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Sponsor Overview
Fluke Corporation is the world leader in the manufacture, distribu-
tion and service of electronic test tools and software.

Since its founding in 1948, Fluke has helped define and grow a 
unique technology market, providing testing and troubleshooting 
capabilities that have grown to mission critical status in manufactur-
ing and service industries. Every new manufacturing plant, office, 
hospital, or facility built today represents another potential customer 
for Fluke products.

From industrial electronic installation, maintenance and service, to 
precision measurement and quality control, Fluke tools help keep 
business and industry around the globe up and running. Typical 
customers and users include technicians, engineers, metrologists, 
medical-device manufacturers, and computer network professionals 
— people who stake their reputations on their tools, and use tools to 
help extend their personal power and abilities.

Fluke has achieved the number one or number two position in every 
market in which it competes. The Fluke brand has a reputation for 
portability, ruggedness, safety, ease of use and rigid standards of 
quality.

The Fluke product lines are beneficial for professionals in a variety of 
markets, including:

Industrial/Electronic Service Installation and Maintenance
Today, electronics are integrated into an increasing number of elec-
trical and electro-mechanical systems. Fluke’s comprehensive line of 
digital multimeters, electrical power analyzers, thermal imagers, in-
sulation resistance testers, accessories, plus the integrated ScopeMeter® 
handheld test tools are being used by a growing number of service 
technicians, plant engineers and installation and maintenance techni-
cians. These tools provide them the ability to troubleshoot these 
complex new systems and detect problems quickly. 

Electrical and Temperature
Electricians, HVAC/R technicians, plant engineers and power qual-
ity consultants involved in the maintenance, service and design of 
every type of residential, industrial, plant and commercial building 
use Fluke professional test tools. Fluke products such as: electrical 
testers, digital multimeters (DMMs), clamp meters, single and three-
phase power quality meters, ScopeMeter® test tools, current clamps, 

thermal imagers, digital thermometers, and DMM accessories are 
designed for day-to-day field troubleshooting and maintenance of 
electrical systems, electrical power systems, HVAC/R systems, and 
associated equipment. Fluke products help electrical technicians 
analyze, troubleshoot, and repair these systems for optimum perfor-
mance.

Indoor Air Quality
By some estimates, up to 30 percent of commercial buildings exhibit 
‘sick building’ syndrome. Substandard indoor air quality can hamper 
staff productivity, disrupt clean room operation or lead to litigation. 
Working to solve these issues are nearly two million professionals in 
the U.S. Fluke introduced a line of indoor air quality (IAQ) test tools 
during 2005, with the goal of providing HVAC, building maintenance 
and IAQ professionals with a comprehensive portfolio of precision 
instruments for troubleshooting and maintaining indoor air quality. 
Fluke IAQ tools will help these professionals achieve outstanding 
performance by delivering the accuracy, reliability, toughness, safety, 
usability and value for which Fluke tools are famous. 

Calibration
With the acquisition of the Precision Measurement Division of Wavet-
ek Wandell Goltermann in early 2000, Fluke has firmly strengthened 
its already huge global leadership position in the electrical calibra-
tion marketplace. Subsequent acquisitions of Hart Scientific and DH 
Instruments added expertise and product lines in temperature and 
pressure/flow calibration, respectively. The Fluke Calibration line of 
calibrators, standards, waveform generators, calibration software 
products, and support equipment provide exacting standards for 
companies and government organizations who rely on tightly cali-
brated instruments for their quality and standards programs, as well 
as to meet strict international quality requirements.

Biomedical
Fluke Biomedical leads the world in the manufacture of biomedi-
cal test and simulation products, including electrical safety testers, 
patient simulators, performance analyzers, and fully-integrated and 
automated performance testing and documentation systems. Fluke 
Biomedical also provides some of the most trusted and accurate 
diagnostic imaging, radiation safety, and oncology quality-assurance 
solutions for regulatory compliance. 

For more information visit www.fluke.com.
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Cloud Instrumentation: Data without infrastructure
Will instrumentation and other devices in your plant be communi-
cating via the cloud rather than your own networks? While it may 
not happen tomorrow, the technology is advancing and may be 
closer than you think. What is this cloud, and what can it do for you?

Marius Ghercioiu, Tag4M

The development of cloud instrumentation that communicates via 
the Internet is truly a major technological advance, but one that is 
difficult to comprehend completely without looking at it in context. 
To help establish that context, we should begin with a short bit of 
history to help understand why the development of cloud instrumen-
tation is so significant. 

The first created electronic instruments, let us call them traditional 
instruments, typically used a standalone or box format. Users con-
nected sensors directly to the box, which contained the measure-
ment circuitry and displayed the results. Initially it was on analog 

meters and later with digital displays.

 Traditional instruments, then and now, have fixed hardware and 
software architecture with most if not all of the functionality defined 
inside the box by the vendor. They are often limited to performing 
custom analysis offline on the full data sets. Also, there is little or no 
flexibility in changing any of the instrument components with off-the-
shelf parts. 

In many cases, test engineers wanted to have instruments communi-
cate with each other, for instance in a stimulus/response experiment, 
where a signal generator instructs a digitizer when to start taking 
samples. This was initially done with serial links, but in the 1970s the 
Hewlett Packard Interface Bus, which evolved into today’s IEEE-488 
interface, became extremely popular for connecting instruments. 

The next major breakthrough in measurement technology came with 
the availability of desktop computers, which made it more cost effec-
tive to run test programs, control instruments, collect data and allow 
test engineers to process and display data. Plug-in IEEE-488 boards 
allowed minicomputers and later PCs to perform these tasks. 

Today such interface 
cards are often not 
needed thanks to 
instruments that 
communicate with 
PCs directly via USB 
or Ethernet, and 
more recently over 
wireless Ethernet 
schemes. 

When the prices of PCs, motherboards, and embedded PCs dropped 
significantly, the next logical step was to combine the instrument 
and the PC into one box creating the PC-based instrument. PC-based 
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measurements can be done in three forms:

• Traditional standalone instruments such as oscilloscopes or logic 
  analyzers incorporate full PC functionality so users can perform 
  analysis using familiar tools such as spreadsheets or popular pack
  ages such as Matlab;

• The instrument moves into the PC itself. Manufacturers developed 
  plug-in instrument cards, initially on the PC-XT and PC-AT bus and 
  today for variations of the PCI and PCI-E bus; and

• When expansion slots disappeared from most PCs, engineers who 
  wanted to work with instrument cards migrated to chassis schemes 
  where one or two slots would hold a PC motherboard in an indus
  trial card format and the remaining slots would hold data acquisi
  tion cards.

In PC-based instrumentation, the application software runs in a local 
PC which becomes the instrument. Data from sensors and signals 
move into the PC using different communication busses in order to 
apply analysis, presentation, and communication functions required 
by the instrument. This measurement method works very well in pro-
duction automated testing on a factory line, or in experiments that 
take place in laboratories. 

