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The interoffice memos serve as communiques within the 
company. The standardised format allows for easy and 
convenient sharing and storing. One can share minutes of 
meetings, but also outcomes of research. The author and 
the recipients are listed at the top of the document.

The interoffice memos here in the appendix offer insight 
into the process behind conducted research, decisions and 
goals. The memos are arranged by date and act as a log-
book, from original idea to final presentation.

Interoffice memos
A brief introduction to the purpose of the interoffice memos
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The following information is taken from a recent investor and analyst meeting by Danaher, regarding their test and measurement equip-
ment section. The most relevant images have been selected and taken into account during the project.

Source: McGrew, M., Comas, D., Lico, J., Aghdaei, A., McBee, R., Tektronix & Danaher - Investor & Analyst Meeting, 08 September 2010

Danaher
Information regarding test and measurement equipment
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Top left:
An overview of Danaher’s assets in comparison to the 

market as a whole, touching on the different market seg-

ments.

Bottom left:
An illustration of the opportunities regarding roaming 

and wireless technologies.

Top right:
A short term extrapolation of development of the oscillo-

scope market by bandwidth. The lower bandwidth seg-

ments will remain the largest by far.

Bottom right:
An overview of the portfolio of Danaher: service is by 

far the largest segment for revenue. Emerging markets 

however show much promise.
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An insight into the brand Tektronix
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Fluke ScopeMeters
Designs throughout the years
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Optimisation phase

Period: 1930 - 1982

In this phase product development is aimed at improving 
performance, better reliability, improvement of ergonom-
ics and safety. Form giving is not really important.

The second world war gave a massive impulse to the oscil-
loscope’s development; the oscilloscope was at the basis 
of any effective RADAR system. 

Tektronix, founded in 1947, set a new standard with its 
model 511, both in design and functionality with its 10 
mc/s, at a price of $795.-. It became an archetype for all 
models to follow.

By comparison, the HP 130A introduced in 1956 cost 
$450.- and featured a bandwidth of 300 kc/s. 

Itemisation phase

Period: 1946 - current

In the itemisation phase product development is mainly 
aimed at improving performance, reliability, ergonomics, 
human interfaces and safety. There is a tendency to de-
velop extra features and accessories, as well as special 
editions catered to specific target groups and/or niches.
 
The phase is characterised by the recognisable form factor 
of the oscilloscope, which is used from this point onwards. 

Functionality however is still relatively poor and the prod-
uct’s form factor is large and heavy. One can see a devel-
opment to try and create portable oscilloscopes, but the 
efforts are limited by the CRT’s large size. It is not until 
the introduction of the first DSO in 1985, with a transition 
from analogue to digital, that the form factors are free to 
change.

With the introduction of the digital oscilloscopes, you see 
renewed effort in trying to exploit the new technology to its 
fullest. Different form factors appear, new target groups 

Product phases

To acquire a better understanding of the oscilloscope and 
its development, the oscilloscope’s product phases will be 
analysed based on the research done and using the ten 
characteristics as described in the product phase theory 
provided by prof. dr. eng’r. A.O. Eger.

The ten product characteristics are:
01. Newness
02. Functionality
03. Product development
04. Styling
05. Number of competitors
06. Pricing
07. Production
08. Promotion
09. Service
10. Ethics

Before we start of: in the begin stages of the oscilloscope, 
bandwidth of the oscilloscope was expressed in cycles per 
second, this was substituted in 1960 with the unit hertz 
(Hz).

Performance phase

Period: 1897 - 1938

The product is brand new in this phase and results from a 
technology push; in case of the oscilloscope the product 
was made possible due to the development of the CRT by 
Karl Ferdinand Braun (1897). Prior to this development, 
oscillograms were hand drawn or (stroboscopically) pho-
tographed. 

Form giving is not important at all in this stage; the CRTs 
are quite large as it is. Performance is still poor and prices 
for the oscilloscopes are quite high. Increasing perform-
ance of the oscilloscope is the main goal in this phase.

This phase shows up quite clearly on the timeline in the 
form of a wide variety of shapes and techniques employed 
by the different brands to create the oscilloscope models.
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aimed at, and new submarkets emerge.

Segmentation phase

Period: 1991 - current

The segmentation phase calls in a new era: the addition 
of extra features and accessories has reached the end of 
its development. The performance offered becomes more 
than the performance that is required.

In fact, unnecessary functions are added to the product, 
as an attempt of the producer to create a unique product 
and tempt the user to select their product above that of the 
competition. Sometimes the offered functions are actually 
detrimental to the functionality of the product.

The HP 1700M from 1972 is a good example hereof: 
aimed at military purposes, it can be completely sub-
merged, a feature that the average user does not need or 
appreciate.

Digital oscilloscopes were gradually introduced around 
1980. As a result of the digital oscilloscope´s market 
dominance, since 2005 barely any new analogue oscillo-
scopes hit the market. The digitalisation opened up a lot of 
new opportunities, as can be witnessed on the timeline as 
well: a lot of derivative directions emerge, such as hand-
held, pocket and USB oscilloscopes.

