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METHOD FOR GRAPHICALLY ANNOTATING A 
WAVEFORM DISPLAY IN A 

SIGNAL-MEASUREMENT SYSTEM 

RELATED APPLICATION 

0001. This application is related to commonly owned 
U.S. Utility Patent Application entitled “System and Method 
for Annotating a Graphical User Interface Display in a 
Computer-Based System,” filed concurrently herewith under 
Attorney Docket Number 10982428-1, and naming as 
inventor Jay A. Alexander. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates generally to a graphi 
cal user interface and, more particularly, to graphically 
annotating a measurement display of a signal measurement 
System. 

0004 2. Related Art 
0005 Conventional signal measurement systems such as 
digital oscilloscopes Sample, record and display time-vary 
ing analog Signals. Samples of an input Signal are taken and 
quantized, and the resultant digital representations are Stored 
in a waveform memory under the control of a Sampling 
clock. The acquired data may be Subsequently read out as 
locations in memory are Sequentially addressed by a clock 
Signal to provide digital data that can be converted to a 
time-varying output signal for a waveform display. The 
Sampling clock may be operated at one of Several Selectable 
rates depending upon the frequency content of the input 
Signal. The Selection of the portion of the analog input signal 
Sampled and Stored is determined by appropriate triggering 
circuitry to enable the operator to display the desired portion 
of the waveform. 

0006 There are many types of display elements that can 
be presented in Signal measurement Systems in general and 
test and measurement instruments in particular. For 
example, in addition to the waveforms representing the 
Signals currently received at the channel inputs, waveforms 
referred to as function waveforms may also be displayed. 
Function waveforms are waveforms created by processing 
one or more Signal waveforms. Such processing may 
include, for example, performing arithmetic manipulations 
on a signal waveform or combining multiple input Signal 
waveforms in Some predetermined manner. The resulting 
function waveforms are Stored in a display memory for 
Subsequent retrieval and display. In addition, memory wave 
forms may also be displayed. Memory waveforms are wave 
forms which have been previously captured and Stored in a 
memory device of the Signal measurement System. In addi 
tion to the above waveforms, other display elements Such as 
marker indicators, trigger indicators, etc., are typically dis 
played. 

0007. There are various annotation and documentation 
requirements that arise during the design, test and evalua 
tion, and other development phases of a circuit or System 
component, as well as during manufacturing and ongoing 
Support phases. In particular, there is a need for accurate and 
complete documentation related to Signal acquisition and 
analysis, particularly during product development and 
manufacturing phases. One Such need is to provide the 
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operator with the ability to document test conditions (power 
usage, load, etc.), observations, Suspected causes and pro 
posed solutions to observed behavior of the device user test 
(DUT). Not only does such information facilitate manage 
ment of the test and evaluation process, it also facilitates 
communications with others in the diagnosis of the DUT. 
There is also a significant need to fully document for 
Subsequent referral all aspects of a test and evaluation 
procedure, including the resulting test data in addition to the 
above information. Such documentation may be referred to 
again until Some latter phase of the product development 
cycle, or even after the product or DUT has gone into its 
manufacturing phase. 
0008. With the advent of increasingly sophisticated sig 
nal measurement Systems, as well as an increase in the 
complexity of the devices which are to be tested, Such 
annotation and documentation needs far exceed the capa 
bilities of traditional techniques. One conventional approach 
has been to provide a simple waveform label containing 
fixed waveform names. Such labels are typically located in 
a Static region on the left or right Side of the waveform 
display adjacent to the location at which the waveform 
enters or exits the waveform display region. These labels are 
often simply 
0009 channel names or number designations such as, for 
example, 1, 2, 3 or C1, C2, C3 for waveforms received at 
channels 1, 2 and 3, respectively. This identification infor 
mation is useful, particularly in monochrome displays where 
the use of distinguishing colors or gray Scales is limited or 
non-existent. 

0010. However, at most, such conventional techniques 
provide only a simple indication of which Signal waveform 
is currently displayed. There is not additional information 
presented and the operator cannot modify or otherwise 
contribute to the location or content of the displayed label. 
For example, when multiple waveforms are displayed on a 
Signal measurement System, it is important to provide infor 
mation beyond channel association Such as the location of 
the circuity (pin 3, IC5, etc.) associated with the waveform 
as well as the above information (observations, test condi 
tions, Suspected causes of behavioral problems, anticipated 
Solutions to Such behaviors, calculations, etc.). The above 
conventional techniques cannot Support Such information. 
0011) Another common approach is simply to record Such 
information in a laboratory notebook, word processor test 
file, or the like. It is not uncommon for Signals to be 
measured and the resulting waveforms to be digitally Stored 
and printed. Printed copies of the waveforms, annotated with 
the above information, are often included in the laboratory 
notes to Supplement the above information. Unfortunately, 
this approach has also been found to be time consuming and 
insufficient, particularly with the advent of increasingly 
Sophisticated DUTS and corresponding test procedures. 

0012 Subsequent evaluation of the waveforms due to, for 
example, problems identified during the manufacturing of 
the DUT, requires a comparison to be made between the 
current performance of the DUT and the previously-docu 
mented characterizations made during product design or 
component qualification. Unfortunately, the information 
contained in the above laboratory notes is often incomplete 
or difficult to correlate with the acquired signals obtained 
during the current test process. Furthermore, this proceSS is 
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often time consuming or not possible due to the misplace 
ment of the original test results and related information. AS 
a result, additional time must be expended to repeat tests 
which have been performed previously. Oftentimes, a pre 
vious test cannot be repeated due to a change in Venders, 
lack of part inventories, etc. This results in further costs 
being expended to recharacterized the DUT. 
0013 Another conventional approach is implemented in 
the model 54700 series oscilloscope formally available from 
Hewlett-Packard Company, Colorado Springs, Colo., USA. 
To document a measurement in Such a conventional Signal 
measurement System, numerous operator actions are typi 
cally required to be performed. First, the desired function is 
Selected by pressing a multifunction Softkey having a cur 
rently assigned function of generating text labels. Typically, 
the Softkey is located near a textual or graphical display at 
which the key’s current function is displayed. With this 
approach, the current function of the Softkey must first be 
assigned through the activation of a menu or 'Setup key. 
The menu/setup key may be a fixed function key located on 
the front panel, or may itself be a Softkey having a currently 
assigned function of assigning functions to one or more 
other Softkeys. 
0.014. The operator must first select each letter or phrase 
from a list of Such letters and phrases to create a desired 
label. Softkeys or rotational knobs are provided to enable the 
operator to Scroll through a Series of optional characters or 
phrases to arrive at the letter or phrase that the operator 
desires. To Select the letter, the operator depresses an addi 
tional Softkey indicating acceptance and Selection of the 
highlighted letter or phrase. This process is continually 
repeated until the operator completes the assembly of the 
desired text label. 

0.015. It is also extremely difficult and time-consuming to 
move the label on the display. First, the operator must Select 
one coordinate, requiring the activation of one or more 
softkeys. This is followed by the rotation of a knob on the 
System control panel to move the label along the Selected 
axis. Once the label is in its approximate desired location 
along the first axis, the operator must then Select the 
orthogonal axis, again through the activation of one or more 
softkeys. The rotary knob is then rotated to adjust the label 
along the Second axis to the desired position. This Sequence 
of Steps is typically repeated until the label is positioned in 
its desired location. 

0016. There are numerous drawbacks to this latter con 
ventional approach. First, it requires numerous key presses 
and/or knob turns to be implemented in a specified Sequence 
in order to properly generate a label. This Series of Softkeys 
and hierarchial layers that the operator must navigate 
through to generate the labels is difficult to understand and 
is often difficult to remember, particularly for the novice 
operator. In addition, considerable time is consumed per 
forming the requisite Steps to obtain a desired label. This is 
particularly problematic when a number of labels are to be 
generated on different regions of the display. In addition, the 
time associated with repositioning the labels to their desired 
locations is extremely time-consuming. Furthermore, the 
operator is generally not provided with the opportunity to 
change the appearance of the label, making it difficult to 
distinguish between multiple labels on a display. 
0017 What is needed, therefore, is a simple, intuitive and 
flexible System and methodology for enabling an operator to 
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clearly annotate and otherwise document test conditions, 
observations, Suspected causes and proposed Solutions, to 
observed DUT behavior, and other desired information 
related to signal acquisition and analysis. An operator should 
be able to record Such information in a manner that facili 
tates management of the test and evaluation process includ 
ing communicating with others in the diagnosis of the DUT. 
Such information should be easily accessible for later refer 
ral as well. The operator should also be able to conveniently 
adjust the location of the annotation label as well as the 
appearance of the annotation label on the display. 

SUMMARY OF THE INVENTION 

0018. The present invention is a real-time annotation 
System and methodology for annotating measurement wave 
forms in a signal measurement System that includes a 
graphical user interface for displaying waveforms and mea 
Surement results on a Signal measurement System display. 
Generally, he annotation System enables an operator to 
generate a graphical annotation label containing any desired 
data, and to graphically position the annotation label at any 
desired location on the measurement display, enabling the 
operator to positionally associate the graphical annotation 
label with a desired waveform or waveform feature dis 
played on the graphical user interface. 
0019. A number of aspects of the invention are summa 
rized below, along with different embodiments that may be 
implemented for each of the Summarized aspects. It should 
be understood that the embodiments are not necessarily 
inclusive or exclusive of each other and may be combined in 
any manner that is non-conflicting and otherwise possible. It 
should also be understood that these aspects of the invention 
are exemplary only and are considered to be non-limiting. 
0020. In one aspect of the invention, the annotation 
System is constructed and arranged to enable an operator to 
graphically generate an annotation label containing opera 
tor-generated information and to graphically alter the posi 
tion of the annotation label Such that the annotation label is 
positionally associated with a desired feature of a waveform 
displayed on the graphical user interface. The annotation 
label may be implemented as dialog box, window or other 
display region in the graphical environment provided by the 
graphical user interface. 
0021. The information may be predefined or created 
during real-time signal measurement operations. The infor 
mation may be textual or graphical in form. The operator 
may enter the information into the System using a physical 
keyboard or a graphically-displayed keyboard on which the 
operator graphically Selects displayed keys of the graphical 
keyboard through use of a cursor controlled by a pointing 
device. In alternative embodiments, the information may be 
entered by the operator through a voice recognition System. 
The operator can control the appearance characteristics of 
the rendered annotation label, the appearance characteristics 
represented by rendering options. Preferably, the annotation 
label may include an information content as well as addi 
tional display elements to facilitate Visual association with 
the waveform feature. 

0022 Specifically, the annotation system includes a plu 
rality of label control units each constructed and arranged to 
control operator interactivity with an associated annotation 
label rendered on the graphical user interface, and an anno 
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tation label manager constructed and arranged to provide 
centralized control over invocation and removal of each of 
the label control units and, hence, of their associated anno 
tation labels. 

0023 Preferably, the annotation system enables an opera 
tor to determine an appearance of annotation labels. In Such 
an embodiment, each label control unit provides the operator 
with the capability to determine the content of the associated 
annotation label, the location of the annotation label on the 
display and the appearance of the annotation label. 

0024. In certain embodiments, the annotation label man 
ager maintains, in a label State data Structure, a current State 
of each of the plurality of associated annotation labels 
currently rendered on the graphical user interface. Prefer 
ably, the label State data Structure is globally accessible to 
other elements of the Signal measurement System. In this 
embodiment, the function calls provided to the label control 
units from graphical user interface which are relevant to the 
appearance and content of the associated annotation labels 
are forwarded to the annotation label manager. 
0.025 The current state includes a label number uniquely 
identifying each displayed annotation label; a label pointer 
providing an address of the label control unit that generated 
the annotation label; location information identifying a 
current location of the annotation label on the display; and 
label content information identifying contents of the anno 
tation label. In one embodiment, the current state further 
includes rendering information identifying an appearance of 
the annotation label when the annotation label is rendered on 
the graphical user interface. In another embodiment, the 
current State further includes a reference Symbol identifier 
that identifies a location of a file that contains a graphical 
Symbol that Visually associates the annotation label with an 
element displayed on the graphical user interface. The 
reference Symbol may be a graphical directional Symbolic 
icon, and may be Selectable from a palate of Such icons. 
0026. The rendering information may include text color 
identifying a color of text rendered in the annotation label, 
background color identifying a color of background area of 
the annotation label, font Specification identifying a fontsize 
of text rendered in the annotation label or outline Specifi 
cation identifying whether a predefined border is to be 
rendered around the annotation label. 