The hardware and software components of a PC-based instrument 
are flexible; you can interchange them inside the same PC based on 
the application’s requirements. But the PC-based instrument is not 
software scalable because for every new instrument which requires 
another computer, another license of the same software package has 
to be purchased and installed. This is the Microsoft model where for 
every new PC a new license of the operating system is required, and, 
together with this license, new licenses of all the software that needs 
to run on this OS in this computer. Therefore, the PC-based instru-
ment remains today the best tool that can be bought for creating 
test fixtures and benchtop instruments for local automated testing 
applications, but with the worst financial scalability for multiplying 
the setup in other places.
 
Distributed and remote measurements are done using wireless 
modules or nodes. These modules may use Bluetooth, ZigBee, Wi-Fi, 
or serial proprietary communication protocols and firmware that 
may support hopping, meshing, TCP/IP, serial bit banging, etc. When 
installing distributed and remote measurement nodes, data may be 
transferred to a PC running the application software. This approach 
is characterized as a PC-based data acquisition system. But if the 
wireless modules support it, digitized data can also be sent straight 
to the Internet via off-the-shelf access points, as opposed to sending 
the data to a PC or any box instrument. In this case you are no longer 
inside the two classical measurement systems discusses so far, box 
or PC-based instrument, but rather you enter into the cloud Instru-
ment model. 

This very simple decision – to send digitized data straight into the 
Internet – is a key milestone, and if it is adopted, then we are about 
to enter a new era in measurement technology. In this new era, not 
only is the wireless hardware freed from the confines of cabling, 
the software is no longer relegated to a specific box or PC. Instead, 
measurement front ends connect to the Internet and a Web page 
or a Web widget becomes the instrument, which users can access 
from anything that can surf the Web, including mobile devices such 
as smart phones. At present there is little or no use for raw sensor 
data being available on the Internet. But with Web-enabled applica-
tions starting to emerge, the instrumentation cloud scheme presents 
an enormous opportunity. A cloud instrument will route digitized 
sensor data packets to dedicated computers located anywhere on 
the Internet, and they will either use local software or run Web-based 
programs for computation, simulation, modeling, analysis, and pres-
entation. The following diagram graphically illustrates this concept. 
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The cloud instrument 
As we try to project how future measurement technologies will look, 
we must use our intuition as we study the patterns that have enabled 
such tremendous growth and scale of the Web applications in the 
last year or so. Within the cloud computing space, the platform com-
panies that are doing well are focusing on new applications in the 
cloud as opposed to moving existing applications. This applies to test 
and measurement as well. Greater adoption by consumers facing ap-
plications like environmental monitoring, electricity use, building au-
tomation, grid applications, biomedical, spread of diseases, viruses, 
seismic, hurricane and tornado monitoring, and so forth, will push 
forward the use case of measurement applications where things that 
need to be monitored are very dense, wide spread, and Web enabled. 
For these applications to be possible, we need two critical things: 

First, sensors and the hardware measurement component must be 
designed into the fabric of things. Second, the software component 
must be pushed from local PCs to the cloud for much more process-
ing capability, speed, visibility, and reach. We are currently in the 
visionary phase of this technology. At this point, cloud instruments 
are working prototypes of the concept. 

A sensor becomes a cloud Instrument when it is connected to a 
wireless tag such as a Wi-Fi tag. The tag digitizes the data to send it 
on to an access point, where the data is routed to the Internet and 
a server IP. Here a customized engine is collecting data to feed into 
applications like metering, charting, control, analysis, modeling, 
data mining, and so forth, with display on Web page and Web widget 

instruments.
 
In a cloud instrument, one or several sensors are connected to a 
wireless tag device such as the Tag4M Wi-Fi tag. A digitizer radio chip 
is required with the following capabilities: very accurate, very small, 
very low-power, and network enabled with capability to talk to the 
existing infrastructure. The Tag4M Wi-Fi tag, as seen in the picture 
bellow, is a prototype fitting with this concept. 

Such a Wi-Fi tag is a small, battery-
powered 802.11b/g device, allowing 
connections of up to five analog 
and four digital sensors. (Download 
a datasheet at http://www.tag4m.
com/) The tag digitizes sensor(s) 
signal(s) and sends data to the 
nearest Wi-Fi access point which 
routs the digitized data to the Inter-
net and to a server IP running a tag engine application named Web 
Page Instrument. 

When the tag is powered, it automatically shows up as a Web page 
instrument. (See an example at http://demo.tag4m.com) The Web 
page instrument standard tag display contains the tag MAC, meas-
urement channels, battery voltage, RSSI, and tag sleep time. The Web 
page instrument will list all the tags that are live and associated with 
access points all over the Internet. 
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Let us assume that the measurement ap-
plication is to read temperature from a 
thermistor that is connected to channel AI0 
of a Tag4M Wi-Fi tag with MAC address end-
ing in 2886. 

This tag can be easily configured for chan-
nel AI-0 measurement by clicking on the tag 
MAC which will open the tag configuration 
panel.

The Web page instrument is now reading digitized voltage values 
from channel AI-0 that is populated with a thermistor. The application 
may run in the cloud or on a private server and the location of the 
tag and sensor can be anywhere as long as the Web page instrument 
sees the tag. We can also read the temperature from the thermistor 
that is connected to channel AI-0 of the tag. 

We could also build a totally new Web page that presents tag meas-
urements the way we want, or we could build another Web applica-
tion that gets the data we need from the Web page instrument and 
presents it the way we want with scaled measurements, analysis, 
charts, etc. There is a lot of opportunity for systems integration at the 
software level of a cloud instrument. Companies like Pachube offer 
services ranging from hosting of the Web page instrument to special-
ized applications. 

Tag4M provides tools for companies to implement cloud instruments. 
We neither host nor develop custom applications, but rather offer the 
tools you need – Wi-Fi tags, Web page instruments with source code, 
and widget instruments to develop applications. Widget instruments 
are small, Web-based measurement instruments that can be installed 
and executed within a Web page or media site. The widget instrument 
gets feeds of specific digitized sensor data from one or several tags 
displayed in a web page instrument and either displays data as is or 
it applies processing on the data before display. The unique features 
of a widget instrument are its small size and ability to be embedded 
in a Web page, media site, or smart phone user interface. 

The thermistor instrument can be cus-
tomized to show numbers and/or images 
as shown here (click the image to the 
right to see this live widget). 

Generally, cloud computing customers 
do not own the physical infrastructure, 
avoiding capital expenditures by rent-
ing usage from a third-party provider. 
They consume resources as a service 
and pay only for resources that they use. 
If we apply this model to the thermistor 

application, the cloud instrument customer who needs a thermistor 
instrument to embed into his or her Web or media site will only have 
to purchase the tag and connect channel AI-0 of the tag to a 10K3A1A 
thermistor. This is the hardware component of the application. Other 
than that, the customer does not need to own or know anything 
about the software component. The cloud instrument service pro-
vider is hosting the Web page instrument and provides the user the 
code for embedding the widget instrument into a Web or media site. 

