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Introduction

Welcome to Sherlock 7. Sherlock is a graphical (DEegrated Development Environment) in
which you design, test, debug and deploy machisiewiapplications.

A typical machine vision application is composedafr steps:
1. Acquire an image
2. Extract data from the image
3. Analyze the data
4. Report on or make decisions based on the asdlysite results to a file, trigger a reject
mechanism, set a PLC register value...)

Each of the four steps of an application is actdewe selecting program elements from within
Sherlock’s graphical interface, adding them toghegram, and setting their execution
parameters.Y ou do not write code to create a machine vision application with Sherlock.

Program
Ha ALY Sorel RET CALL JUMF LEL  Mhile STOP  IF  IFE  Tert

WIS e e o0 Y.

‘- @ Acquire animage
EI E'l imgCameradne
----- ‘EI update display (True)
WY ace time
----- g acg status
=4 Beain
----- & Extract data from the image {points along the edges)
||| RakeTop edoe
E-Ill| Rake Right edge
i ] End
----- ® Extract data from the image (best-fit ines to points)
[#-F) Top edge best-fit ine
[#--Fi) Right edge best-fit line
----- % Extract data from the image (angle of intersection of the lines)
[#--F0 Calculake angle of inkersection
----- % Analyze the data
=) <> Angle of intersection out of tolerance?
i @ Report result of the analysis
[ e Ok of tolerance - fire rejection digital output

A simple Sherlock program

A complete Sherlock application is callediamestigation. An investigation is saved as a file
with an “.ivs” extension.

This manual explains how to use Sherlock to creatmvestigation, from acquiring an image,
through communicating the results of the analySiserlock is a very rich environment with
hundreds of programming elements to choose frompsevery aspect of every element can be
explained; but by the end of the manual you wiltbknwhere to find the elements you need, how
to add them to the investigation, and how to custerthe elements to fit your needs.

Online help

For information on programming elements not expicovered in this manual, or for more
detailed information on the elements that are aeuse online help. Help is available through
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Sherlock’s main menuHelp>Help Topics), and by hitting thé1 key when a programming

element is selected.

b e

Threshald Parameters |{!v| | |
Dilate g? sherlock Help L

=10l x|

11T

E Sh . 7 Help:
=
Algorithms % @ M.am window GUI
- | H @ Wigws
g Sorinec) H @ tonochrame Image Tools
g = @ Color Image Tools
g = @ Instructions
v Modify I
Shap Hepe

o= e 2 &

Hide Back  Fomward  Prnt Options ipd
C Y
Lontents | Indes I §earc:h| Threshold

Toolbax: Preprocessors

Annuluz, Torus, Cicledrea, Polvgon,
supporied image Hpefs: MONOE,

value are set to below value.

Farams:

® "threshold" [Integer] - Threshold value.
Dlafandt value: 128
Mintmm value: ()
Mazximm valus: 255

® "below value" [Integer] - Mew pixel value.
Dafawdt value: 0
Mirimm value: 0
Mazximen value: 255

® "above value' [Integer] - Hew pixel walue,
Dafault value: 255
Minimum value: 0
Mazximen value: 255

Chitpriis:
® Mone

supparted RONE): Point, Line, Polyline, Arc, Circle, Rectangle,

Deseription: Threshold image. Pixels equal to or greater than the
threshold walue are set to above vadize. Prels below the threshold

11 |

When bad things happen to good developers

As with any computer application, there is alwdyes possibility that an operating system
malfunction, a power outage, or some other evey your control will cause your computer

to hang, reboot, or otherwise cause you to lose ywouk. Words to the wise:

Save early, save often

Sherlock has an autosave feature that by defatdsghe open investigation to the file

<Sherlock>\Programs\Autosave.ivs every 20 minutes. To change the time betweersauts,
openOptions>Application from Sherlock’s main menu. You can also disab&autosave
feature, but why in your right mind would you?
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ﬂﬁherluck - untitled.ivs*

JJ Program  Edit Wiew Run  Image window | Opkions  Window  Help
KRS RENE N YT RS aeoiication

Enable auto saving of investigation (Aukosawve.ivs)  True -
Aukosave bime in minukes 20
BT T o | H e T L. True
Te e

ﬂ The autosave feature is not active while the ingatbn is executing.

Introduction Page 3

v 1.1 March 19, 2008



Some image basics

Here are a few things you'll need to know about himages are stored and referenced in
Sherlock.

Monochrome pixel values

Most machine vision applications work with 8-bit nezhrome images. In an 8-bit monochrome
image, 0 = black and 255 = white

0 127 255

(The representation of color images is discussseldiere.)

Image origin
The origin (0,0) is at the upper-left corner of theage.

(0,0) nX0)
y
v
O, yn) (Xm, Yn)
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Definition of aline

A lineis one of the five data types in Sherlock; theeotigpes are theumber, point (x,y
coordinate)Boolean (True/False), and charact#ring. All of these data types are discussed
later in this manual. Because the definition tiha is non-intuitive, it is presented here for you

enlightenment.

In Sherlock, a line is defined fay the angle of the line relative to the x-gx@éadd, the shortest
distance from the image origin to the line (thepeedicular). A line has no start or end point; it
extends infinitely in both directions.

0.0) / .
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The location of the origin and the direction of thess affect how angles are measured.

The default origin is at the upper-left cornerlod image.

(0,0)

» 0°

-1° 1°

-89 8%

\4

Changing the location of the origin and the dir@ctof the axes (see the chap@adibration)
affects how angles are measured.

&

1-:

(0.0)
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Interface

Investigation windows

A Sherlock investigation consists of several windows, the contents of most of which you control.
Some of the windows are present in every investigation; some are present by your choice.

” Program  Edit  View Run

Image window

Instructions

ﬂsherlnck - D:\ipd Sales'Sherlock 7 training’,WIP4 Typical investigation Z.ivs
Window  Help

=100 %]

ModL @ m| o Ew b I,

Instructions ;ﬂ 1 %  Program

Tx
i ¥, | o = ALY Serol RET CALL JUMP LEL  Mhile STOP IF IFE  Tert
gCameraOne MIZIN 03481 - Of x| || [33 ceneral -] ” TS DTE L e
o malRE@ D - =
B4 imgCameralneg
B update display (True)
W stqfie Program
¥ Return B acy status
- 2] Script code Begin
.. . Stop % Extract data from the image (paints along the edges)
-4l subroutine EIIIII RakeTop edge
SELTL P E||||| R.ake Right edge
[ wihile | End
Array: Boolean wkract data from the image (best-fit lines ko points
y Extract data f the i {best-fit lines b inks)
(3] Array: Line F-FO Top edge best-fit line
(3] Array: Mumber [#-F1 Right edge best-fit line
) 01 Array: Point ==1| i~ ® Extract data from the image {angle of intersection of the lines)
Monitor o ] array: String [#-FO Calculate angle of intersection
” O 0 | |—L] H | I?l' - (3] Boolean - @ Analyze the data
: = i -
TR [Massage ;I ] Geametric o Angle of intersection out of tUIt.arance. ||
] 10: Annotations & Report result of the analysis
(L3 100 Calibration L [ Out of tolerance - firs rejection digital output st
ACEB =L 1 10: Camera Main A
RakeTg & .
. I ControlLogix x
Variabl 1 % Watch 3o
Find Ed Monitor 1 10: Digital Input il SRMEE |
Rake R 21 104 Digital Qutput [N 8 B p L 2 IName | value
F\.nd E: ETaL (771 10 Erheriet IR [Name | valt |mgCameraOna..... True
Display 776 ms If-Else i o = Top edge best-fi... | §.00
Run bl FAL.46 ms _Ill Flow nstruction IF-Else AngleOfintersection  -89. p 100 cdge best-fi... | ((263.00, 64.53), ...} [8]
4 | 2 M Right edge best-... 8.00
Reporter o Panroag_’:ters’ Pl Right edge best-... (406,53, 85.00), ...} [3]
JJ B = Inputs:
= none
Qutpuks:
Starting iteration EEE »V atCh
A 4] 4 | »
ipd [www.goipd.com] | Far Help, press F1 i Il |ggims  [o7me  [DEG([ [nom] s
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Image Window

An image window contains an image and the
tools that extract data from it.

Program

The program is the sequence of steps you
define to perform the four steps of your
machine vision application — acquire an
image; extract data from the image; analyze
the data; and report on or make decisions
based on the results of the analysis.

Program £
@ L] Sfrb“ FET CHALL JUHF LEL HMhile STOP IF IFE Tert

@ Tain

----- @ Acquire animage

[+ B imgCameralne

----- & Extract data from the image (best-fit lines to points)
[+-F Top edge best-fit line

[=-Fi Right edge best-fit line

] pts<-Rake Right edge.Find Edge.position

A percent outliers {0,000

B preprocess (False)

A talerance ¢1.000

W points included

- Pl outliers

-PI points used

----- & Extract data from the image {angle of intersection of the lines)
[#-F0 Calculate angle of intersection

----- ® Analyze the data

EI--O Angle of intersection out of tolerance?

- @ Report result of the analysis

[+ 2=b Ot of tolerance - Fire rejection digital oubput

" Main 1k
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Instructions

Many of the programming elements you add to the program are available from the Instructions

window.

Instructions E
_1 General

[_1 Array: Boolean
[:I Array: Line
(Z1 Array: Mumber
D Array: Point
[:I Array: String
_1 Boolean

The instructions are grouped into functional folders, each of
which contains many instructions.

[_ 10t Annotations
1 10 Calibration
[:l I Camera

Z71 1o ControlLogix
[C11 10 Digital Input
[ 10 Digikal Cukput
(1 10: EtherNek/TP
1 10 File

[C1 10 Image window
_1 10 Kevboard

1 10 Modbus Master
(1 12 Modbus Slave
[:I 10 Reporter

[C1 10! Rai

1 10 Serial

1 10 5PC

[:I I Syskem

[C7 10 TepjIp

[ Murmeric

[ Statistics

[:l Skring

[:I Trigonomekric

Geometric

Variables

Variables are placeholders for data. You create and

display variables in the variables window.

Watch

The watch window can display, at your

discretion, the output of various
programming elements.

----- Fib ADToln

..... FO AngleBisect

----- Fi1 AngleMormalize
----- FO CircleBoundingBo:
----- Fi1 CircleInTriangle
----- F0 LnMormalize

..... Fi LnPerpendicular
----- Fil LnsBisect

----- Fil LnSet

----- FiI LnToAD

Instructions =l
a Geomekric - I

B

LnsIntersection

Parameters:

none
Inputs:

L linel

L line2
Oukputs:

P inkers point

Calculates the paoint of intersection between bwo lines

£
/N 8 B P L NOSIBOPILD,
| name | walue |
M AngleofIntersection | -89.56
watch =
| Name | value
B | imgCameraCne,acq status True
M| Top edge best-fit line. paints included 8.00
Fll| Top edge best-fit line. points used ((263.00, 64,531, ... [8]
M| Right edge best-fit line. points inchuded .00

Pl

Interface

]

Right edge best-fit line.paints used
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Monitor

The monitor displays runtime
information, in particular how long the
various elements of the program took to
execute. It also displays errors and
warnings.

Reporter

The reporter is a window to which you can write text during

program execution.

Digital 10

If your system has digital inputs and outputs that Sherlock
has access to, the Digital Inputs and Digital Outputs windows

shows their states.

K|
lo@DH|&.
Name | Message
Acg 5.01 ms
RakeTop edge get pizels 0,03 ms
Find Edge 0,15 ms
Rake Right edge get pixels 0.01 ms
Find Edge 0.11 ms
@ Digital Output channel index not walid Out of tolerance - fire rejection digital output
Run kotal 5.99 ms
|
Stark time: 15136132
End tirme: 15:36:33
[ E|
Digital Inputs ¥
00(@ 0@ 02 026D 04 056D 06D 07 (D
Digital Outputs X
o0@@ 0@ 02@ 022 04@ 056D 06 07 @
02@@ 03@ 10 1@ 12 13D
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Windows layout

You can arrange the windows in an investigation any way you want to. They can be docked, free-

floating, tabbed, and “pinned.” You can even choose not to display some or any of the windows
at all.

This investigation...

=[]
R x_ Program - 7 x
imgCameralne: MONDS 640 # 481 = Files Hesses%sswe 85y,
[5 == 0| ma i *ffl et .
| {ieuire an mage] Il
4 imgCameraone
“B update display {True)
" acq time
- 8" acqstatus
-4 Beain
® Extract data from the image (points along the edges)
e I RekeTop edge
F Test I Rk Right edlge
3 whie } End
(31 Array: Boolean @ Extract data from the image (best-fit ines to paints)
@8 ey Lioe “FO Top edge best-fit ne
(@ by b FI Right edige best-fitine
: 1| @ Exract data from the image (angle of intersection of the nes)
Monitor o %::::; Z[ﬂ::g FO Caleulate angle of nterssction
”lﬁ @ | n = | o v| (1 Biadlean ® Analyze the data
— e ][ semetrc &> tingle of intersection aut of talerance? |
10 Annatations & Report resul of the analysis
(21 10: Calbration = Out of bolerance - fire rejection digital output ks
2] o2 s 1 10: Camera Main E
RakeTop edge get pixels 0.03 ms 5 101 ControlLoaix i
Find Edge 0.16 ms 5 10 oigial npue Variables xx wal(.h & x
Rake Right edge get pixels 0.0Z ms (71 10 Digital Cutput ” NSBPL | Name | value |
Find Edge 0,45 ms 110y Frbectier e i = Tvah © mcamersone....  Tre
Display 7,76 ms TF-Else i M Topedgebestfi..  8.00
Rim Fatal FRIAR ms _,ll Flow instruction TF-Eise AngieOfintersection 85 pj 10p pie best-fi.,. | ((z63.00, 64.53), .3 [8]
e | 2 M Right edge best-...  8.00
Rep: X Pi:gg’:“’“ Pl Pight edge best-...  ({408.53, 85.00), ...} [8]
Ioe v| Inputs:
nane
[ Outpits:
Starting iteration nane.
<l | i |
[ipd [wwiv.ooipd.com] | For Help, press F1 Il Il leaims o pes| Jom] 2

...1s the same as this one...

£l
AW S<t BET CALL JUMF LEL  Hhil STOP IF »
|@S% T ELLESET S |

@ Main

E-FO GetTimed
“o 87 bime- zstrTime
-2 printh
S text ({Stark time: [strTime])
- @ ACquire an image
B4 imgCameralne
- @ Extract data from the image (best-fit ines to p
#--F0 Top edge best-fit line
Fi1 Right edge best-fit line
% Extract data from the image (angle of inkersecti
FO Calculate angle of intersection
@ Analyze the data
o Angle of intersection out of talerance?
=+ F0 GetTimeb
“oo 5" time- BstrTime
-2 printB
o*5 text (End time: [strTim_e])

4

| Main

|ipd [wwsw.gaipd.com] | For Help, press F1 I Ié
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...and this one!
N sherlock - D:ipd Salests i m] 51

Program  Edit  Yiew Run

Image window  Options  Window  Help

DA .| > a 2

al0 x|

|i|:u:| [www.goipd.com] | For Help, press F1 IZ

The status bar

The status bar at the bottom of the main Sherlock window displays information about various
aspects of the investigation.

%1381, 7500 v:373,9200 ||%:00509 ;00304 ||pi:-::254_

Left to right:

e If the image window has been calibrated, the position of the cursor in calibrated units.

® The position of the cursor in pixels

e The value of the pixel at the cursor. This will be a single value for a grayscale image (for
example, pix:254), or the red, green and blue components for a color image (for example,
pix:132,045,025 for a dark maroon pixel.)

|32ms  |jo.emMB  ||DEG |[CaP | |[SCRL

Execution time of the last iteration of the investigation
Memory usage

Angle measurement units (DEGrees or RADians)
Cap lock on (CAP) or off (blank)

Num lock on (NUM) or off (blank)

Scroll lock on (SCRL) or off (blank)
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The main toolbar

The buttons on Sherlock’s main toolbar are used to open, save, edit, execute, and debug an
investigation.

Open a new investigation

Save / Save As (the Run the investigation
current investigation) once / continuously Debugging

I I —
PUHE @ Pl by 2

T I ]

Open an existing Copy/Paste Stop/Abort the
Investigation program elements investigation

The main menu

The File, Edit and Run items echo the main toolbar buttons that open and save investigations,
copy program elements, and run the investigation. The Image window items echo image window
toolbar buttons (zoom in/out, live image, insert ROI, load/save image).

Prograrm  Edit  Miew Run  Image window  Cptions  Window  Help

| T

Open and close the Control the layout of the
various windows image windows
(Program, Watch, etc.)

Control the look-and-feel and execution of the Sherlock
application; define communication settings; create
background scripts
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) . ) Vigww  Bumn Image wind:
Check or uncheck a window on the View menu to display or close i i

it. Closing a window does not destroy its contents. Tnolbars g

|T Skakus Bar

In this example, the status bar, variables, program, monitor, and |T Yariables
watch windows are displayed. All other windows are closed. |7 Program

|T Manitor

Reporker

Instructions
|7 Wakch

Digital Qukpuks

Digital Inputs

Global Images

SPC Monikor

The various items in the Options menu are covered elsewhere.

ﬂ You can run only one instance of Sherlock at a time, and Sherlock can open only one
investigation at a time.
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Image Window

An image window contains an image to be processed, and the tools to process it. An
investigation has at least one image window, and it may have many; there is no limit to the
number of image windows. An image window displays a single image at a time.

To add an image window to the investigation, click the Create image window instruction button
on the program window’s toolbar.

Program !

@ ACQ Sfrn-‘l EET CALL JUHF LEL Hhile STOPR IF IFE 3
M| A G DO N .

Image window options
Double left click on an image window to display its Options dialog; or click the Options button

imgA:

on the image window’s toolbar.

Image window name

Every image window is assigned (G 5

a name when it is created: imgA,

imgB, imgC, etc. Jimge I Toolbar
I

You can rename an image window (Top View, Program ———————

Camera 0) in its Options dialog, or in the program H R e Y

window (left-click once on the name, wait briefly, then
left-click again). All names must be unique within an
investigation.

Image Source

An image window can get its image from one of several sources: a camera, another image
window, a combination of image windows, a single image file, a sequence of image files, or a
reading from an algorithm. To set an image window’s source, click the appropriate radio button.

e Camera
In most ¥ Camera ||:| j

investigations, at
least one image 1
window acquires its £
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image from a camera. The drop-down list next to Camera shows the indices of the available
cameras; you select the camera from which you want to acquire images for this image window. If
your system has more than one camera, the investigation will probably have an image window for
each camera.

Acquisition is software-triggered (free-running) unless
External Trigger is checked. Software triggering
acquires the next full frame from the camera as soon as " Camera Tile Horizontal | z

the image window is reached in the program. External
triggering waits for an input signal to initiate acquisition.
Most machine vision applications use a part-in-place
sensor or other hardware to determine when the object to
be inspected is in front of the camera; when the object is
in place, a signal is sent to the hardware to initiate
acquisition.

¥ Camera ||:|

| ™ External Camera Triggerl

e Image window
Sometimes you want to use the same image in more than one image window, for example to
apply different processing to the same image acquired from a camera.

In this example, image window imgB gets its image from image window imgA.

= 101

jBlaas|le >pBlaas|le

B

IimgB v Toolbar

Irnage source |Image logging | Calibration | alignment | Display <4 ¥
| 1

SRS 1 == =1 [ L L
[ || [0 =T . aeeatIEROUE & BirnEoUl error,

& Img window Jimg.ﬁ. j ™ share buffer

IMONOB 'I 10 =| Used bpp
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If the destination image window’s Share buffer box is checked, any modifications made to the
source image are reflected in the destination image; if it is not checked, the “raw” image is used
as the source. (See the chapter ROIs, Preprocessors and Algorithms)

{8 img#: MONDS & ! =10 x| ] ) - =1ol x|
&% %% Q@ ma NO@® >

IimgB v Toolbar

Image source |Image logaing I Calibration | alignment I Display |

= iz . e GTIEUE & BT BT

£+ Img windaow IimgF\ ~II¥ share buffer

|Menos =]
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You can set the destination image window’s type (monochrome, RGB color, YUV color, etc.) to
be the same as the source image window’s type, or different.

ImgA contains an RGB img#A: RGE32 SN [u] [ imgB: MONDS N [m] [
?olorlm?lge. ImgB's source JJ | a @h| o > JJ | a, @ @q o >
is set to imgA, and its type

is set to MONOS.

oprions F

|imgB ¥ Toolbar

Image source IIrnage lagging | Calibr ation | Alignrent I Display |

s L S LA L] L | L s L L ] e 1
and conkinue executing,, ,«atan withaut & bmesut ek,

% Imig window Iimgn jl share buffer

[monos =l

If the source image window contains a color image, you can select one of the color planes (R, G,
Bor Y, U, V) as the source for a monochrome image window. In the monochrome image
window, pixels with high values of the color are shown as high grayscale values, and pixels with
low values of the color are shown as low grayscale values.

[@ imga: RGB32 S [u] [ES|
B & @ 2

s - ol
|Blasal@ ®

RGB color image Red plane as monochrome Green plane as monochrome
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e Multiple image windows

Three {* Composed |img.-5. ﬂ [ Share
monochrome

image windows |imgB j [ Share
can be combmed |imgC j [ Share
to make a single

color image. |RGB32 ﬂ

When composing an image from three monochrome image windows, the only choices for the
image type are RGB32 , YUV32 and YCBCR32.

e Image file

It is common .to use a ¥ File | P:\Imagesipch sequencelpcbonod, BMP E
static image file as the

image source when you are developing an investigation. Sherlock supports image types bmp, tif,
jpg, and png.

e Image sequence
A series of image % Sequence |P:'|,Images'|,pcl:u sequencelpchiidd BMP E

files can be used to
simulate camera Skarting image number: IIZI Delay before load [ms]: |3III

input. Ending image number: I -1 Use -1 For automatic seq ending

An image sequence simulates camera acquisition by loading a series of image files into the image
window, one at a time. The image files in an image sequence must have names of the format

anythingNNNN.ext

where
anything is a valid root file name — for example, image, LeftView or phone_keypad.
NNNN is a four digit sequence number, 0000, 0001, 0002, 0003, etc. Numbers in the
sequence must be contiguous.
ext is a valid image file extension (bmp, tif, jpg, png).

