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Printalyzer UV/VIS Densitometer

The Printalyzer UV/VIS Densitometer is an affordable reflection and transmission densitometer, with both Visual and
Ultraviolet measurement modes, intended for photographic darkroom use.
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CHAPTER 1

Introduction

Dear Customer,

Thank you for purchasing the Printalyzer UV/VIS Densitometer. If you want to take a more analytical approach to
testing your photographic film or paper, a densitometer is one of the best pieces of equipment you can have. This
device is designed to be that nifty little gadget you can always have available, and don’t need to dedicate much space
for. It supports both reflection and transmission measurements, and works across the full range of densities common
for testing of black and white photographic materials.

Thanks,
Dektronics, Inc.

1.1 Getting Started

The package should contain the following items:
* Printalyzer UV/VIS Densitometer
* User Manual
* USB-C to USB Cable
* Calibrated reflection step tablet
* Calibrated transmission step wedge

Due to broad availability of USB power adapters, and the international nature of the analog photographic community, a
power adapter is not included in the package. To power the device, use the provided cable and any standards compliant
USB power adapter or host computer.

Note

If powering the device from a portable USB battery pack, you may need to enable the pack’s “trickle mode” feature
to prevent it from automatically powering down. This is because the Printalyzer UV/VIS Densitometer, when idle,
uses significantly less power than the smartphones these battery packs are typically designed to power.
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See your battery pack’s user manual for details.

1.2 Device Overview

Ref lection
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Fig. 1.1: Top of device

Fig. 1.2: Side of device

. * Action button - Used to take measurements or select menu items

. Up button - Long press to clear a zero offset, or press in combination with the down button to activate the
menu

. Down button - Long press to set a zero offset, or press in combination with the up button to activate the
menu

. @ Mode button - Used to switch measurement modes or to go back from a menu item

e 0 Detect switch - Triggered by pressing down on the front of the device, this switch typically activates the
-
measurement target light

4 Chapter 1. Introduction



CHAPTER 2

Calibration

The Printalyzer UV/VIS Densitometer uses components that should provide stable readings over the lifetime of the
device. However, to ensure measurement accuracy, calibration should be checked periodically.

A transmission step wedge, and a reflection step tablet, have been provided with the device for the purpose of performing
and verifying calibration. These materials must be kept clean and should be stored in their envelopes when not in use.
The basic layout of these materials, and their expected measurement locations, can be seen in Fig. 2.1.

Note

The read head must be firmly held down during all measurements to ensure accurate results. If the head is released
during the process, calibration will fail.

54| 3| 2| 1 [Rererence @\

Fig. 2.1: Calibration strip layout, showing measurement locations
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2.1

VIS Reflection Calibration

Press the [f ‘] buttons together to open the device menu
Select “Calibration” and press *
Select “Reflection” and press +

Make sure that the numbers after “CAL-L0O” and “CAL-HI” match the corresponding numbers on the provided
reflection step tablet’s label

If either of these numbers do not match, then adjust them accordingly

Select with +

Adjust the value with f and ;

Accept with +

Select “** Measure **” and press *

Follow the on-screen instructions:

— Position the center of the reflection step tablet’s CAL-LO patch in the read area, firmly hold down the
sensor head _$_, and press the * button

— Position the center of the reflection step tablet’s CAL-HI patch in the read area, firmly hold down the sensor
head _$_, and press the * button

If using 3rd party calibration materials, the following guidance should be taken into account:

2.2

The CAL-LO patch should have a marked density of 0. 10 or less.
The CAL-HI patch should have a marked density roughly within the range of 1.50 through 1.90.
If the material was marked for color densitometer calibration, then use the values labeled as “visual” or “black.”

The material must be held perfectly flat against the bottom of the sensor head to ensure accurate measurement.
This is easy if the material is made from photographic paper, however it can be quite difficult if the material is
made from a thick piece of painted metal.

VIS Transmission Calibration

Note

The provided transmission step wedge has separate numbers for “VIS” and “UV” modes. Please make sure to use
the “VIS” numbers for this calibration process.

Press the [f ‘] buttons together to open the device menu
Select “Calibration” and press +
Select “VIS Trans.” and press *

Make sure that the number after “CAL-HI” matches the corresponding number on the provided transmission step
wedge’s label.

— If the number does not match, then adjust it accordingly

Chapter 2. Calibration
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— Select with +
— Adjust the value with f and ‘
— Accept with +

» Select “** Measure **” and press +

¢ Follow the on-screen instructions:

— With the read area empty, firmly hold down the sensor head _$_ and press the + button

— Position the center of the transmission step wedge’s CAL-HI patch in the read area, firmly hold down the
sensor head _$_, and press the * button

If using 3rd party calibration materials, the following guidance should be taken into account:
e The CAL-HI patch should have a marked density roughly within the range of 2. 80 through 3. 20.
¢ If the material was marked for color densitometer calibration, then use the values labeled as “visual” or “black.”

