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ADAPTIVE ECG TRIGGER SIGNAL JITTER
DETECTION FOR IMAGING

[0001] This is a non-provisional application of provisional
application Ser. No. 61/649,992 filed May 22, 2012, by H.
Zhang et al.

FIELD OF THE INVENTION

[0002] This invention concerns a system for providing an
image acquisition trigger signal compensated for signal pro-
cessing time delay based on variation of timing of a heart
electrical waveform relative to the trigger signal.

BACKGROUND OF THE INVENTION

[0003] ECG signals are utilized for triggering image scan-
ning and data acquisition, such as of X-ray or ultrasound
images and avoiding cardiac chamber tissue contraction dis-
tortion and other noise. However, known systems exhibit
imprecision in image acquisition timing due to noise in trig-
ger generation, clock jitter and analogue to digital conversion
timing variation, causing inaccuracy in detection of a P wave,
R wave and T wave in an ECG signal. Stable and accurate
image scanning is desirable for analysis of cardiac function to
detect cardiac diseases. Known imaging systems, such as
X-ray and ultrasound imaging systems, for example, typi-
cally capture images randomly or with acquisition triggered
in response to a time parameter. Known imaging systems use
ECG signal synchronization to reduce patient artifacts and
biological noise (heart beat and related patient movement).
Image acquisition trigger signals in known systems are sen-
sitive to jitter as well as phase and latency distortion from
multiple sources. These sources include noise due to electri-
cal surgery including energy discharge noise in ablation pro-
cedures and heart rate control device noise as well as pipeline
transmission jitter due to a hardware transmission pathway.
Further, the trigger error varies from system to system.
[0004] Known medical devices use different systems to
trigger image data acquisition such as by using R wave detec-
tion, P wave detection or T wave detection. However such
systems may have image acquisition trigger delay of 10-100
ms or jitter relative to cardiac activity or jitter due to analog to
digital conversion, for example. Known signal detection and
gating signal generation typically uses uniform sampling at a
particular sampling rate, such as 2000 Hz, for sampling dif-
ferent portions of ECG signals, such as a P wave portion or
QRS portion. Obtaining a high accuracy gating signal with
low jitter based on uniform sampling may require a relatively
high sampling rate for a signal, which results in over-sam-
pling in portions of a signal and leads to increased timing jitter
and uncertainty in a data transmission pipeline. A system
according to invention principles addresses these deficiencies
and related problems.

SUMMARY OF THE INVENTION

[0005] A system estimates and compensates for ECG trig-
ger pulse timing jitter by using adaptive, controllable timing
thresholds in ECG segment signal detection for synchromza-
tion as well as adaptive statistical calculation and correlation
in closed-loop ECG image acquisition trigger signal genera-
tion. A system provides an image acquisition trigger signal
compensated for signal processing time delay. An interface
receives waveform signal data representing electrical activity
of a patient heart over at least one heart beat cycle. A detector
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detects a particular point associated with a particular signal
portion within successive heart beat cycles of the signal data.
A first time variation detector provides a first timing adjust-
ment signal in response to detected change in time of occur-
rence of the detected particular point. A second time variation
detector provides a second timing adjustment signal in
response to comparison of relative timing of the trigger signal
and the detected particular point. An output processor genet-
ates the trigger signal in response to the detected particular
point and the first timing adjustment signal and the second
timing adjustment signal.

BRIEF DESCRIPTION OF THE DRAWING

[0006] FIG.1 shows a system for providing an image acqui-
sition trigger signal compensated for signal processing time
delay, according to invention principles.

[0007] FIG. 2 shows different jitter sources occurring in
patient signal acquisition and filtering and trigger signal gen-
eration, according to invention principles.

[0008] FIG. 3 shows an adaptive threshold based ECG
waveform portion detection system, according to invention
principles.

[0009] FIG. 4 shows R wave detection and trigger pulse
generation, according to invention principles.

[0010] FIG. 5 shows waveform peak position estimation,
according to invention principles.

[0011] FIG. 6 shows a heart rate variability method inte-
grated with a statistical prediction method for waveform peak
detection and prediction, according to invention principles.
[0012] FIG. 7 shows circuit timing compensation in
response to time clock variation, signal component charac-
teristic variation, sampling rate changes, signal noise and
circuit layout induced variation, according to invention prin-
ciples.

[0013] FIG. 8 shows system jitter detection and compensa-
tion, according to invention principles.

[0014] FIG. 9 shows a system for dynamic adaptive data
transmission pipeline jitter and measurement and compensa-
tion, according to invention principles.

[0015] FIG. 10 shows a flowchart of a process for compen-
sation for variation in waveform segment or point detection,
hardware delay and data transmission delay, according to
invention principles.