An example of such site can be seen at http://sensedin.blogspot.com
 
With a cloud instrument, the hardware is unchained because meas-
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urement front ends are no longer tied to a particular box, instru-
mentation network, or PC. A Wi-Fi sensor tag connects to any access 
point or router within range. Even more significant, the software is 
unchained because measurement data is no longer tied to a par-
ticular data-acquisition or analysis program on a specific computer. 
Instead of a sensor tag sending data to a device driver that feeds 
readings into local software on a PC, it sends the data to an access 
point for further routing to an Internet IP address that defines a serv-
er IP located on a company network or in the cloud. A user-controlled 
Web-based application server, or Web page instrument, makes digi-
tized tag data available for processing via these widget instruments.
 
A federation of sensors connected to Web page instruments running 
on a wide range of devices can provide any number of services such 
as:

• Simple data presentation to an alarming service that sends a text 
  message or tweet or even a correcting signal to the sensor tag;
• A metering service that calculates consumption and costs;
• A database service that stores data; and
• Machine health monitoring, home-based medical supervision and 
  many others in what will become an enormous application space.

What is even more important than the diversity of applications is that 
with processing taking place in the cloud, information from all these 
applications can be shared, data-mined, and refined using behavioral 
algorithms to detect patterns that can help us make predictions and 
define strategies for a better life together. 

Access points will play a much larger role, not only for routing sen-
sor data but also for hosting and routing application code. Innova-
tion will also take place in the domain of Web page instruments 
thanks to tools such as Web page instrument builders and updaters. 
Cluster Web pages can include widgets for portable Wi-Fi platforms, 
running wave-type applications that move data from page to page to 
follow the progress of a physical process. We are working our way 
towards an instrumentation cloud where not only the sensors but 
also the logging, analysis and control programs, and widget instru-
ment deployment and display can be anywhere you want them. The 
question is how soon will it all happen? Let us look at the current 
business environment for cloud instrumentation.
 
The future of the cloud 
We are currently facing the same business path or cycle that sur-
rounded the introduction and adoption of PC-based instrumentation. 

Back in the mid 1970’s, when PC-based instrumentation was invent-
ed, it was very hard to explain to ordinary people why this approach 
would be beneficial. How can a standard Mac and later PC computer 
be a better instrument than the (real) traditional instrument? The 
answer was not obvious at that time because there were no projects 
and also no software applications written for the Mac and PC to do 
measurements. People were looking into what use cases may benefit 
from instruments having a larger display, more storage capability, 
and more flexible hardware. Brute number crunching was also attrac-
tive, offering the potential for precise analog to digital converters 
moving from 14-bit to 16-bit to 24-bit at high scan rates. 

But history shows that they were looking in the wrong places. The 
drivers of the PC revolution—data manipulation and presentation, 
what can be done with acquired data, and how fast—these proved to 
be much more important than converter accuracy and bits of preci-
sion. Smarter technology (and not necessarily better) eventually cre-
ated a new multi-billion dollar market for PC-based instrumentation, 
named automated test and measurement. 

This is happening all over again, and we are at the beginning of a 
similar cycle today. Companies that are in the new business of cloud 
Web services today tend to concentrate on enterprise administration, 
offering services such as high-performance data transport technol-
ogy to, from, and between remote cloud infrastructures, IT financial 
management solutions, automation of IT management functions, 
database security, risk and compliance (SRC) solutions for the 
enterprise, mobile workforce scheduling, real-time route planning, 
and enterprise-class optimization. These companies do not intention-
ally ignore applications that need measurements, but rather adapt 
to where the market takes them, and this is obviously the corporate 
world, banking, IT, personnel administration, and so forth. 

There are definitely projects, or rather problems we can help solve 
at a global level with help from cloud instruments. The following is 
a description that comes from IBM’s call for action, “A mandate for 
change is a mandate for smart” which is relevant to the subject: 

“The problems of global climate change and energy, global supply 
chains for food and medicine, new security concerns ranging from 
identity theft to terrorism — all issues of a hyper connected world 
— have surfaced since the start of this decade. The world continues 
to get “smaller” and “flatter.” But we see that being connected isn’t 
enough. Fortunately, something else is happening that holds new 
potential: the planet is becoming smarter. That is, intelligence is be-
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ing infused into the way the world literally works — into the systems, 
processes and infrastructure that enable physical goods to be devel-
oped, manufactured, bought and sold. That allow services to be de-
livered. That facilitate the movement of everything from money and 
oil to water and electrons. And that help billions of people work and 
live. How is this possible? First, the world is becoming instrumented. 
Imagine a billion transistors for every human being. We’re almost 
there. Sensors are being embedded everywhere: in cars, appliances, 
cameras, roads, pipelines…even in medicine and livestock. Second, 
our world is becoming interconnected. Soon, there will be two billion 
people on the Internet — but systems and objects can now “speak” 
to each other, as well. Think of a trillion connected and intelligent 
things, and the oceans of data they will produce. Third, all of those 
instrumented and interconnected things are becoming intelligent. 
They are being linked to powerful new backend systems that can 
process all that data, and to advanced analytics capable of turning it 
into real insight, in real time. With computational power now being 
put into things we wouldn’t recognize at first sight as computers, any 
person, any object, any process or service and any organization — 
large or small — can become digitally aware, connected and smart. 
With so much technology and networking available at such low cost, 
what wouldn’t you enhance? What wouldn’t you connect? What in-
formation wouldn’t you mine for insight? What service wouldn’t you 
provide a customer, a citizen, a student or a patient? The answer is, 
you will do all these things — because you can and you must.” 

The idea of the world becoming instrumented should not be focused 
only on sensor data. There is a larger virtual space named the Inter-
net of Things (IoT) that covers any device or object that possibly has 
access to the internet. Things have services, data, events, and much 
more to offer than a simple sensor. In the Internet of Things space we 
will be able to identify not only the object but also the semantics of 
an object - its functionality, its shape, and its type - in the context of 
pursued objectives, and at a specific time. Cloud instrumentation will 
provide the sensor monitoring and measurement capabilities of this 
very wide and well organized space. 

Limits to cloud instrumentation 
Cloud instruments are riding two big technological waves or plat-
forms: the Internet and cloud computing. When we are asking about 
limitations in cloud instrumentation we are in fact thinking about 
problems like data security, confidentiality, reliability, availability and 
latency. This is appropriate in that the Internet and cloud computing 
platforms currently have certain inadequacies which are transferred 
to the instrument. On this line of thought though, we should also 

note that these technologies are very much in their emerging stage 
right now, and therefore have a tremendous potential for advance-
ment in the years to come. Cloud instruments will continuously 
benefit from every technological improvement. We need to keep this 
in mind when looking at current limitations. 

A wireless thermistor is not in itself a cloud instrument. But when 
you place it in a network with access to the Internet, that simple sen-
sor becomes one. There are two segments of data communication in 
this setup: the wireless portion that covers communication between 
the digitizer radio chip and the access point, and the Internet seg-
ment. Our company’s position regarding limitations to cloud instru-
mentation is two-fold: 

First, we, the cloud instrumentation community, have to take care of 
the wireless segment by setting standards that regulate the interfac-
es between the radio digitizer chip and the sensor/access point. 

Second, we will ride the technology wave that will improve security, 
determinism, and latency over the Internet by using off-the-shelf 
protocols and standards. 

