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1. SAFETY
1.1  INTRODUCTION AND INTENDED USE

The ‘Moor Instruments moorLDI2 User Manual’ reference for the following imager types:

moorLDI2-VR Visible red laser Class 3R

moorLDI2-IR Near infra-red laser Class 3R

moorLDI2-HR High Resolution version of moorLDI2-VR Class 3R
moorLDI2-HIR High Resolution version of moorLDI2-IR Class 3R

(NB: Separate User Manuals are available for the dual wavelength types moorLDI2-2A and
moorLDI2-HR2L)

The moorLDI2 laser Doppler imager scans a low power laser beam in a raster pattern over skin or
other exposed tissue surface. The beam is either a single visible beam, or a near infra-red beam in
combination with a visible red aiming beam.

Moving blood in the microvasculature causes a Doppler frequency broadening of the scattered laser
light. Some of this scattered light is photodetected in the imager, and then electronically and digitally
processed to build up a colour coded image display of blood flow. The measurement is non-contact
and can quantify differences in flow within a single image and/or image repetitively to assess
evolving flow patterns over time. Up to 256 x 256 individual blood flow measurements are made for
each image recorded. For the VR and IR versions of the imager the measurement resolution is
0.2mm to 2mm, with scanning distances between the instrument aperture and the tissue surface of
20cm to 100cm. For the high resolution imagers HR and HIR versions of the imager which employ a
focussed beam, the maximum resolution is 0.1lmm at a measurement distance of 25cm.

The moorLLDI2 laser Doppler imagers are intended for measurement of blood flow in the
microcirculation e.g. blood flow in the small blood vessels of the skin. It is suitable for a wide range
of clinical research applications including plastic surgery, diabetes, dermatology, vascular surgery,
wound healing, neurology, physiology, neurosurgery and rheumatology.

1.2 LASER SAFETY

This section can only act as a guide to the user, for full details of mandatory and recommended safety
precautions consult IEC 60825-1:2007 Safety of Laser Products.

This instrument must be installed and operated according to CAN/CSA-Z386-01: Laser Safety
in Health Care Facilities.

CAUTION - Use of controls or adjustments or performance of procedures other than those
specified herein may result in hazardous radiation exposure.

All versions of the moorLDI2 imager are classified as Type 3R.
The instruments are classified as per IEC 60825-1:2007 and as per US 21 CFD 104.10 and 1040.11
except for deviations pursuant to Laser Notice No. 50 dated June 24, 2007.
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1.2.1 LASER SAFETY moorLDI2-VR AND moorLDI2-HR

The laser light source in these moorLLDI2 scanners is a Helium-Neon visible red gas laser (633nm).
The maximum accessible power is 2.5mW for instruments using the gas laser.

For the VR type the beam divergence is approximately 1.4 milliradians, with a beam diameter (1/e
points) at 50cm from the laser aperture of approximately 1.2mm.

The ocular hazard distance is 25m.

For the HR type the laser beam is focussed to a spot size of approximately 0.Imm at 25cm from the
laser aperture.

The ocular hazard distance is 25m.

The level of laser radiation is below the maximum permissible exposure (MPE) for skin but it
presents a significant hazard if the eye is exposed to the full power of the laser beam, either by direct
viewing along the beam, or by specular reflection.

The blink reflex of the eye provides a measure of protection, however direct viewing of the beam
should be avoided.

1.2.1.1 Training

Only persons who have received training to an appropriate level should be placed in control of the
moorLLDI2. The training, which may be given by the manufacturer or supplier of the system, the
Laser Safety Officer, or by an approved external organization, should include, but is not limited to:

Familiarisation with system operating procedures.

The proper use of hazard control procedures and warning signs.
The need for personal protection.

Accident reporting procedures.

Bio-effects of the laser on the eye and the skin.

o po o

1.2.1.2 Unauthorised Access

When the moorLLDI2 is not in use by authorised personnel, measures should be taken to prevent
unauthorised use. This will normally be achieved by storage in a locked area.
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1.2.1.3 Warning Signs

The entrance to areas where the moorLLDI2 is to be used should be posted with appropriate warning

signs:

DANGER
Laser
Hazard

No Unauthorised Entry

1.2.1.4 Safety During Operation

It is not generally necessary for the patient to wear protective eyewear; however the patient must
always have eye protection if the patient's face is to be scanned. It is not necessary for trained
operators to wear protective eyewear.

Operating the single wavelength visible beam moorLLDI2:

The laser should only be operated in a controlled area and direct eye exposure (i.e. viewing along the
beam) must be avoided.

To reduce the possibility of direct eye exposure to the patient, operators or other persons authorised
to be present when the moorLLDI2 is operated:

a.

The laser beam should be directed below eye level wherever practicable, e.g. directing the
beam downwards.

If the measurement requires the beam to be directed other than downwards, e.g. the beam
closer to the horizontal than the vertical, a screen should be placed close behind the body
being scanned such that if the laser light beam is missing the body it is stopped by the screen.
A dark cloth screen is recommended. If a suitable screen is not available the body should be
scanned with a wall as background. During a measurement no personnel other than the person
being scanned should be present in the area between the scanner and the screen or wall.

Care should be taken to prevent unintentional specular reflections. Any metallic or other
highly reflective surfaces must be removed from the area to be scanned or covered with
material to produce diffuse reflection, e.g. removal or taping over of rings etc.
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1.2.2  LASER SAFETY moorLDI2-IR AND moorLDI2-HIR

There are two laser light sources within the moorLLDI2-IR scanner. These are a visible red laser
diode, wavelength 660nm (the aiming or target beam) and the near infra-red laser diode, wavelength
785nm, used for the laser Doppler measurements. The lasers are housed in an optic combiner, each
laser has a collimating lens.

The combiner produces a single laser light output beam with the red and infra-red beams coaxial.
The visible aiming beam of 660nm has a power of less than 200uW and the infra-red working beam
has its accessible power between 2.0mW - 2.5mW (between 1.3mW — 1.5mW for the moorLDI2-
HIR).

The beam divergence is approximately 1.4milliradians.

The beam diameter (1/e” points) at 50cm from the Laser Aperture is approximately 1.2mm.

The nominal ocular hazard distance is 20 metres.

The scanner uses a 785nm infrared laser source with the accessible power set between 2.0mW -
2.5mW. This level of laser radiation is below the maximum permissible exposure (MPE) for skin
(which is approximately 28mW for laser radiation wavelength 785nm) but presents a significant
hazard if the eye is exposed to the full power of the laser beam, either by direct viewing along the
beam or by specular reflection. The 785nm infra-red beam is not visible to the human eye; however
this laser eye hazard is reduced because the visible aiming beam is always present. The aiming beam
enables the operator to see the position of the beam at all times.

The visible aiming beam is also sufficiently bright to provide blink reflex protection; however a
number of additional safety measures must be taken by the operator to minimise the risks
involved. These measures are described in the following sections.

1.2.2.1 Laser Protective Eyewear

WARNING - Eye protection should be used by patient and operator at all times in the measurement
area if the moorLDI2-IR imager is operated with the near infra-red laser ON. Eye protection for the
patient may be completely opaque (e.g. pads fixed over the eyes) if normal visibility is not required.

Eye protection for the operator(s) and patients:

Protective goggles or protective glasses must have an OD (optical density) of at least 1.5 for the
range 755nm to 855nm.

The protective eyewear for the operator must allow the LASER READY and IR EMISSION
indicators to be clearly seen (these indicators have a wavelength centred at approximately 585nm),
and the visible red (660nm) target beam to be clearly seen. All laser protective eyewear should be
clearly identified as being suitable for use with the moorLDI2-IR. Moor Instruments will normally
supply protective eye wear that can be worn over prescription glasses.

When, due to unusual operating requirements, the use of eye protection is not practicable, the
operator may use the moorLDI2-IR without eye protection. However this should only be undertaken
with the approval of the Laser Safety Officer.

If the patient’s or a volunteer’s face is to be scanned the patient or volunteer must use protective eye
wear.
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1.2.2.2 Laser Safety Officer

For installations where Class 3R laser products emitting energy outside of the 400nm to 700nm
wavelength ranges are operated, a Laser Safety Officer should be appointed. It is the Laser Safety
Officer's responsibility to review the following precautions and designate the appropriate controls to
be implemented. The Laser Safety Officer should be familiar with the requirements of IEC 60825-
1:2007 Safety of Laser Products and in particular Section 3 of this standard.

1.2.2.3 Warning Signs

The entrance to areas where the moorLLDI2-IR is to be used should be posted with appropriate
warning signs:

DANGER
Laser
Hazard

No Unauthorised Entry
1.2.2.4 Training

Only persons who have received training to an appropriate level should be placed in control of the
moorLLDI2-IR. The training, which may be given by the manufacturer or supplier of the system, the
Laser Safety Officer, or by an approved external organisation, should include, but is not limited to:

Familiarisation with system operating procedures.

The proper use of hazard control procedures and warning signs.
The need for personal protection.

Accident reporting procedures.

Bio-effects of the laser upon the eye and the skin.

o po o

1.2.2.5 Reducing Laser Radiation Hazards

The laser should only be operated in a controlled area. Direct eye exposure (i.e. viewing along the
beam or viewing strong, specular reflection must be avoided (see Beam Delivery System, Figure 1,
Section 1.3).

To reduce the possibility of direct eye exposure to the patient, operators or other persons authorised
to be present when the moorLLDI2-IR is operated:

a. The laser beam should be directed below eye level wherever practicable, e.g. directing the
beam downwards.

b. If the measurement requires the beam to be directed other than downwards, e.g. the beam
closer to the horizontal than the vertical, a screen should be placed close behind the body
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being scanned such that if the laser light beam is missing the body it is stopped by the screen.
A dark cloth screen is recommended.

If a suitable screen is not available the body should be scanned with a wall as background.
During a measurement no personnel other than the person being scanned should be present in
the area between the scanner and the screen or wall.

C. Care should be taken to prevent unintentional specular reflections. Any metallic or other
highly reflective surfaces must be removed from the area to be scanned or covered with
material to produce diffuse reflection, e.g. removal or taping over of rings etc.

1.2.2.6 Key Control

The moorLDI2-IR has a key control that prevents access to the Near Infrared laser radiation (see
Section 2 of this manual, Figure 2G). When the equipment is to be left unattended the key control
should be set to the OFF position and the key removed to prevent unauthorised operation.

1.2.2.7 Remote Interlock Connector

The moorLDI2-IR scanner is provided with a remote interlock connector which can be connected to
an emergency master disconnect interlock or to room, door or fixture interlocks if the Laser Safety
Officer considers it necessary. The person in charge may temporarily override the remote interlock
using the shorting plug supplied if it is clearly evident that there is no optical radiation hazard at the
time and point of entry.

A non-wired plug is supplied with the system and may be wired to the interlock device(s) as shown
below. When the interlock circuit is open, the infra-red laser is disabled.

The interlock device should be wired to pins 1 and
3. The plug is shown as viewed from the inside
(i.e. as seen when soldering connections).
Follow the instructions supplied with the connector.
Only insert contacts into the positions shown, any
unused contacts may be discarded.

Interlock device,
e.g. door switch, emergency
stop switch etc.
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1.3 BEAM DELIVERY SYSTEM

The laser light source assembly consists of a visible red laser diode with a collimating lens to
produce a beam of laser light (see Figure 1, below)

A solenoid operated attenuator mounted in front of the laser aperture of the assembly can be switched
between a full power working beam (<2.5mW visible red) and an attenuated beam (<200uW). The
beam is directed to the scanning mirror via two front silvered mirrors. The scanning mirror is
computer controlled to direct the beam to the skin surface.

FIGURE 1
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1.4  LASER WARNING LABELS

CAUTION - cLASS 3R LASER RADIATION
WHEN OPEN AVOID DIRECT EYE EXPOSURE

CAUTION - cLAss 3B VISIBLE AND

INVISIBLE LASER RADIATION WHEN OPEN
AVOID EXPOSURE TO THE BEAM

LASER APERTURE

LASER RADIATION
AVOID DIRECT EYE EXPOSURE
CLASS 3R LASER PRODUCT

WAVELENGTH 633nm MAX. POWER 2.5mW
IEC 60825-1:2007

VISIBLE AND INVISIBLE LASER RADIATION
AVOID DIRECT EYE EXPOSURE
CLASS 3R LASER PRODUCT
WAVELENGTH 785nm MAX. POWER 2.5mW
WAVELENGTH 660nm MAX. POWER 0.25mW
IEC 60825-1:2007

VISIBLE AND INVISIBLE LASER RADIATION
AVOID DIRECT EYE EXPOSURE
CLASS 3R LASER PRODUCT
WAVELENGTH 830nm MAX. POWER 2.5mW
WAVELENGTH 660nm MAX. POWER 0.25mW
IEC 60825-1:2007

This Equipment complies with

21 CFR 1040.10 and 1040.11

except for deviations pursuant

to Laser Notice No. 50, dated
June 24, 2007

Location: Front panel adjacent to "LASER READY"
indicator

Location: Scanner head rear panel
(for Visible Red System Class 3R)

Location: Scanner head rear panel
(for IR System Class 3R)

Location: Scanner head front panel below the glass
window aperture

Location: Scanner head top cover
(For Visible Red System Class 3R)

Location: Scanner head top cover
(For Infrared System Class 3R)
For 785nm wavelength

Location: Scanner head top cover
(For Infrared System Class 3R)
For 830nm wavelength

Location: Control box top cover
(for USA use only)
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1.5 ELECTRICAL SAFETY LABELS

WARNING

ISOLATE MACHINE BEFORE REMOVING COVERS Location: Control box rear panel
ATTENTION
ISOLER MACHINE AVANT D'ENLEVER COUVERCLES
ACHTUNG
MASCINE ISOLIEREN BEVOR ENTFERNUNG DER DECKEL
AVISO
AISLE LA MAQUINA ANTES DE QUITAR
ATTENZIONE
ISOLARE MACCHINA PRIMA DI RIMOUVER COPERCHI

/N
A\
R
©
C€ 0120

i

Locations: Scan head rear panel adjacent to video connector.

Meaning: General Warning! The computer must be compliant with IEC 950 and
be configured to comply with IEC 60601-1. Do not touch the patient and parts of
either the connecting leads or mating sockets at the same time.

Locations: Control box rear panel adjacent to video connector.

Meaning: Caution! Non-isolated outputs (e.g. BNC output for devices such as
MIC2, and RS-232 / Firewire connections). The computer must be compliant
with IEC 950 and be configured to comply with IEC 60601-1. Do not touch the
patient and parts of either the connecting leads or mating sockets at the same
time.

Location: Rear panel of control box and scan head.

Meaning: This is to indicate that the equipment is of Type B as defined by IEC
60601-1, and has no applied parts which are intended to come into contact with
the patient.

Locations: Control box rear panel and scan head real panel
Meaning: Refer to operating instruction before connecting the scan head to the
control box.

Locations: Control box rear panel and scanner head real panel

Meaning: The marking of a product with the CE mark is intended to confirm
that the product meets all of the essential Health & Safety Requirements
contained in the relevant EU directive.

Locations: Control box rear panel
(See Section 26 Disposal)
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1.6 ENVIRONMENTAL CONDITIONS
The scanner should not be used in conditions of high humidity (>80%) as this could cause misting
(condensation) on the optical surfaces e.g. mirrors and aperture window. Also it is a potential

electrical hazard.

The room temperature in which the scanner is operated must be in the range 15°C to 30°C. The
instrument storage temperature range is 0-45°C.

The operator should ensure the scanner is securely supported and free from vibrations due to external
influences.

1.7 WARNINGS / CAUTION DO'S AND DON'TS

Do turn off mains power before disconnecting or connecting leads - possibility of damage to
electrical components and corrupting the software.

Do turn on the computer before turning on the scanner control unit - possible loss of control of the
scanner requiring power to be switched off and then re-powering in correct sequence.

Do follow the instructions for the safe operation of the laser - see Section 1.2 of this manual.
Do not touch the transparent area of the optical window.

Do not attempt to clean the optical window unless you have been instructed how to do so and have
been authorised to do so - the surface is easily scratched. If scratched it will have to be replaced.

Do consult the responsible person for the moorLLDI2 in your establishment or a Moor Instruments
representative if you need advice.

WARNING: To avoid the risk of electric shock, this equipment must only be connected to a supply
mains with protective earth.

WARNING: No modification of this equipment is allowed.

WARNING: The front panel of the scan head contains glass which is susceptible to shattering on
impact.

10
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2. SYSTEM DESCRIPTION

Figures 2A, 2B and 2C show the layout of the front and rear panels of the moorLLDI2 control unit.

r ™
Moor Instruments
moorLDI
Laser Doppler | Control i‘é N
K aser voppler imager contro /

FIGURE 2A - FRONT PANEL OF THE moorLDI2 CONTROL UNIT

6
/
( Non- |s§a§ed o/P Porj/2 \
o { o
Port 1
IR } o
| \
O ‘ /Dom H Model H \\CB Sn O
[ fl 44(0)129735\;\,1:”“0;00 +44 0129:7\i5716 J k 012j
7 8
1. Socket for mains lead 2. Fuses.
3. ON/OFF switch. 4. Fan.
5. BNC output for devices (e.g MIC2). 6. Port 2: from scan head.
7. RS232 lead to PC. 8. Port 1: from scan head.

FIGURE 2B - BACK PANEL OF THE CONTROL UNIT (ANALOGUE CAMERA MODEL)
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1. Socket for mains lead 2. Fuses
3. ON/OFF switch 4. Fan
5. BNC output for devices (e.g MIC2) 6. Port 2: from scan head
7. RS232 lead to PC 8. Port 1: from scan head
9. IEEE 1394 Firewire to PC 10. Video from scan head

11. BNC input for devices (e.g. MIC2) 12. Ventilation Holes

FIGURE 2C - BACK PANEL OF THE CONTROL UNIT (FIREWIRE CAMERA MODEL)

12



MOOR INSTRUMENTS moorLDI2 RESEARCH USER MANUAL

Figures 2D and 2E show the layout of the front panel and back panel labels of the moorLDI2 single
visible wavelength scanner units

moorLDI2-VR, moorLDI2-HR

OPTIC SURFACE DO NOT TOUCH

Moor Instruments N2
,,/

A

AR LASER APERTURE

3

1 2

Warning LED’s: 1, Power; 2, Laser ready, 3, The Laser Aperture , is indicated and shown
here schematically by the rectangle above.

FIGURE 2D - FRONT PANEL OF THE moorLLDI2 VISIBLE SCANNER UNIT

Mnds in England Izy Moor Instruments Lid, MBwey, Axminsier, Devon, EX13 GHU.
Tk + 44 (3 1297 36716  Fuoc + 84 (0) 1297 35718  wWW.IROOR.CO.UK

P )

FIGURE 2E - BACK PANEL LABELS OF THE moorLDI2 VISIBLE SCANNER UNIT
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Figures 2F and 2G show the layout of the front panel and back panel labels of the moorLDI2 single
infrared wavelength scanner units.

moorLDI2-IR and moorLDI2-HIR

JFTIC BURFACE OO WOT TCUCH

Moor Instruments

o

Eh'|'=|:l|'|'- & LesC® APCETLIRE

1 2 3 4

FIGURE 2F - FRONT PANEL OF THE moorLDI2 INFRARED SCANNER UNIT

Made in England by Moor Instruments Ltd., Millwey, Axminster, Devon, EX13 5HU. (E 01 20 -
P IASEAC L W 2 Tel: + 44 (0) 1267 35715  Fax: + 44 (0) 1297 35716  www.moor.co.uk ﬂ moorLDI Laser Doppler Imager

©1997 Moar Instruments Limited

MC MOORLDI2-BI IR
IR EMISSION (- Subject to:
UK. Patent No. 2231742

Infrared Emission Warning LED U.SA. Patent No, US5588437

Patents Pending

OFF
E.P.C., No. 80905231.8
L] L] - ISRAEL, No. 83009
- JAPAN, No. 90/505174

N

TWROK  sveuso 1. Interlock* 2. Key Switch

CAUTION - CLASS 38 VISIBLE AND
g Port1 [ VISIBLE LASER RADIATION WHEN DPEN
Video /\@ @ Port2 AVOID EXPOSURE T THE BEAM

(* Interlock — see section 1.2.2.7 . This connector socket and plug are not required for class 3R laser
systems and are not present in the latest model of moorLLDI2-IR imagers.)

FIGURE 2G - BACK PANEL LABELS OF THE moorLDI2 INFRARED SCANNER UNIT
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3. moorLDI2 UNPACKING AND ASSEMBLY

The moorLDI2 will initially be installed by a Moor Instruments engineer or approved representative.
The following instructions should be followed for subsequent installations.

The various stages of assembly prior to operating the moorLLDI2 are:

a. Stand assembly, instructions for the moorLD-BS1 (basic stand) or moorLDI-DS2 (desktop stand
with ratchet winder height adjustment) stand assembly are included with the stand, for the
moorLDI-MS2 (clinical mobile stand), refer to Section 3.1.

b. Unpacking the blue plastic transport case. Connection of Scan Head to Control Box using
either a wiring loom (clinical mobile stand) or separate leads (all other stands). Refer to Section
3.2.

c. Installation of framegrabber card or Firewire card. Note: if you have purchased a Panel PC
Kit (moorLDI-PPC) from Moor Instruments then the framegrabber card will be pre-installed.
Refer to Sections 3.3 and 3.4.

d. Cable connections (Refer to section 3.5).

3.1 STAND ASSEMBLY

3.1.1 SUMMARY CLINICAL MOBILE STAND — moorLDI-MS2

Note: a separate manual is supplied with the mobile stand. The following is an additional reference.

WARNING: the mobile clinical stand is heavy. Assembly by two persons is advised.

The Base Frame

This part consists of an 'H' frame and 4 swivel and lock wheels. The H frame also has a plate with 4
bolt holes and registration knob for attaching the vertical columns.

The standard H frame is supplied with the wheels attached (4 screws per wheel).
The Vertical Column

The vertical columns are supplied in two parts: lower and upper column assemblies. The winder box
is usually attached to the upper column assembly.

Lock the wheels of the H frame.

Mount the lower column assembly onto the H frame, taking care to align correctly the hole for the
registration knob. Secure all 4 bolts loosely then tighten all.

Attach upper column assembly (aligning the black ratchet track) and secure by tightening the two
cross-head knobs at the top.

15
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The Transverse Arm

This passes through the winder box. First remove the handle from the transverse arm and loosen the
knobs on the side of the winder box. Pass the transverse arm, from the front, through the winder box
(the longest forks of the H frame are at the front).

This part joins to the front of the vertical slide assembly on the vertical column.

The Yoke and Scan Head

The yoke is attached to the scan head at the side bearings: 4 bolts each. Recent models have a central
screw to secure these components. Take care to include all parts of the bearing including O ring and
pressure plate. Recent models incorporate a central holding screw.

Replace clamp handle and tighten with scan head mounting plate horizontal.

The yoke is then attached to the transverse arm via the top bearing.

The moorLDI-THB

The transformer housing box (THB) also contains the moorLLDI2 control box and cable management.
The THB is attached to the back of the H frame: two lugs at the rear and one at the front.

Assembly

After checking all necessary parts are present and before cable connection, assemble the stand, using
the supplementary guide provided.

3.1.2  BASIC STAND (moorLDI-BS1)

Components for the basic stand are packed separately. Unpack these components and assemble
according to supplementary instructions provided.

3.1.3 DESKTOP STAND (moorLDI-DS2)

Components for the desktop stand are shipped separately in a cardboard carton. Remove these
components from the carton and assemble according to supplementary instructions provided.

16



MOOR INSTRUMENTS moorLDI2 RESEARCH USER MANUAL

3.2  UNPACKING THE SCAN HEAD
The moorLLDI2 is shipped in the blue plastic transport case. This case contains two layers.
The top layer contains the following:

Analogue Camera Model:

1 off moorLLDI2 controller

1 off moorLDI2 8-way scan head-to-controller cable (Basic stand and Desktop stand only)

1 off moorLDI2 25-way scan head-to-controller cable (Basic stand and Desktop stand only)

1 off moorLDI2 scan head-to-PPC framegrabber video cable

1 off framegrabber card (if a PPC Kit was supplied by Moor Instruments, the framegrabber card will
already be installed and tested in the PC supplied)

1 off computer-to-controller serial cable

1 off mains electricity lead

1 off set of software installation discs/CD

Firewire Camera Model:

1 off moorLLDI2 controller

1 off moorLDI2 8-way scan head-to-controller cable (Basic stand and Desktop stand only)
1 off moorLDI2 25-way scan head-to-controller cable (Basic stand and Desktop stand only)
1 off moorLLDI2 scan head-to-controller video cable

1 off Firewire Interface Card (if a PPC Kit was supplied by Moor Instruments, the Firewire Interface
card will already be installed and tested in the PC supplied)

1 off computer-to-controller serial cable

1 off IEEE 1394 Firewire cable

1 off mains electricity lead

1 off set of software installation discs/CD

The lower layer contains the scan head. Remove this carefully and attach it to the stand supplied
(refer to supplementary instructions).

