
rr  
- 

.

7 *o—*fl3 017 SCHOOL OF AEROSPACE MEDICINE BROOKS AFO TEX F/S 6/5
VCS MEASUREMENT AND DISPtAY. (U)

I JUL 71 H N K E IS f l , M EW O N B L E
UNCLASSIFIED SAM—1R 77 9 ML

_ _liEn’_ _ I
UI

I - - .1



L~. ~i 2 8  ~~~~Hill • 
32  j

~ 
2.2

I I I
I HIII~IIM ‘ IIIiIi~. llHI~

M~CROCOPV RFSOLtJflON TEST CHAR T
NA BU~ E AN ~r4N~



SAM.TI 77~9

~ YCG MEASUREMENT A~ DISPLAY

July 1977 j j  ij c~Final Report for Period January—October 1976 f~~~~I T ’ ~’~~~ ~~~~~
~~~ 22 1911 H

aiaw
Approved for public release ; distribution unlimited .

>-
0-

/ 
u ~~~ USAF SCHOOL OF AEROSPAC E MEDICINE ________

~-~- Aerospace Medical Division (A FSC )  
______

Brooks Air Force Base, Texas 78235 
_____

___ • • ~~~ 

•
‘;~~~:• 

- L~. _ _ _ _  _ _ _ _ _  _ _ _-

~~~



• NOTICES

This final report was submitted by personnel of the Data Processing
Branch , Biometrics Division. USAF School of Aeruspace Medicine , Aerospace
Medical Division, AFSC, Brooks Air Force Base, Texas, under job order
7755—18—17,

When U.S. Government drawings, specifications , or other data are used for
any purpose other than a definitely related Government procurement operation ,
the Government thereby incurs no responsibility nor any obligation whatsoever;
and the fact that the Government may have formulated , furnished , or in any way
supplied the said drawings, specifications, or other data is not to be regarded
by implication or otherwise, as in any manner licensing the holder or any other
person or corporation, or conveying any rights or permission to manufacture.
use, or sell any patented invention that may in any way be related thereto.

This report has been reviewed by the Information Office (01) and is
releasable to the National Technical Information Service (NTIS). At NTIS,
it will be available to the general public , including foreign nations.

This technical report has been reviewed and is approved for publication.

(~(~J14~~ ’
HAROLD N. KEI ER, !1.S. RAUL GARCIA , M.S.
Project Scientist Supervisor

ROBERT C. MCIVER
Brigadier General, USAF, MC
Coimnander

.4
P11* W 1 . ?  ~~ t8M

•
J~~~ ~~ ‘•~ 

•~~ 0

bp~I k~ ‘~~



F ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~--~~
-•—-• ~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

UNLLA~~SirLt~U
SECURITY CLASSIF ICAT ION OF T HIS  PAGE ‘I4?,.r ~ ( ‘ala f,. ’.redJ

READ INSTRUCTIONSREPORT DOCUMENTATION PAGE BEFORE C O M P LE T I N C .  I ORM
F ~ EPoRT Ej~M.B&M—, J2. GovT Acc EsSio N NC’ . 3. REC IPIE NT~S C A T A L O G  NUMbER

SAI ’ 1—TR—77—9 / ___________________________
4 . TITLE (and S ub t i t l e )  / ‘

‘
~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Final .

• (j ~J ~~~~~MEA SUREME NT AND DI SPLA I . ( 
- - L 3~~t~~~~r Oct ~~7( ~ ’L ~~~~~—~~.--_-- - — — -- -~~- - ~~~~~E~ c.~~~ iING ORG. REPORT

--

/‘~~ ~~~~~~~~~~~~~~ ~a l c o l m  C ./ L a nc a st er iC ol ,U SAF 5 CONTRACT OR GRAN N U M B E R c S ,

