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Figure 1

(57) Abstract: 1. A digital ruler with a variable display comprising: (i) a display component able to display alphanumeric characters
and/or graticules digitally coupled to display drivers adapted to drive said display component, (ii) a micro controller constructed and
programmable to drive the display component (i) through said drivers, to run software, to receive user input, to communicate with
the user and/or externally, such as via the internet, to receive sottware changes, scales and graticules beyond any pre-programmes
into said microcontroller (iii) a battery adapted to supply local power to the apparatus, (iv) an external power input adapted to re-
charge the battery and/or provide an alternative power source to the apparatus, (v) at least one user interface coupled to the micro
controller (ii), and (vi) coded software adapted to control said display driver(s), user interfaces and power management.
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DESCRIPTION
VARIABLE SCALE RULER

This invention is concerned with digital rulers. More specifically it is concerned with rulers
incorporating variable digital displays such as multiple different digital scales and their
corresponding graticules. In such rulers the display is adapted to show alphanumeric

characters and/or scales which can be varied as required by a user.

There are many drawbacks in conventional rulers, not least their fixed scale and graticule and
the consequent need for different rulers for different scales, graticules and/or countries and/or
professions. So a user of rulers frequently has a need for and has to purchase, carry and
switch use of multiple different scale rulers. The problem is exacerbated if working overseas
or from country to country. To address this problem the inventor has devised a multiple
variable scale digital ruler, which can access multiple different scales and their associated
graticules and display them either from in-built software or where not stored in on-board
memory by communicating over the internet wirelessly to access remotely accessible scales
and corresponding graticules, which can be downloaded to the ruler, displayed and used for

measurements.

It is desirable to achieve this with minimal power usage. It is also desirable to be able to
achieve this within a single, self-contained and therefore unitary or integrated ruler in which
external wires and other external components are absent except when there is a need to

comment and communicate with an external source of scales and corresponding graicules.

According to this invention there is provided:-
A digital ruler with a variable display:

() a display component able to display alphanumeric characters and/or graticules
digitally, coupled to display drivers adapted to drive said display component,

(i)  a micro controller constructed and programmable to drive the display component
(i) through said drivers, to run software, to receive user input, to communicate with
the user and/or externally, such as via the internet to receive software changes,
scales and graticules beyond any pre-programmes into said microcontroller

(i) a battery adapted to supply local power to the apparatus,

(iv) an external power input adapted to re-charge the battery and/or provide an
alternative power source to the apparatus,

(v) atleastone user interface coupled to the micro controller (i), and
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(vi) coded software adapted to control said display driver(s), user interface and power
management.

The digital display component of the ruler can be practically any digital graphic display that is

capable of displaying multiple different alphanumeric characters and graticules associated

with scales of a ruler, or a segmented display such characters without a graticule. For example

the graphic digital display component can be an LCD matrix screen or an e-ink paper type

such screen. It is preferred to adopt e-ink paper type screens, as graphic screen or multiple

such miniature screens in a segmented display.

Other preferred and optional features are to be found amongst the sub claims.

In order that the invention may be illustrated, more easily appreciated and readily carried into
effect by those skilled in the art, embodiments of it will now be described purely by way of non-

limiting example with reference to the accompanying drawings, wherein:

Figure 1 is a “top-down” plan view of a variable display digital ruler incorporating a

variable digital scale,

Figure 2 is a cross sectional view through the mid part of the ruler display shown in

Figure 1,

Figure 3 is a block diagram of the minimum electronic components required to

construct a ruler depicted in figures 1 and 2,

Figure 4 is a more detailed view of essential and preferred electronic components

for a digital ruler,

Figure 5 is a view of a 4 numbered digital display suitable for use as the variable scale

digits associated with a pre-printed fixed graticule,

Figure 6 is a view of the ruler display in use with 3 blocks of the 4 numbered digital

display,
Figure 7 is a suggested format for the displayed ruler scale,

Figure 8 is a plan view of a digital ruler embodiment incorporating a central display

between the edges including graticules,

Figure 9 is a view of alternative geometric apparatus that can include the digital ruler

components,

Figures 10 is a view of a T-square that can also include the digital ruler components,
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Figure 11 is a plan view of a ruler with multiple transparent layers, each having an

extension for LED illumination,
Figure 12 is a side elevation of the Figure 11 arrangement,

