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(57) ABSTRACT 

A personal electrical injury protection system is provided 
which can be worn by electricians, construction workers, or 
other individuals working around or with low-voltage lines 
(i.e . generally lcs.'> than about 600 volt'>). 'Jbe personal 
electrical injury protection system has both a proximity 
warning component wbicb provides a warning of potential 
electrical hazards upon close approach to the low-voltage 
power line and ao t:lectrical contact protection component 
which turns off the power upon actual electrical contact witb 
the power line. The present personal electrical protection 
system relies on a radio frequency transmitter attached to U1c 
worker or person to be protected and a radio receiver/ 
controller connected to the power line. The radio frequency 
transmitter bas a low frequency generator which is used for 
electrical-coatact protection and a high frequency generator 
which is used for proximity warning. 

33 Claims, 8 Drnwlng Sheets 
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ELECTRICAL INJURY PROTECTION 
SYSTEM USING RADIO FREQUENCY 

TRANSMISSION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

lbis is the National Stage of lntcrnutional Application 
No . PCT/USOl/40181 , filed Feb. 23, 2001, and claims the 
benefit of U.S . Provisional Application No. 60/186,860, filed 
Mar. 3 , 2000. 

FIELD OF THE INVENTION 

2 
power Jim:. Hy using lhc specific characl,;ristks of th<; RF 
signal lr,tnsmission bclwccn the body transmitter and the 
power Jim: in this frequency range, this system provides a 
proximity sensing alarm as well as an electrical contacl 

5 sensor. The receiver preferably bas a proximityedepeodcnt 
alam1 or warning device which is activated as 1bc worker 
approaches lbc cocrgizc<I power line. A11 especially pre· 
fcrrccl alarm 'is a proximity-dcpcnclc11t nudible alann which 
"chirps" or sounds ~t increasing frequency as the worker 

10 approaches the line. If the worker makes clcc1rical contncl 
with the power liue, the rcc..-civer preferably bas a tripping 
mechanism that trips the circuit breaker and/or ground fault 
circuit interrupter (if present) and thorcby de-energizes the 
power lim: before serious injury can occur. When activalcd, l11e invention rcla1es to electrical injury protection sys­

tems and, more partiC1Jlarly, to pcrsoaal electrical protection 
systems which provide warnings of potential electrical haz­
ards upon close apprnach to low-voltage power lines 
(generally less than about 600 volts) and which turn off the 
power upon electrical contact with the power line. ·n1c 
present personal electrical injury protection systems relies 20 

on a radio frequency transmitter auacbcd to the worker or 
person to be protected and a radio rcceivericootroller coo­
nectcd to tl1c power line. 

15 the fast-acting tripping mechanism causes ,m artificial exces­
sive line-neutral current to trip the circuit breaker of the 
power lioc and abo c:mses an artificial excessive line­
ground current 10 trip the ground fault circuit interrupter (if 
present) of the power line. 

Although the present personal protection systems aad 
devices are mainly designed for use by electricians and 
construct.ion workers, they may be used by other individuals 
who work in areas with hazards ai;sociated with !ow-voltage 
( <600 V) power Jines. If dcsircd, these systems could ali;o be 

BACKGROUND OF THE INVENTION 25 used by, for example, the home handy man or woman 
Electrocution is a serious cause of occupational fatality working with, or around, home electrical systems. 

which ranked fifth among occupational fatalitic..~ in the One object of the present invention is to provide devices 
Unitc<I States from 1980 to 1995 with 6,242 electrocution and metllods which allow both proximity scm,ing and elcc-
dcatbs. NIOSH (1999), National Traumatic Occupational lrical contact detecting methods using low power RF ~ignal 
Fatalities (unpublished data), Division of Safety Research, ·30 transmission from human body to power line . Another 
National Institute for Occupational Safety and Health, object to provide devices and methods which allow tra.ns-
Morgantowo, W. Va. An investigatipn of 98 occupational mission of RF signal~ throughout a human body by output-
electrocution fatalities showed that 54% of the victims were ting the RF signal through a pair of conductive fabric cuffs 
working around an electrical circuit that was not or other altacllmeat .mean.~ attached to a human, which 
de-energized and 97% of these victims were iajurcd by 35 ensures near-uniform RF signal distribution around the 
power lines which were not equippc<I with ground fault human, so tbal the receiver is able to separately detect the 
circuit interrupters. NIOSH (1994), Fatality Assessment and proximity of the human relative to a power line or electrical 
Control Evaluation Database (unpublished data), Division of contact of the human with a power line . 
Safety Research, National Institute for Occupational Safety Another object is to provide devices and methods for 
and Health, Morgantown, W. Va. 