[0016] FIG. 11 shows a flowchart of a process used by a
system for providing an image acquisition trigger signal com-
pensated for signal processing time delay, according to inven-
tion principles.

DETAILED DESCRIPTION OF THE INVENTION

[0017] A system estimates and compensates for image
acquisition ECG trigger pulse timing jitter including P wave,
R wave and T wave detection jitter and time stamp uncet-
tainty, by adaptive statistical correlation. Closed-loop ECG
triggering compensation is used in analogue signal and digital
signal processing to provide accurate image acquisition gat-
ing pulse signals. The system employs adaptive, controllable
timing thresholds in ECG segment signal detection and syn-
chronization. Dynamic adaptive threshold based ECG seg-
ment waveform analysis and estimation is used to improve
image quality particularly in a fast scanning system perform-
ing non-rigid tissue image acquisition. The ECG trigger sig-
nal jitter compensation provides non-uniform image acquisi-



US 2013/0317336 Al

tion trigger signals (for cardiac activity scanning) in response
to programmable cardiac function selection and sequential
triggering signal generation.

[0018] The system automatically adaptively and dynami-
cally compensates for signal generation and transmission
jitter and latency to improve accuracy of time stamps associ-
ated with acquired images. The system detects portions of an
ECG waveform for image acquisition gating and synchroni-
zation signal generation reducing effect of digitization time
jitter, data transmission pipeline time jitter and processing
jitter by generating jitter and latency compensated image
acquisition trigger signals.

[0019] FIG. 1 shows system 10 for providing an image
acquisition trigger signal compensated for signal processing
time delay. System 10 employs at least one computer, micro-
processor, programmed logic device or other processing
devices comprising output processor 39 and device 30 includ-
ing repository 17, interface 15, detector 27 and timing varia-
tion detectors 20. Surface ECG and Intra-cardiac electrogram
(ICEG) signals having an amplitude representing electrical
activity of a heart over time, and other vital sign signals
including blood pressure, SPO2 blood oxygen saturation,
temperature and heart rate signals are acquired from patient
11 by processing device 30 and conditioned by device 30 (for
voltage level, lead construction variation and calibration by
buffering, digitization and conditioning) based on patient
context and a clinical application being performed. The pro-
cessed signals from unit 30 are provided to patient monitoring
system 33. Interface 15 receives waveform signal data repre-
senting electrical activity of a patient heart over at least one
heart beat cycle. Detector 27 detects a particular point asso-
ciated with a particular signal portion within successive heart
beat cycles of the signal data. Timing variation detectors 20
includes a first time variation detector, a second time variation
detector and a third time variation detector. A first time varia-
tion detector provides a first timing adjustment signal in
response to detected change in time of occurrence of the
detected particular point. A second time variation detector
provides a second timing adjustment signal in response to
comparison of relative timing of the trigger signal and the
detected particular point. A third time variation detector pro-
vides a third timing adjustment signal in response to compari-
son of relative timing of the trigger signal and a timing signal
associated with time of acquisition of an image received from
image acquisition system 25. Output processor 39 generates
the trigger signal in response to the detected particular point
and the first timing adjustment signal, the second timing
adjustment signal and the third timing adjustment signal.
[0020] System and imaging control unit 34 controls opera-
tion of one or more imaging devices 25 for performing image
acquisition of patient anatomy in response to user command.
Imaging devices 25 may comprise a mono-plane or biplane
X-ray imaging system. The units of system 10 intercommu-
nicate via a network. At least one repository 17 stores X-ray
medical images and studies for patients in DICOM compat-
ible (or other) data format and vital sign signal data. A medi-
cal image study individually includes multiple image series of
a patient anatomical portion which in turn individually
include multiple images.

[0021] Processing device 30 buffers, filters and digitizes
ECG and ICEG data from patient 11. Device 30 detects P
wave, Q wave, R wave, T wave, S wave and U wave segments
of processed ECG and ICEG data by detecting peaks within
the received data using a known peak detector and by seg-
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menting the processed ECG and ICEG data into windows
where the waves are expected and by identifying the peaks
within the windows. The start point of a wave, for example, is
identified by a variety of known different methods. In one
method a wave start point comprises where the signal crosses
abaseline of the signal (in a predetermined wave window, for
example). Alternatively, a wave start point may comprise a
peak or valley of the signal. The baseline of the signal may
comprise a zero voltage line if a static (DC) voltage signal
component is filtered out from the signal. Device 30 includes
a timing detector for determining time duration between the
signal peaks and valleys. The time detector uses a clock
counter for counting a clock between the peak and valley
points and the counting is initiated and terminated in response
to the detected peak and valley characteristics.
[0022] Triggers signals (including peak time of P wave, Q
wave, R wave, S wave, T wave)are utilized by units 30, 33 and
39 to control and manipulate image acquisition by system 25.
The accuracy oftrigger pulse generation is affected by factors
including, a) signal portion (such as peak or valley) detection
and jitter; b) the trigger signal delay and jitter relative to
corresponding heart activity due to circuitry and ¢) gating
signal transmission and data pipeline distortion and jitter. The
following function summarizes these error sources:
Gating_signal_jitter=Gating_detection-creation_