The introduction of the Fluke ScopeMeter in 1991 is an 
excellent example of the segmentation phase: Fluke has 
managed to cater to a specific target group. This change 
is not just an exterior one, it also applies to the manner 
data is processed and presented to the user.

Another interesting development in this era is the creating 
of the digital phosphor oscilloscope, effectively emulating 
the analogue’s oscilloscope’s intensity grading effect.

At the moment, there are a fair amount of oscilloscope 
brands out there, with performance ranging from 1 MHz to 
80 GHz, and prices ranging between a few tens of euros 
to several tens of thousands of euros.

Individualisation phase

In the individualisation phase product development is 
aimed at mass customisation or co-creation, allowing the 
customer to influence the final result. The oscilloscope 
market does not exactly allow for such an extreme de-
velopment, especially considering the relatively low sales 
figures. The individualisation phase however has not yet 
been reached.

This phase is an extrapolation of the segmentation phase, 
where continuous fine tuning of products on smaller target 
groups ultimately leads to an individualised product.

With the development of a waveform device in combina-
tion with an iPad-ish dedicated base station (iFluke), the 
functionality of the waveform devices can be catered to the 
needs of each individual, thus ushering in a new phase.

Also, the base station could act as a universal work station 
capable of interacting with a plurality of Fluke products.

Awareness phase

The awareness phase is not yet reached with the oscillo-
scope. However, as Fluke demonstrates, the image of the 
brand does make a big difference.

Conclusions

Overall, one can spot a few trends on the oscilloscope 
market: 
•  The bandwidth steadily increases;
•  The number of channels increases;
• Less bench models, more portable models;
• Smaller models;
• Lower prices.

Source: Eger, A.O., Evolutionaire Product Ontwikkeling (Evolu-
tionary Product Development), publisher Lemma BV, The Hague, 
ISBN 978-90-5931-054-4, 2007
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al. This data will then act as material for comparison for 
later measurements and will facilitate troubleshooting the 
equipment and systems. Manuals supplied by Fluke often 
already contain examples of waveforms and include their 
(possible) meaning. 

Signal interpretation is something that requires training, it 
requires knowledge and expertise - it is not as accessible 
as understanding parametric data. To illustrate: a very ex-
perienced oscilloscope user will not just be able to locate 
the area of the problem by looking at the signal data, they 
most likely will also be able to tell you the nature of the 
problem. 

Herein lies an opportunity for Fluke; by reducing the 
threshold required to interpret the data the product be-
comes more accessible to the average blue collar worker.

Sources:
01. Primer - XYZs of Oscilloscopes, Tektronix, December 2009

02. Fluke - User Interaction Design Guidelines, version 1.2, 03 Octo-

ber, 1997

Basic functionality

The oscilloscope is basically a device that is capable of 
displaying a graph of an electrical signal. In most appli-
cations, the graph shows how signals change over time, 
where the vertical axis (or Y axis) represents voltage and 
the horizontal axis (or X axis) represents time. The intensity 
or brightness of the display is sometimes referred to as the 
Z axis, as is relevant for (digital) phosphor displays.

Controls 

The basic oscilloscope consists of multiple systems: the ver-
tical system; the horizontal system; trigger system; display 
system; and the probes. The vertical and horizontal systems 
are vital for displaying the data in a convenient manner 
and allow the user to control the position and volts/div or 
sec/div respectively. The trigger system stabilises the signal 
by adapting the horizontal time interval to ensure that the 
sweep begins at the same point of a repeating signal, re-
sulting in a clear picture.

Next to the vital controls there are also user setting related 
controls, such as brightness and contrast of screen, help, 
product information, etc.

Fluke divides the functional controls into three categories: 
• Primary controls; basic frequently used functions,  
 as well as main menu and navigation controls.
• Secondary controls; controls that modify basic  
 functions, change the state of an instrument,  
 modify the display or provide extra information/ 
 functionality.
• Tertiary controls; backlight, save & print, and 
 information/assist belong to this category.

Waveforms

The waveforms are key to understanding the measured 
data. The shape of the waveform reveals a lot about the 
measured signal. 

For the user it is important to measure and catalogue sig-
nals when their equipment and systems are fully function-
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Different types of oscilloscopes

An overview of the different types of oscilloscopes and de-
scription thereof can be seen below.

Analogue oscilloscopes

Analogue oscilloscopes were the first commercially viable 
oscilloscopes. Analogue oscilloscopes trace signals, while 
digital oscilloscopes sample signals and construct displays. 
The characteristics of the phosphorous display of analogue 
oscilloscopes allow for different applications; e.g. a long 
persistence phosphor is ideal for detecting transients. How-
ever, such oscilloscopes cannot switch modes and the CRT 
made up the bulk of the product which limited downsiz-
ing the product further. Digital oscilloscopes made further 
downsizing of the product possible.