* The material must be measured with the emulsion side facing down. Whether or not the material is labeled this
way may depend on the design of the densitometer it was originally intended for use with.

2.3 UV Transmission Calibration

Note

The provided transmission step wedge has separate numbers for “VIS” and “UV” modes. Please make sure to use
the “UV” numbers for this calibration process.

* Press the [f ‘] buttons together to open the device menu

Select “Calibration” and press *
e Select “UV Trans.” and press +

* Make sure that the number after “CAL-HI” matches the corresponding number on the provided transmission step
wedge’s label

— If the number does not match, then adjust it accordingly
— Select with +

— Adjust the value with f and ;

— Accept with +

e

» Select Measure **” and press *

¢ Follow the on-screen instructions:

— With the read area empty, firmly hold down the sensor head _q;_ and press the * button

— Position the center of the transmission step wedge’s CAL-HI patch in the read area, firmly hold down the
sensor head _$_, and press the * button

If using 3rd party calibration materials, the following guidance should be taken into account:

2.3. UV Transmission Calibration 7
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* The calibration reference must have patches that have been explicitly marked for UV densitometer calibration.
Photographic film does not necessarily have the same density in the UV spectral range as it does in the Visual
spectral range.

* The CAL-HI patch should have a marked density roughly within the range of 2.80 through 3.20.

* The material must be measured with the emulsion side facing down. Whether or not the material is labeled this
way may depend on the design of the densitometer it was originally intended for use with.

2.4 Sensor Gain

Sensor gain calibration is a process normally performed as part of device manufacture. As it should not normally need
to be repeated by the user, the desktop companion software is required to perform it.

The purpose of sensor gain calibration is to determine the actual relationship between the various gain settings of the
light sensor used by the device. This is necessary so that target readings taken at different levels of sensitivity can be
accurately compared.

Sensor gain calibration is discussed in more detail in the Theory of Operation section, later in this manual. The process
of actually performing sensor gain calibration involves the desktop software and is currently beyond the scope of this
manual.

2.5 Temperature Correction

Calibration of the sensor’s response in relation to ambient temperature is a process normally performed as part of device
manufacture. It should not normally need to be repeated by the end user. The desktop companion software is required
to load the calibration numbers onto the device, but a thermal test chamber is required to collect the data used for these
corrections.

The purpose of temperature correction is to ensure consistent readings across a wide range of ambient conditions. This
process is discussed in more detail in the Theory of Operation section, later in this manual.

8 Chapter 2. Calibration



CHAPTER 3

Operation

3.1 Mode Selection

VIS Reflection, VIS Transmission, and UV Transmission modes are switched between by pressing the @ button. The

name of the active mode will be shown on the display, as will the last measurement result from that mode.

3.2 Taking Measurements

To take a measurement, follow these steps:
1. Select the desired measurement mode
2. Center the area to be measured over the target area, emulsion side facing down
3. Lower the sensor head and hold it firmly closed

4. Press the + button and wait for the result

Note

When the sensor head is pressed down partway, a read light for the current mode will turn on at a moderate bright-
ness. This can be used to help better position the material area to be measured.




Printalyzer UV/VIS Densitometer

e The UV Transmission mode uses a high power UV
light source for measurement.

e When taking UV Transmission measurements, al-
ways make sure to fully press down the sensor
head and avoid looking at the target area.

e When the sensor head is pressed down partway
in UV Transmission mode, the VIS Transmission
light is used to help illuminate the target. The UV
Transmission light does not turn on until the +

button is actually pressed.

3.3 Setting a Zero Offset

It is common to want to take measurements relative to a film or paper base. The Printalyzer UV/VIS Densitometer
provides a convenience feature to make it easier to take such relative measurements, without having to do math on the
results.

After measuring the base area of a piece of film or paper, long-press the ‘ button. This will set the result to 0.00 and
display a i icon near the middle bottom of the display. From this point forward, all displayed measurements will be

relative to this zero offset.

To clear the zero offset, long-press the f button. The indicator icon should disappear.

3.4 Taking Repeated Measurements

Taking a large number of UV transmission measurements in quick succession causes the light source to heat up, which
may lead to a slight temporary shift in readings. This issue is unlikely to appear in casual use, however it may be
encountered when measuring large (20+ patch) step wedges. The solution is to wait a few seconds either in-between
readings, or after every few readings, or both.

