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57 ABSTRACT 

A blood pressure monitor system with pushbutton 
zero-offset compensation. There is disclosed a blood 
pressure monitor system for monitoring blood pres 
sure of a patient. The system includes a manual con 
trol which when operated, automatically provides a 
feedback signal to compensate for zero-offset of the 
pressure transducer when Zero pressure is applied to 
the transducer. Zero-offset compensation is thus rap 
idly and easily obtained, and the signal is maintained 
thereafter for a long period of time. The present in 
vention thus greatly facilitates monitoring blood pres 
sure of a patient. 

1 Claim, 2 Drawing Figures 
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BLOOD PRESSURE MONITOR SYSTEM WITH 
PUSHBUTTON ZERO-OFFSET COMPENSATION 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates in general to electro 

medical patient monitoring equipment, and more spe 
cifically relates to monitoring blood pressure of a pa 
tient. 

2. Description of Prior Art 
In the rapidly-growing electro-medical field, new 

electrical and electronic instrumentation and improve 
ments thereto are continually being developed to fur 
ther advance this important area of human endeavor. 
Over the years, many electrical equipments have been 
proven to be quite effective in assisting human patients. 
For example, heart defibrillators, heart pacers, respira 
tion monitors, blood pressure monitors and other de 
vices can be included in this group of equipment. Con 
tinual focused attention in this area provides improve 
ments to these pieces of equipment and it is indeed for 
tunate for the patient that this is the case. 
The present invention relates to an improvement to 

those electro-medical devices that utilize transducers 
for sensing a patient's vital signs and for converting 
them into electrical signals. More specifically, the pres 
ent invention relates to an improved blood pressure 
monitoring system. In the prior art, blood pressure 
monitors would typically use a pressure transducer to 
convert a patient's blood pressure to an electrical sig 
nal. The signal would then be operated upon by electri 
cal circuitry to provide an indication of blood pressure 
on some electronic or mechanical indicating device. In 
blood pressure monitoring systems, accuracy of meas 
urement is important. Accuracy is to a great extent de 
pendent upon linearity, repeatability, zero-offset, and 
other characteristics of the transducer itself. When 
zero pressure, which is hereafter intended to herein 
mean atmospheric pressure, is applied to the trans 
ducer, ideally a zero signal should be generated by the 
transducer. However, in reality, there are mechanical 
and electrical zero-offsets generally found in transduc 
ers so that a signal is generated even when Zero or at 
mospheric pressure is applied. This, of course, caused 
an erroneous blood pressure reading in certain prior art 
devices. 

In other prior art blood pressure systems, this offset 
signal was partially removed by generating an opposite 
compensating signal. This compensating or nulling sig 
nal was typically determined in a hospital environment 
by the nurses on duty at the time. Ordinarily, nurses do 
not receive any training in this technical area. The 
compensating signal was generated by a manually 
operated hunt-and-seek method, where the nurses 
would vary a potentiometer to provide voltage gener 
ated by the transducer. This was a time consuming pro 
cess. In this area of electro-medical life support sys 
tems, time is a commodity which usually cannot be 
wasted. And, in addition to being time consuming there 
were certain inherent inaccuracies and other disadvan 
tages in this prior art approach to Zero pressure con 
pensation. 
The present invention provides a solution to these 

prior art problems. The present invention provides a 
manual push-button, which when operated or de 
pressed causes generation of a dc compensating signal 
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2 
which has the required value to null the effects of the 
signal generated by the transducer when the transducer 
is measuring zero pressure. The present invention elim 
inates the operator-nurse's judgment requirement in 
zeroing the blood pressure monitor. This compensating 
signal can be stored or maintained for a long period of 
time, as long as 24 hours or more. If rezeroing is de 
sired, it can be achieved merely by repeating this sim 
ple procedure. Thus, inaccuracies and time losses in 
herent in prior art blood pressure monitoring systems 
are eliminated by the present invention. 

SUMMARY OF THE INVENTION 
The present invention relates to a manually-operated 

automatic zero-offset transducer compensator. Zero 
pressure is first applied to the transducer. Then, a push 
button switch is operated which automatically in 
creases amplifier gain, generates a transducer 
compensating Zero-pressure-offset dc signal, and ex 
tends that signal to the input of the amplifier. The pres 
sure indicator then displays zero pressure. The present 
invention includes an analog memory for maintaining 
the offset signal for an extended period of time after re 
lease of the push-button. Advantages of the present in 
vention over the prior art include increased accuracy 
and efficiency. 

