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1. API functions for the PCI-LVDS interface with CCi, camera

1.1. CCamCCLoad

Function :

To program the camera with its logic file.

* Inverse function : same function with other logic file.
» Return value : Zero when operation was successful.
» Syntax of definition :

* Delphi4 :

FUNCTI ON CCantCCLoad( dpoi nt er, buffersi ze:integer;
pbuf fer: pointer):integer; stdcall;
Ext ernal ' CCamapi . DLL' ;

Dpointer Integer (32-bit) Device location
buffersize Integer (32-bit) Size of logic buffer
pbuffer Pointer Pointer to logic buffer

¢ Microsoft C :

DLLI NOUT BOOL W NAPI CCanCCLoad( HANDLE Cam unsi gned | ong si ze,
DWORD * buffer);

Cam Handle Device location
size Unsigned long Size of logic buffer
buffer DWORD Pointer to logic buffer

* Visual Basic :
Decl are Function CCanCCLoad Lib “CCamapi.dll”

(ByVal Cam As Long, ByVal BufferSize As Long,
ByRef buffer As Byte) As Long

DOC-30CCAMO07008-A2
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Cam Val. Long Device location
Buffersize Val. Long Size of logic buffer
buffer Ref. Byte Pointer to logic buffer

Example code :

Delphi4 :

if FileExists(ibisdb.ttb') then // check if file exists
begi n

AssignFil e(F2,  ibis4b.ttb); /'l locate file
Reset (F2); /1 set pointer to front of file
Sizefile := FileSize(F2); /Il what is size of file ?
For i := 0 to SizeFile-1 do /1 file byte by byte
Read(F2, buffer[i]); /1 get info, put it in buffer
Cl oseFi |l e(F2); /'l close file when finished
end;
CCantCCLoad( camhandl e, // load canera | ocation
Si zeFi |l e, Il file size
@uffer); /] location buffer
Microsoft C :
Char CCLogic[] = “ibisdb.ttb” /1 assign filename to variable

I f((ccf = fopen(CCLogic,”rb”))==(FILE *)0) // open file
{

Di al ogBox(hlnst,”CC logic file mssing”, hWwhd, NULL) ;

return FALSE; /'l show nmessage
}
dst = buffer; /] get position
whil e(fread(dst++,1,1,ccf) '=0){} // get length in dst
fclose(cff); /1 close file when finished

CCantCCLoad(canera, dst — buffer, (DWORD *) buffer);

DOC-30CCAMO07008-A2
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Visual Basic :

Open “ibisdb.ttb” For Binary Access Read As #1

i =1

Buffer len = LOF(1)

Do ‘ Loop until end of file
MyCCl ogi cBuffer (i) = Asc(Input(1,#1))
=i +1

Loop Wiile i <= buffer_len

Cl ose #1

Ret = CCanCCLoad(MyCam buffer_len, M/CCLogi cBuffer(0))

If ret = 0 Then

Call MsBox(“Could not downl oad Cclogic !”,vbOKOnly O
vbCritical)

End
End If

Notes :
In the examples we used ibis4b.ttb. In practice it can be a *.ttb file with any name,

depending up on the camera’s functionality. Check your CDROM delivered with the
camera to update your program.

DOC-30CCAMO07008-A2
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1.2. CCamClose

« Function :

To close the device and de-allocates the buffers. Must be used before your windows
application ends.

* Inverse function : CCamOpen
* Return value : Zero when operation was successful.
» Syntax of definition :

e Delphi4 :

FUNCTI ON CCan(Cl ose(dpoi nter:integer):integer; stdcall;
Ext ernal ' CCamapi . DLL' ;

Dpointer Integer (32-bit) Device location

e Microsoft C :

DLLI NOUT BOOL W NAPI CCanCl ose( HANDLE Cam) ;

Cam Handle Device location

¢ Visual Basic :

Decl are Function CCanCl ose Lib “CCamapi.dll”
(ByvVal Cam As Long) As Long

Cam Val. Long Device location

DOC-30CCAMO07008-A2
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 Example code:

e Delphi4 :
CCan(Cl ose( Mast er. canHandl e) ;

 Microsoft C :

CCantl ose(canera);

e Visual Basic :

CCantl ose( MyCanj ;

DOC-30CCAMO07008-A2
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1.3. CCamGetApiVersion

* Function :

Returns version number of APl in ApiVersion.

* Return value : ApiVersion (Integer).

» Syntax for definition :

Delphi4 :

FUNCTI ON CCantzet Api Ver si on(var Api Version: longint): integer;
stdcal | ; External 'CCamapi.DLL';

ApiVersion longint Api version

Microsoft C :

DLLI NOUT BOOL W NAPI CCantet Api Ver si on
(DWORD * pVer si onLi bNunber) ;

PversionApiNumber DWORD Api version

Visual Basic :

Decl are Function CCanCet Api Version Lib “CCamapi.dll”
(byVal pVersionLi bNunmber As | ong)As | ong

PversionApiNumber Val. Long Api version

DOC-30CCAMO07008-A2
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 Example code:

Delphi4 :

CCantzet Api Ver si on( Api Ver si on) ;
CCantzet Api Ver si on( Api Ver si on) ;
Visual Basic :