At the hardware level we need to set open standards that regulate 
the interface between the radio digitizer chip and the sensor. These 
standards will open the field for manufacturers to create radio 
digitizer chips with Internet connectivity that are sensor interchange-
able, sensor plug-and-play, and can associate with any off-the-shelf 
infrastructure access point. 

At the firmware level we need to define how we read, digitize, pack-
etize, and send sensor data over wireless in a way that maximizes 
data security, confidentiality, reliability, availability, and determinism.
 
The radio digitizer chip code includes an authentication security func-
tion, which can be used to perform the initial (open) steps of authen-
tication and association between the chip and its access point. De-
pending on the security level being chosen, these may be followed 
by one or more further authentication and/or key exchange transac-
tions. The radio digitizer chip supports a range of security levels. As 
long as the application is in possession of the appropriate keys and/
or credentials, the method to be used can be chosen at run-time. In 
some security levels, certain key lengths are configurable. Longer 
key lengths usually lead to significant increases in processing, if only 
during the hand shake stage. Before choosing a long key, we should 
consider the purpose of choosing that security level. In some cases it 
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is to protect the data, in which case use of a longer key could be jus-
tified. In many cases, though, the reason for implementing security is 
purely to gain access to the network. In these cases, time and power 
savings can be made by reducing the level of security. 

Availability, reliability, and latency of data at the wireless level are 
also controlled by code running in the digitizer radio chip. Each data 
or command frame is initially transmitted at a preferred default rate. 
If the initial transmission fails (i.e. no acknowledgement is received) 
a number of further attempts are made at this rate, according to a 
configuration variable. If this count is exhausted, the hardware at-
tempts to transmit at a slower rate and so on, down to the slowest 
rate setting. If the rate count is exceeded a failure code is returned. 

One very interesting application that may be well served by cloud 
instrumentation is the electric utility distribution grid. Many grids 
have lately been upgraded from what the industry knows as zonal 
to nodal. This means that generators, utilities, retail electric provid-
ers, and customers can now buy and sell power based on a much 
more specific region of the state or country and have costs (such as 
congestion charges) distributed much more fairly as well. 

This transition has been made possible mainly by upgrading the 
power grid from analog to digital but also with the use of cloud in-
strument digital meters to monitor low voltage distribution lines.
 
A complete transition, when upgrading a power grid from analog 
to digital, requires digitization of the small, low-voltage distribution 

lines that feed each home and business. A key element is to replace 
the decades-old power meter, which relies on turning gears, with a 
cloud instrument digital meter that can track the current going into 
a building and also the current sent back out. The cloud instrument 
energy meter is connected to the grid’s main communication line 
and also to the Internet so it can send measurement data to a nodal 
cloud computing cluster for analysis of demand and price prediction. 
The use of cloud instrumentation allows utilities to much better as-
sess how much power and reactive power is flowing from independ-
ent producers back into the grid. It also allows a utility to sense very 
local disturbances, which can provide an earlier warning of problems 
that may be mounting, thereby improving look-ahead simulation. 
And it will allow utilities to offer customers hour-by-hour rates, 
including incentives to run appliances and machines during off-peak 
times that might vary day to day, reducing demand spikes that can 
destabilize a grid. Unlike a regular meter, the cloud instrument can 
be used as a Web-based energy portal that would allow network 
intelligence to flow back and forth, with consumers responding to 
variations in pricing. The portal is a tool for moving beyond the com-
modity model of electricity delivery into a new era of energy services 
as diverse as those in today’s dynamic telecommunications market.
 
Perhaps as an industrial user who works with process instrumen-
tation in a typical plant environment, you’re asking yourself if it’s 
conceivable that cloud instrumentation could someday be used for 
monitoring industrial processes and even controlling them, including 
critical or real time ones. Well, consider this historical precedent. The 
IBM Personal Computer, released on March 8, 1983, came standard 
with 128 kB of memory, a 360 kB double-sided 5.25 in. full-height 
floppy disk drive, a 10 MB Seagate ST-412 hard drive with Xebec 
1210 MFM controller, an asynchronous adapter (serial card with 8250 
UART) and a 130 W power supply. The motherboard had eight 8-bit 
ISA expansion slots, and an Intel 8088 microprocessor running at 
4.77 MHz (with a socket for an 8087 math coprocessor). The operat-
ing system usually sold with it was PC-DOS 2.0 and above. Did we 
think, those who were born at that time, that we would someday do 
process control, including critical or real time, with this instrument? 
The answer is probably not. Technology is very hard to predict, but 
the history of technology is repeatable, therefore we believe that 
cloud instrumentation riding the waves of the Internet and cloud 
computing is in the best place to be able someday to take on critical 
process control. Watch for major improvements in Internet determin-
ism, security, and reliability in the years to come. 
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Joining art and technology 
When looking at the widgets, temperature avatar, and digital sen-
sor frame created by Tag4M, we realize that the cloud instrument 
concept brings closer together, maybe more than ever before, two 
of humanity’s most driving engines which are art and technology. 
This just makes perfect sense because as we move through life and 
interconnect with objects we generate data, lots of data, which tells 
stories about our lives. We believe the art we create needs to capture 
these stories, just like instruments do, but using more warm and hu-
man images to reflect our interaction with the world around us. This 
new type of art, which we named Multi-Sensory Moving Art will be 
dynamic and therefore able to tell a developing story continuously, 
just like an instrument, but on an artistic level. We foresee a very thin 
line between an instrument and a piece of avatar art because both 
have measurement capability and the only difference between the 
two instruments will be the degree of artistic expression used in the 
user interface part of the instrument. 

The following is an example of a temperature instrument that is also 
piece of art. This multi-sensory moving art work titled Life & Death 
is also a thermometer showing temperature at the artist location, or 
maybe collector location, gallery, etc. Art images change in relation 
with temperature readings. This is the equivalent of the traditional 
graph or chart displayed by measurement instruments. Instead of 
images of art, the container could also display images of the object 
whose temperature is monitored by the tag. 

Marius Ghercioiu is president of Tag4M at Cores Electronic, LLC, in 
Austin, TX. Reach him at info@tag4m.com. Tag4M is working its way 
towards an instrumentation cloud where not only the sensors but 
also the logging, analysis, control programs, sensor widget deploy-
ment, and display can be anywhere. 

www.tag4m.com
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Oscilloscopes explained 
Tutorial: Oscilloscopes are probably the most useful, and most used 
general-purpose electronic test instruments. In the hands of a knowl-
edgeable test engineer, an oscilloscope can substitute for anything 
from a digital multimeter to a spectrum analyzer and perform meas-
urements that are impossible for any other instrument. Here’s how 
oscilloscopes work.

Charlie Masi, Control Engineering

10X scope probes provide improved measurement performance and safety.

While the scope has all this measurement flexibility, the information 
it provides is only as good as the signal reaching its input. The qual-
ity of that signal depends on how the signal gets from the unit under 
test (UUT) to the scope input. While it is possible to simply stick one 
end of a wire into the scope input connector and clip the other end 
to a test point on the UUT, such informal procedures usually end in 
tears. Professional test engineers use test probes and, more often 
than not, use passive 10X oscilloscope probes more than anything 
else, as they are widely recognized as being the best bet for protect-
ing the integrity of their measurements, their test equipment, and 
their skins. To understand why, it’s important to know how these 
probes work.

