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ELEC2700 Assignment 3: Ultrasonic Radar 
 

1. Objective 
The objective of this assignment is to develop an Ultrasonic Radar. The radar will be able to 
detect objects that come within its field of “view” using a pair of 40kHz ultrasonic transducers 
mounted on a servo motor mechanism. A detected object’s relative position is to be displayed on 
the LCD. The software for this assignment is to be written in C, with the implementation via the 
C8051F120 development system in conjunction with the peripheral interface board. 
 
2. Background 
The term RADAR is an acronym for Radio Detection And Ranging. A radar system sends out 
pulses of electromagnetic waves which will bounce off objects that are in its path and are 
reflected back to a waiting receiver. The time taken for the reflected portion of the wave to return 
can be used to calculate the distance to the object that generated the reflection. Typically a radar 
system will continuously rotate upon its axis in order to build up a 360 degree database of object 
locations that are within range. Each detected object’s position relative to the radar is identified 
on a two dimensional display. A modern airport might have a radar display that looks something 
like that given in Figure 1. 
 
 

 
Figure 1: - Radar image  
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3. Description 
In this assignment instead of radio waves we will use sound. The Peripheral Interface Board 
NH10020, as shown in Figure 2, has a pair of 40kHz Ultrasonic transducers mounted on top of a 
servo motor. One of the transducers is a transmitter and the other is a receiver1. Since the speed of 
sound2 is 343m/s, distance to obstacles can be determined by timing how long it takes for the 
“echo” of a short pulse of ultrasonic sound to return. The servo motor can be used to “sweep” an 
area around the peripheral interface board looking for objects. The relative distance and angular 
position of any detected object’s can then be recorded and displayed on the peripheral board’s 
LCD.  
 
When an object is within 100mm the radar is to cease sweeping and send out a pulsating warning 
alarm using the speaker. This alarm is to be at a frequency of 260Hz and is to be 1 second on, 1 
second off. The alarm is to continue until the obstacle leaves the 100mm boundary radius. At this 
point the normal radar sweep is to restart.  
 
For reference purposes, all distances are to be considered relative to the transducer platform. For 
the angular reference, the lengthwise axis of the printed circuit board is to be considered at an 
angle of 0°. The radar is expected to detect objects from 50mm onwards and have an angular 
range of ±90°. 
 
3.1 The peripherals 
The complete port specification for the peripheral interface board is given in Table 1. 
 

 
Figure 2 - Peripheral Interface Board NH10020 

                                                 
1 Refer to the part numbers on the rear of the devices for identification. 
2 In dry air at 20 °C the speed of sound is 343 metres per second. 
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C8051F120 ports Direction Peripheral 

P0.2 → Ultrasonic transducer transmit 
P0.3 ← Ultrasonic transducer Receive 
P0.4 → Servo control (SER_SIG) 
P0.5 → Digital POT SPI select (SPISEL) 
P0.6 → Digital POT SPI (SPI) 
P0.7 → Digital POT SPI clock (SCLK) 
P1.0 ← Push button PB1 (Pressed=0) 
P1.1 ← Push button PB2 (Pressed=0) 
P1.2 ← Push button PB3 (Pressed=0) 
P1.3 ← Push button PB4 (Pressed=0) 
P1.4 ← Push button PB5 (Pressed=0) 
P1.5 ← Push button PB6 (Pressed=0) 
P1.6 ← Push button PB7 (Pressed=0) 
P1.7 ← Push button PB8 (Pressed=0) 
P2.0 → LED LD1 (1=on, 0=off) 
P2.1 → LED LD2 (1=on, 0=off) 
P2.2 → LED LD3 (1=on, 0=off) 
P2.3 → LED LD4 (1=on, 0=off) 
P2.4 → LED LD5 (1=on, 0=off) 
P2.5 → LED LD6 (1=on, 0=off) 
P2.6 → LED LD7 (1=on, 0=off) 
P2.7 → LED LD8 (1=on, 0=off) 
P3.0 ←→ LCD DB4 
P3.1 ←→ LCD DB5 
P3.2 ←→ LCD DB6 
P3.3 ←→ LCD DB7 
P3.4 → LCD RS 
P3.5 → LCD R/Wn 
P3.6 → LCD E 
P3.7  N/A 

DAC0 → DAC audio output (DAC0) 
Table 1 – Port specification for the peripheral interface board (NH10020) 
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3.2 Distance detection 
In order to detect distance, a short pulse of 40kHz is required to be generated and output on the 
microcontroller’s port pin P0.2. A suggestion is to output 4 cycles of 40kHz. Note that this output 
pulse will be picked up by the receiver so it is important to ignore any detected pulses for an 
initial period of time. A suggestion for this “mask time” is around 150µs after the last transmit 
cycle (but you may need to experiment with this value). After the mask time, the timer should be 
started and the receive pin (P0.3) polled for any rising edges which will signify that a pulse echo 
has been detected. Upon reception of a rising edge the timer should be stopped. The time value 
recorded can then be translated into the detected object’s distance. Remember to take into account 
the latency associated with the mask time and the fact that the sound travels out and back….You 
will also need to account for objects that are out of range by including a time out state. A simple 
distance detection flow chart is given in Figure 3.  
 