Figure 13 is an expanded sectional view of pat of the Figure 12 view, showing

illumination of one of transparent layers, and

Figure 14 is an isometric view of an alternative unitary construction of digital ruler

including the PCB and two user interface buttons

Referring to the drawings and initially to the variable scale ruler embodiments of Figures 1 to
7, the variable scale measurement ruler preferably includes the following features in its overall

mechanical construction:-
€)) A printed millimetre graticule

(b) An electronic display of 4 digit figures providing the variable scale and integrated with

the graticule
(©) Several user interface buttons to control the Ruler functions

(d) Electronics to drive the display, run the user interface, and communicate with a host
PC

(e) Compartment to carry a suitable 1.5v battery to power the electronics
) USB client input to link to a PC and recharge battery.

The digital ruler can be manufactured by moulding the various components together into
unitary construction and so robust for heavy and repeated manual use. The digital ruler can
be moulded to become transparent in effect to the user where possible, to give an appearance

and impression similarity to a clear plastic non-digital ruler.

As shown in the top down vertical view of Figure 1 this digital unitary construction ruler 1
comprises a moulded plastics body with variable scale digits 2, a pre-printed graticule 3,
horizontal USB input 4, user interface buttons 5 and battery compartment 6.A cross sectional
view through the middle of the product is similar to the illustration of Figure 2. The substrate
of the illustrated ruler has an e-ink paper display 6 visible through a clear acetate plastics
overmould 12, whilst the display drivers 8 are substrate — mounted and connected via a flat
flexi cable 9 to a main electronics circuit board (PCB) 10. A micro controller 10a is affixed to
the main board, but here covered by an opaque plastics material by way of an opaque acetate
over mould 11. Embedded within an upper surface part of that opague overmould 11 are the

user input buttons 5 of the user interface, to change scale by recalling from built-in memory

3
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and/or to access non built-in scales from an external source which can be downloaded for

example from the internet.

In order to construct such a Variable Scale Electronic Ruler as has been illustrated and so far

described, a set of electronic components are required. These are preferably:-
0] An ePaper display that is either segmented or larger screen type

(i) A microcontroller to drive the display, run the software, receive user input,
communicate with the user and external devices, receive software changes and other

ruler scales that are not built-in and retrievable from memory
(i) A battery to supply local power

(iv) An external power input to re-charge the battery and/or provide an alternative power

source

An example of a corresponding functional block diagram is depicted in Figure 3, where the
display 6 is associated with micro controller 10a having user interface 5, power input 13,

battery 14 and external interface 15.

One suitable and preferred enabling technology for the digital display of this embodiments is
the ePaper (e-ink Paper) technology. This has major advantages since it only requires minimal
power during the brief period that the digital display is changed. At all other times, power may
be removed from the electronics, thus providing independent operation for many years. The
monochrome nature of the display in such e-ink display digital ruler embodiments also
provides a very high contrast ratio making the display viewable even in very dim light and in
direct sunlight. The ePaper technology also provides the fine resolution needed to create a

digitally created and displayed graticule supporting millimetre measurements.

An example of the required electronics in a little more detail are depicted in the generally self-

explanatory block diagram of Figure 4.

The manufacturer (Digi-Key Corporation) of the ePaper display supplies standard and custom-
built displays, as well as display drivers, as the technology involves creating a very high
number of connections between the segments of the Scale Digits (680 lines) and the display
drivers (around 300 lines per chip). It is important to note that selection of the specific micro
controller to use will depend on the design of the display drivers provided with the ePaper
display, the amount of volatile and flash memory the software requires and the power
consumption during operation. However persons skilled in the art will be able to make a
suitable selection to create a fully functioning digital ruler of the construction that has so far

been illustrated and described.
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Software Requirements

The coded software required can be readily customised precisely for the embodiments so far

illustrated and described. For instance several functional blocks can be utilised, namely for:
1. Display Driver

2. User Interface

3. USB Client

4. Power Management

Each of these blocks is relatively simple to construct not requiring specialist knowledge beyond
standard embedded processor routines, except the USB Client Software which is conveniently

adapted from an off-the-shelf package to suit the selected microprocessor.
Achieving display of Variable Graduated Scales

This section of the specification describes the requirements for a preferred graphic display
which displays both the required graticule and one or more numerical scales and has the
ability to change the numbers and/or graticules to assist in the interpretation of drawings which

have differing scales.

