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SENSOR JARAK ULTRASONIK ( SRF05)

SRFO0S - Ultra-Sonic Ranger
Technical Specification

Introduction

The SEF03 15 an evolutionary step from the SEF04, and has been designed to mcrease flexibility, merease range,
and to reduce costs still further. As such, the SEF03 is fully compatible with the SEF04. Range 13 increased from 3
meters to 4 meters. A new operating mede (tying the mode pin to ground) allows the SEF(03 to use a single pin for
both frigger and echo, thereby saving valuable pins on your contreller. When the mede pin is left unconnected, the
SEF05 operates with separate trigger and echo pins, like the SEF04. The SEF(}3 mncludes a small delay before the
echo pulse to give slower controllers such as the Basic Stamp and Picaxe fime to execute their pulse in commands.

Mode 1 - SRF04 compatible - Separate Trigger and Echo

This mode uses separate trigger and echo pins, and 15 the simplest mode to use. All code examples for the SRF04
will work for the SEF0Z in this mode. To use this mode, just leave the mode pin unconnectad - the SRF0S has an
internal pull up resistor on this pin.

Oy Supply Programming pins.
Lsed once anly to
Echo Dutput program the F'H: chip

Triger [nout
Mooie (Mo Connection)

oy Ground

dunng manufacture.

Do not connect to
Lhese pins.

Caonnections far 2-pin TngmerEcho Made (SEFA compstiblie)
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SRF05 Timing Diagram, Mode 1

Tricger pulse
10us Mininum

Trigoer oulse

input to 5RFOS
A eyeiesom
ORI DUrs
Utirz=onic burst HH_’”"]"_’[”
transritted
from SRFOS

Echo pukse - 10005 o 26m3. Times
out asfter 30m= f ro object detected

Echopul=s autput
rrom ERFDS LD

us=ars cantraller

Mode 2 - Single pin for both Trigger and Echo

This mode uses s single pin for both Trigger and Echo signals, and 15 designed to save valuable pins on embedded
contrellers. To use this mode, connect the mede pin to the Ov Ground pin. The echo signal will appear on the same
pin as the tngger signal. The SEF05 will not raise the eche ine unnl 700uS after the end of the migger signal. You
have that long to turn the frigger pin around and make it an input and to have your pulse measuring code ready. The
PULSIN command found on many popular controllers does this automatically.

v Supply

Mo Connectian

Trigger Input, Echo Ougaut

rMooe (Low - Connect to Ground)
dy Ground

Programming pins.
Used once anfy to
program the PIC Chip
durihg manufacture.

Do Aok connect to
MEesE pins.

Connections for single pin TnggerEcho Mods



SRFOS5 Timing Diagram, Mode 2
TIt%E" pule= Echo puize - 100UE to 25mE. Trnes
100 Winrwm ot sfter I0mE o obiecd detectsd
Trngmar pulss
rpL 1o SRFOS
afd Ecred pulss
ouipul o users
ontolEr LR TH ==l N
S0NKE RUrel
Ul aganc bure m,l,l,m,m
traremited
I BFF 15
Coour Codes
ELE- '_\.ﬁer_gcnlmlrnh drivesthe TROperEchD pin
- T -._-\.'-u-|__|.u i

To use mode 2 with the Basic Stamp BS2, you simply vse FULS0UT and PULSIN on the same pin, 1ike this:

SEFOS PIN 15 " uge any pin for both teipger and echo
Rangs VAR Word " define the 16 bit range variable

CRFDS = 0 “atart with pin low

PULSOUT SRFOS, 5 "oassue 10uS trigger pulse (5 x ZuS)
PULSIM SRFOS, 1, Range ' measure echs time

Range = Range/29 " convert tooem {(divids by 74 for inches)
Calculating the Distance

The 5RF05 Timing diagrams are shown above for each mode You only need to supply a short 1005 pulse to the
rizger mput to start the ranging. The SFFQS will send our an £ cycle burst of nimasound at 40khz and raise its echo
line hizh (or migger lne in made ). It then lstens for an echo, and a5 soon as it detects one It lowers the echo line
again. The echo line 1= tharefore 2 pulse whose width 1= proportional to the distance to the object. By timing the
pulse it is possible to calonlate the range b mches/'centimesers or auything else. If nothing s detected then the
SFEFO5 will lower its echo line anyway after about 30mS.