CCantzet Api Ver si on( Api Ver si on) ;

11
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1.4. CCamGetVersion
* Function :
Returns version number of driver in Version.
* Return value : Version (Integer).

e Syntax for definition :

* Delphi4 :

FUNCTI ON CCantet Ver si on(dpoi nter:integer; var Version:
longint): integer; stdcall; External 'CCamapi.DLL';

Dpointer integer devices location

Version longint Version driver

e Microsoft C :

DLLI NOUT BOOL W NAPI  CCanet Ver si on( HANDLE Cam
DWORD * pVer si onNumber) ;

Dpointer integer devices location

PversionNumber DWORD Version driver

¢ Visual Basic :

Decl are Function CCanGet Version Lib “CCamapi.dll”
(ByVal Cam As Long,
ByVal pVersionNunber As Long)As Long

Cam Val. Long devices location

PversionNumber Val. Long Version driver

DOC-30CCAMO07008-A2
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* Example code:

* Delphi4 :
CCantzet Ver si on( Mast er. CanHandl e, Versi on);

 Microsoft C :

CCantzet Ver si on( Caner a, Version);

e Visual Basic :

CCantzet Ver si on( MyCam My Ver si onNunber) ;

DOC-30CCAMO07008-A2
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1.5. CcamOpen

« Function :

When the function is called, the result is an identifier of opened file or opened device. This
identifier must be used to access the file of the device. All other functions refer to this
identifier.

* Inverse function : CCamClose

* Return value : device identifier (Integer).

» Syntax for definition :

Delphi4 :

FUNCTI ON CCamOpen(s : Pchar): integer; pascal;
Ext ernal ' CCamapi .DLL';

S Pchar file location

Microsoft C :

DLLI NOUT HANDLE W NAPI CCanOpen(LPCSTR | pFi | eNane) ;

LpFileName LPCSTR file location

Visual Basic :

Decl are Function CCamOpen Lib “CCamapi.dll”
(ByVal |pFileNanme As String) As Long

LpFileName Val. String file location

DOC-30CCAMO07008-A2
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 Example code:

Delphi4 :
Mast er. canHandl e

CCampen('\\.\CCRi der. VXD ); // Wndows 98

Mast er. canmHandl e : = CCantpen('\\.\ CanDev0Q'); /1 W ndows NT
Microsoft C :

char CCamNanme[] = "\\\\.\\CCR der.VXD" ; /1 W ndows 98

char CCamNare[] = "\\\\.\\CanDevO" ; /1 W ndows NT
canera = CCanmOpen( CCanmNane) ; /1 W ndows 98/ NT
Visual Basic :

MyCam = CCanpen( “\\.\CCRi der.vxd” ) ‘" Wndows 98

MyCam = CCanmOpen( “\\.\ CanDev0O’) ‘" Wndows NT

Notes :

In the examples we used CCRider.vxd and CamDeVO0. In practice it can be a file with
any name with the same extension, depending up on the camera’s functionality. Check
your CDROM delivered with the camera to update your program.

DOC-30CCAMO07008-A2
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1.6. CCamReadWOI

* Function : Can be used to read out the image data from the PCI card.

* Related function : CCamSetWOl

* Remark : size of buffer must be exact, else the PCI card keeps waiting to put out data.
» Syntax of definition :

e Delphi4 :

FUNCTI ON CCanmReadWO (dpoi nter:integer; pbuffer:pointer;
buffersize: integer; var ReturnValue: integer): integer;
stdcall; External 'CCamapi.DLL';

Dpointer Integer (32-bit) device location
Pbuffer pointer pointer to image buffer
Buffersize Integer (32-bit) size of image buffer
ReturnValue Integer (32-bit) Zero is successful operation

e Microsoft C :

DLLI NOUT BOOL W NAPI CCanReadWO ( HANDLE Cam PVQA D buffer,
ULONG buf f ersi ze, PULONG Ret urnVal ue);

Cam Handle device location
pbuffer PVOID pointer to image buffer
buffersize ULONG size of image buffer
ReturnValue PULONG Zero is successful operation

¢ Visual Basic :

Decl are Function CCanReadWD Lib “CCamapi.dll”
(ByVal Cam As Long, ByRef buffer As Byte,
ByVal BufferSize As Long,
ByRef ReturnedLength As Long) As Long

DOC-30CCAMO07008-A2
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Cam Val. Long
pbuffer Ref. Byte
buffersize Val. Long
ReturnValue Ref. Long

device location
pointer to image buffer

size of image buffer

Zero is successful operation

Example code:

Delphi4 :

CCanReadWd ( Mast er . canmHandl e,

Microsoft C :

@uf fer,

si zeof (buffer),
returnval ue) ;

CCanReadWd (canera, inmgbuf, sizeof (inmgbuf), &ReturnValue);

Visual Basic :

Ret = CCanmReadWO (MyCam MBuffer(0), Xdim* Ydi m
MyRet ur nedLengt h) ;

If ret
Cal |

End
End | f

= 0 Then

MsgBox( Coul d not read w ndow of interest !”,

VbOKOnly O vbCritical)

DOC-30CCAMO07008-A2



0¢IDD - o
%, C-Cam vector.. .