!,~‘ ~ar~~d ~~ %eis~~~ 1 “~ tor F .A ii che,~J LtCo 1,
John Ii.AriebwaS

~
er ,JCOl , USAF 

—
~~~~

NAME ANt ) A DDRESS I). PROG RAM E EMENT C J • T ~~~~

USAF School of Aerospace Medicine (BRP, N C) — ~22 O2F 
-

Aerospace Medical Division (AFSC) ? 733~-l8--~ 7 i””Brooks Ai r  Force Base , Texas 78235 _______ 

.•

I f . CONTROLLING OFFICE NAME AND AD DRESS i DAT E1 I
USAF School of Aerospace  Medic ine  (BRP , N G) 1, . .~~j  

~~~~~~~~~~~~~~~~~
Aerospace Medical Division (AFSC) ~ ~~ J M B E R ~~~~~~~A G ES

Brooks A i r  Force Base , Texa s 78235 _~~~~~ .• 

~4 M O N f T O ~~IN G AGE NCY N AME A ADQRESS (I (  di / te ren i Fr’,,,’ Cn,, trol I in
~ O i l ’ . SECURITY C L A S S .  (r~l ~~~ ~r ;

UNCL A SSIF IF 1~

(
~ / ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~SCHEDULE

16 DI S T R I Bu T I O N  S T A T E M E N T  (of fbI. Repor t )  
—

Approved for public release; distribution unlimited .

17. DISTRIBUTION S T A T E M E N T  (of the abs tr act  entered /n //torI, 20, / 1  diFferen t  /ron, Repo rt)

IS. SUPPLEMENTARY NOTES

19. KEY WORDS (ContInue on reve ,se ,,de ii .‘,eceeaary and ,dent i ly by block numb”,) 
—

Vec torcardiogram
Computer
Measurement

~O. ABSTRA CT (Contin ue on rsverae cede If nere,aery and i ien t i fy  by b lock number)
n. ‘Obtaining measurements from patient vectorcardiograms is a tedious ~nd time—

consuming procedure. This report describes a computer—assisted method to
derive the interval amplitude and angular measurement s used by vectorcardio—
logist to evaluate a p at i e n t  vectorcardiogram.  The computer also prepares
graphic displays wh ich have much better resolution than the conventional
Polaroid photographs. All measurements are made on the same beat rather than
having each planar projec tion and loop from a differen t bea t as in the
photographic method .

