STRATEGIES &
TECHNIQUES FOR
WAVEFORM
ANALYSIS
A fact of life is that a waveform, in
many cases, is mandatory for
professional-level diagnostics. Its unique
perspective offers us the opportunity
to learn more and learn faster.

T

he power of the waveform is that it offers unique and detailed insights into
system activities, communication and
energy. This is why the lab scope is an
essential tool in the service bay and the waveform is an essential part of the language we use
to discuss diagnostic and system information.

This article will introduce you to
some techniques and strategies of learning about waveforms and help guide you
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through the analysis process. Ultimately,
it’s about getting the most out of waveforms for both learning and diagnosis.
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Following are what I believe to be three
of the most important principles of
learning about and performing effective
waveform analysis:
Waveforms are information. If
you’re a beginner, don’t get trapped in
the “waveforms are about electricity
and I don’t know anything about lab
scopes or electricity” mentality. Waveforms are about information—information that’s delivered in a voltage-overtime format. Waveforms can be representative of almost anything, including
pressure, noise, temperature, light . . .
and electricity.
For waveform analysis, it’s important
to be open to all types of information
connections. Do this and the lab scope
will immediately be a productive tool
for you, even if you know nothing about
electricity.
Refer to Fig. 1 above. You don’t need
to know anything about electricity to realize there’s a problem if your foot
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The Principles of
Waveform Analysis

Fig. 1: Throttle Position Sensor (TPS) Waveform

moved the throttle smoothly and the signal did not follow. The dropout or glitch
in this signal gives you a visual indication
of a problem, without the need for interpreting voltage levels or time duration.
Reading a waveform is about
finding relationships. Reading the in-
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Fig. 2: A Functional Waveform Diagram
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formation contained in a waveform allows you to find the relationships
among the signal and the circuit, system
and environment. It’s these connections
that give the waveform meaning to us.
For diagnosis, often the goal is to find
a direct relationship between the waveform and the problem(s) we’re looking
for. And sometimes it’s the complete
opposite; we don’t want to see any relationships.
Fig. 1 is an example of understanding
the relationship among the movement
of your foot, an expectation of the
movement of the throttle and changes
in the waveform. The glitch in the
waveform represents an obviously broken relationship to your test actions and
a solid relationship to a hesitation.
Advanced waveform analysis is
about processes. It goes beyond making simple relationships. It’s about reading the waveform to learn about the
processes, dynamics and actions of the
system. Simply put, it’s like asking
“What did happen?” “What is happening?” and “What is going to happen?”
Technically, processes are about how
parts and pieces connect and interact—
how one idea or occurrence leads to
and influences the next. For automotive
systems, it’s about how one mechanical
event results in the next. It’s the active
transfer of energy and information within the system to produce a desired outcome. Conversely, a system malfunction
is a breakdown in the processes that results in an unwanted outcome.
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Sometimes the system processes are
the key to finding the problem. System
processes are key to truly understanding
the system and for building expert-level
knowledge.
The TPS waveform in Fig. 1 represents all of the events that took place between the pressing of the throttle and the
resulting engine performance. The glitch
is a breakdown in the process at the point
of the sensor. Everything taking place up
to that point is good. The “event” is a
failed component and everything afterwards is incorrect system information resulting in a performance problem.

The Functional
Waveform Diagram
Have you ever used a functional diagram for a diagnosis? A functional diagram is like a simplified version of a
wiring diagram but instead displays only
the main parts of a system along with
the key relationships.
Because of the simple perspective,
functional diagrams make it easy to focus on how a system works without getting bogged down in the details such as
those you get in a wiring diagram.
Fig. 2 on page 26 is a functional
waveform diagram. It exposes the fundamental processes of a waveform—
how a waveform is shaped and what it
does. A functional waveform diagram
can be divided into three sections:

Fig. 3: Cylinder Compression Waveform Analysis

1. What we see on the scope—the
waveform itself.
2. How a waveform is shaped—depicted in the area below “Waveform” in
the diagram.
•Anytime the waveform changes,
there’s a change in the relationship of
voltage, current and resistance.
•Any change in voltage, current and
resistance is a result of one or more of
the circuit components changing.
•Circuit components change for any
of three reasons: component malfunc-

Fig. 4: Further Cylinder Compression Waveform Analysis
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tion (e.g., a cracked coil insulation resulting in a short); environment (e.g., by
heat or by connecting a pressure or other transducer to the scope); or the system commands a change (e.g., a signal to
activate a transistor).
3. What a waveform does—depicted
in the area above “Waveform” in the diagram.
•The waveform depicts the energy to
carry out work (e.g., to open an injector).
•The energy carries information
about the circuit (e.g., the shape of an
injector waveform indicates the health
of the components that make up the circuit) and system operation (e.g., the injector pulse width as a request for a specific amount of fuel delivery). This information can be further simplified into a
waveform learning and analysis strategy
by reformatting in the form of questions.
To understand how the waveform is
shaped, work the diagram from the bottom up:
1. How did the relationship among
voltage, resistance and current change
to shape the waveform?
2. Which component changed the relationship among voltage, resistance and
current?
3. What dynamic changed the component?
To read the waveform, work the diagram from the top down:
1. What does the waveform tell us
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about the energy within the circuit?
2. What does the waveform tell us
about the circuit activity and components that make up the circuit?
3. What does the waveform tell us
about the system in general and the information the system needs to operate?