0027. The graphical user interface provides display ele 
ments in association with a displayed annotation label, and 
generates function calls to the label control unit associated 
with the displayed annotation label in response to an opera 
tor graphically Selecting the display element. The graphical 
user interface generates function calls to the label manage 
ment unit in response to an operator graphically Selecting 
display elements other than the display elements generated 
in connection with an annotation label. The function calls 
provided to the plurality of label control units related to 
creation and deletion of associated annotation labels are 
forwarded to the annotation label manager. The annotation 
label manager generates, in response to Such function calls, 
System calls that cause the operating System to create and 
destroy label control units. 
0028 Preferably, the annotation label manager stores in a 
memory device default values for the location and the 
content of the displayed associated annotation labels. In 
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embodiments wherein operator control of annotation label 
appearance is also Supported, the annotation label manager 
further stores in the memory device default values for the 
appearance of the displayed associated annotation labels. 
Preferably, Such default values for appearance are dynami 
cally maintained in real-time, updated to reflect recent 
Selections of the operator. 
0029. The default location values may result in the anno 
tation labels being located at the origin of waveform display 
or, in alternative embodiments, at a current position of the 
cursor. In certain embodiments, which default location is 
Selected is based on the context in which the operator 
graphically requested the creation of a new annotation label. 
0030 The label control unit reconciles positional con 
flicts between new annotation labels and currently rendered 
annotation labels. In addition, in certain embodiments the 
annotation System restricts the location of the plurality of 
annotation labels to locations entirely within the waveform 
display region. This restriction based on rectangle limits data 
identifying dimensions of the waveform display region, the 
location and size of each of the plurality of annotation labels. 
0031. In one embodiment, the label control unit includes 
a display controller constructed and arranged to interoperate 
with the graphical user interface to display and control the 
asSociated annotation label on graphical user interface 116, 
wherein the display controller is constructed and arranged to 
control the position and operator interactivity with the 
asSociated annotation label on graphical user interface. The 
label control unit also includes a position controller con 
Structed and arranged to control the location and size of the 
asSociated annotation label wherein the position controller 
determines whether the location of the annotation label is 
within the boundaries of a waveform display region wherein 
the position controller also determines whether annotation 
label 802 is too large for the waveform display region and, 
if So, adjusts the Size of the label accordingly. In certain 
embodiments, the label control unit also includes a com 
mand processor constructed and arranged to route function 
calls from graphical user interface to annotation label man 
ager and forwards certain commands to display controller 
and others to positional controller 354. 
0032. In one embodiment of this aspect of the invention, 
the annotation label manager includes an annotation label 
generation control unit constructed and arranged to instan 
tiate and destroy label control units based on the create and 
delete function calls. It also includes an annotation label 
maintenance unit constructed and arranged to maintain the 
label State data structure, the maintenance unit receiving 
rendering information from graphical user interface and 
updates the label State data Structure with Such information 
to maintain the annotation label current state. Preferably, the 
annotation label generation control unit is further con 
Structed and arranged to Store annotation label default values 
in default values data Structure and to determine initial 
values for rendering an annotation label. 
0033. In another aspect of the invention a signal mea 
Surement System is disclosed. The Signal measurement Sys 
tem includes an operating System and a graphical user 
interface. An annotation System for graphically annotating 
measurement waveforms displayed in a waveform display of 
the graphical user interface is also included. The annotation 
System is constructed and arranged to enable an operator to 
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graphically generate an annotation label containing opera 
tor-generated information and to position the annotation 
label to any location on the waveform display. 
0034 Preferably, the operator can also control appear 
ance characteristics of the plurality of annotation labels 
displayed on the graphical user interface. The location of the 
plurality of annotation labels includes those that positionally 
asSociate the displayed annotation labels with a desired 
waveform or waveform feature also displayed on the graphi 
cal user interface. In one preferred embodiment, the anno 
tation labels include additional graphical elements to facili 
tate visual association with the desired waveform or 
waveform feature. 

0035) Specifically, the annotation system includes a plu 
rality of label control units each constructed and arranged to 
control operator interactivity with an associated annotation 
label rendered on the graphical user interface. The plurality 
of label control units provide the operator with the capability 
to determine content and display location of the associated 
annotation label. An annotation label manager Si also 
included. The manager is constructed and arranged to pro 
vide centralized control over invocation and removal of each 
of the plurality of label control units and, hence, of the 
display of the associated annotation labels. 
0036). In one embodiment, the annotation label manager 
maintains, in a label State data Structure, a current State of 
each of the plurality of associated annotation labels currently 
rendered on the graphical user interface, the current State 
including the position, appearance and the content of the 
displayed annotation labels. The current State includes a 
label number uniquely identifying each displayed annotation 
label; a label pointer providing an address of the label 
control unit that generated the annotation label; location 
information identifying a current location of the annotation 
label on the display; and label content information identi 
fying contents of the annotation label. Preferably, the current 
State further includes rendering information identifying an 
appearance of the annotation label when the annotation label 
is rendered on the graphical user interface. 
0037 Preferably, annotation label manager is constructed 
and arranged to generate, in response to the creation and 
deletion function calls generated by the graphical user 
interface, System calls that cause an operating System to 
create and destroy Specified ones of the label control units. 
Preferably, the annotation label manager Stores in a memory 
device default values for the location, the appearance and 
content of the displayed annotation labels. 
0.038. In one embodiment, the label control unit includes 
a display controller constructed and arranged to interoperate 
with the graphical user interface to display and control the 
asSociated annotation label on graphical user interface. The 
display controller is constructed and arranged to control the 
position and operator interactivity with the associated anno 
tation label on graphical user interface. The label control 
unit also includes a position controller constructed and 
arranged to control the location and size of the associated 
annotation label wherein the position controller determines 
whether the location of the annotation label is within the 
boundaries of a waveform display region wherein the posi 
tion controller also determines whether annotation label is 
too large for the waveform display region and, if So, adjusts 
the size of the label accordingly. In certain embodiments, the 
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label control unit also includes a command processor con 
Structed and arranged to route function calls from graphical 
user interface to annotation label manager and forwards 
certain commands to display controller and others to posi 
tional controller. 

0039. In one embodiment of this aspect of the invention, 
the annotation label manager includes an annotation label 
generation control unit constructed and arranged to instan 
tiate and destroy label control units based on the create and 
delete function calls. It also includes an annotation label 
maintenance unit constructed and arranged to maintain the 
label State data structure, the maintenance unit receiving 
rendering information from graphical user interface and 
updates the label State data Structure with Such information 
to maintain the annotation label current state. Preferably, the 
annotation label generation control unit is further con 
Structed and arranged to Store annotation label default values 
in default values data Structure and to determine initial 
values for rendering an annotation label. 
0040. In another aspect of the invention, a method for 
graphically displaying modifying an annotation label on a 
graphical user interface is disclosed. The method comprises: 
(1) displaying on graphical user interface a display element 
representing the addition of an annotation label on the 
graphical user interface; (2) graphically Selecting the anno 
tation display element; (3) displaying, on the graphical user 
interface, a dialog box providing the operator with the ability 
to enter a desired content to be displayed in the annotation 
label; (4) graphically entering data into the dialog box; and 
(5) displaying the annotation label on the graphical user 
interface. 

0041 Various embodiments of the present invention pro 
vide certain advantages and overcome certain drawbacks of 
the above and other conventional techniques. Not all 
embodiments of the present invention share the same advan 
tages and those that do may not share them under the same 
or Similar circumstances. This being the, the present inven 
tion provides numerous advantages, including those identi 
fied herein below. 

0042 An advantage of the annotation system of the 
present invention enables an operator to annotate and oth 
erwise document measurement displays as an integral part of 
the measurement proceSS during or after Signal acquisition. 
The positional association of the annotation labels on the 
graphical user interface results in an integrated display and, 
when digitally Stored or printed, an integrated and complete 
measurement record. As a result, the annotation information 
can be initially Stored by one operator and Subsequently 
retrieved by the same or a different operator from the same 
or a remote location. 

0043. A further advantage of the present invention is that 
it enables the operator to provide any desired information to 
document the measurement waveform. There is no restric 
tion as to quality, type, size or other characteristic of the 
information provided. This provides the important benefit of 
being able to document not only measurement-related 
parameters, Such as IC, lead, pin, channel and like informa 
tion, but also enables the operator to record, in real-time, 
observations, Suggestions, perceptions and other thought 
processes as they occur during the Signal acquisition pro 
ceSS. All Such information may then be Stored, printed or 
transmitted to others for consultation and collaboration. 
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0044 Another advantage of the present invention is that 
only a limited knowledge of the Signal measurement System 
is required to annotate displayed waveforms. As a result, a 
novice or inexperienced operator Simply may annotate mea 
Surements through the activation of a single front panel 
button or graphical user interface display element. This also 
eliminates the need for the operator to navigate through 
Softkey menus which is time consuming and may also not be 
familiar to the novice or infrequent operator. Also, in certain 
embodiments, predetermined information may be Stored and 
Selected through a graphical presentation of display ele 
ments, Such as menu items, icons or the like. This further 
Simplifies the use of the annotation System. 
0.045. A still further advantage of the present invention is 
that the information may be provided in any useful form, 
Such as textual, iconic, Symbolic or other forms. This 
provides a mechanism that presents a great deal of infor 
mation in a limited display area. 
0.046 A still further advantage of the present invention is 
that the annotation labels may be easily repositioned to any 
desired location of the measurement display. Repositioning 
the annotation label requires little or no time or understand 
ing of the System. Furthermore, the present invention pro 
vides the operator with the ability to Select rendering options 
to achieve a desired appearance for each annotation label 
displayed on the System. 
0047. Further features and advantages of the present 
invention as well as the Structure and operation of various 
embodiments of the present invention are described in detail 
below with reference to the accompanying drawings. In the 
drawings, like reference numerals indicate identical or func 
tionally similar elements. Additionally, the left-most one or 
two digits of a reference numeral identifies the drawing in 
which the reference numeral first appears. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.048. This invention is pointed out with particularity in 
the appended claims. The above and further advantages of 
this invention may be better understood by referring to the 
following description taken in conjunction with the accom 
panying drawings, in which: 
0049 FIG. 1 is a functional block diagram of a digital 
oscilloscope Suitable for implementing the annotation SyS 
tem and method of the present invention; 
0050 FIG. 2 is a functional block diagram of one 
embodiment of the annotation System of the present inven 
tion implemented in the digital oscilloscope illustrated in 
FIG. 1; 
0051 FIG. 3A is a functional block diagram of one 
embodiment of the annotation label manager implemented 
in the annotation system illustrated in FIG. 2; 
0.052 FIG. 3B is a functional block diagram of one 
embodiment of the label control unit implemented in the 
annotation system illustrated in FIG. 2; 
0053 FIG. 4 is an illustration of one embodiment of a 
label State data Structure created and maintained by the 
annotation system illustrated in FIG. 2; 
0.054 FIG. 5 is an illustration of a graphical user inter 
face Showing an initial "Display Labels' instruction dialog 
box displayed in accordance with one embodiment of the 
present invention; 
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0055 FIG. 6 is an illustration of a graphical user inter 
face showing a general instruction menu list displayed 
accordance with one embodiment of the present invention; 
0056 FIG. 7 is an illustration of a graphical user inter 
face showing a label content entry dialog box displayed in 
accordance with one embodiment of the present invention; 

0057 FIG. 8 is an illustration of a graphical user inter 
face showing two waveforms with annotation labels created 
in accordance with one embodiment of the present invention 
along with a label modification menu displayed in accor 
dance with one embodiment of the present invention; 

0058 FIG. 9 is an illustration of a graphical user inter 
face showing an color menu displayed in accordance with 
one embodiment of the present invention; 

0059 FIG. 10 is a flow chart of one embodiment of an 
update label Size proceSS performed in certain embodiments 
of the present invention; 

0060 FIG. 11 is a flow chart of one embodiment of the 
process performed by the present invention to determine the 
waveform display region in which the annotation label is to 
be positioned; 

0061 FIG. 12 is a flowchart of the processes performed 
by the present invention to determine the Size and position 
of the associated annotation labels, 

0062 FIG. 13 is an illustration of an annotation label 
positioned within a waveform display region showing the 
various characteristics utilized by embodiments of the 
present invention to determine the size and position of the 
asSociated annotation labels, 

0063 FIG. 14 is a flowchart of the processes performed 
by the present invention to determine a default location 
when a label is initially created and rendered on graphical 
user interface; and 

0064 FIG. 15 is a flow chart of the operations performed 
to graphically add and modify an annotation label in accor 
dance with one embodiment of the present invention. 