Digital oscilloscopes

A digital oscilloscope uses an analogue-to-digital con-
verter to convert the measured voltage into digital data, 
as opposed to an analogue oscilloscope. The waveform 
is acquired as a series of samples; the digital oscilloscope 
stores these samples until it accumulates enough samples 
to describe a waveform and can re-assemble the waveform 
for display on the screen. There are three distinct types 
of digital oscilloscopes on the market, namely the digital 
storage oscilloscope or DSO; the digital phosphor oscil-
loscope or DPO; and the digital sampling oscilloscope.

Digital Storage Oscilloscope (DSO)

A conventional digital oscilloscope is commonly known 
as a digital storage oscilloscope, from this point onward 
referred to as a DSO. Instead of relying on luminous phos-
phor it uses a raster-type screen. Due to the digital nature 
of the waveform information the information can be stored 
and analysed when desired by the user. As added benefit 
hereof, transient events are more likely to be captured. The 
information can also be easily transferred to a second-
ary medium such as a laptop. The waveform also need 
not be continuous; it can still be displayed even when the 
signal disappears. DSOs offer a permanent signal storage 

and extensive waveform processing over their analogue 
counterpart; however, DSOs typically have no real-time in-
tensity grading and are therefore incapable of expressing 
varying levels of intensity in the live signal.

Digital Phosphor Oscilloscope (DPO)

Unlike the DSO which employs a serial-processing archi-
tecture to capture, display and analyse signals, a DPO 
uses a parallel-processing architecture to perform these 
functions. The DPO architecture utilises ASIC hardware 
to acquire waveform images, allowing a DPO to capture 
waveforms at a higher rate resulting in a higher level of 
signal visualisation. This higher performance increases the 
probability of witnessing transient events, especially ones 
that occur in digital systems.

With this technology a DPO efficiently emulates the best 
display attributes of an analogue oscilloscope, displaying 
the signal in three dimensions: time, amplitude and the 
distribution of amplitude over time, all in real time. Unlike 
the analogue oscilloscope’s reliance on chemical phos-
phor, a DPO emulates the characteristics of said phosphor 
with a continuously updated database.

Digital Sampling Oscilloscopes

When measuring high-frequency signals, an oscilloscope’s 
sampling rate may not be high enough to collect enough 
samples in a single sweep. A digital sampling oscilloscope 
is able to accurately capture signals whose frequency 
components are much higher than the oscilloscope’s sam-
ple rate. This allows the digital sampling oscilloscope to 
achieve bandwidth and high-speed timing ten times higher 
than other oscilloscopes for repetitive signals. However, 
the trade-off for this high bandwidth is that the sampling 
oscilloscope’s dynamic range is limited.



32 BACHELOR ASSIGNMENT     BENCHMARK



33BENCHMARK     BACHELOR ASSIGNMENT

/ appendix B

Probes

In order to be able to perform any measurements at all, 
the oscilloscope needs to interact with the device-under-
test (DUT) – probes make this interaction possible. Probes 
must not just match the requirements of the oscilloscope 
and the DUT; they must convey the signal cleanly to the 
oscilloscope, amplify it if necessary and preserve it for the 
greatest signal integrity and measurement accuracy. With 
high frequency signals, as is more and more common in 
current circuitry, the impedance of the input becomes more 
important. Fluke uses a plastic bus to enhance the percep-
tion of safety, but this could cause too much reflection of 
the signal – a metal bus is recommended in such cases.

Probes are an input device for the oscilloscope. Probes 
usually consist of a pointed metal tip for making electrical 
contact with a circuit element, a lead to connect to the 
circuit’s ground reference, and a flexible cable for trans-
mitting the signal and ground to the oscilloscope. The 
electronics for attenuation are contained in the plug rather 
than the probe. The cable is a coaxial cable; it contains a 
flexible, tubular insulating layer, surrounded by a tubular 
conducting shield, in order to shield it from surrounding 
influences. One can infer that the longer the cable is, the 
more exposed it is to interference.

The inner conductive cable is very thin in order to reduce 
disturbances. However, its thickness does make it vulner-
able to breaking, hence why users have to be careful when 
storing their probes to prevent causing a kink in the cable.

It needs to be kept in mind that probes actually become 
part of the circuit, introducing resistive, capacitive and 
inductive loading that inevitably alters the measurement. 
Hence for the most accurate results, the goal is of course 
to select a probe with minimal loading. Another considera-
tion in the selection of the interaction with the DUT is the 
probe’s form factor. For example: small probes provide 
easier access to today’s densely packed circuitry.

Lastly, the contact points of the probes require precise mo-
tor skills to operate. This is a characteristic that affects the 
maximum weight of a probe redesign.

Active vs. passive 

There are two types of probes: active and passive. 

Passive probes are cheap and easy-to-use and will perform 
perfectly fine under most circumstances. Passive probes 
usually have an attenuation or magnification factor; a 
higher attenuation factor tends to reduce circuit loading 
and thus interference, a problem especially apparent for 
higher frequency and/or higher impedance signals. How-
ever, because a higher attenuation factor reduces the am-
plitude, low voltage signals will be harder to look at. Some 
probes contain separate sets of circuitry and are able to 
switch between different attenuation factors during use.

