

= —47.75dBm



PtGtoAeff  0.14791 10 * 0.09 » 0.01243

Pr50m) = —eap = 167250

= 1.67653E — 12 W
= —87.75dBm
Then we select components; we primarily considered the power level at each stage which fits to

our system. To calculate the power level at each stage, we used ADIsimRF. The block diagram

of our radar system and the power level at each stage is presented below.
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Fig 4. Block diagram and component of our FMCW radar system.

The ADIsimRF of the transmitter and receiver of the system is presented below.



+ - Stage 1 || Stage2 || Stage3 |
Transmit Device _~][Gain Block _~|[Device ~|
Toggle Tw/Rx Temp Part L"Temp Part L”Temp Part LI
Output Freq (MHz) 2400 [2200 J2400
Zin (Ohms) |50 [50 [s0
Zout (Ohms) |50 [50 [50
Power Gain @B |8 Jo58 3
Voltage Gain By |6 [a7 36
or3 (dBm) 100 [#738 [100
OP1dB (@Bm) |90 [257 (1]
Pout (@Bm) |6 157 [121
Pout Backoff s) |34 ] 779
Peak Backoff (@s) B4 ] [779
Noise Figure @s) |0 i Jo
Voltage ™ |5 5 Jo
Current (ma) |45 IEB &7 0
Input Analysis
Number of Stages | 3 Output Power (rms) [ 12.08 | dBm Noise Figure| 027 | dB OIF3[ 4376 | dBm
Input Power| 0 | dBm Output Voltage (ms) | 08 | Vms Output NSD| -1616 | dBm/Hz IF2[ 217 | dBm
Analysis Bandwidth | 200 | MHz Output Voltage (pp)| 254 | Vpp Output NSD| 18 | nV/tHz IMD3 ((Pout-3dB) pertone)) | -69.4 | dBc
PEP-to-RMSRatio| 0 d8 OF1dB| 1897 | dBm Output Noise Floor | -786 | dBm SFOR| 815 | dB8
P1dE Backoff Warning| 1 d8 PidE| 75 | dBm SNR[ %07 | dB ACLR(est)| -83 | dB
Peak Backoff Waming | 1 d8 Power Gain | 1208 | dB Puir Consumption | 067 | W
Voltage Gain | 1212 | dB
Fig 5. The ADIsimRF simulation of the transmitter side.
- - Stage 1 || Stage? || Stage3 |- Staged | I
Receive LNA ~|[na | [Mixer (Rx) «|[Gain Block - =]
Toggle TwRx Temp Part L”Temp Part L”Temp Part L"Temp Part L”Temp Part LI
Input Freqg {MHz) IWDD |2400 [0.005 [0.005 [0.005
zin (onms) [0 [0 [50 [50 [50
Zout (Ohms) |50 [50 [0 [0 [0
Power Gain (aB) |23.87 [387 [s07 IEQ o
Voltage Gain (@B) [239 X fsa I o
Pz (dBm) 4018 Ja08 [100 [100 [00
1P1dB (dBm) [23.68 2368 IEX IET I
Pin @Bm) 574 335 [98 157 143
Pin Backoff (@m) [B11 572 3 1057 757
Peak Backoff (aB) 811 [572 [E13 [1057 [75.7
Noise Figure (@) 176 [118 o [o o
Voltage w |5 Is o o o
Current (ma) 15254 [15254 o Jo [o
rInput Analysis
Number of Stages 5 Output Power (rms) | 143 dBm Noise Figure | 1.16 dB OIP3| 877 dBm
Input Pawer | -57375 | dBm Output Voltage (rms) | 116 | Vims Output NSD | -101.2 | dBm/Hz P3| 18 | dBm
Analysis Bandwidth | 200 | MHz Output Voltage (pp) | 3.28 | Vpp OutputNSD| 2 | uWitHz IMD3 ((Pin-3dE) per tone) | -152.8 | dBc
PEP-tc-RMSRatio| 0 dB OF1dB| 704 | dBm Output Noise Floor | 122 | dBm SFOR| 704 | dB
P1dB Backoff aming | 1 dB P1dB| 03 | dim SNR[ 325 | dB ACLR(est)| 32 | dB
Peak Backoff Waming | 1 dB Fower Gain | 7167 | dB Input Rx Sensitivity| 798 | dBm Pur Consumption | 153 | W
Min SN for Demod | 10 | dB Voltage Gain | 7167 | dB

Fig 6. The ADIsimRF simulation of the receiver side.