It has also been observed that the UV transmission density of certain photographic films may change with repeated
exposure to UV light. In testing, this effect has only been observed on Kodak T-Max 100. Several other tested film
stocks, including those used for the included calibration materials, do not appear to have this issue.

10 Chapter 3. Operation



CHAPTER 4

Settings

To get to the settings screen:

* Press the [f ‘] buttons together to open the device menu
* Select “Settings” and press *

To leave the settings screen, simply press @ until you return to the main screen. Alternatively, if you wait long enough,

you should be returned to the main screen automatically.

4.1 Target Light

This settings menu is for configuring the behavior of the read light before and after taking measurements. This light
state is normally triggered by pressing the sensor head down partway.

The settings for this feature are as follows:
* Refl. - Brightness for the reflection light
* Tran. - Brightness for the transmission light
* Timeout - Amount of time the light should remain on after the sensor head is released

The default settings are “Medium” for the reflection light, “Low” for the transmission light, and “None” for the timeout.

4.2 Display Format

This settings menu is for configuring the format with which density readings are displayed. Selections here will affect
both the local on-device display as well as characters generated by the USB Key Output feature as described in the
following section. They do not affect the behavior of the Remote Interface or the Desktop Application.

The settings are as follows:
e Number - Display format for density values

 #.## - Use a period as the decimal separator

11
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* #,## - Use a comma as the decimal separator
* Units - Display units for density values
* D - Display values in the standard log,o density units

 F - Display values in camera f-stop style [ogs units

Note

While changing the decimal separator affects the entire system, changing the density units only affects active mea-
surements. It does not change the units used for entering calibration values.

4.3 USB Key Output

This settings menu is for configuring the USB Keyboard Output feature of the device. When connected to a computer,
if this feature is enabled, the device will appear as an additional keyboard. Then, whenever a measurement is taken, it
will “type” the result on the computer. It is designed to be a very convenient way of getting measurements into analysis
applications on a computer, without the need for specialized software.

Note

This feature is temporarily disabled whenever connected to the Remote Interface to avoid conflicts between appli-
cations.

The settings for this feature are as follows:
¢ Enabled - Yes to enable this feature, No to disable it.
¢ Format (Fmt.) - Desired format for typed measurements:
— #.## - Just type the raw number (e.g. 0.24)

— M+#.##D - Type a fully formatted sequence, which contains the measurement mode. This is the same format
used by the Remote Interface (e.g. T+2.85D).

 Separator (Sep.) - Character to send after a measurement, to advance to the next line or field (i.e. Enter, Space,
Comma, etc.)

12 Chapter 4. Settings



CHAPTER D

Remote Interface

5.1 Basic Usage
To interface with the Printalyzer UV/VIS Densitometer from a host computer, use the provided cable to plug the device
into a USB port on that computer.

The device will appear on the computer as a serial (COM) port, and can be connected to via any typical serial terminal
application. The expected communications parameters are 115200 8n1.

Under normal usage, every time the device takes a measurement, the result will be transmitted via this interface.
The typical format for measurements is:
<R/T/U><+/->#.##D<CR><LF>

An example of a density reading would be something like R+0.20D, T+2. 85D, or U+1.90D.

5.2 Control Interface

There is also an extensive control interface provided via the USB port. It allows for remote configuration and control,
as well as device logs and higher precision raw sensor and measurement data. It is primarily intended for use by the
provided desktop application, and for functions that are part of the device manufacturing and testing process.

This interface is described separately in the following document:

https://github.com/dektronics/printalyzer-uvdensitometer/blob/master/docs/protocol.md

13
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5.3 Desktop Application

Printalyzer Densitometer Desktop - + X
File Edit Tools Help
i 8
Measurement | Diagnostics = Calibration
Latest Measurement Mode Measurement Offset
Transmission 1€ R 043
@
@ 2 ® T 056
3.58D »
* 3 @ U 358
5
Copy Table
(®) Vertical () Horizontal g
7
Clear Table
8
9
10
Connected to ttyACMO

Fig. 5.1: Printalyzer Densitometer Desktop

The desktop application provides a way to collect measurements on a computer, as well as the ability to view all of the
raw calibration values stored on the device. However, for simply inputting measurements into an analysis application
such as a spreadsheet, the USB Key Output feature is now the recommended approach.

The latest version of the desktop application itself can be found here:

https://github.com/dektronics/densitometer-desktop/releases

14 Chapter 5. Remote Interface
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CHAPTER O

Maintenance

6.1 Cleaning

Whenever required, the device may be wiped clean with a lint-free cloth. The sensor head may be cleaned by lightly
blowing compressed air into its openings.

Do not attempt to clean the device with alcohol or any solvent cleaners.