Becoming Your Own
Best Waveform Teacher
Becoming your own best teacher
means guiding yourself through the
learning and diagnostic processes. One
of the most effective strategies for doing this is to learn to ask yourself lead-
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ing questions—something as simple as
“What am I missing?” or “What’s a creative way to figure this out?” I’m always amazed at how asking the right
question at the right time can reset my
thinking and give me direction.
Following is a sampling of some of
the most useful self-guiding questions
for waveform analysis. But first I’m going to give you the most important tip
that’s in this article: “If you can’t find
the answer, find the question.”
What’s the relationship? As soon as
we see a waveform characteristic that
we don’t understand, it’s odd how it
can lock us in a tractor beam. We get
tunnel vision and all logic goes out the
window. To keep yourself on track, just
step back and ask yourself the question, then reexamine. For example:
What’s the relationship to the problem
I’m looking for? Or: What can I relate
this change to?
Fig. 3 on page 28 is a running compression waveform captured by screwing a pressure transducer into a spark
plug hole and starting the engine. The
higher the signal amplitude, the higher
the pressure. If I place cursors on the
waveform to mark the crank position, I
can establish simple relationships between the activities of the pistons and
the valves and the shape of the waveform. The most obvious relationship is
that the highest portions of the waveform relate to the highest occurrences
of compression. The center of the big
peaks must be TDC-Compression.
I’m not sure what caused the little
spike just before the peak of the first
compression pulse, So I ask myself:
What is the relationship between the
spike and the engine compression? I
can’t think of any way a piston secured to a crankshaft can make pressure go up and down like that.
What’s my confidence level? Do you
really know what you think you know?
Are you 100% sure or just 50% sure?
It’s important to recognize the difference among rules (100%), rules of
thumb (90%), most of the time (80%),
some of the time (35%) and guessing
(?%). It can take some practice to make
the distinction.
Referring again to Fig. 3, am I positive that the engine did not produce

that spike? Yes, I’m 100% sure. It has to be something else.
Does it look controlled? Knowing if an irregularity is random or controlled is an important pointer to the problem
source. If it’s controlled, it might have clean and defined
transitions and/or show up on a regular basis. And, if it is
controlled, it’s often a related circuit or a circuit that uses
lots of current.
Looking across the waveform I see other spikes that are
evenly spaced and each is a clean and defined spike. Yes, the
spike is controlled.
Does it look like it’s supposed to be there? It’s one thing to
look controlled; it’s another for it to look like it’s supposed to
be there. If it does look like it’s supposed to be there, it’s a
pointer to do more research directly into the component,
circuit or system being worked on. If it’s not controlled, find
a new question!
In a way, the spikes in Fig. 3 look like they’re supposed to
be there. The alignment is so clean but there’s no way the
cylinder produced the spike! Alignment loses. They’re not
supposed to be there. Now what? A new approach?
Does it have a unique signature? Almost every compo-

Sometimes we just don’t need to know
the details and it’s best to think and
define our challenges in the simplest
terms. This is extremely helpful
when you’re overloaded with variables
or overwhelmed with complexity.
nent has a unique way in which it helps shape a waveform,
If you learn what it is, the shape of an anomaly may point
you to a component. Ramps, spikes, fast transitions, voltage
drops, ringing, etc., all have unique signatures.
Does the anomaly in Fig. 3 have a unique signature? Yes,
a spike. Time to add it all up: What makes spikes? Coils.
What coils fire just before TDC and are evenly spaced
throughout 720° of crank rotation? Ignition coils. The spikes
are “ignition noise.”
When is work being performed? Asking when work is being performed is the same as asking if the circuit is active
but with the focus on current. Typically, in a voltage waveform, work is being performed when the circuit is either
high or low. This information gives an indication of circuit
configuration. With a typical voltage test point placed between the load and switch, active while high indicates a
switch to power and active while low indicates a switch to
ground.
In Fig. 3, I placed five evenly spaced cursors from TDCC to TDC-C. When I realized that the little spikes were
caused by ignition, I became uncertain about the cursor
placements. I expected the timing advance would be consisCircle #18
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tently positioned before the TDC and
BDC marks. I also noticed the relationship of the transition from exhaust
backpressure to intake vacuum at the
360° mark. It took almost one-third of
the stroke to make the exhaust-to-intake transition. Not good. Either my

