SRF02 Ultrasonic range finder
Technical Specification

Overview

The SRFO02 is a single transducer ultrasonic randefiin a small footprint PCB. It features both 2@l a
Serial interfaces. The serial interface is a steshd@L level UART format at 9600 baud,1 start, @msand

no parity bits, and may be connected directly eodérial ports on any microcontroller. Up to 16 SRE

may be connected together on a single bus, eil@oi Serial. New commands in the SRF02 include the
ability to send an ultrasonic burst on its own witha reception cycle, and the ability to perforneeeptior
cycle without the preceding burst. This has beerasested feature on our sonar's and the SRRB2 is

first to see its implementation. Because the SRI@2 a single transducer for both transmission and
reception, the minimum range is higher than oueotlual transducer rangers. The minimum measurement
range is around 15cm (6 inches). Like all our rdingers, the SRF02 can measure in uS, cm or inches.

Operating Modes

There are two operating modes for the SRF02. 12@enamd Serial Mode. This is set with the Mode pin,
connected to Ov Ground for Serial Mode and leftaimmected (or tied to +5v Vcc) for 12C Mode. These a
documented on individual pages. F&€ Mode click hergand forSerial Mode click here
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Connecting the SRF02 to your PC via USB is thiye@ke USBI2C module supplies the SRF02 with
power directly from the USB bus. The USB_I12C_SRp0&gram can bdownloaded here
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SRF02 Ultrasonic range finder
Technical Specification

|2C Mode
For Serial modelick here

12C Communication

To use the SRF02 in 12C mode, make sure nothingnsected to the mode pin, it must be left
unconnected.

The 12C bus is available on popular controllershsas the OOPiIc, Stamp BS2p, PicAxe etc. as wall as
wide variety of micro-controllers. To the programmige SRF02 behaves in the same way as the uhiguito
24xx series EEPROM's, except that the 12C addseddferent. The default shipped address of the (&R
OxEOQ. It can behanged by the usés any of 16 addresses EO, E2, E4, E6, E8, EABECFO, F2, F4, F6,
F8, FA, FC or FE, therefore up to 16 sonar's candael.

Connections

The connections to the SRF02 are identical to RE(B and SRF10 rangers. The "Mode" pin should fb
unconnected, it has an internal pull-up resistbe $CL and SDA lines should each have a pull-ugtaes

to +5v somewhere on the 12C bus. You only needpaireof resistors, not a pair for every module. yrhec
normally located with the bus master rather thanslhves. The SRF02 is always a slave - never a bus
master. If you need them, | recommend 1.8k resst®ome modules such as the OOPiIc already hawve pull
up resistors and you do not need to add any more.

+5y Voo
SDA
SCL
Mode

0w Sround

Registers
The SRF02 appears as a set of 6 registers.
Locatior Rea Write
Software .
0 Revisior Command Regist
Unused (read
1 0x80 N/A
2 Range High Byt N/A
3 Range Low Byt N/A
Autotune
4 Minimum - High N/A
Byte
Autotune
5 Minimum - Low N/A
Byte

Only location 0 can be written to. Location 0 is tommand register and is used to start a rangisgja.
It cannot be read. Reading from location O rettinesSRF02 software revision. The ranging lastsoup
65mS, and the SRF02 will not respond to commandb@ii2C bus whilst it is rangir



Locations, 2 and 3, are the 16bit unsigned resnifh fthe latest rangin- high byte first. The meaning of tl
value depends on the command used, and is eitheatige in inches, or the range in cm or the flighé
in uS. A value of 0 indicates that no objects wagtected. Do not initiate a ranging faster thamegéms
to give the previous burst time to fade away.

Locations, 4 and 5, are the 16bit unsigned minimange. This is the approximate closest range tharso
can measure to. See thatotunesection below for full details.

Commands

The are three commands to initiate a ranging (&2)oto return the result in inches, centimeters o
microseconds. Another set of three commands (88)}alo the same, but without transmitting the burst
These are used where the burst has been transtytabther sonar. It is up to you to synchronimee t
commands to the two sonar's. There is a commarnadd3eansmit a burst without doing the ranging and
also a set of commands to change the 12C address.