40 
proximity a.ad/or electrical contact detection of a worker 

Techniques which have been used to prevent such elcc- relative to a power line utilizing RF signal transmission in 
trocutions include, for example, de-energizing power lines the frequency range between 50 kHz to 2 MHz. In this 
before working in the area, maintaining appropriate dis- frequency range, the characteristics of the RF signal trans-
taaces from energized lines, and barriers to prevent electrical 45 mission between a hwnan body and a low-voltage power 
contact with energized lines. Oftentimes, however, these line is largely capacitive coupling mixed with some RF 
methods are not practical, not used properly, or arc simply radiation. This transmission characteristic enables a mono-
ignored by individual~ working with or around electrical tonic and gradual RF signal increase on a power line as the 
power lines. Accordingly, there remains a need for an worker approaches the power line, and also enables a 
electrical protection system for individuals working with or 50 significant RF signal increase if the worker electrically 
around power lines which will warn of the potential for contacL5 the power line. 
electrocution and will, if electrical contact is made with the Another object is to provide devices and methods for 
power line, de-energize the power line lo prevent andior proximity and/or electrical contact detection between a 
minimize injury due to electrocution. A low cost and reliable worker and a power line using a RF transmission receiver or 
electrical injury protection system with (1) an alarm mecba- 55 controller which can be connected in a convenient aad 
nism for warning personnel as to electrocution· hazards and simple manner to the power line. Toe simplicity of the 
(2) an automatic circuit-breaker and/or ground-fault-circuit- devices and methods of the present invention are more likely 
interrupter tripping mechanism for minimizing the risk of to be used consistently and properly, thereby providing 
electrocution would be desirable. increased protection. In one embodiment of the invention, 

SUMMARY OF TilE INVENTION 

In accordance with the present invention, an electrical 
injury protection (EIP) system is provided that consists of a 
worker-worn low-power radio-frequency (RF) body trans­
mitter which transmits ao RF signal (generally in the range 
of 50 kHz to 2 MHz) throughout a worker's body and a 
receiver that is plugged into any receptacle of the energized 
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60 the receiver and/or controller is connected with the power 
line through an electrical receptacle of the power line. If 
desired, the receiver and/or controller can be directly wired 
or connected to the power line. 

Another object is to provide devices and methods for 
65 proximity and/or electrical contact detection between a 

worker and a power line having a tripping mechanism which 
can de-energize the power line by outputting excessive 
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artificial lim;-ncutral current to trip an ex1:>11ng circuit 
breaker on the power line and which docs nol require . 
moclificalion of the circuit breaker. Another object is lo 
pmvidc devices aIJd mcthods for proximity and/or contact 
detection between a worker and a power line baviog a 
tripping mechanisn1 which can de-energize the power line 
by oulpulling excess ive artificinl line-ground current to lrip 
an existing gwund foul! circuit interrupter on the power line 
and which docs not require modiJic11tion of the ground fault 
circuit interrupter. 

4 
rcceiviug the low frc(Jucncy ~ignal from the radio frequency 
receiver, wherein tbc controller h!!S a quick tripping. mecha­
nism lo monitor the low frequency signal from the receiver; 

wherein the low freq11ency signal carries information 
5 relating to the individual's electrical rontacl with the power 

line, and 

wherein, if the quick tripping mechanism detects that the 
low frequency signal greater than a second l11rcsho ld, the 
power line is de-energized to minimize eloctric~J injury 10 

10 1hc individ11al. 

'I11esc aud other objects 11ml advantages of the present 
devices aud methods will l>c app,m:ut from a consideration 
of the present specification. 

BRIEF DESCRIP'I10N OF nm DRAWINGS 

Still anoth<:r object of the present invention fa to protect 
electrical, oonstruclioo, and other workers from electrical 
injury by (1) providing body approach wamillg; (2) extend­
ing existiug ground fault protection to any electrical contact 
protection; (3) shortening the circuit breaker tripping delay 15 

lo provide quicker de-energizing of power lines iu case o[ 
electrical contact by a worker; and (4) shortening ihe ground 
faull circuit interrupter tripping delay to provide quicker 
de-energizing of power lines in case of electrical contact by 

FIG. 1 is a scliematic view of an electrical injury protec­
tion (EIP) system in accordance with lhe present invention. 
This embodiment includes a 1ransmit1cr attached to the 

20 worker's wrist and a receiver/controller attached to the 
power line. Toe transmitter 10 is shown in more detail io lbc 
lower right hand corner of the figure . 

a worker. 

Still another object of the present invention is to provide 
a personal electrical injury protection system for use by au 
individual workillg near a low voltage power line, the 
system comprising: 

(1) a radio frequency transmiuer mounted on the indi-
25 

FIG. 2 illustrates one configuration of the present c::lcc­
trical injury protection system using a high frequency signal 
for proximity sensing, a low frequency signal for electrical­
contact sensing, and an approach-warning-feedback radio 
frequency signal. 

vidual's body :rnd having a low frequency radio signal 
generator, a bigb frequency radio signal generator, at leas! 
two elcctrodc-s cc,nuectiog the radio frequency transmitter to 
the individual's body, and an alarm; 

FIG. 3 provides an operational flowchart of the present 

30 
electrical injury protection system. 