6.2 Updating Firmware

The Printalyzer UV/VIS Densitometer is designed to have firmware that can be updated. This is so that features can be
added, and bugs can be fixed, after the device has shipped. The update process is designed to be as easy as possible,
and can be performed from any computer that the device can be plugged into.

To update the device firmware, you will need:
* The Printalyzer UV/VIS Densitometer itself
 The latest firmware file, downloaded to your computer (a file with a name similar to uvdensitometer.uf2).

* A cable that can connect from a USB port on your computer to the port on the Printalyzer UV/VIS Densitometer

+ ®
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)
)
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\ / '@l"
( \
b yu— T

Fig. 6.1: Starting the bootloader
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The update procedure is as follows:
* Make sure the USB cable is plugged into your computer, but not the device.

* While simultaneously holding down the sensor head _$_ and pressing the + and @ buttons, plug the cable
into the device.

* The device should now start in a special mode, with a USB logo displayed on the screen.

-

Fig. 6.2: Device in bootloader mode

* You may now let go of the device.
* On your computer, a USB disk volume named “PRDENSBOOT” should appear.
* Copy the firmware file (e.g. uvdensitometer.uf2) to the “PRDENSBOOT” device,

* While the firmware is being copied, you should see a progress indicator on the device.

©

Fig. 6.3: Device receiving updated firmware

* Once complete, the device should automatically reset and start up with the new firmware. If it does not reset
correctly, simply unplug it and plug it in again to restart it.

6.3 Updating the Bootloader

It is also possible to update the bootloader itself, which is the special piece of software that enables the user-friendly
update process described above. Updates to the bootloader are expected to be infrequent, and should only be necessary
to fix issues that prevent the normal update process from functioning correctly.

To update the device bootloader, you will need:
* The Printalyzer UV/VIS Densitometer device itself

e The latest bootloader file, downloaded to your computer (a file with a name similar to
uvdensitometer-bootloader.dfu).

* A cable that can connect from a USB port on your computer to the port on the Printalyzer UV/VIS Densitometer
* A small pin, such as a bent paperclip
* A special piece of software called dfu-util (http://dfu-util.sourceforge.net/)

— The dfu-util website has downloadable binaries and instructions for Windows, macOS, and Linux.

— Alternative USB DFU utilities, such as STM32CubeProgrammer (https://www.st.com/en/
development-tools/stm32cubeprog.html) can also be used. However, they will not be covered by
these instructions.

16 Chapter 6. Maintenance
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Fig. 6.4: Updating the bootloader

The bootloader update procedure is as follows:
* Make sure the USB cable is plugged into your computer, but not the device.

* Insert the pin into the tiny hole on the back side of the device. Inside the hole there is a tiny button, which you
should press with the pin. It may be hard to feel, so be gentile.

* While using the pin to hold the internal button down, plug the USB cable into the device.

* The device should now start, but the display will remain blank. On Windows, you may notice the computer
detecting a new USB device. On macOS or Linux, you are unlikely to notice anything unless you are looking at
USB utilities or log files.

* You may now let go of the device.

¢ If yourun the command dfu-util -1, you should now see several entries returned with the ID of [0483:df11]
To install the bootloader, run the following command:
dfu-util -a 0 --dfuse-address 0x08000000 -D densitometer-bootloader.dfu
Note: Newer versions of dfu-util may no longer require the address argument.

Once the update procedure is complete, you will need to unplug the device and plug it back in to reset it. If the main
firmware is valid, then it will be started. If the main firmware is corrupted, then the bootloader (as described above)
will automatically start.

6.4 Troubleshooting

¢ The device hinge feels too loose or too tight

The hinge mechanism is designed to allow for free up-and-down motion, aided by a set of springs, and to lock
into place when taking measurements. This is necessary to allow for ease of operation, while ensuring repeatable
alignment with the transmission light.

Normally, a set of screws on either side of the hinge keep it generally stable, while groves near the middle provide
some extra tension for stability when closing the device. However, due to manufacturing tolerances or wear, it is
possible that this mechanism may need adjustment.

To adjust the hinge, use a 2mm sized hex driver. Both sides should be tightened as equally as possible, right up
until the point where the hinge ceases to open smoothly. Once getting to that point, carefully back out the screws
no more than a quarter turn at a time until the hinge moves smoothly again.

6.4. Troubleshooting 17
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Note

These screws are not designed for repeated adjustment after initial device assembly, as doing so could strip
or weaken the threads inside the device. As such, this process should be performed as sparingly as possible.

* The reflection lights don’t converge at the center of the measurement area

The adjustments mentioned above can also be used to shift the sensor head slightly to the left or right to fix this
issue.