jitterPCircuitry_uncertainty_jitter®data_pipe-

line_jitter
In which, Gating_detection—creation_jitter 1s the jitter and
distortion from signal portion detection; Circuitry_uncertain-
ty_jitter is analogue and digital circuitry electronic delay and
uncertainty, which includes timing jitter from Analog to Digi-
tal Conversion (ADC), filtering, and other hardware sources;
data_pipeline_jitter represents data jitter and timing uncer-
tainty from data transmission, such as Ethernet, RS232, Serial
transmission.
[0023] Assuming the timing jitter distribution is a normal
distribution and the jitter of the three main sources is: ., £f3,
and xvy, the gating signal jitter of a signal provided to an image
acquisition system is,

Gating_signal jitter= (T1 @)+ (To £ B+ (T3 £7)
=N+ +5G)ta+ Bty

= Thelay (@ + f+7)

In which T1, T2, T3 represent timing of a desired point within
awaveform for image acquisition T ,,,, is average time delay
between a patient trigger signal provided to an image acqui-
sition system. Overall, the maximum timing jitter and uncer-
tainty are o+f+y, for which different kinds of compensation
are provided. The sources +a., =[3, and +y may be time varying
and differ from case to case. Hence, an adaptive dynamic
compensation system is provided.

[0024] System 10 integrates both a patient real time signal
monitoring and recording system 33 and image acquisition
system 25. Imaging system 25 synchronizes image acquisi-
tion using a signal point or signal portion (such as R wave, T
wave and P wave) to generate gating signals. Output proces-
sor 39 adaptively generates uniform and non-uniform gating
trigger signals compensating for circuit time delay and jitter
and uses patient monitoring system 33 and device 30 signals
in response to a clinical application type. Output processor 39
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uses a feedback signal from imaging system 25 indicating
circuit time delay and jitter in gating signal control and gen-
eration.
[0025] FIG. 2 shows different jitter sources occurring in
patient signal acquisition and filtering and adaptive compen-
sated trigger signal generation. System units 207 and 213
employ different compensation methods. Specifically, unit
207 determines and applies trigger delay or advance to com-
pensate for both ECG signal 203 signal portion waveform
(including peak or valley) detection jitter 205 as well as to
offset ECG signal 203 analogue to digital conversion circuit
jitter 209. Unit 215 determines and applies trigger delay or
advance to a compensated trigger signal from unit 207 to
compensate for ECG signal 203 data pipeline signal trans-
mission delay 213 and reduces the jitter in data transmission
and coding. Unit 215 provides a resultant trigger signal output
for acquisition of image 217 by imaging system 25. Other
types of jitter may also be compensated in a similar fashion.
Unit 217 provides a trigger signal to image acquisition system
25. The trigger signal is compensated for jitter sources 205,
209 and 213. The jitter sources introduce jitter due to signal
acquisition, filtering and trigger signal generation delay
including waveform portion detection and data transmission
distortion.
[0026] FIG. 3 shows an adaptive threshold based ECG
waveform portion detection system. Processing device 30
advantageously calculates an adaptive weighted combination
time threshold for accurate ECG signal portion detection.
Device 30 (FIG. 1) performs programmable ECG signal por-
tion detection employing timing unit 303 for time variation
detection and providing a timing adjustment signal in
response to detected change in time of occurrence of a
detected particular point. Device 30 is programmable, adjust-
able and controlled in a real time mode, for both P wave
detection and R wave detection in Beat N 305 while limited to
just R wave detection in Beat N+1 307, for example. Device
30 calculates waveform portion detection times and statisti-
cally analyzes a previous heart beat to determine a waveform
portion time stamp for acquisition of the portion in a current
heart beat. In a different embodiment, beat N 305 is not
necessarily the nearest neighbor heart beat of a current heart
beat N+1 307 as long as it is the same rhythm episode.
[0027] Device 30 employs a method to determine a heart
signal waveform portion or point timed from a previous por-
tion in real time. Device 30 acquires signal data comprising a
previous heart cycle or multiple previous heart cycles (the
number of cycles depends on noise level as the better the
signal quality, the less heart beats are needed). Device 30
determines parameters from heart cycle signal data, including
waveform portion or point peak maximum amplitude, and
amplitude of 90% maximum, 80% maximum, . . ., 20%, 10%
maximum on both sides near a region of interest (ROI) por-
tion of the heart cycle signal data waveforms.
[0028] FIG. 4 shows signal R wave detection and trigger
pulse generation indicating time interval points correspond-
ing to left and right amplitude levels 10% and 50% below
peak comprising AT; oo, » AT o006 AT g-0004 AT 2500, T1MeE
interval points for an R wave (100% amplitude at peak point)
are ATz gos AT, 2006: - - -+ AT gg0s AT, 0000 ATg 000
2800+« - s Al pagens AT 1004, for example. Device 30
detects amplitude changes in a current heart signal, 10% of
maximum (of previous heart cycles), 20% of maximum, . . .,
90% of maximum with corresponding timings are T,