DETAILED DESCRIPTION 

0065. The present invention is a real-time annotation 
System and methodology for annotating measurement dis 
playS in a signal measurement System that includes a graphi 
cal user interface for displaying waveforms and measure 
ment results on a signal measurement System display. In one 
aspect of the invention, the annotation System is configured 
to enable an operator to graphically generate an annotation 
label containing any desired information and to position the 
annotation label at any desired location on the display, 
including positionally associating the annotation label with 
desired waveform(s) or waveform feature(s) displayed on 
the Signal measurement System graphical user interface. The 
information may be predefined or represent real-time obser 
Vations, and may be of any form, including textual and 
Symbolic information. Preferably, the operator can also 
control the appearance characteristics of the rendered anno 
tation label. It is also preferable that additional icons be 
available for inclusion in the annotation label to facilitate 
Visual association with a desired waveform or waveform 
feature. 
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0.066 FIG. 1 is a functional block diagram of an exem 
plary digital oscilloscope Suitable for implementing the 
present invention. FIG. 1 is a functional block diagram of an 
exemplary computer-based System also Suitable for imple 
menting the present invention. Referring to FIG. 1, the 
digital oscilloscope 100 is a commonly-available digital 
oscilloscope designed to acquire, analyze, and display a 
wide variety of Signals generally in terms of Signal Voltage 
versus time. The digital oscilloscope 100 preferably includes 
a general purpose computer System, which is programmable 
using a high-level computer programming language and 
Specially programmed, Special purpose hardware for per 
forming Signal acquisition, analysis and display functions. 
0067. The digital oscilloscope 100 includes a processor 
102, a memory unit 104, input/output interface cards 106, 
Storage units 117 Such as a hard disk drive and a floppy disk 
drive, one or more input devices Such as front panel key 
board 108 and pointing devices 110 and display 112. The 
memory 104 is used for Storage of program instructions and 
for Storage of results of calculations performed by the 
processor 102. In a preferred embodiment, the memory 104 
includes random access memory (RAM). The display 112 is 
preferably a liquid crystal display and is logically or physi 
cally divided into an array of picture elements referred to as 
pixels. The inputs/output interface cards 106 may be modem 
cards, network interface cards, Sound cards, etc. 
0068 The processor 102 is typically a commercially 
available processor Such as the Pentium microprocessor, 
PowerPC microprocessor, SPARC processor, PA-RISC pro 
cessor or a 68000 series microprocessor. Many other pro 
ceSSors are also available. Such a processor usually executes 
a program referred to as an operating System 114 Such as the 
various versions of the Windows operating Systems from 
Microsoft Corporation, the NetWare operating system avail 
able from Novell, Inc., or the Unix operating System avail 
able from many vendors Such as Sun MicroSystems, Inc. and 
Hewlett-Packard Company. The operating system 114 con 
trols the execution of other computer programs Such as a 
graphical user interface (GUI) 116 and the dialog box 
control System 118, and provides Scheduling, input/output 
control, file and data management, memory management 
and related Services. The processor 102 and operating Sys 
tem 114 define a computer platform shown by dashed block 
101, for which application programs and high-level pro 
gramming languages are written. The functional elements of 
the digital oscilloscope 100 communicate with each other 
via one or more buses 120. The storage unit 117 may include 
disk drives, magnetic tape, Solid State memory, bubble 
memory, etc. 

0069. The digital oscilloscope 100 includes a signal 
acquisition Sub-System 122, a Scope interface Sub-System 
124 and a video display control sub-system 126. The signal 
acquisition Sub-System 122 includes a Scaling and condi 
tioning unit 128 that receives input signals through channel 
inputs 130. The scaling and conditioning unit 128 and 
acquisition unit 132 include well-known high frequency 
electronics for Signal acquisition, Signal conditioning and 
analog-to-digital conversion, all of which are controlled by 
the computer system 101 and are considered to be well 
known in the art. The time base unit 134 drives the analog 
to-digital process performed by the acquisition unit 132, 
Specifying when to Sample the input Signals and the number 
of Samples to be taken. The trigger circuitry 136 Synchro 
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nizes the acquisition process through the time base 134, 
enabling the operator to arrange a trigger event to obtain a 
stable waveform display of the desired features of one or 
more of the input signals. Trigger circuitry 136 may be based 
upon a line Sync or auxiliary trigger input as is well-known 
in the art. 

0070 The waveform analyzer 138 performs measure 
ment processes for developing the waveform for display. 
The waveform analyzer 138 contains hardware and software 
components to perform well-known operations Such as 
Setting the analog-to-digital codes for the acquisition unit 
132 and mapping the resulting digital information to the 
physical pixel locations which are ultimately presented on 
the display 112 under the control of the graphical user 
interface 116. The pointing device 110 and/or the keyboard 
108 are used to move a cursor on the GUI-controlled display 
112 to Select display elements adjacent to or under the 
cursor. The pointing devices 110 may include any well 
known pointing devices Such as a mouse, track ball, joystick, 
touch Screen, data glove, etc. The cursor may additionally be 
controlled with any one or more keyboards located exter 
nally or integrated into a front panel of the digital oscillo 
scope 100. 

0071. The scope interface sub-system 124 includes a 
video controller 140 that controls the rendering of pixels into 
a waveform random access memory (RAM) 142. The video 
control Sub-System 126 also receives display element control 
commands and cursor input information from the front panel 
keyboard 108 and the pointing device 110. The waveform 
RAM 142 includes a data structure for each pixel location on 
the display 112. The data Structures contain information 
regarding every display element that is to be drawn at each 
pixel location. Although there may be multiple display 
elements which are to be drawn at a given pixel location, 
only one color may be rendered at that location at any given 
time. The waveform RAM 142 supplies a priority encoder 
144 with information regarding which display elements are 
to be displayed at each pixel location. The priority encoder 
144 prioritizes the competing display elements. For 
example, if the operator arranged a marker and a waveform 
Such that they are located in the same pixel location, then the 
priority encoder 144 Selects that display element which has 
the highest predetermined priority. In Such an example, the 
color of the marker is preferably rendered at that pixel 
location providing a display that appears to show the marker 
over the competing waveform. The priority encoder 144 
then sends the selected color to the video RAM (VRAM) 
146 which then causes the pixel to be rendered in the 
indicated color. 

0072 The video display control subsystem 126 includes 
a dynamic random access memory (DRAM) 148 which 
contains data Specifying a color for each pixel in the display 
112. Likewise, the VRAM 146 also contains data specifying 
a color for each pixel in the display 112. The computer 
system 101 controls the information and DRAM 148 while 
the Signal acquisition System 122 controls the information in 
the VRAM 146. For each pixel in the display 112, the video 
display control Subsystem 126 selects whether the pixel in 
the display 112 is to be specified from the VRAM 146 or the 
DRAM 148. In general, information in the VRAM 146 
includes digitized waveforms being generated by the Signal 
acquisition Sub-System 122 with high rates of change which 



US 2002/0030683 A1 

are much too fast for Software processing by the computer 
system 101 for real-time display of the waveforms on the 
display 112. 

0073. The video display control sub-system 126 includes 
a display controller 150 and a multiplexer 152. The control 
ler 150 controls which of the two inputs to the multiplexer 
152 are processed into display Signals for transmission to the 
display 112 under the control of the graphical user interface 
116. The display controller 150 typically monitors color data 
send from the DRAM 148 and may be programmed to 
Switch to multiplexer 152 to a different input once a par 
ticularly programmed color is received from the DRAM 
148. A rectangular pixel area is typically defined within 
DRAM 148 with the programmed color. The programmed 
color is not displayed but instead Serves as a data path Switch 
control for the multiplexer 152. Therefore, within the pro 
grammed color rectangle, display data comes from VRAM 
146. If various control functions are needed, an interactive 
dialog box may be drawn within the programmed color 
rectangle. This, as noted, prevents the information from the 
VRAM 146 from being displayed in the area occupied by the 
dialog box. 

0.074. In one embodiment, annotation system 118 is 
implemented in Software routines which interoperate with 
the components of the implementing computer-based SyS 
tem to perform annotation functions in accordance with the 
present invention. Such Software routines typically reside in 
memory 104 and/or disk storage devices 117, and may be 
Stored on any other computer-readable medium Such as, for 
example, magnetic disk, compact disc or magnetic tape, and 
may be loaded into the computer system 100 using an 
appropriate peripheral device as known in the art. Prefer 
ably, this embodiment of the annotation system 118 is 
implemented in a well-known object-oriented programming 
language Such as C++. Those skilled in the art will appre 
ciate that different implementations, including different 
function names, programming languages, data structures, 
and/or algorithms may also be used in embodiments of the 
present invention other than those described below. It should 
be further understood that the invention is not limited to a 
particular computer platform, particular operating System, 
particular processor, or particular high level programming 
language, and that the hardware components identified 
above are given by way of example only. Annotation System 
118 may be implemented, for example, in dedicated hard 
ware, firmware, or any combination thereof. 
0075 Annotation system 118 is a simple and intuitive 
apparatus and associated methodology that enables an 
operator to generate and manage multiple graphical anno 
tation labels and to positionally associate Such annotation 
labels with one or more waveforms, waveform regions or 
other displayed features, thereby providing a quick and 
efficient documentation capability that facilitates and adds 
value to Signal acquisition and analysis operations. Annota 
tion System 118 enables an operator to determine the Size, 
position, content and appearance of the annotation labels. 

0.076 AS used herein, the term “annotation label” refers 
generally to a commonly available window that is displayed 
on a display with a graphical user interface and/or an 
operating System, Such as display windows, dialog boxes or 
other commonly available or customized graphical user 
interface display regions. In one embodiment of the present 
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invention, annotation System 118 interoperates with a cur 
rently existing operating System 114, utilizing existing Sys 
tem calls provided by a Standard application programming 
interface (API). In one particular embodiment, annotation 
System 118 generates dialog boxes to render the annotation 
labels of the present invention. Conventional operating 
Systems provide System calls for creating and deleting Such 
dialog boxes. For example, the WindowS(R) operating System 
available from Microsoft, Inc., provides “CreateWindow' 
and “Destroy Window” system calls. Execution of these 
System calls invokes conventional and well known modeleSS 
dialog box functionality. Such operations of conventional 
operating Systems is considered to be well known in the art 
and is not described further herein. Again, it should be 
understood, however, that any type of display window or 
other display region may be utilized by the present invention 
to display annotation labels. For example, in one alternative 
embodiment, the present invention generates conventional 
windows as annotation labels. 

0077 Quite apart from how annotation labels are dis 
played, dialog boxes are displayed by annotation System 118 
to enable the operator to create, edit, delete or otherwise 
manipulate annotation labels. Dialog boxes are generally 
Special interactive windows which present logically related 
control input display elements that enable an operator to Set 
parameters or otherwise effect System control. Dialog boxes 
are generally presented on graphical user interface 116 to 
enable an operator to enter information and make Selections, 
facilitating control of an operating System, application pro 
gram or other process occurring within or accessible to the 
implementing computer-based System. The control inputs 
may be in any form, Such as Selection of an icon, Select box, 
button or other display element, entry of numeric, alphabetic 
or alphanumeric information into an entry field, Scroll bars, 
and the like. Numerous other techniques now or later 
developed may be used with the present invention to display 
options and provide the operator with the ability to enter 
Selections or other information on a computer user interface 
to graphically interact with annotation System 118 and 
graphical user interface 116. 
0078 A functional block diagram of one embodiment of 
the annotation system 118 of the present invention imple 
mented in the digital oscilloscope 100 is shown in FIGS. 2, 
3A and 3B. Certain data structures created and accessed by 
this embodiment of annotation system 118 are illustrated in 
detail in FIG. 4. The function and operation of annotation 
system 118 will be described with reference to FIGS. 2-4, 
and exemplary annotation labels and asSociated dialog boxes 
are provided in exemplary displays shown in FIGS. 5-9. 
These displays are rendered on display 112 using graphical 
user interface 116. 

007.9 The exemplary embodiment illustrated in FIG. 2 is 
implemented to enable the present invention to operate with 
a conventional operating System 114 and a graphical user 
interface 116 modified in accordance with the present inven 
tion. In another aspect of the present invention, an operating 
System incorporating the functionality of the present inven 
tion is disclosed. In Still another aspect, a graphical user 
interface incorporating the functionality of the present 
invention is provided. Such aspects do not require the 
management of commands and function calls as in the 
embodiments described herein since the functionality would 
be incorporated and distributed within the operating System 
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114 or graphical user interface 116 rather than communi 
cating with them. It follows, then, that in other alternative 
embodiments, the functionality of the present invention may 
be distributed between a graphical user interface 116 and an 
operating System 114 in various manners. Achieving these 
various alternative implementations is considered to be 
apparent to those of ordinary skill in the relevant arts and, 
therefore, are not described further herein. 
0080 FIG. 2 is a functional block diagram of one 
embodiment of annotation system 118 of the present inven 
tion. A high level description of the exemplary embodiment 
of annotation system 118 will now be provided in detail 
below with reference to the exemplary graphical user inter 
face displays illustrated in FIGS. 5-9. FIG. 5 is an illustra 
tion of a graphical user interface showing an annotation 
label instruction dialog box displayed in accordance with 
one embodiment of the present invention. FIG. 6 is an 
illustration of a graphical user interface showing a general 
instruction menu list that includes a menu option associated 
with the present invention. FIG. 7 is an illustration of a 
graphical user interface showing one embodiment of a label 
content control dialog box. FIG. 8 is an illustration of a 
graphical user interface showing a multiple annotation labels 
along with a label modification menu list displayed in 
accordance with one embodiment of the present invention. 
FIG. 9 is an illustration of a graphical user interface 
showing an exemplary color options menu list. 
0.081 System 118 broadly includes annotation label man 
ager 202 and a plurality of label control units 204. Each label 
control unit 204 is constructed and arranged to manage the 
display and graphical interactivity with, an associated anno 
tation label rendered on graphical user interface 116. Each 
label control unit 204 provides the operator with the capa 
bility to determine the content of the associated annotation 
label, the location of the annotation label on a waveform 
display and, preferably, the appearance, Size and shape of the 
annotation label. Each label control unit 204 is preferably a 
logical association of Software code Such as one or more 
modules in a structured programming language Such as the 
C programing language. In one preferred embodiment, label 
control units 204 include objects of one or more object 
classes in an in an object-oriented Software language, Such 
as the C++ programing language. Annotation label manager 
202 manages label control units 204, primarily providing 
centralized control over the invocation and removal of label 
control units 204 and, hence, of the display of the associated 
annotation labels. Preferably, the current state of the anno 
tation labels is maintained for availability to other portions 
of the implementing Signal measurement System. To achieve 
this, annotation label manager 202 maintains centralized 
control of annotation label State information. Such an 
embodiment may be implemented, for example, to provide 
a central repository that may be accessed during initializa 
tion of Signal measurement System 100, providing for the 
continued maintenance of the annotation label States through 
Subsequent test and evaluation Sessions. In certain embodi 
ments, different State information may be Stored Separately 
in different files on a Storage medium Such as those noted 
above to enable the implementing Signal measurement SyS 
tem to be configured for different operators, test Scenarios or 
the like. 