DD I~~ AN 73 ~ 73 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ UNCLASSIFIED —__________
S E C U R I T Y  C L A S S I F I C A T I ON OF THIS P AG E  (When l) aI .  EnterCdI

~~~~~~~~~~~~~~ 
,—,. •-,. 1 .



-• .• •--•-

S E C U R IT Y  CLASSIF ICAT ION OF THIS PAOE(Wliw Data Ent.p.d)

0

S.,

‘4

SECU RITY CLASS IFICATION OF THIS PA GEf ~~~•n Data Enl.~.d)



VCC MEASUREMENT AND DISPLAY

iNTRODUCT iON

Aircrewmeri referred to the USAF School of Aerospace Med icine have
a vectorcard iogram (VCG) taken as part of their routine evaluation. The

• x, y, and z lead signals are recorded as frequency—modulated (FM) signals
on analog magnetic tape , and conventional Polaroid photographs are taken

• of the VCG ioops. These data are then made available to research cardi—
ologists through a system which digitizes , f i l t e r s , and measure s the
data to pro vide parameters that  previously were ns.euua ll y derived . The

• dig itizing and filtering portion of the system has been documented (11).

This report defines the computer algoriLhms that provide VCG
measurements for the cardiologist. These algorithms require VCGa toat
have been baseline adjusted and converted to ‘uillivolts. Most of these
measurements are the ones normally derived by cardiologists for clinical
evaluation . Some additional measurements , which are more difficult for
the human to obtain , are provided to assist in the cardiologist ’s
evaluation and for investigational purposes; e.g., iden tif ying spec if i c
features to use in an automated VCC analysis.

The conventional Polaroid pho tographs prov ided by th VCG equipment
• used at USAFSAM (6) disp lay data at 2.5—msec intervals , or 400 samp les/

sec . The data acquired by the digitizing system are samp led every
2 msec , or 500 samples/sec . To prov ide disp lays comparable to the pho-
tographs , the digitized data are linearly interpolated to provide an
effec tive sampling rate of 400 samples/sec . In the Polaroid photograp hs ,
each sample Is presented as a teardrop to assist in identification and
to determine direction of motion . Our system represents each inter-
polated sample as a plus sign which increases in size with time .

VECTOR DEFINITIONS

The compu ter algorithms use several vectors and their length. For
clari ty and accuracy, the tollowing convention will be used . When
vectors are referenced , the symbols will be under ’ined ; when the vector

• length is referenced , the symbol will not be underlined . For example,
the heart vector , h ( t) ,  whose components are the x , y ,  and z lead signals
for time (t):

x( t )
h ( t ) = y( t )

z ( t )

and its length , h ( t ) :

— ~~~~~~~ ~~ ~~~~~~~~~~ ~‘
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h(t) Jh
T( t ) h ( t ) = s/ ~ (t)

2 
+ y(t)

L + z ( t ) 2

The time derivative of the heart vector (the velocity vector) and its
length are defined as VV(t) and VV(t), where

fdx(t)/dt
VV(t) = d h(t)/dt dy(t)/d t

L~~(t)/dt

and

VV(t) =v~4~
T 
(t) VV(t) =~/~~~ ( t)/ d t) 2 + (dy ( t)/ d t ) 2 + (dz( t)/ d t) 2

Figure 1 shows the velocity vector , VV(t), partitioned into two
componen ts: one , VV 11(t), parallel to the heart vector; and the other ,
VV

1
(t) , perpendicular to it. These two components represent the de-

rivative of the heart vector resulting from stretching and swinging.
When the heart vector remains constant in length and rotates,
VV 11(t) = 0. When the heart vector remains fixed in space and lengthens

or shor tens , VV
1
(t) = 0. Finally, It can be shown that the length of

which we designate VV 11(t ) ,  is the time derivative of the

length of the heart vector :

VV 11 (t) = dh ( t ) /d t

VV~~(t) ~~~~~~
y (inferior)

Figure 1. Example of the velocity vector .
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The incremental heart vector is the change in the heart vector
from one sample to the next .

[x(k) — x(k— i)1
Sh(k) = h(k) — h(k—1) = y(k) — y(k—1 )~

z(k) — z(k— 1)J

where k signifies the kth sample. ALL velocity vectors are approxi-
mated by incremental vectors , which m eans that the velocity vector