Commani Action
Decima Hex

8C 0x5C |Real Ranging Mod- Result in inche

81 0x51 [Real Ranging Mod- Result in centimete

82 0x5z [Real Ranging Mod- Result in micr-second

86 0x5€ |Fake Ranging Mod- Result in inche

87 0x57 [Fake Ranging Mod- Result in centimete

88 0x5¢  |Fake Ranging Mod- Result in micr-second

97 OX5C Tlransmlt an 8 cycle 40khz bur- no ranging take
|p ace

96 OX6C Force Autotune Reste- same as pow-up. You car
ignore this comman

16C 0xAQ 1st in sequence to change 12C adc

16E OxA5 3rd in sequence to change 12C adc

17C OxAA 2nd in sequence to change 12C adc

Ranging

To initiate a ranging, write one of the above comdsato the command register and wait the required
amount of time for completion and read the reduie echo buffer is cleared at the start of eachinan
The ranging lasts up to 66mS, after this the ramagebe read from locations 2 and 3.

Checking for Completion of Ranging

You do not have to use a timer on your own corgrdlb wait for ranging to finish. You can take adtzme
of the fact that the SRF02 will not respond to &1y activity whilst ranging. Therefore, if you tty read
from the SRF02 (we use the software revision nuraldecation 0) then you will get 255 (OxFF) whilst
ranging. This is because the 12C data line (SDAuiged high if nothing is driving it. As soon deet
ranging is complete the SRF02 will again responithéol2C bus, so just keep reading the registal itgt
not 255 (OxFF) anymore. You can then read the sda@. Your controller can take advantage of this t
perform other tasks while the SRF02 is ranging. $R&02 will always be ready 70mS after initiatihg t
ranging.

LED
The red LED is used to flash out a code for the a8@ress on power-up (see below). It also givaseé b
flash during the "ping" whilst ranging.

Changing the 12C Bus Address



To change the 12C address of the SRF02 you must twaly one sonar on the bus. Write the 3 sequ
commands in the correct order followed by the askirExample; to change the address of a sonamtlyrre
at OXEO (the default shipped address) to OxF2evihieé following to address OXEO; (0XAOQ, OXAA, 0xA5,
0xF2 ). These commands must be sent in the caeeetence to change the 12C address, additionadly, N
other command may be issued in the middle of theesgce. The sequence must be sent to the command
register at location 0, which means 4 separateewndinsactions on the 12C bus. When done, you dhoul
label the sonar with its address, however if yodaitget, just power it up without sending any comuais
The SRFO02 will flash its address out on the LEDe@mng flash followed by a number of shorter flashe
indicating its address. The flashing is terminatechediately on sending a command the SRF02.

Decirﬁgdresl"—lex Long Flasl| Short flashe
224 EQ 1 0
22€ E2 1 1
22€ E4 1 2
23( E6 1 3
23z E8 1 4
234 EA 1 5
23€ EC 1 6
23€ EE 1 7
24C FC 1 8
24z F2 1 9
244 FA4 1 10
24¢€ F6 1 11
24¢ F8 1 12
25( FA 1 13
252 FC 1 14
254 FE 1 15

Take care not to set more than one sonar to the address, there will be a bus collision and very
unpredictable results.

Note- there is only one module address stored in tHe02RIf you change it, the equivalent Serial Mode
address will also change:

OxEO, OxE2, OxE4, OxE6, OxE8, OxEA, OxEC, OxEE, OxFO, OxF2, OxF4, OxF6,
OxF8, OxFA, OxFC, OxFE |I2C addresses

0x00, 0x01, O0x02, 0x03, 0x04, O0x05, 0x06, 0x07, 0x08, 0x09, OxO0A, O0xO0B,
0Ox0C, 0Ox0D, OxOE, OxOF Equival ent Serial addresses

AutoTune

The SRF02 does not require any user calibration. pawer up and go right ahead and use the SRF02.
Internally, there are tuning cycles happening aatically in the background. After the ultrasoniadithas
been transmitted, the transducer keeps on ringing period of time. It is this ringing which limithe
closest range the SRF02 can measure. This timedoearies with temperature and from transducer to
transducer, but is normally the equivalent of 11@om (4" to 6"), a bit more if the transducer srm. The
SRF02 is able to detect the transducer ring tintenaove its detection threshold right up to it, giyithe
SRFO02 the very best performance possible. On papethe detection threshold is set to 28cm (114 T
tuning algorithms quickly back this right up to ttnensducer ring. This happens within 5-6 rangiynges -
less than half a second at full scan speed. Afisrthe tuning algorithms continue to monitor tremsduce
backing the threshold up even further when possibkasing it out a bit when necessary. The tuning
algorithms work automatically, in the background avith no impact on scan time.