When the investigation runs, the first time the image window executes it loads the first image file
in the sequence, according to the number in Starting image number. (By convention sequence
numbers start at 0000, but they do not have to. To start at a sequence number other than 0,
change Starting image number.) On each subsequent execution of the image window, the next
image file in the sequence is loaded. If Ending image number is —1, all the image files in the
sequence are loaded, then the first image is loaded again, and so on. If Ending image number is
set to a positive number, the image file with that sequence number will be the last image loaded
from the sequence, even if there are more files in the sequence.

Example
There are image files with the names widget0000.bmp, widget0001.bmp, widget0002.bmp, ...,
widget0099.bmp, and widget7777.bmp.

If the image sequence settings are left at their defaults (Starting image number = 0, Ending
image number = -1), the image window will load, in succession, images widget0000.bmp
through widget0099.bmp, then start at widget0000.bmp again. Widget7777.bmp will not be
loaded, because its sequence number is not contiguous with widget0099.bmp.
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If the image sequence settings are changed to Starting image number = 23, Ending image
number = 87, the image window will load, in succession, images widget0023.bmp through
widget0087.bmp, then start at widget0023.bmp again.

Delay before load sets the minimum time that will occur between loading images in an image
sequence. You can set this to a higher value to get a better look at what’s going on in the
investigation when you run it.

e Reading

An image can be created
from the output of an
algorithm.

For example, the Color Map algorithm outputs a gray-scale image that maps the colors in a color
image to grayscale values. Behavior of the Reading option is algorithm-dependant.

" Reading I j

Image logging

When enabled, image logging saves every acquired image to an image file. Logging images is a
good way to gather images that you can use later as an image sequence for off-line application
development and testing.

Image source  Image logging | Calibration | Alignment | Display 1k
¥ Enable
Log directory | C:\sherlock'Bin\,.. images
File name | imgAdog-
Log size 100 Extension  |gmp >

v Continuous logging
(after logging "Log size” images wrap back to zero and continue)

The default root file name is <image window name>-log-. You can change it to any valid root
file name. You can also change the log directory.

Log size determines how many images will be logged. Each image file is appended with an
index number, starting at 0000. With the settings shown above, the images would be named
imgA-log-0000.bmp, imgA-log-0001.bmp, ..., imgA-log-0099.bmp.

f ' )
5 kY
s WY
£ 5,

L

s
i

Saving an image to disk is a relatively slow process. You should not leave image
logging enabled when you deploy an investigation, unless you want or need to save every
acquired image and are willing to live with the increase in overall processing time.

Calibration and Alignment
Calibration and Alignment are explained in separate chapters.

Image source |Image logging | Calibration | &lignment | Display |
[
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The image window toolbar

Zoom out, reset to normal, zoom in

2 & a | Q@| K

Display the
Optlons Start/stop camera acquisition for this
dialog image window without processing

Add ROIs to the image window

(7] [ I I
@a W@ + N -~ Ok @
ROIs define the pixels in an image window that you want to analyze. They are explained in the
chapter ROlIs, Algorithms and Preprocessors.

Load an image from a file into the image window

Ej LI:II Eal <+— Save the image in the image window with overlay graphics to a file

T

Save the image in the image window without overlay graphics to a file
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Deleting image windows

To delete an image window
e C(Click its “close” control
e Select it in the program window and hit the keyboard Delete key
or
e Right-click it in the program window and select Delete from the pop-up menu

Program
- @558
| M 2 @ | Ej hd hﬂl @ Mo lnda Paste Zhrl+Z
ElE'l Copy Chrl+-C
! True Delete Dl

H ™ .
Sherlock Ed e M acg time Dacka (Trach hel

e B acq skatus

\ ? ;i' Delete imgh? -[ Begin

(04 I Cancel |

S
s ™,
/ ' \
£ ",
/ ,

& 5,
i ",

Deleting an image window destroys it and its contents completely — any work you
have done in the image window is lost. When you delete an image window, a message box gives
you the opportunity to cancel the deletion. You cannot restore a deleted image window — no
“undo.” (But remember Sherlock\Programs\Autosave.ivs!)

Acquisition timeouts

If a camera is selected for the image window source, you can specify what the investigation
should do if the camera does not acquire within a defined time. For information on acquisition
timeouts, see the chapter Acquisition timeouts.

¥ Camera ||:| j
" Camera Tile Haorizontal |2 Yerticall |1

[T External Camera Trigger
Mon-triggered acquisition Hmeauk - 1=infinity [ms]: I 1000

Triggered acquisition timeout {-1=infinity) [ms]: I -1

r 2n acquisition kimeout: Skip execution of this “image window"
and continue executing program withouk a timeouk errar,
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ROIls, Preprocessors and Algorithms

The second step in a machine vision application is extracting information from an image. This
could mean measuring an object (width, height, area, circularity, distance between features, etc.),
checking for part presence (for example, making sure a chip has been soldered onto a printed
circuit board), reading a barcode, reading a character string, checking for surface defects,
verifying colors, and so on.

ROls

To extract information from an image, you select a set of pixels within the image to process, and
select an algorithm to apply to those pixels.

For example, if the purpose of an investigation is
to read the character strings on the label of this
part, only the pixels within the red box — the
region of interest, or ROI — need to be
processed.

£E2741224S

699418

Types of ROIs

There are two main types of ROIs: area and line.

Area ROIs

Area ROIs process the pixels they enclose, including the pixels on their borders.

There are six area ROI shapes.

Rectangle Polygon Circle Area
=~ NG @
aFl [
Annulus ~ Torus User Mask
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Rectangle ROI

[] |

’. 819829007639

RURE TR0 FORT T O 10000 00
Rectangle ROI reading the barcode

Annulus ROI

L

Polygon ROI

i

A Polygon ROI can be any shape
and can have any number of
vertices.

Torus ROI

F.FI'."!

k=

The Torus ROI processes the pixels between its
two defining circles, but not the pixels inside
the inner circle.

Torus ROI counting the dark pixels in the outer
band only (not the spokes or “axle”)
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CircleArea ROI

The CircleArea ROI processes all
the pixels on its circumference and
inside the circle. (Compare to the
Circle line ROL.)

User Mask ROI
| o
N

With the User Mask
ROI, you can define
areas within a
rectangular area that are -
excludgd from User Mask ROI with torus-shaped After processing
processing. “don’t process” area (red

hashmarks) before processing

Line ROIs
Line ROIs process pixels along a line or lines. They are most often used to find edges.

There are two types of line ROIs, simple and compound.

Simple Compound
Point Polyline Circle Rake Spoke Bullseye
+ N e Ol e @@
Ll Sl
Line Arc Partial Spoke Rainbow
Line ROI

h

Line ROI finding dark-to-light edges
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Polyline ROI

E2

A Polyline ROI can include any number of
vertices.

A Polyline ROI finding dark-to light and light-
to-dark edges on an irregularly-shaped object

Circle ROI

-

The Circle ROI processes only the pixels on its
circumference, not the pixels inside the circle.
(Compare to the CircleArea ROL.)

Circle ROI finding dark-to light and light-to-
dark edges

Arc ROI
'

The Arc ROI processes the pixels along an arc.

Arc ROI finding dark-to light edges.

_|_

The Point ROI processes a single pixel. There isn’t much to show.
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Rake ROI

A Rake ROI consists of a series of
parallel lines.

Spoke ROI

=l
Sl

A Spoke ROI consists of a series of lines
radiating out from a center point.

Partial Spoke ROI
=l
S

A Parital Spoke ROI consists of a series
of lines radiating out from a center
point, along an arc.

T

A Rake ROI finding points along the edge of
a stamped-metal part.

Spoke ROI finding the edge points on a
circle

PartialSpoke ROI finding edge points along a
curved corner. (The points are then used to find the
best-fit circle.)
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Bullseye ROI

The Bullseye ROI consists of a series of
concentric circles.

The Bullseye ROI processes only the pixels on
its component circles, not the pixels between
them.

Bullseye ROI finding the defect (dent) in an
object by finding light-to-dark edges

Rainbow ROI

i

The Rainbow ROI consists of a series of
concentric arcs.

The Rainbow ROI processes only the pixels
on its component arcs, not the pixels between
them.

Rainbow ROI finding the same defect

Every line ROI (except the Point ROI), and every individual line
within a compound line ROI, has direction, as shown by the
arrowhead. The pixels in a line ROI are processed from the
beginning of the line (no arrowhead) to the end of the line
(arrowhead). This is important when setting parameters for edge-
finding algorithms.

Adding ROIls

To add an ROI to an image window, click its button in the image window’s toolbar, then click the
number of points necessary to define the ROI. (See the table of Coordinate indices later in this
chapter.)

Naming ROls

ROlIs are assigned default names that indicate their type and order of creation: RectA, TorusA,
RectB, RectC, SpokeA, etc.
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To rename an ROI, double-left-click on it in the image window or on its
name in the program window to display its Edit dialog. Enter the new

name in the text box at the top. |Rects
You can also rename the ROI directly in the program window. ElE" img#é
Left-click once on the name, wait briefly, then left-click again. - B | update display (True]
Enter the new name. N acg bime
----- B acqgstatus
~4  Begin
...... ]
...... } End
Deleting ROIs
To delete an ROI
e Select it in the image window or the program window and hit the keyboard Delete key
or

e Right-click it in the program window and select Delete from the pop-up menu

Deleting an ROI is an immediate and irreversible action. You are not given an opportunity to
cancel a deletion, nor can you “undo” a deletion.
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Preprocessors

Sometimes it is desirable or necessary to modify the pixels in an ROI before information is
extracted from them. A preprocessor modifies the pixels in an ROI, but does not extract
information.

For example, here a rectangle ROI calls the Normalize preprocessor to expand the gray scale
range of a dark image. Such preprocessing might be necessary to make further analysis by
Sherlock more robust, or merely to make the image more easily viewed by the user.

didddaadiiiill

Assigning preprocessors
To view the list of preprocessors available for an

ROI, double-click on the ROI to display its Edit [Rrects

dialog, then click on the drop-down button next to EEEel| Position | Froperties | Tolerance |

any of the Preprocessor entries. (The listis the i e

same for all Preprocessor entries within an ROI.) Parameters |
parameters | 4
parameters | 4
Parameters |Jb| 4
Parameters |Jb|
Parameters | Jb 4
Patamebets i

Select a preprocessor from the list assign it to the preprocessor entry.
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Preprocessor parameters

If a preprocessor has parameters you can set to control its operation — and many do — the
Parameters button to the right of the selected processor will be enabled. For example, the
Threshold preprocessor sets each pixel in an ROI to one of two values, depending on whether the
pixel is above or below a threshold. To set the threshold, below value and above value
parameters, click on the Parameters button to display the preprocessor’s Parameters dialog.

(For online help on a preprocessor’s parameters and functionality, highlight the entry and hit the
F1 key, or select Help=Help topics from Sherlock’s main menu.)

Preprocessors [
Threshald | Parameters |
j Parameiars {} {'\ B RectA.Threshold
[=|| Farameters |9 4 B Parameters
j Parameters |4 threshold 128
below walue 1]
|| Paranzters | it above value 255
vI pararmeters 1L -(-\
To1 chaclir.lge a;paﬁmeter value, you canenter the [ pacta. Threshold
value directly (N) Bl Parameters
tl’lr'lE!Shljhj B @)
belaw value 0
above value 255
or select a variable that will contain the value E RectaA.Threshold

when you run the investigation (var). B Parameters

threshald
below value

Click on N and var to toggle between the two
modes.

wear Threshiold

irmA i e Firns

Whether you hard-code a parameter value (N) or select a variable that will contain the value at
runtime (var) depends on how “flexible” the preprocessor has to be. For the Threshold
preprocessor, if all of the acquired images to be analyzed will exhibit the same grayscale
characteristics, you can probably hard-code the threshold value. But if the lighting can vary over
time or the material you are analyzing can become darker or lighter, you may have to calculate
the threshold within the investigation at runtime and assign it to a variable.

(For more information on variables, see the chapter Program, Readings and Variables.)

Preprocessor order

Each ROI can execute up to seven preprocessors. Preprocessors execute sequentially. The
modifications made by one preprocessor are inherited by the next, so their order is sometimes
important.
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This is the source image for the following examples.

Example 1
Here only an Invert processor has been applied.
(The Invert preprocessor inverts pixel values — 0 becomes

255, 1 becomes 254, 2 becomes 253 ... 255 becomes 0 —
making a “negative image”.)

Here only a Threshold preprocessor has been applied.
(Threshold = 128, below value = 0, above value = 255)

Here the Threshold preprocessor follows the Invert
preprocessor.

Here the Invert preprocessor follows the Threshold
preprocessor.

There is no difference in the result.

ROIs, Preprocessors and Algorithms Page 10
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Preprocessor

Irvvert

]

Preprocessars
Threshold

Preprocessars

P
P
o4
4
i

Processing | Positic

Inwvert
Threshald

Preprocessors
Threshald

Inwvert

i 325 3¢




Example 2

Here only a Dilate preprocessor has been applied. ¥ *  Processing |F

(The Dilate preprocessor “thickens” a bright line. Dilating
a dark line thins it. The effect is subtle on a full grayscale

image.

Here only a Canny preprocessor has been applied.

(The Canny preprocessor is an edge enhancer.)

Here the Canny preprocessor follows the Dilate

preprocessor.

Here the Dilate preprocessor follows the Canny

preprocessor. Big difference!

Preprocessor
Dilate

1L

Processing |Pnﬂ

Preprocessars
Canny

Preprocessars
Dilake

Zanry

A
Hcary
o
&
o]

Processing |Pus

Preprocessors
Canny
Dilate

Ed
Lotz
o
P
sl

Deleting and rearranging preprocessors

Use the g

button to delete
a preprocessor.

Preprocessars Use the ¥ it buttons to
Equalize x| Parameters | @ change the order of
Prewitt XY x| Parameters | B 4 preprocessor execution

= | | Parameters |- 4
v| Parameters | B 4
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Algorithms

An algorithm extracts information from the pixels in an ROI, but does not modify them.

Assigning algorithms
To view the list of algorithms available for an ROI,
double-click on the ROI to display its Edit dialog, [Recta

then click on the drop-down button next to any of EEe]| Position | Properties | Tolerance

the Algorithm entries. (The list is the same for all '
Algorithm entries within an ROL.)

Algorithms

j Parameters

| &} Parameters

Parameters

Barcode Data Matrix
Barcode QR ke
Biead Tool

Centroid - Binary
Connectivity - Binary
Corner Finder

Counk

Edge Crawler
Extrema

Grayscale OCR

As with preprocessors, many algorithms have parameters you can set to control their operation.
For example, the Count algorithm counts the number of pixels of a specific value. To set the
value of the pixels to be counted, click on the Parameters button to display the algorithm’s
Parameters dialog.

(For online help on an algorithm’s inputs, outputs and functionality, highlight the entry and hit
the F1 key, or select Help=Help topics from Sherlock’s main menu.)

Algorithms

Zounk j Paramekers
j Paramebers B RectA.Count
j Parameters = F‘are!meters
_— pixel value 1]
To change a parameter value, you can enter E Recti.Count
the value directly (N) O Parameters

pixel value —Z'l N |
or select a variable that will contain the value El Recth.Count
when you run the investigation (var).

[=] Parameters

Click on N and var to toggle between the two T T T T :
modes. i - 1

Each ROI can execute up to three algorithms. Algorithms execute sequentially and
independently; one algorithm’s execution has no effect on another’s.

Use the ﬂ button to delete an algorithm. Algorithms

ﬂCDunt j Parameters I
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ROI position and properties
Position and size

To reposition an ROI, move the mouse pointer over the

ROI until it turns into the move icon ‘% , click-and-hold
the left mouse button, and drag.

To resize an ROI, move the mouse pointer over one of
the ROI’s shape handles until it turns into the resize icon

"

, click-and-hold the left mouse button, and drag.

This corner
handle is being

dragged to resize \ -
the ROL :

B <—— This handle is
being dragged to
rotate the ROL

To rotate a rectangle or rake ROI only,
move the mouse pointer over the ROI’s
rotate handle until it turns into the resize

icon " , click-and-hold the left mouse
button, and drag.

ROlIs, Preprocessors and Algorithms Page 13

v1.2 June 18, 2010



You can fine-tune the position of an ROI on its Edit dialog’s Position tab.

N\

Edit roiGeneric
|r0iGeneric
Processing  Pasition |Pr0perties | Tolerance |
—Coordinates
Inde:x | % [ | |
00a0 191 138 |
a0l 451 293 AR
[ % fl |
—ROL
Angle in Radians: >~
- ‘l w/| ofo.o0 = Center |’
M.OVC the ‘ ’ Elernents: ”
entire ROI — IS 3 Fit ko image |’
one pixel h fl | A
Lock pasition [
oo | sws] | |\
p

Change the number of lines in the ROI
(rake, spoke, partial spoke, rainbow, and
bullseye only)

Move one of the ROI’s
defining coordinates one pixel
(see the Coordinate indices
table)

Click the coordinate index,
then click one of the direction
arrows

Move the ROI to the center of
the image window

Expand the ROI to encompass
the entire image window
(rectangle ROI only)

Prevent the ROI from being
moved accidentally

Change the angle of the ROI
(rectangle and rake only)

The Snap button acquires a new image in the image window, but does not apply the ROI’s
preprocessors or algorithms.

The Apply button executes the ROI’s preprocessors and algorithms. This is a one-time-per-
image action; you must acquire a new image before you can click the Apply button again.

If you click the Repeat button, the Snap button repeatedly acquires a new image in the image
window and executes the ROI's preprocessors and algorithms. The Repeat button is changed to
a Stop button; click the Stop button to exit this mode.
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ROI coordinate indices
An ROI’s position and size are defined by a set of coordinates. The coordinates can be
accessed programmatically by indices; each index refers to a single (x, y) coordinate.

Coordinate index

0000 0001 0002 0003
ROI type
Point Point
Line Start End
Circle Center Point on circle
Arc Start point of arc | End point of arc | Point on arc
Rake Upper left Lower right
Spoke Center Start point of one | End point of one

line

line

Partial Spoke

Start point of arc

End point of arc

Point on inner or
outer circle

Point on outer
or inner circle

Rainbow Start point of arc | End point of arc | Point on inner or | Point on outer
outer arc or inner arc
Bullseye Center Point on inner or | Point on outer or
outer circle inner circle
Rectangle and | Upper left Lower right
User Mask'
Annulus Start of arc End of arc Point on inner or | Point on outer
outer arc or inner arc
Torus Center Point on inner or | Point on outer or
outer circle outer circle
Circle Area Center Point on circle
Polygon and One for each vertex, including the start and end points; double-click the end
Polyline point

" Resizing a User Mask ROI is not recommended, as it can lead to unexpected movement of the
“don’t processes” areas within the rectangle. For this reason, it is drawn without handles in its
corners, thus preventing interactive resizing. You can, with care, resize it by manipulating its
coordinates on the Position tab.
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Properties

You can extract information about the pixels in
the ROI and turn some of its graphics off and
on from the Edit dialog’s Properties tab.

Display Graph
—Displaw graph

Histogram Color Intensity

Histogram

Edit Recta

|F|ecb5.

Processing | Position | Propetties |TOIerance

Color | Intensityl

Display graph
’7 Histograrm |
Alignment

I[None] j

Display
’7 ¥ outline

v Annotations

Snapl Hepeatl Appl_l,ll

For monochrome area ROls, clicking the Histogram button displays a graph of the count of each
pixel value (intensity) in the ROI. The x-axis shows the range of pixel values (0 to 255), and the
y-axis shows the count of pixels at each value. The histogram does not show pixel positions.

/’R ecta ™ - ] RectA Histogram B
Countt Intensity range

550.0
S00.0
450.0
400.0
350.0
300.0
250.0

200.0

160.0
100.0
50.0

1]

0.0
20 0.0 400 300 200 1000 1200 1400 41600 180.0 2000 2200 2400

Intensity

[

Min # left

bax A right
255

Apply

[ |
EEE=
[z |

®AY Zoom

Prev zoom

Beset Zoom

In this ROI, most of the pixels in RectA have values between about 60 and 240. The peak to the
right is composed mostly of the light-gray pixels outside the cross (values from about 200 to

240), and probably a few inside.
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The histogram can be useful for determining what value the threshold parameter of a
thresholding preprocessor should be. For this ROI, a threshold of about 190 would separate the
darker-gray cross from the lighter-gray background.

You can reduce
the range of the Count?® — Intensity range —
displayed 500.0 i / left
: s 140 E
1ntens%tles by - =i
changing the Man / right
values in the 400.0 |2nu _IZ;I
Min / left and 000 :,
Max / right :‘
200.0
Xes an
bO C.S a d #7 Zoom
clicking the 1000 —l
Apply button. oo Frev zoom |
1400 1450 1500 41550 1600 465.0 1¥0.0 4750 1800 41850 1900 1950 Intensity
Reszet Zoom
r ] o Gezon |

To “zoom in” on any area of the histogram, click the X/Y Zoom button; then click, drag, and
release the mouse pointer over the area of interest. Click the X/Y Zoom button again to exit
zoom mode.

RectA Histogram B

— Intenzity range
Min # left

a =
tdaw # right

255 = |

“A Zoom
Prew zoom | N Prev zoom

200.0 L4
1000 1950 2000 2050 2100 2150 2200 2250 2300 2350 2400 Intensity
Beset Zoom

I R B

Count
G00.0

L

S50.0

S00.0

L

450.0

“O Zoom

2.0 2000 220.0 240.0 Intensity

—
fercen |

Beset Zoom

Click the Reset Zoom button to return the histogram to its full view.

To determine the exact pixel count at a particular intensity

* move the mouse pointer over the y-axis until it turns into the select icon {b
e click the left mouse button once

* move the mouse pointer to the left or right until it turns into the arrow icon %
e click the left mouse button once
A horizontal detail line is drawn that you can drag up and down.

To determine the exact intensity point on the x-axis

* move the mouse pointer over the x-axis until it turns into the select icon @
e click the left mouse button once
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®* move the mouse pointer up or down until it turns into the arrow icon %
e click the left mouse button once
A vertical detail line is drawn that you can drag left and right.

Example

The X/Y Zoom button was clicked to zoom in on an

area of the histogram. B0.0-pu---r--oodroooomo
Horizontal and vertical lines were added and dragged to a0 .0-

determine that the pixel count at intensity 189 is 32.

