LENESAS

Application Note

Digital Distance Measurement
with Ultrasonic Sensor Interface

AN-CM-227

Abstract

This application note describes how to implement a digital ultrasonic distance sensor using the
GreenPAK module.

This application note comes complete with design files which can be found in the References
section.
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1 Terms and Definitions

ASM asynchronous state machine
IC integrated circuit

FSM finite-state machine

RAM random access memory
LED light-emitting diode

LCD liquid-crystal display

BCD binary-coded decimal

GPIO general-purpose input/output
2 References

For related documents and software, please visit:

GreenPAK™ Programmable Mixed-Signal Products | Renesas

Download our free GreenPAK Designer software [1] to open the .gp files [2] and view the proposed
circuit design. Use the GreenPAK development tools [3] to freeze the design into your own
customized IC in a matter of minutes. Renesas Electronics provides a complete library of application
notes [4] featuring design examples as well as explanations of features and blocks within the IC.

[1]
(2]

[3]
[4]

Appl

GreenPAK Designer Software, Software Download and User Guide, Renesas Electronics

AN-CM-227 Digital Distance Measurement with Ultrasonic Sensor.gp, GreenPAK Design File,
Renesas Electronics

GreenPAK Development Tools, GreenPAK Development Tools Webpage, Renesas Electronics
GreenPAK Application Notes, GreenPAK Application Notes Webpage, Renesas Electronics
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https://www.renesas.com/eu/en/products/programmable-mixed-signal-asic-ip-products/greenpak-programmable-mixed-signal-products
https://www.renesas.com/eu/en/software-tool/go-configure-software-hub
https://www.renesas.com/eu/en/document/scd/cm-227-gp-file
https://www.renesas.com/eu/en/products/programmable-mixed-signal-asic-ip-products/greenpak-programmable-mixed-signal-products/greenpak-development-process
https://www.renesas.com/eu/en/products/programmable-mixed-signal-asic-ip-products/greenpak-programmable-mixed-signal-products/greenpak-applications
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3 Introduction

The goal of this application is to design a digital distance sensor with the help of a GreenPAK IC. The
system is designed using the ASM and other components within the GreenPAK to interact with an
ultrasonic sensor.

The system is designed to control a one-shot block, which will generate the trigger pulse with the
necessary width for the ultrasonic sensor and classify the returning echo signal (proportional to the
distance measured) into 8 distance categories.

The interface designed can be used to drive a digital distance sensor to be used in wide variety of
applications, such as parking assist systems, robotics, warning systems, etc.

4  Interface with Digital Ultrasonic Sensor

The system designed sends trigger pulses to the ultrasonic sensor every 100 ms. The GreenPAK
internal components, together with the ASM, oversee the classification of the returning echo signal
from the sensor. The ASM designed uses 8 states (states O to 7) to classify the echo from the
ultrasonic sensor using the technique of iteratively transitioning through the states as the system
waits for the echoed signal. In this way, the further the ASM goes through the states, the fewer LEDs
light up.

As the system keeps measuring every 100 ms (10 times per second) it becomes easy to see the
increase or decrease on the distances measured with the sensor.

4.1 Ultrasonic Distance Sensor

The sensor to be used on this application is the HC-SR04, which is illustrated with the following
Figure 1.

(V) . (GRO)

Trigger T 1 Echo

Figure 1: Ultrasonic Sensor Used on The Project

The sensor uses a 5 V source on the leftmost pin and the GND connection on the rightmost pin. It
has one input, which is the trigger signal, and one output, which is the echo signal. The GreenPAK
generates an appropriate trigger pulse for the sensor (10 us according to the datasheet of the
sensor) and measures the corresponding echo pulse signal (proportional to the distance measured)
provided by the sensor.

All the logic is set within the GreenPAK using the ASM, delay blocks, counters, oscillators, D flip-
flops and one-shot components. The components are used to generate the required input trigger

Application Note Revision 1.0 06-Mar-2018
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pulse for the ultrasonic sensor and classify the returning echo pulse proportional to the distance
measured into distance zones as detailed in the following sections.

The connections needed for the project are shown in Figure 2.

| vbD TRIGGER | VDD

GreenPAK

HC-SR04

A5M Ultrasonic Distance Sensor
DFFs
Internal Oscillators
Control Logic
One Shot ECHO l
Delay Blocks GND

v

Qutput LEDs 1 to 8
Control Unity

|
GND

Figure 2: Interface System Design and Connections

The input trigger requested by the sensor is an output generated by the GreenPAK, and the echo
output of the sensor is used to measure the distance by the GreenPAK. The internal signals of the
system will drive a one-shot component to generate the required pulse to trigger the sensor and the
returning echo will be classified, using D flip-flops, logic blocks (LUT and inverter), and a counter
block, into the 8 distance zones. The D flip-flops at the end will hold the classification on the output
LEDs until the next measure is done (10 measures per second).

4.2 Realization with GreenPAK Designer

This design will demonstrate the state machine functionality of the GreenPAK. Since there are eight
states within the proposed state machine, the GreenPAK SLG46537 is appropriate for the
application. The machine was designed on the GreenPAK Designer software as shown in Figure 3,
and the outputs definitions are set on the RAM diagram of Figure 4.
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O —©

DFF3 -

ie)

RAM 3]
Connection Matrix Qutput RAM

Sate b 1 p PRI E | P(E|E|B
name 2 2 2 2 2 2 2 2
O O ©Oo|0o|0 O o0 0
State O 1 1 1 1 1 1 | 1 | 1
State 1 i 1 il 1 i i | 1 I v]
State 2 i 1 1 1 1 1 | 0 I 0
State3 | 1 1 1 1 1 0 I 0 I 0
State 4 1 1 1 1 a I a I ] I V]
State5 | 1 1 1 [} I 0 I 0 I 0 I 0
State & i 1 0 I a I a I a I o] I a
State 7 i 0 I i] I o] I 1] I 0 I 0 I 0