approximations are measured in mV/sample (2.5 msec) rather than mV/msec .

Two mean QRS vectors are measured . The fir’~t is the usual (stan-
dard) mean QRS vec tor , QRS , who’~ components ‘re obtained from themean
individual signals (4). In the x and y leads , the usual mean QRS values
are def ined as the algebraic sum of the amplitudes of the signal at the
minimum of the Q wave and maximum of the R wave (see Fig. 2). In the
(—z) lead , the usual mean QRS values are defined as the sum of thd
amplitudes of the signal at the maximum of the R wave and the minimum
of the S wave (see Fig. 3). If any of th~ waves do not exist in a par-
ticular lead , the value of the amplitude is assumed to be zero. After
the components are determined , the usual mean QRS vector is assembled .

QRS (x)
mean

QRS QRS (y )mean mean
QRS (z)mean

The second mean QRS vector measured is designated the true mean

QRS vector (1, 4). it is a vector along the vector mean of all the

heart vec tors comprising the QRS loop .

N~ x(k) 1
QRS = y k)I /(N~ 

- N + 1)
mean 

k=N z(k)J

where N~ and N~ are the Indexes at which the QRS loop begins and ends ,

respec t ively. Figure 4 shows an example of the true mean QRS vector.

The true mean QRS vector can also be viewed in another manner. Con-
sider the x lead shown in Figure 5. The area under the QRS wave can
he approximated by the area enclosed in the rectangles (7).

3
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Max R wav e

QRS ‘

mean

0 ~~~~~~~~~~~~~~~~~~~

Mm Q wave

Figure 2. Definitions used for the usual
mean QRS values in x and y leads.

Figure 3. Definition used for the usual
4 mean QRS values in the z lead .
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z (Poster ior)

+ + + 
True QRSmean

_______  ~ (lef t)

Figure 4. An examp le of the t rue mean QRS vector .

_ _ _ _ _ _ _

Figure 5. Examp le of t rue mean calculat ion.
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1h t — ( .01 l)(

A = E x(k) AT = AT ~ x (k)
k=N

Q 
k=N

Q

where AT is the width of the rectang Les (sampling interval). Observe
that rectangles below the zero line have negative areas. The average
value of x during the QRS loop can he approximated by

AT Z x ( k ) / ( N ~ - N + 1) AT
k=N

Q

Treat ing leads y and z in the same manner and assembling the results
into ~i vector yields the equation for the true mean QRS vector . There-
fore the true mean vector is based on area , while the usual mean vector
is based merely on the ex treme amp litudes of the e), R , and S waves .

The vectors measured are presented to the cardiologists as projec-
tions into four planes——frontal , left—sagittal , transverse , and eigen .
When the values of these planar projections are identified for examina-
tion . po1~~r coordinates will be used . The references for and positive
d i re ct ions of the angles are given in Figure 6. The ang les are always
less than 180° (+ 270° is presen ted as its equ ivalen t — 90°, etc.)

x(left) 0
0 

~ (posterior) z (posterior)

______________ - 900

\ ( } 1800

I ~RUN TA I, J SAG I TT AL IRANSV LR s:.

v (hm~ erior ) y (inferi mr ) (1

Figure 6. Examples of angular measurement in the various planes.
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POINT DEFINITIONS AND EXAMPLES

The first task of the :neasurement portion of the routine is to
identif y one heart beat. This is performed by locating a fiducial
point on each R wave. This fiducial po in t is des igna ted as the NFth
samp le and is used to define a window of interest 1 sec or the mean
RR interval , whichever is shorter , in length. This window is posi-
tioned so that 45% of it occurs before NF and 55% occurs after. These
percentages are empirically chosen after examination of more than
1,000 vectorcard iograms. This fiducial po int is defined as the sample

• corresponding to the maximum velocity vector.

The x , y,  and z lead da ta have been prev ious ly  processed to define
a zero reference and adjust all data to it (12); however , the zero—
reference definition in the preprocessor is a weighted sum of the TP and