* The device displays ‘“‘Sensor initialization failed”’ on startup

This means that the device’s processor was unable to communicate with the light sensor used for density mea-
surements. Please contact Dektronics about sending the device back for service or replacement.

¢ The device displays “Invalid calibration” when taking a measurement

It is possible that the device’s calibration data has become corrupted. To fix, it is recommended that you attempt
to perform the target Calibration process. If that still does not fix the issue, then use the desktop software to check
device calibration numbers and re-run gain or slope calibration if necessary before trying target calibration again.

Note

The Quick Start Guide included with the device should include a label on its last page with the factory
calibration numbers for your device. This can be used, in combination with the desktop software, to restore
the initial calibration of your device.

* The device displays “‘Sensor read error” when taking a measurement
— Message is shown after all measurements

It is possible that there is a problem with the sensor or device. Please use the desktop software to check
device light and gain calibration numbers if possible. If those appear normal, then please contact Dektronics
for advice.

— Message is shown only on some measurements

It is possible that there is either a problem with the device firmware, or with the light and gain calibration.
Please use the desktop software to check device light and gain calibration numbers if possible. If those
appear normal, then please contact Dektronics for advice. When contacting Dektronics, please provide as
much detail as possible about what material(s) cause this error during measurement.

— Message is shown only when taking a transmission measurement with no film under the sensor

The most likely cause of this error is incorrect light calibration, possibly caused by a hinge alignment
issue. If adjusting the hinge (see above) does not resolve it, then use the desktop software to run the gain
calibration process. This will automatically calibrate both the measurement light and the sensor gain, as
part of a combined sequence.

18 Chapter 6. Maintenance



CHAPTER /

Specifications

7.1 Device Specifications

¢ Features

Visual Reflection Density Measurement for B&W paper

Visual and Ultraviolet Transmission Density Measurement for B&W film
Measurement reach sufficient to cover most test strips and material sizes up to 5x7”
Includes calibration reference materials for both reflection and transmission

USB interface for power, measurement logging, and desktop control

Firmware is user upgradable

* Measurement Specifications

Response spectrum approximating ISO 5-3:2009 Visual Density'
Visual Reflection range: 0 - 2.5D

Visual Transmission range: 0 - 4.0D

Ultraviolet Transmission range: 0 - 4.0D

Ultraviolet measurement uses a light source with a peak wavelength of 385nm and a UV-A sensor response
spectrum

Measuring area: 3mm

Measurement accuracy: £0.02D”

» Operating Specifications

! This claim is based on a combination of response curve of the sensor and the emission spectrum of the light source. These are all off-the-shelf
components, and are thus unable to exactly match the response spectrum in the ISO specification. However, they are fairly close, should meet the
needs of most use cases involving B&W photographic materials.

2 The goal for measurement accuracy is +0.02D under most circumstances, and 4-0.01D under freshly calibrated lab conditions. However, it is
difficult to adequately test reflection density beyond 2.00D and transmission density beyond 4.00D due to availability of reference materials.

19
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Power source: SVDC @ 450mA

Can be powered via a standard USB power adapter, or via the USB port of a computer (device connector
is compatible with USB-C®?)

Temperature: 10°-40°C; 50°-104°F

Dimensions: 11lcm L x 4.5cm W x 3.5cm H

Weight: 162g

7.2 Regulatory Information

7.2.1 Federal Communications Commission Notice

C

Note: This equipment has been tested and found to comply with the limits for a Class B digital device, pursuant to
part 15 of the FCC Rules. These limits are designed to provide reasonable protection against harmful interference in
a residential installation. This equipment generates, uses and can radiate radio frequency energy and, if not installed
and used in accordance with the instructions, may cause harmful interference to radio communications. However,
there is no guarantee that interference will not occur in a particular installation. If this equipment does cause harmful
interference to radio or television reception, which can be determined by turning the equipment off and on, the user is
encouraged to try to correct the interference by one or more of the following measures:

* Reorient or relocate the receiving antenna.
¢ Increase the separation between the equipment and receiver.
» Connect the equipment into an outlet on a circuit different from that to which the receiver is connected.

* Consult the dealer or an experienced radio/TV technician for help.

7.2.2 Industry Canada Compliance Statement
CAN ICES-003(B) / NMB-003(B)

7.2.3 CE Declaration

C€

Hereby, Dektronics, Inc, declares that the Printalyzer UV/VIS Densitometer DPD-105 has been tested and is fully
compliant with the EU EMC Directive 2014/30/EU.

7.2.4 UKCA Declaration

UK
CA

Hereby, Dektronics, Inc, declares that the Printalyzer UV/VIS Densitometer DPD-105 has been tested and is fully
compliant with the UK EMC Regulations (2016).