Active probes are required when dealing with load sensi-
tive circuitry or signals with very fast rise times. Such cir-
cumstances demand probes that pre-process the signal 
more than passive probes do; namely at a higher rate and 
with less loading effects. Active probes require an addi-
tional power source as opposed to passive probes, further 
exacerbating the probe connection.

Source: Primer - XYZs of Oscilloscopes, Tektronix, December 2009
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Attention in perception and manipulation

The area of attention of the ScopeMeter differs for percep-
tion and manipulation; the user needs to adjust the probes 
and keep them in place while checking the display for a 
readout of the measured data. The product should cater to 
this limitation of human attention rather than exacerbate a 
limitation that already represents one of the most formida-
ble bottlenecks in human information processing.

Physical limitations

Visual sampling is at the basis of this form of selective at-
tention. The eye fixation system can only perceive detail 
in a very small region of the visual field. This region, the 
fovea, is only about two degrees of the visual angle. If a 
foveal task is more difficult, information about the periph-
ery is processed less well, further limiting the useful field 
of view.

The behaviour used to scan areas of interest and switch 
back and forth between areas of attention is called sac-
cadic behaviour. Saccadic movements are discrete, jerky 
movements that jump between stationary points of fixa-
tion in the visual field. Visual input is suppressed during 
the saccadic movement and can only be attained during 
fixation. This fixation is characterised by a location (centre 
of the fixation), a useful field of view (diameter around 
the centre of fixation) and a dwell time (how long the eye 
remains at that location).

Level of control

The switch between the fixation points ‘probes’ and ‘dis-
play’ can be regarded as supervisory control; the user 
scrolls through areas that he knows contain information. 
Supervisory control lies in the design of the product and 
requires understanding of the user’s activities.

Scanning the DUT for measurement points however would 
be regarded as a target search; the user scans the visual 
world looking for something at an unknown location, such 
as a failure in a circuit board. A target search is less ame-
nable to optimal modelling compared to supervisory con-
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trol; the visual scan pattern is far less structured, though 
a number of characteristics can still be identified and ad-
dressed. For instance: environmental expectancies are 
amongst the cognitive factors relevant for a target search. 
An experienced user will first check components that are 
prone to failing or check the weak spots in the circuit’s 
design, depending on the information the user wants to 
extract. 

A product could cater to a target search by guiding the 
user to the locations where the user is most likely to ex-
tract the information they desire, and by limiting the user 
interface by highlighting the areas relevant for the user’s 
search. For example, this could be done with an abrupt 
stimulus onset, as the visual system is very susceptible to 
new perceptual objects. Attention could be directed im-
plicitly in an interface by highlighting a subset of items if 
the system infers this subset is relevant and needs to be 
attended. One does need to be careful to not make such 
a feature too distracting or have it disrupt the extraction of 
information by the user. 

The attention switch does not just apply to the display and 
the DUT; it also applies to the display and the button inter-
face. To change measurements or displayed information, 
one has to switch attention between the buttons and the 
display. This is not a problem in case of displayed infor-
mation since the areas of perception and manipulation 
are very close together, but it is a problem when the user 
desires to change the type of measurements done. The lat-
ter involves putting down the probes temporarily to change 
settings on the device, which is a similar issue to the origi-
nal problem.

Optimality of attention and signal detection

Optimality of attention can be defined in terms of behav-
iour that will either maximise expected value or minimise 
cost. The aim is to prevent critical events from occurring, 
such as incorrect measurements, short-circuiting the DUT, 
or even an arc flash. On a less critical note the aim is to 
make it easier to perform measurements, shorten the time 
it takes (as well as dwell time), and lessen the effort it re-
quires. Depending on the user’s expertise and experience, 

/ appendix B

they form (efficient) mental models to guide them through 
the troubleshooting process, adapting to the limitations of 
the product they are using. 

In general, the solution to fix the issue is quite straight-
forward: facilitate parallel processing by simply ensuring 
that area of perception and manipulation are one and 
the same. Or in other words: high processing proximity 
requires high display proximity, low processing proximity 
requires low display proximity. However, the situation does 
not always allow for high proximity in display.

In the latter case one could superimpose a secondary view 
on the main view and thus effectively facilitate selective at-
tention between two channels of information, though one 
needs to be aware of the risks of cognitive tunnelling. Such 
a superimposed view could be in the form of a heads-up 
display (HUD), conformal symbology like augmented real-
ity (AR), display projection techniques (such as a beamer), 
or if the information transaction is very basic: omnidirec-
tional auditory signals.

Other solutions include catering to the sequence of 
events; to be more precise one could pair up items that 
are checked sequentially. Another thing that has to be kept 
in mind is man’s predisposition for horizontal scans rather 
than diagonal or vertical with regards to information or 
operation.