The 5FF(4 provides an echo pulse proportionsl fo distance. If the width of the pulse is measured in us, then
dividing by 58 will give you the distance in cm or dividing by 148 will give the distance in inches. n5/58=cm or
15/ 148=inchas.

The 3FF05 can be miggered as fast as every 50mS, or 20 times each second You should walt 50ms before the next
tmizgzer, even if the SEFQ5 detects a close object and the echo pulse is shorter. This is to ensure the ulrasonic "heep”
kas faded sway and will not cause a false echo on the pext ranging.

The other set of 5 pins

The 5 pins marked "progmanuming pis” are used once only durinsz mannfacuoe o program the Flash memory on the
FIC16F630 chip. The PIC16F430's progranuming pins ara 2lso nsed for other finctoens on the SEFQS, so maks sure
you don't connect anything to these pins, or you will disrupt the modules operation.

Changing beam pattern and beam width

You can't! This is 2 question which crops up regularly, however there is no easy way to reduce or change the beam
width that I'm aware of The beam partaro of the SFFQ5 is comdcal with the width of the beam being a functea of the
surface sres of the mansducers and is fiwed. The beam patem of the ransducers used on the SEFOS, tken fom the
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mavufacturers data shest, 1s shown below.

There 1= more infonmation in the zonar fag,
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SENSOR KAMERA( CMUCam2+)

CMUcam?2 Vision Sensor

User Guide
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Getting Started

Setting Up the Hardware

In order to mitially test your CMUcam?, you will need a serial cable, a power
adapter and a computer. The CMUcam?2 can use a power supply which pro-
duces anywhere from 6 to 15 volts of DC power capable of supplymg at least
200mA of corrent. Thas can be provided by either an AC adapter (possibly
meluded) or a battery supply. These should be available at any local electron-
1cs store. The semal cable should have been prowided with your CMUcam?.
Make sure that you have the CMOS sensor board connected to the ChMUcam?
board so that 1t 13 in the same onentation as the picture shows on the cover of

this mammal.

Power  Clock fumper  pwrLED

=] "l"l -_I m/

SOoO0o00000D0000000
DOOoOOo0ooDOO00000

TTTTTrTreTTw

J_——— =
m = =
= =
= -

First, connect the power. Make sure
that the positive s1de of your power
plog 15 facing away from the main
components on the board. If the cam-
era came with an AC adapter, make
sure that the connector locks into the

Now that the camera has power, con-
nect the senal hmk between the cam-
era and your computer. Thas hnk 15
required inifially so that you can test
and focns your camera. The senal

cable should be connected so that the
nibbon part of the cable faces away
from the board. Yo nmst also commect

the senial pass through jumper.

Check to make sure that the clock
Jumper 15 connected. This allows the
clock to actively dnve the processor

Once everything is wired up, try fum-
mg the board on. The power LED
should ilhiminate green and only one
LED should remamn on. Both LEDs
tum on upon startup, and one torms off
after the camera has been sucessfully

configured.

C-6



Testing the Firmware

Once you have set the board up and downloaded the firmoware, a good way to
test the system is to connect it to the senal port of a computer.

Step 1: If one does not already exist, build a senal and/or power cable

Step 2: Plug both of them m.

Step 3: Open the termmal enmlator of your choice.

Step 4: Inside the termmal emmlator set the commmumication protocol
to 115,200 Band, 8 Data bits, 1 Stop bit, no panty, local echo
on, no flow control and if possible fum on “add line feed” (add
‘n to areceived 'r). These seting should usnally appear under
“senal port” or some other stmlar menm option.

Step 5. Tum on the CMUcam? board; the Power LED should hght
up and only one of the two status LEDs should remam on.

Step 6 You should see the followmg on your termimal enmlator:

CMUcam? v1.0 ch

If you have seen this, the board was able to snccessfully
configure the camera and start the firmware.

Step 7: Type gv followed by the enter key. You should see the
followmg:

-EV
A
CMUecam? v1.0 ch

Thas shows the current version of the fimrorare. If thas 1=

successful, your computer’s senal port 15 also configured
comectly and both fransmmt and recerve are working.