Oscilloscopes are voltage-measuring machines. As such, they have 
high input impedances to minimize loading of the circuit being meas-
ured. Typical scope input impedances are on the order of 1 megohm. 
It’s a nice value that is high enough to minimize loading of most 
circuits and low enough to avoid strange amplifier-noise effects.

A 10X scope probe takes advantage of this high-but-not-too-high 
scope input impedance to further reduce UUT loading while protect-
ing the scope from overvoltages. We call this “decoupling.” Decou-
pling, in measurement circles, means reducing effects that the UUT 
and instrument have on each other.

The scope probe puts a resistive impedance in series with the scope’s 
input. This sets up a voltage divider where the UUT signal falls 
across the sum of the probe and input impedances, while the scope 
input sees only the voltage across its impedance. To achieve the 10X 
ratio, the added resistance must be exactly nine times the scope’s 
input-impedance value.

What this does for the UUT is to reduce the load current the meas-
urement sucks out of the test point by a factor of 10. Measurement 
loading is one of the most important contributors to measurement 
error. It is especially important as the effective impedance at the 
test point is often poorly known, so calculating the loading effect is 
difficult. Therefore, reducing that effect by an order of magnitude is 
generally a good idea.

The 10X probe’s effect on the scope is two-fold: reducing the signal 
strength is negative, but generally not terribly bad; while reducing 
maximum voltage excursions is a big positive.
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Reducing signal strength is not bad because oscilloscopes, in gen-
eral, and modern digital oscilloscopes in particular, have powerful 
adjustable-gain voltage amplifiers. Except for the smallest signal 
levels, compensating for the reduced signal level is simply a matter 
of increasing the amplifier gain by a factor of 10. This typically rep-
resents two scale ranges. In fact, some oscilloscopes automatically 
boost their amplifier gains when a 10X probe is plugged in. Only 
when the required range is near the bottom of the scope’s dynamic 
range (when amplifier gain is near its maximum) does this effect 
become important.

Reducing maximum voltage excursions is a big positive because it 
extends the scope’s maximum safe operating range. Maximum safe 
voltage ratings for most scopes are a few hundred volts. UUT operat-
ing voltages can easily reach several times that.

10X probes that are rated for a hazardous category application, can 
protect the input circuitry of a scope better than a similarly rated 1X 
probe. By reducing the chance of overloading the input circuitry, the 
10x probe can reduce out of range measurements and reduce the 
chance of scope damage.

For more details (and larger diagram), see:
How do 10X oscilloscope probes work? 

Also read: DC measurements: voltage vs. current
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Troubleshoot RS-485 networks 
In spite of the proliferation of more modern alternatives, RS-485 
technology remains the mainstay of myriad communication networks. 
Here’s an eight-step recipe for checking common failures and making 
troublesome RS-485 networks work.

Mike Fahrion, BB Electronics, and Vance VanDoren, Control Engineering

1. RS-485 uses an unbalanced differential pair, which means that every 
device on the network must be connected to ground through a signal 
return to minimize noise on the data lines. Data conductors should con-
sist of a twisted pair of wires plus a shield if the environment is noisy.

2. Termination causes more problems than it solves in the vast major-
ity of RS-485 networks. To check which nodes are terminated, power 
down each one and disconnect it from the network. Use an ohmme-
ter to measure between the A and B or + and - lines of the receiver. 
Terminated nodes will usually read less than 200 Ohms. Unterminated 
nodes will read greater than 4,000 Ohms.

3. It’s not always clear which line is the A line and which is the B. Dif-
ferent manufacturers have adopted different labeling conventions, 
even though the B line should always be the one that is more positive 
in the idle condition. Thus, the A line is equivalent to - and the B line is 
equivalent to +. Check the idle network with a voltmeter. If the B line 
isn’t more positive than A, there’s a connection problem.

4. A tristate condition in an RS-485 network occurs when no devices 
are transmitting, and all are listening. This can cause all the drivers to 
go into a high impedance state, leaving floating wires feeding into all 
of the RS-485 receivers. A node designer typically cures this precari-
ous state by installing pull-down and pull-up resistors on the A and B 
lines of the receiver to simulate an idle condition.

To check the biasing, measure the voltage from B to A with the net-
work powered up and idle. At least 300 mV is required to keep well 
away from the undefined state shown in the graphic. If no termination 
resistors are installed, bias requirements are very forgiving.

5. A two-wire-plus-ground RS-485 network sends data up and down 
the wires. Since no two transmitters can successfully talk at once, 
there’s a slice of time immediately after the last bit has been sent when 
the network appears to be idle, but in fact the node has not yet put its 
driver into the tristate condition. A collision with unpredictable results 

will occur if another device 
tries to talk during this 
interval. To check for colli-
sions, use a digital oscil-
loscope to capture a few 
bytes of ones and zeros. 
Identify the time it takes 
for a node to reach the 
tristate condition at the 
end of a transmission, as 
shown in the figure. Make 
sure the RS-485 software 
is not trying to respond to 
a request faster than one 
byte time (a little more 
than 1 millisecond at 76.8 
kilobits/second).

6. Every reliable mid-to-long distance networking technology has 
some form of isolation built in, except for RS-485. It’s up to the system 
designer to ensure that the network does not include any ground 
loops. Isolating every node will increase the network’s reliability by 
orders of magnitude.

7. Isolation is the first line of defense against power surges, but adding 
a multistage surge suppressor takes the edge off larger surges, keep-
ing them in the range that the network’s isolation can tolerate. It is 
best to install a surge suppressor at one location on the network with 
a high-quality ground. Tie it to the earth ground at the same point as 
the rest of the network equipment or the facility’s electrical system.

8. Once the RS-485 network is up and running, write down every detail 
of its configuration. Include termination information, biasing, wire 
types, and information on spare parts. Buy some spares now, if they’re 
affordable, and keep them in the cabinet.

For more information about RS-485 technology, see www.bb-elec.com. 

An oscilloscope trace can determine if the 1s and 
0s of each byte have voltages well outside of the 
undefined state and if the minimum turnaround delay 
(equal to the time occupied by one byte of data) is 
being satisfied before the device reaches the tristate 
condition. 
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2-Channel portable oscilloscopes
Fluke ScopeMeter® 190 Series II 2-channel handheld portable oscillo-
scopes: New meters extend the Fluke line of portable scopes, provid-
ing 4- and 2-channel, 200 MHz, 100 MHz and 60 MHz bandwidth with 
CAT III 1000 V/ CAT IV 600 V safety rating for the most demanding 
applications and environments.

BY: Fluke Corporation

Fluke Corporation, 
provider of portable 
electronic test and meas-
urement technology, 
introduced the Fluke 
ScopeMeter® 190 Series 
II 2-channel handheld 
portable oscilloscopes. 
These new models 
combine the power of a 
2 channel oscilloscope 
with a 5000 count digital 
multimeter and paperless 
recording modes, creat-
ing an advanced test and 
measurement tool that 
service and maintenance 
professionals can rely 
on for troubleshooting 
equipment performance 
problems in the field. 