3.3 INSTALLATION OF F6C FRAMEGRABBER CARD (ANALOGUE CAMERA
MODEL)

Note: if you are using a laptop computer with a docking station, the framegrabber card is
installed within the docking station. If a docking station is not used, the video signal will not be

available.

To install the card follow these steps:

1. Switch off your computer and all peripheral devices.
2. Remove the cover from your PC.
3. Discharge yourself of electrostatic charge: with the PC power cable plugged in the wall

socket but not switched on, discharge yourself of electrostatic charge by touching the metal
case of your computer.
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4. Select a free PCI slot and remove the external cover.

5. Insert the framegrabber card carefully in the selected PCI slot.

6. Replace the cover of your PC.

7. Connect the video cable from the camera to the framegrabber card.

34 INSTALLATION OF FIREWIRE CARD (FIREWIRE CAMERA MODEL)

Please note not all laptop computers with Firewire interface work with the Firewire camera,
therefore only a laptop supplied by Moor Instruments can be guaranteed to work.

To install the card in a desktop or panel PC follow these steps:

1. Switch off your computer and all peripheral devices.
2. Remove the cover from your PC.
3. Discharge yourself of electrostatic charge: with the PC power cable plugged in the wall

socket but not switched on, discharge yourself of electrostatic charge by touching the metal
case of your computer.

4. Select a free PCI slot and remove the external cover.
5. Insert the Firewire interface card carefully in the selected slot.
6. Replace the cover of your PC.

7. Connect the video cable from the scan head to control box, but do not connect the Firewire
cable from the control box to the Firewire interface card at this stage.

18
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3.5 CABLE CONNECTIONS

If a clinical mobile stand has been supplied, refer directly to Section 3.1.1

N.B. the mains supply to all equipment should be turned OFF until all connections have been made.
Connect cables as shown schematically below:

3.5.1 CABLING

Analogue Camera Model:

25 WAY SCREENED CABLE
PORT 1 25 WAY 'D' TYPE
CONTROL SCANNER
BOX HEAD
8 WAY SCREENED CABLE 8 WAY
PORT 2 Circular
TYPE
PHONO
SOCKET
RS232
LINK VIDEO LINK

PRINTER

COMPUTER

FIGURE 3A - DIAGRAMMATIC REPRESENTATION OF THE CABLE CONNECTIONS
(ANALOGUE CAMERA MODEL)
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Power RS2321lead 8 Way 25 Way
cable cable screened
cable

FIGURE 3B - BACK OF THE CONTROL BOX SHOWING CABLES AND THE
CORRESPONDING CONNECTIONS (ANALOGUE CAMERA MODEL)
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25 way screened 8 way Video

cable connector cable

FIGURE 3C - BACK OF THE SCAN HEAD AND CONNECTING CABLES
(ANALOGUE CAMERA MODEL)

Power cable RS232 lead Video
cable

FIGURE 3D - PC CONNECTION CABLES (ANALOGUE CAMERA MODEL)
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Referring to Figures 3B and 3C:

1.

22

Connect one end of the 25-way cable to the control box connector marked "PORT1" and the
other end to the scanning head 25-way connector. Secure the connectors with the screw
fixings which should be finger tight. This cable is not directional.

Connect one end of the short 8-way cable to the control box connector marked "PORT2" and
the other end to the scanning head 8-way connector. Secure the connectors with the screw
fixings which should be finger tight. This cable is not directional.

SAFETY NOTE: With the system powered ON, the user must not touch the patient and parts
of either the connecting leads or mating sockets at the same time.

Connect male end (with exposed pins) of the long 9-way cable to the control box connector

marked with the computer symbol:

Connect the other end of the cable to one of the computer's serial ports. This will generally be
at the rear of the computer and will be a 9-way male connector marked "COM1" or "COM?2"
or "SERIALI1" or "SERIAL2", any of these is ok (one of these may already be in use by a
mouse or modem). If you are unable to identify the connector or if it has 25 pins rather than

9 please contact Moor Instruments for further advice. Secure the connectors with the screw
fixings provided which should be finger tight.

SAFETY NOTE: The computer must be compliant with IEC 950 and be configured to
comply with IEC 60601-1. The connector port is marked with the A symbol to indicate this.
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Firewire Camera Model:

25 WAY SCREENED CABLE

PORT 1 25 WAY 'D' TYPE
CONTROL 8 WAY SCREENED CABLE SCANNER
PORT 2 8 WAY
BOX Circular HEAD
TYPE
Video VIDEO LINK PHONO
SOCKET
IEEE
RS232 1394
LINK Firewire
Cable

PRINTER

COMPUTER

FIGURE 3E - DIAGRAMMATIC REPRESENTATION OF THE CABLE CONNECTIONS
(FIREWIRE CAMERA MODEL)

LR )
..-U...
.

»
LU

.....-.....
DOOOOCE
“sessee
..'....‘...
iFﬂF”h:
IR RN
DOOOOCE
RARAAN

g

Power Cable Firewire Cable Video Cable RS232 Lead 8 Way Cable 25Way cable

FIGURE 3F - BACK OF THE CONTROL BOX SHOWING CABLES AND THE
CORRESPONDING CONNECTIONS (FIREWIRE CAMERA MODEL)
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25 way screened 8 way Video

cable connector cable

FIGURE 3G - BACK OF THE SCAN HEAD AND CONNECTING CABLES
(FIREWIRE CAMERA MODEL)

Power cable RS232 lead Firewire Cable

FIGURE 3H - PC CONNECTION CABLES (FIREWIRE CAMERA MODEL)
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Referring to Figures 3F and 3G:

1.

25

Connect one end of the 25-way cable to the control box connector marked "PORT1" and the
other end to the scanning head 25-way connector. Secure the connectors with the screw
fixings which should be finger tight. This cable is not directional.

Connect one end of the short 8-way cable to the control box connector marked "PORT2" and
the other end to the scanning head 8-way connector. Secure the connectors with the screw
fixings which should be finger tight. This cable is not directional.

Connect the phono end of the video cable to the control box connector marked "Video" and
the BNC end to the scanning head video connector.

SAFETY NOTE: With the system powered ON, the user must not touch the patient and parts
of either the connecting leads or mating sockets at the same time.

Connect male end (with exposed pins) of the long 9-way cable to the control box connector

marked with the computer symbol:

Connect the other end of the cable to one of the computer's serial ports. This will generally be
at the rear of the computer and will be a 9-way male connector marked "COM1" or "COM?2"
or "SERIALI1" or "SERIAL2", any of these is ok (one of these may already be in use by a
mouse or modem). If you are unable to identify the connector or if it has 25 pins rather than

9 please contact Moor Instruments for further advice. Secure the connectors with the screw
fixings provided which should be finger tight.

Connect one end of the Firewire cable to the control box connector marked with IEEE 1394.
Do not connect the other end of the cable to the Firewire connector of the computer at this
stage.

SAFETY NOTE: The computer must be compliant with IEC 950 and be configured to
comply with IEC 60601-1. The connector port is marked with the A symbol to indicate this.
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3.5.2 MOBILE STAND AND CABLING

Analogue Camera Model:

Three of the cables (8-way, 25-way and video) for use with a moorLDI2-MS2 mobile stand are in a
corrugated sleeve. This wiring loom is shipped in the THB transformer housing box. At one end the
leads are short and of similar length (Figure 3C). This end is connected to the scan head. Connector
sockets are protected by the hand-grip at the rear of the scan head and the cable positions are
indicated on the back panel label: Port 1 (multi-way cable) is at the top, video is lower left and Port 2
is lower right (see Figure 3C). Connect these cables securely and replace the cover/handle (4 screws).

At the other end of the corrugated sleeve, connect the two shorter leads (Port 1 and Port 2) to the
control box (Figure 3B) inside the transformer housing box and loop the video lead back out of the
box with the PC mains lead and RS232 (COM1) lead.

The RS232 and mains leads are also connected to the rear of the moorLDI2-CB control box (Figure
3B).

Route the video, RS232 and mains cables through the PC supports as described in the
moorLLDI2-MS?2 assembly instruction manual.

Connect the RS232 lead to COMI1 port on the PC, the video cable to the video input socket and the
mains cable to the mains electric socket (Figure 3D).

An extra mains electric cable will be required if a printer is attached to the moorLDI2 system. This is
powered from the distribution board within the Transformer Housing Box (THB).

Secure all connections and replace the lid of the THB taking care not to pinch cables emerging from
the semi-circular slot.

Firewire Camera Model:

Three of the cables (8-way, 25-way and video) for use with a moorLDI2-MS2 mobile stand are in a
corrugated sleeve. This wiring loom is shipped in the THB transformer housing box. At one end the
leads are short and of similar length (Figure 3G). This end is connected to the scan head. Connector
sockets are protected by the hand-grip at the rear of the scan head and the cable positions are
indicated on the back panel label: Port 1 (multi-way cable) is at the top, video is lower left and Port 2
is lower right (see Figure 3G).

Connect these cables securely and replace the cover/handle (4 screws).

At the other end of the corrugated sleeve, connect the three leads (Port 1, Port 2, and Video) to the
control box (Figure 3F) inside the transformer housing box.

Connect the Firewire cable, RS232 lead, and mains lead to the control box (Figure 3F) and loop these
leads out of the box.

Route the Firewire, RS232 and mains cables through the PC supports as described in the
moorLLDI2-MS?2 assembly instruction manual.
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Connect the RS232 lead to COMI1 port on the PC, not the Firewire cable to the IEEE 1394 Firewire
socket on the PC at this stage, and the mains cable to the mains electric socket (Figure 3H).

An extra mains electric cable will be required if a printer is attached to the moorLDI2 system. This is
powered from the distribution board within the Transformer Housing Box (THB).

Secure all connections and replace the lid of the THB taking care not to pinch cables emerging from
the semi-circular slot.

3.6 THE COMPUTER AND SOFTWARE INSTALLATION
3.6.1 COMPUTER SPECIFICATIONS

Only computers complying with IEC 950 may be used. (IEC 60950-1 Edition 1 Information
technology equipment - Safety - Part 1: General requirements). Note that generally any commercially
available PC will meet this standard. If the PC is supplied by Moor Instruments it will meet this
standard and meet or exceed the minimum recommended specification detailed below.

The minimum recommended PC requirements for running the moorLDI2 V5.3 software are:

500 MHz processor; 512 MB RAM; 40GB HDD, CDRW Drive; mouse; keyboard; RS232 or USB*
port; display 800 x 600. A half length PCI card slot is required for the analogue CCD video camera
frame grabber board or an IEEE1394 interface card is required when using a moorLLDI2 with a
IEEE1394 camera (this card is not required if the PC supplied has an IEEE1394 port).

* If the PC does not have an RS232 port an RS232 to USB converter is needed as the serial output
from the LDI control unit is via RS232. A suitable converter can be supplied by Moor Instruments.

Operating system — The moorLDI2 software can be used with Windows™ XP (Home or
Professional), Windows™ 2000 and Windows™ Vista. Moor Instruments does not support its use
with other Windows operating systems. When the software is used with Windows™ Vista, it is highly
recommended that the Vista UAC (Use User Account Control) is disabled although not essential. If
UAC has to be switched on, please keep it on whenever the moorLLDI2 software is used; otherwise
data loss may occur.

3.6.2 SOFTWARE INSTALLATION AND REGISTRATION

A working knowledge of Windows™ is assumed for installation and operation of moorLLDI2
software. The software for moorLDI2 Version 5 is distributed on CD ROM.

For customers who are upgrading from a version of moorLDI software earlier than V 3.08, it is
necessary to prepare your moorLDI prior to installing Version 5. Refer to “APPENDIX 1.
PREPARING YOUR moorLDI2 IMAGER FOR THE NEW SOFTWARE”.

To use the moorLLDI2 with the software, it must first be registered within the software. (The
registration codes only need to be entered once). For users who purchased the software together with
the moorLDI2 the registration number is saved on the software installation disc and is installed
automatically when you install this software.

For some early moorLLDI instruments you will also be asked to enter the serial number of the scanner.
(found on the scanner head rear panel). Customers using Version 3.08 or later versions, and
customers purchasing a moorLLDI2 supplied with version 5.3, do not have to do this preparation.

27



MOOR INSTRUMENTS moorLDI2 RESEARCH USER MANUAL

To install the drivers and the moorLDI2 V5.3 software follow these steps:

1.

28

Make sure that the IEEE Firewire cable is not connected to the PC before installing software
and turn off the moorLLDI2.

Insert the software installation CD-ROM disc into your CD-ROM drive.
If AutoPlay is enabled, the installation screen should appear. If AutoPlay is not enabled, or

the installation does not start automatically, click on Windows® Explorer and select the setup
file (mLDIV53Setup.EXE) from the CD-ROM drive.

Follow the on-screen instructions. Once the “Driver Installation Wizard” window appears as
shown below, connect the Firewire (IEEE1394) cable to the PC and turn the system on. After
a short delay the IEEE 1394 converter will be detected as “Video to 1394 Converter Rev2”.
Click Next to continue with installation. Note: if the F6 card is used (Analogue Camera
model), click Cancel to skip this step.

Driver Installation Wizard Driver Installation Wizard

| Connect Devices! Welcome to the Driver
Installation Wizard!

The wizard did rect fnd ang supporied desices

4 Please zelect the destces you wani io update and cick
Piaase corract the devicas you wenl o update

Mest 1o coriirie.

¥ video to 1394 Convartar Reul

| HW] o | het> | cancd |

Note that the Windows Found New HardwareWizard may appear when the 1394 cable is
connected and the moorLLDI2 is turned on (see below), if this happens click Cancel to close it.
Windows may display an error message in the task bar when the Found New Hardware
Wizard is closed, this is normal and the error message can be safely ignored.
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Found New Hardware Wizard

Welcome to the Found New
Hardware Wizard

“Windows will zearch for curent and updated software by
looking on your computer, on the hardware installation CD, or on
the Windows Update \Web site [with your permiszion).

i f

Can Windows connect to Windows Update to search for
software™?

() es, this tirme anly
() Yes, now and every time | connect a device
() No. nat this time

Click Mext to continue.

Cancel

The driver will begin to install. A warning that the driver has not passed Windows Logo
testing may be displayed. If this happens, click Continue Anyway.

Hardware Installation

1 E Thee zoftware pou ane instaling for this hasdwans:
#
Yideo to 1334, WOM Video Caplue

haz not pazzed Windows Logo bestng bo vesity bz compatinifly
with \indows =P, [Tal me thiz testing is impoitaak )

Continuing pour installation of thiz zoftware may impair
or destabilize the conect operation of your system
gither immediately or in the future. Microzoft strongly
fecommends that you slop this installation ros and
contact the hardware vendor for zoftware that has
paszed Windows Logo testing.

| Conltinue Aoz ] [ STOF Instalation |

For Windows Vista click on the “Install this driver software anyway”’.
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'@ Windows Security |

QS] Windows can't verify the publisher of this driver software

= Don't install this driver software

You should check your manufacturer's website for updated driver software
for your device.

< Install this driver software anyway
Only install driver software cbtained from your manufacturer's website or
disc. Unsigned software frem other sources may harm your computer or steal
information.

v See details |

Driver installation is complete when the following window is displayed. Click Finish to
complete driver installation.

Installation completed

Click on "Finish" to close this window

5. To finish installing the software click on Finish when the following window is displayed:
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& moarlDI V5.3 - InstallAware Wizard = | 5 | o

Completing the InstallAware Wizard for
moorlLDI V5.3

You have successfully completed the InstallAware Wizard for
moarLDI V3, 3.

fun moorlDI ¥5.3 now |

To dose this wizard, dick Finish,

i < Back II Finish I | Cancel |

6. Connect the RS232 or USB cable to the PC and the system is ready for use.
The above installation is designed for use with the new Firewire camera model, if you are
using the analogue camera with the F6 card and the F6 driver has not been installed on the PC
before, you will need to install the driver separately after the above installation.

F6 card driver installation for Windows (not NT):

1. Switch on your PC, and Windows will automatically detect the card you have just installed.

2. The ‘New Hardware Found’ screen will be displayed.

3. Select ‘Driver from the disk provided by hardware manufacturer’, click OK.

4. Click Browse, select the directory C:\Program Files\moorLDI
V5.3\InstallFiles\F6\F6\Win2000 if you have not changed the location during installation.
Click OK on the following screens.

For Windows NT:

The F6 driver for Windows NT is not a true multi-media driver, so does not install from the Control
Panel.

To install the driver run INSTALL.EXE (located in

C:\Program Files\moorLLDI V5.3\InstallFiles\F6\F6nt\ if you have not changed the location during
installation) and choose f6¢_nt from the list box.
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3.7 BEFORE FIRST USE

Once you have installed the software and set up the moorLDI2 system, you must carry out the
following:

¢ Visual inspection of the whole system, looking for signs of damage or missing components.

e Turn the system on and carry out a system calibration check following the procedure detailed
in section “19 Calibration and Stability”, of this user manual

e Check that the distance measurement is accurate to + Scm at 80cm scan distance

If you suspect your system may have been damaged, or if your system fails the calibration or distance
checks, please contact your distributor or Moor Instruments directly, quoting the instrument serial
number

Worldwide Deutschland United States
Moor Instruments Ltd Moor Instruments GmbH Moor Instruments Inc
Millwey RheinAhrCampus Suite #66

Axminster Siidallee 2 501 Silverside Rd

Devon Remagen Wilmington

EX13 5SHU 53424 DE 19809

UK Deutschland USA

Tel: +44 (0)1297 35715 Telefon: +49 (0)2642-932-232 Tel: (302) 798 7470

Fax: +44 (0)1297 35716 Telefax: +49 (0)2642-932-245 Fax: (302) 798 7299

Email: sales@moor.co.uk Email: sales @moorinstruments.de Email: sales@moorinc.com
Website: www.moor.co.uk Website: www.moorinstruments.de Website: www.moorinc.com

3.8 TRANSPORTATION

When the mobile clinical stand is to be moved significant distances over unsmooth surfaces
(e.g. between buildings) the scan head should be removed

Tighten the cross head bolts on the side of the winder assembly.

Push the stand with the long legs of the H frame facing forwards.
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4. THE LASER DOPPLER TECHNIQUE
4.1 INTRODUCTION

The laser Doppler technique was first applied to monitoring tissue blood flow by Stern et al in 1975.
Since then it has been applied to most branches of medicine and physiology.

There are two basic types of laser Doppler device: the laser Doppler perfusion monitor and the laser
Doppler perfusion imager. The monitor usually employs optical fibre light guides to transmit light to
the tissue and back to a detector for processing. Tissue contact is usually necessary with monitoring

and a wide variety of probes enable access to most tissues for continuous monitoring. Laser Doppler
imaging does not involve tissue contact.

The moorLDI2 has a fast scanning mode and the ability to function in ambient lighting. Further
features are: non-contact measurement, high resolution imaging, a large scan range and user friendly
Windows™ software for acquisition, display, image processing and analysis.

4.2  SPATIAL VARIATION OF PERFUSION

There can be considerable spatial heterogenity of blood flow across a tissue surface and this can
change following stimulus or with pathology. The distribution of perfusion also evolves with time
and it is for this reason that the moorLDI2 high speed, high resolution laser Doppler imager was
developed.

4.3  PRINCIPLES OF THE LASER DOPPLER IMAGING TECHNIQUE

Low power laser light is directed via a moving mirror to execute a raster pattern across the tissue
surface. The depth of tissue probed by the moorLLD?2 is tissue dependent and influenced by
pigmentation. For skin it can be assumed that full dermal thickness is probed by both red and infra-
red wavelengths. However, the infra-red wavelength will give a higher weighting to blood flow in the
deeper dermis. An advantage of the infra-red wavelength is that it is not strongly attenuated by dark
skin. This can lead to loss of image with the red wavelength.

The incident light is scattered by static tissue and by moving blood. The Doppler shifted light from
moving blood and the non-shifted light from tissue is then directed by the same moving mirror (and
other optics) onto two square-law detectors.

Light 'beats' at the detectors due to constructive and destructive mixing of the light. These intensity
fluctuations are then processed to give parameters of flux (proportional to tissue blood flow) and
conc (proportional to the concentration of moving blood cells).

Tissue blood flow varies with temperature and so it can be important to standardise conditions,
including a period of acclimatisation, in any measurement protocol. Absence of blood flow during
occlusion does not lead to zero laser Doppler flux values. This 'biological zero' effect is due to
residual interstitial movement and in some cases of ischaemia it may be necessary to subtract this
from values obtained. Under some low flow conditions it might be necessary to reduce scan speed to
obtain the flux resolution required.
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The laser Doppler technique is used to its best advantage when assessing microvascular function:
before and after drug treatment, surgical procedure or a test stimulus. The moorLDI2 Repeat Scan
mode and processing is well suited to this type of assessment.

44 ELEMENTS OF THE moorLDI2

44.1 THE LASER SOURCE

The laser wavelength, accessible power and laser classification depend on the moorLDI2 version.
1. moorLDI2-VR and moorLDI2-HR Class 3R visible laser.
Either a Helium-Neon gas laser wavelength 633nm, maximum accessible power 2.5mW.
Maximum scan area with large scan setting approximately 60 x 60 cm.

2. moorLLDI2-IR and moorLDI2-HIR Class 3R near infra-red laser.
A laser diode wavelength 785nm or 830nm, maximum accessible power 2.5mW.
The near infra-red laser is combined with a visible red aiming beam.
Maximum scan area with large scan setting approximately 60 x 60 cm.

During set up a solenoid actuated attenuator reduces the intensity of laser beam emitted to less than
200uW. The attenuated beam is a class 1 laser.

442 THE MIRROR

The incident laser light is deflected to the tissue surface by a front silvered mirror. Two DC motors
manipulate the mirror so that a raster pattern is executed by the beam across the tissue surface.
Geometrical correction algorithms are employed to ensure that a rectilinear pattern is followed. The
light scattered by blood and tissue is directed back via the mirror and other optics onto two detectors.

4.4.3 OPTICS AND LIGHT DETECTION

A unique arrangement of optics in the moorLDI2 enables operation over a wide range of distances in
ambient lighting. Extraneous light does not significantly influence the detector because only the laser
spot and a small area around it is 'seen’ by the detectors. Optical filters for the particular laser
wavelength being used also help to eliminate extraneous light.

444 OPTIC WINDOW
The laser aperture region of the scanner front panel is sealed by a glass window. This is anti

reflection coated and easily damaged by touching or by attempts to clean by wiping.
See Section 18.6 for advice on removing dust from the external surface of the window.
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4.5 THE LASER DOPPLER PROCESSING ALGORITHM

After detection and amplification the signals are digitised and processed to yield flux (proportional to
blood flow) and conc (proportional to the concentration of moving blood cells).

The algorithms used to compute these parameters are:

w2
flux = k1 I . P(w) dw - noise
0] dc
w2
conc = kzj P(®) do - noise
0] dc

o is the frequency of Doppler shift

P(w) is the power of signal at frequency ®

dc is the intensity of all detected light

1 is the high pass filter frequency

) is the low pass filter frequency

k1 and k9 are scaling constants

noise is the shot and dark noise of the detector
Speed of blood can be deduced from flux/conc.

The bandwidth settings for the moorLLDI2 are:-

O]] ) scan rate

250Hz 15KHz 4ms/pixel*
100Hz 15KHz 10ms/pixel
20Hz 15KHz 50ms/pixel

*This is the default setting.

Other bandwidth combinations are available but these should be used with care and are protected by
password. They are @y = 3KHz and 22KHz and should be used in very low and high perfusion
conditions, respectively. For low perfusion states a reduction in scan rate is also recommended to
improve signal to noise.
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Flow Units

It is generally agreed by researchers and manufacturers that because of the nature of the flow in
capillaries and connecting small blood vessels and the effect of varying skin colour and structure, it is
not generally appropriate to use absolute flow units such as ml/min/100gm. To justify the use of
these units it is necessary to calibrate for the particular tissue type and site of the measurement. This
is impractical except in very special circumstances and is not appropriate for normal day to day
measurements.

Arbitrary units are used for Flux and DC in the moorLDI2 in common with most other
manufacturers. To assign values to a measurement the imager is calibrated using flux standard: a
standard flux signal which is generated by the laser light scattered from polystyrene microspheres
undergoing thermal motion (i.e. Brownian motion). Ideally, calibration should always be at the same
temperature though a change of + 5°C will result in changes of the average speed of only + 5%. The
increase in average speed results from the increase in kinetic energy with temperature increase, and
from the decrease in the viscosity of water. Changes of a few OC are acceptable; however, it is
essential that temperature stability of the flux standard is achieved to avoid convection currents
within the suspension of microspheres.
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S. INTRODUCTION TO moorLDI2 SOFTWARE

Once loaded, the moorLLDI2 V5.3 software presents the following options

moorLDIl * | .aser Doppler Imager

] IMAGE REVIEW

TRACE REVIEW

4

1. MEASUREMENT  To obtain Laser Doppler Measurements (scan, repeat scan, repeat line
and single point measurement)

2. IMAGE REVIEW  Image processing and analysis

3. TRACE REVIEW  To review single point measurements.
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OVERVIEW
The MEASUREMENT module has utilities required for:

- obtaining LDI images and recording patient information
- recording images- single and repeat scans

- recording line images

- recording colour video images

- controlling the imager function

- configuring image scans

- display of acquired images

- generation of printed reports

- single point measurements

- diagnostics.