Serial Commands

The senal communication parameters are as follows:

= 1,200 to 115,200 Baud

= & Data bits

= 1 Stop bit

= No Panty

+ No Flow Control (Not XonXoff or Hardware)

All commands are sent using visible ASCII characters (123 is 3 bytes 1237 ).
Upon a successful transmussion of a command, the ACK sinng should be re-
tumed by the system If there was a problem m the syntax of the transmission
or 1f a detectable transfer error occured, a NCK sinng 13 retumed. After esther
an ACK or a NCK, a 'r 15 returned. When a prompt ('r” followed bya "7 ) 15
refumed, 1t means that the camera 13 waiting for another command m the 1dle
state. White spaces do matter and are used fo separate argument parameters.
The 'r (ASCII 13 camiage refumn) is used to end each line and activate each-
command. If visible character transmission causes too much overhead, 1t 15
possible to nse varymg degrees of raw data transfer.



Alphabetical Command Listing

Bl BulTer kinde 30
CR Careera Regialer 31
cr Carpera Power 3z
cT et Camem Type iz
[ Teferenes Chasne] 32
(v =] Dty Bdeale 3
D3 Daren Sasple 33
FLi Frame Dilferesse 34
F3 Frichie S¥eis 34
ans el Brallon s
aH (Tt Histegras ki3
ai el Avese 00D i 35
el =) (et Belewn 35
as Chet Servs Peaibana 35
ar el Treckisg Pasnelens 37
aw el Versdies 37
ey el Wiidir 38
HC Hedlorgram Configuse k1]
HI» Higs Reslalion Differenze ki3
HE HeFen Mfode 38
HT Set Hinteggan Teack ki
L Ti Lad Contral ki
LF Ll Fraene o DillTeresie k)
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Lk Lene bdoade &)
KD ek O Feeruie x|
HF Tirze Filier &
Ol Carput Facke? Misk 5
FI Fisel Dilferens &
FF Fackel Filler &5
(et | Fall Bl &5
F3 Fucket Skip a7
i) Rzid Frasts e Fuller &7
R Raw bdods ]
R= R &
D Sleep Deeply 0
85F Send Frase i)
aL Slegp Conpamand i)
. Seivo hask &1
80 Semva Dulpa 5]
=P Servan Parurestea L)
a7 Sel Teack Corranisl 52
aw Servo Frailion 53
TC T Tl 53
Tl Triek Teeeeried 53
T Tt Wisdhoas 4
LUE [prhead Dallerens bl 55
W Vil Window &5




r

This command 15 used to set the camera board mto an idle state. Like all other
commands, you should receive the acknowledgment strmg “ACK” or the not
acknowledge stning “NCK” on failure. After acknowledging the idle com-
mand the camera board waits for further commands, which 1s shown by the *-’
prompt. Whale i this idle state a ‘v by itself will return an “ACK™ followed by
‘r and : character prompt. This 15 how you stop the camera while in streanung
mode.

Example of how to check if the camera is alive while in the idle stafe:

ACK

BM active 'r

This command sets the mode of the ChUcam’s frame boffer A valoe of O (de-
faunlt) means that new frames are constantly being pushed into the frame buf-
fer. A valoe of 1, means that only a simgle frame remains i the frame buffer
This allows nmltiple processmg calls to be applied to the same frame. Instead
of grabbmmg a new frame, all commands are apphed to the cumrent frame mn
memory. 5o you could get a histogram on all three channels of the same 1mage
and then track a color or call get mean and have these process a single buff-
ered frame. Calling RF will then read a new frame into the buffer from the
camera. When BM 15 off, RF 15 not requured to get new frames.

Example of how to track muliiple colors using buffer mode:

-BM 1

ACE

PM 1

ACE

‘TC 200 2400 30030
ACE

T 20 40 10 30 30 50 20 30
‘RF

ACE

‘TC 030200 240 030
ACE

T 30 30 20 40 40 60 22 31
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CR [ regl valuel [reg? value? .. regl6 valueld] J'r

Thizs commsand sefs the Camera’s imternal Register valees directly. The register locations and
possible setings can be found in the Onmivision CHWEOS camera dooomentation. All the

data sent to this command should be in decimal wisible character form umless the camera has
previously been set into raw mode. I is possible to send np to 16 register-valie combinations.

Previous register seffings are not reset between CF calls; however, you may overamite

previous seftings. Calling this commeand with no sTguments resers the camera and restores the
Camera registars to their defanlt state. This conwnand can be nsed to hard code zain values or

manipulate other low level image properties.