(The detail lines display floating-point numbers, but =20 0-

there is no such thing as a noninteger intensity or pixel

count; round down to the nearest integer.) 0o
. 1 1

. 1830 1363 1897 1930
(The color of the histogram curve was changed to red

by double-clicking the left mouse button inside the
histogram to display its Properties dialog, clicking the
Curve tab, and changing the Linecolor.)

To delete a detail line, move the mouse pointer over it until it turns into the select icon {b , then
click the right mouse button.

For color area ROIs, clicking the Histogram button displays a graph of the counts of the
component red, green and blue values in the ROI. The histogram does not show how these
values are combined to make any particular (red, green, blue) pixel.

RectB Histogram B
Count® . Intenzity range
: ' : : 01 Blue .
o e s Rt W02 Green Mir /# left
. ! ! . Wos Red =
300.0- | S e posscaos e e b =
P AU IO S s Maw / right
0 ; : |255 =
2000 ! - EERY  EEEEEPERS R EECEEEETEEEPPE
150.0- -- B i enRCEEECEEELEECERPE Apply
100.0- -- - -] B LT CEE L E P
i i KA Zoom |
50.0- ] Sob - - - - - - - S EEGREE L L L P
N Prew zoom |
oo- g | . . - 1
a0 500 100.0 1500 200.0 250.0 Intensity
Beset Zoom |
I [

Intensity
For monochrome area ROIs, clicking the Intensity button displays a three-dimensional graph of
the position and intenisty of each pixel.

For color area ROIs, clicking the Intensity button displays a three-dimensional graph of the
position and intensity of each pixel, with its corresponding color mapped onto its intensity.

You can reorient the display by holding down the left mouse button and dragging the mouse.
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RectB -]

Monochrome intensity display Color intensity display

Profile

For simple monochrome line ROIs (line, arc, circle, polyline), a Profile button replaces the
Histogram button. Click this button to display graphs of the pixel intensities and gradient (rate
of change) along the line.

Lined B

W01 Intensity
Moz Gradient

Value
300.0-

250.0-

200.0-[ == Intensity

160.8- e B 7 7 S By SEE Sl S RahGRTEECECPLPERPRRERE
100.0- SR R . S O O . V' O S

s e B e e
|

00~ Gradient

' ' ' ' ' ' ' '
' ' ' ' ' ' ' ] ' ' '

Bl ccocboooodoooodioodbldoosodbosootosoodoooosbonootsoflodboosofcosodoosoososoooooooo
' | | \ ' | ' v \ | |
' '

-100.0- N

i e R Rk
A — »
u] il 10 158 20 25 30 35 40 45 a0 a5 =) Location

Intensity
From pixel O to approximately pixel 15, the pixel intensity of LineA is just above 200. At about
pixel 15 (the left-side dark border), the intensity drops down to about 100, then up to about 160
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(the gray “inside” of the cross), then down to about 100 again at about pixel 47 (the right-side
dark border), then back up to 200-plus from about pixels 48 to 62.

Gradient

The gradient graph shows not absolute pixel intensity, but rate and direction of change. The first
significant change in LineA occurs at the transition from the light gray background to the left-
side dark border, a negative gradient (light to dark). The next significant change occurs at the
transition from the dark border to the gray “inside” of the cross, a positive gradient (dark to light).
And so on.

/ ’\\

A The Histogram, Intensity and Profile displays are not available for compound line
ROIs.

-,

/\

A The Histogram, Intensity and Profile displays are available only while you are
developing the investigation; they cannot be displayed while the investigation is running.

Color
The Color button is enabled for color images only. Clicking this button displays a three-

dimensional color cube with the ROI’s pixels arranged according to their (red, green, blue)
components.

Alignment
Alignment

I[Nn:nne] j

For information on alignment, see the chapter Landmarks and Alignment.

Display

Display
’V v outline ¥ Annotations

Unchecking the Outline box disables display of the ROI's outline and label.
Unchecking the Annotations box disables display of the annotations made by certain algorithms.
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] |
— k& .
[ n
ROI with outline (green rectangle) ROI with outline disabled, ROI with outline and
and annotations (red crosses and annotations enabled. annotations disabled.

purple rectangle) enabled.

The red crosses are the centers of
dark objects found by the
Conncectivity-Binary algorithm;
the purple rectangle is the bounding
box of the largest dark object.

The most common reason Bl imgA: MONDS 640 x 480 - File: D:\iNspectiimagesiimagel.bmp [ I |E||1|
for turning off outlines jgjs &« /o@|r|malN FAn ol kAe Ui,

and annotations is to 1
present a less-cluttered
image to the user.

An image window with
more than a couple of
ROlIs displaying their
outlines and annotations
quickly becomes quite
“busy”.

Disabling an ROI’s outlines and annotations has no effect on its execution — all preprocessors and
algorithms are still executed.

Disabling outlines and annotations may save some very small amount of processing time, since
they do not have to be redrawn on every image update.
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ROI Tolerance

You can define conditions that determine
whether an ROI passes or fails on the ROI's [Fcta

Tolerance tab.
Process... | Position | Properties  Tolerance |

For information on ROI tolerance, see the
chapter Instructions.

Coanditians

‘FP.LSE

Edit |
Snapl Hepeatl ﬁpplyl
y

ﬂ An image window can contain as many ROIs of as many types as you need.

To preprocess or not to preprocess?

Remember that an ROI’s preprocessors are executed before its algorithms, and that preprocessors
modify the pixels in the ROL. You must be careful that you do not apply preprocessors that
modify the pixels so much or in such a way that the algorithms return invalid information.

On the other hand, it is sometimes necessary or beneficial to apply preprocessors before the
algorithms, to “clean up” the image or enhance features.

Algorithms named Something-Binary (for example, Connectivity-Binary) require binarized
input, in which the pixels in the ROI are either 0 (black) or 255 (white). This is usually achieved
by applying one of the threshold preprocessors.
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Program, Readings and Variables

The Program

As you add ROIs to an image window and set their preprocessors and algorithms, they appear in
the Program pane, within the scope ( { Begin/ } End ) of the image window. When you run the
investigation, the ROIs’ preprocessor and algorithms are executed in order from top to bottom.

When you run this investigation in Continuous  program

mode JJ@ g s§1 KE] CALL JJUHF LEL Mhile SToF IF

=\ e O ® o
== g
----- ‘B True
----- M acq time
----- =N acq skatus
-4 Begin
ROI RectA executes the Threshold C1-EF Rectd
preprocessor, then the Median preprocessor, --Ire Reckd, Threshold

then the Connectivity algorithm ~Pre RectA,Median
[E-&la Recks, Connectivity (Binary)

Image window imgA acquires an image

----- P centroid[0]

----- Pl centroid[]

----- MIT areal]

The values count through ellipse roundness[] | | MIT width[]

are returned by the Connectivity algorithm | i T height{]

----- i) perimeter lengthl]
----- T hale countl]

----- Pl b ]

----- PIT b b

----- M elongation[]

----- MIT Fiber width[]

----- M Fiber lengthl]

----- T Form fFactar]]

----- M elipse major(]

----- i) ellipse minor]

----- M elipse angle[]

----- i) elipse axes ratio[]
----- Tli) elipse roundness[]
----- } End

The investigation returns to the beginning and
repeats the process

Readings

Every algorithm returns at least one value or “reading”’; some algorithms return may readings.
There are five types of readings: Number (N), Boolean (B), String (S) Point (P), and Line (L).
Readings can be singular (N) or arrays (N[ ]). In the preceding program, the Connectivity
algorithm returns a single number count (the number of objects the algorithm found); a single
point centroid[0] (the coordinate of the centroid of the first object); an array of points centroid[]
(the coordinates of the centroids of all of the objects); an array of numbers area[] (the areas of all
of the objects); etc.
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To view the contents of a reading (after
running the investigation at least once),
hover the mouse pointer over the reading.

You can display readings in the Watch
pane. To display a reading, drag-and-
drop it from the Program pane. (If the

Watch pane is not visible, select

View=>»Watch from the main menu .)

The reading’s value is updated every
time the reading changes.

Variables

—nl] areal]
b T iR ]

RectA.Connectivity (Biﬁary).area[] ight[]
10 values: rimeke
[o00]7571.00 e cou
[001]1&.00 o H[]
[002]16.00 o b
[003]6.00 ngati
[004]4.00 er wid
[005]4.00 4 :f“'
[006]3.00 jn fac
[007]2.00 p=e m

pse m
[005]2.00

pse ar
[00%]2.00 -
Referenced objects: pse ro
Mone

=

| Name | value |

M Recth, Connectivity (Binary), count 10.00
M1 Rectd, Connectivity (Binary)width[] | (127,000, ... [10]

As in any programming environment, variables in Sherlock are used as temporary placeholders
for data. The types of variables you can create are the same as the types of readings algorithms
can generate: Number, Boolean, String, Point and Line (singular and arrays for all types).

|IN 8 B P L NOSOBOPILD,
| Name | yalue |

M warh 0.00

M warB .00

Pl warC (.0 [0]

To create a variable, select the desired
type from the Variables pane’s toolbar.
(If the Variables pane is not visible,
select View=>» Variables from the main
menu.) Variables are assigned default
names and initial values.

Yariable edit £
Mame | numBadPartCount]

Current walue | 0, 0000000000000000

Comment | huimber of parts that Failed inspection

s _|
S

A

Double-left-click on a variable to display its edit dialog. You
can rename the variable, set its initial value and add a
comment. It is a good idea to give variables meaningful
names — for example, numBadPartCount instead of varA.

You cannot directly modify algorithm readings — for example, you cannot delete elements from
an array of numbers returned as a reading from an algorithm — but you can modify data in
variables, so one of the most common uses of variables is as holding places for readings.
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To save a reading to a variable, S arcal ]|

double-left-click on the reading T AP o M[T waidth[]

to display its edit dialog. The |[N§”‘:] 2 : B i} height(]

Store in variable drop down Eg EEI”F“E“
ole ol

list shows Only the variables of Stare in wariable: |
i [ione < | P bboxt
the same type as the reading. ~]

N - P[T bbax br|
(arrObjectAreas and varD are F%m_ T elongatii
both type N[ 1) vaiD [T Fiber wic

‘ Loy II.'I High ||_'| NI Fiber len

T Farm Fac
=T elipse m
|- ellinse a
Or right-click on the readingto = T i
: ‘s Connect value menu. EINM  Connect value |
display its Connect value menu. QLT Connect value ,
..... Mile=eaEl  ariables 4 arrCbjectareas
----- MIT perimeter length watD
115 ) PR o |
N 8 B P L NISOBOPOI
| Name | value |
M arrCbjectareas ((7571.00), ...0...
When you run the investigation, variables H
connected to readings are filled with the readings’ Mame | arrObjectareas
data. r——s ]
. . . . nde urmber
Double-left-click on a variable to view its D000 | 7571000000
contents. ool 18,000000
ooz 16,000000
0oas 6,000000
oo+ 4,000000
aoos 4,000000
o0& 3.000000
ooz Z.000000
— | 0003 Z.,000000
3, |ooos 2000000
To delete a variable, select it in the Variables pane  LISiaiaidiyn]Jue] ]
and hit the keyboard’s delete key. If you select a Yariable arrObjectAreas references Following

objects. Do you wank to continue with

variable that is used anywhere in the program, ok

you will be warned!

RectA. Connectivity (Binary).areal]

-------------- oK Cancel |

&

ﬂ You can drag-and-drop variables within the Variables window to put them in any order
you want. You can double-click on the Variable window’s Name, Value and Comment column
headings to automatically order the variables.
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Rearranging program elements

As you add elements to the program, you may find that you need to rearrange them for reasons of
program logic. You can move elements with the drag-and-drop method.

4 Eegin 4 Begin .l Eeqin
@ Rectd @ Reckn, \\
\\ \‘\ % ---@ Feckd,
Il Raked b -l Raked Il Rakes
.} End w3 End -} End
To move ROI LineA before ... drag it on top of RectA... ... and release the mouse
RectA, select it, hold down the left button.

mouse button...

Copying program elements

You can copy individual program elements. When you create a copy of an element, the new
element inherits the properties of the source element. It is assigned a new name, since two
elements cannot have the same name.

4 Begin { Beqin { Begin
- o Reca
B Lined | Copy ™ LingA
-l Raked  pelete [l Rakes
b Copy SRR Rects_A
R Y :
To make a copy of RectA, Helele r:: Eecti‘i Lhr;shl:-ld
select it with the mouse, click Paste (Tree) = ol G il T
the right mouse button, and Paste {Selected only) . ERslaRecd f.Connechiviby (Binand]
select Copy from the pop-up  Select the el t after which | ot
Py pop-up elect the element alter which you The new element is named RectA_A.
menu. want to create the copy, click the

right mouse button, and select Paste
(Selected only) from the pop-up
menu.

After you make a copy of an element, you can edit it to change its name and functionality.
Changes made to a copy of an element do not affect the source element, and vice-versa.
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You can copy entire sections of the program tree.

@ Main D vain @ 1ain
- - E-E irngh
B True Copy 4
b oMY acgtime  Delete e True
Paste (Tree) B acg stat S (Tree) M acq bime
"@ Begin Rt -4 Begin Paste (Selected anly) g acq skatus
-8 Recth : @8 Rectsa —————————— ]
e Lined ;Ziugoli:jla;::;:;oints SN Linea Taggle Breakpaint { Beain
Il Raken ANl reaked Remaove all Breakpoints EJ B Recth
“} End General .} End # i Lineds
v ENEr3 |||” Rake,ﬁ,
. ] } End
To make a copy of imgA and all Select the element after which =8
the elements it COHtaiHS, select it you want to create the copy, True
with the mouse, click the right click the right mouse button, and n acq time
mouse button, and select Copy select Paste (Tree) from the pop- B acq status
from the pop-up menu. up menu. { EBegn
- Recth_a
e Lined_f
Il Raked_a
l End
A new image window is created;
it contains copies of all of the
elements from the source image
window.
FAY
A
£ N
7 ' N
; n,
5 N
o N,
l_',-"' . .\'\.

When you copy and paste program elements, you also copy and paste their settings.
It is up to you to change the settings of any preprocessors, algorithms and instructions when you
copy them so that they perform as you want them to. This is particularly true for instructions’
inputs. (For information on instructions, see the chapter Instructions.)

This code snippet shows one image =224 imgh

window with one rectangle ROI executing B | update display (True)
the Threshold preprocessor and the M_acq time
Connectivity — Binary algorithm. The B acq status

array of areas from Connectivity- Binary -1 Begin

= B8 Recth

----- Fr: Reckd, Threshald

---Alg Recth, Connectivity - Binary
[=--Fi Meanbrrd

----- i numbers <-Reckd, Connectivity - Binary, areal]
H . |

is passed as input to the Statistics : Mean
Array instruction to calculate the average
object area.
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The same functionality was needed in a -2 imgh

second image window, so RectA and =B84 imngB
MeanArrA were copied from imgA and B : update display (True)
pasted into imgB. But note that the input N‘ acq time
to the new instance of Statistics : Mean B a':':l.Stat'-'S
Array is still the array of areas from -1 Begin
El-EE Recth_A

Connectivity — Binary in RectA in
imgA. The investigation will execute,
and MeanArrA_A will return an average
value, but not the correct one! You have
to change the numbers input to
RectA_A.Connectivity — Binary.area[].

i-Bre Rectd_f, Threshold
[#-&la Rectd_A.Connectivity - Binary
[=-F Meanfrrh_&
M numbers <[RectA.Connectivity - Binary.areal] |
N‘ avg
End

..... }

You can copy-and-paste program elements, but you cannot cut-and-paste them. To
move program elements, copy-and-paste them, then delete the originals.

Determining variable use

In the process of creating and debugging an investigation, you may create variables that you
never use, or you may create variables and forget where they are used. To determine whether and
where a variable is used, move the mouse pointer over it in the Variables window.

¥ariables
The variable numGoodPartCount is
referenced by three instructions, JJ L
SetNumberA, AddA and SetNumberB. It is | Name
referenced twice by AddA (as the input = strTodaysDate
M numBadPartCounk

number andas the output sum).

The variable strTodaysDate is not used in the
investigation.

Locating program elements

bl

numGoodPartCount

Sethumberd output
AddA.number
Adda.sum
SethumberB . output

Referenced objects:

rurnGoodPartCaunk
boolPartFailed

¥ariables

IN 8 B P L NOSO

| mame
strTodaysDate S—ptrTodaysDats
IrumBadP arkCount
Referenced objects: | mcoodrartcount
Mone boolPartFailed

A typical Sherlock investigation contains hundreds of lines of code, spread across several
subroutines. (For information on subroutines, see the chapter Instructions.) You may want or
need to know where a particular element is located. Continuing the previous example, you may
need to locate the instruction SetNumberA to see how it uses the variable numGoodParts.
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First, from Sherlock’s main menu, display the Find Results

- it | Yiew Run Image windo
window. — -

Taolbars 3

|T Skatus Bar
|7 Yariables
|T Progranm

Monikor

" Find Resulks

D armmvkar

Next, from Sherlock’s main menu, open the Find Name m | Edt  Wiew Run  Image windo
dialog. — . -
3] Wame Chrl+F r
lmda Packe (o ol
Because SetNumberaA is an instruction (formula), it will be in either the Main routine or a
subroutine.

It is in the subroutine Init

Search for | Sethumberd FindResults = k|
&3 DH.
Lookin———————— [~ Search string -
. o y Mame | Twpe | Location
. - I
I Main = WIS WA FOI' Sethumberd  Formola Inik
¥ subroutines ™ Starts with
I variables " Contains
" Ends with
™ Keep old results "~ Ises wildcards
4 3
e _| | —- 2
P

Program
Double-click on SetNumberaA in the Find Results window JJ @ ACA  Scred RET CALL JUNF LEL  Hhile STOF
to show its location in the Program. HAWII @

Inik
=-Fi
- nurnber (10,0000
e WY oukpuk- =numioodPartCounk

The Find Name utility does not show where variables are used in the investigation.
The only place it finds variables is in the Variables window.
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Instructions

Instructions manipulate data, perform calculations, control program flow, communicate with
hardware devices, write to and read from text files, and perform many other useful tasks.

Instructions are divided into functional groups, displayed as folders. Because there are many,
many instructions, and because the collection of instructions is constantly expanding, neither all
of the groups nor all of the instructions can be discussed here. Here is a brief overview of the
functional groups as of Sherlock 7.1.4.x.

Functional group
Array : Data type

Boolean
Geometric
10 : Target
Numeric
Statistics

String
Trigonometric

Adding instructions

Contains instructions to
Manipulate arrays of Data type (Boolean, Line, Number, Point, String).
These instructions manipulate the structures of arrays; they do not process
their contents.
Perform Boolean operations, such as AND, OR, and XOR.
Perform geometric calculations, such as fitting points to a line or circle,
calculating point-to-point distance, and finding the intersection point of two
lines.
Communicate with Target devices or objects, including cameras, ROIs,
PLCs and text files.
Perform mathematical operations, such add, multiply, divide and compare
numbers; and initialize variables
Perform statistical operations on sets of numbers.
Manipulate strings, such as concatenate, search for substrings, and trim.
Perform trigonometric operations, such as cosine, arccosine, convert
radians to degrees, and convert degrees to radians.

To display the list of instructions, select View Instructions |

= Instructions from the main menu. Open a folder (&8 humneic *W
to see the instructions in the group. An Statistics

. . . . -F Cp MeandArr

instruction’s name gives you some idea what the —FI Cphrr

instruction does, although for the sake of brevity, FO Cpk viﬁgrs”ﬁ_ltthhee aaﬁ:rg:rszrﬂ;me

some of the instruction names are a bit cryptic. --FO Cpkirr
L FI Ma Inputs:

If you hover the mouse pointer over an instruction, PO Maxhrr | NL] numbers

. . . . - FIO Mean Outputs:

a pop-up window describes the instruction’s RO N avg

functionality, inputs, and outputs. FO Min _i
- F(_Minfrr e
MeanArr

Returns the average of all the walues in
the array argument.
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Drag-and-drop an instruction on top of the program element { Begin

after which you want the instruction to appear. (In this =-fH RectA

example, the Statistics : MeanArr instruction was dropped ;P RectA, Threshold

on top of RectA. The preprocessors and algorithm are P :: Recth Median

members of RectA; they are not program elements [£l-#13 Recth Connectivity (Binary)
[=-Fi Meandrrd

themselves.) ; : .

..... 11 [l (

You can also add an instruction ~{  Begn
by right-clicking an existing =8 [ i Wndo Faste Cri+2
program element to display the - :: Re Copy Ch4C p
mStr_ucuon pop-up menu. _____ } ."E ? dRE Celete el Cparr
Nav1gat‘e through the menu to the n Paste (Tree) Chriey cpk
1n‘stru‘ct10n yqu want,. thep left- Paste (Selecked arly) Cpkéirr
click it. The instruction is added Max
after the program element you Toggle Breakpoint MasALT
right-clicked to display the menu. Remave All Breakpoinks Mear
General b Meandm
Min
i MindArr
Skring b Mariance
Trigonomekric k Variancedrr
Renaming instructions
To rename an instruction, left-click it once, wait : y
briefly, then left-click it again. Enter the new name. AU numbers (.3 (003
W avg
Or double left-click the instruction to display its edit
dialog, and enter the new name in the text box. |

IMeanl’-‘n.rr.f-‘«

Statistics:MeanAmn

Feturns the average of all the values in the aray
arqumet.

Apply

Instruction inputs and outputs

An instruction’s inputs are denoted by red inward-pointing triangles. A
Its outputs are denoted by green outward-pointing triangles. &
Not every instruction requires inputs, and not every instruction generates outputs.