Lastly, one could improve response time and efficiency by 
employing multimodality. Communication between human 
and machine commonly takes place through a very narrow 
channel, one has to be aware of this bottleneck that could 
be improved with multimodality. As added advantage, 
multimodal interfaces can compensate for the decrease 
in sensitivity of the sensory system (e.g. due to age) and 
increase the ‘natural feel’ of the interface. Practical ap-
plications could be in the form of an auditory feedback 
system when the user has placed the probes on the circuit, 
an auditory warning in case of danger, etc.

01. Wickens, C.D., Hollands, J.G., Engineering Psychology and Human 
Performance, third edition, ISBN 0-321-04711-7, 1999
02. Endert, G., Me, you and the machine too, Design research in multi-
modal interaction with portable devices, Cologne, 09 August 1998
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Holding position and strain

The manner of holding the scopemeter is always an issue, 
mostly due to its weight and size. The position of the hand 
and the arm, as well as the distance of the product from 
the body, determines the strain imposed on the user. 

As reference, within context of the project 60 mm is con-
sidered a thick product to hold (equivalent to the current 
Fluke 190 series ScopeMeter), while 15 mm is considered 
a thin product to hold (equivalent to an iPad). As weight: 
2 kgs is considered heavy, while 750 grams is considered 
to be lightweight.

Position

The orientation of the product (landscape or portrait) and 
its thickness (thick or thin) affect the way the user holds 
the product. An overview of images, showing the position 
of the hand for four basic situations, can be found on the 
adjacent page. The positions can be mirrored horizontally 
to produce results for users with a different dominant side.

•  Portrait & thick
The wrist is extended with a slight ulnar abduction and 
the fingers are flexed. The position of the thumb is also 
interesting, probably more so from the perspective of the 
product than the user: as can be seen the thumb extends 
quite far onto the surface of the product.

•  Portrait & thin
The position looks comparable to the “portrait & thick” 
case, though the angle of ulnar abduction is greatly re-
duced, putting less strain on the user. The position of the 
thumb is also more favourable considering it extends less 
far onto the surface of the product.

• Landscape & thick
The wrist is still extended, with a slightly increased ulnar 
abduction compared to the “portrait & thick” case, and the 
fingers are extended. Next to that, the wrist endo-rotates to 
accommodate to the landscape shape of the product in an 
attempt to increase the contact area of the hand with the 
product. The thumb is flexed to ensure grip on the product.

Holding and strain
The different hand positions and resulting strain while holding products

•  Landscape & thin
The position looks comparable to the “landscape & thick” 
case, though the wrist has endo-rotated slightly further to 
accomodate for the thinner product. Also, the thumb does 
not need to cover the surface area of the product as much 
because grip is less of an issue due to the larger contact 
area underneath the product.

Strain

Another option is to rest the product on your arm. In case 
of a portrait shape, one would hold the top side of the 
product with a hand of choice, resting the product on the 
inside of the lower arm, as illustrated on the left in the im-
age below. In case of a landscape shape, one would hold 
the left side of the product with their right hand, or vice 
versa, as illustrated on the right in the image below. Such 
a position would greatly reduce the strain imposed on the 
user, though it is not a position one would prefer as the 
main manner of holding.

Another factor in the holding position is the use of straps, 
as is the case with the Fluke ScopeMeter 190 series and 
the Fluke 810 Handheld Vibration Tester (see the images 
below). With the use of a strap, one can guide the user 
to the best location to grab the product. The strap also 
reduces strain on the user by allowing the user to loosen 
their grip on the product and instead let it rest on their 
hand via a lever principle.
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User feedback - Fluke DMM 233

Due to the interesting nature of the remote display of the 
Fluke 233 multimeter, both from a user perspective and 
the perspective of Fluke as a company, a closer look has 
been taken at the wireless display feature.

Responses from users regarding the wireless display fea-
ture of the Fluke DMM 233 were gathered and the main 
ones are listed below in order of occurrence (ranging from 
frequent to infrequent).

• It is very handy to be able to take off the display  
 and put it in a better visible location or even  
 measure from a distance;
• The wireless connection should be Bluetooth or  
 Wi-Fi and be compatible with other products  
 owned by the user, such as phones and laptops;
• The magnet feature is highly appreciated;
• The distance of communication between display  
 and meter should be increased to several miles,  
 or even via long-distance signal such as the
 internet;
• It would be nice to include a locator for the dis- 
 play, in case the user does not remember where  
 they left it;
• Its battery usage is on the high side.

Sources:

01. Fluke 223 Meter - Electrician Talk - Professional Electrical Contractors Forum, http://www.electriciantalk.com/f14/fluke-223-me-
ter-12160/, URL accessed on the 7th of January 2011

02. Amazon.com: Fluke 233 Remote Display Multimeter: Home Improvement, http://www.amazon.com/Fluke-233-Remote-Display-
Multimeter/dp/B002X7ZX00/ref=sr_1_1?ie=UTF8&s=hi&qid=1294743083&sr=8-1, URL accessed on the 7th of January 2011

03. Test and Measurement Tool Users Community - Do you ever wish you could read your device’s display from further away?, http://
www.flukecommunity.com/forums/showthread.php?t=2260&highlight=fluke+233, URL accessed on the 7th of January 2011

Fluke DMM 233
User feedback on the Fluke 233 Remote Display Multimeter
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Ideal situation
A portrait of the ideal electrical troubleshooting scenario

To remain visionary, one should sometimes abandon the bottom-up 
approach to product design and step outside the binding box of tech-
nology; a top-down approach offers a much needed aim for ambition. 