The IMAGE REVIEW module has utilities required for:

- reviewing images and saving processed images

- printing images and patient information

- analysis: statistics, histogram and profiles

- area selection and line definition for above

- image processing: eg smooth, cut and threshold etc
- saving and printing out of results.

The SINGLE POINT REVIEW module has utilities for:

- reviewing single point flux and conc measurements
- printing out traces and patient information

- segment selection and statistics

- trace expansion, compression and smoothing

- saving and printing out results.
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5.2 GETTING STARTED WITH the moorLDI2

For some early versions of the moorLDI instrument it is necessary to input a registration number
and the serial number of the scanner.

For these instruments an error message will be displayed when the green start button is clicked L
(see item 8 below).

Cannot Start Measurement

L] The Registration Number is invalid. Please select the Menu ControlfRegistration Mumber to input a valid reqgistration
. nurmber For your moorLDI,

The registration number can be entered by selecting the Control menu and then registration.

Registration Number for Activating Software E|

To Activate moorLDI Yersion 5 Software, Pleaze Enter

Reg. No | | el

B [Senal Ho can be found on the rear
moorL DI Serial No : panel of scanner head. e.g.bxxx)

" 0K X Cancel

Note that in general you will need to set up the operating conditions for the moorLDI2 imager (see
section 6 moorLDI2 SETUP on the following page). Here you are just getting an idea of how
images are taken and recorded. If the images you get at this first attempt are not as you wanted or
expected do not be discouraged!

1. Turn on the computer so the WINDOWS program is operating.
2. Turn on the moorLDI2 controller by the mains switch at the rear of the control unit.
3. Load the moorLDI Main Menu program from the moorLDI2 application window. The

software will automatically detect the com port and system type. An error message (Moor
LDI is not ready, please make sure that the system is on, all cables are properly connected,
then choose the correct comm port and the menu item control / system reset) will be displayed
if the system is not ready or the software is not compatible with the system.

4. Choose the Measurement option.

5. Direct moorLDI2 scan head to a tissue surface at a distance of about 30cm from the optical
window (distance mark on the scanner head). This will scan an area of 7.5 x 7.5cm?
(approximately 3cm x 3cm for a High Resolution imager) at a resolution of 256 x 256 pixels.

The duration of measurement will be just under 5 minutes if the imager has defaulted to the
fast scan mode of 4ms/pixel.

6. Click on the image scan icon é or select: Measurement -> Image Scan
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7. You will be prompted to either manually enter the scan head to tissue distance or confirm the
automatic distance measurement itself.

8. Click on the green flag start icon L (Note you can pause Il or stop ¥ the scan at any
time).
. c . E
8. At the end of a measurement save the image by clicking on the save icon = or select:
File
Save As

Follow the normal Windows™ procedure for entering a filename.
Congratulations! You have captured your first laser Doppler image.
5.3 CHANGING SCAN PARAMETERS

Many configurations of the moorLDI2 are possible. The basic changes of scan size and distance
require changes to the Image Scan configuration and System configuration.

The duration of a scan can be reduced by lowering the scan resolution.

Using the Repeat Scan function successive scans can be performed at preset or indefinite intervals,
as the situation requires.

Please spend some time exploring the moorLDI2 software to get to know its functions and to make
full use of its capabilities.

5.4  MOORLDI2-HR AND MOORLDI2-HIR SCAN DISTANCE AND SCAN SPEED

Scan areas at a given scan distance are approximately one half of those for the standard instruments.
Note:-

1. To get the high resolution scan distances between 20cm to 30cm must be used
2. That, because of the small (focussed) laser spot size, movement artefact noise generated as
the beam moves over the scan area is greater than from a standard moorLDI instrument.

For some measurements eg low flow regions, it may therefore be necessary to scan at a slow
speed 10m/s per pixel, or even slower at SOm/s per pixel, rather than the fast 4ms/pixel speed.
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6. MOORLDI2 SET UP

This section describes how to set up the moorLDI2 system for a specific measurement.

6.1 INTRODUCTION

The measurement module presents the following display header when a scan window has been
opened, until then only icons 2 to 8 are shown and are active.

B Bl OEE

1 2

The operation of individual elements of the menu line and icon tool bar are described in the sections

= B %O e =

34 5 6 7 8 9 10 1112 131415 161718 19 20 21 22

listed in brackets and the numbers refer to:

PN R DD =

9

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

Save files with new names

Create an image scan window

Create a repeat image scan window

Create a line scan window

Create a single point measurement window
Open scanner set-up window

Open preference set-up window

Open subject details window

Open ionto protocol window

Start a measurement

Stop a measurement

Pause a measurement

Display an image in real aspect

Display LD photo or video image only
Display flux image only

Display both photo and flux images
Toggle between full size and actual size image display modes
Toggle between PU and RU display units
Open palette setup window

Toggle between all imges and sequential modes
Display previous image in repeat scan
Display next image in repeat scan

Note icons 21 and 22 are only displayed if the repeat scan function is selected.

The operations of each icon appear on the status bar at the bottom of the screen when an icon is
touched by the cursor.
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6.2  moorLDI2 IMAGE SCAN CONFIGURATION

6.2.1 INTRODUCTION

Single Image Acquisition should be used when only one image is required. If several images are to be
recorded at fixed time intervals the repeat scan function (described later in this manual Section 8)

can be chosen.
The following sections describe factors affecting image speed, size and shape.
6.2.2 SPEED OF IMAGING
Total scan time (for a single image) is determined by the following:
Scan speed (4, 10 or 50ms/pixel)
Width of window (scan region dx =1 to 256)

Scan resolution (predominantly the number of lines in the scan dy =1 to 256).
Large / normal scan size.

These settings are made within the Scanner Setup , Image Scan window. (Section 6.3)
6.2.3 SIZE OF IMAGE
Size of image is determined by the following:

moorLDI-to-tissue distance
Size of window
Selection of 'Normal' or 'Large' scan mode

The size can be set up and viewed prior to imaging using: Scanner Setup, Image Scan.
6.3 SCANNER SET-UP

The Scanner Set-up window enables the set up of:-
Image Scan
Video and Distance (measurement)
Repeat and Line Scan
Single Point (measurement)
General — Instrument Gain, Background etc. Settings.

6.3.1 IMAGE SCAN
To open the Scanner Set-up window Click on the Scanner Setup icon

or select: Setup (from menu line)

Scanner Setup (from drop-down menu)

The Image Scan window will normally be displayed. If one of the other Scanner Setup windows is
displayed Image Scan can be selected pointing at ‘Image Scan’ and clicking the mouse left button .
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The maximum scan area is also displayed in this window. If the size displayed is not large enough
either:

- increase the moorLDI-to-tissue distance,
or - click on Large to double the area which can be scanned compared to the Normal setting.

6.3.1.1 Scan Size, Area and Resolution
Move the cursor into the blue scan area of the Image Scan configuration window, the region to be
scanned is indicated by a rectangle the perimeter of which is marked with a red broken line. The
current beam position is shown by a red spot.
To change the shape (dimensions) of the scan area :
- move cursor to one corner of the scan region box
- drag this (with the left mouse button depressed) to a new position
- repeat with other corners as required.
- Alternatively you can type in co-ordinates of your scan area in X0/Y0/dX/dY or use
the increase/decrease arrows to the right of each box, pointing and holding down or
clicking the mouse left button.

Moving the scan area:

- move the cursor to the centre of the scan region box
- drag the box to new position required

Alternatively you can type in co-ordinates of your scan area in X0/Y0/dX/dY.
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To view a scan region on the tissue:

- click Mark in LD Photo / Mark Beam or press the M key, to start continuous
marking.
- click Abort or press the A key to end the continuous marking..

Clicking on the LD Photo button will start a fast (32 lines) photo image.
Clicking on the Clear button will clear the photo image.

Scan area setup preferences can be saved using the Save Setup File button at the bottom of the
screen. To load a previously saved setup file click on the Looad Setup File button.

Factory Setup is the setup at manufacture (the user can set his/her own default settings).
Factory Setup is Scan Size Normal, XO=YO=0, dX=dY=256, Scan Resolution X=Y= 256, Scan
Speed=4ms/pixel

HINTS

1. It is easier to target a scan region on the tissue (where the moorLLDI2 scan head is capable of
movement) if the scan region is symmetrical about the centre of the scan window. In this
configuration the beam position defaults to the centre of the scan region.

2. A 'photo' image of the tissue can be scanned (LD Photo in the LD Photo/Mark Beam box).
This can be used to check for saturation of the detected signals (DC too high indicated by
white regions of the grey scale image and to aid positioning of the scan region box. The
image is low resolution (32 lines) to reduce the scan time.

5. The Scan Speed can be increased by reducing the number of lines scanned, i.e. change Scan
Resolution (dY) in the Y direction. For example if dY is decreased from 256 to 128 the scan

time is halved.

3. The Estimated Time indicates approximately how long it will take to scan the selected area.

6.3.2 VIDEO AND DISTANCE

To open this window, click on
button named Video and Distance.

to open the scanner Setup window, then select the third tab

On opening a live video image will be displayed in the Live Video Image window (see below).
(Note that if the camera is not connected a message No Camera is displayed.)
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When changing scan size between Large and Normal, a zoom change will be observed.
6.3.2.1 Mark Beam

The laser beam is visible in the Live Video Image screen. The beam position can be changed, in
Beam Movement, by changing the values in the X and Y boxes, or clicking the left/right arrows.

In this window as with the Image Scan window, the mark function can be started by clicking the
Mark function or by pressing the ‘'m" key. The abort function can be started either by clicking the
Abort button or by pressing the “a” key.

When the four corners of the scan area are on a two dimensional plane it is possible to mark the four
. . . prea ety g
corners of the scan area using the laser beam. By clicking on the _z=== Foa| R and

= buttons in the mark beam box, or pressing the respective keys eg clicking on Q will move
the beam to the left hand corner of the scan area.

6.3.2.2 Distance Measurement and CCD Size

Clicking on the Auto Distance button will start the distance measurement using the integrated CCD
camera. In order to make a good measurement it is important to avoid movement and objects which
are highly reflective (such as shiny rings and watches). On completion of distance measurement, the
measured distance will be displayed in the Distance box, and the CCD image size and camera zoom
will be changed based on the measured distance.

Note: distance can also be entered manually by typing it in the Distance box. The Enter button to the
right of the distance box must be clicked after typing the distance.

Blood flow measurements as recorded by the moorLDI2 are distance dependent so it is essential to
use the correct scanner to tissue distance for the correct relative units-to-perfusion units conversion.
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This is particularly important for applications where regular changes of distance are made (e.g. burn
assessments). Note that should the wrong distance be used during measurement it is possible to
change the distance at the data review stage.

6.3.3 REPEAT AND LINE SCAN SETUP

To open this window, click on to open the scanner Setup window, then select the forth tab
button named Repeat and Line Scan (see below).

moorl DI Scanmer Setup

General | Image Scan | Video and Distance  Alepeat and Line Sean | Singla Point |

Repeat Scan Seiup

HiUnEee ol R Epan Ge 2 |-3 T- Edimaled Scanning Ties ol E2ch
FepeatInterval | '.|5 . |3|:| | fs Mirgites: E;g Second:
[EegnioEegin] =]

b mrke second

Fou Fzl repeal zoan mode, g2t Aepeal Inbarwal 1o Tk0

Line Scan Selug
]

k|

Murber of RepealLines 1250
Thie lre pasilion it defined by the bothom fie Y0 [even numberd] of the scan e in the Image Scan Page

v Auto Save Losd Setup File|  Save SelupFle|  Factorp Setup W 0K
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6.3.3.1 Repeat Scan Setup

This windows allows you to setup the repeat scan mode.

The characteristics of the scan window and system set up are the same as for single Image Scan. It is
also necessary for these features to be set up prior to Repeat Scan. The Estimated Scanning Time
for a single scan is displayed. This time depends on the scan size and resolution, and on the scan
speed eg 4ms/pixel etc.

Enter the number of scans you require in the Number of Repeat Scans box. This will determine the
number of repeat scans in the series. Note the maximum possible is 105.

Repeat Interval: This sets the time between the starts of successive measurements.
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If the Repeat Interval is set to 0:0:0, a fast repeat scan mode will be selected where the solenoid will
not be turned off between each succesive scan. This ensures that the time between the finish of one
scan and the start of the next is a minimum.

6.3.3.2 Line Scan Setup

This is a special type of repeat scan where Y is kept constant (there is no beam movement in Y
direction during a line scan ie the beam is moved backwards and forwards along the same line ). The
maximum line number in a Line Scan is 26250 (250x105).

If the Number of Repeat Lines is less than 250 the Line Scan will be treated as a Single Image and
displayed as such. If the Number of Repeat Lines is more than 250 the Line Scan will be treated as a
Repeat Image. For example if the Number of Repeat Lines is 1000 then 4 scan images of 250 lines
will be displayed.

The line position is defined by the bottom line YO of the marked area of the scan area rectangle in
the Image Scan page. (YO must be an even number).

6.3.4 GENERAL WINDOW OF SCANNER SETUP

moorLDI Scanner Setup - ' - ...:'ﬂ

General 1 Image Scan | Videa and Distance | Flepeat and Line Scan | Single Poirt |

— Bandwidth | — Normalisation
E P TR : #:DC  © DCSquare: C MNone
Lowler Cobolf Feuency i oo i ks 1 omit
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Upper Cutoff Freguency € JKH: & 15KHz € Z2KH: " Coreclion On (= Conection OFf
— Gain Levels i~ Background Threshold
D FLLE= COKC
; BK =l
Gain Set Auto BE. Set =0 ,
e e o) o ([l o B
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6.3.4.1 Bandwidth
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Automatic Set is selected by default. The upper cutoff frequency will be 15KHz and the lower cutoff
will be automically selected to suit the scan speed. (20Hz for 50ms/pixel, 100Hz for 10 ms/pixel and
250Hz for 4ms/pixel.)

If the user wishes to change bandwidth, a password must be input in the Control menu.

Changing bandwidth will generally change the magnitude of the measured Flux so for consistency it
is advisable to use the Automatic bandwidth setting. For very low flows, signal to noise can be
improved by selecting the 3KHz upper Cutoff frequency and for very high flows the selection of the
22KHz upper cutoff frequency will result in more linear instrument response; however care must be
taken when comparing measurements done at different bandwidths.

6.3.4.2 Normalisation

DC normalisation (ie division of the scaled flux by a factor proportional to the detected light
intensity) is selected by default. If the user wishes to change normalisation to DC? or no
normalisation. A password must be input in the Control menu to enable the change to be made.
Note that changing the normalisation will change the magnitudes of the flux values.

Changes can be made to normaliastion in the image processing program if the user chooses to do so.

6.3.4.3 Background (BK) Threshold

This is set (either manually from the key board or by Auto BK) to blank out all perfusion values
where the detected light intensity is below the set threshold. If, for example a hand is placed on a dull
(ie not shiny) black cloth background the DC background level for this may be close to zero for an
imager using a visible red laser and 10 to 20 DC PU units for an infra-red laser imager.

As Flux measurements taken at very low DC levels are unreliable (eg close to the curved edge of a
finger), the background threshold should be set low enough to remove edge effects from the
recorded image but high enough to ensure the scanned tissue area is recorded. Note that the
background threshold for recorded images can be changed in the image processing program so that
the affect of different background threshold levels can be investigated to ensure that only those parts
(those with low associated DC levels) which the user wishes to blank out are blanked out.

6.3.4.4 Auto BK Set

The beam can be moved to any cursor position within the image window by right clicking the mouse
button. Moving the beam onto background cloth and clicking on Auto BK Set will set background to
the level at that point.

6.3.4.5 Hood Mirror Option

Select Mirror On only when the hood mirror is attached. (Only applicable to MK1 moorLLDI
imagers.)

6.3.4.6 Gain Levels

This enables gain settings to be selected for DC, Flux and Conc.

The gain settings from low to high are 0, 2, 4. In general the shorter the distance between the scanner
and the skin surface being scanned, the lower the gain setting required. Too high a gain setting may
result in signal saturation (on a relative scale the flux or DC will have a value close to 4000 which is
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the limit of the 12 bit A/D convertor). For distances of about 40 to 60 cm the Factory Setup gains of
2, 2, 2 will probably be ok for most measurements. Gain settings can be entered in the DC, Flux and
Conc boxes or the gains can be set automatically through Gain Setup.
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6.3.4.7 Auto Gain

The beam can be moved to any position on the tissue surface by right clicking the mouse. The gain
levels can be set automatically for that point (click Auto Gain).

There is large spatial heterogeneity of blood flow in many tissues so this technique may not be
reliable for all parts of the tissue surface. The Auto Gain facility could be used as a guide only
because the values are derived from one point only.

Gains need to be set according to the application: lower the gain when flux is high and the scan
distance is close (to avoid signal saturation, shown as white on the flux image and red on the photo
image); increase gains when flux is low and a longer scan distance is used (to make full use of
moorLDI sensitivity.

The image above shows a region of DC saturation:
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The DC gain should be reduced: in this example from 2 to the 0.

When moist tissue is being scanned, it is important to avoid scanning perpendicular to the tissue by
angling the scan head (about 15degrees) to avoid direct laser reflection.

6.3.4.8 Reading (RU)

Clicking Reading displays the Raw values of DC, Flux and Conc measurements at the beam
position. Note Raw values are the outputs of the 12 bit A/D range 0 to 4095 before scaling. The PU
units are the Flux etc values after scaling and calibration. It can be useful to know the RU values in
deciding on the gain settings.

6.3.4.9 Scan

This performs a low resolution image (16 lines) scan which will aid in deciding the gain settings. A
dark blue image indicates a higher gain setting should be selected to make better use of the moorLLDI
dynamic range. Saturation (S) is shown as red in the DC image and white in Flux image.

A warning window appears if more than 5% of the image area is saturated.

6.3.4.10 Abort

Clicking the Abort ‘key’ or pressing A on the key board will stop the Scan at any time.

6.3.4.11 Save Configuration

Having spent time configuring the system and the scan window for a particular application it should
be saved if it is likely to be needed again. To do this click the ‘Save Setup File’ button.

Different configurations can be saved for different applications or user preferences.

Choose an appropriate filename and directory (folder) from the ‘Save As’ window which will be
displayed, and the configuration will be saved in a *.mcf file.

The configuration can be modified and re-saved using the ‘Save Setup File’ command.
To install a saved configuration use the ‘Load Setup File’ button.
To make sure that any changes made during a scan session are applied for the next time the moorLLDI

is used, tick the Auto Save box. This way, the configuration will be saved automatically when the
program exits and will be automatically loaded for the next scan to be done.
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6.3.5 SINGLE POINT MEASUREMENTS

The Single Point Measurement (SPM) function enables real time monitoring of laser Doppler flux
and conc at a point on the tissue surface at relatively high data rates (upto 40Hz).

moarl DL Scannersetwp X
Gereral | Imags Sean | Video and Distance | Repast and Line Scan Single Point |
Singla Paint Setup - Monitosing Duratian
Sarple Rale |,_r||]|.|= '|r| " Free Aun
[ Automnai: Gan Swich a0 S g e

bhowr  minute second

B asdmern oeiosng dusaton & britad ba 12 Fouss A8 sanphe ale ol 40Hz 24 bovrs o & sample ale ol 204z
42 hows & 3 cample 1ate of 10Hz and 5o on

B AdoSave  LoadSepFile| SaveSelpFls|  Facloy Sehp W O

6.3.5.1 Single Point Setup

- Sample Rate: this can be selected between 1Hz to 40Hz (1Hz, 2Hz, SHz, 10Hz, 20Hz and
40Hz).

- Automatic Gain Switch: select this if Auto Gain is required, otherwise gains will depend
on the settings selected in the General window. Automatic gain switching can only be had
for single point measurements. Gains are not switched during an image scan.
The maximum monitoring duration is 12 hours at a sample rate of 40Hz, 24 hours at a sample
rate of 20Hz, 48 hours at a sample rate of 10Hz and so on.

6.3.5.2 Monitoring Duration

- Free Run: monitoring ends at the maximum allowed duration depending on sample rate.

- Preset Time: monitoring ends at the Preset Time.
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6.4 Setup: Preference Setup

Opens the Preference Setup dialogue box as shown below:

General Options

[ Save the Laszt DC and Flux Palette Settings When Exit the Software
[ Show Ower 1% DCAFlux S aturation Warming Meszage after Each Scan

[~ Show Distance Confirmation Mezsage at the Beainning of Measurement

[ Call Save Data Dialogue Bow at the End of Measurement

[ Delete Temp File When the Corezponding Measurement WWindow iz Closed

Repeat Scan Options
[v Show Repeat Interval Confirmation Meszage at the Beginning of Repeat Scan

[v Turn OFfF Salenoid during Repeat Scan Interval if Scan Interval [End to Beain)
iz longer Than 30 Secondz

[v Capture and Save the First Video Image Only [if camera iz on)

lontophoresiz Ophion

Iv Enable lontophoresiz Functions
Maote: lontophoresis functions anly wark, when hardware is available

LSOk X Cancel

Save the last DC and Flux Palette settings when Exit the Software:

Select this option to remember the Palette settings when the software is closed.

Show Over 1% DC/Flux Saturation warning Message after Each Scan:

Select this option to enable the saturation warning message.

Show Distance Confirmation Message at the Beginning of Measurement:

Select this option to display the distance confirmation windows before every measurement.
Call Save Data Dialogue Box at the End of Each Measurement:

Select this option to open the File Save Window at the end of each scan.

Delete Temp File When the Corresponding Measurement Window is Closed.
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Select this option to delete the temporary files (saved in the C: root directory) when the
corresponding measurement window is closed.
Show Repeat Interval Confirmation Message at the Beginning of Repeat Scan:

Select this option to enable the warning message when the selected interval is shorter than the
estimated scan (one image) time.

Turn Off Solenoid during Repeat Scan Interval (End to Begin) is longer Than 30 Seconds:
Select this option to attenuate the laser (turn the solenoid off) during repeat scan intervals (if the
interval from the end of one scan to the start of the next one is longer than 30 seconds). Otherwise,
the the laser will remain at full power (solenoid not turned off) during repeat intervals.

Capture and Save the First Video Image Only (if camera is on) for Repeat Scan:

Select this option to capture and save only one video/CCD image at the start of a repeat scan,
otherwise a video image will be captured at the start of every repeat scan image (note: capturing a
video image at the start of every repeat scan image will take significant harddisk/memory, therefore it
is not recommended unless absolutely necessary).

Enable Iontophoresis Functions:

If iontophoresis hardware is available, select this option will enable all iontophoresis related

functions. Measured voltage V1 (at the start of an image scan) and V2 (at the end of an image scan)
will be displayed just below each Flux image.
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7. SINGLE IMAGE SCAN
7.1 TO START

After setting up the scan window using Setup and configuring the system (or loading a previously
defined configuration file) it is possible to proceed to imaging.

Click on the single scan icon
(or type Alt M, I  ie hold dow the Alt key and type M followed by I)

or select Measurement
Image scan

The following measurement window is displayed when Image scan is selected:

B moorlDI Single Wavelength Measurement Version 5.3

File Contrel Setup Measurement View lonto Window Help.

B &S0 BEEE  pEn Bas»@m0%@G | ?
@ Laser Doppler Image Scan (5<an-1) 'El@
Scan Oiign | 85,87 Scanndﬂqe; 9589 Resolbion | 95,99 Speed | dmedpi
Flux Image Photo Image
.
L} 1% 231 9 56 ] ey el Ae9l ER2
Coursce [ 176,160 Fux(PU) | @ ODCPU O Colow (RGE) | 000 Backgowd | 43 4| F§ |

This has additional icons for image acquisition, save and display on the icon tool bar.
To start collecting photo and flux images click on the green flag L

The system will then prompt for the distance from scan head to tissue if the preference setup has been
set to prompt. Note that the distance can be automatically measured and entered via the scanner setup
window. If you wish to change the scan distance, without returning to scanner setup, then you need to
enter the distance manually.

There is a raised plastic mark on each side of the scan head. The marks are approximately lined up

with the bottom of the glass window where the ‘Laser Aperture’ is labelled. Measure from one mark,
parallel with the laser line, to the plane of the tissue surface and enter the distance into the box.
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Once the distance has been entered, click OK to start scanning.

7.2  SAVING AN IMAGE SCAN

. . . C 1. . B
On completion of an image scan it can be saved by clicking on the save icon =
or by selecting File ~ (from the menu bar)
Save As

Select the appropriate directory and enter a filename in the Save As window.
Three files are created:

*.dc contains the 'photo’ image

* flx contains the laser Doppler flux image

* jpg contains the video image (note this is not created if the video camera is not used

7.3 IMAGE DISPLAY IN MEASUREMENT MODE

A limited number of display options are available from the measurement mode. These have the
following icons:

| o e (0% 6 |

1 2 3 4 5 6 7
1. Toggle Display image in real aspect.
2. Show photo image only.
3. Show flux image only.

4. Show both flux and photo images.
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5. Toggle between full size and actual size image display.
6. Toggle between PU (perfusion units) and RU (relative units).
7. To open palette window for changing image display range.