The characters before an input or output name tell you what data type the input needs or the
output returns: Number (N), Boolean (B), String (S) Point (P), and Line (L). Inputs and outputs
can be singular (N) or arrays (N[ ]).
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For example, the MeanArr (Mean Array) instruction E| FII Meanhrrs
takes an array of numbers as input (N[ ] numbers), i
and returns a single number (N avg), the average of the i
numbers in the array. © R P avg

Defining input values

To assign a source to an
input, right-click the input
to display the Connect
value menu. On]y Readings Recta, Connectivity (Binary). areal]- =arrObjectare
variables and readings of Rectd, Connectivity (Binary) . width[]

h Recta, Connectivity (Binary).height[]
the correct type are Rectd, Connectivity (Binary). perimeter ler *h{]

arrQbjectireas

displayed. Select the input mecth.Connectiv®  “ary).hle cor
from the list. e =l

You can also assign a source by dragging-and-dropping a valid |$|---F_[] Meandrrd

candidate from elsewhere in the program. Here, width[] was ‘Fd[] iti..-gi?{j};[fb;i]'ﬂidth[]
dragged from RectA.Connectivity - Binary and is being dropped e avg %
on top of the input. -} End

This instruction calculates the average of the { Biegin

widths of the objects found by RectA’s =B Recth

Connectivity — Binary algorithm. The result is

. ----- Fre Rectd,Median
available from the output avg. :

[l Recth, Conneckivity (Binary)
[=--F Meanarrd

----- ) numbers<-Rectd, Connectivity (Binary) widthl]
H . |

...... ¢ a'l.l'g

----- } End
The Watch window
An easy way to view the value of an e, - |
instruction’s output is to drag-and-drop it | Name ‘| value |
from the Program to the Watch window. M | RectA, Connectivity (Binary).count 10,00
To display the Watch window, select View Ml Rectd, Connectivity (Binary)width[] (127000, ...2[10]
2 Watch from the main menu LM _MeanArr.avg 14.90 |

The Watch window is updated every time a
value changes.
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Program flow instructions

The General folder contains instructions that, for the most part, control
program flow. These instructions are also available from the Program
window’s toolbar.

Program | &
JJ@ ALY 55rp1 RET C©CALL JUHF LEL Hhile 5TOP IF IFE Txrt FREH

S W == 208 0 0 7 9.

To add a program flow instruction to the program:
Drag-and-drop the instruction from the General folder to the
Program window onto the program element after which you want
to add the instruction.

or
Right click an existing program element element after which you
want to add the instruction to display the Instruction pop-up menu,
and left click the instruction.

or
In the Program window, left-click to select the program element
after which you want to add the instruction, then left click the
instruction’s button in the toolbar.

IF IFE
If *# and -Else &

4 General

..... = Cal

----- ® Comment

IF
If-Else

----- B4 Image window
-JUHF

..... ‘ JL"TII:l
----- & Label

----- & Return

-y Subrouting
Tert

..... ? Tesk

The If and If-Else instructions conditionally execute instructions based on the evaluation of a

conditional expression.

When you add an If or If-Else instruction and double-left-click it, the Edit conditional

expression dialog is displayed.

Edit conditional expression x|
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== == 3 I Tl8e |9 | Mame | value ;I
1= o= - 3 4| s | & M Rectd, Conneckiviey (Binar.., ({0,000},
Pl Recks.Connectiviey (Binar,.. ({24400
AL | Ol | e t]2]s3 Pl Recks,Connectiviey (Binar,.. (370,00
TRUE |FALSE 0 M Rectd, Conneckivity (Binar..,  ((6.20),
M1 Rectd, Connectiviy (Binar...  ((34.94)
Logical expression: M Reckd.Connectivity (Binar... | ((216.6%
FALSE ] | M Recta, Connectivity (Binar,.. (00,35),
IJ _l;l M Reckd, Conneckivity (Binar.., ({0,003,
1 * M Recks,Connectivity (Binar,., | (¢0,00),
M Reckd. Conneckivity (Binar,.. (0,00},
T M Recta.Connectivity (Binar...  ({0.00),
| Ml Rectd, Connectivity (Binar,.. | ({0.00),

M Meanfrr i, avg 14.90 T

o | | ol

v



The default conditional expression is FALSE. You  Logical expression:

create a real conditional expression from single- [MeanArrd.avg] < 10 =l
value algorithm readings, instruction outputs and . _'l;l
variables; the logical operators (==, !=, AND, OR,
etc.); numbers; and character strings, that evaluates
to TRUE or FALSE at runtime.

In the conditional expression, readings, outputs and variables must be surrounded by square
brackets ([ ]). If you drag-and-drop a reading or variable from the Name list on the right of the
dialog into the conditional expression box, the brackets are added automatically.

Do not precede the conditional expression with the word “If” — for example,
If [MeanArrA.avg] < 10. The “If” is implied.

The Name list on the right of the dialog contains every single-value reading and
variable that exists in the investigation, not just those that will contain “fresh” data when the If or
If-Else instruction is executed. You are responsible for creating a conditional expression that
makes sense at the time it is evaluated.

You can add any program elements you want to the If and Else branch of an If-Else instruction.
El-Fi Meanfrrd

If the logical expression evaluates to TRUE when 1!:5]1 ::;"bers{'Recm'c'mnecnwt"’ (Binary). wickhl]
the instruction is executed, the If branch of the If- 2 ifelsen,

Else is followed. If the expression evaluates to == I

FALSE, the Else branch is followed. (In this [~ Display error message

example, Display error message and Display é___;g;t”p

success message are instances of the =2 Display success message

I10:Reporter:Print instruction.
A simple If instruction has no Else branch.

When you add the first program element to an If instruction, it is placed at the same level as the If
instruction, not within its scope.

This code snippet is meant to calculate the average value of an array

of numbers only if there are one or more objects in the array, as 4% One or mare objects?
determined by the If instruction One or more objects? But when Iél---F_U Meandrrd

the MeanArr instruction is added, it is placed at the same level as 1'4[] nurnbers ((...3 [0])
the If instruction. Its execution is not conditional on the result of e N g

the If instruction — it is always executed.

Here the MeanArr instruction is drag-and-dropped
on top of the If instruction.

o Feania |
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Elo One or more objects?
[=-Fi Meanarrd

Now the MeanArr instruction executes only if the If instruction
evaluates to TRUE.

Hint: You can leave either branch of an If-Else instruction empty, so you may as well always
use If-Else instead of If instructions.

Tert

]
Test *

The Test instruction uses the same conditional expression dialog as the If and If-Else statements.
It has one Boolean output, which will be either True or False.

E-E8 rectReadSerialMumber
Verify serial number compares the string returned . =B rectReadSerialiumber Barcode 10

by the Barcode 1D algorithm to the expected barcode. . - 5 string
=- "Jt werify serial number

H H . |
Conditional expression; i b B oresdlt
[rectReadSerialburber . Barcode 1D.string] == "SM2205225"

One use of the Test instruction is to generate pass/fail results for several conditions, and use the

results later to determine whether the overall inspection succeeded or failed.
[=]-#84 imgFront
----- ‘B update display (Truz)

B8 rectReadSerialMumber
=-"%" Werify serial number

[+ B rectReadPartMame
[ Tert

- Werify park name string
..... } End

=284 imgBack.,

----- ‘B update display {True)

e | .
----- M~ acq kime
----- =N acq skakus
~{  Begin
..... rec eCkrar l ape

B3 rectCheckForTap

I Werify "Do nok open” tape presence

..... } End

EI--O iFelses

o= TF
CHLL

- =y Call Part passed
=] =% Else

CALL

b =y Call Part failed

Each instance of Test compares the result from an

™ .
""" M_acq time algorithm to an expected value. This is the conditional
""" B acq status expression for ifelseA:
""{ Eegin

Conditional expression:
{ [verify serial number. result] == TRLUE ) AND ﬂ

[ [Werify part name string.result] == TRUE ) ARD
[ [verify "Do nok open” kape presence.result] == TRUE )

-
1 F

The Test instructions could be removed, and the
conditional expression for ifelseA changed to this:
Conditional expression:

[ [rectRead3erialMumber Barcode 10, count] == "SMZ205225") AMND

{ [rectReadSerialMumber .Barcode 10.string] == "WA40E") AMND
[ [rectCheckforTape., Average, average] = 1007

Most people feel that the first is easier to read and
manage, but the choice is yours.
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Hhilx
While

The While instruction repeatedly executes the instructions within its scope as long its conditional
expression evaluates to TRUE. It is useful for, among other things, extracting data from arrays.

Edit conditional expression

= | == > { Fla|o9 | Mame
I= <= < j 4 |5 |8 M intIn
M inkare
AMD CR MNOT 1 2 3 . X
M imgh,:
TRUE |F&LSE 0 B imp
M Rec.
Logical expression: F | Recth.

| [N Re.
4 M Rectw

M o 1 Ml Recta.c.
L=

[intIndez] < [Recta. Connectivity - Binary.count] = | P Rects
4

The While instruction uses the same conditional
expression dialog as the If and If-Else instructions.
In this example, a number variable intIndex was
created to access individual elements of
RectA.Connectvity.area[]. As long as intIndex is
less than the number of elements in the array (the
count of objects found), the While loop executes the
instructions within its scope. (Array indices start at
ZEero).

#-E Recta

=1-F0 Initislize intIndex to O

..... 4 0.00

b WY output->intIndes

= [ whiles

E|---F[] et Connectivity . areafintInde:x]

'----f'-J[] arr =-Recth, Conneckivity - Binary, areal ]
M idx<-intIndex

b WY wal->intArea

More instructions

=-F0 Increment intIndes
..... ‘W 1.00
----- M number <-intIndesx
W [add input]
b WY sum- FinkTndes
[+--=2 Display message

Initialize intIndex to 0 is a renamed
instance of the Numeric : SetNumber
instruction.

Get Connectivity.area[intIndex] is a
renamed instance of the Array:Number
GetAt instruction. The element
Connectivity.area[intIndex] is extracted
and saved to the variable intArea.

After some analysis is performed (More
instructions), intIndex is incremented with
an instance of the Numeric Add instruction.
The end of the loop is reached, so control
returns to the top of the loop. When
intIndex is equal to count, the loop is
exited, and Display message is executed.
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JUHF

LEL

Jump = and Label 4

You can use the Jump and Label instructions to interrupt normal program flow.

A Label is a “do nothing”

instruction that can be
inserted anywhere and
renamed to anything.

= [ whilea

El ‘FO et Connectivity. arealintIndex]

L i arr<-Rects, Connectivicy - Binary, areal ]
M idx<-intIndex

MY val-=intarea

The Jump instruction’s El o IF intarea < 5

dialog shows all Tabels. O SRS T S

[#-FO) Increment |ntInu:Iex

----- ® Label : Display message Jump te: I j
[+-=E Display message
----- } End OKLabel : Digplay message
o
Within the While loop, if an element of the B [y whiled

El -F1 Get Connectivity .arealintIndex]

¢ e arr<-Rects, Connectivity - Binary.area[]
- idw-inkIndex

© WY val-sintArea

El 0 If intArea <5

Connectivity.area[] array is less than 5, the loop is
exited immediately.

JUHF

i --==my Jump to Label : Display message
[-F0 Increment intIndex

----- % Label : Display message

[+-=E Display message

“ Careless use of the Jump/Label combination can lead to unexpected and hard-to-
diagnose logic problems (“spaghetti code”). It is always possible to write a program such that the
Jump/Label combination is unnecessary. The preceding example could be rewritten to avoid the
use of the Jump/Label combination:

w8 Recth
- -Fir Initialize intIndex to 0
E| -Fi1 Initialize intArea very high
I ey Y=Lttt
N output->inkArea Logical expressian:

whiled { [intInde:x] < [Rectd. Connectivity - Binary.count] ) AMD § [intArea] ==5) ;l
- Fi1 et Conneckivity, arealintInde:x] -
i [H-F0 Increment intIndex 1| | »
[+-=2 Display message

The While instruction’s logical expression was rewritten to check for both intIndex being within
the range of the array, and the last-read area being greater than or equal to 5. If either clause
evaluates to FALSE the loop is exited. (Note that intArea is initialized to a high value
[99999999], to ensure that the first time the logical expression is evaluated, the [intArea]>=5
clause evaluates to TRUE.)
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@ CAHLL E E i
Subroutine Call 1 and Return

For the sake of program readability and logic, it is a good idea to divide the program into

subroutines.

To add a subroutine to the program, click the Sub button on the Program window’s toolbar or
drag-and-drop the Subroutine instruction from the Instruction window’s General folder. An
empty subroutine with a default name (subA, subB, etc.) is created.

Program

|@ 5

Szrel  RET  CALL JUMF LEL  HWhile 5TOF  IF

S0 e 08 O O 7.

Main | subs | subB

Renaming subroutines

You can and should rename subroutines. It is not uncommon for an investigation to contain
several subroutines, and the names subA, subB, subC, etc., give no indication what the

subroutines do.

To rename a subroutine, click it once, wait

briefly, click it again, and enter the new name

Or double left-click the instruction to display
its edit dialog, and enter the new name in the
text box.

Adding code to subroutines

A subroutine can contain any program
elements.

Here the code from the If branch of the If-
Else instruction was copy-and-pasted from
the Main routine to a subroutine named
Average width too low.

Back in the Main routine, the instructions
Display error message and Stop were
replaced with a Call instruction. When you
double-left-click on a Call instruction, its
dialog shows all the subroutines in the
program. Select the subroutine to which you
want to pass control.

@ ifwverage width too lowi

I.-'-‘-.verage width koo lows

™ Fuarita an ealibeation

@ ACH Scgel K CALL JUNF LEL HMhile STOP IF IFE Tert
- | T T S S

Average width oo low

E|o iFelses

0% I
P cALL

} Enc  Call b

M one
m Ayerage width oo low
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Now when you run this investigation in
continuous mode

ImgA acquires an image

RectA executes its preprocessors and algorithm
MeanArrA calculates the average of the
values in width][]

If the average width is less than 10, the
subroutine Average width too low is called;

otherwise Display success message is executed

The investigation returns to the beginning and
repeats the process

Returning from a subroutine

@ G Szgpl  F CALL JUHF  LEL Hhile SToF IF IFE Tert
=q = b T T £ RS S

GiYvtain|
=B84 imgh
"B True
e Y acq bime
= acq skatus
-4 Begin
=-EH Rectd
..... Bre Reckh, Threshold
----- Bre Feckd,Median
---P-h; Rectd, Connectivity (Binary)
[=-Fi Meandarrd
= | numbers <-Rectd, Connectivity (Binary), width[]
N‘ avg
=k iFelseh
== If
%‘ Call average width koo low
=l =% Else
= Display success message
} End

" Main fwerage widkth boo low | a I

At the end of a subroutine, control automatically returns to the calling routine, where program

execution continues.

If a part passes inspection, the subroutine Good part is called; it if . E

fails, the subroutine Bad part is called.

The subroutine Good part pulses a signal on digital
output channel 4, and increments the count of good
parts. The subroutine has reached its end, so control

returns to...

E‘O Good part?
B If

CALL

¥ Call Good part
== Else

CALL

: .=y Call Bad part
=1.Fi1 addr

iGood part

== async pulse digital outputa
- “M  channel {4.000)

----- ‘B state (True)

- ‘M time (10,000

[=1-F0 Increment good part counk

----- “h rumber {1, 0000

----- ‘M number <-numGoodPartCount
----- 4 [add input]

----- MY sum-=numGoodPartCounk
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Program

@ ACQ 55 1 K CHLL JUHF  LEL  Hhile STOP IF
[ ] = e U0 ® o

. the instruction after Good part? (AddB) and
execution continues.

E

X

-

& Test average height and width |
E|<> Is height okay?

o= If
R Display good height message
~Fi) Increment good height count
E ™= Else

[+-=E Display bad height message
~F0_Increment bad height count
----- 6 Return
€ 15 width okay?
== If
¢ [ Display good width message
i [-FO Increment good width count
- =% Else

=E Display bad width message
[#-F0 Increment bad width count

" Tast awerage height and average width 4

This Return instruction causes an immediate return

from the subroutine if the height test fails. The code

=8 o Good part?
E| 'ﬁ- If

CALL

i ey Call Good part
== Else

..y Call Bad part
=-Fi AddE

----- “ number {1,000}

------ "N [2dd input]

I'_'I IEI write file &

The Return instruction causes an immediate return from a subroutine to its calling routine.

b WY sum-=numTotalParts

5 ----- “N  number <-rumTokalParts

Program E
@ ACQ Sgl K CALL -JUKWF  LEL Hhile 5TOR IF »
JJ | = e o o .
L@ st average height;
EI O Is height okawy
! =2 Display good height message
[#-Fi1 Increment good height counk
E-*=% Els=
- =8 Display bad height message
BEOTncrement bad height counk
-k Return
" Test average height 4

Control is automatically returned to its

calling routine at the end of a

subroutine. This Return instruction is

unnecessary, but harmless.

that tests the width is not executed.

Program execution always starts in the Main routine. You cannot rename the Main

routine, nor delete it.

Event-driven subroutine execution

A subroutine can be executed automatically based on an event. Suppose you want to write the
good average widths to a text file instead of executing the Display success message instruction.
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The I0:File Open instruction is added to the
program.

Instructions B
‘a I File . “ @ gﬂ' 5§1 E CALL

@ Main

EIIEI open file &

L <EMPTY
“S MoMame.bxt

..... EI Write ‘E
[C Io: Image window : - True
[C I0: Reparter El - _EI p‘result
I Roi o=t Img
g . LB True
Every open file must be associated with a file handle; up to 10 JJ L TR o
handles (0 — 9) can be active at once. Select the file handle from @ Vi
the drop—dqwn list that is displayed when you double-left click on = =2 open fils &
the handle input. - |"®1 handie <-File handle #0
ES [ L
== apen file & B True
= ope
handle (<EMPTY>): EldlSag (TSN =000 e B result
=224 imgA
I[NDI‘IE] LA The
B result
File handle #0
File handle #1
File handle #2
~|File handle #3
File handle #4
File handle #5
File handle #&
File handle #7
File handle #5
File handle #9

The Display good width message instruction is
replaced with the I0:File Write instruction.
The same file handle with which the file was
opened must be selected.

When defining a string to write, surrounding a
variable name with square brackets [ ] means that
the value of the variable is accessed. You cannot
access readings, only variables, so the avg output
of MeanArrA was saved to the number variable
widthAverage.

=

=-

-Fi Meandrrd
----- Al numbers <-Recta.Co
N avg- =widthAverage
IEEE)
== If
L.y Call Average width too low
=-=% Else
- Write average to file
i handle<-File handle #0
----- ‘= Average width: [widthAverage]
e B result

InmsBPL 2

-
| Name

niectivity - Binary width[]

| value |
0.oa

B widthéwverage
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Now when his investigation is run in continuous
mode

The file C:\Test\Width.txt is opened

ImgA acquires an image

RectA executes its preprocessors and algorithm
MeanArrA calculates the average of the values in
width[]

If the average width is less than 10, the subroutine
Average width too low is called; otherwise the
average is written to the file

The investigation returns to the beginning and
repeats the process

Program

@ ACY Sogpel R CALL -JUHF LEL Hhilx STOPF IF
> T 5 = o U w® o

EIE'I imga
----- ‘B True
') acq kirme
B acq skakus
-4 Begin
- EQ Rectd
B-F0 Meandrr
[—]O ifelses
== If
- m#.‘ Call Average width too low
== Else
-0 Write average ko file
..... }

End

But... It doesn’t make sense to repeatedly open the file at the start of every pass through the
program. (In fact, the program will run correctly, but every execution of Open after the first one

will generate a runtime warning.)

To open the file just once, the Open instruction
is moved to a subroutine. Double-left-click the
subroutine name to display its options dialog,
and select Execute after loading or Execute
before continuous investigation.

If you select Execute before continuous
investigation, the subroutine is called
automatically every time you click the Run
continuously button on the main toolbar.

If you select Execute after loading, the
subroutine is called automatically when you
select Program=>Open from the main menu
and load the investigation.

Instructions

|
JUNF LEL  Hhilx >»
= & U .
EIEI open file A
i handle =-File handle #0
“S CiATest\width, bt
‘EI True
e B result

-70%” e I— IElpen file

[ Execute on calibration

v Execute after loading

™ Execute before continuous investigation
[~ Execute after continuous investigation
[ Execute on B0l outside

[~ Execute on camera timeout

[ Execute on ermor
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Because the file is opened automatically after the

ianfstigati.on is loaded, the IO:File Open instruction in the I EEE R TR R
Main routine is no longer necessary. =

The file is closed automatically when the investigation is
unloaded. (You could add code to explicitly close the file N: acq time
with an IO:File Close instruction based on some condition, - B acq status
.l Beqgin
such as the number of passes through the program, an error BB Recta
condition, etc.) F-FO Meandrth
[—]O ifelseh
== If
: b c“#' Call Average width too low
=-™=% Else
-2 Write average to fils
} End

' Main | Awerage width too low | ©pen file |

Exporting and importing subroutines

As you develop more and more Sherlock investigations, you may find yourself recreating the
same or similar pieces of code over and over again. With some forethought, you can design
useful subroutines that can be saved to separate files and inserted into new investigations as
needed.

When you right-click on a subroutine name, the Export and
Import items appear at the top of the pop-up menu.

Export
Impork

Selecting Export displays the

Export subroutine dialog, with ~ Ile name: |0ipen fie.ivb [ ﬂl
which you can save the Save as type: IE:-:pl:urted subroutine [*.ivb] j Cancel |

subroutine to an .ivb file.

To import a subroutine into an investigation, right-click on any of the investigation’s routine
names and select the Import item from the pop-up menu. From the Import subroutine dialog,
select the .ivb file you want to import. The contents of the .ivb are imported as a new subroutine,
not into the routine you clicked to display the pop-up menu.

Before the subroutine is imported, a dialog box asks you Subroutine Import
whether you want to create subroutine-specific variables.

If you click the Yes button, variables that are referenced Create subroutine specific variables?
in the subroutine are created, prepended with the name of

the subroutine and an underscore (e.g., Open file_), and Yes Mo |

references to the variables in the subroutines are given
the new names. If you click the No button, no variables
are created, and references to variables are undone.
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This subroutine was exported to Init.ivb...

—-F1 SetMurnber s

‘M number (0,000

N oukput- =numGoodParts
—-F1 SetMurmberB

‘M number (0,000

N oukput- =numBadParts
—|--F0 GetDaked

=" date- »strTodaysDate

Main  Initialize

¥Yariables
N § B P L HNOSOBIOPC
Name ¥Yalue I

M numBadParts 0,00
rurGoodParks 0,00
S shrTodaysDake  ###Emphy

=

... and imported into a new investigation, with
the question Create subroutine specific
variables? answered Yes. Note the new names
of the variables.
& Initialize
—--Fi1 SetMumberd,
‘N rumber (0.00)
') oukput- =Initialize_numGoodParts
—--Fi1 SetMumberE
‘N rumber (0.00)
') oukput- =Initialize_numBadParts
—|--FI GetDated
5" date- =Initialize_strTodaysDate

Main  Initialize

¥Yariables
N 8 B P L NOSOBOPIOLIO,
Mame ¥Yalue

M Initialize_numBadParts 0.00

B Initialize_numGoodParts 0.00

3 Initiglize_strTodaysDate R pLyFE

After a subroutine is imported, you can rename the variables to their original names, provided
there are not already variables in the investigation with the same names.

