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[57] ABSTRACT 
In a supervisory system for detecting abnormal condi 
tions, existing AC electric power supply lines are uti 
lized and a plurality of resonance elements controlled 
by abnormal condition detectors are connected across 
the supply lines. High frequency currents of variable 
frequency are transmitted to the resonance elements 
over the supply lines and the high frequency current 
passed through the resonance elements are received 
by a receiver which is controlled such that it operates 
only in the regions about the zero points of the AC 
voltage wave so as to improve the S/N ratio. 

12 Claims, 13 Drawing Figures 
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SUPERVISORY SYSTEM FOR ABNORMAL 
CONDITIONS 

BACKGROUND OF THE INVENTION 

This invention relates to an environmental security 
supervising system capable of supervising at high 
reliabilities from a control center, threats to environ 
mental security such as ?rehazards, robberies, public 
hazards, leakage of electricity and interruptions of 
electric supply, etc., as well as abnormal conditions of 
remotely located machines and apparatus by utilizing 
existing electric distribution lines or indoor distribution 
lines of commercial frequency. 

In a prior art system of supervising such threats envi 
ronmental security as ?rehazard or the like, upon ocur 
rence of an abnormal condition a detector responsive 
thereto operates to short circuit signal lines, thereby 
transmitting an alarm signal to the receiver at the con 
trol center. Accordingly, where a number of detectors 
are connected to the signal lines and when one of the 
detectors operates, it is difficult to correctly locate the 
position where such abnormal condition occurs. Instal 
lation of such signal lines requires large expense and in 
an existing building, it is difficult to install such signal 
lines. For the purpose of discriminating a number of de 
tectors, active elements such as transistors have been 
installed on the transmitter side but such active ele 
ments require sources of operating powers. 
Where the signal lines utilize existing electric power 

lines or distribution lines, the noise current and surge 
waves travelling on the power lines not only damage 
transistors but also cause erroneous informations. Such 
system requires expensive maintenance of the terminal 
transmitters and, moreover, is required to operate satis 
factorily even when the supply of the power is inter 
rupted. Accordingly, such system is not reliable and un 
economical. 

SUMMARY OF THE INVENTION 

It is an object of this invention to provide an im 
proved inexpensive supervisory system capable of cor 
rectly detecting the location where an abnormal condi 
tion occurs. 
Another object of this invention is to provide an im 

proved supervisory system for detecting abnormal con 
ditions at many locations by utilizing existing AC power 
supply lines without being affected by the noises and 
surge waves prevailing on the supply lines. 

Still another object of this invention is to provide an 
improved supervisory system which is capable of de 
tecting remotely located abnormal conditions by using 
terminal elements composed of passive elements and 
hence does not require any local power source. 
A further object of this invention is to provide a new 

supervisory system for abnormal conditions wherein 
resonance elements are connected to AC power lines 
through an improved ?lter manifesting a high imped 
ance to the frequency of the AC power line and a low 
impedance to the high frequency current utilized for 
detection. 
According to this invention these and further objects 

can be accomplished by providing a supervisory system 
for detecting abnormal conditions affecting environ 
mental security comprising electric power supply lines 
connected to a source of alternating current, high fre 
quency oscillator means for transmitting high fre 
quency currents of variable frequency over the power 
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2 
supply lines, a plurality of resonance elements having 
different resonance frequencies and connected across 
the power supply lines, a plurality of detectors respon 
sive to abnormal conditions affecting environmental 
security, the detectors being associated with respective 
resonance elements so as to vary their resonance im 
pedances in accordance with the abnormal conditions, 
a receiver connected to the power supply lines for re 
ceiving the high frequency currents after ?owing 
through the resonance elements, means for causing the 
receiver to be operative only in the regions about the 
zero points of the AC voltage of the source and display 
means responsive to the output of the receiver for se 
lectively displaying the abnormal conditions. 
As will be described in detail later the novel supervi 

sory system can supervise not only abnormal conditions 
of electrical apparatus, but also detect the change of 
state, for example ON and OFF states of a circuit 
breaker, or melting of a safety fuse, ?rehazard and 
smoke in buildings so that it is intended to cover all of 
them by the term “abnormal condition." 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further objects and advantages of the invention can 
be more fully understood from the following detailed 
description taken in conjunction with the accompany 
ing drawings in which: 
FIG. 1 shows a connection diagram, partly in block 

form, of a supervisory system embodying the invention; 
FIGS. 2 and 3 are waveforms useful to explain the op 

eration of the supervisory system shown in FIG. 1; 
FIG. 4 shows a connection diagram, partly in block 