These actions are self evident except for 6 and 7 which are described further in Sections 9.9 and 9.10,
respectively. The status tag appears next to the icon when the mouse hovers over each icon.
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8. REPEAT AND LINE SCAN MEASUREMENT
8.1 INTRODUCTION

There are many situations where it is an advantage to take successive measurements of the same
tissue site to observe a response evolve in timed sequence.

The minimum time between successive measurements is determined by the size and resolution of the
images to be taken.

In Version 5, the user can set a time interval between starting points of each image with safeguards to
ensure that overlaps are not attempted.

A great advantage of the Repeat Scan and Line Scan function is the facility, within the processing
module, for simultaneous processing and analysis of each image (described in Sections 11 and 14).

Repeat Scan repeatedly scans the same area. The time between scans can be set.

Repeat Line measures from the same line continuously, scanning backwards and forwards. The
number of line scans can be set. Line scan enables measurements at upto 256 points on the line of
scan in approximately one second with a fast scan speed (4ms/pixel).

8.2  REPEAT AND LINE SCAN SET UP

The characteristics of the scan window and system set up are the same as for single Image Scan. It is
necessary for these features to be set up also prior to Repeat Scan. This is done in Scanner Setup

Repeat scan parameters are: the repeat interval
the number of scans (upto 105)

Repeat line parameters are: number of lines (up to 26,250 ie 105 x 250)

8.2.1 REPEAT INTERVAL

The interval which can be set by the user represents the time between the start of successive scans.

A Repeat Scan set can be interrupted with a Pause and will continue with the sequence when the
Pause button is clicked. A Line Scan operates continuously i.e. there is no option to increase the time
between successive lines.

The resolution of time interval is 1 second.

8.2.2 NUMBER OF SCANS

Set this to the total number of scans required upto a limit of 105 scans. Any number of scans can be
performed (< 105).
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moorLDI Scanner Setup

General | Image Scan | Video and Distance  Repeat and Line Scan | Sitgle Point

Repeat Scan Setup
Number of Repeat Seans Ig — Estimated Scanning Time for Each
Repeat Interval n o |5 o IBD il 5 Mirutes (22 Seconds
(Begin to Begin) hour minute  second

For fast repeat scan mode, et Repeat Interval to 0:0:0

Line Scan Setup

I =
Mumber of Repeat Lines 256 =

The line pogition is defined by the bottom line w0 [even number) of the scan area in the Image Scan Page

[ Auto Save Load Setup File|  Save Setup File Factary Setup ¢ ok

8.3  REPEAT SCAN START

After setting up the scan window, system configuration and repeat scan configuration (or loading a
previously defined configuration file) you can proceed to Repeat Scan measurement.

Click on the Repeat Scan icon ﬁ

or select: Measurement
Repeat Scan
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B moorl Dl Singhe Wavelength Measurement Version 5.3

File Contrel JZetup Measurement Vigw [onto  Window Help
| SG0k DBEIE | PpoI  Ross0%@Ee- | ?
[T Laser Doppler Repeat Images (Repeat-1) [E=NEoR| ===

ScanOrign | B5.87  ScanRange 95,89 Resohiion | 95,89  Speed | dmepu

1 an 21 & =l ot
Cusar | 00 Flug FU) o DCPY) [i] Cobie [RGB :0:0 Image Mo | Tof23 Backgownd 43 (4] | -+

To start click on the green flag. F
8.4  REPEAT SCAN DISPLAY DURING MEASUREMENT

If a small area has been selected for a repeat scan it can be displayed either as the small portion it
occupies in the image window or occupying the full scan window: click on the expand icon to toggle

these options (see Section 6.3, icon 1).

The expanded format is better for square images but will distort images with long or tall aspect
ratios.

The screen display during repeat scan can be toggled between single image and multi image display

by clicking on the 9-squares icon oQa

These options can be selected prior to measurement, during a pause and post-measurement.
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8.5 REPEAT LINE SCAN START

Once the repeat line has been defined, click on =" to open a window for repeat line measurement.

Click the green arrow to start. Save the finished measurement in the same way as you would a single
scan.

moorLDI Scanner Setup

General Image Scan | Wideo and Diztance I Fepeat and Line Scan | Single Point |

— Scan Size
Scan Area —
. " Lage & Homal
2
g — Scan Area (unit)
w0 [144 j o198 j
___________ “Mmoocoocoooooo
!1] & [112 j dv |58 j
1
Area [om x cm) |3.E| w20
12 — Scan Resolution (pixel)
7

=1 =
o112 =i T |58 =i
5 Scan Speed |4 iz pisel 'l
3 Eztimated Time ID m ISE! z

~ LD Photo | Mark Beam
0 LD Photo | Cear |
| 0 63 127 191 255 Mark | Abort |
W Auto Save Load Setup File|  Save Setup File Factary Setup W OK | X Caricel

In the example above the line scanned has an origin (X0,Y0) 144,198 length dX 112 pixels. The
origin and length of a line scan correspond to the bottom edge of the marked rectangle shown in the
Image Scan window.

8.6 IONTOPHORESIS

This function (IONTO) is used to control the MIC1-e or MIC2 iontophoresis controller directly from
the moorLLDI imager (provided the moorLDI control box has been modified for this use).

Details for use of the MICle or MIC2 in conjunction with the moorLDI are given in the
moorLDI IONTOPHORESIS USER MANUAL (see Appendix 2).
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9. SINGLE POINT MEASUREMENT (SPM)
9.1 INTRODUCTION

The Single Point Measurement (SPM) function enables real time monitoring of laser Doppler flux
and conc at a point on the tissue surface.

9.2  POSITIONING OF BEAM FOR SPM

To measure at the point of interest it is first necessary either to move the tissue to the beam position
or to move the beam to the position required.

9.3 BEAM MOVEMENT

Enter the Scanner Setup by clicking on the icon L2 or Setup then Scanner Setup followed by
Image scan selection.

Use of this window for imaging is explained in Section 5.4.

To move the beam, position the cursor at a point in the scan window and click the right hand mouse
button. The beam will move to a position corresponding to the new screen position.

94 BEAM MOVEMENT RELATIVE TO PHOTO IMAGE

If it is more convenient to position the beam relative to a photo image of the tissue this can be done
by selecting LD Photo in the LD Photo/Mark Beam box. This will scan the beam over the tissue
area and display a low resolution Photo Image (16 lines).

To move the beam, position the cursor at a point in the Photo window and click the right hand
mouse button. The beam will move to a position corresponding to the new screen position.

9.5  SINGLE POINT MEASUREMENT WINDOW

After positioning the beam at the required tissue site enter the Single Point Measurement window by:

clicking on the SPM icon @.
or select Measurement
Single Point

The following window will be displayed:
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ﬂ moorl D Single Wavelength Measurement Version 5.3
File Contral Setup Measurem ent Wigw lonto  Window Help
- = == L. = e
B BS0 EEAE | »=E LM MR T TR | ?
[ single Point Measurement (Trace-1) ===
Sampke Rate | 10H2  AuioGan | Mo Flux TC. ol Come: TG lf Beam [+, ] | 127,127 1=
L]
L Em
Flux 4w
- 2
- B0
~ B0
Conc
- 400
L 2w
= T T T T
Tirne  DO0C00 000002 00:0004 000005 LR ooeamin
Tmefwec) 00  FhePU)| 0 ComcPU)] 0 pCipg | 0 55
o vl |

On entering this window 14 new icons appear:

b= Start: to start a single point measurement.

STOE Stop: to stop a single point measurement.

Pause/continue: to interrupt a single point measurement.

To expand the time scale.

To compress the time scale.

iz To increase the flux time constant, i.e. smooth the trace.

iz To decrease the flux time constant, i.e. show more flux structure.

. @z To increase the conc time constant, i.e. smooth the trace.

O 0Nk wD =
+
+

=anz  To decrease the conc time constant, i.e. show more conc structure.
10.% To view previous page.
11.% To view next page.
FU
12,70 To toggle between PU and RU: option available after measurement.
Bt .
13."= Store trace on file.
14,2 Help.
15. bt Toggle between scroll and slide display modes.

9.6 DISTANCE - moorLDI2-TO-TISSUE

This should be set within the Scanner Setup window as discribed for imaging. The correct distance
+ 5cm needs to be entered for the correct conversion from RU to PU.

9.7  SINGLE POINT CONFIGURATION

The following parameters can be set in the SPM Configuration window.
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Select using the Scanner Setup icon L

or SetUp
Scanner Setup

Click the right-most tab to configure the single point measurement.

moard 1l Scanner Ssdup

B g | bwaps oo | Widep sl Tinre | Pepesr wel L Seoe S Fosd
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i [ T T u |
T il O O
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M g oy o den b eied ks 12 heerd @ 4 oo it of 40HE 24 boan o pargss wite of D0HG
23 g o' 50 s L of TR A g

W Ao Son L-;-.-la..q-.q-.mi SireaSeag Fla|  Fochom Setie WOk | | Coeal]

Parameters that can be altered include;

Monitor Duration: free run/preset time (Preset time in Hours: Minutes: Seconds.
Sample Rate — selectable
Autmatic Gain Switch — on/ off

9.8 AUTOGAIN

Enables a wide range of flux values to be obtained without saturation occurring in the detection
process. If this option is not selected the gain settings set for imaging are implemented.

If selected, autogain is set up only at the start of a single point measurement. Changing position on
the tissue for example, following a pause, can lead to errors in the autogain setting.

9.9  SINGLE POINT MEASUREMENT - START

e
After clicking the SPM icon ¥==% or selecting

Measurement
Single Point,
Position the beam at the tissue site eg on a finger.
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click on the green flag start icon h .

You can expect to see pulsatile flow from a warm finger — see the example below.

;"_'.!.11r.:.||'.'|I|I.lr_-._l|r.|||.'-11ll-1| Ferdfon 5.0 hela) - [Sivghe Pain Messuremen [Freace 1]]
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To stop, click on the stop icon L0

To pause, click on the pause icon L
9.10 SINGLE POINT MEASUREMENT - FILE STORE
The single point measurement traces of flux and conc are stored using the file store icon or by

selecting File, Save As. Storage is in *.SPM files.
For single point review see Section 14.

64



MOOR INSTRUMENTS moorLDI2 RESEARCH USER MANUAL

10. IMAGE REVIEW
10.1 INTRODUCTION

The image processing utilities enhance the displayed image for various applications. In this section
are described image display utilities. Image processing is described in Section 10 and Analysis in
Section 14.

Click on IMAGE REVIEW in the main moorLDI laser Doppler imager window to enter the image
review progra. Note that if are running MEASUREMENT or TRACE REVIEW exiting these
programs will return you to the main window .

moorLDIl * | .aser Doppler Imager

2| IMAGE REVIEW

10.2 Summary of Image Processing Utilities

pE 7
When you first enter IMAGE REVIEW only the open file =2 and the help icons " #  are active.
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Other icons become active when an image file is opened. These are:-

el Rl+ 00/t X | E

Il Lo B o | GR P By Ei et | Eipn 360 | S| 2

1 23456 7 8 9 10 11 12 13 14151617 18
1. Save Current File with different name
2. Select Cursor Mode
3. Select Rectangular ROI mode
4.  Select Circle ROI mode
5. Select Polygon ROI mode
6.  Select Line ROI mode
7. Show Image Information
8.  Original image display - gets back to original after other processing operations.
9. Smooth - applies a low pass filter to flux image.
10. Interpolate - adds mean value pixel between existing pixels.
11.  Subtract image - to present difference following a change.
12.  Threshold Setup - to change min/ max threshold values.
13.  Aspect toggle - toggles between full screen and correct aspect display.
14. Photo image - displays photo image only.
15. Flux image - displays flux image only.
16. Photo/Flux image - displays both photo/ flux images.
17. Palette - opens palette box to change image colour scale.

18. Print a Report

Further Image Processing utilities are available, other than those obtainable from shortcut icons, by
clicking on the Image Processing toolbar:

T womead 011 e i Prvadon 0 ik T

Fir Tem POd | e ceomwayy Brdvie Snkes g L=

£ By | T e cot = B e - [T e LN EnesAd o 7
i
P
W Tl

Lot Trom "
kb L.
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Reload - reload original unprocessed image - as 8 above
Interpolate - as 10 above

Normalise - alter image normalisation — note default is division by DC
Rotate - Rotate Left/Rotate Right

Flip - FlipHorizontal/Flip Vertical

Flux:Adjust Settings - change background level.
- ‘change’ distance of object from moorLDI2.

Smooth - flux or LD Photo (DC) image.
Average - Averaging of selected repeat images (not applicable to single images)
Subtract - subtract one flux image from another (must have same dY and dX)
Constant (Flux):-
Add Constant - add a constant to the flux image
Subtract Constant - subtract constant from flux image
Multiply Const - multiply the flux image with a constant.
Divided Const - divide the flux image by a constant
Threshold: (Note can be opened from the key board with Ctrl+T)
- Blood Flow Threshold
- LD Photo Threshold
Upper -Cut Above - remove flux /Dc values above set level.

Lower - Cut Below - remove flux / DC values below set level.

IE Threahold Previes

Bluod Flow Imags [PL]

Bbood Flos Threshodd LD Phala Theezkold
Lowe 4] | > o Lowes 4] | LR
Ueper. [4] I3 f T O 6. T | +] [655
DI Regions

 AIROls Cawihn | Cul Qi |

= fictes AOI

Hobe: D furchons are oy avalisble wiven RO regions ane defired

i__:-'; _I:I;:“] K Cancel
ROI Regions - applies to all ROI’s or active ROI only
Cut Within - remove flux values in ROIL
Cut Qutside - remove flux values outside ROL
Undo Cut - restore previously cut pixels.
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10.3 OPENING FILES and IMAGE DISPLAY

Open a file by clicking the £ icon or select File, Open.

By default only *.flx file names for single images are displayed in the directory window. Other types
(repeat scan/ repeat line/ JPG video and BMP video files) can be displayed by selection from the
window below this.
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After a file has been opened both flux and dc images are displayed if it is a single image and just the
flux images of a repeat image set. These are the default display types. Other display options available
are described below.

10.3.1 PHOTO IMAGE DISPLAY

To display the dc 'photo’ image(s) only click on the camera icon . The aspect ratio of the image
will be stretched. This original aspect can be retrieved via the options menu. See Aspect below.

10.3.2 FLUX IMAGE DISPLAY

To display the flux image(s) only click on the hand icon 3 To restore the image shape see Aspect,
below.
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10.3.3 FLUX AND PHOTO IMAGE DISPLAY

To display both flux and photo images click on the split camera/hand icon ;ﬁ To obtain the correct
aspect ratio of the images, see Aspect below.

104 VIEW
10.4.1 ASPECT

There are many rectangular image shapes that can be imaged during measurement. The default
display is to fill the whole display window. The effect of this is to distort the original image. Image
shape can be restored but it is first necessary to reduce the size of the display window using the
standard Windows™ utility (in the top right hand corner of the display window).

After window size reduction select: View
Aspect

Note that when loading images captured using other Moor LDI packages (e.g. BDA) it may not be
possible to maintain the correct aspect ratio for the video image.

View ROI Image Processing  An:

puﬁ Petrfusion ar Relative nit

8= Image Information

% Palette Ckel+P

Preference Options

10.4.2 UNITS ¥
10.4.2.1 Units — Relative Units (RU)

To toggle between Relative Units (RU) and Perfusion Units (PU) click on View, then click the
PU/RU icon.

The default display of flux image(s) is in Perfusion Units (PU). This unit system is used to
compensate for raw unit differences due to gain setting selection and distance. This provides a means

of comparison for images taken from different distances or with different gain settings.

10.4.2.2 Units — Perfusion Units (PU)
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The moorLLDI2 imager is calibrated using a motility standard consisting of polystyrene microspheres
in water. Calibration is done is done during the final testing before it leaves the factory. Calibration
can be checked, and the imager recalibrated if necessary, by the user.

The use of these standardised Perfusion Units rather than the ‘Relative Units’ (which will vary with
the gain settings and with scanner/tissue site distance), is recommended as it allows comparisons
between measurements taken at different times with different instrument settings. It also allows
comparisons between measurements taken with different moorLLDI imagers to be more easily and
reliablely achieved.

It is strongly recommended that when publishing results that Perfusion Units (PU) are quoted.
10.4.3 PALETTE

The type of palette and colour (or black and white) range of flux and photo images can be changed by

selecting the Palette icon % This can be used to bring the displayed image(s) into the full colour
range (increase the limits) or to highlight differences within a particular region of interest (e.g. reduce
the limits to see flux differences within low flow areas of a free flap following plastic surgery).

Palette Preview

LD Photo Image (PU)
Lowwer Lirmit | 4 ﬂ 0
0 5000
IJpper Limit HJ ﬂ 97
_ / I 5000
A Cantrast Standard | ¢|:|K
Blood Flow Image (PU)
Lowwer Lirnit | 4 ﬂ n
0 5000
|Jpper Limit ﬂ J ﬂ 200
0 5000
Contrast Standard| 16-Colour| E-Colour
Colour Video Image x Cancel
Brightheszs J J |
-A0 1] +A0
Contrazt J J
A0 1] +a0

Adjustments can be made to LD Flux, LD Photo and colour video images. Small preview windows
are used to show the efect proposed palette changes will have on the images.
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10.4.4 IMAGE INFORMATION

All the configuration parameters and operator entered data is stored with the image and can be
recalled by clicking the information icon ¥ .

Imadge Inforenaticn (S5243-030 1 20- 104 Lfix {Zoom Inj) { i

Subject Detads | General | $caniaio |

- Subject Infommation:

Hame ]— Addiees
Musnber |
Dalul:fliliﬂ'llm."mmll'.n
—{Iparala
Sean Dake  [E01/2000 e {1 Sakh
FEOETN
dcen Time |1|:u1|1

— Comment

Buan Cause soaid - westsnicink:
Foan Dale 170012003

i F e
Seanrirg 3 S poal ban

W O X Corcal
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10.4.5 PASTE FLUX IMAGE

One or more (uptp 5) rectagular ROIs on the Flux image can be pasted on to the Photo Image.

Vome PO [mmeficeinn Maest wedem W —_"

E‘."w [~ choeich x| 8 b la T bt B maRai S

L S P
EIE:hu-;l:!rF-aﬂmn

Frara Tmage

Flux Image Photo Image
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10.4.6 ZOOM IN

To enlarge a rectangular region of an image it is first necessary to define the rectangular region of

interest. Zoom the ROI by clicking on the magnifying glass icon @l with the '+' sign. The zoomed
image is opened in a fresh Window automatically.

s Togen | IBMHE Feicidon Sobn ol Gresd MEmD  fh | AOisBSan | LAIE e e T e B

Fhin [reige Fragri Tosspr Fluca Imoga

05 Fg

;‘E.ﬂ.lﬂ:{:ﬂ.-__‘ I_ }IH'
A L

Fhero Image

B BEG IR MM XE 4% =0 =w = TR
1 Codwa (RGEH,  (HH] o | .70 RemiFl] =5 GCiFup A2 Lo [FEZ B

The zoomed part of an image can be saved as a separate image
10.5 PREFERENCE OPTIONS (For Image Review)

(Note that there is also a different Preference Option menu available in the moorLDI V5
measurement program.)

These image review options are for automatically saving (or not saving) pallette, histogram and
profile settings, and saving,(or not saving), print selections. The print selections determine whether or
not images are included in the printed reports.

&2 Preference Options x|

— eneral Ophonz

[v Sawve the Last DC, Flux Palette Settings When Exiting the Software
v Save the Last Hizstogram Settings When Exiting the Software

[v Save the Last Profile Settings %hen Exiting the Saftware

[~ Call the Image Information Dialog Box "when S aving the Image Files
[~ Use Image File Name for Statis / Histogram # Profile File Mames

— Print Options
[v Print Images When Printing Statistics Besults
v Prirt Images When Printing Histogram Graphs
v Print Images When Printing Profile Graphs

x Eancell

73



MOOR INSTRUMENTS moorLDI2 RESEARCH USER MANUAL

11. IMAGE PROCESSING

Image Processing  Analysis W
] I?E' Feload

E% Interpolate

Mormalise
Rokate r
Flip L4

Adjust Settings

Smooth L
Average
Subtrack
Constant (Flux L4

H
w8 Thresholdfcut  Ciri4T

11.1 RELOAD
This function is to re-load the original file ie the unprocessed image.
11.2 INTERPOLATE

Low resolution or small images can be enhanced to increase the apparent resolution by interposing
mean values between adjacent pixels. Interpolation can only be carried out when both X and Y
resolutions are less than 128. The maximum number of pixels after interpolation is 256 x 256.

2.
Interpolate by clicking on the B icon or select: Image processing
Interpolate

This applies to both photo and flux images.
11.3 NORMALISE

The standard moorLDI normalisation for the flux algorithm is division by DC ie by a quantity
proportional to the detected laser light intensity. Users can change the normalisation to DC 2 or to no
normalisation of the calculated Flux.

Choose Flux Image Mormalisation §|

Flux Image to he Normalised by

= Maone o D i DC Square

W 0K X Cancel |
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11.4 ROTATE or FLIP

The image can be rotated left (anti clockwise) or right (clockwise) by 90° each time the operation is
applied.

Images can also be flipped horizontally or vertically to give a mirror image of its former state.

Select Rotate or Flip using: Image processing
Rotate/Flip and choose operation required

11.5 ADJUST SETTINGS

) Adjust Distance and Background Threshold

Blood Flow Image [PU) LD Photo Image [FU)

Distance Background Threshold [PU]
Distance  |B0 o Erter 4 | |18

Maote: Change distance will affect Flux image only when display in perfuzsion unit

W 0K X Cancel

11.5.1 DISTANCE

The measurement distance can be reset in the Adjust Settings window. This should be used only
when the information was incorrectly set during measurement as flux results will be affected.

11.5.2 BACKGROUND THRESHOLD

When DC pixel values are below the threshold the respective flux at these pixels are set to zero and
displayed in grey. The flux pixels displayed in grey are not used in flux image analyses even if they
are part of the tissue (eg skin) area scanned. Resetting the background threshold to a higher value can
be used to remove edge effects from an image eg the edge of a finger where the DC will be much
lower than from the bulk of the finger.

Resetting the background to a lower value can display more of a flux image
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11.6 SMOOTH

Some features of flux and photo images can be easier to see if the images are smoothed one or more
times. Smoothing is an averaging operation using the pixel value and the values of the pixels nearest

neighbours. Smoothing is performed by clicking on the & icon or by selecting:

Image processing
Smooth

If using the latter route, another option becomes available — smoothing the LD Photo image.
11.7 AVERAGE
This function only applies to a repeat scan image. A number of images in the repeat sequence can be

averaged and the resulting image can be stored in a user-chosen image position (i.e. an image number
in the sequence).

Average Repeat Images

Inpst Imaige Hambars

SR &

Image Mo o slotrag he svesged imege - 1

The Source Imag= Mos used for aveiagng :

[1234

Mote Inpuk image numbes anddon range o aveiagng
Soparale by & corma key feg 1.2 5 610015

o (K |

11.8 SUBTRACT

In the case of a single image, the image subtraction is between the current image and a user-selected
image from a file.

In the case of a repeat image, the image subtraction is between the current image and a base image.
The base image can be one of the three formats as shown in the following picture. ie either an image
of the repeat scan images selected by number, or the averaged image of selected images or an image
previously recorded as a single image. The subtraction applies to all images in the repeat sequence

Repeat Imapes Subtraction E|

Safect Bage Mnage fod SUlHraction

¥ Image Hunbe: |'I

I Aversged Image of mage Mo andlor Aangs

Mole: Input meoe rumben and’o range for sversgirg
Sepanabe bi & comma ke 807, 2 5 60016 ]

I Single Image File

W K

| X Cancel
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11.9 CONSTANT (+,-,x,/)

Conskant (Flhu) &dd Conskant

H
Eh Threshold/Cut  Chel+T Subtract Constant
Mulkiply Conskant
Divide Constank

11.9.1 ADD CONSTANT

Add a constant to the flux image.

11.9.2 SUBTRACT CONSTANT

Subtract a constant from the flux image.

11.9.3 MULTIPLY CONSTANT

Enables rescaling of an image. An example of its use might be to set baseline images to similar
values so that subsequent responses can be compared.

The validity of this manipulation should be carefully considered in each situation before it is applied.

11.9.4 DIVIDE CONSTANT

Divide the flux image by a constant.
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11.10 THRESHOLD/ CUT

&2 Threshold Preview

Blood Flow Image [PU] LD Photo Image [PU]

Blood Flow Threshold LD Photo Threshold

Lower | 4 ﬂ i Lower | A ﬂ 1]
Upper |4 | v | 5000 Upper 4| | ARED
ROl Regions

£ alR0l: Cut Wwiithin J Cut Outside | . J
{* Active ROI

Mate: Cut functions are only avaliable when RO regions are defined

W 0K X Cancel

The Threshold function is used to discount pixels either above or below user set flux or DC values.
Threshold can be applied to both Blood Flow images and LD Photo images. This can be used to
assess the extent of flare removing pixels that are saturated on either flux or photo images and
displaying them as background grey.