Bagister Vahae Effect
5 | Conirast 0-155
EBrighimess 0-255

1% | Coleor Mode
£l YCrCh Awto White Balance Cn
32 YCrCh Awto White Balance Off
== Fi5E Anto White Balance Cmn
2 YRGB Auto White Balance O

17 | Clock Spead
i *50 fps
1 26 fps
2 17 ip=
E] 13 fps
4 11 fps
5 9 fps
1] 8 ips
7 7 fps
L i fps
10 5ips

19 | Auto Exposurs
32 Amfo zzin off
33 *Anto Zain on

* indicates the defanlt state

Example of switching info YCrCh mode with White Balance off

:CR 1832
ACK
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CP boolean 't

This command toggles the Camera module’s Power. A value of 0, puts the
camera module into a power down mode. A value of 1 tums the camera back
on while maintaiming the current camera register values. This should be used
m simations where battery life needs to be extended, winle the camera 15 not
actively processmg mmage data. Images m the frame buffer may become cor-
rupt when the camera 15 powered down.

CT boolean \r

This command toggles the Camera Type while the camera 15 in slave mode.
Since the CMUcam? can not determine the type of the camera without com-
mmmicating with the module, 1t 15 not possible for it to auto-detect the camera
type 1n slave mode. A value of 0, sets the CMUecam? mto ov6620 mode. A
value of 1 sets 1f into ov7620 mode. The default slave mode startup value as-
sumes the owb620.

DC value 't

This command sets the Channel that 13 used for frame Dhfferencing com-
mands. A value of 0, sets the frame differencing commands LF and FD to
use the red (Cr) chamnel. A valoe of 1 (default) sets them to use the green (Y)
channel, and 2 sets them to nse the blue (Cb) channel
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DM value 't

This command sets the Delay Mode wluch conTols the delay between char-
acters that are transmutted over the senal port. This can give slower processors
the time they need to handle senal data. The value should be set between 0
and 233, A value of 0 {default) has no delay and 233 sets the maxinmm delay.
Each delay umt 13 equal to the transfer time of one Int at the current band rate.

DS x_factor v_factor \r

This command allows Down Szmpling of the image being processed. An
x_factor of 1 {default) means that there 13 no change m honzental resolunon.
Anx factor of 2, means that the honzontal reselution 15 effectively halved.

50 all commands, like send frame and track color, will operate at this lower
down sampled resolunon. This gives you some speed merease and reduces the
amount of data sent m the send frame and bitmap lmemodes without clipping
the image like virmal windowmg would. Smmlarly, the yv_factor mdependenty
controls the vertical reselution. (Increasing the v_factor downsampling gives
more of a speed merease than changing the x_ factor) The wvirmal window 13
reset to the full size whenever this command 1s called.

Example of down sampling the resolution by a factor of 2 on both the horizon-
tal and vertical dimension.

D522

ACK

M

ACK
SBO00ATEGS
58991467562
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FD threshold 'r

This command calls Frame Differencing agamst the last loaded frame us-

mg the LF command. It retums a type T packet contammg the middle mass,
bounding box, pixel count and confidence of any change since the previously
loaded frame. It does fhis by calculating the average color mtensity of an 8x8
gnd of 64 regions on the mage and companng those plos or minus the user as-
signed threshold. So the larger the threshold, the less sensifive the camera will
be towards differences m the image. Usunally values between 5 and 20 yield
good results. (In lugh resolnbion mode a 16x16 gnd 15 used with 256 regions.)

FSboolean'r

This command sets the Frame Streaming mode of the camera. A value of 1,
enables frame streaming, while a 0 (defanlt) disables it. When frame stream-
mg 15 active, a send frame command will contimmously send frames back to
back out the serial connection.
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GB'r

This command Gets a Button press if one has been detected. This command
retumns erther a 1 ora 0. Ifa 1 13 retumed, thiz means that the button was
pressed sometime since the last call to Get Button. Ifa 0 is retumed, then no
button press was detected

GH =channel= 't

This command Gets a Histogram of the channel specified by the user. The
histogram contams 28 bins each holdmg the mmber of pixels that occurred
within that bin’s range of color values. 5o bin 0 on channel 0 would contain
the mumber of red pixels that were between 16 and 23 m valoe. If no argu-
ments are given, get histogram uses the last channel passed to get histogram.
If get istogram is first called with no arpuments, the green channel 15 used.
The value retumed in each bin 15 the mumber of pixels m that bin dnided by
the total mumber of pixels trmes 256 and capped at 255

GI'r

This command Gets the aumibary I'0 Input values. When get inputs 15 called,
a byte 15 returmed contaimmg the values of the auwxaliary I0 pms. This can be
nsed to read digital inputs connected to the awnliary 1'O port. The aux IO
pins are internally Lightly pulled high. See page 22 for pmm numbenng. Note
that the pins are pulled up mitemally by the processor.