The specific display in this embodiment of digital ruler consists of a combination of graticule
marks and numerical digits and/or graticules arranged to provide the user with a mechanism
for physical distance measurement say of up to 300mm. In order to provide the user with the
ability to view a variety of illustrations of different scales, the numbers are variable to suit the
scale of the objects being measured. The electronic system adopted includes an electronic
display, a microprocessor based controller, a power supply and wireless interface to allow

remote control, software updates and re-configuration to occur.

The display itself consists of an array of 30 numbers arranged in a straight line 31cm long.
Each number consists of a set of 4 digits, and each set may be placed 10mm apart along the

30cm length of the display. Each set of 4 digits can take the form shown in Figure 5.

In other words, each set contains three number characters and one which is always zero. It
is preferable that the length of this set of 4 characters is no more than 6mm wide. The height
of each character is dependent on the font chosen as shown in figure 6. Here, the top edge
of the display is referenced 16, the bottom edge of the display is 17. There is an approximate
width 18 of the character set that is about 6mm, whilst the approximate spacing 19 between

character sets is about 10mm.
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The height 20 of the display will be determined by the requirements of the size of the digits
and character routing, but is not expected as shown in Figure 7 to be greater than about
10mm. There is an additional requirement for a scale designator (now shown) at both ends
of the display which will show 2 alphanumeric characters. The overall format of such a
preferred display is shown in Figure 7, with a length 21 of about 310mm, the top and sides of
the display edges should be as narrow as possible, whilst the drivers should be placed along

the bottom edge 22, providing access for the electronics along that edge.

Figure 8 shows an arrangement of ruler with digitally variable graticule 27 wherein the central

panel 23 is itself in the form of a variable display.

The design of the display will be facilitated by the driver chips required for the number of
characters supported. The resolution of the display technology is preferably about 0.1mm with
information 24 such as scale 1:50 selected amongst possible scales, with a user interface
button 25 protruding through that central display for a user to press select the scale or to select
a different scale, and mode of operation displayed in a section 26 of the central display panel
23.

The overall length, width and thickness of the display will however be driven more by the

display technology used.

Each number digit is 6mm in width and designed based on the resolution available from the

technology and on the font required for best readability.

The alphanumeric characters are around 2mm in height, also dependent on the resolution

available and the most suitable font for the display.

The electronics to drive the display includes a microprocessor based controller with software
programming and user interface buttons for changing the graticule scale in use, and provides
several external interfaces such as USB, Wi-Fi and Bluetooth for remote updates, additional

scale downloads and other user control. Power will be provided by rechargeable battery.

The digital graphic screen ruler thereby allows users to adjust to a different scale and/or
graticule as and when they require. Several scales are known which adopt the same graticule

so it is possible to download other scales sharing the same graticule.

The ruler can be programmed to or otherwise be capable of downloading all different ruler
scales and corresponding gratiucles. For example if a planner needed to use scale 1:50 in his
or her plan they just need to adjust and select the scale graticule and units needed on the
(shift) keyboard and it will appear on the digital graphic display, whilst retaining the ability to

change to any other scales needed without the need to upon or use other fixed scaled manual
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rulers. With simple touch operation, digital rulers according to the invention can be

programmed to all known and used scales and graticules in modern life.

These digital ruler embodiments can therefore work in two different modes. There is a manual
select mode, by simple push button selection of a scale/graticule already pre-set within the
ruler’s inbuilt software. In a secondary usage manner, which is fully digital, the user can again
by simple push button download different scales/graticules that are not embedded or pre-set
within the ruler memory. This facility enables users to download to the ruler via the internet
any required different scale and/or graphic that is not embedded or pre-set into the ruler's

memory.

The present ruler embodiments may or may not include a high definition digital touch or
graphic screen. They can be made in different shapes and sizes as depicted in Figures 9 and
10, and all versions can operate in at least two different modes. Some embodiments of the
present ruler incorporate a larger scanner (now shown). Other embodiments may incorporate
an elastic strap at either or both ends, to which a writing implement may be releasably

attached.