3 USB-C® is a registered trademark of USB Implementers Forum.

20 Chapter 7. Specifications
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7.2.5 Equipment Information

Instructions for disposal: Please dispose of Waste Electrical and Electronic Equipment (WEEE) at designated collection
points for the recycling of such equipment.

7.2. Regulatory Information 21
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CHAPTER 8

Theory of Operation

Density measurements for photography and graphic technology is officially based upon the following standards docu-
ments':

* ISO 5-1:2009 - Geometry and functional notation
e ISO 5-2:2009 - Geometric conditions for transmittance density
e ISO 5-3:2009 - Spectral conditions

e ISO 5-4:2009 - Geometric conditions for reflection density

8.1 Basic Calculations

8.1.1 Reflection Density
Reflection density is typically defined by the following formula:
Dgr = —logioR

In this formula, “R” is defined as the reflectance factor. That means it is the ratio of light detected by the sensor as
reflecting off of the target material, to light that would be detected if the target was a perfectly reflecting and perfectly
diffusing material.

In practice, the reflection calculations are based on using two reference measurements to draw a line in logarithmic
space. The location of the target measurement along this line then determines its density.

The inputs to this calculation are:
* Viarget: Sensor measurement of the target material
¢ V};: Sensor measurement of the CAL-HI reference
* Dy;: Known density of the CAL-HI reference

¢ V},: Sensor measurement of the CAL-LO reference

! The ISO standards for density were preceded by the following ANSI standards: PH 2.16, PH 2.17, PH 2.18, and PH 2.19. Older product
specifications are likely to cite these instead.
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* D;,: Known density of the CAL-LO reference
First, all the input measurements are converted into logarithmic space:

Ltarget = 10910Vtarget
Lyp; = log1oVhi
L, = logi0Vie
Then the slope of the line connecting CAL-HI and CAL-LO is determined:
Dpi — Dy

"= Lpi — Lio

Finally, the measured density is calculated:

Dtarget - (m * (Ltarget - Llo)) + Dlo

Note

An alternative approach would be to use just the CAL-LO properties to determine what a perfect reflection reading
would be, then use that value in the original density formula. In theory, this would yield the same answer. In
practice however, due to limited density precision of the reference strips, the results would be slightly different. For
this reason, the single reference point approach is only viable when using laboratory grade reflectance standards.

8.1.2 Transmission Density
Transmission density is typically defined by the following formula:
DT = —lOg10T

In this formula, “T” is defined as the transmittance factor. That means it is the ratio of light detected by the sensor as
passing through the target material, to light that would be detected if the path from the light source to the sensor was
unobstructed.

In practice, the transmission calculations are based on using two reference measurements to compensate for any sensor
error. One is the measurement of an unobstructed light path, while the other is the measurement of a high density
reference material.

The inputs to this calculation are:
* Viarget: Sensor measurement of the target material
e Vhi: Sensor measurement of the CAL-HI reference
* Dp;: Known density of the CAL-HI reference
* V,ero: Sensor measurement of an unobstructed light path

First, calculate the measured target and CAL-HI densities relative to the unobstructed light reading:

V),i
My, = —logio < ! )

zZero

V(IT €
Mg = —logio (tgt)

V;ero
Then calculate the adjustment factor based on the known density of our CAL-HI reference:
Dy,
Fogi = —
Y My

Finally, put these together to calculate the transmission density:

Dtarget = Md * Fadj
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8.2 Preparing Readings

Before any of the above calculations can be performed, the raw sensor readings must first be converted into a normalized
and corrected form. This conversion takes into account a number of sensor properties to arrive at a floating point value
that is independent of the sensor’s measurement settings and is corrected for any deviations in the sensor’s response
curve.

This process consists of the following steps:
« Start with the raw sensor reading and parameters
 Convert to basic counts, which factor in gain and integration time
* Apply temperature correction, which is based on the ambient temperature inside the sensor head

As the input to each of these steps depends on the output of the previous steps, calibration is performed in the same
order that the corrections are applied. All the calibration measurements required for this process are performed as part
of device manufacturing, as they typically require conditions, instruments, or materials not provided with the device
itself.

8.2.1 Gain Calibration

Because of the wide range of light values that need to be measured, the gain setting of the sensor cannot be kept constant
across all measurements. Therefore, the current gain setting needs to be factored into any calculations that compare
sensor readings.

The datasheet for the sensor does not provide exact values for these gain settings, but rather a range that can be expected.