form, of one embodiment of the invention; 
FIG. 5 shows a connection diagram of a modi?ed em 

bodiment; 
FIG. 6 shows a connection diagram of a resonance 

element in the form of an electromechanical type pas 
sive element and a coupling ?lter; 
FIG. 7 shows a connection diagram of a resonance 

element and an abnormal condition detector; 
FIG. 8 shows a connection diagram of a coupling fil 

ter; 
FIG. 9 shows the detail of the electromechanical type 

passive element; 
FIG. 10 shows an equivalent circuit of the electrome 

chanical type passive element; 
FIG. 11 is a plot showing the characteristics of the 

coupling ?lter and the resonance element; 
FIG. 12 is a perspective view of ?uorescent lamps 

and their supporting base incorporated with a reso 
nance element and an abnormal condition detector uti 
lized in this invention; and 
FIG. 13 shows a perspective view of a casing, partly 

broken away, containing a resonance element and a de 
tector. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The environmental security supervising system illus 
trated in FIG. 1 comprises conventional, normally 
available power lines PL‘ and PL2 connected across a 
source of alternating current 10 of a commercial fre 
quency, a plurality of resonance elements L1, C1, R1, 
L2, C2, R2 . . . Ln, Cn, Rn resonating to frequencies f1, 
f2 . . . fn respectively and connected across the power 

lines. Switches 8,, S2 . . . Sn operated by detectors Vs, 
are provided for short circuiting the resistance ele 
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ments R,, R2. . . Rn of the respective resonance circuit 
elements in response to abnormal conditions. A vari 
able frequency oscillator V, is connected across the 
power lines in the control center. The current I, sup 
plied by the oscillator V; and passed through respective 
resonance elements is applied to a display device DIS 
through a current transformer CT connected in series 
with power line PL2. Thus, it is possible to supervise the 
states of various detectors Vs according to the reso 
nance current characteristics as shown in FIG. 2. More 
particularly, the oscillator V; operates at one of a plu 
rality of frequencies f,, f2 . . . fn and it is assumed now 
that the oscillator V; is operating at a frequency f,. 
Under these conditions, the current supplied to the dis 
play device DIS varies from a low value shown by dot 
ted lines when switch S, is open to a peak value when 
switch S, is closed. Accordingly, it is possible to deter 
mine whether an abnormal condition presents or not at 
a position for which frequency f, is assigned. The noise 
in conventional household distribution power supply 
lines caused by incandescent lamps, motors and house 
hold appliances connected thereto generally has a fre 
quency of 10 to 100 KHz and a level more than — 20 
dBm, especially at the peak value of the supply voltage 
waveform exceeding 0 dBm. Actual measurement 
shows that the distribution of the noise is concentrated 
near the maximum amplitude of the voltage wave hav 
ing a commercial frequency and that the noise is small 
near the zero value of the voltage wave. The impedance 
of the power lines is less than I50 ohms in the fre 
quency range described above and decreases with fre 
quency. Moreover the value of the line impedance is 
not stable. It is essential to correctly know these char 
acteristics affecting noise, otherwise it is impossible to 
correctly display the state of remote locations by the 
current I, passing through the resonance elements in 
stalled at such locations. 
For the effective operation of the supervisory system, 

in accordance with this invention, the operation of the 
receiver is automatically controlled in synchronism 
with the zero points of the AC voltage wave of the 
power line in accordance with the noise characteristic 
thereof so as to improve the S/N (signal to noise) ratio. 
More particularly, the receiver is controlled by a zero 
volt detector ZVS to act only in the shaded intervals 
RE around the zero points of the AC voltage wave as 
shown in FIG. 3. Thus, the receiver is made insensitive 
during remaining intervals. 
Another feature of this invention lies in that the se 

ries resonance impedance of the resonance elements is 
decreased to a value less than a fraction of the line im 
pedance when an abnormal condition occurs. 
FIG. 4 shows one embodiment of the novel supervi 

sory system which comprises a hybrid transformer 22 
connected across the power lines PL, and PLZ and a 
high frequency oscillator 21 operating at variable fre 
quencies, the output therefore being sent to the power 
lines through the hybrid transformer 22 as shown by 
solid line arrows. A plurality of resonance elements in 
cluding resonators 27, 28 and 29 and information input 
switches or abnormal condition detectors 27s, 28s and 
29s are connected across the power lines. 
The high frequency current supplied by the oscillator 