The 2-channel models join the recently-introduced 4-channel 
ScopeMeter® 190 Series II models to create the first full line of 
high-performance portable oscilloscopes with 2 or 4 independently 
isolated input channels, rugged sealed case and CAT III 1000V/ CAT 
IV 600V safety rating. Fluke ScopeMeter® test tools are ideal for 
service, installation or maintenance tasks on industrial electronics, 
electrical machinery or control systems. 

Oscilloscopes are tools that extend electrical or electronic trouble-
shooting techniques by providing a clear picture of what an electri-
cal signal looks like. By visually analyzing the waveform you can 
instantly see common signal disturbances like noise, distortion or 
transients. 

Closely inspecting the 
waveform over the am-
plitude or time domain 
can reveal errors like 
signal attenuation, fluc-
tuation, drift or even un-
wanted offsets and jitter. 
Capturing and assess-
ing the extent of these 
anomalies is the first 
step in diagnosing an 
electrical system failure. 
The Fluke 190 Series II is 
the right tool for the task, 
the company said.
 
The Fluke ScopeMeter® 
is the industry standard 
for portable, safe and 
rugged oscilloscopes, 
according to the com-
pany, because they are 
the only portable oscil-
loscopes that combine a 
sealed case that is dust and drip proof tested in accordance to IP51 
with a design that is tested to withstand 3g vibration or 30g shock. 

Popular enhancements in the new 190 Series II include extended 
battery life, hot-swappable batteries and a higher safety rating. The 
ScopeMeter® operates for up to 4 hours with a 2400 mAh Li-Ion pack 
(standard with 2 channel models) or up to 7 hours with the high 
capacity 4800 mAh Li-Ion pack (standard with 4 channel models op-
tional for the 2 channel models). The battery door makes it possible 
to quickly swap in a fresh charged battery. Independent electrically 
isolated inputs safety rated to CAT III 1000 V/CAT IV make it safe for 
engineers or technicians to measure everything from low voltage 
control signals all the way up to a 3-phase mains power supply. 

The ScopeMeter® 190 Series II is available in 200 MHz and100 MHz, 
either 2 or 4 channel, plus an additional 2 channel 60 MHz model. 
With up to 5 GS/s sampling rate and deep memory of up to 10,000 
sample points per input the new 190 Series II will capture and display 
just about any waveform or waveform anomaly. With two electri-
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cally isolated USB ports, users can conveniently store data to a USB 
memory device or easily connect to a PC and transfer waveforms or 
screen images for data analysis or archive. 

Fluke ScopeMeter® test tools are full featured and high performance 
yet easy enough to use that technicians and engineers alike use 
them for a wide range of plant maintenance and field service ap-
plications from installation and commissioning to maintenance and 
troubleshooting of industrial, electro-mechanical, process, and auto-
mation electronic, medical imaging equipment, and communications 
and avionics systems, Fluke said. 

With the increase in both robotics and co-gen systems, many in-
dustrial facilities now particularly require the capability to capture, 
display and diagnose amplitude, time, wave shape or disturbance 
related problems on signals from motor controls, programmable 
logic controllers, power supplies, inverters, actuators, sensors and 
encoders. 

http://www.fluke.com/fluke/usen/portable-oscilloscopes/fluke-190-se-
ries-ii-scopemeter.htm?PID=70366 

www.fluke.com/scopemeter 

http://www.fluke.com/fluke/usen/home/default 

About Fluke 

Founded in 1948, Fluke Corporation is the world leader in compact, 
professional electronic test tools. Fluke tools deliver the testing and 
troubleshooting capabilities that are critical to keep commerce and 
industry running smoothly. Fluke customers are technicians, engi-
neers, electricians, metrologists and building diagnostic profession-
als who install, troubleshoot and manage industrial, electrical and 
electronic equipment and calibration processes for quality control 
and building restoration. In the past five years, Fluke tools won more 
than 50 industry awards, including Control Engineering Engineer’s 
Choice and Plant Engineering Product of the Year. Visit Fluke’s web-
site at http://www.fluke.com/fluke/usen/home/default 

- Edited by Kelsey Kirkley, Control Engineering, www.controleng.com
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A first look at oscilloscopes
An oscilloscope measures and displays voltage signals on a time-
versus-voltage graph. In most applications the graph shows how the 
signal changes over time: the vertical (Y) axis represents voltage, and 
the horizontal (X) axis represents time .This simple graph can tell 
you many things about a signal:

• View the signal for anomalies.
• Calculate the frequency of an oscillating signal.
• Tell if a malfunctioning component is distorting the signal.
• Tell how much of the signal is noise and whether the noise is 
  changing with time.

Today’s handheld digital storage oscilloscopes can offer two critical 
advantages over bench top models: they are battery-operated, and 
some use isolated, electrically floating inputs, safety certified accord-
ing to IIEC 61010 up to 1000 V CAT III and 600 V CAT IV. These designs 
make measurements possible in 1000 V CAT III and 600 V CAT IV 
environments—a critical need for safely troubleshooting electrical 
devices in high-energy applications.

Scopes and DMMs
The difference between an oscilloscope 
and a DMM (Digital Multimeter) can be 
summarily stated as “pictures vs. num-
bers.” A DMM is a tool for making precise 
measurements of discrete signals, 
enabling readings of up to eight digits 
of resolution for the voltage, current or 
frequency of a signal. On the other hand, 
it cannot depict waveforms visually to 
reveal signal strength, wave shape, or 
the instantaneous value of the signal. 
Nor is it equipped to reveal a transient or 
a harmonic signal that could compromise 
the operation of a system.

 
A scope adds a wealth of information to 
the numeric readings of a DMM. While 
displaying instantenuous numerical val-
ues of a wave, it also reveals the shape 
of the wave, including its amplitude 
(voltage) and frequency. With such visual 
information, a transient signal that may 

pose major consequences to 
a system can be displayed, 
measured and isolated.

Reach for a scope if you want 
to make both quantitative 
and qualitative measure-
ments. Use a DMM to make 
high-precision checks of volt-
age, current, resistance and 
other electrical parameters.

Sampling
Sampling is the process of 
converting a portion of an 
input signal into a number 
of discrete electrical values 
for the purpose of storage, 
processing and display.  The 
magnitude of each sampled 
point is equal to the ampli-
tude of the input signal at the 

time the signal is sampled. The input waveform appears as a series 
of dots on the display. If the dots are widely spaced and difficult to 
interpret as a waveform, they can be connected using a process 
called interpolation, which connects the dots with lines, or vectors.

Triggering
Trigger controls allow you to 
stabilize and display a repeti-
tive waveform.

Edge triggering is the most 
common form of triggering. 
In this mode, the trigger level 
and slope controls provide 
the basic trigger point defini-
tion. The slope control deter-
mines whether the trigger  
point is on the rising or the 
falling edge of a signal, and 
the level control determines 
where on the edge the trig-

The 4-channel Fluke 190  Series  II ScopeMeter  
has  a 200  MHz bandwidth and  2.5 GS/s real-
time sampling rate.

The Fluke 123  ScopeMeter  with  
20 MHz dual-input measurement 
shows both meter  reading and  
waveform. Figure 1.  Time-versus-voltage graph.
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ger point occurs.