Table 8.1: Sensor Datasheet Gain Values

Setting Min Typical Max
0.5x 0.47 0.51 0.55

1x 0.96 1.03 1.11
2x 1.91 2.03 2.15
4x 3.83 4.04 4.24
8x 7.92 8.24 8.57
16x 15.42  16.06 16.71
32x 30.84  32.08 33.42
64x 61.24  63.68 66.32
128x - 128 -

256x 227.84 247.04 264.96

To determine the actual values for these gain settings, or as close to them as we can get, a calibration process is required.
This process is mostly automated, triggered by the desktop application. It works by leaving the device unattended with
the sensor head held closed by a weight or strap, while a series of independent raw measurements are performed. For
the sake of consistency, gain calibration is typically performed at an ambient temperature of approximarely 20°C.

For each adjacent pair of gain settings, the following process is performed:
* Determine the appropriate light brightness to get a good reading at the higher gain, without saturation
* Measure the light at the lower gain
* Meadure the light at the higher gain
* Calculate the ratio between these two gains
Between each step there is a cooldown cycle, to ensure consistent readings.

Once these readings are complete, we end up with a table such as this:
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Table 8.2: Example Gain Pair Ratios

Pair Ratio

g1/90 2.02896631
92/ g1 1.97246370
93/ g2 1.99469659
94/93 1.93522371
95/94 1.97304038
96/ 95 1.99064724
97/ 96 1.98492706
gs /g7 2.00797774
90/9s 1.90163819

‘We then take the highest gain we can measure at full brightness without sensor saturation, set that as the reference gain,
and calculate the actual gain table as follows:

Table 8.3: Example Measured Gain Table

Gain Setting Actual Value
Jo 0.5x 0.517843
g1 1x 1.050686
g2 2X 2.072440
gs 4x 4.133889
g4 8x 8.000000
gs 16x 15.784323
g6 32x 31.421019
g7 64x 62.368431
gs 128x 125.234421
go 256x 238.150558

8.2.2 Converting to Basic Counts

Raw sensor readings cannot be compared directly, because there are a number of variables that need to be taken into
consideration. The process of incorporating these into the result transforms that result from a raw reading into some-
thing referred to as “basic counts.”

The inputs to this conversion are as follows:
* Viqw: Raw 32-bit integer representing the output of the sensor’s analog-to-digital converter (ADC)
o Ayime: Sensor integration time, in milliseconds?
* Agqin: Sensor gain value, for the active gain setting, as determined above

The conversion itself is then as follows:

Vraw/16
‘/basic = 7/
AtinLe . Again

8.2.3 Temperature Calibration

The behavior of the sensor and the light source is sensitive to the ambient temperature. This effect is minimal in the
visual spectrum mode, though it is more pronounced in the UV spectrum mode as shown in Fig. 8.1. To ensure accuracy
of readings across the range of ambient temperatures, a calibration process has been implemented to measure and

2 To avoid the need to calibrate the integration time, all readings are taken with the same value for this variable.
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compensate for this effect. The calibration and compensation is performed in relation to readings from a temperature

sensor located inside the sensor head and adjacent to the light sensor.
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Fig. 8.1: Temperature sensitivity of density readings
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The first step of the calibration process is data collection. The device is placed in a thermal chamber, and is then
brought down to a stable starting temperature of approximately 10°C. From this point forward, measurements are
collected across a range of light brightness settings to simulate a range of target density measurements. The chamber
temperature is then increased and the process repeats.

Overall, it looks something like this:

* Wait for temperature to stabilize

Collect visible light measurements, in gain corrected basic counts, across a series of light brightness settings
Collect UV light measurements, in gain corrected basic counts, across a series of light brightness settings
Record the data

Increase chamber temperature by 5°C and repeat

Table 8.4: Example Thermal Chamber Measurements

Temperature 0.00D 0.30D 0.60D 0.90D 1.20D 1.50D

12.0 80.624400 40.527200 20.388300 10.229900 5.085100 2.561430
16.6 80.383200 40.376700 20.308300 10.185900 5.103220 2.550920
21.2 80.112600 40.276900 20.199500 10.147100 5.077500 2.538070
26.2 79.804600 40.188800 20.137800 10.105900 5.067340 2.532660
31.1 79.395500 39.878600 19.963600 10.002500 5.015060 2.524280
35.7 79.010600 39.749600 19.975100 10.021300 5.017890 2.499880
40.8 78.595700 39.542600 19.844400 9.960600  4.988500 2.493090

8.2. Preparing Readings
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8.2.4 Temperature Correction

Once the data is collected, the next step is to calculate a set of coefficients that can correct any reading to equivalent
values at a reference temperature. The reference temperature being used is whichever dataset is closest to 20°C.

The first step is to iterate over each temperature, and calculate the correction multiplier necessary to make each reading
match that of the reference temperature.