The Cut functions are used to remove pixels within or outside a region of interest. Cut can be
performed on either the current active ROI only, or all ROI’s.
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12 FILE

12.1 SAVED IMAGE FILE FORMATS

iz moorlDI Image Review Version 5.3

Eile Miew ROI Image Processing  Analysis  Window He
IEE‘ Open Ctrl+0 Q Ve f
Close -
ReQpen ...
n 296,256  Speed | 4 mefpix  Area
Save
B3 save As.. Flux Image
Save As Other Formats ASCH
Redefine LDI File k BEMP

lfl Print Report ... i

Exit BMP (Active Window)

After original files have been processed you might wish to save the file in its processed form (i.e.
smoothed, interpolated, palette change etc).

Save As
This operation willsave the active image in a moorLDI format. These images can only be displayed
using the moorLLDI software.

Save As Other Format
There are 3 storage formats that can be chosen, singly or simultaneously, following a Save As Other
Formats instruction:

ASCII - numerical output, readable by spreadsheet packages

BMP - individual images in Windows™ bit-mapped format for
some word processor and graphics software packages

JPEG - format used by some external image processing packages

For compiling reports, the JPEG file format is likely to be most useful. However, use of PrtSc (print
screen key) and Edit, Paste within a graphics package (e.g. Windows Paint™) will provide a
complete view of the moorLLDI screen display, suitable for further editing.

BMP (Active Window) saves the flux and photo/video display window.
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12.2 REDEFINE LDI FILE

Save Active ROI image: if there are rectangle ROIs defined, images within the active rectangle ROI
will be saved into a new file.

Combine Single Image Files: combine single image files into one repeat image file. The single
images must have the same LDI type, Scan Size, Scan Range and Resolutions. Follow the steps
below to choose files to be combined:

1) Locate the image data directory in the left column.

2) Select files to be combined in the middle coloum, then click on the Add to button to add the
files to the list (third column).

3) Click on the Save Repeat File button to combine and save the repeat file.

File “iew ROI  Image Processing  Analysis  wWindow Help
B e O vy ot DO %
Close
ReCpen ...
Save
B lutior | 256, 286 Speed | 4 mzdpix
=, Save As...

Save As Other Formats ¥

:II [ L"2 Tlﬂﬂﬂﬂ

Redefine LDT File Save Ackive ROT Image

lﬁ Print Repart ... Combine Single Image Files

Exit

Note, it will be assumed that all single images have the same scalers, gains, distance, background,
normalisation, wavelength etc.

All parameters extracted from the first file in the selected list will be used for the new repeat file. A
table will be given to display single image file names that have different parameters (e.g. distance,
wavelength, DC/Flux scalers and distance scalers).

Redefine Repeat File: this function can be used to redefine (e.g. delete one or some of the images,
redefine the sequence.) repeat image. You can input image number or range using the following two
formats:

Separate by commas e.g. 1, 4, 7, or select a range e.g. 3-7. You can use a combination of the
two formats.

If only one image number is selected, the image will be saved as a single image file.
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12.3 PRINT REPORT

lﬂ Prink Report ...

A report printing function is avaliable:

If you select: File or click the icon =3
Print Report

Images will be printed together with information relating to the patient , operator , file name, scan

setup conditions and comments.
A sample printout is in Appendix 3
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13  REPEAT SCAN PROCESSING

13.1 INTRODUCTION

All the utilities for processing and analysing single images can also be used on repeat scan images.
A powerful function of the repeat scan utility is the simultaneous processing of all images.

13.2 REPEAT SCAN DISPLAY

To open a repeat scan set click on the File types box and select Repeat Image Files *.rfx.
When the required file has been selected, click open for display.

Loak in: |...? data _’J 4= =i B

[E=] HisToIAL RFX

File name: HISTDIAL RF¥] Open I
Files of type: IHepeat Image Files {*rfx) j Cancel |

i

2 mcorlDlImage FReview Varsion 5.3

Gl ¥iew EOT leage Procesing Bnalyes Wiedow Eelp
o - = + - - 3 = =
£ By RS R w = % a e et L i 5 = 4
] Hiszdialrx = [ [

Lavei Type  Firl Resalution | 120 =2 Speed [dridix Arzz | 0

Aana 17 an
2 H 1 £
L \ T T o i

T || S PAT. T . i |
g 1’r,:f, i |
i |:.': iy : i 'II I. .II' ; Ey i

il Ll iy vy
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13.3 SEPARATE IMAGE DISPLAY

In addition to all the display and image processing options for single images (described in Section

10) the repeat images can also be displayed individually: by clicking on the 9-square icon 83&@ (or by

double clicking on the image to be displayed) . Return to multi-image display by toggling this icon
again.

Each repeat image can be viewed by clicking on the right arrow icon =’ to move forward or the left
arrow icon * o move back through the repeat image set.

Click the 9-square icon B8 to toggle between multi-image and single image display.

Click the right arrow icon =’ to move forwards through single images.

Click the left arrow icon ® to move backwards through single images.

N.B. with faster computers clicking through the individual images in rapid succession can give a
good 'slow motion' visual impression of responses evolving.

13.4 RE-DEFINE REPEAT FILE

To use this function choose File menu then Redefine LDI File.

E'E.e" Wiew ROI  ImageProcessing - Analysis  Window Halz
T - i o =
£ £ open o0 ™ 4 b a5 X | B
La: 3 Speed | AmETR Awa | B
RaDpen ...
Save
B3 save ds...

SEve A Okrer Farmats F

Reedefine LDI File k T 1

= Lombine Single Imape Files
&% Print Report ... . et

Redefne Repeal Fl=
Exit e

Two options are available — either combining a string of single images of the same resolution into
one single repeat file or the redefinition of the repeat file to only include a selection of the repeat
images.
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14. REGION OF INTEREST
14.1 INTRODUCTION

The simplest form of image analysis is to obtain the flux and dc values at an image position. These
are shown at the bottom of the screen when the cursor is placed at any position on either the flux or
the photo image.

Other forms of analysis require a region of interest or a profile line to be defined first. The following
analyses can then be performed: histogram

profile

statistics

14.2 REGION OF INTEREST (ROI): ROI TOOLBAR

A region of interest (ROI) is defined by either a rectangle, circle or user defined polygon on the flux
and photo images.

1+ O00 7 bl X

1 2 3 4 5 6 7 8 9

1. Cursor Analysis:  Use to obtain spot values — displayed in the boxes below image
2. Rectangular ROI:  Use to specify a Rectangular ROI

3. Circular ROIL: Use to specify a Circular or elliptical ROI

4. Polygon ROI: Use to define a polygon around the ROI (tip: right click mouse to close ROI)

5. Profile tool: Use to define a line for profiling

6 Add ROLI: Use to add either rectangular, circular, polygon or line ROI’;s. Up to 5 ROI's
of any one type can be defined per image

7 Copy ROL: Copies the active ROI

8. Paste ROLI: Pastes a copy of the active ROI

9: Delete ROI: Deletes the active ROI

Note that to activate a RO], it is necessary to press the Insert key after clicking on the chosen ROI
Icon.

ROI size can be changed by dragging a corner of a rectangle ROI (or cicle ROI limit line) or by
dragging the points or lines of a polygon ROL

Move an ROI by dragging its centre.

When the Insert key is pressed for subsequent rectangular or circular ROIs, the next ROI is created
over the current ROI with the same size and position; drag to the required position and re-size.
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14.3 DEFINING ROI’s - GENERAL

Click on either a rectangular, circular, polygon or line followed by the Add ROI button -y

or the Insert key, and the choosen ROI will appear on the Flux and Photo images, if in single image
mode, or on all the Flux images if repeat scans are being displayed.

Note that the ROI can be defined with reference to photo images of a repeat scan set if the camera
icon is clicked.

ROI’s can be dragged around the image by clicking on the centre of the box.

The size of ROl is adjusted by dragging the box corners.

Ll Topss | Ined  Flcciisios (0K Spasd ol oty 0% 8%

Fhoo Imaga Fhare [mage

i | 254 575 Fia iR L} [eC (FLE n Chona (RECET

The image above shows 3 ROIs (Regions Of Interest). Each region requires the Add ROI button to be
clicked or the Insert key to be pressed. Note too that when ROI 2 is inserted it is superimposed
(overlaps) the ROI 1. ROI 2 will be the active ROI and it can be dragged and resized. To make ROI 1
the active ROI left click with the screen pointer within the ROL

144 ZOOMIN

This applies only to rectangular ROIs. To look at the ROI region in detail first define a rectangular

ROI and zoom with the + magnifying glass icon Q The zoomed ROI will now fill the new image
window. This can be treated as a ‘new’ image allowing all the image processing operations to be
done. It is now possible to mark a ROI in the zoomed image and perform the statistics on this ROL.

145 POLYGON ROI

Click on the polygon icon Q The polygon now has to be defined by the 'elastic band' technique:
move the cursor to the first position on the edge of the ROI then click. As the cursor is moved a line
radiates from the first point to the cursor position. When the cursor is placed at the next position on
the ROI boundary click again. Follow this procedure until the ROI is outlined, positioning the cursor
on or near the first point to complete the polygon or right click to complete the polygon. The
maximum number of points on the polygon is 40.

The polygon can be dragged around the image by clicking on the centre of the polygon.
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When the ROI is complete the statistics or a Histogram can be constructed for the flux values within.
14.6 CIRCULAR ROI
Click on the Circle ROl icon and press insert key to create a circular ROL

Change the circle size by pressing the Shift key and simultaneously drag the corner or the rectangular
guidelines. An ellipse is created if the corner is dragged without pressing the Shift key.

14.7 SAVING ROI

The ROI co-ordinates can be saved for later use on the same or another image. To do this select ROI,
ROI file, Save ROI; Select a directory (folder) and enter a filename in the Save As window.

The ROI co-ordinates are saved in a *.ROI file. To use this ROI again select ROI, ROI file, Load
ROL

ROI  Image Frocessing  Analysis  Window

ROI Type k z::}' Ve I:i'l

T AddROI Ins

RO File Load ROI

I Lazer Type | Infrared Save ROI
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15. IMAGE ANALYSIS
15.1 INTRODUCTION

To analyse a either a whole image or sections of an image or equivalent parts of each image within a
repeat scan set, it is first necessary to load the image(s) onto screen:

Click the open file icon BE
Select file and open

15.1.1 TYPES OF IMAGE ANALYSIS

There are three types of analysis that can be performed:

Statistics
Histogram Lh
Profile FiN

Before these can be applied it is first necessary to define a region of interest (ROI).
(For ROI refer to Section 13).
N.B. a small ROI can be defined after zooming a box ROL

15.1.2 PIXEL VALUES

By moving the cursor over the image, the flux and dc values at the cursor position are displayed in
boxes below the image window.

o 537 1075 1613 2151 64 1300 197 264 33

Cursar | 117.25  Flu[PU) | 170 DC(PU) - 193 Colour [RGE)

N.B. images can be displayed in RU (relative units) or PU (perfusion units). See Section 10.4 for RU,
PU definitions. RU and PU display can be toggled with the RU/PU icon. In the above example values
are displayed in PU units.
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15.2 STATISTICS - SINGLE IMAGE SCAN

After defining a region of interest click on the statistic icon 22 .
An information window will be displayed similar to that shown below.

IE2 Statistics (WRFELBI3.FLX)
File  Options

; Blood Flow Statistics [Flux - PU)
H [ROINo| Mean | Std [Median| Min | Max | Total | valid |valid%| area | liws) | vpe | vpost
‘Rect1[EGES (2963 504 43 (3461 4096 409 1000 5.0

Flux Statistics

| LD Photo Statistics LD Photo Statisticz [DC - PU)
RO an| Min | Max | Total | valiid |validz| area | ua) | vere | vpost

“pe  CoPy to ClipBoard 141 224 4095 409 1000 500

'Fb:, Statistics (WRFELBI3. FLX)
FIN Options

Save oL
LD Photo Statstics [DC - PU)
Append

Print n| Std [Median| Min | Max | Total | valid |valid%| Area | 1ud) | vpre | Vpost

Exit (179 186 141 224 4036 4035 1000 5.00
wit e

15.2.1 FILE - SAVE

The statistical information can be saved to an ASCII file (*.sta) by selecting File, Save. A file
directory should be selected and filename given in the Save As window which appears.

15.2.2 FILE - APPEND

Statistical information from another ROI can be appended to a previously used statistics file by
selecting File, Append and confirming the file in the Save As window.
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15.2.3 FILE - PRINT

Select File, Print to print out the statistics window.

15.2.4 FILE - EXIT
Select Exit to remove the statistics window.

Users of Windows™ 95 can click on the X at the top right hand corner of the window to close.

15.2.5 OPTIONS
Option: Flux Statistics Display Flux statistics results.
Option: LD Photo Statistics Display LD Photo statistics results.
Option: Copy to Clipboard  Copy the current statistics table to clipboard, so that it can be
pasted to other program (e.g. MS Excel)

15.3 HISTOGRAM

The Histogram analysis can only be selected after an ROI (Section 13) has been defined.

Select the histogram icon ki and a window similar to that shown in section 13.5.4 is displayed.

Flux Image

I&: Histogram (WRFELBI3.FLX)

[99.9%) Rectangle 2- [*100.0%] Rectangle 3- [100.0%)
Piuel Piuel

1780 | 1750
1335 ¢ 1335
830 890

445 445

] 1]

0 430 860 1230 1720Flx 0 430 260 1230 1720F«

angle 4- [0.0%) Rectangle 5 (0.0%) Control Panel [PU)
Pinel

1780

1335 J

290 0 Lower Limit 10000

e . 45 | RN o
- e = ] 0 Upper Limit 10000
m i 0

: 07 430 860 1290 1720Fk | | 0 430 8e0 1280 17a0Fk | BN
0 5% 1075 1813 2151

Two histogram display modes are available:

Palette mode

when this option is selected, a fixed Bin Number of 16 will be used, also the palette limits of the
current image window will be used as the lower limit and upper limit in the histogram calculation.
These three parameters are not editable in the Histogram window. The histogram bar colour will
correspond to image colour (ie either the 6 or 16 colour pallette).
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Black and Grey mode iy Grey
when this option is selected, bin number and lower/upper limits are editable by changing the upper

and lower limits of thje histogram.
Alternative black and grey colours are used to plot the histogram bars.

A File menu is accessible at the top of the Histogram window. The histogram results can be
saved/appended into a text file. The results can be printed with or without small LDI images (this
option is set in the Preference setup — click View then select Preference Options)

Views ROI  Image Processing  Ane

Ctrl+P

Preference Cptions

= Preference Options

el

General Options

[v Save the Laszt DC, Flus Palette Settings ‘when Eriting the Software
[v Save the Last Histogram Settingz ‘when Exiting the S oftware

[v Save the Last Profile Settings ‘When Exiting the Software

[~ Call the Image Information Dialog Box *hen Saving the Image Files

[~ Use Image File Mame for Statiz # Histogram / Profile File Mames

Frint Dptionz
[vw Print Images ‘When Printing Statistics Besults
[vw Print Images ‘When Printing Histogram Graphs

[vw Print Images ‘When Printing Profile Graphs

x Cancel

15.3.1 HISTOGRAM LIMITS

The limits can be changed by dragging the slides at the bottom of the window or by changing the
numbers in the adjacent boxes. If the latter option is used then it is important to change the upper
limit first.
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Changing the lower limit will make the first bin start at the new lower limit. The graph will remain
with the origin at (0, 0).

The amplitude of the histogram (y-axis scale) can be increased using the + box or decreased using the
— box to the left of the histogram.

15.3.2 BIN NUMBER

The number of bins, ie the number of histogram sections, is either 16 or 6 if a colour palette is used.
If the grey scale is selected the bin numbers can be set by entering a number in the Bin No. Box.
After Limits or Bin number have been changed click on Plot to replot the histogram.

N.B. the flux axis (x-axis) always has 5 equal graduations marked on it and alternate graduations
annotated. For these to be easy to read and use requires a sensible choice of Upper Limit and Box No.
eg multiples of 10.

15.3.3 OTHER FEATURES

File
Save
Append
Print
Exit

The operation of the above features is described in the statistics section (Section 14.2).
15.3.4 SAVE HISTOGRAM RESULTS

The information Saved from a Histogram analysis is stored on a *.HIS ASCII file and contains
information as shown below. This file can be reviewed using a Windows™ utility (e.g. Notepad) but
not using MLDI software. Note that the example is for an image recorded with a 16 colour pallette
giving a 16 Bin histogram.

moorLDI Image Histogram (WRFELBI3.FLX)

ROI Type: Rectangle

Lower limit = 0 Upper Limit = 2151 Total Bin No = 16
ROI No Valid Rate (%)
1 99.9

Flux Histogram (Perfusion Unit):
ROI1 35 496 836 876 745 478 248 137 84 72 32 24 12
8 9 0
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15.4 PROFILE

15.4.1 INSERTING PROFILE LINES

The Profile analysis can only be selected after a line has been defined across an image. To achieve an
averaging affect a wide line (in the example below it is 10 pixels wide) can be defined from the

profile window.

Profile line Plot Flux values along Profile lines

!E5 Profile (WRFELBI3.FLX)
File

[ Profile 1 (5.3 cm) - ~ Profile 2 [3.0 cm] - “ [ Profile 3 (0.0 cm)
Flux Fluz | Flux
17201 1720 i1?2D-
1240} 1280} |12a0}
860 - 860 860
430 430 W 430
a ; F : . o : ; z s a 5 ; ; i
0 35 70 105 Pisel(v) 0 35 70 105 Pisel(x) 0 35 70 105 Fizel(x)
4 % Profile 4 (0.0 cm] ~ Profile 5 [0.0 cm] - [ Control Panel [PU]
L e Flux Flux
q 170l 1720 @ Palette l_/_\_ Auto
12301 1290
T& Y Inc T”_\ Y Dec
860 ge0
AR ¢ 430 - 430 - Thickness
= | Te— R
0 35 70 105 Fixel(x] 0 35 70 105 Pixel (=]

1] 537 1075 1613 2151

To define a line on the image click on the line icon < followed by the insert icon = (or the Insert
key on the keyboard) and then move the cursor and click at the start position. Move to the end
position and click again. This can be repeated upto 4 more times to give 5 different lines An
example of a profile analysis for 2 lines is shown above.

15.4.2 PROFILE DISPLAY L
Click on the profile icon to create a profile window of flux against pixel number as shown above.

The direction of the profile is the direction in which the profile line was defined and the line co-
ordinates are displayed in the lower left corner of the Profile window.
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15.4.3 THICKNESS OF PROFILE LINE
Enter the thickness (usually between 2 to 10 ) and click the Plot box to see the new profile graphs.

The default thickness of the profile line is one pixel. This often results in a noisy-looking profile and
the appearance can be improved by increasing the thickness of the line to include pixels adjacent to
the line. This operation is exact when the profile line is vertical or horizontal. The value assigned to
the profile plot is the mean of the pixels perpendicular to the profile line. If the line is at an angle
then the thickness extends either horizontally or vertically depending on whether the line is greater or
less than an angle of 45° (pixelunit displacement).

Another way of smoothing the profile plot is to smooth the original image before plotting the profile.

15.4.4 PROFILE AMPLITUDE

The profile amplitude on the y-axis can be increased or decreased clicking the Y Inc or Y Dec boxes
in the Control Panel. Auto will automaticall scale the plots and the Palette option will produce plot
scale directly related to the palette scales.

Control Panel [PU]

Thickness s

Imi Plat

15.4.5 PROFILE FILE SAVE, APPEND AND PRINT

File
Save
Append
Print
Exit

Information Saved from Profile analysis is stored in a *.PRO ASCII file and contain information as
shown below. Note that if the line makes an angle equal to or less than 45° to the X axis of the image
the X values are displayed in the Profile Plots. If the angle is greater than 45° then thr Y values of the
pixel positions on the Profile line are plotted.
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moorLDI Image Profile (WRFELBI3.FLX)

Line No Thickness Average-Dir Length(cm)
1 10 Y 53
2 10 X 3.0
3 10 Y 4.2

Flux Profile (Perfusion Unit):

Linel 391 391 494 312 335 256 286 526 556 526 635 693 389
339 271 220 228 241 223 367 307 513 421 483 370 459
459 376 445 646 515 668 631 623 644 602 631 667 762
1107 1035 1057 1006 1165 1156 1354 1144 1396 1186 1401 1221
1221 1181 1338 1112 1267 1032 1041 853 853 682 557 527 599
536 470 469 400 400 480 440 510 460 315 416 391 391
349 435 398 450 338 356 312 312 234 311 312 299 296
325 377 401 401 288 287 255 228 298 293 251 251 351
271 392 308 347 326 333 293 300 312 324 280 385 437
357 352 353 292 305 247 262 262 268 254 254 156 250
282 265 227 298 298 211 217 243 235 326 292 340 361
403 395 363 337 313 308 429 470 487

Line2 672 672 656 611 612 619 492 396 455 461 510 492 479
443 428 458 379 383 421 415 433 436 503 400 315 421
335 329 348 287 307 305 273 271 255 305 259 294 253
274 300 314 304 236 222 236 245 222 222 180 276 264
173 196 213 205 381 222 322 254 219 216 264 190 205
187 189 216 249 183 251 257 259 313 348 355 333 362
380 400 434 340 368 304

Line3 325 325 363 430 440 348 624 554 514 559 414 414 422
406 352 295 319 491 373 408 395 410 331 370 329 307
367 325 389 464 391 391 496 403 323 311 368 325 346
455 420 420 509 475 482 653 561 456 507 509 387 399
399 366 383 314 328 403 304 337 256 256 282 317 341
345 238 308 337 336 319 311 307 251 255 303 236 357
398 386 404 404 368 347 304 278 264 223 258 274 254
254 209 206 206 230 209 269 217 219 209 216 269 252
287 239 225 263 274 229 269 269 285 280 195 240 171
171 135 186 167
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16 REPEAT IMAGE ANALYSIS

16.1 INTRODUCTION

The analyses available for single image processing are also available for repeat scan images.
All repeat images are processed and analysed simultaneously.

To open a repeat image file click on icon 28 and select from “files of type’ Repeat Image Files
(*.rfx)

I

e -0

Loesi Tyoss | Aed Fassobigon | 18,82 fpesd Awnipme Sy SEowe ST

Hpn maca L4 proage Files

Lackim [0 2ata

dstarednivaaed .
T WO Fee T
R kL
I": -
H
L | a3 L
el Flanws: - [EREREE | opn I % & e
Finz citppe:  [Aopess basges Fies bl w Covel | ki

16.1.1 IMAGE SUBTRACTION

To subtract any one image from all other images select image subtraction: click on the
select: Image Processing , Subtract. The following image subtraction box will appear:-

fepeat Imapes Subtraction El

Safact Base lnage Tof Sadaractioi
F | riges Nt 1
™ Erweraged bnaege of |eage Hos avdion Bange

Mloder s s rlnle s Sivdion A8t [or Sl s
Sepersts by s comma key mg 1.2 5 610095

™ Singls Inage Fis

E-00 .
= 1con or
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This feature can be useful for observing more clearly responses to a stimulus by subtracting a
baseline image from all other images.

Enter the number of the image to be subtracted. You can also choose to average the first several
repeat images then use this averaged image as the base image for subtraction or select a single image
file. Note that this single image must have the same number of pixels and the same aspect as that of
the repeat image.

16.1.2 STATISTICS — REPEAT SCAN

The basic statistics of flux and dc values within a region of interest (ROI) can be obtained in the

same way as for single images. (Section 14)
The example below shows a repeat image with 3 ROIs defined. The Statistics window is opened by

Selecting Analysis followed by Statistics

Analysis  Window F

|_|_|_| Histograrm
l‘. Prafile

el Stakistics

]”'-"'_'-"'-" Line Image Trace

= = =
e T | Pl Empobben | LI o [TB0p  fep [ Tlma S m
= T

[ B Gl
% W T wd
o Al o Becargh 1 I Pacisegs 3 I r
i
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Pt Tmega . TR
L
o | m
o
i:l:l !
. b1 .
uty; | (]
f
0] L | o
i F= -
i i L
= g ol
b pm—t
; L
1 3 | [1] 7] & -] X T i
U | Wi

To display the statistics graphically (Curve) select: Options Curve
In the above example ROI 1 is selected for the graphical display of the 25 image repeat scan.
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To display the statistics numerically select Numerical Table from the menu.
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16.1.3 HISTOGRAM: REPEAT SCAN Ll

After defining Regions of Interest (ROI, see Section14) for the repeat images histograms (section
15.3) of the flux levels can be constructed.
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16.1.4 PROFILE: REPEAT SCAN

Profile lines can be placed on the repeat images by clicking the profile icon
and the insert icon - .