PR segments. A decision to use the PR segment as the zero—reference was
made because USAFSAM cardiologists p lan to use the se al gorithms wi th
data obtained at higher heart rates , such as those duri;~g exercise.
Therefore , this zero reference is shifted from the comm on ly used TP
segment. Since the PR segment is sloped in many cases, a more precise
definition is required for the amplitude measurement reference point .
Af ter examining more than 1,000 VCGs , a decision was made to define the
PR segment as follows. The 150—msec interval (61 samples) of the veloc-
ity vector data prior to the fiducial is searched to determine the 15—
msec segment of least activity. The average value of the heart vector
fo r that l5—msec segment is defined as the zero—reference value . This
region of least activity is defined as the 15—msec segment of data for

• which the average velocity vector is a minimum (see Fig . 7).

150 msec

region of fiducial point
minunum activ it y

N 1,(~ N F

Figure 7. Determination of the 15—msec baseline interval (N~0
) .
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The computer  a l g o r i t h m  f o r  d e t e r m i n i u g  t i e  15—msec  z e r o— r e f e r e n c e
si~~mei1 t finds a minimum for

i+6
• ~: v v ( k )

-~

when i. ranges from the (N
F 

— 60th) to the (N
r 

— t t h )  samp le. The first

sample of this segment is defined as N~ . The zero—reference point is
then def ined as

• 

• 
xbl 6 X(N

pQ
+ k )

~‘b 1 
/ 7 E y ( N  + k )

k=0
Zbl z ( N

pQ ÷ k)

- To agree with the measurements obtained by the card iologists , the orig in
of the Frank coordinate system is adjusted to this zero reference by

x(k) x(k) -- Xbl
y (k )  = y ( k )  — 

~b1 
; k = 1, 2 , N

B
z(k) z(k) — Zbl

where N
B 

is the number of samples in the beat.

Similar logic is used to determine the beginning and ending points
of the three ioops (P , QRS , and T) examined by card iologists. First a
region of interest is defined for each:

(1) For the P ioop , the time interval (N~Q
) from the beginn ing of

the beat to the beginning of the PR segment.

t 

(2) For the QRS ioop , the time interval from the end of the PR
segment to 100 msec after the fiducial point.

(3) Onl y the end of the T loop is determined (its beginning is
defined to be the end of the QRS loop) from the t ime interval between
the end of the QRS loop an~ the end of the beat.

In each region of interest , the maximum velocity—vector length , VV ,
is determined , and a thresi-old is defined as a predetermined percent
of this maximum . A 1O—msec window (5 samples) is moved forward from
the maximum VV until all points in it are less than the threshold . A
second lO—nisec window is moved backward in time until all VV values are
less than the threshold (see Fig. 8). The beginning and ending of the
loops are def ined as the r ightmost point in the backward—moving window
and the leftmost in the forward—moving window.

8
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S I 1~~~~~~~~~~~~~ iC 

L\ V V

Be.~ n

~ 

iooj)  ,7~ 
End of looP

I f f 4 - I I I f~ _J L....L...!.j t I 4 1 1  4 1  t

I Backward—nov ing Forward—moving
w i n d o w  w i n d o w

Reg ion of interest

Figure 8. An examp le of the loop—finding algorithm .

This loop—defining algorithm works well in most cases ; however ,
there are exceptions . To handle some of these , the algorithm includes
the following additional rules.

P Loop

If the duration of the P wave is greater than 150 msec , the thresh-
old is raised by 10% of the maximum VV and the process is repeated . If
necessary, this incrementing is continued until the criteria are satis—

• fied or the threshold reaches 50% of the maximum VV If the latter
occurs, a flag is set and processing continues for the next measurement.

QRS Loop

If the threshold criteria are not satisfied for the beginning of
the QRS ioop , the beginning is defined as the end of the zero—reference
segment (N~Q 

+ 6th sample). Likewise, if the criteria for the ending

are not satisfied within 100 msec after the fiducial point , the end ing
is de f i ned as 100 msec after the fiducial (NF + 40th sample).