In an ideal world, electrical equipment would not require maintenance, 
let alone break down. However, this is not a realistic scenario. A more 
realistic scenario would be “problem solving:  anyplace, anytime”. The 
problem is detected using built-in (dedicated) systems, after which the 
problem is resolved at a central location far away from the problem 
area. 

Such a scenario calls for several major advances; built-in (dedicated) 
systems, wireless worldwide communication, and a certain level of ex-
pertise from workers on site. Herein lie opportunities for Fluke. For ex-
ample, their products could lower the threshold of  required knowledge 
for users by letting their product take over part of the diagnostic proc-
ess (instead of presenting raw data, interpreted processed information 
is presented, for instance compared to a database).

Wireless communication and built-in systems (or as intermediary prod-
uct: in the form of disposables), are the other main changing factors 
that Fluke needs to aim towards.
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00. Scope module; single channel

00. Scope module; dual channels
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01. Basic integral instrument

02. Integral float instrument

/ appendix C

Scope module
Architecture designs to display the wide variety of opportunities
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03. Basic USB instrument

03. Basic USB instrument (isolated)

04. USB float instrument
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05. Wireless probe - PC back-end

06. Wireless probe - base station back-end

07. Memory probe (USB)

/ appendix C
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07. Memory probe (wireless)

08. SM123 successor (two channels)
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09. Two channels wireless - base station back-end

09. Two channels wireless - universal

/ appendix C
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Above:  Product possibilities based on product architecture.
Right:  Associative idea generation process.
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Idea generation by association
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Above:  Shape designs for the base station.
Right:  Morphological overview.
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Top:   Unilateral shape design options for the base station. 
Left:   Impression of a preliminary design for a touchscreen version alongside current models.
Right:   Schematic of an idea of how drag contacts can be used in the scope module to facilitate winding up the 
   cable. Explanation: unfortunately, drag contacts as listed in the morphological overview cannot be 
   used for probe cables, however, there is a possibility to merely use the drag contact for energy transfer to 
   the scope module while keeping the rest of the components within the main rotational component. This 
   solution was not favoured by the production department however due to the round casing for the electron-
   ics, which would be an inefficient solution.
Adjacent page:  A preliminary design for a base station with a detachable scope module.



53BENCHMARK     BACHELOR ASSIGNMENT

/ appendix D

Connect using magnets
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Shown here are some concept sketches. The left page shows a concept sketch for the dual channel scope module inte-
grated in the scopemeter. 

Below the impression of the dual channel idea on the adjacent page, some ideas for the scope module are displayed. The 
top row features designs for oblong shaped scope modules, the bottom row features omnidirectional designs for the scope 
module. The omnidirectional designs require a twisting or pushing potion to connect to the base station. The designs are 
intended to facilitate winding up the cable. 

On this page a concept sketch is shown of the single channel scope module. The single channel scope probes are inte-
grated in the housing of the display.
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Wireless communication

Wireless communication between components is the key 
to enable completely different form factors for Fluke prod-
ucts, without creating an environment obscured by wires 
and cables that could interfere with the user’s freedom of 
movement. 

Fluke has experimented with wireless communication be-
tween components in one of their products, to be spe-
cific: the Fluke 233 Remote Display Multimeter. This digital 
multimeter makes use of a low power RF communication 
channel at 2.4GHz ISM Band 10 with a range of 10 me-
tres (ZigBee). In the product patent is referred to two other 
examples, namely U.S. Pub. No. 2003/0137310 to Holzel 
and U.S. Pat. No. 7,304,618 to Plathe.

The wireless communication techniques available are:
• Radio frequency communication;
• Microwave communication;
• Infrared communication.

Microwave and infrared both rely on directionality, requir-
ing a clear line of sight between sender and receiver. This 
characteristic makes these two methods less than desira-
ble for applications such as the Fluke 233 Remote Display 
Multimeter. Hence in this DMM is chosen for an RF tech-
nique: ZigBee, which operates in the 2.4GHz ISM band 
and does not have to rely on directionality.

However, one has to be aware of the difference between 
sending parametric data and sending a complete signal. 
The latter requires a much higher data rate and thus more 
energy. Though of course there are ways to compromise in 
order to cut down the data rate. For example, one could 
decide to only transmit display information; such an ap-
proach would cut down the data rate significantly, at the 
cost of shifting (pre)processing from the receiver to the 
transmitter.

ZigBee

ZigBee is a low-cost, low-power, wireless mesh networking 
standard that use small, low-power digital radios based 
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detrimental to their business. The maximum data rate of 
Bluetooth v2.0 is currently 2.1 Mbit/sec.

Considering the different nature of ZigBee and Bluetooth, 
it would be perfectly possible to apply both techniques, 
employing them for different purposes.