21 is supplied to a ?lter 23 of the receiver after passing 
through respective resonance elements and the hybrid 
transformer 22 as shown by dotted line arrows. Then, 
the received signal is applied to combined demodulator 
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4 
and subtracters 26 and 26’ through channel ?lters 24 
and 24’ and ampli?ers 25 and 25', and the outputs 
from the combined demodulator and subtracters 26 
and 26' are displayed by display units S, and S2 of the 
display device 20. The oscillator 21 operates at the fre 
quencies corresponding to those of the resonance ele 
ments 27, 28 and 29 connected across the power lines. 
The output of the oscillator 21 is transmitted over the 
power lines through the hybrid transformer 22 however 
the resonance elements manifest large losses due to 
their resistance components. The hybrid transformer 
HYB is in the form of a special three winding trans 
former or a phase inversion type transformer manifest 
ing a relatively small loss for the received current in the 
direction of the dotted line arrows and functioning as 
a buffer between transmission and reception. The com 
bined demodulator and subtracter, for example 26, 
produces the difference between the normal level of 
the received signal AFB obtained through the channel 
?lter 23 associated therewith and the variation ob 
tained by subtracting the loss caused by the resonance 
elements, that is the attenuation in the amplitude level 
of the output voltage from the hybrid transformer 
HYB, to obtain a stable output. At the same time, in the 
same manner as has been described in connection with 
FIG. 3, the time division reception control is performed 
in synchronism with the zero points of the AC voltage 
wave effected by zero voltage detector ZVS to improve 
the S/N ratio, and a timing output of the oscillator 21 
is supplied to the combined demodulator and sub 
tracter 26 through a circuit FFB which gives a prefer 
ence to the display of the frequency in question at each 
zero point of the power supply frequency so that 
whether the display is caused by the fault of the trans 
mitter or receiver, or by the noise is determined ?rstly, 
and then a display of the abnormal condition corre 
sponding to that frequency is made. Thus, the zero 
point reception at high S/N ratio can be performed 
under a timing t,, :2 . . . In as shown in FIG. 2 in accor 

dance with the transmission of the speci?ed high fre 
quencies from the oscillator 21 as the various high fre 
quencies are continuously generated by controlling the 
oscillator means. In this example, the resonance ele 
ment 28 includes two resonators for obtaining more ac 
curate response to the ON and OFF caused by two fre 
quencies. 

In a modi?ed embodiment shown in FIG. 5, there are 
provided a plurality of high frequency osciallators 31A, 
31B . 31Z respectively assigned with predetermined 
frequencies and the outputs from these oscillators are 
applied in regular sequence to one input terminal S of 
a high speed modulation switch 32 comprising bridge 
connected diodes, the other terminal N being con 
nected to the receiver. The main terminal P of the mod 
ulation switch 32 is connected to the power line PL and 
the switch is keyed at a high speed by the output from 
a pulse oscillator 33 which is connected to an input ter 
minal C of the modulation switch. More particularly, 
during an interval the outputs from the oscillators are 
applied to the power line PL as shown by a solid line 
arrow, while in the subsequent interval the high fre 
quency current returned from the power line flows in 
the direction of a dotted line arrow, that is from point 
P to point N. This cycle of operation is repeated. The 
receiver comprises channel ?lters 34A, 34B . . . 342 

and combined ampli?er and demodulators 35A, 35B . 
. . 352 and the outputs of the demodulators are sup 
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plied to respective display units SA, SB . . . S2 of the 
display device 30. Information input switches or abnor 
mal condition detectors 36A, 36B . . . 362 and reso 

nance elements 37A, 37B . . . 372 are connected to the 

power line PL. 
In operation, the outputs from oscillators 31A, op 

eration, 31B . . . 312 are applied in regular sequence 
to resonance elements 378 and 372 where switches 
36B and 36Z associated therewith are closed but not 
supplied to the resonance element 37A because the 
switch 36A associated therewith is open, as shown in 
FIG. 5. However, during the next interval since the 
power line is connected with the receiver through the 
modulation switch 32, the currents ?owing through the 
resonance elements 378 and 372 are displayed by the 
display units SB and SZ. Although the zero voltage de 
tector ZVS is not shown in FIG. 5, the noise suppres 
sion operation of the receiver is similar to that de 
scribed in connection with FIG. 4. 
FIGS. 6 through 11 show the detail of a resonance el 

ement. Thus, FIG. 6 shows a connection diagram of a 
resonance circuit in which ?lter 40 connected between 
power lines PL, and PL2 and resonance element 41 is 
illustrated as a constant-K ?lter which is connected 
with the resonance element 41 through an isolation 
transformer T. Preferably, the resonance element 41 
for series resonance comprises an electromechanical 
type passive element capable of providing the capaci 
tance and inductance shown in FIG. 1 as well as a large 
Q and having a wide frequency response. Such electro 
mechanical type passive element may take the form of 
-a ceramic resonator made of quartz or titanium oxide. 