T Loop

if the th reshold cr i ter ia  are not satisfied for the ending window ,
the threshold is raised in increments of 10% of the maximum VT , and the
procedure is repeated until either the criteria are satisfied or the
th reshold reaches 50% of the maximum VT. In the lat ter  case , a f lag  is
set and p rocessing continues.
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A l l  g r ap h ic  d i s p lays a r e  g e ner a t e d  on a ( a l ~~omp P l o t t e r . F i g u r e
9 is the first disp lay, consisting of the  th r e e  origina l x , y ,  arid z
leads p lus VT. The indexes corresponding to t i mo beginning and ending
of the  P loop are def ined as N PB and N PE ; the zero—reference segment ,

and the beginning and ending of the QRS loop , N
Q 

and N
2 

(for J—

junction). Finally , the T loop begins at the 2—junction (N
2

) and ends
• at the Nl.Eth sample.

Next , investigators at USAFSAM (1, 7, 9) are ie.:e ~~ted in examin—
- . ing the VCC in its owii p lane; t he re fo re , the VCG is rrac.sf~1rmed into a

c o o r d i n a t e  system where the maximum energy is contained in  two of the
si gnals (the eigenplane). The basis vectors for this co~ iTc~inate systeni
are the eigenvectors of the matrix (2, 3, 5, 10, 11, 13 , J i) .

x
ii 

x i Y i z i -

y .

i=1 z
~ •~

Because the eigenvectors ’ ci rec t ions  are not unique , and in order to
agree with the work of the others (7—9 , 11) , the basis vectors are
rotated about the out—of—eigenp lane vector so that the fina l basis
vec tors (U , V , and W) have the following orientations. V lies along

• the p r o j e c t i o n  of the  t r u e  mean QRS vector (half area) in the eigen—
p lane , and W is perpendicular  to the eigenp lane , o r ien ted  so that the
rotation of the QRS loop in the eigenplane (about W) is positive as
defined by the right—hand rule. Finally W is chosen so that U, V , and

• W ar e pointed upward and form the polar vector (7—9). Also, the  premise
is that the V lead signal optimizes repolarization evaluation since it
lies along the electrical i~~i s  ot t h e  h e a r t .  The i n d i v i d ua l  eigenlead
si gna l s  ar e  pre~-,..ated t )  the cardi ologist as in F i g u r e  10. rhe temporal
points , previous ly determin ed , are also indicated on these p lots. The
QRS and 1 loops in the ei genplane are displayed as shown in Figure 11.

The traditional planar tracings are d i s p l a y e d  to the cardiologist as
shown in Figu res 12 , 13 , ard 14. In these figures , the frontal plane is
viewing the  patient from tIe front (in the z direction) , the sag ittal
plane is viewing the pi ti e r t from his left side (in the minus x direction) ,
th e transverse plane is vi tw ing the patient from the head downward (in the
v di rec t ion). L i h  1 t ! i e~~e p lana r projections is scaled so that the  loop
he i rm~’ d i s p l i v ~ d t i l l s  a 5—cm squa re . The scale factor is a reference

is  i l l u s t r a t e d  i n  F i g ~~r c - - l i - ~i~~. This  is indicated by the size
ot the “ +“ svmh e l s ;  t inc in ~~r o I s 1 s , the symbols become larger.  The
tn te r -i .i I between these symbols is 2 . 5  msec . Also shown on t hese p la nar
v i i w H  is the l i -i c a t  ion ( i n d i c i t  e l  by ~n as t e r i sk)  of the vectors prior to

10
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the P wave. Since we have oefined the origin of the coordinate system , or
zero reference , so that the QRS loop starts from the origin , the heart
vector prior to the P loop will not he the zero vector .

_ _ _-

ii zero reference
PQ

(segment of
minimal activity)

0 — — - - - I -  — .

N PB i PE NO N 1 N TE k

Figure 9. An example of the loop definitions.
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Figu re 10. A VCG in eigencoordinates.
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Figure 11. An example of the QRS and T loops
in the eigenplane .

13

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ 



—-—— -- - - - - —--- .— - - ---~~-~~~ -- — ------ - -- - ----— - -~~~~---- — --.-- - - - -- ---—--