In one mode, the digital ruler can work by itself to display the selected scale and graticle
without using the battery, but in another mode it can work by connecting wirelessly to the
internet, or to any other suitable digital device such as a PC, smartphone, laptop and the like
using any of the internet Wi-Fi communication protocols such as Bluetooth, Hotspot, Cloud.
Once so connected with an external digital device, the user is able to download, save, select,
change, edit, send, receive, scan, create any scale, graticule and data, images and the like

without the need to change over to a manual ruler having a different fixed scale.

Any user of the digital ruler embodiments is able to download any required scale and/or
graticule they may need from around the world. So a user such as a planner or architect or
other technician could whilst working in USA say, download (to the one digital ruler) an
American scale and use that in his work, whilst if in UK with the same one digital ruler he could
download any required UK scale and/or graticule and use that, whilst if in Japan he could
download to the one and same ruler device a Japanese scale and/or graticule. To this extent
the present digital ruler can be regarded as a “universal” ruler that can dispense with the need
for multiple different rulers each having their fixed scale or scales, since it can store or

download any known scale in any language.

A basic and therefore more economic digital ruler can be constructed with a fixed millimetre
gratricule and a segmented e-ink display that allows the numerical scale to be varied. This
provides for up to 6 scales to be displayed which match with the millimetre graticule simply

enumerated by the display. In other segmented display (as distinct from graphic display)

7
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embodiments, to increase the number of scales, layers of transparent acrylic are added that
are inscribed with additional graticules cut into the acrylic. These graticules are embedded
into the digital ruler in a “latent” manner in that they remain unseen until illuminated on the
edge of the layer by an LED light. This LED, once lit, will shine through the layer of acrylic
and catch the graticule cut into that particular layer and reflect the LED light up to the user.
By using different colours of LEDs for different layers of acrylic, the number of additional layers
and therefore graticules available within segmented display versions would only be limited by
the transparency of the acrylic layers. In one practical embodiment of such a modest
economic segmented e-ink display digital ruler, three such different graticules are embedded
by cutting into respective layers of acrylic and 3 LED lights of different colour are provided to

illuminate them.

Embodiments are contemplated that provided a manual or fixed graticule and scale in addition
to the variable digital display, for use in the event of failure of the digital such scale. For

example three additional such scales may be provided and the ruler rotated to use them.

The illuminated graticules can be incorporated within the digital ruler embodiment by adjusting
transparent layers above the display to include graticules which are lit on the edge of LED
lights. A general overview of such an arrangement is shown in Figure 11. In that drawing, the
transparent layer 28 is external at each end 29 to reach an LED placed on the PCB. Each
graticule 30 is made by cutting into the under surface of the transparent layer, so the graticule

is present but remains transparent.

In cross section, shown in Figure 12 several transparent layers can be stacked on top of each
other so that a number of scales/graticules can be illuminated and so become visible to a user
at different times. Reference 31 shows three different transparent layers in stacked array,
reference 32 shows the scale display, references 33, 34 and show 3 separately illuminated
LED lamps, each of a different colour, mounted on the PCB 36 the effect being illumination of

the respective graticule/scale in use at any given time in a different colour.

As shown in Figure 13 by shaping the layer so that a roughly 45° angle is maintained above
each LED lamp, so the light from the LED is reflected into each layer. This light is not however
visible to the user of the digital ruler until the light encounters an obstruction in the layer, which
in this case is the graticule that has been embedded into the layer by cutting or etching.
Reference 32 is the digital display, reference 37 is a graticule cut or etched into a transparent
layer, reference 35 is one of the LED lamps shining vertically, and reference 38 shows that
light reflecting internally within the respective layer so as to illuminate its corresponding

graticule.
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Figure 14 shows an enlarged isometric view of a digital ruler in unitary construction of which
the main body 39 is provided with an embedded, recessed PCB 36, drivers 40 for the display
32, communicating with PCB, microprocessor 41 and user interface buttons 5 and 5a for
varying the scale 42 selected and displayed on the digitally variable screen adapted to display
alphanumeric characters 43 and if a non-segmented graphic screen is used, the selected

graticule (not shown).

Communication between the digital ruler device with any other digital device, for the purpose
of e.g., downloading different scales or for obtaining any other scale that is not pre-
programmed into the memory of the device can be effected wirelessly via any suitable network
communication protocol. In downloading any scale for internal memory of the ruler, such

scale(s) can be saved and recalled for display as required by the user.