& *,
.,

Variable names in text embedded in instructions — If, If-Else and While conditional

expressions; the text for IO : Reporter : Print and 1O : File : Write, etc. — and JavaScript
modules are not updated to the new names. It is up to you to update these names.

e
Fany
£ M
£ A
/- ' N
£ ",

& » -‘.‘

References to non-variable program elements — image windows, ROIs, subroutines,

alignment objects, calibration objects — are not maintained when you export and import
subroutines. You will have to redefine these references.

An .ivb file is a binary encoding of a subroutine; you cannot open it outside of Sherlock.
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This routine executes the Connectivity — Binary SR
algorithm from the ROI RectA. If atleastone @ 3 : update display (True)
object was found, this routine calls the subroutine N‘ acq time
Anyholes? ... B acq status
4§ Begin
=-E8 Recth
----- Bre Reckd, Threshold
[]-&lg Reckh, Connectivity - Binary
..... } End
=-€» Object count = 07

: CALL

Loy Call Ay holes?

... which determines whether any of the @y ririy holes?
objects has holes, by calling an instance of [=I-F0 Sum the hole count From all of the objects

the Statistics : SUmMAFF instruction with f\J[]‘ nurmbers <-Rectd, Connectivity - Binary.hole count[]
e M g =nurm TokalHoleCount

RectA.Connectivity — Binary.hole 214 sum > 07
count[] assigned to its numbers input. A == Pulse output - part Failore
sum greater than 0 means indicates a bad M channel (5.00)

“B state (True)
‘M Hme (80.00)

Main  Any holes?

The sum output of the SumArr instruction  ¥ariables

is saved to the variable /N 8 B P L NISOBOPILO,
numTotalHoleCount. | Name | value | Comment

f o TokalHoleCount 22,00

part, in which case a pulse is sent out on
digital output channel 2.

When you export Any holes? to an .ivb file, & fny hales?
import it into a new investigation, and answer [=1-F0_Sum the hale count from all of the abjects
Yes to Create subroutine specific variables?, l‘FJ[] numbers ((...3[0]
numTotalHoleCount is renamed L M s A0y hioles?_nurmTatalHoleCount
Any holes?_numTotalHoleCount. IZ—ZIO Sum = 07
Elﬂih Pulse autpuk - part Failure
The reference to RectA.Connectivity — - N channel (5.00)
Binary.hole count[] is undone. You must - B state (True)
redefine the input to the numbers parameter. - time (50.00)
Main  &ny holes?
¥Yariables
IN s B P L NOSOBOPOLD,
| Name | value

M any holes?_numTotalHoleCount Zz.00

If you import a subroutine into an investigation that already contains elements with the same
names as elements in the subroutine, the elements in the subroutine are automatically renamed by
appending _A or _B or _C, etc. to them.
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STOp

Stop -

The Stop instruction causes an immediate halt of the investigation. The current iteration of the
investigation is not completed, but subroutines marked Execute after continuous investigation
are called if the investigation is running in continuous mode.

This behavior is slightly different than both the main toolbar button Stop after completing
current iteration, which allows the current pass through the investigation to complete, and
allows subroutines marked Execute after continuous investigation to be called; and the toolbar
button Abort, which causes an immediate halt of the investigation, and suppresses calls to
subroutines marked Execute after continuous investigation.

KEH
Remark -
A good developer comments her code, with the - ® Acquire a side view of the bottle
thought that at some point someone may need to -84 imgCam0
figure out how the program works. Use the Remark .. ‘B update display (True)
instruction with wild abandon. It is non-executing, so ~ i. N acq time
it will not increase investigation execution time. L. B acq status
-4 Begin
----- & Measure the width of the bottle
..... “. LineA
----- & [Make sure the label is on straight
----- ER Recth
----- } End

ROI Tolerance

Every ROI has a Tolerance tab on which you can define a condition that determines whether the

ROI passes or fails.

Check Enable Pass/Fail output to
enable the Edit button.

Click the Edit button to display the
same Edit conditional expression
dialog as for the If, If-Else, and
While instructions.

IF!ect-i'-.

Processing | Position | Properties  Tolerance

¥ Enable Pass/Fail output

Condition:

‘ FALSE

Edit |
Snapl Hepeatl .-i'-.ppl_l,ll Cloze |
ps

A
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The ROI RectA

executes the algorithm S (R (S sl Thare e ]
C'ount. If thp returned o ) R B imgh.acq stakus True
pixel count is less than = B Recta.pass False

sgr + = 1 z 3 . .
28000, the conditional f N imgh.acq time 50.28
expression evaluates to AND | OR | NOT 0 : M | Rectd.Count.pixel count  31282.00
TRUE. TRUE | FALSE

Conditional expression:
[RectA, Count. pixel count] < 25000
1

2

Evaluate
Evaluation result:

|
= o

gt

In the program, the ROI displays a new reading, pass, which will El@ Recta:

return TRUE or FALSE, the state of the conditional expression. . e RectA, Threshold

-8la Reckd, Count
: e I
: - pixel count

Either immediately after the ROI execution or later in the program, you can test the ROI’s pass
reading, either by itself or in combination with other readings.

Here, the pass readings from  Lagical expression:

two ROIs are tested in the { [Recth.pass] == TRUE ) &MND | [RectB.pass] == TRUE } =
conditional expression of an =
If instruction. h L

Although the Name list shows every single-value reading and variable that exists in the
investigation, not just the readings from the ROI’s algorithms, the idea is to create an expression
that evaluates only results returned by the ROI’s algorithms to determine whether the ROI met
some pass/fail criteria. Otherwise, if you want to evaluate results returned by algorithms from
several ROIs, you may just as well add If-Else or Test statements to the program.
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Monitor and Reporter

The Monitor

The Monitor displays runtime information, such as warnings, errors, and execution times. To
display the Monitor, select View View=»M onitor from the main menu.

Save
Clear Monitor contents

Turmn display ~ tofile ~ Select
repc}mpfg on monitoring Y ou can select for display only the information
O

options that is of interest to you.

JJ O O |:| H | E;' - Warnings a
Errars
Name | Message Irvestigation
Acquisition
Drisplay
Acq 25,70 Image processing
. Roi
Rectd get pixels 0,19 ms vl Formula ;I
Threshold 0.09 ms
Conneckivity - Binary 0.60 ms Cancel |
Recth set pizels 0,09 ms e
& Error ROT Outside in Rect
Fun 2817 ms

Observing execution times can sometimes aid you in finding an application bottleneck.

L Updating the Monitor can add several milliseconds to the investigation execution time.
The Monitor should not be displayed when an investigation is deployed.
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The Reporter

The Reporter is atext window to which you can write with the | O:Reporter Print instruction.

To display the Reporter, select View=2»Reporter from the main menu.

=54 imgh

----- B True

----- h acq kime

" acq status

Eegin

Reckd

E-----Pre Rectd, Threshold

: ~Fre Reckd,Median

---ﬁlg Rects, Connectivity - Binary
=-F0 Initialize intIndex ko 0

Clear
display

|0 H.

Save contents to

afile

i oo Object 0.000 area: 7507.000
WY autput- #intIndex Object 1,000 area: 715,000

- [ whiles Ob]lect 2.000 area: 234.000
E1-Fi Get Connectivity, arealintIndex] Object 3,000 area: 152,000
FR ' . i Ohject 4.000 area: 139.000
¢ A arr<-Reckd, Connectiviey - Binary, areal] Object 5.000 area: 24,000

i M idx -intIndes
¢ WY val-sintarea
ﬁ Print object area
: L Object [intIndex] area: [intArea]
[=-Fi Incrernent intIndex
100
‘N number <-inkIndex
‘N [add input]
e WY sUP- minkIndes
----- } End

Ohbject 6,000 area: 21,000
Object 7,000 area: 16,000
Object 8,000 area: 15,000
Ohject 9.000 area: 13.000

The area of each object found by the
Connectivity algorithm is printed to the
Reporter from within the While loop.

The |O:Reporter Print instruction writes a
single line followed by a carriage return and
line feed.

When defining a string to print, surrounding a variable name with square brackets [ ] means that
the value of the variable is printed. Y ou cannot print readings, only variables.
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Debugging

When developing and testing an investigation, it is sometimes desirable — or necessary — to step
through the program a line at a time, or at least very slowly, to find the source of a problem.

Combinations of Sherlock’s debug options, breakpoints, and execution options allow you to run
an investigation in various debug modes.

Single step Highlight
execution executed
mode instructions
L= R
Execute Slow down
single execution
instruction

Highlight executed instructions mode
1
L
Click the Highlight executed instructions button.

€1

Click either the Run once or Run continuously button.

The investigation runs at close to normal speed, but instructions are highlighted as they are
executed.

Slow mode
=

. il
Click the Slow down execution button.

Click the Run once or Run Continuously button.

The investigation is executed at slow speed. It is much easier to see the update of the Watch,
Variables, Monitor, and Reporter panes.

Single step mode

Click the Single step execution mode button.
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Click the Run once or Run Continuously button.

Repeatedly click the Execute single instruction button to execute one line at a time, or
click the Single step execution button mode to resume normal execution.

Breakpoints
A breakpoint marks an instruction at which execution pauses when reached.

To add a breakpoint, right-click = [ whiled Capy Chrl+C
the instruction and select R0 SR ] Delete Deel
Toggle Breakpoin t on the pop- i ‘P'E] Tadrrc:-.RntaIctz..Cnnnectivitv - Bir Toggle Breakpoint

P B
up menu. . W L;cl_}::mr;ezx Remove all Breakpoinks
A breakpoint is marked with a é. Fi1 Get Connectiviky, arealinkIndex]
red dot. Al arr <-Recks, Connectivity - Binary.areal]

M idx<-intIndex
MY val-=intArea

When you click the Run once or Run continuously button, the program executes until the first
breakpoint. The investigation is automatically put into single step mode, and the Run once and
Run continuously buttons are disabled. To continue execution to the next breakpoint, click the
Single-step execution mode button. To execute one instruction at a time, click the Execute
single instruction button.

To remove a breakpoint, right-click the instruction again and select Toggle Breakpoint, or click
Remove all Breakpoints.

ﬂ Breakpoints are not saved when you close the investigation.

Ending debug
LS

To end program execution while in the middle of a debug session, click the " Abort
button.
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Landmarks and alignment

A typical machine vision application requires tmalgsis of the same features in a series of
images. Because of the nature of motion contrdliarage acquisition equipment, or of the
target object itself, the features to be analyzedsametimes in a slightly or considerably
different place in each image. An ROI simply azelythe pixels inside it; there is no way for it

to “know” whether they’re the right pixels, so afsbr rotation of the object to be analyzed can
result in a “false bad” result.

Here a rectangle ROI is positioned to read thedslron a book with thBarcode 1Dalgorithm.
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If the book shifts horizontally from acquisition agquisition, the barcode may not be within the
ROI, and therefore may not be read.
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To ensure that ROIs analyze the correct pixels,gavucreate an alignment scheme to move the
ROIs relative to one or more points that can badoreliably in every image.

If the pixels to be analyzed can shift only horitedly and/or vertically, one point is sufficient to
measure the amount of shift.
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If the pixels to be analyzed can rotate as wedlraff, two points are necessary to calculate the
degree of rotation.

dxl

dy0

chx0 >

The first step in creating an alignment scheme identify the point or points — landmarks — that
can be found in every image.

In the book image, the left edge of the barcodellaan be found with a line ROI executing the
First Edge algorithm. 100 was chosen for the algorithedge strengthparameter after
analyzing the magnitude and direction of the chandbke pixel intensity at the label boundary in

the ROI'sProfile display. . l . I — ? .
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An alignment scheme is created on Atignment page of an Image Window@ptions dialog.
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Options %)

Iimg'é‘ ¥ Taolbar
Image source | Image logging | Calibration  Alignment | 1k
Alignments Paink readings

alignLeftEdge | rame | value |

“-4m LineA First Edge.edge point | | P |jneA.First Edge.edge point | (52,37, 407.00)

<] | ]

Create slignment | Drop paints on alignments ta assign them.

Reset home paosition |

caeel |

A

Click theCreate alignmentbutton to create an empty alignment scheme. Byuttealignment
schemes are namealignmentA, alignmentB, etc. Here the alignment scheme was renamed
alignLeftEdge.

All single point readings are candidates for ingotalignment schemes. The point found by the
First Edge algorithm was dragged from tfmint readingswindow toalignLeftEdge to make it
a landmark

An alignment scheme by itself doesn’t do anythitigeothan determine the displacement of
landmark points from their original positions; thiggnment must be applied to an ROI so that the
ROI moves relative to the landmark and analyzesthneect pixels.

To apply an alignment to an ROI, open the R@&Kkt dialog and click th&ropertiestab. The
Alignment drop-down list shows all the alignmenighe investigation.

Edit RectA

IFlec:L-’-‘«

Pracessing | Position  Properties |

—Display graph

Histograml alor: | Intensityl

Alignrment

alignLeftEdge j
Mone

v outline v Annotations

Now if the book shifts horizontally, the line ROFsrst Edge algorithm finds the point at the left
edge of the barcode label and calculates its displ@nt from its original position. The rectangle
ROI executing th®arcode 1Dalgorithm shifts relative to this landmark. Thested lines show
the original position of the rectangle ROI.
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If the object can rotate, a two-landmark alignnssiteme is necessary. On the book, “ISBN”
and the ‘90000’ above the second barcode weraetiaas patterns in two rectangle ROIs
executing thé&earch — Line Basealgorithm. Thepoint readings from the two algorithms were
turned into landmarks by adding thenmatmnRotate.

Options B

Iimge:-._ ¥ Taoolbar
Image source | Image logging | Calibration  Alignment | 1k
alignments Paint readings

alignRotate | Marme | value |

#m RectASearch - Line Based.poi | P pects, Search - Line Based.paint (261,27, 408.66)
“-4m RectB.Search - Line Based.poil | P pects Search - Ling Based.point | (576,76, 103.25)

<] |+

Create slignment | Drop points on alignments ko assign them,

Fieset home position |
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4

The ROI executing théD Barcodealgorithm was applied to thadignRotate alignment. Now if
the book rotates, the barcode ROI rotates reladitkee two landmarks, as long as the trained
patterns do not move outside their search ROISs.
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ﬂ It is possible to have different alignment schermgslied to different ROIs within the
same image window.
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Calibration

By default, Sherlock returns point-to-point measugats in pixels.

To measure the distance between the outermost eélgfes cutouts, a line ROI executing the
Outside Caliper algorithm was created. The distance is 384.94pixe

| Name | value

M Lined, Oukside Caliper, dist between edges 354,94

To return measurements in real-world units, an enagqndow must be calibrated to correlate
pixels in the image window to real-world locations.

Calibration method 1: points
1. Identify four points in an image that are knowal-world distances from each other
2. Create a transform that correlates the imagéavinpoints to real-world locations
3. Create a calibration object and fill it with ttransform
4. Apply the calibration object to an image window

ﬂ Since you generally need to calculate the transfamty occasionally, programmatic
creation of a transform is usually performed iruarsutine for which th&xecute on calibration
option is selected. A subroutine with this optsmtected is executed when the F11 key is struck.
In the following example, the subrouti@alibration is marked folExecute on calibration.
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1. Identify four points

In this image window, four spoke ROkpUL, sSpUR, spLL, spLR) executing thé-irst Edge
algorithm are positioned over four circles on alration target. In this target, the distance
between the centers of horizontally or verticalgghboring circles is 10 millimeters.

B imgCalibration: MONDS 648 & 492 - File: D:"Images',Calibration',1 cm dot array 4 1 3.bmp
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spoke ROl is passed as input to a - ‘,.fg';'ca"bra“”'?
Geometric:PtsToBestCircleinstruction. . :Es‘zit;:""p'a" (True)
One of the readings from this instruction is

----- B acq skatus
the center point of the calculated circle. -4 Begin
El-3E splL
-3 splL.First Edge
----- 1) edge point
----- NI edae strerpth
o] dist 15t cogrd ta edge
[=]-F PtsToBestCirclelIl
----- ol percent outlicggr(0,00)
----- I pts<-spUL.First Edge.edge paint
----- MY diameter
----- N paints included
----- ) quality
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2. Correlate the four points

The fourcenter readings returned by the four _
PtsToBestCircleinstructions are passed as inputs t Y :;“UTFSBE“C'“'EUL
thelO:Calibration:Calibrate Using Points F PreToBestCirdelR
instruction. The corresponding real-world locadion .:% spip

of the center points are entered as inputs indhees PtsToEestCirclelR
order as the center points. 3% spll

Upper-left circle center: (0.00, 0.00) [¢l-F0 PesToBestCrclell
Upper-right circle center: (30.00, 0.00) EL’E:I"D:;T;:;EE FE'E”P;;':T"V})
Lower-right circle center: (30.00, 20.00)

) pixel0=-PtsToBestCirclelL, center
Lower-left circle center: (1000 2000) pixell <-PtsToBestCirclelR. center

pixel2 =-PtsToBestCircleL R, center
pixel3<-PtsToBestCirclelL. center

o
o
e
~*P worldd ({0.00, 0.00))
e
o
-
B

< splL

>

The unit of measurement is not specified.

worldl ((30,00, 0,00))

world2 ((30.00, 20,003}

world3 (10,00, 20,003)
X SUCCESS

3. Create and fill a calibration object
An empty calibration object can be created on amggie window'sOptions dialog Calibration
tab.

IingaIibrate ¥ Toolbar

Image source | Image logging  Calibration |.¢\Iignment |

—Image window calibration
Active calibration; I[NDHE] Click the Add button to

- create an empty
Displ id &rid size: I 50 . . -
™ Display o calibration object

[ Display origin

—Available system calibrations

Calibrations | | dd
Calibr ationa

Rl

Delete

In theCalibrate Using Pointsinstruction, Iél---L. calibrate using point s
double-left click theHDL <Empty> input to - ou calibration<-Calibr ationa
display the handles of the calibration objects. P mivalneDreTaRackivelal I renkar

Select an objecCalibrationA) to save the
calibration transform to.

Since the subroutine hasn’'t been executed yetransform hasn’t been created, and the
calibration object is still empty. To create thanisform and fill the calibration object, execute
the subroutine by hitting the F11 key.

4. Apply the calibration object
Calibration objects are applied to image windowhvidually. On an image window®ptions
dialog Calibration tab, select the calibration object from the drowvd list.
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Iimg,-’.‘q, v Toolbar

Image source | Image logging  Calibration |A|ignment | s

Image window calibration

Aickive calibration: | Sl j

Mone
I oeply o ——

Now when point-to-point measurements are madedrc#ibrated image window, they are
returned in real-world distances. The distancevben the outermost edges of the cutouts is
23.09 millimeters.

| walue

- ! M Lines, Cukside Caliper.dist betwesn edgss 23.09

Calibration method 2 : transformation values
1. Determine the origin and scaling factors ofithage
2. Create a transform using the origin and scdhetprs from step 1
3. Create a calibration object and fill it with tthansform
4. Apply the calibration object to image windows

This method requires that you know or can calculaeratios of horizontal and vertical pixel

distances in the image window to distances in waald units; these are supplied as scaling

factors to theO:Calibration:Calibrate Using Transformation Value sinstruction.
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1. In thisCalibration subroutine, the
horizontal scale factor is calculated by
dividing the real-world width of one of the
squares (10 mm) by the pixel distance return
by thelineWidth ROI executing th®utside
Caliper algorithm. The same is done for the
vertical scale factor. The scale factors are O.
in both directions.

Watch
MName ¥alue
M| lineWidth. Qutside Caliper. dist between edges 164.06
H | lineHeight Outside Caliper, dist between edges 162,78
M wWidth scale quotient 0.06
M Height scale.quotient 0.06

2. The scale factors are passed as inputs to t
Calibrate Using Transformation Values
instruction. The origin is left at (0,0), the
upper-left corner of the image; no rotation is
calculated.

3. The calibration objedTalibrationB is
filled with the transform.

@ Calibration
-4 imgE

4B update display (True)
o B acq kime
e acq skatus
4§ Begin
Bl linewidth
E-8la lineWidth, Outside Caliper
P edge paint 1
i P adge paint 2
N edge strength 1
Uy edge strength 2
e edge sharpness 1
t MY edge sharpress 2
fo Y dist betwesn edges
[=1-Fiy Width scale
“N number {10.00)
M number <-lineWwidth. Outside Caliper dist between edges
TN quatient
B, lineHeight
[#-F0 Height scale
=1, calibrate using valussh
Lfiou calibration<-Calibrations
arigin x (0.00)
arigin y (0.00)
scale x <-wWidth scale, quotient
scale w<-Height scale. quotient
angle {0.00)

.|
SUCCESS
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4. After theCalibration subroutine is executed by hitting the F11 keynpto-point distance
measurements made in another image window to vthilealibration transforr@alibarationB
is applied are returned in calibrated units.

imgC: MONDS 648 = 492 - File: D:'SherlockT training Images' Checkerboard 1 in.bmp
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Manual calibration

Calibrate selected transform
The calibration methods just described can also be
performed manually, by clicking tH&irect calibration
(transfqrmation_values) (ﬂ_oint cglibratior_l (po_ints) button Paint calibration
on the image window'®ptions dialogCalibration tab.

L~ Area measurements, such asdhea[] reading returned by tHéonnectivity —
Binary algorithm, are always returned in pixels.

Direct calibration
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Calibration using a grid

Camera placement and optics (lenses) can intradistation that makes image analysis,
particularly point-to-point measurement, unreliasdest, and impossible at worst.

perspective (skew) distortion

no distortion

| .
barrel distortion (from lens) pincushion distortion (from lens)

The four-point calibration method can correct fergpective distortion (skew), which results
when the camera’s imaging plane is not parall¢héinspection plane. It cannot correct for the
kind of distortion introduced by most lenses, esgicat their extreme edges, or by other optical
irregularities. (Calibration using transformatizaiues [“scale x” and “scale y”] cannot correct
for any type of distortion.)

Grid calibration can be used to convert from pixelseal-world units (millimeters, inches, etc.),
or to remap pixels so that features appear aswoeyd if there were no distortion introduced by
camera placement or optics.