For even  greater control and 
visibility into signal  phenom-
ena, you can use the  ability of 
some DSOs to capture events 
leading up to the trigger point 
(“pre-trigger”) or after the  
trigger point (“post-trigger”) 
on the input  waveform. As an 
example, by using pre-trig-
gering or post- triggering, you 
may catch a spike that occurs 
in between two occurrences of 
a signal.

Pulse width triggering triggers on specific pulses within a series or it 
can identify one-time or sporadic problems in a pulsed signal. In this 
mode, you can monitor a signal indefinitely and trigger on the first 
occurrence of a pulse whose duration, or pulse width, is either out-
side of or within set limits. The goal is to isolate and display a pulse 
that meets the predetermined time criteria.

Single-shot triggering is useful for capturing a one-time event—such 
as electrical arcing or a relay closure. A DSO with a single-shot mode 
waits until it receives a trigger and then sets itself in a hold mode to 
store the signal at the moment the one-time event occurs.

Video triggering is a powerful feature of advanced DSOs. Video 
signals can be extremely complex, providing no unique edge that 
is repetitive and that can be isolated to stabilize the signal.  With an 
extensive range of signaling pro-
tocols in use in today’s electronic 
video equipment and systems, an 
effective DSO is one that rec-
ognizes the predominant video 
protocols and provides appropriate 
triggering functionality.

Setup
The task of capturing and analyz-
ing an unknown waveform on an 
oscilloscope can be routine, or it 
can seem like taking a shot in the 
dark. However, in most cases, tak-

ing a methodical approach to setting 
the oscilloscope will capture a stable 
waveform or help you determine 
how the scope controls need to 
be set so that you can capture the 
waveform.

1) Start with Auto
Connect the reference lead and then 
connect the probe tip to the circuit 
test point. Most oscilloscopes have 
the ability to either perform a 
one-time auto setup or continu-
ously analyze the unknown input 
signal. Press the AUTO button 
or verify that the scope is 
already in Auto mode.

Pressing the AUTO button will 
typically set up the oscillo-
scope to automatically adjust 
three key parameters:
 
Vertical sensitivity. Adjusts 
the vertical sensitivity so that 
the vertical amplitude spans 
approximately three to six 
divisions.

Horizontal timing. Adjusts 
the horizontal time per 
division so that  there are 
three to four periods of the 
waveform across the width 
of the display.
 
Trigger position. Sets the 
trigger position to the 50 % 
point of the vertical am-
plitude. Depending on the 
signal characteristics, this 
action may or may not result in a 
stable display.

At this point you should see a 

Figure 2.  Sampling and interpolation, sampling 
is depicted by the dots while interpolation is 
shown as the black line.

Figure 4.  Unknown trace adjusted for 3-4 
periods horizontally.

Figure 3.  Unknown trace adjusted for 3-6 
vertical divisions.

Figure 5a.  Trigger point set to 50 % point 
on trace.

Figure 5b.  Trigger point is set to the 50 
% point but due to the aberration on the 
lead- ing edge in the second period, an 
additional trigger results in an unstable 
display.
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trace that 1) lies within the 
vertical range of the dis-
play, 2) shows at least three 
periods of a waveform, and 
3) is stable enough to allow 
you to recognize the overall 
characteristics of the wave-
form. Next, start fine-tuning 
the settings.

2) Adjust vertical and hori-
zontal settings
Start by adjusting the horizontal tim-
ing, increasing the time per division 
so that you see a wide time span of 
the unknown waveform. From 
that view, reverse the adjustment 
as required to narrow the view to 
just what you want to display.

Now adjust the vertical sensitiv-
ity, expanding the waveform ver-
tically but ensuring that the high 
and low points of the waveform 
do not exceed the vertical span.

3) Adjust trigger settings
If needed, adjust the trigger set-
tings to stabilize the waveform 
display. Or, you may want to 
adjust the trigger delay to see 
pre- or post-trigger details on the 
waveform.  Always start with the 
trigger-level setting, adjusting 
it so that it falls on a repetitive, 
unique point on the rising or fall-
ing edge of a waveform.

As an example, with the oscil-
loscope trigger set to the rising 
edge  and the level set to the 
50% point, the following figures illus-
trate the cause of an unstable wave-
form display.

However, simply by manual-
ly adjusting the trigger point 
to a repetitive, unique point 
on the edge, you can solve 
this problem and produce a 
stable waveform display.

When working with complex 
signals like a series of pulses, 
pulse width triggering may 
be required. With this tech-
nique, both the trigger-level 
setting and the next falling edge of the 
signal must occur within a specified 
time span. Once these two conditions 
are met, the oscilloscope triggers.
 
Another technique is single-shot triggering, by which the oscillo-
scope will display a trace only when the input signal meets the set 
trigger conditions. Once the trigger conditions are met, the oscillo-
scope acquires and updates the display, and then freezes the display 
to hold the trace.
 
Understanding and reading waveforms
The majority of electronic waveforms encountered are periodic and 
repetitive, and they conform to a known shape. Here are the factors 
to consider in analyzing waveforms:

Shape. Repetitive waveforms should be symmetrical. That is, if you 
were to print the traces and cut them in two like-sized pieces, the two 

Figure 6a.  At the first update, the 
scope triggers on the first edge.  On 
the second update, the scope may 
trigger on the second trigger point 
indicated.

Figure 6b.  Unstable waveform 
display caused by incorrect trigger 

Figure  6c.  Trigger level adjusted 
to a unique repetitive position, out-
side the aberration on the second 
period.

Figure 7.  Pulse width triggering will 
allow you to set up the oscilloscope 
to trigger on a specific pulse defined 
by level and time.

Figure 8.  If the two components of the 
waveform are not symmetrical, there 
may be a problem with the signal.

Figure 9.  Use cursors  and  the  rati-
cule marks  to evaluate the  rise and  
fall times of the  leading and  trailing  
edges  of a waveform.
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sides should be identical. A point of 
difference could indicate a problem.

Rising and falling edges. Particularly 
with square waves and pulses, the 
rising or falling edges of the wave-
form can greatly affect the timing in 
digital circuits. It may be necessary 
to decrease the time per division to 
see the edge with greater resolution.

Amplitude. Verify that the level is 
within the operating specifications 
of the circuit. Also check for consist-

ency, from one period to the next. Monitor the waveform for an 
extended period of time, watching for any changes in amplitude.

Amplitude offsets. DC-couple the input and determine where the 
reference marker is. Evaluate any dc offset and observe if this offset 
remains stable or fluctuates.

Periodic wave shape. Oscillators 
and other circuits will produce 
waveforms with constant repeating 
periods. Evaluate each period in time 
using cursors to spot inconsisten-
cies.
 
Waveform anomalies
Here are typical anomalies that may 
appear on a waveform, along with 
the typical sources of such anomalies.

Transients or glitches. When wave-
forms are derived from active de-
vices such as transistors or switches, 
transients or other anomalies can 
result from timing errors, propaga-
tion delays, bad contacts or other 
phenomena.