Sonas :
K Technologies

CcamAPI.dll software manual for CCiy camera users

1.7. CCamSetCC

* Function:

This function sets the acquisition parameters of the camera.
* Return value : Not applicable
* Remarks :

* The integration time is expressed in psec. * 40

* The Gain is a value between 0 & 15, typical 3.

* The Offset is a value between 0 & 15, typical 2.

* The BitsPerPixel is standard 8-bits and can be 10-bit.
* The DiagnosticType can be of the following values :
0 : display x address generated by camera

1: display y address generated by camera

2 display incremental pixel value generated by PCI card
3 : display x XOR y address generated by camera

Figure 1 : DiagnosticType =0 Figure 2 : DiagnosticType =1

Flgure 4 : DiagnosticType = 2 Flgure 3 : DiagnosticType = 3

DOC-30CCAMO07008-A2
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» Syntax of definition :

* Delphi4:
FUNCTI ON CCanfset CC (dpoi nter: integer;
Int Time: integer;
Gin, Ofset, Anaval: Byte;
Si ngl eShot : bool ean;
Bi t sPer Pi xel Byt e;
Di agnosti cs: Bool ean;
Di agnosti cType: Byte):
i nteger; stdcall; External 'CCamapi.DLL';
Dpointer Integer (32-bit) device location
IntTime Integer (32-bit) Integration time
Gain Byte Camera gain
Offset Byte Camera offset
Anaval Byte Limited Exposure Technology
SingleShot Boolean Single shot or continuous
BitsPerPixel Byte Grey level resolution
Diagnostics Boolean Show test image
DiagnosticsType Byte Test image type

*  Microsoft C :

DLLI NOUT BOCL W NAPI

CCantset CC( HANDLE Cam
ULONG I nt Ti ne,
USHORT Gai n,
USHORT O f set
USHORT Anaval ,
BOOL Si ngl eShot
USHORT Bi t sPer Pi xel ,
BOOL Di agnosti c,
USHORT Di agnosti cType);

Cam
IntTime
Gain
Offset

Anaval

SingleShot

Handle Device location
ULONG Integration time
USHORT Camera gain
USHORT Camera offset
USHORT Limited Exposure Technology

BOOL Single shot or continuous

DOC-30CCAMO07008-A2
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BitsPerPixel USHORT Grey level resolution
Diagnostic BOOL Show test image
DiagnosticType USHORT Test image type

Visual Basic :

Decl are Function CCantet CC Lib “CCamapi.dll”

(ByVal Cam As Long, ByVal IntTinme As Long, ByVal Gain As
Integer, ByVal O fset as Integer, ByRef Anaval As Byte,

ByVal SingleShot As Long, ByVal BitsPerPixel As |nteger,
ByVval Diagnostic As Long,

ByVal DiagnosticType As Long) As Long

Cam Val. Long Device location
IntTime Val. Long Integration time
Gain Val. Integer Camera gain
Offset Val. Integer Camera offset
Anaval Ref. Byte Limited Exposure Technology
SingleShot Val. Long Single shot or continuous
BitsPerPixel Val. Integer Grey level resolution
Diagnostic Val. Long Show test image
DiagnosticType Val. Long Test image type

Example code :

Delphi4 :

CCantset CC( Mast er . canmHandl e,
I ntegrationTi me*40,
Gai n,
O fset,
Li m t edExposur eTechnol ogy,
Si ngl eShot Mode,
Bi t sPer Pi xel ,
ShowDi agnosti cs,
Di aghosti cl nageType) ;

20
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Microsoft C :

CCantset CC( caner a,
I ntegrationTi me*40,

Gai n,

O fset,

Li m t edExposur eTechnol ogy,
Si ngl eShot Mbde,

Bi t sPer Pi xel ,

ShowDi

agnosti cs,

Di agnosti cl mageType);

Visual Basic :

CCantset CC( MyCam

canmera reference

I nt Ti me*40, ‘exposure tine

Gai n, ‘gain

O fset, ‘of f set

MyAnaval (0), ‘set well depth
, ‘single shot

8, ‘8-bits out put

0 ‘no test inmage

05;

‘test inmage nunber zero

21
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1.8. CCamSetWOI

* Function :

As the CCi, camera is able to read sub frames out the complete sensor area, we must
define this frame size before we read out the pixel information. This can be done with
CCamsSetWOI. The information can be accessed with CCamReadWOl.

» Related function : CCamReadWOI
* Return value : Not applicable

« Remarks :

* The maximum value of Xend and Yend is limited with the size of the sensor. E.g. :
a sensor with size 1280 x 1024 will give for a full frame : XStart = 0, Ystart = 0,
Xend = 1279 and Yend = 1023.

* The Ibis4 sensor in the CCi, camera can not be used with an increment (sub
sample resolution always = 1.

» Syntax of definition :

e Delphi4 :

FUNCTI ON CCantset WO (dpoi nter, YStart, YEnd, Ylnc, XStart, XEnd,
XInc:integer): | NTEGER, stdcall; External 'CCamapi.DLL';

dpointer Integer (32-bit) device location
Ystart Integer (32-bit) y of first pixel
Yend Integer (32-bit) y of last pixel
Yinc Integer (32-bit) y increment (resolution)
Xstart Integer (32-bit) x of first pixel
Xend Integer (32-bit) x of last pixel
Xinc Integer (32-bit) x increment (resolution)

Note: Yinc and Xinc are not implemented for the CCi, camera. Set these values equal
to 1.