marks are wrong or the ignition timing
and cam are way off.
If my marks are wrong, then the ignition is the closest information available to determine crank position. In
Fig. 4 on page 28, I measured the time
between each ignition pulse by draw-
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ing a box from one spike to the next.
As a group I moved the boxes to fit in
between the TDC-C peaks. The ignition relationship to ignition looks good.
How about the transition from exhaust
to intake? Much better.
Digging a little deeper shows the
time between the two TDC-C peaks is
271mS. A little math reveals 444.4
rpm. The engine is cranking and
maybe just starting. Such a slow rpm
increases the chance for unsteady rpm,
especially if all the cylinders are just
starting to fire…all but the one being
tested.
Looks like I made the mistake with
my original cursor placements. The
new marker placements certainly are
not 100% accurate, but they’re close
enough. Pay attention to details. Consider the possibility that you are making the mistake. Capture running compression at reasonable rpm levels!
The waveform in Fig. 5 on page 34
was taken from a transmission solenoid. Sometimes we just need to know
that the circuit is responding correctly
to other changes in the system. In other words, is the PCM making the right
decisions to open and close the solenoid? We may not need to know the
specs; we just need to see the action
and a reaction. Problem is, it’s hard to
tell from the waveform if the solenoid
is opening or closing. If I knew, then I
would know the action/reaction of the
system.
How much work is being performed? Sometimes, voltage waveforms do offer information about when
there is current and sometimes they
don’t. When you need detailed information of circuit work, get out the current probe. And don’t forget, to know
exactly how much work is being performed, you need to know both current and voltage.
Considering the changes in the
waveform in Fig. 5, the current is either going up or going down. It depends on if the work is being performed when the signal is high or low.
What do I know? Instead of focusing on what you don’t know, step back
and take inventory of what you do
know. Think of it as building a foundation. Then the more you know and the

better organized it is (in your head),
the stronger your foundation is. As a
result, you’ll be able to better direct
yourself into the complexity of the
problem you’re dealing with.
Looking again at Fig. 5, I know the
solenoid is a coil and coils make spikes.
I know that a coil makes spikes when
the circuit transitions from “complete”
to “open.” That means the portion of
the waveform just before the spike is
when current is flowing. Hey, I do
know when this circuit is working—on
the high side of the signal!
Walk the technology? All systems
are made up of parts that fit together
in specific ways, which are put together in a specific sequence, which creates
processes that are supposed to play out
in specific ways. Walking the technology means following these pathways one
step at a time in which one thought,
part or action leads to the next.
In Fig. 5, the PCM sends a signal to
open and close the solenoid. It completes the circuit as a switch to power
and controls the circuit by varying the
duty cycle while appearing to be a
fixed frequency. When the signal is
high, the circuit is on and there’s current. The current builds a magnetic
field in the coil that overcomes the
spring tension to open the valve, resulting in fluid flow. Did I expect more
fluid to flow with the change in TPS
position? Yes, I think so.

You’d be amazed at how thinking in
simple can help get you back on track!
Where’s my ground? This question
is helpful when you’re not seeing the
exact voltage levels or when the signal
is noisy, wavy or just does not look like
you expect it to. Many systems have

unique grounding strategies that may
need to be considered for accurate
testing.
The scope ground can be placed
anywhere. Ideally, you understand the
implications of your placement. As a
rule of thumb, if you want to see what

A Few More for the Road
Think in extremes. Sometimes you
have to go to the extremes to get out of
the sand trap of vagueness. For example, if a signal voltage drops slightly,
ask yourself why. If you find this question hard to answer, then go to the extreme: What would cause this signal to
go to zero? That’s easier to answer.
Then work your way back to “a slight
decrease.”
Think in “simple.” Sometimes we
just don’t need to know the details and
it’s best to think and define our challenges in the simplest terms. This is extremely helpful when you’re overloaded with variables or overwhelmed
with complexity. For example, regardless of how complex a circuit is, it has a
load, a ground side and a power side.
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the computer sees, use the signal
ground. When the engine is off, the
battery is the lowest ground; when the
engine is running, the alternator is the
lowest ground. Consult the diagrams
for floating circuit grounds.
Where’s my test point? In general,
the red test lead is placed between the
load and the driving switch.

The Next Step Is Yours
In this article I have introduced three
key elements for mastering waveform
technology: the principles that are
the root of successful waveform analysis, a functional waveform diagram
that outlines the fundamental mechanics of how a waveform works and
an application strategy to guide you
through the process of waveform
analysis.
You provide the next most important
element—the active application of the
scope and waveform analysis in your
service bays by integrating the scope
with your other tools and relating

Fig. 5: Transmission Solenoid Waveform

waveforms directly to system performance and diagnostic solutions.
What you’ll find is that the more you
understand about waveforms, the less it
becomes about waveforms and the more
it becomes about the systems you’re
working on. Ultimately, that’s exactly
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what waveform analysis is really about—
understanding and mastering the systems and technologies you work on.
This article can be found online at
www.motormagazine.com.