Wi-Fi

Wireless Fidelity (Wi-Fi) is not a technical term, but rather 
a collective term for a narrow range of connectivity tech-
nologies. Wi-Fi builds on IEEE 802.11 standards, which is 
a set of standards carrying out wireless local area network 
(WLAN) computer communication in the 2.4, 3.6 and 5 
GHz frequency bands. 

Wi-Fi is capable of a data rate of up to 54 Mbit/s, making 
it the most likely candidate for large amounts of data, as 
could be the case with a live trace signal. However, this 
would also consume exorbitant amounts of energy.

Context

It is not a simple case of taking the technology used for the 
wireless display of the Fluke DMM 233 and applying it to 
the ScopeMeter. Parametric data can be sent at a very low 
data rate, signal data however requires a data rate that 
is much higher. Thus the energy requirements will also be 
higher, exacerbating issues related to battery life.

Source: Wireless Technologies :: Radio-Electronics.Com, http://www.radio-elec-
tronics.com/info/wireless/index.php, URL accessed on the 22nd of February 2011

on the IEEE 802.15.4-2003 standard for Low-Rate Wire-
less Personal Area Networks (LR-WPANs). The technology 
defined by the ZigBee specification is meant to be simpler 
and less expensive than other WPANs, such as Bluetooth. 
ZigBee can be easily mass produced at a low cost, hence 
why it is often picked over Bluetooth by manufacturers. 
However, it is not compatible with Bluetooth and thus the 
device with the ZigBee protocol will not be able to com-
municate with Bluetooth devices. While the users consider 
this a disadvantage, for Fluke it means the user will be 
restricted to Fluke products for reading out the data, which 
could increase revenue for Fluke. 

It is also possible to further customise the ZigBee network-
ing standard by adding a layer that allows Fluke to encrypt 
the data sent and received.

ZigBee is focused on control and automation and with 
its fast response times it is perfect for remote control and 
monitoring purposes: for example ZigBee can respond 
within 30 ms even in sleep mode, while Bluetooth pro-
tocols need up to 3 seconds. However, ZigBee can only 
manage a maximum data rate of 250 kb/sec; while this 
suffices for parametric data, it may not suffice for real time 
signal data.

Bluetooth

Bluetooth is often used as a wire-replacement communi-
cations protocol due to its low power consumption and 
short range capabilities. There are three classes of Blue-
tooth devices, those are:

It is of course possible to tweak the implementations on 
a case-to-case basis, to acquire the desired range or 
power consumption. An added benefit of Bluetooth for 
Fluke products is that Bluetooth is a universal protocol and 
thus could also fulfil the purpose of transmitting data to 
a laptop or computer, though Fluke may perceive this as 

/ appendix E
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Anthropometric data
Anthropometric data regarding the blue collar target group

The following infographic and table contain anthropometric data regarding the blue collar target group. Blue collar job posi-
tions are mainly male dominated, ranging from age 16 – 65. The data has been utilised during the ‘concept detailing’ phase 
of the project, in specific for the space required between the handle and the base station. Said space is verified using Rhode & 
Schwartz’s FSH3 Spectrum Analyzer that features a similar handle.

Source: DINED, http://dined.io.tudelft.nl/en,1,dined2004,304#tabledata, URL accessed on the 21st of February 2011
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    The lithium-ion batteries suggested should be 
    able to perform at this level.
 v Must be rechargeable
    Lithium-ion batteries are rechargable, though re-
    quire a new adapter compared to Fluke’s cur-
    rent adapter. Suggestions have also been made
    with regards to a shape change for the connec-
    tor.
 x Interchangeable battery (with the need of   
    additional tools)
    No room has been incorporated for a battery 
    hatch due to it not being perceived as entirely 
    necessary. Fluke may desire otherwise however.

• Colours29 

    The product adheres completely to Fluke´s 
    strict colour guidelines. 
 v Fluke yellow (Munsell 9YR 7.36/14.6) for the  
    overmoulded holsters
 v Fluke handheld grey for the casing (grey 8;  
    Munsell 7.1B 3.51/0.3)
 v Grey 7 (Munsell 2.4B 4.49/0.18 CIE 48.69,- 
    0.48,-0/14) or grey 9 (Munsell 2.49B
    2.62/0.23) for emphasis, such as soft material 
    in grip area
 v The Fluke logo should be black (Munsell
    N 0.5/) and surrounded by yellow (Munsell
    9YR 7.36/14.6)

• Product text29

     The product adheres completely to Fluke´s 
    strict graphics guidelines. 
 v Must display the Fluke logo 
 v Product number (10 pt. Helvetica Bold Oblique)
 v Product descriptor (7.5 pt. Helvetica Regular  
    Oblique, all caps)

• Materials
    The product utilises the same materials for the 
    different components as the current product 
    range, making it a perfect fit within Fluke’s prod-
    uct range.
 v Silicon pads for the buttons 
 v PC/ABS/V0 for casing

Cross-referencing design with the list of requirements

The list of requirements as used during the ideation phase 
is compared to the final wireless ScopeMeter design. A 
simple colour scheme indicates how well the design ad-
heres to the listed requirements.