The minimum range can be checked, if required byirgy registers 4 and 5. This value is returnadSn
cm or inches, the same as the range. It is alssiljeso make the SRF02 re-tune by writing comm@éd
but you can ignore this command. It is used duongtesting
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Serial Mode
For 12C modelick here

Serial Communication

To use the SRFO02 in Serial mode, make sure the Miwmdis connected to Ov Ground.

Serial data is fixed at 9600 baud 1 start, 2 stapreo parity bits. Serial data is a TTL level signk is

NOT RS232. Do not connect the SRF02 to an RS23Z- you will destroy the module! If you would like
to connect the SRFO02 to your PC's RS232 port, yast mse a MAX232 or similar device. It can also be
used (in 12C mode) with the USBI2C module to malseldpowered USB ranger, see the examples pa
details. Many small controllers such as the OO®iamp BS2p, PicAxe etc. as well as a wide variéty o
micro-controllers have serial ports. To communicaith the SRF02, you simply need to send two bytes,
the address of the SRF02 (factory default is O)theccommand. The default shipped address can be
changed by the us¢o any of 16 addresses 0, 1, 2, 3,4, 5, 6,9, 80, 11, 12, 13, 14, or 15, therefore u
16 sonar's can be used.

Connections

The connections to the SRF02 are shown below. Woale" pin must be connected to Ov ground to place
the SRFO02 in serial mode. The Rx pin is data intoSRF02 and should be connected to the Tx piroan y
controller. The Tx pin is data out of the SRF02 ahduld be connected to the Rx pin on your corrolf
you're using multiple SRF02's, you can connect teBmp to the same serial port on your controller.
Connect the Tx from your controller to all the RrRgpon the SRF02's and connect the Rx pin on your
controller to all the Tx pins on the SRF02's. ks because the Tx pins are high impedance gjustal
pull-up to 5v), except when actually sending datesst make sure all the SRF02's are programmed to
different addresses.

+5y Voo
Rx
Tx
Mode

0w Sround

Commands

To send a command to the SRF02, you need to senbytigs. The first is the SRF02's address 0 to 15,
(Ox00 to 0xOF) and then the actual command itsedfe below. The are three commands to initiategimg
(80 to 82), to produce the result in inches, ceetérs or microseconds. These three commands dotieT
result back to your controller. You should wait ®=ind then use command 94 to get the result of the
ranging. Another set of three commands (83 to 83hd same, but also transmits the result of thging
back to your controller as soon as it is availabtegether, these six commands (80 - 85) are caitedl"
because they perform a complete ranging. Theneathar set of six commands (86 - 91) called "Fake".
They are the same as the "Real" commands exceaphthado not send the 8-cycle burst out. These are
used where the burst has been transmitted by arsthar. It is up to you to synchronize the comnsand
the two sonar's. There is a command (92) to trareimirst without doing the ranging.

Command 93 is used to get the firmware revisiothefSRF02.

Command 94 gets returns two bytes (high byte fireth the most recent ranging. Put them together to
make a 16-bit result.

Commands 95 and 96 are used by the Autotune digmit See théutotunesection below for details.