The calibration algorithms

The grid calibration utility includes four algoritts, each optimized for a particular type of

distortion. Arbitrary or random distortion refers to distortion that is not the same througho

the image.Radial distortion, which is introduced to some extent by most lensetbie same

along any line drawn from the center of the image €enter of the lens) to the edge. Pincushion

and barrel (“fisheye”) distortion are examplesadial distortion.

» Pergpective corrects for perspective distortion only; it dows correct for arbitrary or radial
distortion.

» Piecewise Bilinear corrects for any kind of distortion using a lozali technique.

» Piecewise Perspective corrects for any kind of distortion using a lozeti technique. Unlike
Piecewise Bilinear the local approximation is based on perspectivieawsof linear
interpolation. This method is adequate for perspedtistortion combined with another kind
of distortion (for example, radial).
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» Radial corrects for radial distortion only; it does normect for arbitrary or perspective
distortion.

The calibration target

To calibrate using the grid method, you need onth®following targets:

* A black-and-white checkerboard in which the sizethe squares are known and uniform

» A black-on-white or white-on-black line square gindwvhich the sizes of the squares created
by the grid are known and uniform

* An array of black-on-white or white-on-black ciraulspots in which the spots’ center-to-
center distances are known and uniform

By finding these feature points, and knowing th&t driginal physical location of the feature
points must lie on a uniform grid with square cetlsmplex distortions can be corrected with
minimal user input.

This image of a checkerboard target exhibits ahytdistortion, especially at the left and right
sides. There is no perspective distortion dueatoara placement, nor is the distortion radial.

img#A: MONOS 648 = 492 - File: F:\Sherlock 7% Calibration test images'Checke:; = IEllil
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Once you have acquired an image of the target uhdesptical conditions in which processing
will take place, click anywhere in the image windtmndisplay itSOptions dialog. Click the
Calibration tab.
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Click theAdd button to create
a new calibration object. You
can rename the object, or
leave its name as is.

Click theGrid calibration
button.

Select the algorithm appropriate for the
type of distortion you are correcting for.

Select the type of target you are using. |
you select ines or Spots, Sherlock will
determine whether they are dark-on-light

or light-on-dark.

If you want to redraw the image (remap
the pixels), enter the grid size pixels —
that is, the width and height of the squar¢
for a checkerboard or line grid; or the
center-to-center distance for spots. If yo
want to convert from pixels to real-world
units, enter the grid size in real-world

units.

Select the method of image restoration
you want to use. (Image restoration is
performed only if you select it in step 8b.

Click theCalibrate button. Calibration

will take several seconds.

Options B

fimga:

Image source | Image logging  Calibration |F\Iignment | Display | 4 F

¥ Toolbar

—&vailable system calibrations

Calibrations |

_alibr akiond

—Calibrate using selected method

—>

Add

Marnual calibrationl &rid calibration I‘—— 2

Delete |

Poink calibration |

Cancel |

&

— Calibration algorithm
Calibration Ms 3

Focal Center Mode

Faocal Center (pixels)

—

A

[

Piecewise Bilinear

Fiecewise Perspective

Piecewise Bilinear

Radial

Petspective

— Grid information

arid Image

Update From Main Window |

Grid Type 4

—»Icheckerbnard

[

—'warld Grid mapping Lines
Image (pixels) Spots
Reference Poink s |Black Lines
Black Spats
world (world units) White Lines
‘irhite Spoks
Reference Poink w0 i | a
Grid size il It 1 | B
angle 5 | i
Display detected grid v O

— Calibration results

Calibration errar

| 1.56250553115295e-006

— Image Restoration
1 Interpolation Mode

6 =<

% Bilnear
™ Bicubic

" Mearest Meighbaor

Background
* auto

" User valus I a

™ None

[™ Show coordinate grid

Size (world uniks):

[ 50
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If Display detected grid is
checked, the grid connecting the | - -

spots or running along the edges ¢ .
the squares or grid lines is gr— ' 1 | [— :
E mune

Close the calibration dialogOn theCalibration page of the image window@ptions
dialog, select how you want to use the calibratibject.

8a. If you want to convert from Image window calibration
pixels to real-world units, select | active calibration: ICaIiI:ural:iu:un.ﬁ. =]
the calibration object for the o
I mage window calibration active [ Display origin [~ Display grid arid size: |5|:|
calibration. 8a
OR
8b. If you want to remap the —Image restaration using grid calibration
for thelmage restoration active
calibration. |
8b

A single calibration object cannot be used to perform both image
correction and pixel-to-real-world conversion. Selecting the same calibration object
for both of the calibration options will lead toaxpected (and undesirable) results.

If you created a calibration object to remap thee|s, you can run the investigation to see the
corrected image.
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Minimal target dimensions

The minimum number of grid points is four, whichaisceptable for pure perspective distortion
(no arbitrary or radial distortion), as long as ther points form a rectangle. However, the
greater the number of grid points, the more aceuts calibration.

The checkerboard and the line grids result in tbstraccurate calibrations. The picture below
shows the range of acceptable dimensions for ttierpaelements.

Checkerboard Spots Lines
width > 1 pixels
width < 1/3 cell size
|<b| R
diameter > 13 pixels
diameter < cell s
|<—>| <—>|
cell size > 20 pixels cell size > -C* pixels cell size = 20 pixels
cell size < ¥z image size cell size < 2 image size cell size < ¥z image size

ﬂ The different calibration methods — Perspectivec@wise Bilinear, Piecewise
Perspective, and Radial — take different amountsref to generate the contents of a calibration
object. But once the contents have been genettieylall take the same amount of time to apply
to an image at run time. The different image nedion methods — Nearest Neighbor, Bilinear,
and Bicubic — take increasing amounts of time toag the pixels, but are also increasingly
accurate.
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For the checkerboard or line calibration targdts,dlgorithms require a 10-pixel buffer
between any point on an edge and the edge of thgdnior the square to be used in the
calibration. For example, if the top edge of assqun a checkerboard is only 8 pixels from
the top edge of the image, the square will notdsluo create the correction map, even
though the entire square is in the image

Grid calibration corrects the source image staréinthe point designated as the origin in the
detected grid display in the calibration dialog.
By default, this is the upper-leftmost spot cemtesquare ]
corner in the grid; it is marked with two red arowThis origin
becomes the (0,0) pixel of the corrected imagezlpito the left
and above thdetected grid origin are “mapped out” of the
corrected image
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JavaScript

JavaScript is a scripting language developed by Netscape to enable Web authors to build
interactive sites. Although it shares many of the features and structures of the full Java language,
it was developed independently. JavaScript is not Java.

In a Sherlock investigation, a JavaScript code module can be used to perform tasks that “native”
Sherlock code either cannot perform easily, or cannot perform at all.

Adding a JavaScript module

55rn-1
To add a JavaScript module to a program, click the Create script button on the Program
toolbar.
The module is added to the program after the element @ Main
that had the focus when you clicked the Create =B84 imgh
script button. | i B True
----- T acq kime
----- B acq skatus
-4 Begin
. . B Rectd
Double-left-click on the module name in the program | | : End
to display its edit dialog
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The JavaScript edit dialog
sehipt |

| Mame | value ||
M intActiveshift 2.00
M intareadrray {{323.00), ...3[8]
M inkwidthrray 20,00y, ... [5]
FIl | intCentroidarray — ((140.50, 101.08), ...)[8]
M intHeightarray ({28,000, ... [8]

The code window

The Sherlock variables you can
access in the JavaScript code

| Predefined items | Description -
g% Sherlock object Application level sers
B Vars object Wariable access
@ DigIn object Digital inputs control
@ DigQut object Digital outputs contr
% ;‘;ﬁ?;::d The JavaScript items you
E Mumnber object can add to the code
if skatement TMpTE I STatement
1] | _'I " iF-glse skatement If-Else pair -
Line1 Cal1 ‘T 4

Check, S_l,lntar:l
ool |

g

The JavaScript language includes many common programming constructs — For, While,
Do/While, If, If/Else, Switch, etc. There are also several objects with built-in properties and
methods — Sherlock, Vars, Digln, DigOut, System, Math, Number, and Date.

To add code to the code window, you can either type it, or drag-and-drop an item from the
Predefined items or Sherlock variables window.

When you drag-and-drop a programming construct from Script |
= for(; | J{
}

Predefined items into the code window, the construct’s
“skeleton” is created.

You then fillin the details Srpt

= for( i=0 ; i="ars.varCount; i++){
totalArea = totalfArea +Vars varfreali]

}

Using JavaScript objects

JavaScript is an object-oriented language. A JavaScript object encapsulates members and
methods for different types of operations.
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When you drag-and-drop an object from Script |

Predefined items and type a period (.), the

object’s members and methods are displayed in hiath.

a drop-down list. abs |
acos
asin —
atan
atanz hd

After you select an object’s method and type a
left parentheses, the method’s parameters are

displayed. You fill in the parameters to hath. ma}{ﬂ
complete the method. Math.max(x, y] |

Here, the max method of the Math object Script

returns the larger of the two numbers contained
in the variables numberl and number2. The |
value is stored in the variable maxNumber.

maxhumber = Math.maxinumber!, number?)

Variables

Sherlock variables
The main method of communication between Sherlock and JavaScript is through Sherlock

variables. JavaScript cannot call Sherlock subroutines, manipulate ROIs, call instructions, or in
any other way access a Sherlock investigation (except for a few methods described later).

Sherlock variables are accessed from the JavaScript Vars object. For example, a Sherlock
variable intActiveShift would be accessed as Vars.intActiveShift.

If you type Vars. (with the period) in the code window, all of Script |
the variables in the Sherlock investigation are displayed in a ars]
drop-down list.

intActiveShift
intAreadrray
If you drag-and-drop Vars from the Predefined items list to !”I?‘d:h’?‘drﬁh’

. . .. intCentroidArray
the code window, then type a period, the same drop-down list is intHeightArray
displayed.

If you drag-and-drop a variable from the variable window (the
JavaScript variable window, not the Sherlock Variables
window), Vars. is automatically prepended.

Point variables

A Sherlock point variable is accessed through two properties, .x and .y. To read the x and y
values of a single Sherlock point variable Point in JavaScript, use Vars.Point.x and Vars.Point.y.
To read the x and y values of one element in a point array variable Points, use
Vars.Points[array_index].x and Vars.Points[array_index].y.

Line variables
A Sherlock line variable is accessed through two properties, .a (angle) and .d (distance). To read
the angle and distance components of a single Sherlock line variable Line in JavaScript, use
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Vars.Line.a and Vars.Line.d. To read the angle and distance values of one element of a line array
variable Lines, use Vars.Lines[array_index].a and Vars.Lines[array_index].d.

=

. ! “ A JavaScript module has access to Sherlock variables only — not readings from
algorithms.

JavaScript variables

JavaScript variables do not usually have to be declared. A variable’s type and size are
determined at runtime based on context.

jsMumber = “ars vartlumber | Marne | Yalue |
|sMumbers = Yars varMNumbershrray M varMumber =1.000

_ _ _ M wvarMumbersarray 5.142), .0 3]

J_sF'D!nt}{ = Vars.varF"m_nt.}{ P varPoint (123,000, 456.000)
jsPointY = Vars varPaint. y POl varPoinkarray {(34.700, 263.880), ...} [2]
jsPaintArray = Yars varPointArray

When you assign a Sherlock array variable to a JavaScript variable, the type and array size of the
JavaScript variable are automatically set, as in jsPointArray = Vars.varPointArray above.

Because variables are dynamic in JavaScript, there is no type checking when passing values to
Sherlock. Assigning the wrong type of JavaScript variable to a Sherlock variable will not
generate a syntax error, but will generate a runtime error.

jgString = "Hello" | Marne | alue |
Yars.varMumeric = jsString M | varMumeric 0.00

Mo emars Check. S_I,Intaz-:l
] | Fiun | Stop | Cancel |
o~

A JavaScript variable’s type will change if you assign it different types of data. In the following
code, the JavaScript variable jsVariable is first a number, then a string, then an array of points,
and finally a number again. (But of course this is not good coding practice!)

jsWariable = 23.9 | Mame | Yalue |
_ _ M varIndex 0,000
js%ariable = "Hello POl vatEdgePoints ({23,000, 55.0000...

|s¥ariable = “ars varEdgeFoints

|sW%ariable = “ars varlndex
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Seript
One of the few variables you

must declare is an array that is a_’f Copy Sherlock array to local array
not created by assigning a [sMumberirray = Yars varMumberArray
Sherlock array to it. You do
not have to declare the size of
an array; arrays are
automatically resized as k=0
necessary.

M Create array of undetermined size
var jsamallNumbers = new Array()

HJ The length method returns the size of the array
= for iI=0 ; i=<jsMumberfrray. length; i++7 ]
J Copy only small [ < 1007 numbers to new array
= if [ jeMumberdrray[i] < 100 {
jsamallMumbers[k] = jsMumberirray|i]
k++

All JavaScript variables are local to the module in which they appear. They are destroyed when
the code module is exited; their values are not maintained between calls to the module.

JavaScript variable names are case sensitive. jsNumber is not the same variable as JSnumber.
If you type a Sherlock variable name in the JavaScript code window without using the Vars

object, you create a local JavaScript variable with the same name as the Sherlock variable, but
they are not the same.

This sets a local JavaScript variable  v3rTotal = 123 + 45 | Mame | value
varTotal to 168. M warTotal 0,000
This sets the Sherlock variable Yars.varTotal = 33/11

varTotal to 3. The local JavaScript
variable varTotal is still set to 168.

JavaScript cannot recognize variables with embedded spaces. For example, varTotal Height is a
valid Sherlock variable; it will appear in the JavaScript Vars object as Vars.varTotal Height.
But at runtime the JavaScript engine will generate an error:

Monitor

|lo@|DH|=.

Name | Message

4 script scripts (line 00 Error #1029 in "scripta”, SynkaxError; missing ; before skakement

(The engine will generate the same error in the JavaScript edit dialog if you click the Check
Syntax button.)
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The Sherlock object

The Sherlock object writes to the Monitor, the Reporter and IpeStudioLog.txt. The three methods
that write to these — .Monitor, .Reporter, and .DbgLog, respectively — all take a single
parameter, the string to write.

Sherlnck.hﬂunitnrﬂ
sherlock Manitor(String message] |

When defining String
e To write a literal string enclose it in quotes (" ")
e To write a Sherlock variable, use the Vars object
e To write a JavaScript variable, enter its name without quotes

You can concatenate literal strings and variables in any combination with the plus sign "+".
For example

Sherock Monitor("i: * + i + " Count: " + %ars varCount)
writes the literal string "i: ", the value of the JavaScript variable i, the literal string "; Count: ",
and the value of the Sherlock variable varCount.

Monitor
o@D H|X.
MName | Message
Scripk it 27, Count: 123
Sherlock.Monitor writes to the Monitor only if the =
Script option is enabled in the Select monitoring
options dialog, which is displayed when you click % E!f"”"'—"a
0 . ' [1[=]
the Monitor level button on the Monitor's toolbar. ] Script
|| Communication
Monitor |10
] TCP

@ DO H|X]

Mame | Messa
Manitar level

|| Acquisition driver

B
Zancel |
-

Sherlock.DbgLog writes to

<Sherlock>\bin\IpeStudioLog.txt log4j.logger.ipeStudio.logger=DEBUG, RolFile
only if the logger level in

<Sherlock>\bin\IpeL.og.config

is set to DEBUG. If the logger level is set

to ERROR, WARNING or INFO,

Sherlock.DbgLog is ignored.

Sherlock.Reporter always writes to the Reporter, even if it is closed.

The Digin and DigOut objects

The DiglIn object reads the digital inputs
The DigOut object reads and writes the digital outputs.
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The System Object

The System object can manipulate text files (Open, Close Read, Write, Delete, Move, etc.) and
folders (Create and Delete), and pause the script for a number of milliseconds (Sleep).

You must create hierarchies of folders one level at a time.

For example, if neither Folder1 nor Folder two exists, these two statements will create them:
swstem. FalderCreate(" 0 WFolder!™)
swstem. FolderCreate("D:WFolder! W older2™)

This statement alone will not:
oystem FalderCreate"DWWF olderTWWFalder2™)

You can delete a folder at any level of the hierarchy.

For example, given the hierarchy D:\\Folder1\\Folder2\\Folder3, the statement
oystem. FolderDelete"D5Folder!WFolder2™)

deletes Folder2 and Folder3, but not Folder1.

The Date Object

The Date object returns the current date and time. The month, day, year (since 1900), hours (in a
24-hour clock), minutes, and seconds can be extracted with the methods getMonth, getDay,
getYear, getHours, getMinutes, and getSeconds.

A Create a Date object

This code gets the current hour, determines

which 8-hour shift is active, and sets the var currentDiate = new Data()
Sherlock variable intActiveShift to 1, 2 or 3,
accordingly. i Get the current hour (0 - 23)

var currentHour = currentDate getHours()

A Determine which shift is active
= if {{currentHour == 0} && (currentHour < 8)) §

/i Between midnight and 755 a.m.
fF Set Sherlock variable
Yars. intActiveShift = 1

1

elze if ((currentHour == 8) && (currentHour < 167)
Ji Between 3:00 a.m. and 3:59 p.m.
ff Set Sherlock variable
Yars. intActiveShift = 2

1

else
/f Between 4:00 p.m. and 11:99 p.om.
f Set Sherlock variable
Yars.intActiveShift = 3

}
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e The array property .length returns the number of elements of both Sherlock and
JavaScript arrays. This line of code
ArrayLength = Vars.varAreas.length
sets the JavaScript variable ArrayLength to the number of elements in the Sherlock array
varAreas.

e If you need to read more than a few elements from a Sherlock array variable, it is more
efficient to copy the entire variable to a JavaScript variable than it is to read the elements of
the Sherlock variable one at a time. (In these examples, Vars.varAreas is a Sherlock number
array variable, and Vars.varTotalArea is a Sherlock number variable; jsArrayAreas and
jsTotalArea are JavaScript variables.)

This... ...not this

|sArrayAreas = Yars varhreas jsTotalArea = 0

jsTotalArea =1 for (iF0; 1=Vars varAreas. length; i++)

for (i=0; i<jsArrayAreas. length; i++) { jsTotalArea += “ars.varAreas|i]
JsTotalArea += jsArrayAreas|i] !

} Yars varTotalArea = jsTotalArea

“arsvarTotalArea = jsTaotalfrea

e true and false are Booleans; O and 1 are numbers.

e Variable names and predefined literal names are case sensitive. True is a variable; true is a
predefined literal.

e Sherlock and JavaScript cannot access the same text file at the same time. A text file that has
been opened with Sherlock’s I0:File Open instruction cannot be accessed by the JavaScript
System object file operations (FileClose, FileAppend, etc.) until Sherlock closes the file, and
vice-versa.

For more information on JavaScript, click on Start = Programs = Teledyne DALSA

=>Sherlock = JavaScript Help. There are also many online resources for learning more
about JavaScript.
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Color classifiers

red
green
blue
cyan
magenta
yellow

: white

255

sREzOEQ®

255 E

There are 16,777,216 (25&olors in the 24-bit RGB color space. In an imagquired by a
color camera, it is unlikely that more than a fexefs will have exactly the same (r,g,b) values.
What may appear to the eye as two identical dark plxels probably vary by at least a few
values in each component — (10, 7, 223) and (822Q), for example.

For algorithms that compare pixels in an acquiredge to a set of trained colors, using a single
(r,g,b) value as the basis of comparison wouldresalt in satisfactory results, since very few, if
any, pixels being analyzed would match the singtelf) value. For these algorithms, Sherlock
uses color classifiers that define a trained coédras a single (r,g,b) value, but rather as one or
more (r,g,b) “seed” values and their “volumes dluance”. A volume of influence is the three-
dimensional space around the seed value or vaiaesiefines the extent of the color within the
RGB color space.

Sherlock has two types of color classifiers, whach used in different algorithms. (See the
sections on the individual algorithms for whichsddier an algorithm uses.) The basic steps for
training colors for both classifiers are the same.
1. Use arectangle ROI to select a group of pixé&lsis can include pixels you do not want
to include in the defined color.

2. Select an algorithm from the ROI's list. Clitle algorithm’sParameter s button.

3. On the parameters dialog, click tBenfigure button. Either th&tatistical Color
Classifier Trainer or theBlock Color Classifier Trainer dialog will appear, depending
on the algorithm you selected.

4. On the trainer dialog, click thieeach button.

5. Enter a name for the color.

6. Click theAdd New button. The color name is added to the list afied colors, but the

color is not yet learned.
Color classifiers Page 1
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7. Click theLearn button. The average of the pixels within the ROdalculated and
displayed in the list of learned colors. The averagd the color displayed next to it are
for reference only. Depending on the algorithre, ¢hassifier will use the average of the
(r,g,b) values in the ROI as the seed, or it wsk @ach (r,g,b) value in the ROI as an
individual seed and assign each the same color .name

Click theOK button on the trainer dialog. Click tlé button on the algorithm’s
parameters dialog. Select a new group of pixelb thie ROI, and repeat steps 3 thru 8.

oo

Block Color Classifier Trainer

— Color [nfo
QqQEq (093, 031, 042)
% d: 127, Unknown
— Status
4 + I Teach Fiun |
7 bpp. #0000, w0000
—Run
Distance
— =1
; |—. [~ Yar [15 =
 each
[ e[ e |
Right-click to toggle teachiun mode or to cancel tracking Fercent [+-]; |25 _,;‘ Fadius: |?5 _,3
 Leamed Colors Treach a new o exishing color:
Mame | Colar | Point # | R |ls | B | | Fieni fed
red M 1of1 093 031 042 S Jr=
L tidd New | Leam |
6 -
7
Bit resolution: I? vl Change |
Import... Export... | [T Show [ Showal

8 H» ok, |/
24

The two classifiers — block and statistical — diffehow they classify colors, and in their options
for determining whether an (r,g,b) value falls nhate a learned color.

Block Color Classifier (shown above)

Classifier creation

The block color classifier uses the individual fo)gvalues of the pixels in the ROI as seeds.
When the first color is learned, a volume of influe expands around the seeds such that the
color “owns” all of the (r,g,b) values in the cokpace. As more colors are learned, the volumes
of influence of the learned colors are resizedrastiaped so that they do not overlap. This
prevents an (r,g,b) value from falling into morantone color’s volume of influence. To each
(r,g,b) value in the RGB color space, the class#isigns the identifier of the learned color
whose volume of influence contains it, and itsatise from the color’s closest seed.
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The following diagram gives an extremely simplifieéa of what a color space classified by the
block classifier might look like. For the sakere&dability, this color space has only two axes,
red and blue. Both axes extend for 256 units i@ 255), but only a small portion of the space is
shown. Every entry in the color space has a reldaanlue component.