Tagoss « - - s Loge, Device 30 calculates a time stamp of a
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current waveform portion start point. The accuracy of the
time stamp calculation of a waveform point is indicated by
closeness of a statistical confidence of a threshold calculation,
such as AT; g, and AT, gq.,. This facilitates achieving less
than 100 uS error in image acquisition trigger timing.

[0029] The system in one embodiment employs the func-

tion,
Tror=Tiow (0 ATy, 100, +B 1 ATR 100)

Where Tg,,, is a time stamp for a current heart cycle (cycle
N+1), Rwave peak is determined based on time stamp of a
time point T, representing a 10% amplitude level of the R
wave of cycle N+1 plus an adjustment derived using the prior
heart cycle N. LL and R represent left side and right side
(relative to R peak) time duration. Device 30 uses previous
heart cycles and cycles (such N-1, N) and cycle N+1 so R
wave peak position may be estimated one cycle earlier, which
facilitates compensation of jitter.

[0030] FIG. 5 shows waveform peak position estimation.
For example,
[0031] T,q, (503)=120 second (a recording time (time

stamp), from a beginning of data acquisition).

[0032] AT, 0o, +P ;AT 100, 15 an estimate of R wave
505 duration from 10% MAX level 507 to the R wave 505
peak of previous cycle (N), o and [ here are 0.6 and 0.4 since
a Left rising edge is faster than the right rising edge. In cycle
N, R wave duration, AT, _, 5o, 15 120 Ms and AT, 0, s 70ms
so the calculation o "AT; | o ;" ATz 00, 18 0.6x120+0.4%
70=100 ms and time ROI from 10% MAX to R wave peak is
100 ms plus the time reference from time of start of recording
data (which is 120 second), a new R wave peak time is
predicted as 120.1 seconds.

[0033] System 10 uses amplitudes at the, 10%. 20% . . .
90% levels to categorize a whole R wave into 10 levels by
amplitude and determines the time of occurrence of each
corresponding level (T). In addition, system 10 employs cycle
N-1 to estimate time of occurrence of an R wave peak, for
example, of cycle N+1, 2 cycles later using,

Tror 2 Tart TioviH (@ AT 109t B 1A TR 10%)

where T, is the time of 10% MAX amplitude level in the
cycle N=1, a;"AT;_ g0, +P;'ATg 100, 18 the R wave relative
time position to T o, in cycle N-1; 2T, is a two cycle time
length.

[0034] Ifarequirement is 1-2 ms max jitter, a 10% thresh-
old is enough for calculating a time stamp of a waveform
portion or point of a current heart signal (a time stamp of a
waveform portion or point is also used to determine image
acquisition trigger pulse timing),

Tror=Tiot (0 ATy ovtB 1 AlR 10%)

where o, +B,=1, o and f§ are weight coefficients for determi-
nation of a time stamp of a waveform point. In a clinical
application example, a=0.55 and $=0.45, because a depolar-
ization procedure is faster than repolarization, however a user
is able to adjust weight coefficients based on type of clinical
application.

[0035] If a requirement is 200-500 uS maximum jitter, a
10% threshold is sufficient for calculating a time stamp of a
waveform portion or point and

Tror=Tsont(0s"AT L 500 Bs AT g s00)

where o5 +f5=1. A numerical sequence of weight coefficients
is user definable and optimal timing of jitter may require a
high data sample rate, such as 5-10K Hz. If a signal portion
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has distortion, or a signal portion is detected in the presence of
noise, more amplitude thresholds may be employed and com-
bined to determine a waveform portion time stamp or point
time stamp from data from previous heart cycles,

Trot = Z

icthreshold_range

Titom + (@ ATy o109 + B - ATpoiwi0%)

where threshold_Range represents how many thresholds are
employed in a calculation and corresponding weight coeffi-
cients are used for selected thresholds.