It is thus an object of the present invention to provide 
an improved blood pressure monitoring system. 

It is another object of the present invention to pro 
vide a blood pressure monitoring system which incor 
porates an automatic transducer-zero-offset compensa 
tOr. 

It is yet another object of the present invention to 
provide compensation for inherent offsets in transduc 
ers using a manually operated servoloop and an analog 
memory. 
Other objects and advantages of the present inven 

tion will become apparent to one having reasonable 
skill in the art after referring to a detailed description 
of the appended drawings wherein: . 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 depicts a block diagram illustrative embodi 

ment of the present invention; and 
FIG. 2 depicts circuitry to be used in the analog 

memory of the illustrative embodiment of FIG. 1. 
DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 
FIG. 1 depicts a block diagram illustrative embodi 

ment of the present invention. Transducer 10 senses 
pressure P at its input and provides a differential input 
signal to operational amplifier 11 on amplifier input 
terminals 17(-) and 17(-t-). Amplifier output 18 pro 
vides an output signal to indicator 12 which is con 
nected between output 18 and ground, and this signal 
is also fed back to the input of amplifier 11 in the fol 
lowing manner. 
Feedback element 13b is connected between output 

18 of amplifier 11 and inverting or negative input 
17(-) of amplifier 11. Feedback element 13a is con 
nected between output 18 and input 17(-) through 
switch contact Sa. Feedback elements 13a and 13b in 
part control gain of amplifier 11. Switch contacts Sa 
and Sb are ganged together and are likewise ganged to 
other contacts Sc and Sd shown in FIG. 2. This inter 
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connection is depicted by dashed line 19. Push-button 
switch B operates all four switch contacts together. 
Output 18 of amplifier 11 is also connected through 

switch contact Sb, amplifier 14, conductor 20, analog 
memory 15, conductor 21, amplifier 16, and resistor 50 
to non-inverting or positive input 17(+) of amplifier 
11. This feedback path provides the automatic zero 
offset compensation. The detailed operation of these 
feedback circuits will be discussed below. 
FIG. 2 depicts a circuit diagram of analog memory 

15. Drain terminal D of field effect transistor (FET) 22 
is connected to +15 volts DC. Source terminal S of 
FET22 is connected to conductor 21 as well as one end 
of resistor 27. The other end of resistor 27 is connected 
to -15 volts DC. Source terminal S is also connected 
to the cover or case of FET 22 and to shield 29 of ca 
pacitor 28. Source terminal S of FET 22 is likewise 
connected to normally closed switch contacts 40 and 
41. Gate terminal G of FET 22 is connected to one end 
of capacitor 28, the other end of the capacitor being 
connected to ground. Gate terminal G is also con 
nected to normally opened contact 42. 
Shield 29 of capacitor 28 is connected to normally 

closed contact 43. Contact 43 is depicted as being con 
nected to relay switching element 24 and one end of re 
sistor 23. The other end of resistor 23 is connected to 
conductor 20. Relay coil 25 is depicted as being mag 
netically operative with respect to switching element 
24 as indicated by dashed line 44. One end of relay coil 
25 is connected to one end of resistor 26, the other end 
of resistor 26 being connected to switch element Sc. 
The other end of relay coil 25 is connected to switch 
element Sd. 

In operation, consider both FIG. 1 and FIG. 2. Blood 
pressure P is applied to the pressure input of transducer 
10, and the output electrical signal is fed to amplifier 
11. The output from amplifier 11 is registered on indi 
cator 12 which can be an analog or digital meter, or 
other indicator which indicates the value of blood pres 
sure. Normally closed contact Sa maintains feedback 
element 13a in the system, which in part determines 
gain of the system. (Amplifier 11 is an operational am 
plifier whose gain is determined by the well known rela 
tionship of feedback impedance divided by input im 
pedance. In FIG. 1, input impedances are included 
within transducer 10 and therefore are not specifically 
shown.) 