Example of how to read the muxiliary I'O pins. { in this case, pins 0 and 1 are
high, while pins 2 and 3 are low).

Gl
3
ACK

C-15



GM'r

This command will Get the Mean color value m the cumrent mage. If, option-
ally, a subregion of the mage 15 selected via virtual windowing, this fimction
will enly operate on the selected region. The mean values will be between 16
and 240 due to the lmmts of each color channel on the CMOS camera. It wall
also return a measure of the average absolute deviation of color found m that
region. The mean together with the deviation can be a useful tool for auto-
mated tracking or detectmg change in a scene. In YCrCh mode RGB maps to
CrYCh.

This command returns a Type S data packet that by default has the following
parameters:

5 Rmemn Gmean Bmean Rdeviation Gdeviation Bdeviation\r

Example of how fo grab the mean color of the entire window:

SW1140143
A

‘GM

ACK
SEO9ATH63
SE00167562

GS servo 't
This command will Get the last posihion that was sent to the Servos.

Example of how fo use get servo:

G51
ACEK
128
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GT 't

This command Gets the current Track color values. This 15 a useful way to see
what color values rack window 15 using.

This example shows how o get the curvent racking values:

TW

ACK

T1234 ..

GT

ACK

20016 16 240 20 20

GV'r

This command Gets the current Version of the firware and camera module
version from the camera. It retums an ACK followed by the finmware version
sting. of means that 1t detects an OVS620, wlule 7 means that 1t detected an

OVTE20.

Example of how to ask for the firmware version and camera hpe:

GV
ACK
ChMUcam?2 v1.00 c6

GW'r
This command Gets the current virtual Windowing values. This command al-

lows you to confirm your current window configuration. It retums the x1, v1,
%2 and v2 values that bound the cwrrent window.
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HC # of bins scale \r

eter takes one of three possible values. A value of 0 (defanlt) will cause GH to
output 28 bms. A value of 1 will generate 14 bins and a value of 2 will gener-
ate T bms. Thesm]&pnamtﬂ(defauhﬂ]aﬂwtnheﬂerﬂmmehim
with smaller comntz:. B values are scaled by 2 where scale 15 the second
parameter of the command

£ of bins

Input Bins
0 28

1 14
2 7

HD boolean 't

This command enables or dizables HiRes frame Differencmg. A value of 0

(default) disables the ligh resolution frame differencmg mode, while a value

of 1 enables 1it. When enabled, frame differencing will operate at 16x16

mstead of 8x8. The captured mage 15 still stored internally at 8x8. The exira

resolution 15 achieved by doing 4 smaller compansons agamst each internally

stored pixel This will only yield good results when the background mage 15
- relatively smooth, or has a umform color.

HE state 'r

This sets the camera into HiRes mode. This is only available usmg the
OV6620 camera module. A stafe value of () (default) gives you the standard
88x143, while 1 gives you 176x287. HiRes mode nmcates the image to
176x255 for tracking so that the value does not overflow & bits.
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HT boolean '\t

This command enables or disables Histogram Trackmg. When histogram
tracking 15 enabled, only values that are withm the color tracking bounds will
be displayed in the mstograms. Ths allows you to select exact color ranges
grving you more detaill, and ignonng any other background mfiuences. A
value of 0 (default) will disable lnstopram trackmg, while a value of 1 will en-
able it Note that the fracking noise filter apphes just like it does with the TC
and TW commands.

L0 boolean 't
L1 boolean 't

These commands enable and dizable the two trackmg LEDs. A value of 0
will fum the LED off, while a value of 1 will turm it on. A value of 2 (default)
will leave the LED m automatic mode. In this mode, LED 1 tums on when
the camera confidently detects an object while tracking and provides feedback
durmg a send frame_ In automatic mode, LED 0 does nothing, o 1t can be
mamually set.