Noise.  Noise can be caused by 
faulty power supply circuits, circuit 
overdrive, crosstalk, or interference 
from adjacent cables. Or, noise can 
be induced externally from sources 
such as inverters/converters, lighting 
systems and high-energy electrical 
circuits.

Ringing. Ringing can be seen mostly 
in digital circuits and in radar and 
pulse-width-modulation applica-
tions. Ringing shows up at the tran-
sition from a rising or falling edge 
to a flat dc level. Check for excessive 
ringing, adjusting the time base to 
give a clear depiction of the transi-
tioning wave or pulse.

Momentary fluctuation. Momentary 
changes in the measured signal gen-
erally result from an external influ-
ence such as, voltage, activation of a 
high-power device that is connected 
to the same electrical grid, or a loose 
connection. Use the DSO’s slowest 
time-base setting or the paperless 
recording or “roll” mode. Start at the 
input and watch the acquired wave-
form over long time spans to track 
down the source of the problem.

Drift. Drift—or minute changes in a 
signal’s voltage over time— can be 
tedious to diagnose. Often the change is so slow that it is difficult to 
detect.  Temperature and other environmental changes and system 
process changes can affect passive electronic components such 

Figure 10. Use horizontal cursors to 
identify amplitude fluctuations.

Figure 11. Evaluate waveform DC offsets.

Figure 12. Evaluate period-to-period 
time changes.

Figure 13. A transient is occurring on 
the rising edge of a pulse.

Figure 14. A ground reference-point 
mea- surement showing induced 
random noise.

Figure 15. Excessive ringing occurring 
on the top of the square wave.

Figure 16a. A momentary change of 
approximately 1.5 cycles in the ampli-
tude of the sinewave.
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as resistors, capacitors and crystal 
oscillators.  One problematical fault to 
diagnose is drift in a reference dc volt-
age supply or oscillator circuit. Often 
the only solution is to monitor the 
measured value (V dc, Hz, etc.) over 
an extended time.

Diagnosing problems
Although successful trouble-shooting 
is both an art and a science, adopt-
ing a troubleshooting methodology 
and relying on the functionality of an 
advanced DSO can greatly simplify 
the process.

Good troubleshooting practices will 
save time and frustration. The time-
tested approach known as KGU, 
Known Good Unit comparison, ac-
complishes both goals. KGU builds 
on a simple principle: an electronic 
system that is working properly 
exhibits predictable waveforms at 
critical nodes within its circuitry, and 
these waveforms can be captured and 
stored.  This reference library can be 
stored right on the DSO as an online 
resource, or can be printed out to 
serve as a hard-copy reference docu-
ment. If the system or an identical 
system later exhibits a fault or failure, 

waveforms can be captured from the faulty system—called the De-
vice Under Test (DUT)—and compared with their counterparts in the 
KGU. Consequently, the DUT can either be repaired or replaced.

To build a reference library, start by identifying appropriate test 
points, or nodes, on the DUT. Now, run the KGU through its paces, 
capturing the waveform from each node.  Annotate each waveform 
as required.

Get into the habit of always documenting key waveforms and meas-
urements. Having a reference to compare to will prove invaluable 
during future troubleshooting.

Troubleshooting
Whichever troubleshooting scenario below is appropriate at the time, 
remember that it’s important to inspect waveforms for fast-moving 
transients or glitches, even if a spot check of the waveform reveals 
no anomalies. These events can be difficult to spot, but the high sam-
pling rate of today’s DSOs, together with effective triggering, makes 
it possible.

DUT with KGU. This approach assumes that you have access to a 
KGU and a reference library.

1. Make sure the DUT and KGU are set up in identical operat- ing 
    modes.
2. Starting at a high-level point in the system or block diagram, use 
    the DSO to look for the presence or absence of fundamental 
    signals.  For example, look for a line-voltage supply, as well as sub
    sequent dc supply voltages to the various subsystems. This re
    quires probing the major input and output signals at major 
    nodes in the system.
3. Compare signals at key nodes while changing the operating 
    mode to see if a failure occurs. With signals from both devices 
    available, you have two options:
  • Display the live waveform from the KGU on Channel 1 of the DSO, 
    and display the live waveform from the DUT on Channel 2.
  • Capture a trace from the KGU and overlay it with a trace from the 
     DUT. Perform a waveform-compare or pass/fail test.
  • The ScopeMeter® 190 Series II has 4 input channels which means 
    that 4 signals from 4 different sources can be compared.
4. Continue with this process until you note a variance between the  
    DUT and KGU waveforms.
 
DUT with Circuit Diagrams. This approach assumes that no KGU and 
no waveform reference library for the DUT are available, but that 
circuit diagrams of the DUT can be located.

1. Review the circuit diagrams to understand the basic operation of 
    the DUT.
  • Analog circuits such as oscillators, amplifiers and signal condi-
    tioners (attenuators, filters and dividers) should exhibit uniform 
    waveform patterns.
  • Digital circuits such as gates, switches and pro- cessors should 
    display waveforms with predictable amplitudes, pulse periods  
    and even pulse patterns.
2. Starting at a high-level point in the system or block diagram, use 
    the DSO to look for the presence or absence of fundamental sig-

Figure 17. Performing  a frequency 
measurement on a crystal  oscillator  
that has  been  trend-plotted over 
an extended period  (days or even  
weeks)  can highlight the  affect of 
drift caused by temperature changes 
and  aging.

Figure 16b. Using an oscilloscope 
with a paperless recorder mode 
allows plotting of the amplitude 
(voltage level) over time.
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    nals. For example, look for a line-voltage supply, as well as subse-
    quent dc supply voltages to the various subsystems. This requires 
    probing the major input and output signals at major nodes in the 
    system.
3. Use the storage capability of the DSO to capture and compare 
    waveforms while changing the operating mode of the DUT.
  • Visualize a theoretical “good” waveform and compare it to the 
    waveform displayed on the DSO. Try to identify any obvious 
    anomalies.
4. Use the horizontal or vertical cursors to quickly evaluate if the time 
    or amplitude of the trace falls within the time or amplitude ranges 
    suggested by the circuit design.
 
Complex DUT, No Circuit Diagrams. This approach assumes that the 
DUT is a fairly complex system, that no KGU is available, and that 
only limited DUT documentation is available.

1. Study the  circuit cards, looking for common components and  
    circuits, and  identify high-level test  points in the system and  
    check for the presence or absence of fundamental signals. As 
    before, start at one point and work your way backwards probing 
    the major input and output signals at major nodes in the system.
2. Compare waveforms at key nodes while changing the operating 
    modes to see if a failure occurs. Store these waveforms.
3. If an examination of the DUT and analysis of waveforms at key 
    circuit nodes reveal no obvious faults, use the DSO’s storage capa-
    bility to solicit the aid of peers.
  • Identify “suspect” waveforms from the DUT.
  • Use the DSO’s Extract or Output mode to save these waveform  
    files in a bitmap (.bmp) format.
  • Email the files to a peer or factory expert anywhere in the world 
    for aid in trouble-shooting the circuit.
4. Using outside experts, go through each key node and one by one 
    eliminate the obvious good nodes, eventually narrowing your 
    focus to obvious faulty or suspect nodes.
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Fluke Corporation
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