DOC-30CCAMO07008-A2
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Microsoft C :

DLLI NOUT BOOL W NAPI CCanSet WO (  HANDLE Cam USHORT YStart,
USHORT YEnd, USHORT Yl nc, USHORT XStart, USHORT XEnd, USHORT
Xl nc);

Cam HANDLE device location
Ystart USHORT y of first pixel
Yend USHORT y of last pixel

Yinc USHORT y increment (resolution)
Xstart USHORT x of first pixel
Xend USHORT x of last pixel

Xinc USHORT X increment (resolution)

Note: Yinc and Xinc are not implemented for the CCi, camera. Set these values
equal to 1.

Visual Basic :

Decl are Function CCanSet WO Lib “CCanapi.dl|”(ByVal Cam As Long,
ByVal Ystart As Integer, ByVal Yend As Integer, ByVal Yinc As
Integer, ByVal Xstart As Integer, ByVal Xend As I|Integer, ByVal
Xinc As Integer)As Long

Cam Val. Long device location
Ystart Val. Integer y of first pixel
Yend Val. Integer y of last pixel

Yinc Val. Integer y increment (resolution)
Xstart Val. Integer x of first pixel
Xend Val. Integer x of last pixel

Xinc Val. Integer X increment (resolution)

Note: Yinc and Xinc are not implemented for the CCi, camera. Set these values
equal to 1.

DOC-30CCAMO07008-A2
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 Example code:

Delphi4 :

CCantset WO ( Mast er . camhandl e,

y_start,
y_end,

1
X_start,
X_end,
1);

Microsoft C :

CCantset WO ( caner a,
YStart,
YEnd,
1,
XStart,
XEnd,
1);

Visual Basic :

Ret = CCanmBet WO ( MyCam

~ e~~~
~ e~~~

devi ce | ocation
y of first pixel
y of last pixel
sub sanpl e resol ution
x of first pixel
x of | ast pixel
sub sanpl e resul ution

devi ce | ocation
y of first pixel
y of last pixel
sub sanpl e resol ution
x of first pixel
x of last pixel
sub sanpl e resol ution

devi ce | ocation
y of first pixel

y of

| ast pi xel

sub sanple resolution vy
x of first pixel

x of

| ast pi xel

sub sanpl e resol ution x

MsgBox(“ Coul d not set w ndow of

interest ",

vbOKOnly O vbCritical)

YStart,
YEnd,
1,
XStart,
XEnd,
1);
if ret =0 then
Cal |
End

End |f

m\ternational

DOC-30CCAMO07008-A2

24



= 55 C Ca international

L 5/
enat :
%¢x-" Technologies

CcamAPI.dll software manual for CCiy camera users

2. How to use the API functions in sequence

Before you start using the API, make sure a camera is connected to your computer. If not, the API will
start looking for the camera and never stops doing this with as result a blocked PC locked in a busy
loop.

You also must make sure the driver is installed. If not, blue Windows screens will appear on the
screen as soon as you make use of any API function.

Below, we will explain the sequence with an example for Windows 98 and Delphi. The sequence is
identical for other programming languages.

2.1. Find the driver

First of all, check of the CCRider.vxd is available in the c: \ W ndows\ syst emdirectory. If it is
available, use the function CCamOpen to get the camera handle, which is needed to use the
camera with all the other API functions.

CanHandl e :
canHandl e :

0;
CCanmpen(‘\\.\CCrider.vxd);

If the camHandle remains zero, no connection with the camera was made. In that case, check the
driver. Look in your Windows Control Panel under System. Under Device Manager, you will find
under other devices the driver for the camera.

2.2. Send logic to camera

Secondly, we got to send the logic to the camera. This is the internal program of the camera.
Every time the power of the camera was disconnected, the camera looses its internal logic. B

This is done with the function CCamCCLoad from the API. The logic can be found in the *.ttb file.
To do this, we read the *.ttb file into a buffer. E.qg.:

if FileExists(ibisdb.ttb') then // check if file exists

begi n
AssignFile(F2,’ibisdb.ttbh’); /1 locate file
Reset (F2); /'l bring pointer to front of file
Sizefile := FileSize(F2); /'l what is the size of the file ?
For i := 0to SizeFile-1 do /1 file byte by byte
Read( F2, buffer[i]); /'l get the info and put it in buffer
Cl oseFil e(F2); /'l close file when finished

end;
This is done, knowing that F2 is a File of Byte, and buffer is a linear array of byte with a length

more than 1280 x 1024. If the buffer contains the information, it can be loaded into the camera.
E.g.:

DOC-30CCAMO07008-A2
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CCantCCLoad( camhandl e,
Si zeFi | e,
@uffer);

/1
[l file si
/1

i nformati on of

| oad canera | ocation

ze
| ocati on buffer

When this is done, the camera should be ready to use.