0082. As noted, in accordance with embodiments of the 
present invention, a number of dialog boxes and the like are 
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displayed on graphical user interface 116 to provide the 
operator with the capability to control the addition and 
removal of annotation labels, as well as to modify their 
position, content, etc. When a dialog box or other display 
element is provided in association with an annotation label, 
function calls or commands generated by graphical user 
interface 116 due to a operator interaction with Such display 
elements are provided to the label control unit 204 associ 
ated with that annotation label. On the other hand, when 
graphical user interface 116 generates function calls or 
commands due to the operators interaction with general 
instruction dialog boxes or other display elements not dis 
played in connection with a particular annotation label, then 
those function calls and commands are provided to annota 
tion label manager 202. 

0083. In accordance with the embodiment of the present 
invention in which annotation label manager 202 does and 
does not maintain the State of the annotation labels, all 
commands and function calls provided to label control units 
204 from graphical user interface 116 relevant to the cre 
ation and deletion of associated annotation labels are not 
processed by label control units 204 themselves. Instead, 
label control units 204 are constructed and arranged to 
forward Such commands and function calls to annotation 
label manager 202 for processing. AS will be explained in 
detail below, annotation label manager 202 generates System 
calls to operating System 114 to instantiate and destroy label 
control unit objects in accordance with the creation and 
deletion requests presented by graphical user interface 116. 

0084. In addition, in accordance with certain embodi 
ments of the present invention, graphical user interface 116 
generates dialog boxes, windows, menu lists, icons or the 
like which are associated with the present invention. Con 
figuration of graphical user interface 116 and/or operating 
System 114 to generate Such windows, dialog boxes and the 
like is considered to be well known in the art. The inclusion 
of menu items, button, icons or other display elements for 
invoking functions of annotation System 118 in Such display 
windows, menu lists, dialog boxes, etc., is also considered to 
be within the purview of those of ordinary skill in the art 
and, therefore, has not been described in detail herein. 

0085. Furthermore, label control units 204 interoperate in 
a well known manner with graphical user interface 116 to 
render dialog boxes, annotation labels, and other graphical 
items of the present invention. The function and operations 
performed by label control units 204 to maintain commu 
nication with graphical user interface 116 to render display 
elements of the present invention is considered to be well 
known in the art and, therefore, not described herein nor 
illustrated in the Figures for clarity. 

0086 The structure and operation of annotation system 
118 with respect to the creation and deletion of annotation 
labels is described immediately below. This is followed by 
a description of the initial display of annotation labels, 
including default values of the appearance, location and 
content of the annotation labels. Once the initial display of 
annotation labels has been described, the location of the 
annotation labels, which affects the applied default values as 
well as the freedom to drag the annotation labels acroSS 
graphical user interface 116 is described. This is followed by 
a description of the Structures and functions of the present 
invention associated with providing the operator with the 
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capability to alter the rendering options to change the 
appearance of the annotation labels as well as the Substan 
tive content of the annotation labels. 

0087. There are a number of commands related to the 
addition of a new annotation label or the deletion of all 
annotation labels. Such commands are non-label Specific 
commands in that they apply to all annotation labels or to 
annotation labels that do not yet exist. Specifically, in the 
illustrative embodiment, non-label-Specific commands are 
generated by graphical user interface 116 upon Selection of 
icons, menu items or other display elements presented on 
graphical user interface 116 in accordance with embodi 
ments of the present invention. These display elements are 
illustrated in the exemplary graphical user interface displayS 
shown in FIGS. 5, 6 and 8. 
0088 Referring to FIG. 5, a Display Labels” dialog box 
502 is shown displayed in accordance with one embodiment 
of the present invention. The display 500 presented by 
graphical user interface 116 includes a waveform display 
region 504 and a number of information and control menus 
Surrounding waveform display region 504. For example, a 
channel Status display region 516 is displayed at the periph 
ery of the waveform display region 504. In the illustrative 
example shown in FIG. 5, a single waveform is displayed in 
the display region 504: a channel 1 waveform at 200 mV/div 
as shown in the channel Status display region 516. A 
measurement toolbar 518 providing the operator with the 
ability to graphically Select and apply any desired measure 
ment is provided. Each measurement is graphically depicted 
as a selection button. Similarly, horizontal scale information 
is provided at a toolbar 520. 
0089 Dialog box 502 is displayed in response to the 
operator graphically Selecting a menu item on a "Display 
Setup' dialog box 506 shown partially hidden in FIG. 5. 
This dialog box 506 is displayed in response to the selection 
of a menu item on a pull down menu displayed in response 
to the selection of a “Setup' option on menu 512. 
0090 Dialog box 502 provides two icons illustrated in 
the form of graphical Selection buttons. The operator may 
graphically Select either of these two buttons using a point 
ing device to control the cursor, and a Select Switch for 
Selecting the desired button when the cursor is positioned 
over the desired button. Selection of “Add Label button 508 
causes graphical user interface 116 to generate add label 
command or function call 222. Selection of "Delete All 
Labels' selection button 510 causes graphical user interface 
116 to generate a delete all labels command 224. As shown 
in FIG. 2, these commands are received by annotation label 
manager 202 Since, as noted, they are non-label-specific 
commands. 

0.091 In accordance with one preferred embodiment, and 
as shown in FIG. 5, dialog box 502 also provides initial 
instructions to familiarize the operator with regard to how to 
generate annotation labels in accordance with the imple 
mented embodiment of the present invention. AS noted 
therein, in the illustrative embodiment, annotation labels 
may also be added by right-clicking the pointing device in 
the waveform display area 504 or by right clicking on an 
annotation label currently displayed on graphical user inter 
face 116. Both of these approaches are described below. 
0092 Regarding the former, right-clicking in waveform 
display region 504 causes graphical user interface 116 to 
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display a general instruction menu list 602. One exemplary 
embodiment of general instruction menu list 602 is illus 
trated in FIG. 6. Menu list 602 includes a plurality of menu 
items including menu item 604 entitled “Add Label.” Selec 
tion of this menu item causes graphical user interface 116 to 
generate add label command 222. Other menu items not 
pertinent to the present invention are also shown on display 
list 602. 

0093 Regarding the latter, FIG. 8 illustrates one embodi 
ment of a label modification menu 804 which is generated by 
graphical user interface 116 when the operator right clickS 
the pointing device while the cursor is positioned over an 
annotation label. In the exemplary waveform display shown 
in FIG. 8, three annotation labels 802A, 802B and 802C 
(collectively and generally referred to as annotation labels 
802) are shown displayed in waveform display region 504. 
Adjacent to a label 802A is a label modification menu 804 
generated by graphical user interface 116 in response to an 
operator's right-click of the pointing device while the cursor 
is positioned over annotation label 802A. Menu 804 is 
visually associated with annotation label 802A through 
proximate rendering of the menu 804. 

0094. There are two non-label-specific menu items on 
menu 804: an “Add Label menu item 810 and a “Delete All 
Labels' menu item 812. Selection of “Add Label' menu 
item 810 causes graphical user interface 116 to generate add 
label command 254. Similarly, selection of “Delete All 
Labels' menu item 812 causes graphical user interface 116 
to generate delete all labels command 256. Such commands 
are received by label control unit 204 that generated anno 
tation label 802A. However, as noted, such label creation/ 
deletion commands are not acted on directly by label control 
unit 204. Instead, they are forwarded to annotation label 
manager 202 for processing. This data transfer is shown in 
FIG. 2 as delete all labels signal 232 and new label signal 
230 being generated by label control units 204 and being 
received by annotation label manager 202. Thus, label 
manger 202 may receive a command to generate a new label 
or delete all labels directly or indirectly from graphical user 
interface 116. 

0095. In addition to these non-label-specific commands, 
graphical user interface 116 also generates a delete label(id) 
command 258 when the operator selects “Delete Label' 
menu item 814 on menu 804. Since label modification menu 
804 is associated with a specific annotation label (in this 
case, annotation label 802A), delete label command 258 
generated by graphical user interface 116 includes an label 
identifier (id) identifying the label control unit 204 that 
generated annotation label 802A as the label control unit 204 
which is to be deleted. As with the above creation/deletion 
commands received from graphical user interface 116, label 
control units 204 forward Such a command to annotation 
label manager 202. As shown in FIG. 2, label control units 
204 generate a delete label (ptr) signal 234 to provide 
annotation label manager 202 with the information that the 
identified label control unit object is to be destroyed. 

0096. It should be understood that the above-noted menu 
lists, dialog boxes and other specific display elements pre 
Sented on graphical user interface 116 to provide the opera 
tor with the capability of invoking certain functions of the 
present invention are a matter of design choice only; any 
other arrangement may have been used with equal effec 
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tiveness. For example, one of the pull-down menu lists 
displayed in response to the Selection of a display element on 
main menu bar 516 (File, Control, Setup, . . . ) may include 
a menu item related to the present invention. In addition, 
fewer Selection options to invoke, for example, the operation 
of adding a label or deleting all labels may be provided. Such 
implementation variations are considered to be well within 
the Scope of the present invention. 
0097. In response to new label request function calls 222, 
230 and delete label request function calls 224, 232, 234, 
annotation label manager 202 generates corresponding Sys 
tem calls to operating System 114. Specifically, annotation 
label manager 202 generates a create label System call 246 
in response to new label request function calls 222, 230 and 
generates a delete label System call (ptr) 250 in response to 
delete label request function calls 224, 232,234. Delete label 
system call 250 includes a pointer to the currently active 
label(s) 204 which are to be deleted. Such pointer may 
include a pointer to all currently active label control units 
204 if annotation label manager 202 is generating System 
call 250 in response to a delete all labels request function 
call 224 or 232, or the pointer parameter may include an 
address of a single label control unit 204 when the system 
call 250 is generated in response to a Selected label request 
234. The deletion of an annotation label simply results in 
operating System 114 destroying the instantiation of the 
object in which the identified label control unit is embodied, 
causing the removal of associated annotation label 802 from 
waveform display 504. 
0.098 As noted, embodiments of annotation label man 
ager 202 also perform certain operations to maintain Sub 
Stantially complete State information with regard to the 
displayed annotation labels including, for example, location, 
content, appearance, etc. Such an embodiments may be 
implemented, for example, to provide a central location that 
may be accessed during initialization of the Signal measure 
ment System, providing for the continued maintenance of 
annotation label configurations through Subsequent test and 
evaluation sessions. Preferably, the label state information is 
made available to graphical user interface 116 or other 
requesting System through a label Sate data Structure 280. 
These features of annotation label manager 202 will be 
described in detail below. 

0099. As noted, the above description will now be fol 
lowed by a description of the initial rendering of annotation 
labels 802. In accordance with one preferred embodiment, 
annotation system 118 enables the operator to select the 
location, content and appearance of annotation labels 802. In 
accordance with the illustrative embodiment, these charac 
teristics are initially determined by default values provided 
to annotation System 118 as part of new label request 
function calls 222, 254. The operator has an opportunity to 
change the values Subsequent to the initial creation of the 
resulting annotation label. 
0100 Function calls 222, 254 are parameterized function 
calls, the parameters of which include the default values for 
the initial rendering of an annotation label. These parameters 
will be described in detail below with respect to a label state 
data structure 320 maintained by certain embodiments of 
annotation label manager 202 that Stores appearance, con 
tent and location State information for each of the currently 
displayed annotation labels 802. A Schematic diagram of one 
embodiment of data structure 320 is illustrated in FIG. 4. 
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0101 Referring now to FIG. 4, label state data structure 
320 may take on any form, Such as C++ data Structure, 
linked lists or the like. Data structure 320 is organized as a 
list of entries, each Such entry representing the current State 
of an annotation label displayed on graphical user interface 
116. 