Figure 4: Output RAM Connections

DFF3 -=

N

The full diagram of the circuit designed for the application can be seen in Figure 5. The blocks and
their functionalities are described after the Figure 5.
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Figure 5: Full Circuit Diagram Designed as Interface for The Ultrasonic Distance Sensor

As can be seen in Figure 3, Figure 4 and Figure 5, the system is designed to work in sequential-state
order to generate a 10 us trigger pulse for the ultrasonic distance sensor, using CNT2/DLY2 block as
a one-shot component together with the 25 MHz clock from OSC1 CLK, to generate the signal on
PIN4 TRIG_OUT output. This one-shot component is triggered by the CNT4/DLY4 counter block
(OSCO0 CLK/12 = 2kHz clock) every 100 ms, triggering the sensor 10 times per second.

The echo signal, whose latency is proportional to the distance measured, comes from the PIN2
ECHO input. The set of components DFF4 and DFF4, CNT3/DLY3, LUT9 create the lag to follow
through the states of the ASM. As can be seen in Figure 3 and Figure 4, the further the system
traverses through the states, the fewer outputs are triggered.

The steps of the distance zones are of 1.48 ms (echo signal), which is proportional to 0.25 cm
increments, as shown on the following equation. That way we have 8 distance zones, from 0to 2 m
in 25 cm steps, as shown on Table 1.

AS 2 *0.25m 340 m b 148
= D ——) = — - = 1.
VA echoysem (S) s GCN0asem ms
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Table 1: Classification of Distances Measured on Output LEDs

Distance Zone Distance Measured “D” Number LEDs ON

1 D >175cm 1

150cm < D < 175cm

125cm < D < 150cm

100cm < D < 125cm

75cm < D < 100cm

50cm < D < 75cm

25cm < D < 50cm

0 N[fojlga|h~|wWw|N
0 N[l |h~|w|N

D < 25cm

5 Results

To test the design, the configuration used on the emulation tool provided by the software can be
seen in Figure 6. The connections on the pins of the emulation software can be seen after it on
Table 2.

TP20*
Pull down

NWM Data

PIN20

TP19*

TP17*
TP16*

TP15*
Pull down

Pulup -LED

FINg

NfC -LED
PINID

Figure 6: Emulation Tool Configuration for Testing in GreenPAK Designer Software
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Table 2: Connection of GreenPAK Pins and Design Signals

Pin Number Test Point Number Connection Description
1 TP1 VDD
2 TP2 ECHO
3 TP3 N/C
4 TP4 TRIG_OUT
5 TP5 N/C
6 TP6 N/C
7 TP7 N/C
8 TP8 12C
9 TP9 12C

10 TP10 N/C

11 TP11 GND
12 TP12 NC

13 TP13 LED1
14 TP14 LED2
15 TP15 LED3
16 TP16 LED4
17 TP17 LEDS
18 TP18 LED6
19 TP19 LED7
20 TP20 LED8

The emulation tests show that the design works as expected by providing an interface system to
interact with the ultrasonic sensor. The emulation tool provided by GreenPAK proved itself a great
simulation tool to test the design logic without programming the chip and a good environment to
integrate the development process.

The circuit tests were made using an external 5 V source (also designed and developed by the
author) in order to provide the nominal sensor voltage. Figure 7 shows the external source used (0-
20 V external source).

Application Note Revision 1.0 06-Mar-2018
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Figure 7: External Voltage Source Used

To test the circuit, the echo output from the sensor was connected on the input of PIN2 and the
trigger input was connected on PIN4. With that connection, we could test the circuit for each one of
the ranges of distance specified on Table 1 and the results were as follows in Figure 8, Figure 9,
Figure 10, Figure 11, Figure 12, Figure 13, Figure 14, Figure 15 and Figure 16.

Figure 8: Circuit Test Measuring on Turned Off

Application Note Revision 1.0 06-Mar-2018
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Figure 9: Circuit Test Measuring Distance D Within the Range 8: D<25 cm
:ﬂ'l e

|

Figure 11: Circuit Test Measuring Distance D Within the Range 6: 50 cm<D<75 cm
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Figure 14: Circuit Test Measuring Distance D Within the Range 3: 125 cm<D<150 cm
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Figure 16: Circuit Test Measuring Distance D Within the Range 1: D>175 cm

The results prove that the circuit works as expected, and the GreenPAK module is capable of acting
as the interface for the ultrasonic distance sensor. From the tests, the circuit designed could use the
state machine and the internal components to generate the required trigger pulse and classify the
returning echo lag into the categories specified (with 25 cm steps). These measurements were made
with the system online, measuring every 100 ms (10 times per second), showing that the circuit
works well for continuous distance measuring applications, such as car parking assisting devices and
S0 on.

5.1 Possible Additions

To implement further improvements on the project, the designer could increase the distance to
encapsulate the entire ultrasonic sensor range (we are currently capable of classifying half of the
range from 0 m to 2 m, and the complete range is from 0 m to 4 m). Another possible improvement
would be to convert the distance measured echo pulse to be displayed in BCD displays or LCD
displays.

Application Note Revision 1.0 06-Mar-2018
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6 Conclusion

In this app note a digital ultrasonic distance sensor was implemented using the GreenPAK module as
a control unit to drive the sensor and interpret its echo pulse output. The GreenPAK implements an
ASM along with several other internal components to drive the system.

The GreenPAK development software and development board proved to be excellent tools for fast
prototyping and simulation during the development process. The GreenPAK’s internal resources,
including the ASM, oscillators, logic, and GPIOs were easy to configure to implement the desired
functionality for this design.
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