[0036] Returning to FIG. 4, which shows a 50% and 90%
combined T, calculation in an R wave. However, other
portions e.g. P wave, T wave portions may be used, for
example. An image acquisition trigger pulse derived using a
95% threshold for R wave peak detection may achieve jitter
less than 100 uS, for example. An adaptive combined
weighted threshold calculation may use a 95% threshold, but
noise in the clinical environment, such as patient movement,
electrical noise, decreases trigger pulse timing accuracy. In a
noisy environment, system 10 generates a timing pulse by
averaging over multiple heart cycles. System 10 employs a
single cycle statistical timing analysis together with heart rate
variability analysis to predict and compensate for trigger
pulse timing errors. A heart rhythm variation is also taken into
account during cardiac peak prediction. For example, a pro-
longed trend in QRS rate is used in ECG R wave detection for
image acquisition.

[0037] FIG. 6 shows heart rate variability method 603 inte-
grated with a statistical prediction method 605 for Beat N
waveform peak detection and prediction. Together with these
methods, other medical factors 607 may be used according to
patient medical conditions, such as drug delivery, electrical
treatment. T,,; is a prediction time derived by statistical
calculation from Beat M (early beat) and AT ;- is Heart beat
variation (e.g. if positive, it means an R wave recurrence
interval is prolonged), 6 is another factor based time compen-
sation. A prediction time is calculated at 50-100 uS, using the
following function,

Prediction time=T g +AT f+0

[0038] FIG. 7 shows circuit timing compensation in
response to time clock variation, signal component charac-
teristic variation, sampling rate changes and signal noise and
circuit layout induced variation. Hardware circuitry provides
a further source of ECG trigger signal jitter. Trigger pulse
latency compensation is provided by comparison of an origi-
nal ECG signal with a trigger pulse. ECG signal 703 is
coupled to a dynamic adaptive ROI detection module 707 and
to a signal portion extraction unit 705. ROI detection module
707 generates a TTL or CMOS level trigger pulse, for
example, based on an analogue signal from a patient. Ana-
logue portion extraction unit 705 obtains a waveform portion
or point by using a timing window, such as a 50 mS window
for a QRS complex. Voltage adjustment module 713 adjusts a
trigger signal to be in the same range as an original signal, e.g.
using a maximum voltage adjustment of 50-75% of previous
ECG heart beat maximum amplitude voltage (typically an
ECG voltage range is fixed). Phase detector 709 determines a
timing difference and latency between two signals, via which
time adjustment and jitter of a hardware circuit is determined.
The time adjustment compensates for jitter, due to a time
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clock, component characteristics, sampling rate changes, sig-
nal noise, circuit PCB and layout variation.

[0039] FIG. 8 shows system trigger signal jitter detection
and compensation providing data comprising an output tim-
ing difference used to adjust an image acquisition trigger
pulse phase (latency) to achieve image acquisition trigger
timing compensation. A reference signal 803 (99% of the
maximum amplitude of an original signal) is compared with
R wave 805 by Schmitt trigger comparator 8§07 to derive
rising edge 813 which indicates R wave position. Rising edge
813 and rising edge 815 of a derived gating signal pulse are
both used to trigger (on and off, respectively) a clock counter
device 810 to generate a timing difference 817 (e.g. +4 ms
820, -4 ms 822) and associated sign 819. Derived time dif-
ference 817 represents circuit delay and sign 819 (positive
and negative) indicates whether timing difference 817 posi-
tive or negative (e.g., if derived gating comes early, then the
time difference is positive).

[0040] FIG. 9 shows a closed loop system for dynamic
adaptive data transmission pipeline jitter and measurement
used to determine a time duration for compensation. System
10 (FIG. 1) provides trigger pulse compensation to compen-
sate for time delay comprising an interval between output of
a trigger pulse (and image acquisition) subject to data trans-
mission delay, image scanning circuit response time, wave-
form portion or point detection delay and hardware jitter
compensation. System 10 uses a closed feedback loop to
adaptively and continuously calculate a time duration repre-
senting time delay and associated jitter. If the gating signal
and image system employ peer to peer (point to point) com-
munication with no other data traffic in data transmission,
total time duration of pipeline jitter and scanning response
time is typically fixed. System 10 in a complicated case may
use a dynamic adaptive calculation to derive accurate timing
and gating for image scanning.