0102) For each entry in data structure 320, there is 
provided a label number 422 uniquely identifying the anno 
tation label 802. Label data structure 320 is organized 
according to label number 422 Since annotation label man 
ager 202 assigns a unique label number to each new anno 
tation label when it is created. Data structure 320 also 
includes a label pointer 424 providing the address of label 
control unit 204 that generated this annotation label 802, and 
location 406 that includes the x-y pixel position on display 
112. Data structure 320 also includes label content 408, 
rendering information 410 and, preferably, a reference Sym 
bol 420 to enable the operator to visually link the annotation 
label 802 with specific regions of a displayed waveform or 
other display element. 
0103) Entry 402 in data structure 320 illustrates one 
embodiment of the above-noted default values provided in 
new label function calls 222, 254. Each of the parameters 
will be described below. As shown by entry 404, the default 
text is “Label n (right click for options)" where “n” is the 
next available label number. That is, if there are currently 
five labels displayed and a new label is created, the label 
number will be 6 and the default text will be “Label 6. The 
text "(right click for options)” prompts the operator to 
consider whether the default parameters are desired or 
whether they are to be changed. It should be understood that 
any or no default text may be used in alternative embodi 
ments. Label content 410 may include text as indicated by 
text entry 402, or graphics, as indicated by entry 404. Any 
type and format graphics file maybe used. 
0104 Rendering options, as noted, include those param 
eters related to the appearance of the annotation label when 
rendered on graphical user interface 116. Rendering infor 
mation 410 includes, in this embodiment, text color 412, 
background color 414, outline 416 and font 418. Recall that 
rendering options are not necessarily provided in every 
embodiment of the present invention. 
0105. With regard to the specific values for rendering 
information 410, text color 412 defaults to black while 
background color 414 defaults to white. Label outline 416 
defaults to off. Default values for font 418 may include font 
type as well as font point size. In one embodiment, the font 
type cannot be set by the operator and two font sizes are 
provided: large and small. In such an embodiment, font 418 
defaults to the large font as shown in FIG. 4. 
0106. In one preferred embodiment, the default values for 
rendering options 410 are dynamically maintained during 
the operation of the implementing System 100, tracking the 
operator's last Selections to anticipate current desires and 
reduce the number of operations the operator may perform. 
In accordance with this embodiment, default values for 
rendering options 410 are those values most recently 
selected by the operator for another annotation label 802. 
Thus, default values for rendering options 410 may be 
values provided at System initialization when the operator 
has not previously altered the rendering values for this or 
any other annotation label. If the operator has made Such 
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alternations, Such new rendering values are Stored locally as 
new default values and are Subsequently provided for Sub 
Sequent annotation labels as they are created. This approach 
is preferred Since it is more likely that the operator will 
desire to have the rendering information values of a newly 
created annotation label to be the values that the operator last 
Selected for a previous annotation label as compared to the 
preset values applied at System initialization. 
0107 As noted, in certain preferred embodiments, a 
reference symbol 420 is also provided in system 118 to 
enable the operator to establish Visual association between 
annotation label 802 and the feature or display element 
addressed in content 408 of the annotation label. Such a 
graphical pointer or reference line enables the operator to 
Specifically identify a very Small region or perturbation of a 
displayed waveform. In one embodiment, Such reference 
pointerS may be implemented as graphical directional Sym 
bols or icons which extend from a predetermined side of the 
label rectangle and point in a predetermined direction may 
be included. These may simply be 4 Selections (above, 
below, right and left) or more, Such as 8 directions (north, 
northeast, east, Southeast, South, Southwest, west and north 
west) or 12 (one o'clock, two o'clock, etc.). For example, if 
an annotation label 802 has as a topic a measurement 
waveform feature positioned below the label, a user may 
Simply Select a “reference pointer” menu item and from the 
resulting displayed list of menu items, Select “below, 
“south,” or “6 o'clock,” whichever the case may be. In one 
embodiment, the arrows are of a fixed distance. Alterna 
tively, a palate of many reference pointers of many sizes and 
directions is provided. The reference pointer defaults to none 
as shown in FIG. 4. 

0108). The x-y location 406 of each annotation label 802 
on waveform display 504 is the value of the origin of the 
annotation label (upper left corner of the label rectangle). 
The new label command 222, 230 has default values indi 
cating the initial location 406 of the origin of annotation 
label 802 on waveform display 504. This default value may 
be any X-y value. In accordance with one embodiment of the 
present invention, new annotation labels 802 are located 
close to the anticipated location desired by the operator. 
Here, the default value of x-y location 406 is set to (0,0) in 
new label command 222 when “Add Label” selection button 
508 is selected on Display Labels dialog box 502. This 
places annotation label 802 at the origin (upper left corner) 
of waveform display 504. Dialog box 502 is displayed 
initially upon operator selection of system 118. Therefore, 
this is likely to be the first annotation label 802 created by 
the operator. 

0109). On the other hand, when “Add Label” menu item 
810 is selected on a menu 804 associated with a particular 
annotation label 802 currently displayed on waveform dis 
play 504, the initial location value of the annotation label is 
the current position of the cursor at the time the menu item 
810 is selected. This information is provided to the associ 
ated label control unit 204 via mouse motion function call 
252. Function call 252 includes a number of parameters, 
including the X-y location of the cursor along with the State 
of the Selection. Since there may be more than one annota 
tion label currently displayed, and therefore used to create a 
new annotation label, it is presumed that the operator 
Selected the annotation label which is closest to the desired 
location of the new annotation label. 
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0.110) If the operator creates multiple new annotation 
labels in Succession without moving any of the previously 
created annotation labels, all Such new annotation labels will 
be initialized at the origin of waveform display 504, likely 
to be rendered So as to obscure those beneath it. It may then 
be difficult to move a particular desired annotation label 
which is rendered beneath a later-created annotation label. 
To avoid this from occurring, one embodiment of annotation 
System 118 accesses the current State information of each 
existing label to determine its location and size. If there is a 
positional conflict, annotation System 118 generates a move 
label command 240 to label control unit 204 which has most 
recently been created to change the location of the associ 
ated annotation label from the default location (waveform 
display region origin) to another location. In one preferred 
embodiment, the position of the newly created annotation 
labels are offset from the previously created annotation 
labels to create a cascaded rendering of the new labels. This 
provides a Sufficient amount of exposed area of each anno 
tation label So that the operator can easily position the cursor 
over a desired annotation label and graphically move it to a 
desired location within the waveform display region 504. 
0111 Preferably, the same approach is used when mul 
tiple annotation labels 802 are created through the selection 
of “Add Label” menu item 810 on a menu 804 provided with 
the same annotation label 802. In Such circumstances, all 
newly created annotation labels 802 will be at the location 
of the cursor which may be at Substantially the same location 
when the add label menu item 810 is selected. Here too, it 
is desirable to initially render new annotation labels in a 
cascaded fashion if necessary to avoid positional conflicts. 
In one embodiment, if there is any overlay of annotation 
labels, they are cascaded without further determinations 
being performed. In an alternative embodiment, a region 
Surrounding the origin of each initialized annotation label is 
determined, in which the origin of no other annotation label 
may be located. This region is determined based upon the 
requisite area of the exposed portion of the previously 
created label which should be displayed to enable the 
operator to easily position a cursor over that annotation label 
to drag it to another, more desirable location. 
0112 AS noted above, location 406 of annotation labels 
802 will now be described. In the illustrative embodiment, 
annotation System 118 restricts the location of annotation 
labels 802 to locations entirely within waveform display 
region 504. Graphical user interface 116 displays other 
elements Such as toolbars, menu bars and the like in addition 
to waveform display region 504. Annotation labels 802 
created in accordance with the present invention are asso 
ciated with waveforms and waveform features displayed in 
waveform display region 504, not with other display ele 
ments of graphical user interface 116. By restricting location 
406 of annotation labels 802 to locations within waveform 
display region 504, annotation labels 802 are prevented from 
being rendered So as to interfere with the view and/or acceSS 
of other, unrelated display features, Such as toolbars, menu 
bars and the like. 

0113. The restriction of annotation labels 802 to locations 
within a waveform display region is considered when the 
annotation labels are initially created as well as when the 
operator moves or changes the size of an annotation label 
802. An annotation label 802 may be changed in response to 
the operator Selecting a different font or changing the content 
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of the label. Generally, the operator drags an existing anno 
tation label 802 across waveform display 504 using the 
pointing device provided. This information is provided in a 
mouse motion command 252 generated by graphical user 
interface 116. Thus, the initial location value and the current 
cursor position are analyzed to determine if the annotation 
label may be placed at that location on the display. 
0114. Since systems beyond annotation system 118 deter 
mine and Store information regarding the current display 
arrangement, rectangle limits data 226 is obtained from an 
external Source. In the illustrative embodiment illustrated in 
FIG. 2, rectangle limits data 226 is provided by graphical 
user interface 116. Rectangle limits command 226 provides 
the dimensions of waveform display region 504 in which 
annotation labels 802 may be positioned. In certain embodi 
ments of Signal measurement System 100, more than one 
waveform display region 504 may be presented on graphical 
user interface 116. For example, two waveform display 
regions Separated by a permanent control bar may be pre 
Sented. In Such embodiments, rectangle limits 226 includes 
the dimensions of the two waveform display regions in 
which annotation labels 802 may be located. Annotation 
label manager 202 provides this information to label control 
units 204 via rectangle limits command 238. 
0115 Label control units 204 utilize this information to 
prevent the operator from dragging or otherwise moving the 
asSociated annotation label outside of waveform display 
region 504. To control the location of annotation labels 802, 
label control units 204 require not only the origin location of 
each annotation label 802, but the size as well. The size is 
initially determined by annotation label manager 202 based 
on the selected font and default text. This is provided to the 
individual label control units 204 in the size label command 
244. 

0116 Each label control unit 204 compares the current 
size and proposed location of annotation label 802 to the 
waveform display region rectangle limits to determine 
whether any portion of the annotation label 802 would 
extend beyond the boundaries of waveform display region 
504. If so, label control unit 204 determines a new location 
406 within waveform display region 504 that enables each 
annotation label 802 to be completely rendered within the 
boundaries of the waveform display 504. One embodiment 
of the processes performed by the label control units 204 to 
derive this new location 406 is described in detail below 
with reference to FIGS. 10-14. 

0117 The rendering options and substantive content of 
annotation labels 802 will now be described with reference 
to FIGS. 2 and 7-10. As will be explained in detail below, 
annotation label manager 202 maintains the displayed con 
tent, location and rendering options of each annotation label 
802 presented on display 112. Annotation label manager 202 
updates this information as label control units 204 are 
created and deleted, as well as when their configuration is 
altered by the operator. The latter process will now be 
described. 

0118. The operator can select various rendering options 
for each annotation label displayed on waveform display 
504. Referring to FIG. 8, these rendering options are pro 
vided to each label control unit 204 through graphical 
Selection of the desired menu options on label control menu 
804. Menu 804 includes three menu items associated with 
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changing the content or appearance of a displayed annota 
tion label 802. They are “Color” menu item 818, “Font” 
menu item 820 and “Change Label Text” menu item 816. 
Modification of annotation label appearance is described 
first, followed by a description of the selection and modi 
fication of annotation label content. 

0119) A rendering change function call 272 is generated 
by graphical user interface 116 in response to the graphical 
Selection of menu items 818 and 820. In certain embodi 
ments rendering change request 272 is a parameterized 
command while in others it represents a Series of individual 
commands. Rendering change request function call 272 
includes various display option parameters identifying those 
that the operator has requested to be changed. In one 
embodiment, these parameters include the rendering options 
410 discussed above with reference to label state data 
Structure 320. 

0.120. With regard to color selection, in one preferred 
embodiment, the operator is provided a Series of dialog 
boxes in which to select or otherwise provide the desired 
rendering options. For example, a shown in FIG. 9, a label 
modification menu 804 is shown with color menu item 818 
highlighted. In this example, the color menu item was 
Selected by the operator, Such as be clicking the appropriate 
mouse button or depressing the return key on a keyboard 
when the menu item 818 is highlighted. This, as shown, 
causes graphical user interface 116 to display an appearance 
menu dialog box 902. Dialog box 902 includes a series of 
menu items each of which addresses a particular appear 
ance-related option that may be selected by the operator. 
0121. In this exemplary embodiment, menu display list 
902 provides the operator with the opportunity of changing 
the color of the annotation label to assume the color of any 
of the displayed waveform colors by Selecting the associated 
menu item 904-912. Alternatively, selection of a menu item 
may cause a palate of colors to be displayed for Selection of 
the desired label text and background colors for the desired 
annotation label. 

0122) In one embodiment, annotation label 802 may be 
rendered in one of three background transparency Styles: 
opaque, inverted, and transparent, as determined by Selec 
tion of menu items 914,916 and 918, respectively. Opaque 
results in annotation label having a background rendered in 
a designated color, with the annotation label obscuring 
anything that is behind it. Transparent results in blank 
regions on the annotation label being rendered Such that 
underlying waveform data to visible through the annotation 
label. Inverted results in the text and background colors 
Switch roles. In alternative embodiments, additional options 
may be provided. For example, in one alternative embodi 
ment, dialog box 902 provides the operator with the capa 
bility of Selecting an additional Selection of the annotation 
label 802 being translucent. Translucent is a semitransparent 
pattern wherein the annotation label 802 background is 
rendered such that every other pixel allows the waveform 
data to be visible. The operator also is provided with a menu 
item 920 to select whether the annotation label is to be 
outlined. That is, a border may be drawn around the anno 
tation label rectangle, providing further rendering flexibility. 