~~~~~~

----— - -- - ---- -- - - - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Frontal

0.500

4. 
++ 4.

+

Lef t  Sagit t a l

0.500

4.+
+

4.

4. 
+

+

+
+ +

Transverse

0.500

+

4. ~~4

Figu re 12. Planar tracings of f ronta l , lef t  sagitta l ,
and t ransverse QRS loops.
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F r o n t a l

0. 100

Lef t  Sag ittal

0. 100

Transverse

0.100

~z

.

Figu re 13. Planar tracings of f ron ta l , l e f t
sag i t t a l, and t ransverse T loops .
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F r o n t a l

0.010

+ +
+
+ +

Left Sagittal

0 .0 10

1%
Transverse

0.0 10

Figu re 14. Planar t rac ings  of f r o n t a l , l e f t
sagittal , and t ransverse P loo s.
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Finally, three vectors of importance to LJSAFSAM cardiologists are
disp layed as shown in Figure 15. These are (1) a vector designated J——
the  J—junctlon , h(N~); (2) a vector designated M--the heart vector 40

msec (16 samp les) a ft e r  the J — j u n c t i o n , h(N~+ l b ) ;  and (3) a vector

designated 1, which Is 0.1 mV in length and with the same orientation
as the maximum I vector . From the first two vectors (J and M), both
ST depression and ST slope can be determined . The T unit vector is
plotted to provide an indication of the relative positions of M and J
to the maximum T.

Frontal Left Sagittal Transverse

0.:
~~~~~~~ 

~~~~~~~~

_
_

~~~~.1

Eigen

0.1

o
~~~~~~~~

1

Figure 15. Planar J, M, and T vectors.

Printed Output

Along with the graphic displays described in the previous sections,
three pages of computer—printed results are presented to the cardiologist.
Figures 16 and 17 are examples of the first two pages——the basic data.
On the first line, the VCG number identifies the patient. Although the
computer algorithms were designed to be used on average beats (12), they
can also be used on relatively noisefree individual beats. In each case,

17
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the  particular beat examined——ist , 2d , 3d , or average——is identified
on the first line of the printout; next , the patient ’s heart rate is given ,
based on the RR interval. The second line contains P, QRS, T, and QT
duration times. These are derived from the temporal points previously
dci m ed .

QT duration = (2.5 msec) (N
TE 

— N
Q
)

T duration = (2.5 msec) (NTE 
— N~ )

QRS duration = (2.5 msec) (N~ — N
Q
)

P duration = (2.5 msec) (NPE 
— NPB)

The percent of out—of—elgenpiane energy (3d—line disp lay) is
determined by

A . / (A + A  + X  . )mm max mid mm

where the X ’s are the eigenvalues used in determining the eigenplane,
and the subscripts indicate their relative size. On the 4th line, the
matrix for transforming the vectors from the Frank coordinate system to
the e-igenplane coordinate system is printed as a unit vector and an
angle (theta). The unit vector is the vector about which the Frank
coord inate system can be rotated into alignment with the eigenplane
system , and theta Is the required rotation angle.

A series of measurements is made on the preprocessed x , y, z, u,
and v leads. The R—wave and T—wave maximum amplitudes and their
ratios are given for each lead . The components of the heart vector
at the J—junction along with the components of the slope of the ST
vector are also measured .

ST = (h (N + 16) — h (N ))  /40—slope — J — J

The units of the slope are mV/se c . The remaining measurements pertain
to the vector loops.

A series of measurements is made that allow the cardiologist to
examine the te rminal forces (vectors) of the QRS loop. These are the
hea rt  vectors at 5 , 10, 20 , 30, and 40 msec in to  the loop, and 30 , 20 ,
and 10 msec from the end of the loop. To quant i f y how fas t  the vecto rs
are moving, the average value of the lengths of the projections of the
Incremental vector into the four planes is determined for (1) the initial
30 msec of the QRS loop, (2) the time segment between initial and f ina l
30 mscc of th e QRS loop, and (3) the f i na l  30 riser of the QRS loop.
These measurements--labelcia I~1EAN ACT . 1ST , MEAN ACT. MID, AND MEAN ACT.
LAST——are estimates of the mean magn itude of the projections of the
velocity vector onto the four planes , where units are mV/sample .
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M easurem ents labeled YQ—ZR WIDTH and YQ—ZR HEIGHT relate to the
QKS ioop and are defined as follows . In the frontal plane , YQ width is
th e  m .iximal—lnitial—lef t--superior force , the value of x at the end of
t he Q wave in y (y = 0); in the left—sagittal plane, the maximal—initial—
superior—posterior force , the value of z at the end of the Q wave in
v ( v  = 0); in tht- transverse p lane , the maxim a l— i n i t i a l — l e f t — p o s t e r i o r
t ,lr (e , the value of z at the end of Q wave in x (x = 0); in the eigen-
p h n e , the value of u at the end of the Q wave in v (v = 0). In the
frontal plane, height is the maximal— superio r—ini t ia l  force (YQ height);
in the elgenpiane , the maximum amplitude of the Q wave in v. Examples of
these measu rements are shown in Fi gure 18.