Profiles are displayed by clicking the ‘open profile window’ icon It

LSRR R 1= '-Jn'IEI
Lagee Tps ;' Fag nm:ﬁﬂ’ﬂ Bpesd _'Jlm-'p: e ;lgﬁu'l'\-c{?m-

of

2 Frofle [Hisidhalalec)
Fil

= e i ] -
i Il i) @ Leal(B8cwl 7 Lrad B el 115 & L]
Fis Image | .\mpﬁllwlml
Flx IPosaf i Ul - Dot
- 1] (21
o I =1k
: = i YT |— Ty e P 4
-0
£l
. 1] I | ’
L A I o e
- ant e
a ' i I Rl I s
(Zh
b = My fah -
x5 _II.I ! P | sl Ty S J I‘..
L M F L. o~ T8 - 1 ot .
. .-_.J"" -'\-m‘_ ) ] . r,\. Vi J"._ b/ m\-._

o S 1m0 50 00 4 VI |- I 1 LR [ (] 5 Paal

{1}

Dar 00 Feefil] 3 00| @:’“”l L s | tﬂ’"*‘l Loovie|  Thidnes [T M

In the example the profiles for line 2 are plotted. The controls Palette, Auto, Y Inc, Y Dec and
Thickness have been explained in section 15.4.
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16.2 SAVING RESULTS OF REPEAT IMAGES

All results from repeat image analysis can be stored into ASCII format files. These can be imported
into spreadsheet packages for further processing or inspected visually using Windows™ Notepad.

The following file extensions are used:
* PRO for profile results
* HIS for histogram results
* STA for basic statistics
The example below is the naming and saving of profile data.

I&% Profile {His
File
Save

Append
Prink

Exit

Save Repeat Image Profile File

Save in: Iﬁ data j - £ Eo-

_ldata
_ldatared-infrared
profilel .pro
profilers1 . pro

Save

Save az type: | Profile files (% pro] =] Cancel |

File name:

16.3 REPEAT LINE ANALYSIS

Analysis: Line Image Trace ]ﬂ
Open Line Image Trace window as shown below:
It displays a curve of Flux values against Line No.

Start Line No: define the starting point of the curve.

Line X Position: position (along the line) taken for calculation.
Thickness: average pixel number (P). The mean Flux value for that line (average from pixel X-P/2 to
pixel X+P/2) will be calculated and plotted on the curve.

Compress: compress the trace.

Expand: expand the trace.

Average: average the trace (average with the point before).
Grid On/Off: toggle the grid on or off.

+ and — buttons: change the display scales.
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A File menu is accessible at the top of the Line Image Trace window. The trace can be
saved/appended into a text file.

The trace displayed can be printed with or without the grid.

[LLine Scan Trace (line.lix X
File:
Trace Settings
’75tart LineNo 4| | ] [a00 Line % Pasiion [10 Thickness [1 i FIe-F'Iotl
Blood Flow [Flux - PU]
1000
N IR F—_— NOO—, - N ———
: : : : +|
e I e e S e S e
400 4 Lot g Ly | i 1
NI Ll l i 1 | |
200 1--- B o Sl - At -- B Lt S
Line
0 | ' : J | No.
400 E00 800 1000 1200 1400

Hn_\-":j Compress ﬁ\ﬂi Expand Average Grid On/O
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17. TRACE REVIEW (SINGLE POINT MEASUREMENTS)

17.1 INTRODUCTION

moorLDIl * | .aser Doppler Imager

2| IMAGE REVIEW

s

Traces of the blood flow flux and conc values obtained by single point measurement are reviewed by
a program separate from the Image Review program.

To run this program click on the Trace Review (single point measurement) icon @

17.2 SINGLE POINT MEASUREMENT DISPLAY

To review a single point measurement click on the open file icon &° or select: File

Open
Open moorLDI Single Point Files ﬂll
Look it I 3 data j o= £ ER-
|_1data bestZ,spm

| datared-infrared
DLONGAD, SPM
DLONGAT,SPM
SGLPMT.SPM

testl.spm

File: narme:

] zpm Open I
Files of twpe: | Single Paint Files (% spm) j Cancel |

p
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These icons have the following functions:-

1. Open file.

2. Save file - to be used on an edited file: it overwrites previous.

3. Show SPM information.

4, Statistics of selected data block (see data block section).

5. Expand time scale.

6. Compress time scale.

7 Increase ‘gain’ for Y scale (Flux or Conc depending on which labelto left of graph is
highlighted )

8. Decrease ‘gain’ for Y scale.

9. Increase flux or conc time constant, i.e. smooth trace.

10. Decrease flux or conc time constant.

11. Print report with Flux/Conc graphs. (see Appendix 3 for sample print out)

12. Help - contains brief information on program functions.

13. PU/RU If active this enables switching between Perfusion Units and Relative Units (ie gain
dependent units). If single point measurements are done with the auto gain setting on then
only PU units will be displayed. The PU/RU icon will be greyed out ie inactive.
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17.3 TRACE SCROLLING

Use the scroll bar at the bottom of the window to move back or forward through the trace record as
follows:

- to scroll, use the arrows at each end of the scroll bar;

- to move by time interval steps, click on the scroll bar slide; to the right of the bar slider to advance,
to the left to return

- to move continuously and quickly, drag the bar slider.

17.4 SPM ANALYSIS

The single point traces can be analysed in compressed or expanded form. To display values of
individual points the time expanded view is necessary. The statistical calculations include all recorde
values in the block of selected data wheteher displayed in compressed or expanded form.

17.4.1 SPM TRACE VALUES

To display flux and conc values (also dc and time), click with the cursor at the required point on the
trace. A cursor line will be drawn at the point of interest.

17.4.2 SPM DATA - BLOCK MARKING

Before a segment of the trace can be analysed it is necessary to block mark the data:-
Click at the start of the segment.
Drag the cursor to the end of the segment. The segment is shown by change of colour.

ftaitarinaees

-
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17.4.3 SPM STATISTICS
After block marking the data statistics can be generated by:

clicking on the statistics icon

or selecting Options, Statistics

Statistics (SGLPNT.SPM)

SIEN Cptions
Save nation
Append
Print 1180 Start Time [00:00:02  End Time |00:00:03

Exit 15 Start Point |91 End Pont {137

Blood Flow Statistics [PU]

Mean Std |Median | Fin | Max |
Flux g2.0 ;80 24 BE 9E
Conc £0.8 127 = 30 24
DC £9.2 1.4 70 B¢ 70

17.5 SPM TRACE PRINTOUT

The traces can be printed, as displayed on screen, by clicking on the printer icon (see 17.2 above).
17.6 SPM STATISTICS PRINTOUT

To print out the table of statistics values in the statistics window, select: File, Print.

17.7 SPM STATISTICS - SAVING RESULTS

The statistics information can be stored in a *.sta file by selecting File, Save from the statistics
window. A suitable name should be chosen in the Save As window.

The *.sta file can be reviewed using, for example, Windows™ Notepad or imported into a
spreadsheet program.

Save Single Point Data Statistics File

Save in: |_) data j £ E-

[_1datared-infrared

e B
Save as type: |Statis files [* sta) ﬂ Cancel
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18. TROUBLESHOOTING

Common problems are listed below. If you are unable to find a solution to your problem here contact
your moorLLDI2 agent or Moor Instruments Ltd. There are no user serviceable parts in the moorLDI2.

Circuit diagrams and parts lists will be made available to approved service personnel upon request.
18.1 NO FLUX IMAGE DURING ACQUISITION

LD Photo Image black and/or Flux Image is all grey or blue:

1. Change the palette range to a lower value (or use Contrast).

2. Increase the gain levels using Scanner Setup

3. Check that the background threshold has not been set excessively high (e.g. reduce to 100 or
lower).

4. Check the power of the laser beam during a measurement .( Most easily done during a single

point measurement as the beam is stationary.)
5. For the IR (Infra Red laser ) imagers check the key switch is ON and Interlock in place. The
IR emission LED should be on during a measurement.

Image is all white:

1. Check the palette range: increase range or use Contrast.
2. Reduce the gain settings.

Poor photo image:

Check the palette range: increase range or use Contrast.

Increase the dc gain if photo appears dark and grainy (usingscanner setup).

Decrease the dc gain if photo appears white and bleached (usingscanner setup).

If the image is 'pixelated’ this can be improved at measurement time by increasing the image
resolution using Scanner Setup, Image.

el NS

At image review the image can be presented more clearly using Interpolate and Smooth
functions.

18.2 SLOW COMPUTER RESPONSE

1. Insufficient memory.
This can occur when there are many other applications being run or there are too many files
open. Solve it by closing unnecessary applications and files or increase the available memory.
A fast and easy solution is to close down the computer and start again. However, a longer
term solution to memory availability should be found.

2. Slow processor.

Analysis of Repeat Scan images may be slow on older PC's. If this becomes a problem then a
computer with a faster processor is recommended.
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LOSS OF COMMUNICATION WITH COMPUTER

If an USB-RS232 converter is used make sure that the USB Serial port is set between COM1
to COMO. If the USB Serial port is set above COMO the software will not work. The port
setting needs to be changed (in Device Manager under Control Panel) before using with the
software.

If the imager fails to respond to software commands this can be either real or apparent. An
apparent loss of communications occurs when many images have been acquired or reviewed
and left open when there is too little computer memory available. This can slow down
program operation severely. To restore normal operation close down all moorLDI2
programs and then restart them.

If a real loss of communication occurs it is re-established by issuing a System Reset
command. This item is found in the Control menu from the menu bar at the top of the display
window. You will be asked to confirm the operation before a reset is executed.

Control  Setup Measur

Camm Part L
Shutker ¥

W avelength L

Passwiord

Syskem Reset

If there is still loss of communication then:

Close down the moorLLDI2 application program.
Switch off the moorLLDI2 controller unit.
Switch off the PC.
Check all connections.
Now turn on the PC and then turn on the controller unit. If the communiction is ok
you will hear a ‘De-la De-la’ sound generated in the control unit. The laser beam
moves to its central position. If these events do not occur the problem could be either:-

1. the NVR is corrupted (NVR Non Volatile Ram which stores data for motor

control etc).
2. Poor connection (one or other of the connecting leads may be faulty)
3. A control motor or encoder has failed.

ao o

1 and 3 can be checked using the diagnostics window in the moorLDI Measurement program. This is
found in the Help menu.

Poor connections and/or faulty leads can be checked both by eye for damage and using a multimeter
for continuity checks and shorts to the common earth terminal or screen.
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Help
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Abouk .

Scanner Info
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moorLDl Scanner Diagnostics @
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CALIBRATION AND STABILITY

There are two versions of calibration software, depending on when the LDI system was purchased

19.1

Version 1.x calibration block Version 2.0 calibration block

V1.x calibration uses a single tubed calibration block and requires the calibration block to be
setup at the right position and distance manually (See 19.1 for calibration information).

V2.0 calibration uses the calibration kit with a dual tubed calibration block, this allows easier
calibration when required (see 19.2 for calibration information)

moorLDI V1.0 CALIBRATION GUIDE

The calibration software needed for this procedure is calibration.exe. It is loaded by clicking on the
desktop icon if displayed or loading from the installation CD ROM for the moorLLDI software.
Calibration checks should be performed weekly.

19.1.1 Set-up

Nk W=

Avoid bright lighting.
Avoid vibration.

Flux standard is equilibrated to room temperature for 60 minutes.
Warm up LDI for 30 minutes.

Gently shake calibration block for 10 seconds
- allow to settle for 2 minutes before
calibrating.

Set up calibration block 30cm from the front
panel of LDI-1(Figure 19.1.1(a)), 30cm from
the indicated mark* on LDI-2(Figure
19.1.1(b)). Adjust the position of the block so
the centre of the bottle is illuminated.

*For early MoorLLDI2 without a distance mark,
the mark position is 10cm in front of the axis
of the support bearings.

Figure 19.1.1(a). Figure 19.1.1(b).

19.1.2 Calibration

108

1.

2.

3.

Load Moor Calibration utility (exit any other MoorLDI measurement software
beforehand).

Check set up conditions on start-up screen and click the NEXT button. Note you will not be
able to progress to check and calibrate unless these conditions have been satisfied.

The Measurement screen appears next. This allows the user to check actual measurements
from the motility standard with normal values. Click Measurement to proceed.
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4. Test results appear with %Deviation from

standard calculated. In the example (right)
Deviation is within the acceptable range and
calibration is not recommended - in which
case quit the utility with the EXIT key.

If measured values are outside acceptable
limits, then proceed to calibration with the
CALIBRATE key. Do not calibrate if there is
any doubt about the set up and accurate
positioning of the calibration block. Exit and
repeat from 1.

If there is excessive vibration during
calibration then the Noisy Signal Message
appears. Attempt calibration a second time by
clicking OK then CALIBRATE.

If the MoorLDI persistently fails to calibrate,
consult Moor Instruments or your authorized
distributor for further guidance.

If the ‘Calibration failed’ message appears,
press EXIT and re-load the calibration utility.
Pay particular attention to measurement
conditions, following instructions from 2.
(over).

If the MoorLDI persistently fails to calibrate,
consult Moor Instruments or your authorized
distributor for further guidance.

Motility Standard Instrument Check and Calibration

Display Measurements Standards %Deviation
DC 289 300 3.7%
Flux (DC Nomalisation] 475 500 5.0%
Cone (D Nomalisation] 120 125 4.0%
Flux (DC Squared Nomalisation] 187 200 -1.5%

Test Results OK, Calibration NOT Required

EXIT |

CALIBRATE |

Motility Standard Instrument Check and Calibration

Display Measurements Standards %Deviation
DC 264 300 -15.3%
Flux (DC Nomalisation] 439 500 -12.2%
Cone (D Nomalisation] 110 125 -12.0%
Flux (DC Squared Mamalization] 206 200 3.0%

Recalibration Required
Press on the CALIBRATE Button to Recalibrate

CALIBRATE | EXIT |

Motility Standard Instrument Check and Calibration

Display Measurements Standards %Deviation
DC 115 300 B1.7%
Flux [DCN Calibration Failure m 500 23.9%,
Cone D . . 125 2.83E3%
MNoisy signal. please try again
217.0%

Flux [DCSq 200

CALIBRATE | EXIT |

Motility Standard Instrument Check and Calibration

Display Measurements Standards %Deviation
[n]es 210 300 -30.0%
Flux (DC Nomalisation] 373 500 -25.4%
Conc DL Nomalisation] 93 125 -25.6%
Flux [DC Squared Nomalisation] 212 200 6.0%

Calibration failed
Calculated scalers not appropriate

CALIBRATE | EXIT
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19.2  moorLDI V2.0 CALIBRATION GUIDE

The calibration software needed for this procedure is Calibration V2.0. It is loaded by clicking on
the Start menu, under moorLDI V5.3. Calibration checks should be performed weekly.

19.2.1 Calibration kit contents

1. Calibration Block

2. Calibration Arm

3. Calibration Mount

4. Calibration Instructions

19.2.2 Installing mount

¢ Open the calibration kit box and remove the calibration mount. g
—

splitting the mount in two (see figure 1.).

e Separate the top part of the mount by removing the top screw and : t :

¢ Push the bottom part of the mount behind the moorLLDI handle,
ensuring that the ruler rod end tip is positioned closest to the
right side of the handle (see figure 2). This will ensure that
once the calibration arm is fixed to the mount, the calibration
block will be centralised underneath the moorLDI scan area.

Figure 2.

e Attach the top part of the calibration mount to the bottom of the 2= —
calibration mount. Use the screw provided tighten and lock the
top part with the bottom part, ensuring that the complete mount
is tightly fitted and secure (see figure 3).

Figure 3.
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19.2.3 Installing arm

Remove the calibration arm from the kit and position the top of the arm underneath the secured
calibration mount so that the calibration block is directly underneath the moorLDI scan head.

Fix the arm to the mount by pulling and holding the ring on the

mount and insert the arm underneath the mount in the slot (see

figure 4).

Push the arm completely in and release the ring. Gently pull the
arm down to make sure that it is locked into place within the

mount.

19.2.4 Performing calibration

S

h

)

Pull ring
towards

Figure 4.

Note: Ensure that the moorLDI has been powered on for at least 30 minutes and the calibration
block has been gently shaken before using the calibration software.

¢ Open the moorLDI calibration software located on your desktop or from the start menu.

¢ Once open, read through the questions and tick the “Yes” check boxes if the operation has been

performed (see figure S).

Note: Please ensure that the laser is
centred on the calibration block prior to
clicking “Check Calibration”. If the laser
is not centred, check that the calibration
mount/arm is in the correct position or use
the Arrows on the “Laser Beam Position”
section to manually move the laser to the
centre.

Note: When calibrating dual wavelength
moorLDI systems, you must calibrate each
wavelength individual to perform a
complete calibration.

Once all questions have been answered

“Yes”, the “Check Calibration” button will be enabled

111

~ Laser Stability

Has the moorLDI Imager been powered on for 30 minutes or more?
 Yes = No

. Temp e Stability

Has the motility standard been in the laboratory for at least 1 hour?
And is the temperature 22:2°C? (Please refer to user manual: calibration)

" Yes & No

i Particles in Susp
Has the motility standard been gently shaken for about 30 seconds
and left to stand in the measurement position for 2 minutes or more?
 Yes = No

! WARNING:
 Laser Wavelength AVOID BRIGHT LIGHTING
Is it Visible Red Laser or Infrared Laser? AVOID VIBRATION
- Red e AVOID AIR BUBBLES
~ Laser Beam Position
Has the calibration block been placed with laser beam in the centre area? i
Has the laser beam been moved to the centre area of the calibration block? 4= | =
© Yes & No 4
Check Calibration T Close
.
Figure 5.
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¢ The moorLDI will now perform a quick scan to locate the centre of the calibration block.

If the calibration block centre is found, the software will begin the calibration check. If not, a
message will appear requiring the user to check the position of the calibration block, repeat the
calibration centre check by pressing the “Quick Scan” button (button 2 of figure 6).

If the calibration check failed then a [1] [2][3]

message will be displayed informing the
user to check or shake the calibration block

=

moorL DI Calibration Software V2.0

and perform another calibration check by s s wasemsn smma oot ize

pressing “Calibration Check” button

(button 3 of figure 6). oc

If the calibration check 1is within

specification, then no further calibration is
required. If the calibration check is not
within specification, then the user can
perform a  calibration; press the
“Calibration” button (button 6 of figure
6).

0 200 40 600 800

0 200 40 600

moor DI SN [EEE  Laser [VR  DC Scaler [0.18  Flux Scaler|0 66 Video Image
Senice Due [20/0172010 | Calibration/Check Date [08/09/2010 [10/09/2010
Parameters | Measurements |  Standards | Deviations (%)
Flux (DC Norm)
Conc (DC Norm)
Flux (DC2 Norm)
Photo Image

- Flux
400 - DC

00:00:00 00:00:05 00:00:10 00:00:15 00:00:20 00:00:25

Figure 6.

¢ Once the calibration is complete, click the “Exit” button to close the calibration software (button 9

on figure 6).

e Features of calibration software (see figure 6):

== Button 1 Toggle between wavelengths when performing a calibration check (Dual

wavelength moorL DI only).

é Button 2 Perform a quick scan to determine calibration block position.
@] Button 3 Perform calibration check.

]E‘ Button 4 Perform single point measurement.

Eﬂ Button 5 Stop the current operation (e.g. single point measurement).
9‘ Button 6 Perform calibration.

@ Button 7 Save screenshot, flux image, photo image and graph trace.

Z Button 8 View the calibration log (previous records of calibrations).
EJ:; Button 9 Exit calibration software.
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19.2.5 Remove calibration kit
The calibration mount can be permanently attached to the moorLLDI handle once fitted. This helps

when a calibration is due as the mount is already fitted and all that needs to be attached is the
moorLDI calibration arm.

e Remove the arm by using one hand to hold the arm while using ‘Q\\
the other hand to pull the ring on the front of the mount. This

releases the arm and can be removed (see figure 7).

Pull ring

e (Optional) While holding the bottom of the mount using one 0
hand, unscrew and remove the screw at the top of the mount.
Once complete and while still holding the bottom of the mount,
remove the top of the mount from the handle and remove the
bottom part as well.

towards

e Put the calibration kit back inside the case in the correct way
and store in a suitable place which is in constant room
temperature.

Figure 7.
19.2.6 Calibration kit care

e The calibration block that comes with the calibration kit has an expiration date. Using the
calibration block after expiration will increase the chance of faulty/incorrect calibration. It is
therefore recommended to replace the calibration block before the expiration date is due. The
calibration block that comes with the calibration kit has a shelf-life of 12 months and should be
replaced annually. Contact Moor Instruments for a replacement calibration block.

e Store the calibration kit in a suitable place when not in use. Avoid storage in places where
temperatures could fall below 0°C (32°F) as freezing of the calibration block within the
calibration kit can cause irreversible damage and faulty calibrations. Ideally the calibration kit
should be stored at room temperature.

e The calibration kit parts can be cleaned using an approved cleaning method, usually using medical
wipes or an alcohol based cleaning product. Keeping the calibration kit parts within the case when
not in use will keep the parts from getting dirty and soiled. Do not sterilise the calibration kit or
use acids to clean!

e The calibration block has been optimised for accurate calibration. Do not disassemble or open the
calibration block, doing so will cause incorrect and faulty calibration checks. Never open the vials
containing the calibration fluid as evaporation and fluid spillage will cause inaccurate calibrations.

¢ Do not drop the calibration kit or parts as this can cause deviations from correct calibration
checks. If you suspect the kit or parts have been dropped. Check the calibration of the moorLLDI

again to confirm if any damage has occurred that will affect calibration.

¢ For all other questions and support, please contact Moor Instruments for further information.
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19.3 THE DISTANCE FACTOR

A full detailed description of the distance factor procedure performed during manufacture and
checked at installation is in Appendix 1.

To obtain laser Doppler blood flow values that are independent of skin-to-scan head distance a
correction table is used to scale raw values. This table is defined by the distance factor.

The specified range of measurement distances for flux measurements is 30cm to 100cm; however
measurements can be made from 30cm to 20cm and from 100cm to 120cm.

For the distances above 100cm,where the detected light will be of relatively low intensity, it is
important to take measurements in low ambient lighting conditions to avoid the possibility of signal
contamination from background lighting.

The moorLDI is calibrated with the motility standard (see the Calibration section of this user manual)
at 30cm from the 'laser aperture'. This is from the front panel of MK1 imagers and is measured from
the vertical raised mark on the side of the scanner case for the MK2 imager.

The distance factor scales all values to those obtained at 30cm. At distances other than 30cms the
flux value is automatically multiplied by a distance factor. Note that this automatic multiplication
can only occur if the distance between skin and aperture is accurately measured (to +/- 2cm).

The distance factors are stored as tables in software for each instrument and for each of the three
normalisation conditions, i.€.

unnormalised

dc normalised

and dc squared normalised.

dc normalised is the default normalisation for the moorLDI. This is the division of the flux
signal by a quantity proportional to the dc signal (the measure of the detected laser light intensity). It
has been shown to be a more accurate way of measuring flux differences, over a curved area of skin,
than using dc squared normalisation (as used in optic fibre systems).

Using dc normalisation the typical difference between flux measured at 30cm and that at 100cm is
approximately 20%.

The default distance factor (the multiplier) at 100cm is x 1.2 and the distance factors for distances
between 30cm and 100cm can be determined to a good approximation (typically better than +/- 5%)
assuming a linear increase in multiplier from 30cm to 100cm. So at 65cm (halfway between 30 and
100cm) the multiplieris x 1.1.

To set the distance factor for a moorLLDI, it is necessary to run the mldise29u service software or

above (available from Moor or your local distributor). Close all other moorLLDI measurement
software before use.
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Select Calibration, Distance Scaler as shown:

= moorLDI Service ¥2.8 {User Yersion)

File Hardware Configuration  Yiew Measurement  Window  Help

|§I Motar Tuning

Sysbem Calibration

Delay Fackor

Moise Calibrakian
Perfusion Scaler *

Diskance Scaler

The following window opens and enables the distance factor to be calculated:

Setup Distance Scalen for Flus & DE Harmalisalion

' Measurement al Different Distance

Using calibration block procedures previously described (Section 9.1, Set-up) and with the scan head
directing the beam at a constant height above a table, place the calibration block at the distances
indicated in turn (20, 30, 50, 75, 100cm).

At each distance, click on the appropriate distance button for measurements to be taken. When

complete, click on Calculate and then Write to NVR. Click OK to finish the procedure and close
the program.

115



MOOR INSTRUMENTS moorLDI2 RESEARCH USER MANUAL

The table below shows scaling constants for the default distance factor, 1.2 (DFldc):

New MK1 & MK2 Scanner Distance
Tables - Multipliers

Distance | DFlnone | DFlde | DFIdc2

10 4.56 1.35 0.37

15 3.12 1.20 0.50

20 1.90 1.10 0.68

25 1.19 1.05 0.87

30 1.00 1.00 1.00

35 1.00 1.01 1.00

40 1.04 1.03 0.97

45 1.08 1.04 0.86

50 1.25 1.06 0.79

55 1.46 1.07 0.70

60 1.76 1.09 0.63

65 2.03 1.10 0.55

70 2.35 1.11 0.49

75 2.70 1.13 0.43

80 3.10 1.14 0.37

85 3.48 1.16 0.34

90 3.90 1.17 0.31

95 4.39 1.19 0.27

100 4.88 1.20 0.25

105 5.40 1.21 0.22

110 5.95 1.23 0.20

115 6.50 1.24 0.19

120 7.30 1.26 0.16

Note for dc normalisation the flux decreases as the measurement distance increases from 30cm to
120cm but for dc squared normalisation it increases - an increase of approximately 4 at 100cm (this
requires a distance factor multiplier of X0.25).