0123 FIG. 8 illustrates three annotation labels 802 ren 
dered differently for illustrative purposes. Channel 1 wave 
form 820 is a sine wave rendered in a predetermined color. 
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Annotation label 802B is rendered with a text of the same 
color as waveform 820, and a transparent background color. 
This provides for a visual association between he displayed 
waveform 850 and the annotation label 802C. Similarly, the 
channel 2 waveform 852 is rendered in a second color. The 
associated annotation label 802C is rendered with a black 
text color or a background color the same as the Second 
color. This provides another technique for Visually associ 
ating a waveform and its associated annotation label. Anno 
tation label 802A is not associated with either waveform 
850, 852, but identifies the conditions under which the test 
is being performed. This annotation label has text that is 
colored black rendered on a background that is colored 
white. 

0.124. The modification of the content 408 of the anno 
tation labels 802 will now be described in detail below with 
reference to FIGS. 2, 8 and 9. To change the text of a 
displayed annotation label, the operator may right click on 
the label and select from the resulting menu 804 the “Change 
Label Text” menu item 816. In response, graphical user 
interface 116 generates a text change request command 274 
to the label control unit 204 for which the dialog box 802 is 
displayed. Upon receipt of this request, label control unit 
204 causes the display of a text entry dialog box 278, 
specifically called out in FIG. 2. An example of dialog box 
278 is illustrated in FIG. 7. 

0.125. In one embodiment, this exemplary embodiment of 
text entry dialog box 278 is not displayed when the operator 
initially creates an annotation label 802 as noted above. 
Instead, the new annotation label is rendered with a default 
text notifying the operator that the annotation label content 
408 may be changed. In an alternative embodiment, the text 
entry dialog box 278 may be displayed automatically by 
label control units 204 upon their instantiation by annotation 
label manager 202. 
0.126 If the text entry dialog box 278 is displayed due to 
the selection of the “Change Label Text menu item 816, the 
current content 408 is displayed in the command entry field 
702 of the dialog box 278. The operator can then edit the 
displayed text using the graphical keyboard 704 or physical 
keyboard 108. With the keyboard 108 the operator enters 
text key strokes 262 which are provided to dialog box 278. 
The operator may then depress the return or escape key, an 
indication of which is provided to the text entry dialog box 
278 via the ok/cancel command 260. Similarly, the operator 
can enter the desired text via graphical keypad 704 provided 
in text entry dialog box 278. This information is provided to 
text entry dialog box 278 via the text command 264. 
Selection of a cancel button or ok button is also provided to 
the text entry dialog 278 via the ok/cancel command 266. 
0127. Upon receipt of the OK or cancel command 260, 
266, dialog 278 forwards the new text to the label control 
units 204 via the new text command 268. If cancel is 
selected, then dialog 278 writes the current text back to label 
control unit 204. Once the individual label control unit 204 
changes the text accordingly, the information is provided to 
the label manger 202 via the label text command 280. 
0128. In an alternative embodiment, icons may be used in 
addition to OK instead of text. Here, the operator may select 
particular representative icons that would represent Some 
launched text field that is associated with that icon. A 
predesigned dictionary of text with an associated icon may 
be stored for display for selection by the operator. 
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0129. Following in greater detail is a description of the 
functions, Structure and operations of the annotation label 
manager 202 and label control units 204. FIGS. 3A and 3B 
are functional block diagrams of one embodiment of label 
manger 202 and label control unit 204, respectively. Refer 
ring first to FIG. 3B, the illustrative label control unit 204 
includes a command processor 250, a display controller 252 
and a position controller 254. Command processor 350 
routes function calls and commands in accordance with one 
embodiment of the present invention. In particular, com 
mand processor 350 receives function calls from graphical 
user interface 116 as described above. In the illustrative 
embodiment, these function calls include add label 254, 
delete label 258, delete all labels 256 and rendering change 
272. Command processor 352 routes these function calls to 
annotation label manager 202 to enable annotation label 
manager 202 to perform operations associated with the 
creation and removal of label control units 204, as well as to 
maintain centralized control over label State information, as 
dictated by certain embodiments of the present invention. 
Upon receipt of one or more of the above-noted Signals 
238-244 from annotation label manager 202, command 
processor 350 forwards certain commands to display con 
troller 252 and others to positional controller 354. It should 
be understood that any technique now or later developed 
may be used to transfer Such information among the com 
ponents of label control unit 204. As shown in FIG. 3B, 
command processor 250 also passes through other com 
mands received from graphical user interface 116 to display 
controller 252 and position controller 354, including mouse 
motion 252, text change request 274, rendering change 272 
and reference pointers 276. 
0.130 Display controller 352 performs well known opera 
tions associated with the display and control of the associ 
ated annotation label on graphical user interface 116. Dis 
play controller 352 is constructed and arranged to control the 
position and operator interactivity with the associated anno 
tation label on graphical user interface 116. AS noted, in one 
embodiment display controller 352 implements the associ 
ated annotation label 802 as a simple dialog box. In other 
embodiments, annotation labels 802 are implemented as 
windows. Interoperating with operating System 14 and 
graphical user interface 116 to render windows on graphical 
user interface 116 is considered to be within the purview for 
those of ordinary skill in the art. Accordingly, the Structure, 
functions and operations of display controller 352 is con 
sidered to be well known in the art and, therefore, is not 
described further herein. 

0131 Position controller 354 controls not only the loca 
tion of the associated annotation label 802, but the size of the 
label as well. Position controller 354 receives rectangle 
limits 238, move label commands 240 and size label 244 
commands from label manger 202. Position controller 354 
also receives mouse motion 252 generated by graphical user 
interface 116. Based on these inputs, position controller 354 
determines whether the location of the annotation label 802, 
as proposed by a current cursor position or default value, is 
within the boundaries of a waveform display region 504. 
Position controller 354 also determines whether annotation 
label 802 is too large for the waveform display region and, 
if So, adjusts the size of the label accordingly. This is 
described in greater detail below with reference to FIGS. 
10-14. As with display controller 352, a description of the 
manner in which position controller 354 interoperates with 
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operating System 114 and graphical user interface 116 to 
effect the above functions is considered to be well known in 
the art and, therefore, is not described further below. 

0132 Referring to FIG. 3A, annotation label manager 
202 broadly includes an annotation label generation control 
unit 302 and an annotation label control unit 204. As shown 
in FIG. 3A, annotation label manager 202 shares an inter 
face with operating System 114. Annotation label manager 
202 also shares an interface with graphical user interface 116 
directly or indirectly through label control units 204. For 
ease of illustration, all information generated by graphical 
user interface 116 that is received by annotation label 
manager 202, whether directly or indirectly, is shown as part 
of the interface between annotation label manager 202 and 
graphical user interface 116, which is rendered as a dashed 
block in FIG. 3A. 

0.133 Generation control unit 302 instantiates and 
destroys label control units 204 based on externally-gener 
ated function calls, which, as noted, are generated in 
response to operator requests in the illustrative embodiment. 
When an annotation label 802 is to be created, generation 
control unit 302 determines the initial location, content and, 
preferably, appearance of the created annotation label. Gen 
eration control unit 302 provides this information to anno 
tation label maintenance unit 304 for centralized mainte 
nance of the state of the annotation labels 802 and for 
forwarding the information to the appropriate label control 
unit 204. Generation control unit 302 receives new label 
function calls 222, 230, delete label function call 234 and 
delete all labels function calls 224, 232. In response to the 
delete label function calls 234 and 224, 232, generation 
control unit 302 generates a delete label system call 250 to 
operating System 114 to destroy the indicated instantiation of 
label control unit 204. 

0134 Generation control unit 302 generates system calls 
246 to operating System 114 to instantiate a label control unit 
204 upon receipt of new label function calls 222,230. In one 
embodiment, this is a System call to instantiate a new label 
class object. Operating System 114 returns a label pointer 
248 identifying the location of the newly instantiated label 
control unit object. Generation control unit 302 forwards 
this pointer to maintenance unit 304 as part of label infor 
mation 310 for storage in label state data structure 320 as 
noted above. 

0135). As noted, generation control unit 302 stores anno 
tation label default values in default values data structure 
306. These values may be set at initialization or dynamically 
updated. Generation control unit 302 receives label state 
information as it is updated from maintenance unit 304 via 
label information signal 310. This signal 310 contains 
updated information regarding the annotation label Size, 
location, appearance, etc. Generation control unit 302 Stores 
that information which is to be dynamically updated in the 
default values data structure 306. 

0.136 When creating new annotation labels, generation 
control unit 302 determines initial values for rendering an 
annotation label 802. Generation control unit 302 retrieves 
default values for annotation label content 408 and rendering 
options 410, and calculates an initial position for label 
location 406. This information is forwarded to maintenance 
unit 304 with the label pointer 424 received from operating 
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system 114 and a unique label number 422. Maintenance 
unit 304 stores this information in label state data structure 
320 described above. 

0.137 Generation control unit 302 determines a unique 
initial position of annotation label 802 in waveform display 
region 504. As noted, this value may either be the waveform 
display region origin or a current cursor position, depending 
on the context in which the annotation label is being created. 
Successive generation of new annotation labels may result in 
positional conflicts between the annotation labels. Genera 
tion control unit 302 avoids such conflicts by accessing label 
state data structure 320 through maintenance unit 304 for the 
position of all currently displayed annotation labels. The size 
and position of the newly created annotation label is com 
pared with those annotation labels currently displayed. 
Using any desired technique, generation control unit 302 
determines whether the new annotation label is interfering 
with the viewing and access of the currently rendered 
annotation labels and, if So, modifies the default location 
values to avoid Such positional conflicts. 

0.138 Maintenance unit 304 maintains label state data 
structure 320 as described above. Maintenance unit 304 
receives rendering information 236 from graphical user 
interface 116 and, as noted, forwards Such information to 
generation control unit 302 as part of updated information 
312. In addition, maintenance unit 304 updates label state 
data structure 320 with Such information to maintain the 
current State of all annotation labels displayed on graphical 
user interface 116. 

0.139 Maintenance unit 304 also generates move label 
and size label commands 240,244 to label control units 204 
to position and size the associated annotation label 802. 
These commands include default or modified default values 
calculated by generation control unit 302 and provided to 
maintenance unit 304 as part of label information command 
310. In addition to updating label state data structure 320, 
maintenance unit 304 generates the move label and size 
label commands 240, 244. 

0140 Annotation label manager 202 also includes a 
redraw logic unit 308 and a limit rectangles logic unit 314. 
AS noted, redraw all labels command 228 is generated by 
graphical user interface 116 in response to the occurrence of 
certain global conditions that warrant annotation labels 802 
to be rendered again on graphical user interface 116. Such 
global conditions may include, for example, a color change 
event. The signal 228 is received by redraw logic unit 308. 
Redraw logic 308 accesses label list 320 for every label 
pointer 424 and issues a re-draw command 242 to each 
identified label control unit 204, causing label control units 
204 to re-draw their associated annotation labels 802. 

0141 Limit rectangles logic unit 314 receives rectangle 
limits 226 from graphical user interface 116. Limit rect 
angles logic unit 314 Simply Stores these values and for 
wards them to each label control unit 204 in rectangle limits 
command 238. 

0.142 Preferably, the annotation label state information 
stored in data structure 320 is globally available. This 
information may then be recalled as part of the implement 
ing System's Set up procedure. This enables the Setting 
established by an operator to be Saved for Subsequent uses 
of the implementing System. AS one skilled in the art would 
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find apparent, an operator can Save System Set up configu 
rations. This causes the capture of designated States of the 
System. For Signal measurement Systems, for example, this 
includes all control Settings, Scale factors, active channels, 
and the like. In accordance with one embodiment of the 
present invention, the annotation labels are also stored and 
recalled as part of a previous Set up for Subsequent recall. 
This information may also be stored in individual files to 
implement different configurations for different circum 
stances, Such as different test procedures, different operators, 
and the like. 

0143 Certain aspects of the processing performed by 
annotation system 118 will be described below with refer 
ence to FIGS. 10-15. FIGS. 10-12 are flowcharts while FIG. 
13 is an illustration of the terms used in describing the 
processes of FIGS. 10-12. Accordingly, FIG. 13 will be 
introduced first followed by a substantive discussion relative 
to the described processes. 
0144. Referring now to FIG. 13, a single waveform 
display 504 is defined by its boundaries on the display 112. 
The origin of waveform display 504 is the upper left corner, 
designated as (x,y), where “r” represents that this is a 
waveform display rectangle of pixels on which waveform 
display 504 is rendered as defined by graphical user inter 
face 116. The “o” represents that this coordinate value is the 
origin of that rectangle. 