Width Width

~ —~~~--
wj~ th ~ 

II

He ight ~~~~~~~ .~~Iieighti1ç - He ight’ r 
Lef t~~~~ 4-

• + 
++ 

-p ~ Sagittal +
.~ Eigen + + 

+
+
+ 

+ + +  4- +
4 + 4’

+ + 1~ 4- +
+
4-f 

+ +
+

+ + 1~ + 
+ + +

+
± +i Tra nsverse
i +

+

Height~ +
+

— - - - -
~ -‘4-~ WidthJ

Figure 18. Examples of the height and width measurements
in various planes.
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The J , H , and T vector lengths and  o r i - n t a t i o n s  are p resen ted
( F i g s .  16 , 17) w i t h  t he  f o l l o w i n g  e x c ep t i on . Instead of giving the
a n g u l a r  location of the J ~nd M vv ( t ors  in  the  p lanes , onl y the quad—

- 
- r an t  In  which t h ey  are located is g i v e n .  For exa m p le , RS s ign i f ied

r I ~l i t w a rd and s u p e r I o r .  A l s o , .- in ~~l -s b e tw e t - n  t h e  projec t ions of J
and M onto the four planes are given. The reference for neasuring the
angles  is the J p r o j e c t i o n , and positive rotations are defined in
Figure 6.

The usual (STD) and maximum QRS vectors ’ lengths and orientations
are printed (Fig. 16) with only the orientation of the true mean QRS
vector given.

The values of the projecti r~—~ of the hear t  v eLt o r  at  the peak of
QRS , T , and P loops in the four planes are given , wher e the peaks of
t h e  ioops are d e f i n e d  fo r  each p lane as the  point at w~ - i - h  the projec-
tion of the heart vector onto that plane has its maximum length. These
projection vectors arc labeled M~41X.QRS , MAX.T , and ~AX .P , respectively.
Also given are the ratio of the length of MAX.T to MAX.QRS , along with
the angle between these vectors. The reference for this angle is the
MAX.QRS vector , and t1C  definition of positive angle is given in
Figure 6.

The last (3d) sheet o~ the printout (Fig. 19) is used to evaluate
t h e  program and to record the cardiologist ’s d iagnos is .  The evaluation
section is self—exp lanatory. USAFSAN cardiologists enter codes for the
following: scalar codes (A), vector codes (B), SSI code (C——locally
used diagnostic classification), and the T.C.D. (D——terminal conduction
delay in msec). These are used with the performance evaluation of an
automated VCG analysis program.

APPLICATIONS

The prev ious sections have descr ibed the log ic of VCC measuremen t
algori thms tha t are be ing app lied to a set of vectorcardiograms used in
develop ing an au toma ted VC3 anal ys is program spe ci f i c a l l y designed for
the USAF Central ECC Repository . host of these measurement algorithms
are applicable f or routine cl inical use in any automa ted VCG evaluation
program. Several of these algorithms (e.g., the determination of the
eigenp lane and its spatial orientation) were developed for investiga-
tions designed to identify potentially unique diagnostic features of
the VCG . The algorithms can be readily modified for widespread applica-
t ion in many electrocardiographic analysis programs.
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