In yet further embodiments of the ruler which are not illustrated, the ruler can be modified so
as also to include the functionality of a smart phone or tablet computer. For instance in the
Figure 14 embodiment, the PCB and electronic components can be covered by a separate
display screen, which has the conventional functionality of known smart phones and/or tablet

computers.
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A digital ruler with a variable display comprising:

(i

(ii)

(iii)
(iv)

v)

(vi)

a display component able to display alphanumeric characters and/or graticules
digitally coupled to display drivers adapted to drive said display component,

a micro controller constructed and programmable to drive the display component
(i) through said drivers, to run software, to receive user input, to communicate with
the user and/or externally, such as via the internet, to receive software changes,
scales and graticules beyond any pre-programmes into said microcontroller

a battery adapted to supply local power to the apparatus,

an external power input adapted to re-charge the battery and/or provide an
alternative power source to the apparatus,

at least one user interface coupled to the micro controller (ii), and

coded software adapted to control said display driver(s), user interfaces and power

management.

A digital ruler as claimed in Claim 1 wherein the micro controller (ii) is also coupled to:

(vii)

(vii)
(ix)
)
(xi)

power management means which in turn is coupled to the battery (iii) and the
external power input (iv),

a user interface which comprises user control buttons,

random access memory,

flash memory, and

a low power oscillator.

A digital ruler as claimed in either preceding claim, wherein the coded software for

controlling the display drivers, user interface and power management operates on a

conventional embedded process or routine.

A digital ruler as claimed in any preceding claim in which a physical client port is present

as a user interface, coupled to the microcontroller, together with client port software

adapted to suit the selected microprocessor.

A digital ruler as claimed in any preceding claim wherein the display component is capable

of displaying a selection of multiple variable scales and/or graticules accessible from

software that is a component part of the ruler or accessible externally from, for example,

the internet, and preferably wirelessly via any suitable network communication protocol.
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11.

12.

13.
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A digital ruler as claimed in Claim 5, which includes one or more of the following:

(a) a printed graticule scale,

(b) an electronic display of four figures providing for the variable scale and integrated with
said graticule,

(c) multiple user interface buttons adapted and programmed to control the functions of the
ruler,

(d) electronics adapted to drive the display, run the user interface and communicate
externally with a host computer such as a PC,

(e) a compartment able to house a suitable battery to power the electronics, a client input
interface such as a USB client input port to link the ruler to such a host computer and

re-charge the battery.

A digital ruler as claimed in Claim 5 or Claim 6, wherein the physical construction is of
unitary apparatus wherein the components thereof are moulded together of such materials

and in such manner as to present at least one transparent scale to a user.

A digital ruler as claimed in Claim 7, of which at least part is constructed in transparent

plastics overmould, and at least part in opaque plastics overmould.

A digital ruler as claimed in any preceding claim wherein the display component (i) is one

or more graphic or segmented LCD or e-ink paper screens.

A digital ruler as claimed in claim 9, in which the screen (i) is graphic with the capacity to

display and vary both alphanumeric characters and graticule displayed.

A digital ruler as claimed in claim 9, in which the screen (i) is segmented in that it comprises
a sequential array of individual screens making up the overall screen, and the ruler further
comprises at least one fixed graticule that is pre-printed, pre-cut, pre-embedded or

inscribed into a layer of the ruler.

A ruler as claimed in claim 11, wherein the said graticule is transparent and not visible to

a user unless illuminated.

A ruler as claimed in claim 12 which is provided with one or more illuminating devices,
such as lamps, for example LED lamps arranged to illuminate the graticule selected for

the scale required by a user.
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14. A ruler as claimed in any one of claims 11 to 13 comprising a stacked array of multiple

transparent layers, in which each layer is provided with such a graticule.

15. A ruler as claimed in claim 14, provided with multiple illuminating devices corresponding
to the number of transparent layers with graticules, and arranged to illuminate only the

required graticule for the scale selected by a user.

16. A digital ruler as claimed in any preceding claim which further incorporates a generally
centrally located additional screen for displaying information such as scale selected and/or

scales available.

17. A digital ruler as claimed in any preceding claim in the shape of a geometric aid such as a

protractor, T-bar, triangular drawing aid or set-square.

18. A digital ruler as claimed in any preceding claim, that further incorporates the functionality

of a smart phone or tablet computer.
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