 
 

 
 

Figure 3 – Distance detection flow chart 
 

Figure 4 shows the transmit/receive signals relative to the microcontrollers port pins. Figure 5 
shows an oscilloscope screen capture of the transmit/receive signals. Note that in this figure the 
receive signal (top) has been recorded from pin C11 of the expansion connector between the 
C8051F120 development kit and the peripheral interface board. The transmit signal has been 
recorded from the transmit pin of the transmit ultrasonic transducer (the signal has been inverted 
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on the peripheral interface board). There is a ground reference provided on the peripheral 
interface board near the power supply connection. 
 

 
 

Figure 4 – 8051F120 port pin input/output response 
 

 
Figure 5 – Oscilloscope screen capture 
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3.3 Servo Motor Control 
 

 
Figure 6 – Servo Motor 

 
Servo motors are controlled by regulating the pulse width given to their servo control pin. A 
typical servo control output waveform is given in Figure 7. In this case the microcontroller port 
pin P0.4 is directly connected to the HS-311 servo control pin. The waveform is based around a 
short positive going pulse followed by a logic zero for 20ms. This waveform is repeated to 
maintain the servo’s position. 
 

 
Figure 7 – Servo control output 

 
The servo position is determined by the width of the positive pulse with typical widths of between 
600µs and 2400µs. The relationship between the servo’s angular position and the pulse width is 
given in Figure 8. 

 
 

Figure 8 – Servo position angle relative to pulse width 
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3.4 LCD  
The LCD used on the peripheral interface board is configured for 4 bit mode. This means that to 
send each 8 bit data byte, for example the ASCII value of a character to be displayed, the upper 
nibble is sent on the 4 data lines during the first operation, then the lower nibble is sent on the 
second operation. The interface pins associated with the LCD are given in Table 2. The timing 
requirements associated with data transfer are given in Figure 9. In basic implementations only 
write operations will be required. 
 
 
 

Port Pin Label Description 
P3.7 BL N/A - Set to 0 
P3.6 E Enable 
P3.5 R/W Read / Write line 
P3.4 RS Register Select 
P3.3 D7 Data line 
P3.2 D6 Data line 
P3.1 D5 Data line 
P3.0 D4 Data line 

Table 2 – LCD port pins 
 
 

 
Figure 9: - LCD Control Timing 

 
To display information on an LCD it must first be initialized. The initialization requirements 
associated with 4 bit mode are provided in Figure 10. Note that after each step the “enable” E pin 
(P3.6) must be toggled as shown in Figure 9. Ensure that the timing requirements are met or 
exceeded for the E toggle….. 
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Figure 10: - LCD Initialisation 
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Figure 11: - LCD Instruction Set 

 
The instruction set for the LCD is given in Figure 11. For a comprehensive guide to the LCD 
refer to the datasheet supplied on Blackboard.  

 
 

4. Innovation 
Additional marks will be allocated for incorporating innovative features into the basic system 
(Refer to the marking Rubric in Figure 12). A couple of suggestions are: 
 
a)  Tracking multiple objects based on location history. 
b)  The ability to lock onto an object and track it individually whilst it is in motion 
c)  Object velocity and travel direction 
d)  Basic radar screen “emulation” using the LCD  
e)  Sending and data and receiving control information via the RS232 communication link. (For 
information regarding the use of the application Hyperterminal via a desktop computer, refer to 
the Hyperteminal Guide document on Blackboard). 
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5. Hints 
I would suggest dividing up the workload associated with this assignment into three areas. These 
areas would be the Ultrasonic distance detection module, the Servo control module, and the LCD 
display module.  
 
A code template can be downloaded from Blackboard. Note that I have changed the system clock 
to run at 24.5MHz. You will find that a bit more speed is handy in this assignment. 
 
6. Evaluation 
This assignment is worth 20%. The marking rubric for this assignment is provided in Figure 12. 
The assignment evaluations will be conducted during the scheduled laboratory sessions by your 
tutor. All group members must be present during the demonstration and a signed Assessment 
Cover Sheet which details the relative contribution of each team member must be provided prior 
to beginning the demonstration. The Assessment Cover Sheet for this assignment can be found on 
Blackboard. A student will receive zero if he/she fails to attend his/her scheduled laboratory 
session. Before the end of the scheduled laboratory you must also electronically submit your 
solution. The electronic submission steps are as follows:  
1/ Ensure that the C program file is named A3_XX where XX is the assigned group number. 
2/ Ensure that the file includes all of the group members names and student numbers. 
3/ Change the C program file’s file extension from “.c” to “.txt”. 
4/ (One group member only) Submit the “A3_XX.txt” file electronically via Blackboard to 

Assignments/Assignment 3. Note that this is a Turnitin submission. 
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Figure 12 – Assignment 3 Marking Rubric 