[0041] Data transmission and image scanning response
time calculation unit 905 compares delay between the two
pulses (original gating pulse 903 and digital pulse 901 from
image system 909 used for triggering image acquisition) and
generates a compensation time duration in response to the
comparison. Latency and jitter compensation unit 907 adjusts
trigger pulse 903 using the compensation time duration com-
pensating for data pipeline and image system response delay
determined by unit 905 and provides adjusted image acqui-
sition trigger pulse 912 to imaging system control unit 909.
[0042] FIG. 10 shows a flowchart ofa process performed by
system 10 (FIG. 1) for compensation for variation in wave-
form segment or point detection, hardware delay and data
transmission delay. Interface 15 in step 956 buffers and digi-
tizes a non-invasive blood pressure amplitude signal, blood
oxygen saturation (SPO2) signal, surface ECG signal, ICEG
signals, respiration waveform signals and other vital sign
signals. System 10 provides compensation for different kinds
of jitter that occurs in processing hardware and scanning
devices. Interface 15 in step 958 filters the received signal
data using a filter adaptively selected in response to data
indicating clinical application to remove patient movement
and respiratory artifacts as well as power line noise. For
example, a filter bandwidth 0.1-100 Hz is used for ECG
signals in one embodiment and different filtering bandwidths
are used for different types of signals. System 10 adjusts jitter
detection and time latency, duration compensation by adding
additional delay offsets. In step 961 signal processor 15 per-
forms signal segmentation, such as of, P, Q, R, S, T, U waves
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in an electrophysiological signal using a known peak detector
and by identifying peaks of signals by segmenting a signal
represented by sampled data into windows where the waves
are expected and by identifying the peaks within the win-
dows, as previously described. The system detects P wave, Q
wave, R wave, T wave, S wave and U wave segments of a
received signal data by detecting peaks as previously
described.

[0043] Instep 961, device 30 selects a particular point of a
particular signal to process for jitter compensation. In step
968, device 30 detects and compensates for jitter in segmen-
tation, specifically in detection of a particular signal segment
and point. In step 970 device 30 detects processing hardware
jitter and generates a compensation timing signal compensat-
ing for segmentation and processing hardware jitter. In step
976 device 30 and unit 39 uses a feedback image acquisition
trigger signal for adjusting the generated compensation tim-
ing signal for transmission pipeline and image system
response jitter and latency. The process is repeated from step
961 for continuous signal jitter compensation of multiple
different signals. In step 973 device 30 updates settings of the
jitter compensation system used in signal segmentation and
jitter detection and timing signal generation and adjusts steps
961, 968, 970 and 976.

[0044] FIG. 11 shows a flowchart of a process used by a
system for providing an image acquisition trigger signal com-
pensated for signal processing time delay. In step 452 follow-
ing the start at step 451, interface 15 receives waveform signal
data representing electrical activity of a patient heart over at
least one heart beat cycle. Detector 27 in step 453 detects a
particular point associated with a particular signal portion
within successive heart beat cycles of the signal data. A first
time variation detector in detectors 20 in step 455 provides a
first timing adjustment signal in response to detected change
in time of occurrence of the detected particular point in the
successive heart beat cycles. In one embodiment, the first
time variation detector provides the first timing adjustment
signal of a current heart cycle by determining an adjustment
of the detected time of occurrence of the detected particular
point using a weighted combination of time intervals. The
time intervals comprise time intervals between a predeter-
mined amplitude level of the waveform signal and the par-
ticular point and occurring either side of the particular point in
a heart cycle prior to the current heart cycle. The time adjust-
ment associated with the first timing adjustment signal com-
pensates for jitter occurring in detecting a portion of the
waveform signal data representing electrical activity of the
patient heart.

[0045] A second time variation detector in detectors 20 in
step 459 provides a second timing adjustment in response to
comparison of relative timing of the trigger signal and the
detected particular point in at least one of the successive heart
beat cycles. The time adjustment associated with the second
timing adjustment signal compensates for jitter occurring in
circuitry hardware. A third time variation detector in detec-
tors 20 in step 461 provides a third timing adjustment signal
in response to comparison of relative timing of the trigger
signal and a timing signal associated with time of acquisition
of an image received from an image acquisition system. The
time adjustment associated with the third timing adjustment
signal compensates for delay between relative timing of the
trigger signal and a timing signal associated with time of
acquisition of an image.
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[0046] Output processor 39 in step 464 generates the trig-
ger signal in response to the first timing adjustment signal, the
second timing adjustment signal and the third timing adjust-
ment signal. In one embodiment, output processor 39 gener-
ates the trigger signal by summing time adjustments associ-
ated with the first timing adjustment signal, the second timing
adjustment signal and the third timing adjustment signal to
provide a predicted time of acquisition of an image within a
heart cycle. The process of FIG. 11 terminates at step 481.