0145 There are four (4) limits which define the size and 
location of the rectangle of pixels on which waveform 
display 504 is rendered. They are the left and right limits or 
boundaries (Lim and Lim) and the top and bottom limits 
or boundaries (Lim and Lim). The center point in wave 
form display 504 is designated (x,y). 
0146) One annotation label 802 is illustrated. Annotation 
label 802 has height and a width as shown, and an origin 
(x,y), where “1” represents that this is a label and “o” 
represents that this is a coordinate value for the origin of the 
label. 

0147 FIG. 10 is a flow chart of one embodiment of an 
update label Size proceSS performed in certain embodiments 
of the present invention. AS noted, each label control unit 
204 maintains the display of the associated annotation label 
802, including the appearance of annotation label 802 as 
well as its contents. This includes updating the size of the 
annotation label 802 as necessary to continue to be located 
within waveform display region 504 and not interfere with 
the visualization of other annotation labels 802. 

0.148. In the illustrative embodiment, an update label size 
process 1000 is performed in response to a command 
indicating that the font or text of a currently displayed 
annotation label has been changed by the operator. In 
addition, process 1000 is performed when an annotation 
label is first generated by a label control unit 204. For 
purposes of the present invention, Such initial determination 
of the appearance and content of a new annotation label is 
modeled as a font and text change Since these values are 
being processed for the first time when the annotation label 
is created. 

0149. At block 1004, a label control unit 204 receives a 
font. This occurs when label control unit 204 receives a 
rendering change command 272 from graphical user inter 
face 116 that contains a font change. Label control unit 204 
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also retrieves the font stored locally when label control unit 
204 receives a change in the content of the associated 
annotation label. In the illustrative embodiment, this content 
change occurs when label control unit 204 receives a new 
text data structure 268 from text entry dialog 278. If new 
font Selection has been received, this information is Stored 
locally for future calculations. 
0150. The width and the height of the received text is 
computed at block 1006. The height and width of the text is 
to be determined before the size of the annotation label can 
be calculated. Typically, the text presented in the annotation 
label is rendered in a proportional font. AS Such, to compute 
the width and the height of the block of text may be achieved 
utilizing various well known techniques. However, Such 
operations are often provided by conventional operating 
Systems. AS noted, in one preferred embodiment, annotation 
System 118 is implemented in a computer based System 
running the WindowS(R) operating System. In Such an 
embodiment, label control unit 204 generates a System call 
to operating System 114 requesting Such information. In 
Such embodiments, the System call provided by the operat 
ing system 114 is the DT Calc Rect (“Draw Text-Calculate 
Rectangle') system call. When this system call is made with 
the appropriate parameters, operating System 114 returns the 
number of pixels in height and width that a given text will 
occupy when rendered in a given font without actually 
rendering the annotation label on graphical user interface 
116. 

0151. Preferably, margins are provided around the text in 
the annotation label to facilitate visibility. The margins for 
the width are determined at block 1008 while the margins 
from the height are determined at block 1010. The value 
representing the text width is increased by a predetermined 
left margin and a predetermined right margin. Similarly, the 
value representing the text height is increased by a prede 
termined top margin and a predetermined bottom margin. 
These predetermined values may be any value to achieve a 
desired purpose. 
0152 Once the height and width required to render the 
text in an annotation label, label control unit 204 determines 
the size and position of the resulting annotation label. First, 
at block 1012, label control unit 204 determines the wave 
form display rectangle limits which are applicable to the 
current location of the annotation label. If there are two 
waveform displayS currently displayed, Such as regular and 
magnified waveform display regions, then label control unit 
204 must determine in which the associated annotation label 
will be rendered. This is described further below with 
reference to FIG. 11. 

0153. After the appropriate waveform display region is 
determined and the associated rectangle limits are retrieved, 
label control unit 204 verifies that the size of the resulting 
annotation label is located fully within the waveform display 
and, if not either reposition or resize the annotation label 
accordingly. This is described in further detail below with 
reference to FIG. 12. Processing then ceases at block 1016. 
0154 FIG. 11 is a flow chart of one embodiment of the 
process performed by label control units 204 to determine 
which waveform display region an annotation label is to be 
positioned within. This proceSS was introduced above at 
block 1012 of FIG. 10. 

0155. After the process is invoked at block 1102, label 
control unit 204 determines whether additional waveform 
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displays are currently rendered on the graphical user inter 
face. In the illustrative embodiment, there may be one 
additional waveform display for displaying a magnified 
View of Selected waveforms displayed in the original wave 
form display. When such a feature is implemented in the 
Signal measurement System, the waveform display is the to 
be “split” between the two displays. As noted above, the 
graphical user interface 116 provides annotation label man 
ager 202 with the rectangle limits of the waveform display 
via the rectangle limits command 226. Annotation label 
manager 202 forwards this information to the label control 
units 204 in the rectangle limits data structure 238. This 
information is stored locally and, at block 1104, Scanned to 
determine whether it contains rectangle limits for one (main 
waveform display only is currently displayed) or two (main 
and magnified waveform displays are currently rendered). 
0156 If only the main waveform display is currently 
rendered, then the rectangle limits associated with that 
waveform display are returned to the process 1000 described 
above. If there are two waveform display regions currently 
rendered on the graphical user interface 1126, then a Series 
of processes are performed to determined which waveform 
display region the operator desired to locate the annotation 
label. 

0157 At block 1106, label control units 204 calculate the 
center point of each rectangle. These values, X and y, are 
determined using Straight forward Euclidian geometry, with 
the origin of each waveform display rectangle at the upper 
left corder of the region as noted and shown in FIG. 13. 
Thus, X, is determined by 

X=Lin-(LinR-Lin)/2 
0158 Similarly, y is determined by 

Y=Linn-T+(Lin-Limr)/2 
0159. This is repeated for both waveform display regions, 
yielding (Xe-ye) and (X.c2.Ye2). 

0160 In accordance with one illustrative embodiment of 
the present invention, label control units 204 determine 
which waveform display region simply be determining 
which center point the cursor is closest to at the given 
moment. Thus, distance between the current cursor position 
and the center point of the main waveform display, d, is 
determined: 

di-(x-xpc) +(y-yrc), 
0.161 while the distance between the current cursor posi 
tion and the center point of the magnified waveform display 
region, d2, is 

d=(x-xpc)^+(y-yRc2)’. 

0162) If label control units 204 determined that d is 
greater thand, then the annotation label is to be rendered in 
the main waveform display. The rectangle limits associated 
with the main waveform display are then utilized. Con 
versely, if label control units 204 determined that d is not 
greater thand, then the annotation label is to be rendered in 
the magnified waveform display region and the associated 
rectangle limits are utilized at block 1112. Processing then 
ceases at block 1116. 

0163 FIG. 12 is a flowchart of the processes performed 
by label control units 204 to determine the size and position 
of annotation labels 802. This process was introduced above 
at block 1014 in FIG. 10. 
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0164. After process 1014 is started at block 1202, a series 
of condition testing and associated Setting of values are 
performed to determine the location of the annotation label 
and, if necessary, adjust its size. 
0165 At block 1204 label control unit 204 determines if 
the origin of the annotation label 802 is greater than the limit 
rect minus the width of the label, indicating that the anno 
tation label 802 will extend beyond the right end of the 
waveform display boundary. If So, then the origin is adjusted 
leftward at block 1206 to a new horizontal location Such that 
the width of the label fits within the waveform display right 
boundary. 

0166. At block 1208 label control unit 204 determines if 
the origin of the annotation label 802 is less than the left 
limit of the rectangle, indicating that the annotation label 
802 will extend beyond the left boundary of the waveform 
display. If So, then the origin is adjusted rightward at block 
1210 to a new horizontal location Such that the width of label 
802 fits within the waveform display left boundary. 
0167 However, if label 802 has a width that is greater 
than the width of the waveform display rectangle, then the 
width of the label is to be adjusted. This is determined at 
block 1212 whereat the label control unit 204 determines 
whether the Sum of the label origin horizontal position plus 
the width of the label is greater than the right limit of the 
rectangle. If so, then at block 1214 the width of annotation 
label 802 is set to distance between the current horizontal 
position of the label origin and the right limit of the 
waveform display 504. 
0.168. The above procedure is performed for the vertical 
positioning and resizing of annotation label 802 at blockS 
1216-1226. Processing then ceases at block 1228. 
0169 FIG. 14 is a flowchart of the processes performed 
by label control units 204 to determine a default location 
when a label is initially created and rendered on graphical 
user interface 116. Generally, when an annotation label 802 
is created it is initially located at Some default location on 
the waveform display region 504. As noted, the origin of the 
newly created label is initially located at the current cursor 
position or the waveform display origin, depending on the 
manner in which he annotation label was created. If multiple 
annotation labels are created in rapid Succession without the 
operator moving the previously created annotation labels, 
the labels will be rendered over each other, obscuring access 
to the underlying labels. To avoid this the process illustrated 
in FIG. 14 is performed by label control units 204. It should 
be understood that there are numerous approaches to insure 
that at least a portion of an underlying annotation label is 
Visible and accessible by the operator, at least to the extent 
necessary to enable the operator to position the cursor of the 
exposed area a drag the annotation label to a desired location 
on the waveform display. 
0170 In the illustrative process illustrated in FIG. 14, the 
label count is reset at block 1404 after the process is 
initialized at start block 1402. Here, the label count is as 
noted above; a unique value is Sequentially assigned to 
annotation labels as they are created. 
0171 At blocks 1406 and 1408 the next sequential anno 
tation label is retrieved for comparison unit no further 
currently visible labels remain. Overlap of the annotation 
labels is determined at block 1410 based on the origin, width 
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and height of the labels. If there is overlay then the origin of 
the new label is adjusted by Some fixed amount to cause the 
labels to appear in Some preferred manner, Such as in a 
cascade form. 

0172 This process is repeated for all new labels that are 
Successively crated, or unit the waveform region boundary 
is reached, as determine by block 1414. Once either of these 
conditions occur, processing ceases at block 1416. 
0173 FIG. 15 is a flow chart of the operations performed 
to graphically add and modify an annotation label in accor 
dance with one embodiment of the present invention. At 
block 1502 a display element representing adding an anno 
tation label to the graphical user interface is displayed on 
graphical user interface 116. AS noted, the annotation dis 
play element may be any known display element Supported 
by graphical user interface 116 and operating System 114. 
For example, the display element may be an icon, graphical 
button rendered on a dialog box, an item on a menu list, an 
entry on a toolbar, and the like. 
0.174. The operator graphically selects the annotation 
display element at block 1504. Preferably, some type of 
pointing device is provided in the implementing System to 
enable the operator to control the position of the cursor on 
graphical user interface 116. The graphical Selection is 
preferably achieved by controlling the cursor on graphical 
user interface 116 using Such a pointing device and, once 
positioned over the annotation display element, Selects the 
display element. 
0175. At block 1506 a window or dialog box is displayed 
on graphical user interface 116 providing the operator with 
the ability to enter a desired content to be displayed in the 
annotation label. In one embodiment described above, a 
dialog box is displayed with a graphical keyboard for entry 
of desired text using a pointing device. Alternatively or in 
addition, a physical keyboard operatively attached to the 
implementing System may also be used. In either embodi 
ment, the text is displayed on the graphical user interface. In 
alternative embodiments, additional information is Selected 
as well, including graphical Symbols, reference lines and 
arrows, and the like. At block 1506 the operator also enters 
in the desired text or other information into the appropriate 
content entry fields. 
0176 An annotation label is displayed on graphical user 
interface 116 at block 1508. This operation may be per 
formed before or after the operations described above with 
respect to block 1506. If before, then either no contents or 
default contents may be initially displayed. 
0177. In certain embodiments, the operator is provided 
with the opportunity to alter the manner in which the 
annotation label is rendered. In Such an embodiment, a 
display element is displayed on the graphical user interface 
indicating Such an option exists. This display element, like 
the others, may take on any known format. Selection of the 
display element causes the operations shown at block 1512 
to be performed. Here, a rendering options display window 
is displayed on the graphical user interface. The operator 
may make any available selection at block 1514, after which 
the revised annotation label is displayed align at block 1508. 
0.178 A display element providing the operator with an 
opportunity to modify the contents of the annotation label is 
provided in certain embodiments of the present invention. 
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This option is invoked through the display and Subsequent 
Selection of a properly identified display element on the 
graphical user interface. Such a Selection will cause the 
operations described above with respect to block 1506 to be 
repeated. This proceSS may continue indefinitely as shown 
by the return to block 1508. 
0179 While various embodiments of the present inven 
tion have been described above, it should be understood that 
they have been presented by way of example only, and not 
limitation. For example, the present invention is preferable 
implemented in the signal measurement system 100. How 
ever, as one skilled in the relevant art would find apparent, 
the teachings of the present invention may be implemented 
to enable a user to annotate any display element other than 
waveforms in Systems other than a signal measurement 
System. It should also be noted that any techniques now or 
later developed may be used to implement the features of the 
present invention, Such as local or distributed databases for 
Storage of the data structures, the type and format of the data 
Structures, Such as linked lists, tables, etc., the manner in 
which the IDS, Status fields and measurement parameters are 
represented, the manner in which the present invention 
interfaces with the graphical user interface; the manner in 
which the information is displayed to the user, etc. Thus, the 
breadth and the Scope of the present invention are not limited 
by any of the above exemplary embodiments, but are defined 
only in accordance with the following claims and their 
equivalents. 