Commani Action
Decima Hex
8C 0x5C |Real Ranging Mod- Result in inche
81 0x51 [Real Ranging Mod- Result in centimete
82 0x52 [Real Ranging Mod- Result in micr-second
83 0X53 |Rea| Ranging Mod- Resul'; in inches, automatically Tx range bac
controller as soon as ranging is comp
84 0x54 |Rea| Ranging Mod- Resul'g in gentimeters, automatically Tx range bax
controller as soon as ranging is comp
85 OXBE Real Ranging Mod- Result in migrl-seconds, automatically Tx range b
~ to controller as soon as ranging is comp
86 0x5€ JFake Ranging Mod- Result in inche
87 0x57 [Fake Ranging Mod- Result in centimete
88 0x5¢  |Fake Ranging Mod- Result in micr-second
89 OX5C |Fake Ranging Mode - Res_ult i_n inches, automaticetlyange back to
controller as soon as ranging is comp
90 OX5A |Fake Ranging Mod- Resul_t in _centimeters, automatically Tx range kiaq
controller as soon as ranging is comp
91 0 Fake Ranging Mod- Result in micr-seconds, automatically Tx ran
X5B Lo
back to controller as soon as ranging is comg
92 0x5C Transmit an 8 cycle 40khz bu- no ranging takes pla
93 0x5D Get software versio- sends a single byte back to the contr
94 Ox5E Get Range, returns two bytes (high byte first) fribiw most recent rangir
95 OXSE Get Minimum, returns two byte_s (high byte first)tbé closest ranc
Jmeasurabl- see Autotune secti
96 0x6C [Force Autotune Rests- same as pow-up. You can ignore this comma
16C 0xAQ 1st in sequence to change 12C adc
16E OxA5 3rd in sequence to change 12C adc
17C OxAA 2nd in sequence to change 12C adc
LED

The red LED is used to flash out a code for the d8@ress on power-up (see below). It also givesed b
flash during the "ping" whilst ranging.

Changing the SRF02 Address

To change the address of the SRF02 you must hdy®oea sonar connected. Write the 3 sequence
commands in the correct order followed by the asklrExample; to change the address of a sonamtlyrre
at O (the default shipped address) to 5, writfalewing to address 0; (0xAO, OXAA, 0xA5, 0x05T)hese
commands must be sent in the correct sequenceatmehthe 12C address, additionally, No other cominan
may be issued in the middle of the sequence. Tipgesee must be sent as four separate commands to th
current address of the sonar. i.e. 0x00, OXAO theé®, OxAA, then 0x00, 0xA5 and finally 0x00, 0x05.
When done, you should label the sonar with its address, however if you do forget, just power it up
without sending any commands. The SRF02 will figssladdress out on the LED. One long flash followed
by a number of shorter flashes indicating its aslslr@he flashing is terminated immediately on samdi
command the SRF02.

Decirﬁgdresl"—lex Long Flasl| Short flashe
0 0Q 1 0
1 01 1 1
2 02 1 2




3 03 1 3
4 04 1 4
S 05 1 S
6 06 1 6
7 07 1 7
8 08 1 8
9 09 1 9
1C 0A 1 10
11 0B 1 11
12 0C 1 12
13 0D 1 13
14 OE 1 14
15 OF 1 15

Take care not to set more than one sonar to the address, there will be a bus collision and very
unpredictable results.

Note- there is only one module address stored in tHe02RIf you change it, the equivalent I2C address
will also change:

0x00, 0Ox01, 0x02, 0x03, 0x04, 0x05, 0x06, 0x07, 0x08, 0x09, Ox0A, O0xO0B,
0x0C, 0Ox0D, OxOE, OxOF Serial addresses

OxEO, OxE2, OxE4, OxE6, OxE8, OxEA, OxEC, OxEE, OxFO, OxF2, OxF4, OxF6,
OxF8, OxFA, OxFC, OxFE Equival ent |2C addresses

AutoTune

The SRFO02 does not require any user calibratiomn. pawer up and go right ahead and use the SRF02.
Internally, there are tuning cycles happening aatically in the background. After the ultrasoniagithas
been transmitted, the transducer keeps on ringing period of time. It is this ringing which limithe
closest range the SRF02 can measure. This timedpearies with temperature and from transducer to
transducer, but is normally the equivalent of 11@om (4" to 6"), a bit more if the transducer &rm. The
SRFO02 is able to detect the transducer ring tintenaove its detection threshold right up to it, gyithe
SRF02 the very best performance possible. On papethe detection threshold is set to 28cm (11Hg T
tuning algorithms quickly back this right up to tinensducer ring. This happens within 5-6 rangiynges -
less than half a second at full scan speed. Afisrthe tuning algorithms continue to monitor ttensduce
backing the threshold up even further when possiblasing it out a bit when necessary. The tuning
algorithms work automatically, in the background anth no impact on scan time.

The minimum range can be checked, if required Ingisgy command 95. This will return the closest
measurable range in uS, cm or inches, the sanieaarige. It is also possible to make the SRFQdne-
by writing command 96 but you can ignore this comddt is used during our testii