LF'r

This command Loads a new Frame mto the processor’s memory to be differ-
enced from. This does not have anything to do with the camera’s frame buffer.
It somply loads a baselme image for motion differencimg and motion tracking.
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LM type mode 'r

This command enables Line Mode which ransmts more detailed data about
the unage. It adds prefix data onto erther T or S packets. This mode 13 mtend-
ed for users whe wish to do mere complex 1mage processing on less reduced
data. Due to the lngher rate of data, this may not be suitable for many slower
nucrocontrollers. These are the different types and modes that line mode ap-
plies to different processing fimetions:

Tvpe | Mode | Effected Description
Command

0 0 TCTW | Diefault where line moda is disakled

0 1 TOTW | Sends a binary image of the pixels being tracked

0 2 TCOTW | Sands the Mean, Min, Mex, confidence snd count for eveary
horizoatal line of the macked image.

1 0 GM Defanlt where line mode is disabled

1 1 Gl Sends the mean values for every line io the image

1 2 Gl Sends the mean values and the deviztions for every line being
macked io the image

2 0 EFD Defanlt where line mode is disabled

2 1 ED Fanuons 2 tmep of tracked pouels nch 1ike type O mode 0
of track color

2 2 ED Sends the differspce betwesn the ourant mage pixel value
and the stored imags. This gives vou dels fame diferenced
Hnages.

2 3 LEFDy | This gives yon the acmal sveraged valne for each elemment in

a differanced frame. It also renons these vahies when yvoun
load in & new framie. This can be used to give a vary high
speed gray scale low resolution sweam of Images,

Iiote, that the “mods™ of each “type” of linemode can e conmolled independently.
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Data Packet Description

When raw mode 15 disabled all ontput data packets are m ASCII viewable
format except for the F frame and prefix packets.

ACK
Thas 15 the standard acknowledge stnng that mdicates that the
command was received and fits a known format.

NCK
Thas 15 the fanlure stnng that 15 sent when an emmor occurred. The only
time this should be sent when an error has not occurred 15 during
binary data packets.

Type F data packet format:

1 Xsize Ysize 2rgbrghb . .rgbrgblrgbrgh .rgbrghi

1 - pew frame 2 - new row 3 - end of frame

FGE (Cri'Ch) ranzes from 16 - 240

RGH (Cri'Ch) represents two pixels color valnes. Each pixel shares the red and
blue.

178 cols of L G B (Cr Y Ch) packets (forms 352 pigels)

144 rows

To display the comrect aspect ratio, double each colnnm so that your final frage
is 352x144

Type H packet:
H bind hind bin2 Bind . binlG Binl7 v
This 15 the retum packet from callmg get histogram (GH). Each bin 15
an 8 bit value that represents the number of pixels that fell within a set
range of values on a user selected channel of the image.

Hin — muonler of pooels between 16 and 23
HinJ — muonker of pixels berwean 24 and 31

Binl7 — mumber of pixals betwesn 237 and 240
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Type T packet:
|T mx my x1 y1 x2 v2 pixels confidence's |

This 15 the retum packet from a color trackimg or frame differencing command.

mx - The middle of mass x value

n1y - The muddle of mass y value

x{ - The left most comer’s x value

¥1 - The left most comer’s ¥ value

x2 - The right most comer’s x value

¥2 -The right most comer’s y value

pixels —Number of Pixels in the tracked region, scaled and capped at
255 (prxels+4)/8

confidence -The (7 of pixels / area)*256 of the bounded rectangle and
capped at 235

Type S data packet format:

5 Fmean Gmean Broean Fdeviston Gdevianoen Bdeviaton 'r

This 15 a stafistic packet that gives mformation about the camera’s view

Emean - the mean Fed or Cr (approximates 1-g) value m the current

window
Gmean - the mean Green or Y (appro;amates mtensity) value found m

the current window
Emean - the mean Blue or Cb {approximates b-g) found i the cuorent

window
Edeviation - the *dewviation of red or Cr found m the current window
Gdeviation- the *deviation of green or Y found in the current window
Bdeviafion- the *dewnanon of blue or Ch found n the current wimdow

*deviation: The mean of the absolute difference between the pixels and the
Tegion mean.
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