In this diagram, two colors have been learned,™eedl “blue”; their single seed values are in
bold. (In reality, block classifier learned colors ally have more than one seed.) Their volumes
of influence are demarcated by a bold line. Tistadices of the (r,b) values from their colors’
seeds are shown as “ch: These distances do not reflect how distances arereally assigned

in the block classifier.

blue blue blue blue blue blue blue blue blue blue
d=8|d=7]|d=6|d=5|d=4|d=3|d=2|d=1|d=1|d=1

blue blue blue blue blue blue blue blue blue blue
d=8|d=7|d=6|d=5|d=4|d=3|d=2| d=1| seed d=1

red red blue blue blue blue blue blue blue blue
d=3|d=3d=6|d=5|d=4|d=3|d=2|d=1|d=1|d=1

red red red red red red blue blue blue blue
d=2|d=2|d=2|d=2|d=2|d=3d=2|d=2|d=2]|d=2

red red red red red red blue blue blue blue
d=2|d=1|d=1|d=1|d=2|d=3d=3|d=3|d=3| d=3

red red red red red red red red red blue
d=2|d=1| sed d=1|(d=2|d=3|(d=4|d=5|d=6fd=4

red red red red red red red red red red
d=2|d=1|d=1|d=1|d=2|d=3|d=4]d=5||d= d=7

>

Classifier options

Bit resolution - The number of bits of each eight-bit color comgiat of an (r,g,b) value that are
used during training and analysis. Only thieighest bits of each color component are used Th
lower the bit resolution, the more colors can ditiad still be considered the same. You must set
this before you start training colors, and click @hange button.

Distance — How much the (r,g,b) value of a pixel being gmad at run time can differ from a

one of the color’s seed values and still be recgghis the color. A pixel’s (r,g,b) value may fall
within a color’s volume of influence, but if itssdance from all of the color’s seed values is
greater thamlistance, it will not be recognized as that color. Thetaige is applied equally to all
colors in the classifier.

Point # — You can assign the same name to more than aneelé color. Each new instance of a
learned color is assigned a number (1 of 5, 2 8f&, 5, etc.).

Runtime

At run time, an algorithm checks the propertiethef classifier’s (r,g,b) value to which a single
pixel or the average of a group of pixels (depegdire algorithm) maps, to determine its
assigned color identifier and its distance fromdheds of the learned color. If the distance is
less than the distance limit, the algorithm retuhesname of the learned color. If the distance is
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greater than the distance limit, the (r,g,b) vaumlor is “unknown”. In the preceding simplified
two-dimensional diagram, the highlighted (r,b) afalls within the volume of influence of the
red seed, and its distance from the seed is 5. If theadist limit is 5 or more, the color of the
highlighted (r,b) value is “red”. If the distanlimit is 4 or less, the color of the highlightecbly
value is “unknown”.

Statistical Color Classifier

Classifier creation

The statistical color classifier calculates therage of all of the pixels in the ROI to create a
single seed color, and calculates a volume of émite around the seed. As more colors are
learned, their volumes of influence may overlap.

Classifier options

Used channels — Which of the (r,g,b) components are used tl@ad compare colors. You
must set this before you start training colors, @itk theChange button.

Bit resolution — The number of bits of each eight-bit color comgrat of an (r,g,b) value that are
used during training and analysis. Only thieighest bits of each color component are useg Th
lower the bit resolution, the more colors can vamng still be considered the same. You must set
this before you start training colors, and click @hange button..

Threshold — How much an (r,g,b) value being analyzed attime can differ from a color’'s seed
value and still be recognized as the color. Thesiold can be set differently for different colors
in the classifier.

Runtime

At run time, an algorithm using the statisticalsslifier calculates which seed the (r,g,b) value
being analyzed is closest to. If the (r,g,b) vdhlks outside the closest learned color’s thrého
the (r,g,b) value’s color is “unknown”.

Fine-tuning a classifier

Once you have trained one or more colors, you esirthe distance or threshold setting to
determine whether it is too high or too low, anguatit accordingly.
1. Select an area of pixels with the ROI.
2. Select a color from the list of learned colors.
3. EnableShow. All of the pixels in the ROI that are within teelected color’s distance or
threshold limit are highlighted with a uniform colo
4. Raise or lower the distance or threshold.

(EnableShow All to highlight all of the pixels in the ROI thatfatithin any learned color’s
volume of influence, and within the color’s distarar threshold.)
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Here all the

Statistical Color Classifier Trainer

“red” pixels
are
highlighted.

Q0884

> —

r— Colar Info

(1529, 062, 031)

red

 Status

Teach | I Run

Sbpp. R.G.B =005, 0062

—Fiun

Threshold

15_:l

= Feach

[ | e |

2 to toggle teach/run mode or to cancel tracking Fercent [+/-]; |25 E Fiadius; I?E _|;
~TEgied Colors Tieach a new or existing colar:
e | Color | R s | B | Run threshl Reset | .
I
green 43 15
Sdd Hew | Learn |
3 Rezet All |
r— Configuration
4| | _,I Used chanrels: W R v G VB
|mpaort... | Export... | v Show [ Showal Bit rezalution: IB vI Change |
Ok

The pixels that are selected for training a colmudd be about the same (r,g,b) value, or at least
belong to the same color “family”. Training a@ofrom an ROI that contains widely different
(r,g,b) values — for example, (210, 80, 24) (dadnge) and (100, 200, 15) (medium green) — will
have unexpected and probably undesired results.s@ime is true for assigning the same name to
widely different (r,g,b) values with multiplkdd New/L earn sequences in either classifier.
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If you cannot easily isolate the few pixels you wanclassify by drawing an ROI, you can select
a portion of the ROI when training the color. Yean select a single pixel, a rectangular portion,
or a circular portion.

Here a
rectangular
portion of
the ROI
was
selected to
train
“green”.

Statistical Color Classifier Trainer

Q4 a|q

Entire ROI
(default)

Right-click to togagle teach run mode or to cancel tracking

= Learned Calors

Mame | Color | R |G = | Feum thres| Feset |
green 186,30 180,95 117.00 15
Fezet Sl |
1] | B
[t | Expart. [~ Show [ Showal

— Colar Info
[181.133.114]
% Unknown
— Status
Iw Fiun |
Gbpp. A, G.BE Rect-x1, w1, w5, k4
= R
Threshold
1 Ppixel Circle ||° =
Teach * *
> 0 X ([E o | ]
B Percent fdd = s |79 =
Teach a new ReCtangle
Igreen
Add Mew | Learn |
- Eantiguraticr
Used channels: W R ¥ G ¥ B
Bit resolution: Iﬂ Charae |
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You can use the “growth” option to select pixelghie ROI based on their distance from a
starting point, and their percent difference frdma (r,g,b) value of the starting point.

1.

2.
3.
4

Click theTeach button.
Enter a color name.
Click the Growth button.
Click a starting point in the ROI display. Tigels that are within the set distance

(radius) and percent difference of the startingipare highlighted.

5.

Change the radius and/or percent, click on tBédsplay to clear the highlighted pixels,

and click on the ROI display again to reselectstaeting point. The changes to the
radius and/or percent are reflected in the higlédidtpixels.

Here the growth
option was used
to select a group
of green pixels
within a red
area.

Statist

ical Color Classifier Trainer

QR84

Right-

r Learned Colar:

— Calar Info

(188,153, 112)

Unknaown

— Statu

I Teach

Sbpp. R.G.B

Run

Griowith - w242, w46, radius 50

= R l

Threshald

Growth

f
i

—Teach

v_
Ol x| al o (%

click to toggle teach/run mode or to cancel tracking

Mame | Color | R

| Run threshold | Fieset |

s [B

Percent [+A): |35 _|::' Radiusz: |5D _|::'

Teach a new or existing color;

Igreen

Add New | Lzart |
Feset &l |
— Configuration
4| I_,I Used channels: W R W G ¥ B
|mport,.. | Expart... [~ Show [ Showal Eit rezolution: Ig vI Change |
2
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Sharing classifiers

Within an investigation, classifiers can be shaetbng algorithms that use the same type (block
or statistical). The default behavior is to shaassifier upon algorithm instantiation.

A new ROIRectB was added to an

investigation that already — Available classifiers
contained the RORectA

executing theColor Presence hame | Colors | Type | Epp | |
. RectB. algb. Color Map nfa Cwned  nfa

algorlthm. Color Map was Recth, algn, Color Presence
selected aRectB’s algorithm.
Because the two algorithms use
the block classifier, by default
Color Map shares the classifier
configured for and owned by I¥ IF niot used, destroy the avwned classifisr Configure |
Color Presence.

Clazzifier uzed: "Rectd. algh, Color Pregence".

To configureColor Map’s own ~ Awailable colors
classifier, click on Double-click a color bo change its status
Rect_B.aIgB.Co!qr Ma_p in the Used | Mame | Calors | Points | MapId
Ayallableclas_sflers list, then Yas aeen T o
click theConfigure button. Yes orange 1 1

Yes yellow 1 z

Yes  red I 3

Yes white 1 4

Uze All | |Jze Hone |
Distance = 72

Classifier files

A classifier can be exported to a file by clickitg Export button at the bottom left of the trainer
dialog. A classifier file can be imported into afghms in other investigations that use the same
type of classifier (block or statistical) by clickj thelmport button.

Irport.... | Exzport... | [T Show [ Showal

s

<~ " Block classifiers and statistical classifiers @dntdifferent information. You cannot
import a block classifier file into an algorithmathuses the statistical classifier, and vice-versa.
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Color presence

TheColor Presence Meter counts the occurrence of trained colors withirR&l. It uses the
block color classifier.

Pixels within an ROI are analyzed one-by-one byclassifier. If a pixel is within a trained
color’s distance limit, the count for the coloiingremented. After all the pixels in the ROI have
been analyzed, statistics on the colors are rafurne

The classifier was trained
with the colors green, red,
orange, and yellow.

Watch

| Name | value |
5 Rects,Color Presence, dorminant colar qreen

M Rectd Color Presence. dominant percent | 24,00

RectA.Color Presence.colors | [RectA.Color Presence.percents
4 values: 4 values:

[000]green [oo0]z24.69

[001]orange [o01]z0.71

[00zTwellow [002]17.80

[003]red [003]15.90

Referenced objects: Referenced objects:

Mane None

About 20% of the pixels in the ROl were outside distance limits of all of the trained colors.
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Color spot meter

TheSpot Meter compares the average (r,g,b) value of the pixeiiROI to the colors in a
classifier. If the average value falls within darts threshold, the name of the color in the
classifier is returned, as well as the averagehyplues and standard deviation of the individual
pixels’ (r,g,b) values from the average. The Seter uses the statistical classifier. If the
average (r,g,b) value does not fall within any c¢slthreshold, the returned color name is
“Unknown”.

The classifier was trained with the colors dark, green
yellow, and brown.

Mame | Calor | R | 3 | B | Run threshald |

darkred [ 15083 S253 7428 1S

areen yelow 150,30 188,70 11397 15

brown B 11513 2000 6575 1S
The average (r,g,b) value within RectA is withie th Watch ]
threshold limit for the color “dark red”. | Name | value |

5 Rectd.Spot Meker, color name dark red

RectA.Spot Meter.avg val-=varaAvgYalue

3 values:

[000]152.62

[001]54.11

[002]75.92

Referenced objects:
varfvgialue

“ If the average (r,g,b) value of the pixels in anlR@es not fall within any color’s
threshold, the returned average (r,g,b) value$(@0), notthe average (r,g,b) values of the
“Unknown” color.
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Color mapping

Most of Sherlock’s algorithms work on monochromeages only. In order to apply these
algorithms to a color image, the image must be edad to monochrome.

Consider the task of isolating the objects is itmage based on their color so that they can be
counted and measured.

But careful examination reveals that the greenaadge objects share similar, overlapping
ranges of grayscale values.

green

orange
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It would not be possible to set a threshold to spahe green objects from the orange, so that
the Connectivity — Binary algorithm could be applied to them separately.

Color mapping assigns a grayscale value to thasalaa classifier. Th€olor Map algorithm
uses the block classifier. As you train each gatas assigned the next number in the sequence
{0,1,2,3,..., 255}.

In this example, the colors in the Ussd [ Name | Colors | Points | Map Id ||

source image — green, red, yellow, [, areen DD 0
and orange — were mapped to the | yes red

1
values 0, 1, 2 and 3. Yes willa 1
1

ves  orange [

LRI o ]

The next step is to create a grayscale image frgensource color image based on the color map.
You can map any rectangular section of the soumegé, or the entire image.

To map the entire source image, click the
Fit to image button on thdosition tab of [Recta
the color source image window ROI’s _ — _
. ) . Processing  Position |F‘ro|:|ert|es |
Parametersdialog. It's a good idea to also _ ,
check thd_ock position checkbox. I

—ROI
Angle:

| ‘l‘ IEI ﬁ Center |

‘ ’ Elements:
Tvﬁ E = Fittnimagel

Lock position [

suo | ] o

i

Create a destination image window, and add a rgigd®Ol to it.

In the destination image window@ptions options ____ £
dialog, selecReadingas the image source, ani [mg ' Taalbar
the COIOI’ map Created by tﬁmlor Map Image source |Image logaing | Calibration | Alignment | 4k

algorithm as the reading. | ‘

(=TT

¥ Reading RectA, Color Map, color map j

carcs_|

4
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To analyze only the green
objects, select th€hreshold
Band preprocessor for the ROI,
set itsthreshold low and
threshold high parameters to O,
in value to 0, andbut valueto
255. This will set all pixels from
threshold low to threshold high
(0 to 0) to 0, and all other pixels
to 255. For the algorithm, select
Connectivity — Binary. (By
default, theConnectivity —
Binary algorithm processes
black [0] pixels.)

When the investigation executes

so that only the “green” pixels
(value 0) are mapped to black.
The Connectivity — Binary
algorithm returns information
about the green objects.

the grayscale image is thresholdec

Edit RectB
IHectB
Processing | Position | Properties |
Preprocessars |
Threshold Band -
1 B RectB.Threshold Band
g - Bl Parameters
g = threshiold low 0
— threshold high 0
g j in value 0
x - out: value 258
-
Algorithms
gCOnnectivity - Binary j
il vl

imgB: From reading: [RectA.Color Map.color map]

== «|o@hma|BE@ +~ >~ Ol 668K,

Jr

-+
Jr

L)

-+

L

‘
@ +
+

| )

To analyze the red objects, fa¢ Threshold Band parameterghreshold low andthreshold

high to 1 and 1; for yellow, 2 and

2; etc.
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Color Correction

Images acquired by color cameras sometimes exbile color shifts that can make color
analysis unreliable. Ideally, color problems skidu corrected before the image is acquired, by
adjusting the lighting and the camera’s white be¢anin cases where either or both of these is
insufficient, difficult, or impossible, Sherlock manake color adjustments after the image is
acquired.

Correction for color problems requires the usenaf image windows executing a complementary

algorithm and preprocessor pair.

» In the first image window, the algorithm calculatie coefficients that must be applied to the
red, green and blue color planes to change thdspixan ROI to white.

* Inthe second image window, the preprocessor apfiie coefficients calculated by the
algorithm.

This image displays a noticeable shift in red;ltdveer-right rectangle is supposed to be white,
but it is blue-green.

imgA: RGB32 640 % 398 - File: D:\Images' Color' color pallette 2 large blue.bmp = IDL}SJ

JB2 % % 0@x@a RO@ +~ >~ 0lllx@me i,

Correction calculation
RectA executes th€olor Correction Coefs algorithm.

The default target values for the red, green, dnd tomponents of a white pixel are 255, 255,
and 255. You can change these values in the #igus Parameters dialog. The algorithm
calculates the coefficients necessary to makeittedspin the ROI attain these target values.
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Pparameters A

B Recti.Color Correction Coefs
E Parameters

Ref white - red channel value 255
Ref white - green channel value 255
Ref white - blue channel value 255

To change walue or bo connect variable click on the cell right to the parameter name

oo _|

.

Correction application
An ROI executing th€olor Correction preprocessor is created in the image to be cedect

In the preprocessorBarameter s dialog, the coefficients calculated by @elor Correction
Coefs algorithm are assigned to the proper parameters.

Parameters x|

B RectB.Color Correction
[ Parameters

Rectd, Color Correction Coefs.K red 1
K green img#, acq kirne

¥ blue Rectd, Calor Correction Coefs K red
Rectd, Color Correction Coefs. K green
Rectd. Color Correction Coefs. K blue
imgE.acq kime
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Here is the image with the color correction coédfits applied to the pixels RectB. Note
especially the change in the lower-right rectangle.

ingB: RGB32Z 640x398 - imgA - | Ell XI*E

&5 % Q@] ma|NBB + N~ olll*ad ek,
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Security

Sherlock provides two levels of security, one tevent anyone — including you — from
accidentally modifying an investigation, and thes® to prevent unauthorized people from
loading and examining an investigation.

Preventing modifications

A security dialog available from Sherlocksogram menu lets you control which aspects of an
investigation can be modified.

J Program  Edit  Wiew Run  Image wi |
” E Mew Chrl+h Allows actions by selecting the checkboxes

,Ej Open... CHI+O below, Sorme restrictions are not overridable,

L save Chrl+35 [ fictians

LCII Save As ... [ allow parameter values editing

ChrlL - [ Allow variable values editing

[ allow roi repositioning

¥ Shaw program windaw

Passwaord: ||
[ Show password

con_|

4

Set the level of protection by enabling (checkiogilisabling (unchecking) th&ctions, entering
a password, and clicking thedck button.

Actions

Allow parameter values editing — If disabled, preprocessor and algorithm pararaatannot be
edited.

Allow variable values editing — If disabled, variable values cannot be edited,can variables

be created, deleted, renamed, or modified in any wa

Allow roi repositioning — If disabled, ROIs cannot be moved or resizeeradtively, nor can

ROIs be created, deleted, renamed, or modifiethyrvaay. (Except that their preprocessors’ and
algorithms’ parameters can be editedlifow parameter valuesis enabled.)

Show program window — If disabled, the Program window is not displayed

If you do not enable any of thfections, the investigation cannot be modified at all. MNatter
which Actions are enabled or disabled, a locked investigationstidl be run.

When the investigation is locked, theck button is changed tdnlock. You must supply the
correct password to unlock the investigation. drualocked investigation, th&ctions settings
are ignored.
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ﬂ Even if the actio\llow roi repositioning is disabled, ROIs can be moved
programmatically, either through landmarking arigrahent, or by calls to thikD : Roi
instructionsOffset, Set Coordinate, andSet Rotation.

ﬂ The security settings have no effect on access &dront end application created with
Visual C++, Visual C#, or Visual Basic. Even if mwestigation is locked with none of the
allowable actions enabled, a front end applicatiam modify variables and reposition ROIs. Itis
up to the designer of the front end applicatiorxpose only those elements of an investigation
that she wants the end user to be able to moditpwever, the protection selections remain
active in the investigation file and are in effedten the investigation is accessed directly through
the Sherlock GUI.)

Preventing loading

You can save an investigation in a compressed foloynapecifying file type “.ivx” in the
Program - Save As.. dialog and supplying a password.

| Program  Edit  Wew Run  Image wir

] new ChN File name: ISimpIeEl.ivs j
&1 open... Chrl+o Save as lupe: Program file [*.ivs] j
b save Chrl+s —_—  Program file [*ivs

ﬂ Save As ... Compressed prograrm file [*iva]

An investigation saved as type .ivx cannot be ldadéher directly into the Sherlock GUI or by a
Visual Basic, Visual C++ or Visual C# front endthdut providing the correct password.

This password does not haveto be the same password asfor the security options described

in Preventing modifications.

This option makes the most sense when you depl@pplication with a compiled (.exe) front
end created with Visual Basic, Visual C++ or Vis@#. In such a front end, you must call the
Sherlock engine methdadivL oadComp(I nvestigationName, Password) to load the
investigation. The password can be hard-codetheouser can be prompted to enter the
password.

Passwords

For theActions options and compressed files:
e The maximum password length is 32 characters. nfihenum length is one character.
» A password can contain any printable keyboard abara A thru Z, a thru z, 0 thru 9, !,
@, #, etc.
» Passwords aneot case-sensitive: “sahb74” is the same as “SaHb74".

For theActions options only:
* The password is not maintained when an investigaii@nlocked; you must enter a
password every time you lock the investigation.
» A history of used passwords is not kept; you cantbhe same password over and over
again, or change it whenever you want to.
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» There is no facility for retrieving a forgotten gasrd. If you forget the password for a
locked investigation, open the investigation .ie fith a text editor (e.g., Notepad),
look for lines like these at the beginning (theetiok/alues will differ)
<l nvestigation

Ver si on="7010009"
Lock="15"
Pwd="0ZzkJPnFDnuCU9dOENFFepa6D8t BOy58" >

and_carefullychange thé ock andPwd values.

<l nvestigation
Ver si on="7010009"
Lock="0"
Pwd="">

There is no space between the two quote marksafisitppPwd=.

£~ % Neither security method prevents an investigafiiom being deleted from the hard
drive, nor from being corrupted by the operatingteg. It is a good idea to keep backup copies
of your investigations, but “the best-laid schemesiice an’ men...”
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Program switching

Sherlock’s program switching feature enables autmnsavitching among two or more
investigations based on digital input signals.

In theProgram Switch dialog (seeConfiguring program switching) you assign program
numbers to the investigations you want to switclolagn and select the digital inputs that will
cause the switch. Program switching requiresehatigh digital inputs be dedicated to represent
in binary the program numbers of the investigatiguss one more for a strobe to actuate the
switch. For example, if you want to switch amoaogrfinvestigations, three digital inputs will
have to be dedicated — two for the program numb@r@l, 10, 11), and one for the strobe.

Configuring program switching
From Sherlock’s main menu sel&ptions > 10

lowe | Cptions  Window  Help

Application

Acquisition
I

Concurrent Scripks

In thel O Configuration dialog
1. SelecProgram Switch from the list of options.
2. Enable program switching.
3. Select a digital input to be the strobe to aetpaogram switching.
4. Select a digital input to be the least-significdigit of the binary representation of the
program number.