Note: all moorLDI's have the same distance factor multiplier look up tables for dc squared and
unnormalised flux. These are only an approximation. If you are using either of these conditions and
you wish to compare measurements taken at different distances you must take measurements at the
two distances using the motility standard. Comparisons can then be made and the appropriate
multiplier used in post detection processing (see Figure below).

For dc normalisation the default distance factor table is a good approximation; however to achieve
more accurate results each instrument can have the 100cm multiplier entered via the service software
(done at manufacture post March 2002). For instruments manufactured before March 2002 this could
not be done; however software is now (March 2002) available.
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If the distance factor software is not available the user can apply his/her measured multipliers (found
by taking flux measurements from the motility standard at 30cm and at at the chosen measurement
distance) using the moorLDI image processing software. This has a multiplier operator as illustrated
in Figure 3. Multiplier = (Flux at 30cm)/(Flux at measurement distance). For consistency with Table
1 it is advised that the distance entered is kept at 30cm ie 30cm for the chosen measurement distance
and the 30cm distance.

Mo ltiplisr

| S A i 1 | ] 151 S} 75 [

Note the conditions for measuring from the motility standard are those advised for
calibration:

¢ moorLDI to be switched on 30 minutes prior to measurements.

¢ Low level background lighting (no bright sunlight!).

¢ Minimum vibration of scanner and motility standard (solid floor or stable bench).
® Motility standard to be at room temperature - leave in place for 1 to 2 hours.

* Motility standard gently shaken for a few seconds and allowed to stand for 1 to 2 minutes before
the measurement.
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19.4 STABILITY TESTING

Stability of the laser is checked during manufacture by making flux recordings from a calibration
block over a period of 12 hours.

Variations of flux of + 5% during this time period are acceptable. (Note that variations due to
movement artefact noise and/or temperature variation of several degrees Celsius can be greater than

+5%).

Short term variation over a 60 second period (using a time constant of 3 seconds) is typically less
than + 2%.
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20. MAINTENANCE

The following schedule of maintenance should be carried out on an annual basis by a suitably
qualified person. Note that only a Moor Instrument trained engineer should undertake
servicing of the imager.

Circuit diagrams and parts lists will be made available to approved service personnel upon
request.

20.1 LASER OUTPUT POWER

The laser output power of the moorLDI2-VR, HR, IR and HIR should be checked using an optical
power monitor capable of measuring 0-5SmW at the specified wavelength of the imager. Both the
measurement beam (unattenuated) and the target aiming beam in an imager (the attenuated
measurement beam) if applicable, should be checked against the acceptable values stated within the
specifications section for the type of model being measured.

(Care must be taken to take account of the effect of ambient light on the power measurements). If the
power of either beam falls outside its acceptable values the equipment should not be used and should
be returned to Moor Instruments for service.

20.2 LASER BEAM PROPERTIES

Examination of the beam profile.

The laser beam follows the path through the scanner head as indicated in Figure 1 Section 1.3. It
reflects off a small mirror positioned in front of the photodetectors, and between the two convex light
collecting lenses, before being reflected from the centre of the scanning mirror, through the aperture
optical window, to the tissue surface being measured.

The beam profile can most easily be assessed if the attenuated (~200uW) beam is examined when it
is incident on a white card at about 30-50cm from the aperture. The beam should have a circular
cross section and to the eye appear to have an approximate uniform intensity distribution across most
of the beam front.

The beam should maintain this appearance wherever it is positioned in the scan area. If it does not (or
there is evidence of scattering of the laser light within the scanner head) it is probable that one or
more optical components has become misaligned. This should be reported to your distributor or
directly to Moor Instruments who will arrange servicing.

20.3 MECHANICAL CHECKS

a. Check all external screws and bolts if the scan head is attached to a yoke. Tighten if
necessary. Also check the screws and bolts of the stand being used.

b. During operation of the scanner check for any unusual sounds or vibrations or jitter (sudden
acceleration or deceleration) of the laser beam which could indicate that a component is loose
or is exhibiting undue wear.

Report any perceived problems to your distributor or Moor Instruments who will arrange
servicing.
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20.4 OPERATION OF THE SOLENOID ACTUATED OPTICAL ATTENUATOR

This is mounted within the scanning head metal enclosure and is located at the laser output aperture.
The solenoid is a rotating type with a 45° angular position change of the solenoid shaft produced by
powering the solenoid.

In the moorLDI2 measurement mode and Mark (during scan set-up) the solenoid is powered to
enable the solenoid shaft to rotate to swing an optical attenuator out of the laser beam path.

At other times the solenoid is unpowered and the visible red laser beam is attenuated. The attenuated
beam is used for indicating the centre of the measurement area.

The attenuator acts as a fail safe component. A return spring causes it to rotate to the laser beam
attenuated position.

Failure of the solenoid, e.g. it remains stuck in its ON or OFF position, should be reported to your
distributor or Moor Instruments.

20.5 LEADS

All leads should be checked for wear to the insulation and to the wires and connections. If a lead has
indications of wear it should be replaced.

20.6 CLEANING

Warning! The system must be turned off and disconnected from the mains cable before cleaning.

Warning! Do not clean the optical window on the front of the scan head, doing so will damage
the optical coating and will degrade system performance.

Warning! Do not sterilise the system or any part of the system, or use any alternative cleaning
process (likely to be in use in the healthcare Environment). Doing so may damage
parts and cause a safety risk.

Warning! Do not use any other types of solvent or cleaning agents. This may prove detrimental
to the general working function of the device and may invalidate your warranty and/or
service contract.

The moorLDI2 should be operated in a relatively dust free environment as dust settling on any of the
mirror, filter, detector or lens surfaces can have adverse effects on the performance of the imager. To
reduce contamination by dust we recommend that the complete imaging system is covered with a
dust sheet when disconnected from mains electricity and not in use.

In normal use the scanner may be subjected to biological contaminates and general dirt; the
instructions below are approved for cleaning the complete moorLDI2 system.
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External Surfaces and Cables

The mobile stand, scan-head enclosure (but NOT the Optic window) and cabling can be disinfected
using an approved medical wipe (e.g. Medi-Wipe®) containing:

e [sopropanol (rubbing alcohol) or Ethanol alcohol >=70% w/w.
* And an optional antiseptic agent such as Chlorhexidine Digluconate.

Guide for using medical wipes:
e Turn the system off and disconnect the mains cable before cleaning.
¢ Ensure that the medical wipes are not overly wet when cleaning the enclosure.

¢ Allow the system to dry fully before connecting the mains cable and switching on.

Optic Window

e [f dust settles on the optic window this can be removed using low pressure compressed air, e.g.
using a commercially available compressed air canister. Do not attempt to wipe the surface of
the optic window because it is easily scratched.

¢ (leaning an optical surface, and in particular a glass surface or front silvered mirror, other than
with compressed air should only be done by someone with appropriate experience and skills.

20.7 CALIBRATION AND STABILITY
Calibration and stability testing is described in Section 19 and should be done at least on an annual

basis and following impacts which might occur during transport.
We recommend that the calibration software is used weekly to assess if calibration is required.
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21. ELECTROMAGNETIC COMPATABILITY

The moorLDI2 laser Doppler imager (SN5500 or above) complies with the requirements of IEC

60601-1-2:2007 Electromagnetic Compatibility of Medical Electrical Equipment. Medical electrical

equipment needs special precautions regarding electromagnetic compatibility and needs to be

installed and put into service in accordance with the following information.

= Mobile radio frequency communications equipment can affect medical electrical equipment.

= The moorLDI2 should not be used adjacent to or stacked with other equipment. If adjacent or
stacked use is necessary, the moorLDI2 should be observed to verify normal operation in the
configuration in which it will be used.

21.1 CABLING

The moorLDI2 is compliant with IEC 60601-1-2:2007 only when used with the following range of
connecting leads. Modification of cables or use of cables other than those supplied may result in
increased emissions or decreased immunity of the equipment.

PORT 1 LEAD 25 way lead connecting the control box to scanner head (2 or 4 meters).

PORT 2 LEAD 8 way lead connecting the control box to scanner head (2 or 4 meters).

VIDEO LEAD coaxial video lead connecting the control box to scanner head (2 or 4 meters).

RS232 LEAD RS232 lead connecting the control box to PC (less than 3 meters).

FIREWIRE LEAD Firewire 6-4 or 6-6 way lead connecting the control box to PC (less than 3
meters).

21.2 GUIDANCE AND MANUFACTURER’S DECLARATION - ELECTROMAGNETIC

EMISSIONS

Guidance and manufacturer’s declaration — electromagnetic emissions

The moorLDI2 is intended for use in the electromagnetic environment specified below. The user
of the moorLLDI2 laser Doppler imager should assure that it is used in such an environment.

CISPR 11

Emissions Test Compliance Electromagnetic environment — guidance
The moorLDI2 uses RF energy only for its internal
RF emissions Groun 1 function. Therefore, its RF emissions are very low and are
CISPR 11 P not likely to cause any interference in nearby electronic
equipment.
The moorLDI2 is suitable for use in all establishments,
RF emissions Class B including domestic establishments and those directly

connected to the public low-voltage power supply network
that supplies buildings used for domestic purposes.

Harmonic emissions
IEC 61000-3-2

Not applicable
(Power input <
75W)

Voltage fluctuations/
flicker emissions
IEC 61000-3-3

Not applicable
(Power input <
75W)
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IMMUNITY

21.3 GUIDANCE AND MANUFACTURERS DECLARATION - ELECTROMAGNETIC

Guidance and manufacturer’s declaration — electromagnetic immunity

The moorLDI2 is intended for use in the electromagnetic environment specified below. The user
of the moorLLDI2 laser Doppler imager should assure that it is used in such an environment.

Immunity test

IEC 60601
test level

Compliance
level

Electromagnetic environment —
guidance

Electrostatic
discharge (ESD)
IEC 61000-4-2

+6 kV contact
+8 kV air

+6 kV contact
+8kV air

Floors should be wood, concrete or
ceramic tile. If floors are covered with
synthetic material, the relative humidity
should be at least 30%

Electrical fast

+2 kV for power

+2 kV for power

Mains power quality should be that of a

transient/burst supply lines supply lines typical commercial or hospital
IEC 61000-4-4 environment.
+1 KV for Not applicable
input/output lines
Surge +1 kV differential +1 kV Mains power quality should be that of a
IEC 61000-4-5 mode differential mode | typical commercial or hospital

+2 kV common
mode

+2 KV common
mode

environment.

<5% UT <5% UT
(>95% dip in Uy) (>95% dip in Uy
for 0.5 cycle for 0.5 cycle
Mains power quality should be that of a
40% Uy 40% Ut typical commercial or hospital
Voltage dips, short (60% dip in U7) (60% dip in Uy) | environment. If the user of the
interruptions and for 5 cycle for 5 cycle moorLDI2 laser Doppler imager
voltage variations on requires continued operation during
power supply input 70% U+ 70% U+ power mains interruptions, it is
lines (30% dip in Uy) (30% dip in Uy recommended that the moorLDI2 be
IEC 61000-4-11 for 25 cycle for 25 cycle powered from an uninterruptible power
supply or a battery.
<5% UT <5% UT
(>95% dip in Uy) (>95% dip in Uy)
for 5 sec for 5 sec
Power frequency 3 A/m 3 A/m Power frequency magnetic fields

(50/60Hz) magnetic
field
IEC 61000-4-8

should be at levels characteristic of a
typical location in a typical commercial
or hospital environment

Portable and mobile RF
communications equipment should be
used no closer to any part of the
moorLDI2, including cables, than the
recommended separation distance
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calculated from the equation applicable
to the frequency of the transmitter.

Recommended separation distance

Conducted RF 3 Vrms 3 Vrms _

IEC 61000-4-6 150 kHz to 80 MHz d= 1'2\/F

Radiated RF 3V/m 3V/m d =1.2+/P 80 MHz to 800 MHz
IEC 6100-4-3 80 MHz to 2.5 GHz

d =2.3JP 800 MHz to 2.5 GHz

where P is the maximum power rating
of the transmitter in watts (W)
according to the transmitter
manufacturer and d is the
recommended separation distance in
metres (m).

Field strengths form fixed RF
transmitters, as determined by an
electromagnetic site survey, * should
be less than the compliance level in
each frequency range.”

Interference may occur in the vicinity of
equipment marked with the following
symbol:

@)

NOTE1 At 80 MHz and 800 MHz, the higher frequency range applies.
NOTE2 these guidelines may not apply in all situations. Electromagnetic propagation is affected by
absorption and reflection from structures, objects and people.

Field strengths from fixed transmitters, such as base stations for radio (cellular/cordless)
telephones and land mobile radios, amateur radio, AM and FM radio broadcast and TV
broadcast cannot be predicted theoretically with accuracy. To assess the electromagnetic
environment due to fixed RF transmitters, an electromagnetic site survey should be considered.
If the measured field strength in the location in which the moorLDI2 is used exceeds the
applicable RF compliance level above, the moorLDI2 should be observed to verify normal
operation. If abnormal performance is observed, additional measures may be necessary, such
as reorienting or relocating the moorLDI2.

Over the frequency range 150 kHz to 80 MHz, field strengths should be less than 3 V/m
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Rated maximum output
power of transmitter

Separation distance according to frequency of transmitter

m

150 kHz to 80 MHz

80 MHz to 800 MHz

800 MHz to 2.5 GHz

w d=12P d=12P d=23JP
0.01 0.12 0.12 0.23

0.1 0.38 0.38 0.73

1 1.2 1.2 2.3

10 3.8 3.8 7.3
100 12 12 23

For transmitters rated at a maximum output power not listed above, the recommended separation distance d in
meters (m) can be estimated using the equation applicable to the frequency of the transmitter, where P is the
maximum output power rating of the transmitter in watts (W) according to the transmitter manufacturer.

NOTE 1 At 80 MHz and 800 MHz, the separation distance for the higher frequency range applies.

NOTE 2 These guidelines may not apply in all situations. Electromagnetic propagation is affected by absorption

and reflection from structures, objects and people.
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22.  SPECIFICATIONS

The moorLLDI2 is a class Ila device under EC directive 93\42EEC 14 June 1993 Medical Device
Directive.

LASER SOURCE

moorLDI2-VR moorLDI2-HR

Helium Neon Red Gas Laser: 633nm

(moorLDI2-VR) Accessible power 2.0mW - 2.5mW

(moorLDI2-HR) Accessible power 1.6mW — 1.8mW

Beam diameter (l/e2 points) at 50cm from scanner window 1.2mm + 0.2mm (moorLLDI2-VR)
Beam diameter (l/e2 points) at 25cm from scanner window 0.1mm + 0.1mm (moorL.DI2-HR)
Beam divergence 1.4 + 0.2milliradians

Ocular Hazard Distance 25m.

All measurements include cumulative measurement uncertainties and expected increases after
manufacture.

Class 3R per IEC 60825-1:2007 and complies with 21 CFR 1040.10 and 1040.11 except for
deviations pursuant to Laser Notice No. 50, dated June 24, 2007.

moorLDI2-IR moorLDI2-HIR
Infra-Red Laser Diode: 785 + 10nm

(moorLDI2-IR) Accessible power 2.0mW - 2.5mW

(moorLDI2-HIR) Accessible power 1.3 - 1.5mW
Beam diameter (l/e2 points) at 50cm from scanner window 1.2mm + 0.2mm (moorLDI2-IR)
Beam diameter (l/e2 points) at 25cm from scanner window 0.1mm + 0.1mm (moorL.DI2-HIR)
Beam divergence is 1.4 + 0.2milliradians
Ocular Hazard Distance 20m.
All measurements include cumulative measurement uncertainties and expected increases after
manufacture.
Class 3R per IEC 60825-1:2007 and complies with 21 CFR 1040.10 and 1040.11 except for
deviations pursuant to Laser Notice No. 50, dated June 24, 2007.

Visible Laser Diode (target beam for infrared systems): 660nm + 10nm
(moorLDI2-IR) Accessible power 30uW to 200 uW.
(moorLDI2-HIR) Accessible power 30uW to 200 uW.
Beam diameter (l/e2 points) at 50cm from scanner window 1.2mm + 0.2mm
Beam divergence is 1.4 £ 0.2milliradians
All measurements include cumulative measurement uncertainties and expected increases after
manufacture.
Class 1 per IEC 60825-1:2007 and complies with 21 CFR 1040.10 and 1040.11 except for deviations
pursuant to Laser Notice No. 50, dated June 24, 2007.
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PROTECTIVE EYEWEAR REQUIREMENTS

moorLDI2-VR moorLDI2-HR
The nominal ocular hazard distance is 25 metres.
Operation at single wavelength visible red: wavelength range 630nm to 700nm, OD = 1.0.

moorLLDI2-IR moorLDI2-HIR
The nominal ocular hazard distance is 20 metres.
Operation at single wavelength infrared 785nm: wavelength range 755nm to 850nm, OD = 1.5.

ENVIRONMENT CONDITIONS

Temperature: 15°C to 30°C
Humidity: 45% to 75 %
Atmospheric pressure: within the range 86,0 kPa to 106,0 kPa (645mmHg to 795mmHg).

Flammable Anaesthetics: the system must not be operated in the presence of
flammable anaesthetics.

BANDWIDTH

Scan rate dependent: low frequency cut-off (3db) 20Hz, 100Hz or 250Hz .
Selectable upper cut-off frequency (0.1db) 3KHz, 15KHz or 22.5KHz. Default Bandwidth in Bold.

RANGE AND SCAN AREA

Standard Instruments

At 20cm distance, Normal area = 6.6cm x 5.5cm; Large Area =13cm x 13cm.
At 100cm distance, Normal Area = 25cm x 25cm; Large Area = 50cm x 50cm.

High Resolution Instruments
At 20cm distance, Normal Area = 2.5cm x 2.5cm; Large Area = Scm x Scm
At 30cm distance , Normal Area = 3.4cm x 3.4cm; Large Area = 6.8cm X 6.8cm

SCAN SPEED

Scan speed is approximately 4ms/pixel, 10ms/pixel or 5S0ms/pixel (at maximum resolution).
Scan duration is typically 40 seconds for a 12.5cm x 12.5cm image at 64 x 64 pixel resolution, about
6 minutes for a 50cm x 50cm image at 256 x 256 pixel resolution at 4ms/pixel and 100cm distance.

SPATIAL RESOLUTION
Standard Instrument

Up to 256 x 256 pixels (actual measurements not by interpolation): 0.2mm/pixel at 20cm, 'normal
scan'; 2.0mm/pixel at 100cm, 'large scan'.
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High Resolution Instrument

Upto 256 x 256 pixels (actual measurements not by interpolation): 0.Ilmm/pixel at 20cm for
the’normal’ size scan.

LIGHTING CONDITION

Normal, ambient room lighting.

MEASUREMENTS

FLUX

Accuracy: + 10% relative to Moor Instruments 'moorLLDI2 standard'

Precision: + 3% of measurement value

Range: 0-5000PU

CONC

Accuracy: + 10%

Precision: + 5% of measurement value

Range: 0-5000AU

DC

Accuracy: + 10%

Precision: + 3%

Range: 0-5000AU

CCD CAMERA

Auto Focus, Motorised 10X zoom. 752 X 582 Pixel Resolution.

SOFTWARE

Windows™ based control, processing and analysis.

COMPUTER REQUIREMENTS

Only computers complying with IEC 950 may be used. (IEC 60950-1 Edition 1 Information
technology equipment - Safety - Part 1: General requirements). Note that generally any commercially
available PC will meet this standard. If the PC is supplied by Moor Instruments it will meet this
standard and meet or exceed the minimum recommended specification detailed below.

The minimum recommended PC requirements for running the moorLLDI software are:

500 MHz processor; 512 MB RAM; 40GB HDD, CDRW Drive; mouse; keyboard; RS232 or USB*
port; display 800 x 600. A half length PCI card slot is required for the analogue CCD video camera
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frame grabber board or an IEEE1394 interface card is required when using a moorLDI2-BI with a
IEEE1394 camera (this card is not required if the PC supplied has an IEEE1394 port).

* If the PC does not have an RS232 port an RS232 to USB converter is needed as the serial output
from the LDI control unit is via RS232. A suitable converter can be supplied by Moor Instruments.

Operating system — The moorLDI2-BI software can be used with Windows™ XP (Home or
Professional), Windows™ 2000 and Windows™ Vista. Moor Instruments does not support its use
with other Windows operating systems. When the software is used with Windows™ Vista, it is highly
recommended that the Vista UAC (Use User Account Control) is disabled although not essential. If
UAC has to be switched on, please keep it on whenever the moorBDA software is used; otherwise
data loss may occur.

Analogue Camera Model: A half length PCI card slot is required for the CCD video camera
framegrabber board.

Firewire Camera Model: A half length PCI card slot or a PCMCIA slot is required for the CCD video
camera Firewire interface card.

* If the PC does not have an RS232 port an RS232 to USB converter is needed, as the serial output
from the LDI control unit is via RS232. A suitable converter can be supplied by Moor Instruments.

Operating system - Windows™ 2000 and XP or higher.
ELECTRICAL SAFETY CLASSIFICATION

Type of protection against electric shock - Class 1.

Degree of protection against electric shock - Type B.

Degree of protection against ingress of liquid - IPXO (not protected).

Degree of protection against flammable anaesthetics - equipment not suitable for use in the presence
of a flammable anaesthetic mixture with air or with oxygen or nitrous oxide.

Mode of operation - continuous.

GENERAL

Universal voltage switch mode power supply.

Range 100 to 230V AC 50V A, 50 to 60Hz.

Control Unit: Dimensions W H D mm 305 x 115 x 260: Weight 4.5kgs.
Scan Head: Dimensions W H D mm 426 x 244 x 300: Weight 8kgs.
Operating environment: Indoor hospital or laboratory use.

Operating temperature: 15-30°0C.

STORAGE AND TRANSPORTATION CONDITIONS
Temperature: 0-450C.

Humidity: 0-80% RH.
Atmospheric Pressure: 50,0 kPa — 106,0 kPa.
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RETURNS PROCEDURE

. Contact Moor Instruments in advance to inform us of the defective equipment to be returned

and Fax the completed contamination form (A28) to Moor Instruments for inspection. A Moor
Instruments returns number can be issued (if required) at this stage for tracking progress.

Pack the instrument very carefully, preferably in its original case, to avoid damage in transit.
When returning Moor Instruments Equipment always return ALL associated leads, flux
standard and optic probes being used with the equipment at the same time for checking.

It is important that parts are cleaned and, if necessary, decontaminated before return to Moor
Instruments. Repairs cannot be started until decontamination has been certified.

Include a delivery note to include all parts returned, recording serial numbers of parts (if
available).

Include a fault report note explaining exactly what difficulties or fault you have encountered or
other reason for return and action required.

Ship to Moor Instruments Limited, carriage paid, marked FRAGILE.

If exporting to the UK please return using the appropriate IPR number and clearly mark on all
paperwork “RETURN FOR REPAIR”

DECONTAMINATION

To protect Moor Instruments staff from pathogens all equipment returned for inspection, service or
repair must be decontaminated, if appropriate, before it is sent.

The decontamination should be certified by enclosing a Decontamination Certificate with packaging
documents. No equipment will be handled unless it is accompanied by a Decontamination
Certificate.

Procedures:

A.
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Decontamination is not necessary if equipment has been in contact with skin only and in an
environment which presents no biological or chemical hazards. In this case Box A of the
DECONTAMINATION form should be ticked.

Where equipment has been contaminated with body fluids or other pathogens it should be
decontaminated and Box B of the DECONTAMINATION form should be ticked and the
method of decontamination described.

Where equipment has been in contact with body fluids or pathogens and has not been
decontaminated, Box C should be ticked and the certificate only should be sent to Moor
Instruments. DO NOT SEND THE EQUIPMENT UNTIL IT HAS BEEN
DECONTAMINATED. IT IS AN OFFENCE TO SEND CONTAMINATED GOODS BY
MAIL OR BY COURIER (WITHOUT PRIOR AGREEMENT OF ALL PARTIES).
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24. WARRANTY AND SERVICE POLICY

We warrant all products manufactured by Moor Instruments Limited to be free from defects in
material and workmanship for the following:

moorLLDI2 and stand (all models supplied new): 2 years from date of delivery.

Should a defect occur within the above period of time we will either replace or repair any defective
parts of the instrument free of charge, provided that:

(1) The instrument is returned to Moor Instruments Limited, carriage paid, by customer.

2) Our examination discloses to our satisfaction that the part(s) are defective.

This warranty is not applicable to any instrument which has been repaired or altered in any way so as
to affect, in our judgement, its operation, stability, and/or reliability, or has been subject to neglect,
misuse, abuse, negligence or accident. Neither shall this warranty apply to any instrument that has
not been connected and/or operated according to the instructions provided by Moor Instruments
Limited. Software programs are supplied without warranty that the functions performed are free from
errors, defects or bugs. Software upgrades that fix known bugs will be supplied free of charge, on
request, within the warranty period.