• General
 v Minimum product display features (72x72 mm,  
    240x240 px)
    The lens size is 100x120 mm, which falls well
    within the requirements.
 ? Maximum component size (256x169x64 mm)
   The design fits within a box with the size   
    200x185x38 mm, which is slightly wider than 
    intended due to its unilateral shape.
 v Weight (<1kg per component)
    An extrapolation of components infers the prod-
    uct will be lighter than the current ScopeMeter  
    123, mainly due to advances with battery tech-
    nology.
 v Exterior has to express Fluke’s characteristics:  
    robust, ruggedness, quality, compactness
    The shapes and the components adhere to  
    Fluke’s guidelines. The stand up however still  
    requires some improvement.
 v Exterior has to adhere to Fluke’s design and  
    colour guidelines
    The colour scheme and details such as the over-
    mould’s ridges and ‘flow’ adhere to Fluke’s 
    guidelines.
 ? Product must be suitable for production of at  
    least 10,000 per year
    The assumption is that it should be suitable for 
    such a production figure, though since the de-
    sign is still in the concept stage this cannot be 
    verified.

• Power source
 v Battery operating time (currently ±4 hours)
    The lithium-ion batteries suggested have a high-
    er energy capacity and a lower weight than the
    current batteries used.
 v Battery (re)charging time (currently ±4 hours)
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 v TPU for overmoulded holsters

• Circumstances of use32

    Most of these cannot be tested as they apply 
    to the final product, though there is no reason
     why the design should not be able to live up to 
    these requirements considering the extrapolated 
    components and techniques.
 ? Temperature
        - Operating temperature: 0 °C to +50 °C
        - Storage temperature: -20 °C to +60 °C
 ? Vibration (sinusoidal) 3g according to
    MIL-PRF-28800F Class 2
 ? Shock (30g)
 ? Brightness of display (80 Cd/m²)
 ? Moist (protected against water jets, current IP  
    rating; IP51 according to IEC529)
 ? Dust protected (current IP rating; IP51
    according to IEC529)
 ? Impact height (for a Fluke product between
    0 – 6.8 kgs the survivable impact height is  
    91.44 cms)
 v Electric shock (core needs to be well isolated;  
    CAT III: distance of 8 mm from between circuit  
    board and casing)
    The design is suitable for CAT III (8 mm),   
       however does not adhere to CAT IV (16 mm).
 ? Must function in an electromagnetically ‘dirty’
    environment
    This requires further testing, but the design  
    caters to it in the best way possible.

• Probes
 v The product should feature either BNC
    or ScopeMeter 123 connectors
    The product uses ScopeMeter 123’s connec- 
    tors, but could easily be made compatible with  
    BNC connectors

• User interface
 v Size of buttons (currently between 50 mm² and  
    200 mm²)
    The size of the buttons in the design is between  
    50 mm² and 320 mm² (combined dual button) 

    to cater to use while wearing thick gloves, so this 
    requirement is fulfilled.
 ? Force required to press (currently ±2500 mN)
    This cannot be verified, but the method used is 
    the same as that of the current scopemeters, 
    hence there is no reason why it should not ad-
    here to this requirement.
 v Shape (if possible, use Fluke conventions)
 v Texture (matte finish)
 v Colour (Fluke conventions, refer to Fluke’s  
    graphic manual)
 v Function related to sensitivity (e.g. power
    button placed level with casing surface)
    The function keys are mapped and integrated in 
    the lens, the power button is placed on top and 
    is level with the surface of the casing, the tertiary 
    buttons are also level with the surface of the cas-
    ing.
 v Actions should have feedback (sound, light,  
    motion, display)11

    The design features multimodality in the form of 
    button feedback; to be specific LEDs are placed 
    under certain buttons to provide the user with 
    information regarding their actions. Tetra uses a 
    similar feature.

Overall the product fulfills all main requirements. The few 
points that require attention are:
•  Quality of the stand up;
• Possibility for a CAT IV rating;
• Lack of a battery hatch.
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Presentation
The work as presented to representatives of Tektronix and Fluke at Beaverton, US

About a month into the bachelor assignment to create future concepts for the Fluke ScopeMeter, Benchmark decided to 
actively pursue a joint investment by Tektronix and Fluke. Benchmark has a lot of experience with Fluke products and re-
quirements thereof, however Benchmark has only just begun to explore the needs of Tektronix (see project Ruby).

Benchmark decided to present the possibilities to both Fluke and Tektronix after an engineering convention at Beaverton at 
the end of March. A progressive timeline of developments was presented, outlining the benefits for both brands. In order 
to appeal to needs expressed by Tektronix regarding establishing brand loyalty, a quick and dirty USB oscilloscope design 
was presented as well, fitting within the overall progressive timeline of developments.

The presentation was created by Benchmark’s lead designer Christian Suurmeijer. Visualisations for opportunities two, 
three and four, as well impressions of the current market and brand differentiation, were created by me.
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