The invention contemplates unique coordination be 
tween the high frequency characteristic and the low 
frequency characteristic and a DC component for the 
purpose of saving power and minimizing in?uence of 
hysteresis of the ceramic resonator. In the construction 
shown in FIG. 7, ceramic resonator 47 is connected in 
series with control element 46 comprising a resistor R 
which is shunted by a reed switch 49 operated by an ab 
normal condition detector 48. When the reed switch 49 
is open, the impedance Z55 against the output of high 
frequency oscillator V f as viewed from the input termi 
nals 5 and 6 of the resonance element 41 is reduced to 
that under a short circuited condition by the series res 
onance impedance of the ceramic resonator 47. When 
the reed switch 49 is closed by the detector 48 the reso 
nance element 41 will manifest a short circuited imped 
ance of only few ohms at the frequency of the oscilla 
tor. This means that the resonance element 41 reso 
nates to the high frequency output of the oscillator Vf. 
Since the power line PL are energized by a source of 
alternating current, in addition to the normal high AC 
voltage asymmetrical, DC components, higher har 
monic waves and surge waves are also present on the 

power lines. For this reason, polarized elements such as 
electrostrictive resonator described above not only un 
dergo severe aging but also their capability is lost due 
to an abnormal voltage wave. Accordingly, it is neces 
sary to incorporate a coupling capacitor C1 so as to ren 
der the AC voltage to become negligibly small or to 
manifest a high impedance, as shown in FIG. 8. The 
coupling ?lter 40 and the resonance element 41 are 
constructed to satisfy the features of FIGS. 7 and 8 so 
that the short circuited impedance manifested by the 
resonance element 47 shown in FIG. 7 can appearon 
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6 
the power lines at a high fidelity through the coupling 
?lter at high frequencies. . 
When the terminals 3 and 4 of the coupling ?lter 40 

shown in FIG. 6 are terminated with a pure resistance, 
the input impedance can be expressed as follows. 

(I) 

By separating real and imaginary parts of this equation 
and by putting 

Znv = Rm +jXnv 
we obtain 

X22 
(2) 

where K represents a constant. 

In equation (1) by putting R = 0, 

Thus, the frequency at which the impedance becomes 
zero is shown by . 

X,=0, XI+ZIX2=O 
Substituting equations (4) and (5) in an equations 
X1 + 2X2 : 0 

f = f 2 
This means that the value of the short circuited imped 
ance becomes a minimum at frequencies fl and f2. The 
short circuited impedance Zs is shown by a dotted line 
curve in FIG. 11. The impedance of the resonance ele 
ment 41 is shown by a solid line curve 47 which means 
that the characteristic of the series resonance can be 
effectively manifested through the characteristic of the 
coupling ?lter 40. 
FIG. 9 shows the construction of the electromechan 

ical type passive element of the resonance element 41 
and FIG. 10 shows an equivalent circuit of the electro 
mechanical type passive element. 

In FIG. 9, the passive element is depicted as a con 
verter TD and its terminal impedance as M00. As is 
well known in the art, a electromechanical passive ele 
ment can be shown by an equivalent circuit comprising 
a capacitor s representing its stiffness, a reactor m rep 
resenting its mass near the resonance frequency, and a 
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resistor r which are connected in series as shown in 
FIG. 10. These constants are determined depending 
upon the position of the passive element, and the force 
acting upon the passive element corresponds to the 
current ?owing through the series circuit. The vibra 
tion mode is determined by the equivalent circuit con 
sisting of serially connected elements m, s and r. 
Accordingly, the frequency at which the series im 

pedance of the elements m, s and r becomes a mini 
mum is the resonance frequency. According to this in 
vention, the input impedance Z55 may be interlocked 
with another information source so as to use it as a me 

chanical terminal resistor which displaces mechanically 
the vibrator. 
FIGS. 12 and 13 show a perspective view of still an 

other modi?cation of this invention wherein an abnor 
mal condition detector Vs and a resonance element 51 
are incorporated into an electric apparatus, for exam 
ple a ?uorescent lamp. As shown a casing 52 contain 
ing a detector Vs and a resonance element 51 is at 
tached to one socket of a ?uorescent lamp LP mounted 
on a ceiling. 
By mounting the detector at a position suitable to be 