Moor Instruments Limited will be pleased to assist you in, and answer all questions pertinent to, the
installation and operation of your instrument. Please feel free to write to us or telephone/fax/email us
at any time. We shall endeavour to provide prompt and useful advice. We will try to diagnose the
problem and will give verbal instructions on how to proceed. If your problem cannot be resolved
through our combined efforts we may prefer to authorise the return of your unit to Moor Instruments
Limited. In this case read and follow the instructions on Returns (Section 23).

24.1 Service Due Warning

A warning is given to remind users when an annual service is required:

Service Due Message

Warning! Service due, 21/05/2006

To ensure that this equipment functions correctly,
contact Moor Instruments (serviced@moor co uk)
or your local distributor to arrange for a service.

Press OK to continue

When this message is displayed, arrangements should be made for equipment to be serviced.
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25. ACCESSORIES

The following accessories are available for use with the moorLDI2:
1. Mobile Stand

Part No. moorLDI2-MS2. Enables flexible positioning of LDI scan head. Vertical adjustment
provided by ratchet winding handle. Positioning provided towards and away from the vertical twin
support pillars to enable 'reaching' over a bed. Yoke style holder for scan head to allow positioning
and rotation to any angle. Stand fully mobilised on anti-static castors. Laptop computer/keyboard
platform provided. Rear container with built-in system, controller, power supply and isolation
transformer.

The mobile stand accepts the scanning head and control box and provides a wide variety of operating
positions. The mobile stand allows the height of the moorLLDI2 to be adjusted between 30-180cm
from the ground and the angle to be adjusted in both X and Y axis. The mobile stand is fitted with
casters allowing it to be moved from room to room.

2. DeskTop Stand
Part No. moorLDI2-DS2.

The desktop stand provides a means of height and angular adjustment for the scanning head when the
system is used on the bench.

3. moorLDI2-PPC kit
Panel PC kit designed for use in conjunction with the MS2 system. Standard specification touch
screen panel PC with mounting arm to fit directly to the MS2. Supplied with miniature keyboard and

trackball, framegrabber card and 2 year 'return to base' warranty. Also included - mini colour
Bubblejet printer for printout of results.
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26. DISPOSAL

WEEE Statement

In an effort to improve waste management in the European Union, the European Union has
enacted a Directive 2002/96/EC on Waste Electrical and Electronic Equipment (WEEE Directive).
Annex 1A and 1B, Item 8 Medical devices (with the exception of all implanted and infected
products) and Item 9 Monitoring and Control Instruments applies to products manufactured by Moor

Instruments Ltd.
According to the WEEE Directive, Moor Instruments Ltd must take back waste electrical or

electronic equipment covered under the WEEE Directive, for all products it puts on the market after
13 August 2005. Products entitled to free take-back are:

1. Purchased after 13 August 2005, or

2. Labeled with the WEEE label (shown on the
right), on the product or packaging, or

3. Unlabeled, historical waste if customers are L
replacing product with new product of a like
kind.

The Return Process:

1. Customer contacts Moor Instruments Ltd for details of return procedure (see section 23).

2. Upon completion of returns procedure, Customer sends product using the address provided
by Moor Instruments Ltd.

3. All returned goods must be marked according to Moor Instruments Ltd returns procedure.
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APPENDIX 1. PREPARING YOUR moorLDI2 IMAGER FOR THE NEW
SOFTWARE

The following procedures have been performed at manufacture and installation for all moorLDI2
imagers from August 2002. The proceedures should be applied to earlier moorL.DI2 imagers.

Overview

Before you can run the latest release software, it is necessary to:

Use the Service Software (mldise29u) to record the serial number of your system in LDI memory.
Use the Calibration Software V1.1 to perform a calibration check and recalibrate if required.

Use the Service Software (mldise29u) to calculate the individual distance scaler for your system.
Note: only one software program should be running at any one time:

Close the Service software prior to opening the Calibration software.

Close the Calibration software prior to opening the Service software.

When these tasks have been completed, you should use the installation disc supplied with this package to load
the new software onto your PC.

Full information is to be found on the following pages.
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Record the serial number of your LDI

Examine the labels on the back panel of either the scan head or the control box for the MLDI number. This is
a four figure number beginning MLDI § _ _ _. Make a note of this number.

Ensure the LDI is connected to the PC via the Moor RS232 lead and that both the PC and the LDI are
switched on.

1.1 Load the moorL DI service package 2.8 (Mldise29u.exe). The following screen will appear:

<= moorlLDI Service ¥2.8 (User Yersion)

File Hardware Calbration Configuration “iew Measurement ‘Window Help

1.2 Click the Shutter Open icon and observe the laser hazard warning.

] : WWARNIMG: WHEN SHUTTER OPEM LASER RADIATION EMITTED, DO NOT STARE INTC BEAM!

1.3 Check the COM port setting is correct. This is set by default to COM1 but if your LDI is connected
to COM2 or COM3 etc then you will need to select accordingly.

< moorLDI Service ¥2.8 (User Yersion)

Digital Board

Shutter
Wavelength
Solenoid
Relay
Microswitch
MR

Dy (Lamp)

Syskem Reset

1.4 Check if the serial number is already in the LDI memory by clicking on ‘Calibration’ then ‘System
Calibration’....

< moorLDI Service ¥2.8 (User Yersion)

File Hardware el

Delay Fackor
Moise Calibration
Perfusion Scaler 3

Distance Scaler

....then ‘Get sets’. If the serial number is already loaded, it will appear in the appropriate box. See below:
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= moorLDl Service ¥2.8 (User Yersion)

File Hardware Calibration Corfiguration View Measurement  Window Help

Serial
System Calibration Number
Motor Scalers System Type and 5/H
XE ] v ] Twe 5| sm[H]
Centre Single/Dual System EI
| X Y Perfusion Scalers AITOW
Conection Red Lager IR Laser Button
E v
Motor Initial Settings
sl KP Kl
X0 (200 ][ [[200 ]
Get Sets Yo m | ‘ZUA"CC I VEL 200 ] Non-Volatile RAM (read/write)
R[oo0 |[200 [[toooo | | Addi[1 | Daa O
¥ [1o00 | [200 ] [10000 ] Read Wiite |
Hh Get Sets Mark | “ 0K
1.5 If the serial number box is blank or the serial number displayed is incorrect, re-enter the correct serial

number in the appropriate box and click the small right arrow button to the right of the Serial Number
box. Confirm that the correct settings are entered by clicking on ‘Get sets’ again.
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Perform a calibration check and recalibrate if required

Note: This calibration check is only for calibration software V1.0 users. Systems with LDI
calibration V2.0 should consult section 19.2 for calibration checks.

Set Up:
2.1 Avoid bright lighting; draw blinds/curtains and switch off desk lamps.

2.2 Avoid vibration.

2.3 Ensure the flux standard is equilibrated to room temperature for at least 60 minutes.

24 Ensure the LDI has been powered on for at least 30 minutes.

2.5 Gently shake calibration block for about 10 seconds - allow to settle for about 2 minutes before
calibrating.

2.6 Set up the open face of the calibration block 29cm from the front panel of the moorLDI (below left).
The bottle surface will then be 30cm from the front panel of the LDI as it is recessed within the
block. Adjust the position of the block up and down so that the centre of the bottle is illuminated - a
lab jack stand is an ideal tool for this (below right).

2.7 Load Moor Calibration utility (exit any other moorLDI measurement software beforehand).
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2.8 Check set up conditions on start-up screen and click on the NEXT button. Note you will not be able
to progress to check and calibrate unless these conditions have been satisfied.

& moorLDI Calibration Software Version 1.1

= Has the moorLDT been powered on for 30minutes or more?
« Yes " No

(Temperature stability)
Has the motility standard been in the laboratory for at least 1 hour?

@« Yes " No
(Temperature calibration)
Has the motilitv standard been aentlv shaken for about 10 seconds
and left to stand in the measurement position for 2 minutes or more?
© ¥es “ No
IS5 it Red loser or Infra-Red loser?

“ Red IR

WARNING: Avoid bright lighting, aveid vibration
LASER SPOT MUST BE AT THE CENTRE OF THE MOTILITY STANDARD

NEXT

2.9 The Measurement screen appears next. This allows the user to check actual measurements from the
motility standard with standard values.
Click Measurement to proceed.

Motility Standard Instrument Check and Calibration

Display Measurements Standards %Deviation
DC 300
Flux (DC Momalisation) 500
Cong DC Momalisation) 125
Flux (DC Squared Normalisation) 200

Click on the MEASUREMENT button to perform a test

2.10  Test results appear with % Deviation from standard calculated. In the example, below left, the

deviation is within the acceptable range and calibration is not recommended - in which case quit the
utility with the EXIT key.

Motility Standard Instrument Check and Calibration Motility Standard Instrument Check and Calibration

Display Measurements Standards %Deviation Display Measurements Standards %Deviation

pc 289 300 3.7% pc 254 300 -15.3%

Flug (DG Momalisation) 475 500 5.0% Flug (DG Momalisation) 439 500 12.2%

Conc (D Momalisation) 120 125 4.0% Conc (D Momalisation) 110 125 12.0%

Flux (DC Squared Nomalisation] 197 200 -1.5% Flux (DC Squared Nomalisation] 206 200 3.0%
Test Results OK, Calibration NOT Required Recalibration Required

Press on the CALIBRATE Button to Recalibrate

CALIBRATE | EXIT | CALIBRATE | EXIT
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2.11  If measured values are outside acceptable limits (above right), then proceed to calibration with the
CALIBRATE key.

Do not calibrate if there is any doubt about the set up and accurate positioning of the calibration block. Exit
and repeat, from 2.1.

2.12  If there is excessive vibration during calibration then the Noisy Signal Message appears (below left).
Attempt calibration a second time by clicking OK, then CALIBRATE.

If the moorLDI persistently fails to calibrate, consult Moor Instruments or your authorised distributor
for further guidance.

Motility Standard Instrument Check and Calibration Motility Standard Instrument Check and Calibration

Display Measurements Standards  %Deviation Display Measurements Standards ~ %Deviation

pc 115 300 B1.7% [n]es 210 300 -30.0%

TR Calibration Failure <] 500 23.2% Flux (0C Homsisation) 373 500 25.4%

Conc DC M 125 2.83E3% Cone [DC Momalisation) 93 125 256%
MNoigy signal, please try again

Flux [DCSg 200 217.0% Flux [DC Squared Nomalisation) 212 200 6.0%

I Calibration failed

Calculated scalers not appropriate

CALIBRATE | EXIii} CALIBRATE | EXIT

2.13  If the ‘Calibration failed’ message appears (above right), press EXIT and re-load the calibration
utility. Pay particular attention to measurement conditions, following instructions from 2.1. If the
moorLDI persistently fails to calibrate, consult Moor Instruments or your authorised distributor for
further guidance.
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Setting Distance Scaler
3.1 Exit Calibration package and re-load moorLDI Service V2.8 (Mldise29u.exe).

3.2 Open shutter and observe laser safety warning.

moorLDI Service ¥2.8 {User Version)

File Hardware Calibration Configuration Wiew Measurement ‘Window Help

1 : WARNING: WHEN SHUTTER OPEN LASER RADIATION EMITTED, DO NOT STARE INTO BEAM!

33 Check the COM port corresponds to your system (i.e. COM1) and that the laser wavelength is set to

red.
2 moorlLDl Service ¥2.8 (User Yersion) S moorLDI Service V2.8 {User Yersion)
File Nkl Calibration Configuration  Wiew Measurement  Window Help File BRERLENN Calibration Configuration View Measurement  ‘Window  Help

Carmm Part »

Digital Board ¥

] v Red 633/690nm
Infra-red 750/830nm

Digital Board

Shutker Shutter
Wavelangth

Solenoid

Relay
Microswitch
MWR,

D& {Lamp)

Microswitch
MR
Dy (Lamp)

Syskem Reset

Syskem Reset

3.4 Select ‘Calibration’ and Distance Scaler’.

S moorLDI Service ¥2.8 (User Yersion)

File Hardware N M Configuration  Yiew Measurement  Window Help

E Maokar Tunil.ﬂg

System Calibration

Delay Factor
Moise Calibration

Perfusion Scaler 3

140



MOOR INSTRUMENTS moorLDI2 RESEARCH USER MANUAL

The following screen will appear:

3.5

3.6

3.7

3.8

39

3.10

141

Distance 1 OOCH]
bC Measurement
Fluxldc Button

Concldc

Fluxlfit

W,

[+ Wisible Red Calculate

 InfraRed Wiite taNVR | Read NVR |

Check the background lighting: this is an important step. The background lighting must be
sufficiently low prior to calculation of the distance scaler.

a) Set up the LDI in exactly the same way as for calibration, observing the same precautions.
b) Remove the calibration block. Place a piece of black cloth 100cm from the front of the LDI.
¢) Ensure the laser beam is aimed at the black cloth.

d) Ensure there is no reflection into the scan head i.e. from a white/light coloured wall or
surface.

e) Click on the 100cm measurement button.

f) If the DC reading is HIGHER than five; reduce the lighting and repeat steps a-e.

g) If the DC reading is below five; continue with the distance scaler measurements (see 3.6).

Click 30cm button to perform the flux measurement at 30cm.

Move the front face of the calibration block to 48cm from the LDI front panel. Check the laser is still
aimed at the centre of the calibration bottle. Click the 50cm button to perform a flux measurement.

Move the front face of the calibration block to 73cm from the LDI front panel. Check the laser is still
aimed at the centre of the calibration bottle. Click the 75cm button to perform a flux measurement.

Move the front face of the calibration block to 98cm from the LDI front panel. Check the laser is still
aimed at the centre of the calibration bottle. Click the 100cm button to perform a flux measurement.

After all four measurements have been performed, click ‘Calculate’. This function calculates the
‘best fit” Distance scaling factor for your system.
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2 mooiLDI Service ¥2 .71 [User Version)]

File  Hardware Calibration Configuration  Wiew Measurement  ‘Wwindow Help

Setup Distance Scaler for Flux @& DC Mormalization

Measurement at Different Distance

Distance 30cm | 50cm | 7hem |
DC [207 | [185 || [88 |
Fluxlde [s00 [461 || [449 |
Concldc [135 120 ]| s ]
. Fluslfit | | | | |
erte to W | i Scaler
NVR i |

jte toNVR | | Read NVR |

x[:ancel

3.11  Press the “Write to NVR’ button to record the distance scaler in the LDI memory.
3.12  Click OK and exit the service program.

3.13  Your LDI is now ready to use with the new software.
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APPENDIX 2. moorLDI/IONTOPHORESIS USER MANUAL V5
2.1 INTRODUCTION

This Appendix covers information specific to use of moorLDI laser Doppler imagers suitably
modified for running iontophoresis protocols.

For a general introduction to iontophoresis and the MIC1-e and MIC2 iontophoresis controllers, this
manual should be read in conjunction with the MIC1-e or MIC2 Iontophoresis Controller User

Guides.

The MIC1-e or MIC2 User Guide should be consulted regarding electrical safety: the
Warnings and Precautions should be read prior to use.

moorLDI functions for the MIC1-e and MIC2 devices are similar: moorLDI protocol software
controls either device to output the required current during each scan period of a repeat scan set. The
MIC2 has the additional function to output iontophoresis voltage. This signal is acquired by
moorLDI and can be used to calculate skin resistance.

2.2 INSTRUCTIONS FOR USE OF moorLDI / IONTOPHORESIS

2.2.1 Protocol Duration

The overall duration of moorLDI/ionto measurement protocol is determined by the Repeat Scan
number (max 105) and Interval. The required interval must exceed the scan duration (determined by
scan area and resolution; as set in the Scanner Setup window.

2.2.2 Period of Iontophoresis

Iontophoresis is timed to start and stop with increments equal to one or more scan intervals i.e.
iontophoresis starts at the start of one scan and stops just before the start of the next.
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2.2.3 Iontophoresis Protocol Configuration

Ionko

IO

To set up an automatic iontophoresis protocol select Ionto or click the ION icon

Iontophoresis Protocol Menu

lontophoresis Protocol Setup @

Page 1 ] Fage 2] Fage 3]

Number of Repeat Scans ;|20

Scan Mo 1

1

]

Current [ud)] |0

]

B0

100

B0

Scan Mo ]
Current [ud)

10

1

17

18

20

|21

8

Scan Mo 1
Current [ud)

Scan Mo 2
Current [ud)

23

24

28

26

27

|28

]
2
3

Scan Mo 2
Current [uid)

Mate: The lontophoresiz Current is limited ta 0 - 25008, 25008 will be uzed if the et value iz abowe 2500,

30

il

32

3

34

|35

0
0
0
]

il

]

il

]

Load Default

Load Protocol

Save Protocol

o OK |

x Cancel

The minimum current that will activate the MIC1-e controller is 10pA.
The minimum current that will activate the MIC2 controller is 4puA*.
The maximum current that can be selected is 250pA for MIC1-e or MIC2

* A minimum current of 1iLA can be obtained when the MIC2 is used in manual mode.

Other variables within the Iontophoresis Protocol Settings window are:

Number of Repeat Scans - the total number of scans.

The total duration of iontophoresis is determined by the Repeat Interval and the number of scans
during which a current is selected. The repeat interval is set in Scanner Setup, Repeat and Line Scan.

(see Section 8)

ionto

scan

Schematic to show the Iontophoresis Current/ Scan interval protocol
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2.3  PAUSE FUNCTION
LL

The normal pause function operates as follows:

During a scan the scan stops but the iontophoresis continues at its set current.
During the interval between scans the iontophoresis continues at its set current.
Pause can be used to manually alter the iontophoresis duration and scan interval.

There is a timer at the bottom left of the screen. This continues to count down the time remaining of
the total scan interval and then counts up the extra time caused by the Pause function.

Pause can be useful to allow extra temperature equilibration time after filling an ion chamber when
dry and wet skin baseline measurements are required. The effect of a pause is shown below.

ionto

scan

24  MANUAL IONTOPHORESIS

This is intended for use only when periods are required unrelated to scan interval. The baseline
recording and response recordings can only be made in separate single scan and or repeat scan
window. It cannot be used during an interval within a repeat scan.

To iontophorese using this mode select Ionto, Manual Control
The Iontophoresis Cuurent window will then allow Current and its Duration to be set.

Tonto  Window He
Prokocal ‘

IO

Manual Conkral

! Set lontoP horesis Current g|

q lontophoresis Current o] [t

Duration f* Free Run

" Preset Time |0 [zec]
Set j-'L Cloge

To start the iontophoresis current click on Set and at the end of iontophoresis click on Close.
A scan cannot be started until this window is closed.
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2.5 PROTOCOL ANALYSIS

Iontophoresis responses are assessed after selecting a region of interest (ROI) on the flux or DC
image corresponding to the area iontophoresed. Statistical analysis of the ROI tabulates results for
flux and dc levels, as per the standard moorLDI analysis, and also tabulates set current (I[uA]) and
voltages (V1 and V2[V]) measured at the start and end of a scan interval.

Wz Statistice (Histdial rix)
Pl Opbiong

Rl Type ard Ho
©° Reclanga 1 * Rectargs 2 = Rectargk 3 £

Bload Flows Staliztes [Flue - PL)

Mo| Tims [ Masn| Std [Medan| Min | Max [ Toisl [ vaid [val %] ems [ 1] | Ve [ veen |
W00 575 192 % (21 130 W5 (1000|245

2 DROOSE (539 182 48 4 1@ | - (W5 00 | -

1 oemz (558 197 %2 W[4 | - 305 100d

4 onONSE 540 188 2 (W [1@ | - WS 1o0g

5 o0n0zz 533 1%4 52 W [123 | - 305 1000

B OpO2Er (B43 227 5@ 17 |12 | - W6 100K

7 o0nDxz (743 413 s (M4 @@ | - s [1o0d

B DpO3S 790 470 e 17 (M0 | - WS 004

5 00042 (W5 Be3 77 (2 [3M | - 305 100d

W 0xD4S 983 e28 77 17 (43 | - We g

11 00032 1052 €44 3 W [5m | - 305 1000

12 DR0SEN (1078 796 M (M (B9 | - @S imag

13 00DRZ0 (1128 @96 |8 |17 |1 | - 305 1000

14 DROSER (973 A 77 (M 4@ | - me g

15 OXORZ0 1093 ede |77 (21 [P | - 305 i0g

Note that the initial iontophoresis voltage is measured 0.5 seconds after the start of each scan and the
second measurement is made immediately before the end of each scan interval. The initial delay is
necessary to enable voltage to reach a meaningful value close to the initial peak and the second
measurement records the final, plateau level. (It is not possible to monitor voltage continuously by
moorLDI, due to image data requirements. This feature is available on the DRT4 laser
Doppler/Temperature Monitor.)

Both voltages are displayed during measurement and review below the corresponding repeat scan

image. The set current (I) can be used to calculate skin resistance: the current will be accurate to
within +/-1uA unless resistance is too high and voltage approaches the 27 V maximum.

146



MOOR INSTRUMENTS moorLDI2 RESEARCH USER MANUAL

2.6 RECOMMENDATIONS AND PROTOCOLS

Suggestions for protocols are based on analyses that can be obtained with the standard repeat scan
analysis and any subsequent processing by hand or within a spreadsheet etc.

2.6.1 Recommendations

1. Perform at least 2 baseline images to test for baseline stability.
2. Apply low currents (i.e. less than 100pA per cm?) to avoid the non-specific ‘galvanic effect’.
3. Using the complete protocol test for galvanic effect using blank controls i.e. vehicle (e.g.

sterilised water) alone without any dissolved drug.

4. Assess, by pilot study, the time to reach a response plateau for each drug used and in each
patient group.

5. Each scan takes a finite time so the responses at the beginning and end of a scan may be
different. To avoid problems over this reduce the scan duration (lower the image resolution)
and only take note of plateau levels whenever practical.

2.6.2 Protocol 1

Select a scan interval of 60 seconds. The total protocol duration will be 15minutes.
Scan Current

1 0
2 0
3 0
4 25
5 25
6 25
7 25
8 25
9 25
10 25
11 25
12 25
13 25
14 0
15 0
etc
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2.6.3 Protocol 1 Analysis

The baseline flux values can be averaged (B) and the plateau level assessed from the values of scans
11, 12 and 13 (P). The coefficient of variance (COV) is likely to be improved by expressing the
response as a percentage change: i.e. P/B x 100%

The persistence of response (R) cannot easily be assessed by imaging because of the discrete
measurement intervals. In place of this one may assess the fall off at a particular time (5 mins, say)
after stopping iontophoresis e.g. R(5) = level at 5 minutes post x 100%

P

(The above protocol could be simplified by using a 6 minute Pause instead of scans 5 to 10, because
iontophoresis is maintained at the set current during Pause. However this requires manual
intervention. The plateau can be assessed from scans 11 — 13).

2.6.4 Protocol 2

This protocol may be used to obtain a cumulative dose response curve: the suggested scan interval is
5 minutes, the total protocol duration is 45 minutes.

Scan Current
1 0
2 20
3 20
4 40
5 40
6 80
7 80
8 0
9 0

2.6.5 Protocol 2 Analysis

Analyses are similar to that of protocol 1:B, P(20), P(40), P(80) and R(5).

Assuming scan duration is small compared to response times, the P(20) value can be obtained from
scan 4, P(40) from scan 6, P(80) from scan 8 and R(5) from scan 9. B can be obtained from scans 1

and 2. This can only be done if a pilot study with more frequent scans shows that initial responses are
negligible within a single scan duration.
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APPENDIX 3. PRINTOUTS FROM PROCESSING

moorLDl Laser Doppler Image Report

Patent Mame:
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Date of Birth:
Operator:
Teme { Dot
FiE Name:

Loser Type:
1 Soan Spaad:

Soan Se:

[ 5o busthon:
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Fiaid Lasar

4 el
Mormal

B x 133

45 fom)
T.5omx E.4om

|C e rbs:

(k2] P & k1L

Report generated by the PRINT REPORT function (see section 12.3)
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Report generated when a Histogram window printout is selected (see section 15.3).
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moorL Dl Image Histogram (COLDSORE.FLX Eoom In})
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moor LD Image Profile (COLDSORE.FLX (Zoom Inji

Frofi 1 (4.4 om) Frofi 2 (4.4 o) Frofii 3 (4.2 om)
Aur Aw
(1] sl
sasl 85
155 185
L .IIII ;A?I 1'!: DIICI Pued &) e JIE 4:0 1II: Dllﬁ Pl &) & JIII ;A:l 1II: DIICI Foel &)
Frofi 4 (0.0 o Frofi 5 (0.0 o
Aw Aur
[ ol
TS snk
| 0L
155 i 5
L ar &0 i DIICI Puel &) e e &0 L Dllﬁ Pl &)
Aux Uitz Parkasian Unk. Dl ay Mindac Auis Thiknase 1

Report generated when a Profile window printout is selected (see section 15.4).
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Report generated when Repeat Scan Statistics (Numerical Table) are printed (see section 16.1.2).
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moorL 0 Image Statistics (COLDSORE.FLY (Zoom Injl

Hood Flow Siaticfcs (Flu - PLY

Ama
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Report generated when a Single Image Statistics window printout is selected (see section
15.2).
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