2.3. Select Window Of Interest (WOI)

Thirdly, we should tell the camera which part of the image is needed. This is done with the API

function CCamSetWOI. e.g.:

CCanftset WO ( camrhandl e, /!l 1 ocat
ystart, /1y of
yend, /1y of
1, [l must
xstart, /1 x of
xend, /] x of
1); /1 must

As the Ibis 4 sensor has 1280 x 1024 pixel,
value must be between 0 and 1023.

i on canera

the first pixel

the | ast pixel

be 1 for |bis sensor
first pixel

| ast pi xel

be 1 for |Ibis sensor

the x-value must be between 0 and 1279. The y-

Another thing must be taken in consideration. If your image display is using a BMP-like format,
the x-length of the window must be a multiple of 4. If not, the BMP format will show an image in
italic. If you are using an RGB sensor, multiples of 3 must be taken in account. For this reason,
RGB BMP images are most easy to use in multiples of 12. The programmer must also check the

co-ordinates are given in the correct order.

2.4. Acquisition parameters

Fourthly, we must give the camera its acquisition parameters. This is done with the function

CCamSetCC. E.g.:

CCantset CC( canmhandl e, /1

ExposureTi nel nM | i seconds * 40,

Gai n,

O fset,
Addr ( Anaval ),
True,

8,

true,

3);

| ocati on canera

/| exposure tinme

gain between 0 and 5, advised: 3
of fset between 0 and 5, advised: 3
full well parameters of pixe

al ways single shot node

give a 8 or 10-bit imge

true if a test image i s needed,
false if a canera imge i s needed
type of test inmmge between 0 and 3

Now we will explain in more detail the input parameters.
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2.4.1. Exposure time

The exposure time is the integration time of the pixel, expressed in pseconds. It is the time
between the first reset and opening of the row and the readout or closing of the row.

For a 10 MHz camera, we multiply the value with 40 to be correct.

The camera reeds the sensor from top to bottom, in the selected area.

2.4.2. Gain and Offset

The Gain parameter must be taken in relation with the offset parameter. It is used to regulate
the analogue signal going into the ADC converter to get the digital signal. The ADC needs an
input signal between 2 and 4 Volts. The Offset is used to push the signal from 0 to 2 Volts.
With an offset value of 3, the 2 Volts are reached as lower threshold of 2 Volts, which is also
the advised value. The Gain parameter is used to stretch the signal between 2 and 4 Volts.
With a Gain value of 3, the 4 Volts upper threshold is reached. For this reason, a Gain value of
3 is the advised figure.

The user is free to set those values differently for one reason or another. In that case values
between 0 and 5 are acceptable, but higher values are allowed. If a gain of 5 is needed, it is
better to enlarge the integration time instead or to use more light on the scene to be
visualised. The higher the gain value, the more noise will be visible in the image.

2.4.3. Anaval

Only Anaval 0 and 1 are currently in use. 2 and 3 are meant for future use. They regulate the
full well depth of the sensor.

The pixel must have an operation voltage between 2.5 Volts and 5.7 Volts to have an
acceptable well depth. With a value of 64 about 5 Volts or a well depth of 60 000 is reached.

The value can be chosen by the user to see an effect in the image, depending up on the

scene to be visualised.

2.4.4. Single shot mode

The single shot mode is mean to receive image by image. Every time you call the function
CCamReadWOlI, one image is placed in the buffer. For this, the boolean value must be set to
true.

A continues mode is meant for future use.
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2.4.5. Grey values images of 8-bit or 10-bit

To display in Windows BMP format, 8-bit images are required. The interface card will convert
the ADC into an 8-bit format. Due to this, parts of the signal are not shown. Only the highest 8-
bits of the 10-bits are given. The image buffer will contain 8-bit data.

For more detailed images, a 10-bit mode is available. Only in this case the full data is given.

The 10-bit data is stored in a 16-bit right aligned format.

2.4.6. Test image from camera

The camera has a feature, which can help programmers to test the software and the correct
operation of the camera: a set of test images.

If the test image parameter is set, all other parameters of this function are overruled. If the
parameter is set to false, the sensor image is shown. Only the type of test image must be
selected, a value between 0 and 3.

2.5. Read the image into the buffer

Fifthly, we should get the image from the camera. Once the function CCamReadWOlI is activated,
an image is take and placed into the buffer. E.g.:

CCanReadWd ( CanHandl e, /1 camera | ocation
@uf fer, /1l where to find the inmage to process
| mgeSi ze, /1 height * width
Ret urn); /1 how many bytes were transferred.

At the moment the CCamReadWOlI is called, an image is made with the preset parameters and
placed into the buffer. Al the other API functions do not need to be repeated when no change in
acquisition parameters or Window Of Interest is to be made.

For a 8-bit black & white image, the serial buffer can be defined as :

Buffer : array [0..1310720] of byte;

2.6. Help me please...

Free help is only an email away. If your application does not work, we might be able to help you. If
you encounter a problem, we might have seen it before you and found a solution for it. Your
guestion will help us updating the documentation.

If you need help or you got remarks, contact us between 9 and 15 hours GMT for telephone

support on the number +32 (0)16 40 20 16. Send us a Fax on the number +32 (0)16 40 03 23.
Support will be given on the following email address: dirk@vector-international.be
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3. Image projection

The co-ordinate system is relative, if no reference is defined. Below we explain how an image is
positioned as it is processed from the optical plain into the image buffer.