Set the number of digital inputs that are neddeatkfine the program number. The
Input count

o

number of investigations that you can switch amwilgbe 2
6. For every investigation that you want to switch
a. Select a program number, either by clicking memtry in the program list or
from theProgram # drop-down list
b. Browseto the location of the investigation and select it
c. Click theAdd button
7. Click theClose button.
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10 configuration

Digital Cukpuk
Digital Inpuk
Serial i= the lowest numbered inpu:

Tep/Ip 7 v
Madhbus
Contral Logisx Strobe: I':' :Iv Fir st input: |1 ‘I Input court: IE vI
Prograrn Switchl{— 1

6b [

—1

Program #  Program File

IIDDS j |D:'|,Pr|:u;|ram Filestipd!sherlock)ProgramstColorl Browse |

1
000 - 0eProgram Filestipd! Sherlock)Progrs 6C i Add
001 - D:\Program Flles'l,lpu:l'l,Sherlu:u:k'l,F‘ru:ugra s

002 - 0iProgram Filestipd! sherlock)Programs1Blobs, ivs
003 - D:YProgram Fileshipd) sherlocki ProgramsyColor , iv Remove |

6a

7
Close
S ® N The digital inputs selected for program switchf{pgogram numbers and strobe)

should not be used for other purpodes, thereisnothing to prevent you from doing this.
Careless selection of the program switching inpatdd result in unpredictable behavior — for
example, if the strobe is assigned to the samd expthe external trigger!

Program switch settings are saved in <Sherlock®g@fPgmSw.dat. The settings are active only
when theEnable program switching checkbox on th€O Configuration - Program Switch
dialog is checked.

Program switching at runtime

When program switching is enabled and the stropetirs triggered

» the currently-loaded investigation is stopped afteompletes its current iteration

» the digital inputs that define the program numberraad, and the investigation assigned to
the program number is loaded

» the investigation is automatically put ifRun continuous mode

i M
£ A
: Ay
5 ",

/__® " If the number of investigations you want to switghong is not a power of 2, the
program numbers assigned to the investigationsotibawe to be contiguous, nor start at zero.
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For example, if you want to switch among three stigations, they could be assigned the
program numbers 00, 10 and 1o not leave *** Empty*** assignmentsin the program list.
Because Sherlock cannot switch to an *Empty**¥astigation, the currently-loaded
investigation will continue to run, and you may aeknow that an attempt was made to switch to
an unassigned program number. Instead, creatasmngh an investigation that does something
such as inform the user that an invalid combinatibsignals (and therefore an invalid program
number) was sent to the digital inputs.

/__® _ |f a switch fails for a reason other than the *Mpty*** assignment case — for
example, if a program number is associated witmeastigation that has been deleted, moved or
renamed

» the currently-loaded investigation is stopped afteompletes its current iteration

* anew (empty) investigation is created

* Sherlock is halted

Severe program switch errors may cause an immeigtef Sherlock.

i
i

" ® " The program switching software cannot detect alaghbto changes in a system’s
hardware (digital input) configuration. You must ¢areful to reconfigure the program switching
setup if the hardware changes.
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Concurrent scripts

A concurrent JavaScript module runs in the backgipoasynchronously from the main program.
A concurrent script is useful for

» performing computations independent from thosééhain program

» calculating statistical data over time

» custom logging — normal or exceptional conditions

* monitoring and changing hardware status

TheConcurrent Scripts dialog is available from the main me@ytions entry.

low | Options  Window  Help
. application Concurrent Scripks

Script | | Edit
@ BoScripta
@ Bg3criptB Shart
@ BgScriptC
@ BgScriptD
@ BgScriptE

Acguisition
IO

Concurrent Scripks

Shop

Skart event:

I Manual j

Skop event:

I Marnwal/Pragram Exit j Close |

To rename a script, left-click once on the scrignne, wait briefly, then left-click on the name
again.

Select a script and click thgdit button to open the script editor. The editondaaly the same
as that for creating in-line JavaScript modules.

From the events listed in ti8tart Event andStop Eventdrop-down lists on th€oncurrent
Scripts dialog, select the events that will launch andhieate the script. A script is usually
launched by thénvestigation Load or Continuous Investigation Startevent.

A concurrent script is executed only once. To mahe or all of the code in a script execute
repeatedly, the code must be placed withiorawhile, ordo...while statement that will loop
“forever” or until a condition is met.

In order to have the background thread yield cdifegpecially in the case of tight loops) and
improve application responsiveness§laep()call should appear somewhere inside the loop.

The scripts are synchronized on Sherlock resourifghe main program and a script need to
access the same resource -- variables, digitahk3 ketc. -- they wilblock/wait until access is
yielded by the thread/script currently using thestiaurce. This behavior i®t user configurable.
No explicit synchronization is available to theuse
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This script opens the text fif@S2.txt. Within thefor loop, the script goes to sleep for 5000
milliseconds, wakes up, and writes a line of taxtluding the value of the Sherlock variable
Total_area, to the file. If theSleepandFileWrite statements were not placed within foe

loop, only one line would be written to the fileydathe script would terminate. Because there are
no condition arguments in ttier statement, it will loop “forever” (until the sctijs terminated).

Eystem FileOpen("C:W0S2 tut", Systern. Foryrite, true)

=for; ;11
aystem. Sleep(B000)

Systemn FileWrite"CMCE2 txd", "Total area: " +Wars Total_area + "n")
}

al | 0

Line1 Cal1
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Modbus

Creating a Modbus connection
You define and activate a Modbus connection from the IO Configuration dialog, which is
available from the main menu Options entry.

[ow | Options  Window  Help

i . application

Acguisikion

Concurrent Scripks

In the IO configuration dialog, select Modbus from the list of 10 configuration

options.
Digital Qutput

Digital Input
Serial
T
Modbus
LONTol Logix

GE Fanuc / SRTP
Pronram Switch
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Sherlock as Modbus Master

To create a Modbus connection in which Sherlock is the master

1. Select Master as the access mode

2. Select Tcplp or Serial as the communication link

3. a. If you selected Teplp as the communication link, enter the IP address and port number
of the remote computer which will be the slave to Sherlock
b. If you selected Serial as the communication link, select the serial port through which
you want to communicate

4. Click the Add button to add the connection configuration to the list of connections

ID configuration |
Diigital Cukpuk [y
Diigital Input
Serial ; i - ;

TepfIp i+ Master (Sherlock will readfwrite other device's registers)
Madhs " Slave {Sherlock will provide register space For other devices to readjiwrite)
Control Logix —Communication link — |- Teplp
GEF SRR IP 192 ., 12 ., 10 . 140 Pott | 502
anuc / ] i Teplp I I
Pragrarn Swikch 2 > _
HMI prokocol o - Serial
serial Part [ comi ~|
— Device
Timeout: | 1000 4
—i_onneckions ¥
Master Tcplp 192.168,10,140 502 1000 il openal
Delete Close all
Change
Close

Using Sherlock as Modbus Master in a program

Sherlock provides eight Modbus Master instructions, available from the I0: Modbus Master
folder:

Read multiple discrete

Read multiple registers

Read single discrete

Read a single register

Write multiple coils

Write multiple registers

Write single coil

Write a single register

PN E LD =

Modbus Page 2

v 2.0 21 December 2012




The instructions are described in detail in Sherlock’s online Help.

This example writes a value — the count reading from the Connectivity — Binary algorithm — to a
register of the Modbus slave.

=B Rect

----- Fre Rectd, Threshold

---&lg Rectd, Connectiviby - Binary

-5 write single register &

----- B Paramekers

o connection<-Master Teplp 192,165,10,140 502 1000
----- I walue<-Rectd, Conneckivity - Binary, counk

------ B resulk
The Parameters settings depend on the
operating characteristics of the slave device. 8 e T
Here, a single 16-bit value will be written to B Modbus
the register at address 40001 (the first register dervice id 1
in the fourth register table). regiter !
register table 4:0000
reqisker type short integer (16 biks)
register swap False
[
] ¥ | Select input ]
For the connection handle HOL | select the
Modbus master connection definition. Master Teplp 192, 168.10.140 502 1000 j

Master Serial RTI) Pork 2 1000
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Sherlock as Modbus Slave

To create a Modbus connection in which Sherlock is the slave

1. Select Slave as the access mode

2. Select Teplp or Serial as the communication link

3. a. If you selected Tcplp as the communication link, enter the port number through which
Sherlock will communicate with the Modbus Master
b. If you selected Serial as the communication link, select the serial port through which
Sherlock will communicate with the Modbus Master

4. Click the Add button to add the connection configuration to the list of connections

I0 configuration |

Digital Cukpuk [
Digital Inpuk
Serial ; ) . .
Tep(Ip Sherlock will readfwrite other device's registers)
Madbus % slave (sherlock will provide register space for other devices ko readwrite]
Control Logix — Communication link Tcplp
GEF SRIE 1P 127 . o . o ., 1 Part | 202
anuc / ] 0 Teplp ’7 I I
Program Switc 2 -
HMI pratocal  cari ~ Serial
&=i Port [ com1 |
— Device
Timeout: I 1000 4
—iconneckions Jy'
Slave Tocplp 502 1000 Cipen al
Delete Close all
Change
Close

Using Sherlock as Modbus Slave in a program

Sherlock provides four Modbus Slave instructions, available from the I0: Modbus Slave folder:
1. Read discrete
2. Read a single register
3. Write discrete
4. Write a single register

The instructions are described in detail in Sherlock’s online Help.

Modbus Page 4

v 2.0 21 December 2012



Serial communication

Defining a serial port’s properties
From Sherlock’s main menu seléaptions > 10

[ow | Opkions  Window  Help

application

Acquisition
(o

Concurrent Scripks

In thel O Configuration dialog
1. SelectSerial from the list of communication protocols
2. Select the COM port from the list of availabtats. The ports are listed by nhame,
followed by [index number].
3. Set the port’'s properties
4. Click theClose button
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I0 configuration A
Digital Output Serial IG
Diigital Input
<« 1 |
TepiIp Serial port ICOMI [o] j
rodbus FE_

— f COM2 [1

Conkral Logix IRienE M %2%
Program Swikch Baud Rate IE'E-EIEI j ~N

Daka Bits IB j

Parity Ir'-.lu:-ne j 3

Stop Biks Il j

Flow Control Ir'-.lu:une j Yy

4
Close




Instructions

Sherlock provides four serial communications inginns, available in thinstructions|O :

Serial folder:

» Receive Character: Read characters sent from another applicatioiemination character
expected.

* ReceivelLine: Receive a string of characters sent from anothglicgtion; a specific
character must terminate the string.

* Send String: Send a string to the port for immediate transioiss

» PurgeBuffer: Purge the specified buffer of the specified port.

Instruction examples
ﬂ Ports are referenced by index as shown irl@€&onfiguration dialog, not by port
number. In these examplé3DM 1 is index O.

1O : Serial Send String
Elﬁ Send skring &

Send string A, an instance dfO: Serial Send String, % port # indes: (0,000

sends the string “A to B distance: [varDistance]” t -“% text (A to B distance: [varDistance])
COML1. “[varDistance]” is replaced with the valuk o - N bytes sent

the variablevarDistance. L B result

Since the instruction cannot know whether any apfibn read the sent string, thesult reading
will almost always returifrue.

Use the "C" language escape sequences to embeg tata into the string:

\0Odd where dd = decimal digit

\xff where ff = hexadecimal digit
For example, the string "Send value 45: \045" ggihd the ASCII string "Send value 45: "
followed by the decimal value 45 (not an ASCII dwer string "45").

|O : Serial Receive Character
Eldﬁ Receive charackers &

Receive characters A, an instance dfO: Serial Receive - ‘M port # index (0,000)

Character, waits 500 milliseconds for 15 characters to arnve M char count (15.000)

COML's input buffer. N timeout [ms] (500.000)
----- ‘B : Flush before recy (True)

If 15 characters do not arrive within 500 milliseds, theesult i~ 3, chars

reading return§alse. 7 :‘ E';:uflfﬂunt

flush beforerecv (True): COML1’s input buffer is flushed of
any unread characters before the instruction saaitsng for 15
characters.

Whether or not the instruction times out, thar count reading returns the number of characters
received. The characters are removed from théspogut buffer and made available from the
charsreading.
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If more characters than were specified bydha count parameter are in the port’s input buffer
when the instruction is executed (anélifsh beforerecv is set to False), onighar count
characters are removed from the buffer and madiéaal@from thechars reading; the remaining
characters are left in the buffer.

|O : Serial Receive Line
EHEE Receive line &

Receiveline A, an instance dfO: Serial ReceiveLine, - part # index (0.000)
waits 500 milliseconds for a string of charactdramy 3l termination char [ASCIT] (13.000)
length terminated with a carriage return (ASCIl «8) W timeout [ms] (500.000]
arrive on COM1’s input buffer. ‘2 : ::_'”5"' before recy (False]

..... e

e |

If a carriage return does not arrive within 500 7 :, Charltm"'"'t

----- resu

milliseconds, theesult reading returngalse.

flush beforerecv (False) : COML1’s input buffer isot
flushed of any characters before the instructioitsifar
a line.

Whether or not the instruction times ochiar count returns the number of characters received,
and any characters received are available frortitlegeading. The port’s input buffer is cleared
up to and including the termination character.

/__® _ The termination character is not returned inlthe reading, nor is it counted ahar
count. For this example, if the sending applicationdsetine line “abcde<carriage return>"
(<carriage return> = ASCII 13)ine will contain “abcde” anathar count will return 5.
However, many applications automatically appendraage returrand a line feed to a sent
string. In this case if the sending applicationdsethe string “abcde<carriage return><line
feed>" twice, two calls to thiReceive line instruction will result in:
First call toReceive Line:
char count =5
line = abcde
Second call tdReceiveLine:
char count = 6
line = {Oxa}abcde The line feed (Oxa = ASCII 10 = <lifeed>) is left over
from the first call tdReceive Line.

first Recaive Line seconcRecealveLine

- hYd N

a | b|] c| d| e] crRl LF| a] b] ¢ d ¢ CR LF

This is one reason — a very good one — tdlash beforerecv to True.
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1O : Serial Purge Buffer

For thebuffer parameter:

0 = TX / output / transmit buffer
1 = RX/ receive / input buffer

2 = both TX and RX buffers

COMZ1’s input buffer is purged of any charactersobef

the call toReceiveline A.

The same could be achieved by setiRegeive line
A’s flush before recv parameter to TruePurge
Buffer is usually used to flush a port’s input and/or
output buffers from any point in an investigatioot
just before a call to send or receive.

El ﬂﬁ Purge buffer &

----- “h port # index (0.000)
----- ‘N bufFer {1,000)

----- "'EI abort (False)

----- B result

El ﬂ Receive line &

----- N port # index (0.000)
----- ‘M termination char [ASCIT] (1:3.000)
----- ‘M timeout [ms] (500,000}
----- “B flush before recy (False)
b
----- 5 line
----- MY char count
----- B result
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TCP/IP communication

TCP/IP (Transmission Control Protocol/Internet Protocol) is a suite of communications
protocols used to connect computers on a network.

Sherlock implements TCP/IP with a server/client model. In this model, a server makes one of its
ports available to send and receive data, and a client communicates to the server through this port.
The client must know the IP Address or name of the server, and the port number that the server
has made available for communication. Sherlock can act as a TCP/IP server or client, or both
within the same investigation.

Selecting TCP/IP

low | Qptions  Window  Help

From Sherlock’s main menu, select Options > 10. -
i . Application

Acguisition

Concurrent Scripks

In the IO configuration dialog, select Tep/Ip from the list

of options Digital Output

Digital Input
Serial

[roro ]
Modbus

Control Logix

GE Fanuc f SRTP
Program Switch
HMI protocol
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Sherlock as a server

As a server, Sherlock makes one of the ports on its host computer available for communications.
Sherlock sends data to this port to be read by a client, and reads data sent to this port by a client.
1. Select Server as the mode
2. Enter the number of the port to use for communication.
3. Click the Add button to add the connection to the list. (Note that the port number is
automatically incremented when you click the Add button.)

10 configuration |

Digital Output 10D
Digital Input
Serial

1
Mode
T v
/e ’V " Client {* Seryver

Modbus =

Control Logix
E Fanuc / SRTP Hostname / IP: Port {1024-65535):

Program Switch ISer'-,'er 2 _—'>| 1025
HMI protocol

e |
Eemove |

Close
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Sherlock as a client

As a client, Sherlock reads data from and sends data to a server’s port.
1. Select Client as the mode
2. Enter the name or IP Address of the server computer with which Sherlock will
communicate. (By default, Sherlock’s host computer name is shown as the Hostname /
IP; you will need to change this.)

W

automatically incremented when you click the Add button.)

10 configuration

Digital Output
Digital Input
Serial

Top/Ip

Modbus

Control Logix

GE Fanuc / SRTP
Program Switch
HMI protocol

Enter the port number on the server computer that will be used for communication.
Click the Add button to add the connection to the list. (Note that the port number is

£
Tcp/Ip 10
Mode v
’7 i Client i~ server
Hostname | IP: Port {1024-65535):
—> | VA40-52202210 3(— | 1025

VA4)-52202210: 1024

{4p |
Remove |

Close
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Instructions

Sherlock provides five TCP/IP communication instructions, available in the Instructions 10 :
Tep/Ip folder. All instructions can be invoked by a Sherlock server or client.

Receive Buffer: Receive a specified number of ASCII characters sent from another
application; no termination character is required. If more than the specified number of
characters is sent by the other application, the extra characters are buffered; they will be the
first characters read the next time the instruction is invoked.

Receive Byte Array: Receive a specified number of bytes (integer numbers) and save them
to an array; no termination character is required or expected. Positive values are truncated to
the range O thru 255: 256 is set to 0; 257 is set to 1; etc. Negative values are converted to
positive: -1 is set to 255; -2 is set to 254; etc.

Receive Line: Receive an unspecified number of ASCII characters sent from another
application; a specific character must terminate the string. The default termination character
is ASCII 10, the line feed character. You can change this to any single character.

Send Byte Array: Post an array of bytes (integer numbers) to the selected port for immediate
transmission. Positive values are truncated to the range O thru 255: 256 is set to 0; 257 is set
to 1; etc. Negative values are converted to positive: -1 is set to 255; -2 is set to 254; etc.
Send Line: Post a string of ASCII characters with a termination character to the selected port
for immediate transmission. The application that receives the line looks for the termination
character to determine the completion of the transmission.

Examples

Receive Buffer

= Bhy recy buf A

F

The Sherlock TCP/IP client waits up to 10 seconds ~Hou connection<-VA40-52202210:1024
(10,000 milliseconds) to receive 32 characters from - ‘N ASCII char count (32.00000)

port 1024 on the server computer named VA40- - | timeout (10000.00000)
$2202210. > et

- N bytes recvd
e B result

If 32 characters are received within 10 seconds, result
returns True, and the characters are available in text.

If the instruction does not receive 32 characters within
10 seconds, result returns False, and bytes recvd
returns 0. Any bytes received before the timeout are
not available in text.

4 [ —

For the connection handle HOL , the

TCP/IP client connection definition was VA40-52202210: 1024

selected. ane

VA40-52202210: 1024

Server: 1024
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Receive Byte Array

The Sherlock TCP/IP client waits up to 5 seconds
(5,000 milliseconds) to receive an array of 10 bytes

from port 1024 on the server computer named V A40-
S2202005.

If an array of 10 bytes is received within 5 seconds,
result returns True; the numbers are available in
bytes; and the number of bytes received is available
in bytes recvd.

If the instruction does not receive an array of 10 bytes
within 5 seconds, result returns False; bytes is
empty; and bytes recvd returns 0.

Receive Line

The Sherlock TCP/IP client waits up to 5 seconds
(5000 milliseconds) to receive a string of characters
terminated with a line feed character (ASCII decimal
10) from port 1024 on the server computer named
VA40-S2202210.

If a line feed termination character is received within 5
seconds, result returns True; incomplete returns
False; the received characters, including the line feed
character, are available in text; and bytes recvd
returns the number of characters, including the line
feed character. For example, if the server sends the
line “ABC123\n”, text will contain ABC123{0xd} and
bytes recvd will contain 7. (0xd is the hexadecimal
representation of decimal 10. The braces {} denote
that it is an ASCII value, not the three characters ‘0,
‘X’ and ‘d.”)

If a line feed character is not received within 5
seconds, but other characters are, the instruction times
out, result returns True; incomplete returns True;
and bytes recvd returns the number of characters
received. The characters received before the timeout
are available in text.

If absolutely no characters are received within 5
seconds, including a line feed character, result returns
False; incomplete returns True; bytes recvd returns
0; and text is empty.

recy bvte array &

~Fiou connection <-YA40-52202005: 1024
----- ‘M element count (10.00000)

W timeout (5000,00000)

..... i) bykes

----- MY bytes recvd

L B result

2By recy line A
..... fouL conmection <-YA40-52202210: 1024
----- ‘M ASCII berm char (10,0000000)
----- ‘M Fimeout (S000.0000000)
=>4
beytes recwd
result

incormplete
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4 Selectinput 4

For the connection handle HOL | the
TCP/IP client connection definition was YA40-52202210: 1024 =l
selected.

Send Line _

El_u!:'g send line &
The Sherlock TCP/IP server sends the string ~ou connection<-Server: 1024
“Grommet width: [varDistance]” to port 1024. ----- “S best (Grommet width: [varDistance]in)
[varDistance] is replaced with the value of the ----- N: bytes sent
variable varDistance. The string is terminated with - B result

“An”, the ASCII line feed character.

If no application is listening to the specified port
when the instruction is called, result returns False,
and bytes sent returns 0.

A Selectinput |
For the connection handle HOL | the TCP/IP
server connection definition was selected. Server: 1074 j
Mone
L

Within a single Sherlock investigation, multiple servers and clients can be defined
and active at the same time. However, a Sherlock server can be connected to only a single client
at a time.

ﬂ The Tcp/Ip server must be available when the client is created or initialized, or the client
will generate a “failed connection” error. This is true of all Tcp/Ip clients, not just those in
Sherlock investigations. For example, if you try to connect to a non-existent server from
Hyperterminal, Hyperterminal displays a message box with the error “Unable to connect to
192.168.0.100 port 1024.”

In Sherlock, as soon as you create the server in the Options > 10 > Tcp/Ip dialog,or load an
investigation that includes a server specification, the server is available to be connected to a
client.
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