[0047] A processor as used herein is a device for executing
machine-readable instructions stored on a computer readable
medium, for performing tasks and may comprise any one or
combination of, hardware and firmware. A processor may
also comprise memory storing machine-readable instructions
executable for performing tasks. A processor acts upon infor-
mation by manipulating, analyzing, modifying, converting or
transmitting information for use by an executable procedure
or an information device, and/or by routing the information to
an output device. A processor may use or comprise the capa-
bilities of a computer, controller or microprocessor, for
example, and is conditioned using executable instructions to
perform special purpose functions not performed by a general
purpose computer. A processor may be coupled (electrically
and/or as comprising executable components) with any other
processor enabling interaction and/or communication there-
between. Computer program instructions may be loaded onto
a computer, including without limitation a general purpose
computer or special purpose computer, or other program-
mable processing apparatus to produce a machine, such that
the computer program instructions which execute on the com-
puter or other programmable processing apparatus create
means for implementing the functions specified in the block
(s) of the flowchart(s). A user interface processor or generator
is a known element comprising electronic circuitry or soft-
ware or acombination of both for generating display elements
or portions thereof. A user interface comprises one or more
display elements enabling user interaction with a processor or
other device.

[0048] An executable application, as used herein, com-
prises code or machine readable instructions for conditioning
the processor to implement predetermined functions, such as
those of an operating system, a context data acquisition sys-
tem or other information processing system, for example, in
response to user command or input. An executable procedure
is a segment of code or machine readable instruction, sub-
routine, or other distinct section of code or portion of an
executable application for performing one or more particular
processes. These processes may include receiving input data
and/or parameters, performing operations on received input
data and/or performing functions in response to received
input parameters, and providing resulting output data and/or
parameters. A graphical user interface (GUI), as used herein,
comprises one or more display elements, generated by a
display processor and enabling user interaction with a pro-
cessor or other device and associated data acquisition and
processing functions.

[0049] The Ul also includes an executable procedure or
executable application. The executable procedure or execut-
able application conditions the display processor to generate
signals representing the UI display images. These signals are
supplied to a display device which displays the elements for
viewing by the user. The executable procedure or executable
application further receives signals from user input devices,
such as a keyboard, mouse, light pen, touch screen or any
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other means allowing a user to provide data to a processor.
The processor, under control of an executable procedure or
executable application, manipulates the UT display elements
in response to signals received from the input devices. In this
way, the user interacts with the display elements using the
input devices, enabling user interaction with the processor or
other device. The functions and process steps herein may be
performed automatically or wholly or partially in response to
user command. An activity (including a step) performed auto-
matically is performed in response to executable instruction
or device operation without user direct initiation of the activ-
ity. A histogram of an image is a graph that plots the number
of pixels (on the y-axis herein) in the image having a specific
intensity value (on the x-axis herein) against the range of
available intensity values. The resultant curve is useful in
evaluating image content and can be used to process the
image for improved display (e.g. enhancing contrast).

[0050] The system and processes of FIGS. 1-11 are not
exclusive. Other systems, processes and menus may be
derived in accordance with the principles of the invention to
accomplish the same objectives. Although this invention has
been described with reference to particular embodiments, it is
to be understood that the embodiments and variations shown
and described herein are for illustration purposes only. Modi-
fications to the current design may be implemented by those
skilled in the art, without departing from the scope of the
invention. The system compensates for image acquisition
ECG trigger pulse (especially for P wave, R wave, T wave)
timing jitter by automatically adaptively, dynamically com-
pensating for signal generation and transmission jitter and
latency and improves accuracy of time stamps associated
with acquired images. Further, the processes and applications
may, in alternative embodiments, be located on one or more
(e.g., distributed) processing devices on a network linking the
units FIG. 1. Any of the functions and steps provided in FIGS.
1-11 may be implemented in hardware, software or a combi-
nation of both. No claim element herein is to be construed
under the provisions of 35 U.S.C. 112, sixth paragraph, unless
the element is expressly recited using the phrase “means for.”

What is claimed is:

1. A system for providing an image acquisition trigger
signal compensated for signal processing time delay, com-
prising:

an interface for receiving waveform signal data represent-
ing electrical activity of a patient heart over at least one
heart beat cycle;

a detector for detecting a particular point associated with a
particular signal portion within successive heart beat
cycles of said signal data;

a first time variation detector for providing a first timing
adjustment signal in response to detected change in time
of occurrence of the detected particular point in said
successive heart beat cycles;

a second time variation detector for providing a second
timing adjustment signal in response to comparison of
relative timing of said trigger signal and said detected
particular point in at least one of said successive heart
beat cycles; and

an output processor for generating said trigger signal in
response to said first timing adjustment signal and said
second timing adjustment signal.