In order to automatically zero-offset compensate the 
system, switch B is operated. In the preferred embodi 
ment, switches Sa, Sb, Sc., and Sd are mechanically 
linked or ganged together so that these switch elements 
all change state when push-button B is operated. How 
ever, just prior to depressing push-button B, pressure P 
is reduced to zero or atmospheric by decoupling trans 
ducer 10 from the patient's pressure P or by other 
means. Thereafter, switch. B is operated and simulta 
neously switch element Sa opens, switch element Sb 
closes, switch element Sc' connects to 15 volts, and 
switch element Sd connects to ground. The effect of 
these switch element changes is as follows. 
The gain of amplifier 11 is increased. Amplifier 11 is 

a typical operational amplifier whose feedback loop as 
earlier explained determines its gain. By the opening of 
switch element Sa, feedback element 13a is removed 
from the feedback loop thereby increasing the gain of 
amplifier 11. The reason for providing this gain in 
crease is to cause a more accurate response of amplifier 
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11 to the offset signal, thereby providing a more accu 
rate system. 
Closure of switch element Sb provides a connection 

from output 18 of amplifier 11 to input of amplifier 14. 
The output signal for amplifier 14 is thus fed to analog 
memory 15 by conductor 20. 
The change of state of elements Sc and Sd cause a 

current flow to take place through relay coil 25 from 
--15 volts through resistor 26, coil 25 to ground. This 
causes element 24 to move from normally closed 
contact 43 to normally open contact 42. The signal ap 
pearing on conductor 20 thus is passed through resistor 
23, element 24, to gate G of FET22, while charging ca 
pacitor 28. The voltage to which capacitor 28 charges 
extends through FET 22 and appears on source termi 
nal S of FET 22 because of the source-follower circuit 
configuration of FET 22. That voltage is thus extended 
via conductor 21 and amplifier 16 back to input 17 (+) 
of amplifier 11. The effect of this feedback signal is to 
reduce output 18 of amplifier 11 to zero. The value of 
voltage to achieve the zeroing is maintained on capaci 
tor 28 after the push-button is restored to its initial 
state. Accordingly, this error correction is maintained 
on capacitor. 28 and at input 17(+) and leaks or dis 
charges extremely slowly through the extremely high 
input impedance of FET22. In fact, this voltage can be 
substantially maintained on capacitor 28 for days. 

In this connection, the purpose of connecting source 
S of FET 22 to the case of FET 22, to the shield of ca 
pacitor 28, to normally closed contact 43, as well as to 
relay coil 25, is to maintain all of these conductive ele 
ments at the same potential and substantially equal to 
the potential on capacitor 28. The voltage on source. S 
is the driving potential for this arrangement. This ar 
rangement minimizes leakage from capacitor 28 and is 
generally known as "guarding' the capacitor. FET 22 
is a metal oxide semiconductor field effect transistor 
(MOSFET) which has a lower leakage characteristic 
than a junction FET. However in this specification, the 
designation FET was intended to mean MOSFET as 
well. . 

Recapitulating, when push-button B is operated ca 
pacitor 28 charges to a voltage necessary to correct 
transducer offset when the transducer has zero or at 
mospheric pressure applied thereto. Since capacitor C 
28 can be charged in either direction relative to ground 
as required, this system corrects for both positive and 
negative transducer offsets. 
This type of zeroing circuitry could be used with any 

transducer that has an offset situation. The types of 
transducers utilized in the preferred embodiments are 
strain gauge or semiconductor strain gauge bridge 
types. Also, blood pressure transducers are not the only 
transducers with which this invention can be utilized 
but it can be utilized with transducers for converting 
other physiological parameters to electrical signals as 
well. 
The invention may be embodied in yet other specific 

forms without departing from the spirit or essential 
characteristics thereof. Thus, the present embodiments 
are to be considered in all respects as illustrative and 
not restrictive, the scope of the invention being indi 
cated by the appended claims rather than by the fore 
going description, and all changes which come within 
the meaning and range of equivalency of the claims are 
therefore intended to be embraced therein. 
What is claimed is: . 
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1. A blood pressure monitor system for monitoring feedback means including said manual control; 
blood pressure of a patient said system comprising: means responsive to operation of said manual control 
transducer means adapted to be operatively con- for simultaneously increasing gain of said amplify 

nected to said patient for sensing said pressure and ing means, generating a transducer-compensating 
for converting said pressure into an analogous elec- 5 zero-pressure-offset signal during operation of said 
trical signal; 

amplifying means; 
means for extending said electrical signal to input ter 
minals of said amplifying means; 

disconnecting means, and extending said offset sig 
nal to said input terminals of said amplifying means 
to cause said indicator means to display zero pres 

indicator means responsive to output of said amplify- 10 sure; and "e 
ing means for displaying value of said pressure; means for maintaining said offset signal for an ex 

means for disconnecting said transducer means from tended period of time after release of said manual 
said patient thereby applying zero pressure to said control and after termination of operation of said 
transducer, disconnecting means. . . . 
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