subjected to the heat of the lamp and to the flow of 
heated air or smoke the detector can detect at a high 
sensitivity the abnormal condition. Moreover, this con 
struction simpli?es the mounting of the detector and 
the resonance element. This construction can also be 
applied to an emergency lamp, a bracket for supporting 
an incandescent lamp, and various types of household 
appliances. 
The novel supervisory system can also be used to de 

tect the abnormal condition of the area in which distri 
bution lines are installed. 
As is well known in the art, it has been dif?cult to su 

pervise at the control center such informations as the 
OFF and ON states of section switches connected in a 
three wire distribution system the melting of a fuse at 
tached to a pole transformer, and the breakage of the 
line. 
The novel supervisory system can meet such require 

ments. For example, by constructing the detector such 
that an electrical unbalance is caused by such troubles 
or change of state it is possible to send a signal for oper 
ating a display device or a relay adapted to operate a 
circuit breaker. 
As described herein above, according to this inven 

tion a plurality of resonance elements resonating at dif 
ferent frequencies are associated with respective ab 
normal condition detectors it is possible to readily de 
termine at the control center the location of trouble as 
well as the magnitude of the hazard thereby facilitating 
a proper control and command for suppressing the ha 
zard. Moreover, as the existing distribution lines are 
utilized it is not necessary to install independent signal 
lines and since the resonance elements are composed 
of only passive elements it is not necessary to use any 
local source of power. 
What is claimed is: 
l. A supervisory system for detecting abnormal con 

ditions affecting environmental security comprising 
electric power supply lines connected to a source of al 
ternating current, high frequency oscillator means for 
transmitting high frequency currents of variable fre 
quency over said power supply lines, a plurality of reso 
nance elements having different resonance frequencies 
and connected across said power supply lines, a plural 
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ity of detectors responsive to the abnormal conditions 
affecting environmental security, said detectors being 
associated with respective resonance elements so as to 
vary their resonance impedances in accordance with 
said abnormal conditions, a receiver connected to said 
power supply lines for receiving said high frequency 
currents after ?owing through said resonance elements, 
means for causing said receiver to be operative only in 
the regions about the zero points of the AC voltage of 
said source, and display means responsive to the output 
of said receiver for selectively displaying said abnormal 
conditions. 

2. The supervisory system according to claim 1 
wherein said high frequency oscillator means produces 
‘a continuously variable high frequency. 

3. The supervisory system according to claim 1 
wherein said high frequency oscillator means com 
prises a plurality of separate oscillators operating at dif 
ferent frequencies. 

4. The supervisory system according to claim 1 fur 
ther including a hybrid three winding transformer hav 
ing one of the windings thereof connected across said 
power supply lines, a second winding connected across 
the output from said high frequency oscillator means 
and a third winding connected across the input of said 
receiver. 

5. The supervisory system according to claim 1 
wherein each resonance element comprises a series res‘ 
onance circuit and a resistor connected in series there 
with, and said detector is connected in parallel with 
said resistor for short circuiting the same in response to 
said abnormal condition. 

6. The supervisory system according to claim 1 
wherein said resonance element comprises an electro 
mechanical type passive element and a resistor con 
nected in series therewith and said detector is con 
nected in parallel with said resistor for short circuiting 
said resistor in response to said abnormal condition. 

7. The supervisory system according to claim 1 
wherein said detector and said resonance element are 
incorporated into an electric apparatus which has been 
loaded at the terminal of said electric power supply 
mes. 
8. The supervisory system according to claim 1 

wherein said receiver includes a combined demodula 
tor and subtractor which is controlled by a zero point 
detector connected to said source for detecting the 
zero point of the voltage wave of said source. 

9. The supervisory system according to claim 7 
wherein said combined demodulator and subtractor is 
controlled by a timing output of said high frequency os 
cillator means so that said display means preferentially 
displays the abnormal condition sensed by a detector 
and a resonance element which is tuned to a particular 
frequency at which said high frequency oscillator 
means 15 operating. 

10. The supervisory system according to claim 1 
wherein a high speed modulation switch controlled by 
a pulse and comprised by bridge connected diodes is 
interposed between said high frequency oscillator 
means, said power supply means and said receiver so as 
to connect said power supply lines alternately to said 
high frequency oscillator means and said receiver. 

11. The supervisory system according to claim 1 
wherein said resonance element is connected to said 
power supply lines through a ?lter which manifests a 
high impedance against the frequency of said source 
and a low impedance against the frequency at which 
said high frequency oscillator means operates. 

12. The supervisory system according to claim 10 
wherein said ?lter is connected to said power supply 
lines through a coupling capacitor which blocks the 
?ow of a DC component. 

. * * * * * 