Table 8.5: Temperature Corrections for Each Reading

Temperature 0.00D 0.30D 0.60D 0.90D 1.20D 1.50D

12.0 0.002766  0.002691  0.004040  0.003529  0.000650  0.003979
16.6 0.001464  0.001075  0.002333  0.001657  0.002194  0.002193
21.2 0.0 0.0 0.0 0.0 0.0 0.0

26.2 -0.001673  -0.000951 -0.001329 -0.001767 -0.000870 -0.000927
31.1 -0.003905 -0.004316 -0.005102 -0.006233 -0.005374 -0.002366
35.7 -0.006015 -0.005723 -0.004852 -0.005418 -0.005129 -0.006584
40.8 -0.008302 -0.007991 -0.007703 -0.008056 -0.007680 -0.007766

These results are then averaged, to give a good common correction value for each temperature.

Table 8.6: Average Correction for Each Temperature

Temperature Average Correction

12.0 0.002942
16.6 0.001820
21.2 0.0

26.2 -0.001253
31.1 -0.004549
35.7 -0.005620
40.8 -0.007916

Finally, a second-order polynomial regression is performed to establish a set of coefficients for the relationship between
temperature and an appropriate correction value.

Table 8.7: Temperature Correction Coefficients

Coefficient Value

By -0.548861
By 0.070635
By -0.001488

These correction coefficients can then be used to calculate the correction for any temperature reading, which is then
applied to the sensor result prior to performing density calculation.

To demonstrate the effect of these corrections, a 5-patch step wedge was measured on a calibrated device at room
temperature. The device was then placed in a hot room where this measurement was repeated at regular intervals as
the device temperature rose. The change in readings was then graphed, both with and without temperature corrections
applied.
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Fig. 8.2: Temperature correction experiment

The results are shown in Fig. 8.2. There is a relatively modest improvement in the visual spectrum readings, and a
dramatic improvement in the UV spectrum readings.

8.3 Sensor Head Design

The sensor head is designed to support both reflection and transmission measurements from a single integrated light
sensor, using multiple light sources. It is articulated using a hinge mechanism that brings the two halves of the unit
to a repeatable alignment and parallel position, when an object no thicker than a normal piece of photographic film or
paper is placed in-between.

For reflection measurements, the light source consists of four 3000K white light emitting diodes (LEDs) arranged and
directed so that they shine at a 45° angle to the target. This arrangement was chosen to ensure even illumination regard-
less of surface or alignment imperfections, and because it provides a converging cross-hair effect when positioning a
target to be measured. The LEDs are driven with a constant current that is matched between all four of them to ensure
even illumination.

For transmission measurements, the light source consists of four 3000K white LEDs and a single 385nm UV LED
positioned below a flashed opal diffuser in the base of the unit. This arrangement provides the same illumination effect
as if both a white and a UV LED were occupying the same spot. The white LEDs are driven by a constant current driver
that is matched between all for of them to ensure even illumination, while the UV LED has its own separate constant
current driver.

The light path towards the sensor itself, within the sensor head, consists of a focusing lens followed by a fixed aperture
and a UVFS diffuser. These help tighten the measurement spot, increase the amount of light that reaches the sensor,
and even out the light hitting the surface of the sensor itself.
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Fig. 8.3: Cross-section (side view)

L—lﬁl—)

Fig. 8.4: Cross-section (sensor head)

Fig. 8.5: Cross-section (sensor head, 45° angle)
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8.4 Response Spectrum

The response spectrum for visual density mode is based on “ISO 5 standard visual density” as described in ISO 5-
3:2009. The spectral products for this density mode are officially based on a CIE standard illuminant A light source,
and a sensor whose response spectrum matches the spectral luminous efficiency function for photopic vision (V).

It is not practical to use a true CIE A light source in a compact modern device, as it is typically a tungsten-filament
lamp with a color temperature of approximately 2856K. Instead, a LED-based source with a color temperature of
approximately 3000K is used. This is not an exact match for the ISO 5 visual spectrum, but it does come quite close
as can be seen in Fig. 8.6.

Comparison to I1SO 5-3:2009 Visual Spectrum
1.0

0.9
0.8
0.7

0.6

0.5 = SO 5 Visual
= | ED + Sensor
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Spectral Product
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Fig. 8.6: Spectral response of the visual light source and sensor

The response spectrum for ultraviolet (UV) density is determined a bit differently. As there does not appear to be any
standard for UV density, it is up to the manufacturer of each device to determine what works best for them. For this
reason, comparing readings between different instruments may be difficult.

The Printalyzer UV/VIS Densitometer uses a sensor with a relatively flat response spectrum across the UV-A range,
combined with a narrow 385nm (10nm half width) UV LED light source.
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