0180 What is claimed is: 
1. An annotation System for graphically annotating mea 

Surement waveforms in a signal measurement System having 
a graphical user interface through which waveforms and 
measurement results are displayed on a display of the Signal 
measurement System, the annotation System constructed and 
arranged to enable an operator to graphically generate an 
annotation label containing operator-generated information 
and to graphically alter the position of Said annotation label 
Such that Said annotation label is positionally associated with 
a desired feature of a waveform displayed on Said graphical 
user interface. 

2. The System of claim 1, wherein Said information is 
predefined. 

3. The system of claim 1, wherein said information 
includes graphical representations. 

4. The system of claim 1, wherein said information is 
presented in one or more forms comprising at least one of 
textual and Symbolic form. 

5. The system of claim 1, wherein said information is 
provided by the operator using a keyboard. 

6. The system of claim 5, wherein said keyboard is a 
physical keyboard operatively coupled to the Signal mea 
Surement System on which the operator types the desired 
information. 

7. The system of claim 5, wherein said keyboard is a 
graphically-displayed keyboard on which the operator 
graphically Selects displayed keys of the graphical keyboard 
through use of a cursor controlled by a pointing device 
operatively coupled to Said Signal measurement System. 

8. The system of claim 1, wherein the information is 
entered by the operator through a voice recognition System. 

9. The system of claim 1, wherein the operator can control 
appearance characteristics of Said plurality of annotation 
labels displayed on Said graphical user interface. 
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10. The system of claim 1, wherein said desired location 
of Said plurality of annotation labels includes positions that 
positionally associate Said displayed annotation labels with 
a desired waveform or waveform feature displayed on Said 
graphical user interface, and 

wherein one or more of Said plurality of annotation labels 
includes additional graphical elements to facilitate 
Visual association with Said desired waveform or wave 
form feature. 

11. The system of claim 1, wherein said annotation label 
is implemented as dialog box in Said graphical user inter 
face. 

12. The system of claim 1, wherein said annotation label 
is implemented as a window in Said graphical user interface. 

13. The System of claim 1, wherein Said annotation System 
comprises: 

a plurality of label control units each constructed and 
arranged to control operator interactivity with an asso 
ciated annotation label rendered on the graphical user 
interface, Said plurality of label control units providing 
the operator with the capability to determine content 
and display location of Said associated annotation label; 
and 

an annotation label manager constructed and arranged to 
provide centralized control over invocation and 
removal of each of said plurality of label control units 
and, hence, of Said display of Said associated annotation 
labels. 

14. The system of claim 13, wherein said annotation label 
manager maintains, in a label State data Structure, a current 
State of each of Said plurality of associated annotation labels 
currently rendered on Said graphical user interface, Said 
current State including Said position and Said content of Said 
displayed annotation labels. 

15. The system of claim 13, 

wherein the label control unit is constructed and arranged 
to enable the operator to determine an appearance of 
Said plurality of displayed annotation labels. 

16. The system of claim 15, wherein said annotation label 
manager maintains, in a label State data Structure, a current 
State of each of Said plurality of associated annotation labels 
currently rendered on Said graphical user interface, Said 
current State including Said appearance of Said displayed 
annotation labels. 

17. The system of claim 16, wherein said label state data 
Structure is globally accessible to other elements of the 
Signal measurement System. 

18. The system of claim 13, wherein said graphical user 
interface displays at least one first display element in con 
nection with a displayed annotation label, Said graphical 
user interface generating function calls to Said label control 
unit associated with Said displayed annotation label in 
response to a graphically Selection of Said first display 
element. 

19. The system of claim 18, wherein said graphical user 
interface further displays at least one Second display element 
not in connection with a displayed annotation label, Said 
graphical user interface generating function calls to Said 
annotation label manager in response to a graphically Selec 
tion of Said Second display element. 
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20. The system of claim 19, 
wherein Said function calls provided to Said plurality of 

label control units from Said graphical user interface 
related to creation and deletion of Said plurality of 
annotation labels are forwarded to Said annotation label 
manager. 

21. The system of claim 20, wherein said annotation label 
manager is constructed and arranged to generate, in response 
to Said creation and deletion function calls generated by Said 
graphical user interface, System calls that cause an operating 
System to create and destroy Specified ones of Said label 
control units. 

22. The system of claim 15, 
wherein function calls provided to said plurality of label 

control units from graphical user interface relevant to 
Said appearance of Said associated annotation labels are 
forwarded to Said annotation label manager. 

23. The system of claim 13, wherein said annotation label 
manager Stores in a memory device default values for Said 
location and Said content of Said displayed annotation labels. 

24. The system of claim 15, wherein said annotation label 
manager Stores in a memory device default values for Said 
location, Said appearance and Said content of Said displayed 
annotation labels. 

25. The system of claim 24, wherein said default values 
are dynamically maintained in real-time, updated to reflect 
recent Selections of the operator. 

26. The system of claim 14, wherein said current state 
comprises: 

a label number uniquely identifying each displayed anno 
tation label; 

a label pointer providing an address of Said label control 
unit that generated Said annotation label; 

location information identifying a current location of Said 
annotation label on the display; and 

label content information identifying contents of Said 
annotation label. 

27. The system of claim 26, wherein said current state 
further comprises: 

rendering information identifying an appearance of Said 
annotation label when said annotation label is rendered 
on the graphical user interface. 

28. The system of claim 27, wherein said current state 
further comprises: 

a reference symbol identifier that identifies a location of 
a file that contains a graphical Symbol that Visually 
asSociates Said annotation label with a graphical ele 
ment displayed on the graphical user interface. 

29. The system of claim 27, wherein said rendering 
information comprises: 

text color identifying a color of text rendered in Said 
annotation label; and 

background color identifying a color of background area 
of Said annotation label. 

30. The system of claim 29, wherein said rendering 
information further comprises: 

a font Specification identifying a fontsize of text rendered 
in Said annotation label. 
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31. The system of claim 30, wherein said rendering 
information further comprises: 

an outline Specification identifying whether a predefined 
border is to be rendered around Said annotation label. 

32. The system of claim 23, wherein said default location 
has a first value that causes Said annotation labels to be 
located at an origin of Said display. 

33. The system of claim 20, wherein the default location 
has a Second value that causes Said annotation labels to be 
located at a current position of the cursor. 

34. The system of claim 16, wherein said label control 
unit reconciles positional conflicts between new annotation 
labels and currently rendered annotation labels, Said location 
of Said annotation labels Stored in Said label State data 
Structure. 

35. The system of claim 13, wherein said annotation 
System restricts said location of Said plurality of annotation 
labels to locations entirely within said waveform display 
region, Said restriction based on rectangle limits data iden 
tifying dimensions of Said waveform display region, Said 
location and Size of each of Said plurality of annotation 
labels. 

36. The system of claim 13, wherein each said label 
control unit comprises: 

a display controller constructed and arranged to interop 
erate with Said graphical user interface to display and 
control Said display and operator interactivity with Said 
asSociated annotation label on Said graphical user inter 
face; and 

a position controller constructed and arranged to control 
Said location and Size of Said asSociated annotation 
label. 

37. The system of claim 36, wherein each said position 
controller is constructed and arranged to determine a size 
and position of Said associated annotation label to enable 
Said associated annotation label to be completely rendered 
within boundaries of a waveform display region. 

38. The system of claim 36, wherein each said label 
control unit further comprises: 

a command processor constructed and arranged to route 
certain function calls from Said graphical user interface 
to annotation label manager and forwards certain com 
mands to Said display controller and to Said positional 
controller. 

39. The system of claim 13, wherein said annotation label 
manager comprises: 

an annotation label generation control unit constructed 
and arranged to instantiate and destroy label control 
units based on Said create and delete function calls, and 

an annotation label maintenance unit constructed and 
arranged to maintain Said label State data Structure, Said 
maintenance unit receiving rendering information from 
Said graphical user interface and updating Said label 
State data Structure with Such information to maintain 
Said annotation label current State. 

40. The system of claim 39, wherein said annotation label 
generation control unit is further constructed and arranged to 
Store annotation label default values in a default values data 
Structure. 
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41. The system of claim 40, wherein said annotation label 
generation control unit is further constructed and arranged to 
determine initial values for rendering an annotation label. 

42. A signal measurement System comprising: 
an operating System; 

a graphical user interface; and 
an annotation System for graphically annotating measure 

ment waveforms displayed in a waveform display of 
the graphical user interface, Said annotation System 
constructed and arranged to enable an operator to 
graphically generate an annotation label containing 
operator-generated information and to position Said 
annotation label to any location on the waveform 
display. 

43. The system of claim 42, wherein the operator can 
control appearance characteristics of Said plurality of anno 
tation labels displayed on Said graphical user interface. 

44. The system of claim 42, wherein said location of said 
plurality of annotation labels includes positions that posi 
tionally associate Said displayed annotation labels with a 
desired waveform or waveform feature displayed on Said 
graphical user interface, and 

wherein one or more of Said plurality of annotation labels 
includes additional graphical elements to facilitate 
Visual association with Said desired waveform or wave 
form feature. 

45. The system of claim 42, wherein said annotation 
System comprises: 

a plurality of label control units each constructed and 
arranged to control operator interactivity with an asso 
ciated annotation label rendered on the graphical user 
interface, Said plurality of label control units providing 
the operator with the capability to determine content 
and display location of Said associated annotation label; 
and 

an annotation label manager constructed and arranged to 
provide centralized control over invocation and 
removal of each of said plurality of label control units 
and, hence, of Said display of Said associated annotation 
labels. 

46. The system of claim 45, wherein said annotation label 
manager maintains, in a label State data Structure, a current 
State of each of Said plurality of associated annotation labels 
currently rendered on Said graphical user interface, Said 
current State including Said position, appearance and Said 
content of Said displayed annotation labels. 

47. The system of claim 46, wherein said label state data 
Structure is globally accessible to other elements of the 
Signal measurement System. 

48. The system of claim 42, wherein said annotation label 
manager is constructed and arranged to generate, in response 
to Said creation and deletion function calls generated by Said 
graphical user interface, System calls that cause an operating 
System to create and destroy Specified ones of Said label 
control units. 

49. The system of claim 47, wherein said annotation label 
manager Stores in a memory device default values for Said 
location, Said appearance of Said content of Said displayed 
annotation labels. 
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50. The system of claim 49, wherein said current state 
comprises: 

a label number uniquely identifying each displayed anno 
tation label; 

a label pointer providing an address of Said label control 
unit that generated Said annotation label; 

location information identifying a current location of Said 
annotation label on the display; and 

label content information identifying contents of Said 
annotation label. 

51. The system of claim 50, wherein said current state 
further comprises: 

rendering information identifying an appearance of Said 
annotation label when said annotation label is rendered 
on the graphical user interface. 

52. The system of claim 45, wherein each said label 
control unit comprises: 

a display controller constructed and arranged to interop 
erate with Said graphical user interface to display and 
control Said display and operator interactivity with Said 
asSociated annotation label on Said graphical user inter 
face; and 

a position controller constructed and arranged to control 
Said location and Size of Said asSociated annotation 
label. 

53. The system of claim 52, wherein each said position 
controller is constructed and arranged to determine a size 
and position of Said associated annotation label to enable 
Said associated annotation label to be completely rendered 
within boundaries of a waveform display region. 

54. The system of claim 52, wherein each said label 
control unit further comprises: 

a command processor constructed and arranged to route 
certain function calls from Said graphical user interface 
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to annotation label manager and forwards certain com 
mands to Said display controller and to Said positional 
controller. 

55. The system of claim 45, wherein said annotation label 
manager comprises: 

an annotation label generation control unit constructed 
and arranged to instantiate and destroy label control 
units based on Said create and delete function calls, and 

an annotation label maintenance unit constructed and 
arranged to maintain Said label State data Structure, Said 
maintenance unit receiving rendering information from 
Said graphical user interface and updating Said label 
State data Structure with Such information to maintain 
Said annotation label current State. 

56. The system of claim 55, wherein said annotation label 
generation control unit is further constructed and arranged to 
Store annotation label default values in a default values data 
Structure. 

57. The system of claim 56, wherein said annotation label 
generation control unit is further constructed and arranged to 
determine initial values for rendering an annotation label. 

58. A method for graphically displaying modifying an 
annotation label on a graphical user interface; 

(1) displaying on a graphical user interface a display 
element representing adding an annotation label; 

(2) graphically selecting Said annotation display element; 
(3) displaying, on the graphical user interface, a dialog 
box providing the operator with the ability to enter a 
desired content to be displayed in the annotation label; 

(4) graphically entering data into said dialog box; and 
(5) displaying Said annotation label on Said graphical user 

interface. 