3.1. The Object in real

If an object is standing in front of the camera, a
man standing next to the camera would see
the object as shown in this paragraph. ¢

In real, we use a positive co-ordinate system.
Due to the processing of the data, this co-
ordinate system is changed through the
process. This is the result of the optics, the
point of view and the software.

= X

3.2. Object projected on imager’s optical area

The opti ject the i ifferent h
e optics project the image differently on the Y (127gr1023)

imager. If the person standing next to the
camera turns his back and looks at the front of

the optical area, he would see the image ¢
projected as shown in this paragraph.

Two rotations are made here. First round the X
and the Y as due to the optics, secondly round
the Y again due to the rotation of the person.

If he takes a closer look at the sensor, he will
see the ADC converter of the chip below the
sensitive area on the right.

(0,0) = X
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3.3. Camera output image on the monitor

A programmer in a Windows environment would
see the image on the monitor as shown in this (n"n) 9 x

paragraph.

Notice that BMP files must be rotated round X
not to get an image in the upside down position.
For more information about the BMP format, we
suggest to read Chapter 4.

Y
7 (1279,1023)

3.4. Image in the data buffer

Once the image is made, the data is dumped in a buffer defined by the programmer. According to
the programmer’s language, a buffer definition could look like this:

* Delphi4 :
Type
MonochroneBuffer = array[0..1310720] of byte;

Var
Buf fer : Monochr oneBuf fer;

*  Microsoft C:

Unsi gned char buffer[1024 * 1280 + 1280];

* Visual Basic:

Const Xdi m As Long
Const Ydi m As Long

1280
1024

Dm MyBuffer(Xdim* Ydin) As Byte

The buffer is a sequential array in one dimension with a minimum size of 1024 x 1280. It is
allowed to make it larger if additional calculations require doing so.

This means pixel (0,0) is the first pixel and pixel (1279,1023) is the last pixel, in case full size
images are processed.

| 0,0 | 1,0 | 2,0 | 3,0 | 4,0 | .| 12761023 [ 12771023 | 12781023 | 12791023 |

The numbers listed in the cells above are the (x,y) pixel positions on the sensor. We start counting
from zero for the first pixel.
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A sequential buffer of a full resolution image would look like this:
0 1 2 3 4 1276 1277 1278 1279
(0,0) (1,0) (2,0) (3,0) (4,0) (1276,0) (1277,0) (1278,0) (1279,0)
1280 1281 1282 1283 1284 2556 2557 2558 2559
(0,1) 1,1) (2,1) (3,1) (4,1) (1276,1) (1277,1) (1278,1) (1279,1)
2560 2561 2562 2563 2564 3836 3837 3838 3839
0,2) 1,2) 2,2) (3,2) (4,2) (1276,2) (1277,2) (1278,2) (1279,2)
1308 160 | 1308 161 | 1308 162 | 1308 163 | 1308 164 1309 336 | 1309 337 | 1309 338 | 1309 339
(0,1022) (1,1022) (2,1022) (4,1022) (4,1022) (1277,1022) | (1277,1022) | (1278,1022) | (1279,1022)
1309 440 | 1309 441 | 1309 442 | 1309 443 | 1309 444 1310716 | 1310717 | 1310718 | 1310719
(0,1023) (1,1023) (2,1023) (3,1023) (4,1023) (1276,1023) | (1277,1023) | (1278,1023) | (1279,1023)

The black numbers are the buffer cell numbers, the smaller blue numbers are the pixel positions
on the sensor.

If a window of interest is taken, e.g. (100,100) to (200,200) the pixels are listed sequentially the
first pixel being (100,100) and the last pixel being (200,200). All other pixels not within the window
of interest are not presented in the buffer. This means the length of the buffer can be made

dynamic.
0 1 2 3 4 396 397 398 399
(100,100) | (101,100) (102,100) (103,100) (104,100) (200,197) | (200,198) | (200,199) | (200,200)

As can be noticed, the API will always place the window of interest in the beginning of the buffer,

which will speed-up the process.
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4. Image in BMP format

As the image is in the buffer, the work of the camera, driver and API are finished. The buffer can
be use as main work area. But it might be interesting to show the results on screen.

4.1. Width of BMP images

The buffer will list exact the requested pixels of
the window of interest. Notice that a BMP format
needs in the x dimension a multiple of 4. If
neglected, the image will be displayed in an italic
shape. At the right, we show a BMP image with pg
an original length of 1271 pixels in the x F
dimension.

CLm If we ad on column to the window of interest we
-. m|m| C C have 1272 pixels, which can be divided by 4.
...’. ,QI al I I The result is the image on the left. Now the
.“...‘i EREEE NS image is displayed as it should. Windows BMP
-.-.==[ | wants multiples of 4 for RGB and on blank (for

TECh nOIDQIES future use). Programmers must mind for these

effects.

When RGB images are processed, the length

must be checked for two reasons: multiples of 4 “II_IIJ C C

for the BMP format and multiples of 3 for the RGB 0gno a ' I I
calculations. The !ast one can be avoided, but in ( ‘...:D ENEEEEEEEEEEE
that case the routines will become more complex

and slower. For this reason, we advice to choose ..' TECh ﬂGlDQIE‘:S

for multiples of 12, starting at a certain colour for
which the RGB routines are written. —

4.2. From Buffer to black & white BMP format

To make sure the full grey-level resolution is available from the video card, make sure your
computer is working with 24-bit true colour. If not, the image will be showing contours around
objects at places not to be expected.