2. A system according to claim 1, including

a third time variation detector for providing a third timing
adjustment signal in response to comparison of relative
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timing of said trigger signal and a timing signal associ-
ated with time of acquisition of an image received from
an image acquisition system.

3. A system according to claim 2, wherein

said output processor generates said trigger signal by sum-

ming time adjustments associated with said first timing
adjustment signal, said second timing adjustment signal
and said third timing adjustment signal to provide a
predicted time of acquisition of an image within a heart
cycle.

4. A system according to claim 1, wherein

said first time variation detector provides said first timing

adjustment signal of a current heart cycle by determin-
ing an adjustment of said detected time of occurrence of
the detected particular point using a weighted combina-
tion of time intervals, said time intervals, comprising
time intervals between a predetermined amplitude level
of said waveform signal and said particular point and
occurring either side of said particular point in a heart
cycle prior to said current heart cycle.

5. A system according to claim 1, wherein

said output processor generates said trigger signal by sum-

ming a time adjustments associated with said first timing
adjustment signal and said second timing adjustment
signal.

6. A system according to claim 1, wherein

the time adjustment associated with said first timing adjust-

ment signal compensates for jitter occurring in detecting
aportion of said waveform signal data representing elec-
trical activity of said patient heart and

the time adjustment associated with said second timing

adjustment signal compensates for jitter occurring in
circuitry hardware.

7. A system according to claim 6, wherein

the time adjustment associated with said first timing adjust-

ment signal compensates for jitter occurring in detecting
aportion of said waveform signal data representing elec-
trical activity of said patient heart and

the time adjustment associated with said second timing

adjustment signal compensates for jitter occurring in
circuitry hardware.

8. A system according to claim 7, including

a third time variation detector for providing a third timing

adjustment signal in response to comparison of relative
timing of said trigger signal and a timing signal associ-
ated with time of acquisition of an image received from
an image acquisition system wherein

the time adjustment associated with said third timing

adjustment signal compensates for delay between rela-
tive timing of said trigger signal and a timing signal
associated with time of acquisition of an image.

9. A method for providing an image acquisition trigger
signal compensated for signal processing time delay, com-
prising the activities of:

receiving waveform signal data representing electrical

activity of a patient heart over at least one heart beat
cycle;

detecting a particular point associated with a particular

signal portion within successive heart beat cycles of said
signal data;

providing a first timing adjustment signal in response to

detected change in time of occurrence of the detected
particular point in said successive heart beat cycles;
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providing a second timing adjustment signal in response to
comparison of relative timing of said trigger signal and
said detected particular point in at least one of said
successive heart beat cycles; and

generating said trigger signal in response to said first tim-
ing adjustment signal and said second timing adjustment
signal.

10. A method according to claim 9, including the activity of

providing a third timing adjustment signal in response to
comparison of relative timing of said trigger signal and
a timing signal associated with time of acquisition of an
image received from an image acquisition method.

11. A method according to claim 10, including the activity
of

generating said trigger signal by summing time adjust-
ments associated with said first timing adjustment sig-
nal, said second timing adjustment signal and said third
timing adjustment signal to provide a predicted time of
acquisition of an image within a heart cycle.

12. A method according to claim 9, including the activity of

providing said first timing adjustment signal of a current
heart cycle by determining an adjustment of said
detected time of occurrence of the detected particular
point using a weighted combination of time intervals,
said time intervals, comprising time intervals between a
predetermined amplitude level of said waveform signal
and said particular point and occurring either side of said
particular point in a heart cycle prior to said current heart
cycle.
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13. A method according to claim 9, including the activity of

generating said trigger signal by summing a time adjust-
ments associated with said first timing adjustment signal
and said second timing adjustment signal.

14. A method according to claim 9, wherein

the time adjustment associated with said first timing adjust-
ment signal compensates for jitter occurring in detecting
aportion of said waveform signal data representing elec-
trical activity of said patient heart and

the time adjustment associated with said second timing
adjustment signal compensates for jitter occurring in
circuitry hardware.

15. A method according to claim 14, wherein

the time adjustment associated with said first timing adjust-
ment signal compensates for jitter occurring in detecting
aportion of said waveform signal data representing elec-
trical activity of said patient heart and

the time adjustment associated with said second timing
adjustment signal compensates for jitter occurring in
circuitry hardware.

16. A method according to claim 15, including the activity

of

providing a third timing adjustment signal in response to
comparison of relative timing of said trigger signal and
a timing signal associated with time of acquisition of an
image received from an image acquisition method
wherein

the time adjustment associated with said third timing
adjustment signal compensates for delay between rela-
tive timing of said trigger signal and a timing signal
associated.
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