To read image data in a black & White BMP format with 256 grey-levels, the windows function
setbitmapbits can be used. This function can be called in Delphi, Visual C and Visual Basic.
Below, we give an example for Delphi.

Set bi t mapbi t s(i magel. Pi cture. Bi t map. handl e, i mage_size, @uffer);

Make sure your BMP image is defined as a black & white 8-bit. If not, a totally wrong image will be
visible on the screen. We advice you to look deeper into our example programs.

DOC-30CCAMO07008-A2



= 55 C Ca international

L 5/
enat :
%¢x-" Technologies

CcamAPI.dll software manual for CCiy camera users

4.3. From buffer to RGB BMP format

To make sure the full grey-level resolution is available from the video card, make sure your
computer is working with 24-bit true colour. If not, the image will be showing contours in wrong
colours around objects at places not to be expected.

To read image data in a RGB BMP format with 3x256 grey-levels, the windows function
StretchDIBits can be used. This function can be called in Delphi, Visual C and Visual Basic.
Below, we give an example for Delphi.

StretchDi Bi t s(1 magel. canvas. Handl e, /'l image reference
, 0, /1 destination origin
Xend + 1 — XStart,

Yend + 1 — Xstart, // destination end
0, 0, /1 source origin
Xend + 1 — XStart,
Yend + 1 — Xstart, /1 destination end
@@&@Bbuf fer, /] data buffer
Thbi t mapl nf o( Bi t mapHeader”), // BMP header info
Dl B RGB_COLORS, /1 R@B settings
SRCCOPY) ; /1 function
In this case, the RGBbuffer is also a linear buffer, minimum 3 times the size of the black & white
version.
Type
Col ourBuffer = array [0..3932160] of byte;
Var

RGBbuf fer : Col our Buffer;

Notice the colours are to be placed in reverse RGB-order and each byte is only 1/3 of a pixel.

0 1 3 4 6 7
(0,0) (0,0) (1,0) (1,0) (2,0) (2,0)

4.4. A typical colour calculation

The CCi, camera can be equipped with two kinds of RGB patterns: diagonal and Bayer. As much
information is available for the classic Bayer pattern, we explain in this example the diagonal
pattern.

Although we say the sensor has a resolution of 1280 x 1024, 3 extra rows and/or columns are

available at each side of the sensor. C-Cam has chosen to start with a green pixel as first pixel. All
other available pixels are defined by this colour.
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The diagonal pattern looks like this:

The colour of a pixel can be defined with the following formulae (example in delphi4):
Position := (3 + x nod 3 —y nod 3) nod 3;

Case position of

0O : ColorOPixel := Geen;
2 : ColorOPi xel := Red;
el se Col or O Pi xel := Bl ue;

end;

There are several methods to reconstruct the RGB out of the grey-level data. We give you one simple
example, which is reasonable fast and gives a relative good image quality.

Lets look at the first 3 x 3 pixels. We see that all colours are
represented equal in amount. We can assume this group of pixels is a
good representation of the area. Lets call this group of pixels a pixel
cell.

Out of this pixel cell, we will calculate the RGB value of one pixel.

This can be done in two ways. Or we calculate the mean value of each colour, or we pick the median
value out of 3 equal colours. We might expect a better representation if we took the mean value, but a
test will show that the median value gives a sharper image with smaller edge errors. The median
value also has one advantage. If one of the 3 pixels is a hot or cold pixel (defect), it is filtered out
which is an advantage. With a mean value the defect stays visible.

A mean filter would simply look like:

Function nme3(a, b, c:integer):integer;
Begi n

Me3 := trunc((a+b+c)/3);
End;
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A median filter can be defined as follows:

35

Function M3(a, b, c :

Var m: integer;
Begi n
If a > b then
Begi n
m:=b; b:=
End;
If a > c then
Begin
m:=¢;, C :=
End;
If b >c then n8
End;

i nt eger) : i nt eger;

a, a:=m

= ¢ else n8 := b;

The result of the first pixel cell can be calculated as follow:

RGBbuffer[j]

RGBbuf fer[j +1]

RGBbuf fer[j +2]

Now we move one pixel cell to the right (still taking the first pixel as
reference) for the calculation of the next RGB pixel (1,0). Blue has
now taken the place of green, red has taken the place of blue and

n3(buffer[i+1],
buf fer[i+w dt h+2],

n3(buffer[i],

n3(buffer[i+2],

buffer[i+2*width)] ; // Blue
buf fer[i+w dt h+1],

buffer[i+2*wi dth+2)] ; // Geen
buf fer[i+wi dth],

buffer[i+2*wi dth+1)] ; // Red

green has taken the place of red.

The result of the second pixel cell can be calculated as follow:

RGBbuf f er [ j +3]

RGBbuf fer[] +4]

RGBbuf fer[j +5]

nB(buffer[i
buffer[i
buffer[i
n3(buffer[i
buffer[i
buffer[i
n3(buffer[i
buffer[i

+1],
+wi dt h+2],

+3],
+wi dt h+1],

+2],
+wi dt h+3],

buf fer [ i +2*wi dt h+1)]

+2*wi dt h+3]

+2*wi dt h+2)] ;

; /1 Blue

/1l Green

; I/ Red
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Now we moved to the third pixel cell to the right (still taking the first
pixel as reference) for the calculation of the next RGB pixel (2,0).
Red has now taken the place of green, green has taken the place of
blue and blue has taken the place of red.

The result of the second pixel cell can be calculated as follow:

n3(buffer[i+4],
buf fer[i+w dt h+2],
buffer[i+2*wi dth+3] ; // Blue
n3(buffer[i+3],
buf fer[i+w dt h+4],
buffer[i+2*width+2)] ; // Geen
nB(buffer[i+2],
buf fer[i+w dt h+3],
buffer[i+2*wi dth+4)] ; // Red

2562
22)

RGBbuf fer[] +6]

RGBbuf fer[j +7]

RGBbuf f er [ j +8]

If we would take the next pixel cell to calculate pixel (3,0), we notice we have the same structure of
the first pixel cell. We have now a loop that can be repeated over the complete sensor area. If you
enlarge the i —parameter with 3 and the j-parameter with 9, the loop can run until the i-parameter is
larger than the total amount of pixels minus the 3 last lines.

Advantages:

* Relatively simple and fast routine.

* Bad pixels are corrected.

* Edges are corrected relatively smooth.

* The routine is useful for smaller windows of interest if multiples of 12 pixels in width are read out.
In height one must make sure the first pixel in the array has the correct starting colour.

Optimisation:

* This example shows an 8-bit image RGB calculation. If the RGB calculations are made in 10-bit
and then a histogram stretch is made on the image to 8-bit, less saturated zones are to be
expected.

* The colours are to be corrected in function of the surrounding light other parameters like offset,
gain and anaval. Luminance and chrominance can be enhanced to get more vivid colours.

* This routine looses some of its resolution. About 2/3 of the resolution is still available.

* In this routine the right edge is not corrected. Separate routines with the same philosophy can ad
this right column.

* Ad similar routines for another starting colour: blue and red.
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The image above was made with the routines described above. It was taken with office TL-lights. A
small colour enhancement was made : red + 19%, green + 4% and blue + 25%. Acquisition
parameters : exposure time = 80000, Anaval 0&1 = 0, Gain = 3 and offset = 3.

Notice the nearly saturation of the white area below. This can be enhanced with higher Anaval values
and a better regulation of the gain and offset.

Although the colours are real, the yellow could be made better. For this a gamma correction is
advised.
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If we over-enlarge the image and look in more detail to the edges, the diagonal pattern stays slightly
visible in slanting areas. At vertical and horizontal edges, the change is perfect. Depending up on the
kind of algorithm and the post-processing, this effect could be enhanced.

DOC-30CCAMO07008-A2



L nl

7% C-Cam vector....oa
(e international

am

Technologies

CcamAPI.dll software manual for CCiy camera users

Appendix A : Terminology

* WOI : Window of interest. The part of the sensor we read

* Sub sample resolution : (= increment) the resolution of the image. E.g . : 1 = full resolution, 2 =
half resolution, 3 = one third resolution,... This is not to be compared to binning with a CCD.
Sub sample resolution only reads out single pixels, no binning of pixels.

* RGB : Red, Green, Blue

* Pixel cell : group of pixels, e.g.: 3 x 3 pixels

DOC-30CCAMO07008-A2



.
5 C-Cam

[ ||
- [m]
enat :
%¢x-" Technologies

m'lternational

40

CcamAPI.dll software manual for CCiy camera users

Appendix B : Cross reference

A 1

acquisition, 26
ADC, 28
Anaval, 27

B I

binning, 39
BitsPerPixel, 18
BMP, 32

C I

CCantCLoad, 5, 25
CCan(l ose, 5, 8, 14
CCamGetLibVersion, 10
CCamGetVersion, 12
CCamOpen, 5, 8, 14, 25
CCanReadWd |, 16, 22, 27, 28
CCamSetCC, 18, 26
CCamSetWOl, 16, 22, 26
close, 8

colour calculation, 33
colour of a pixel, 34
Contact address, 2
Copyright, 2

.o 1

data buffer, 30
device identifier, 14
DiagnosticType, 18
diagonal pattern, 33
Disclaimer, 2
Distribution, 2

e 1

exposure time, 27

- 1

first pixel, 30

—

gain, 18, 27

- a1

help, 28

11

increment, 22, 39

L I

last pixel, 30

M I

maximum value, 22
mean, 34
median, 34

- o 1

offset, 27

- 1

pixel cell, 34

R I

read image, 16
Restriction, 2

RGB calculations, 32
RGBbuffer, 33

S I

sequence, 25
setbitmapbits, 32

single shot mode, 27

size of buffer, 16
StretchDIBits, 33

sub frames, 22

Sub sample resolution, 39

- T+ 1

test images, 28
Trademarks, 2
tth,6

V I

version number, 10, 12
VXD, 15
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I A—

Window of interest, 39

\'#
Xend, 22
XStart, 22

.y 1]

Yend, 22
Ystart, 22
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