(2), a radio frequency receiver lo pick up the low fre­
quency radio signal and high frequency radio signal from the 
radio transmitter; and 

(3) a controller electrically connected to the power line 
and electrically coom:cted to tbc radio frequency receiver for 35 

receiving the low frequency signal and the high frequency 
signal from the radio frequency receiver, wherein the con­
troller has an approach warning mechanism to monitor the 
high frequency signal from the receiver and a quick tripping 
mechanism lo monitor the low frequency signal from the 40 
receiver; 

wherein Lbe high frequency signal carries information 
relating to the individual's proximity to the power line and 
the low frequency signal carries information relating to the 
individual's electrical contact with the power line, 45 

FIG. 4 provides graphs of RF power at the controller 
versus the distance between a human body and a power line. 
Panel A shows tbe high RF frequency signal as a function of 
distance; Panel B shows the low RF frequency signal as a 
function of dL~taoce; and Panel C shows a RF signal having 
information for both the proximity and electrical contact 
components. 

FIG. 5 illustrates another configuration of the present 
electrical injury protection system which uses the combined 
RF signal for both proximity and electrical contact sensing. 

FIG. 6 illustrates another configuration of the present 
electrical injury protection system using high frequency for 
proximity sensing and low frequency for electrical-contact 
sensing. 

wherein, if the approach warning mechanism detects that 
the high frequency signal is greater than a first threshold 
value, an approach warning signal is generated which is 
transmitted to the alarm and activates the alarm to warn the 
individual of a close approach to the power line, and 

FIG. 7 illustrates yet another configuration of the present 
electrical injury protection system using human-body 
electrical-potential difference to detect electrical contact. 
The electrical contact sensor is shown in more detail at the 
bottom of the figure . 

so FIG. 8 is a plot showing mean transmission Joss versus 
wherein, if the quick tripping mechanism detects that the 

low frequency signal greater than a second threshold, the 
power line is de-energized to minimize electrical injury to 
the individual. 

Another object of the present invention is a personal 
electrical injury protection system for use by an individual 
working near a l9w voltage power line, the system com­
prising: 

frequency and distance based on experiments described in 
the Example. 

FIG. 9 is a plot showing mean transmission loss versus 

55 distance for selected frequencies based on the same data as 
shown in FIG. 8. 

DETAILED DESCRIPTION OF TI-IE 
PREFERRED EMBODIMENTS 

(1) a radio frequency transmitter mounted on the indi- 60 
vidual's body and having a low frequency radio signal 
generator, at least two electrodes connecting the radio fre­
quency transmitter to the individual's body, and an alarm; 

The present electrical injury protection (EIP) system 
consists of a worker-worn, low-power radio-frequency (RF) 
body transmitter which transmits an RF signal (generally in 
the range of about 50 kHz to about 2 MHz) throughout a 
worker's body and a receiver/controller which is plugged (2), a radio frequency receiver to pick up the low fre­

quency radio signal from the radio transmitter; and 
(3) a controller electrically connected to the power line 

and electrically connected Lo the radio frequency receiver for 
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65 into any receptacle or outlet of an energized power line or 
otherwise connected to !he energized power line in a manner 
in which, upon actual electrical contact of the worker with 
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the energized power line, the power liuc is c=ntfally 
immcdfotcly de-energized. 'fbc receiver/controller h,1s a 
pmximity-dcpcudcnt alarm or other warniog device which is 
activated when the worker approaches the energized power 
line, An especially preferred alarm is a proximity-dcpcodcnt 5 

· audible alarm which "chirps" or sounds :11 increasing fre­
quency as the worker approaches the line. H the worker 
makes clcctricitl contact with the power line, the m.;eiver 
preferably has a tripping mechanism that trips a circuit 
breaker by causing artificial line-neutral ovcr-cum:ot and rn 
trips a ground fault circuit interrupter (if present) by causing 
artificial line-ground leakage-current, and thereby 
de-energizes the p,.,wer line before serious injury can occur. 

lbe RF signal transmission used in the present electrical 
injury protection system between !he body lransmillcr and t.5 

tbe power line is generally in the frequency range of about 

6 
circ.:uil brc;akcr, thtreby de-energizing the power line. 
Simultaneously, the actuating circuit a!sc, c,utpuL~ an ei,;ccs­
sivc ground <..'Urrcol between the I.inc and the ground of the 
power line lo trip any ground fault circuit iatcrruptcrs ou the 
power line. This excessive ground current Ls great enough to 
trip a ground fault circujt interrupterin its minimum reaction 
time. ]bcsc two de-energizing acl'ufttions work together to 
ensure that the power to the line is turned otI with the 
muximum speed pos.5ibl<: in order lo minimize auy electrical 
shock injury. 

In one embodiment, the system consists of a battery 
powered transmitting device which can easily be carried by 
a worker, an electrode connection which connects the trans· 
milling device to the worker's body, a receiver, and a 
controUer near a circuit breaker. 'J11c receiver can be physi· 
cally incorporated into the controller or can be a .scpuatc 
compo11cnt electrically coupled to the controller. lu another 
embodiment, another receiver, such as an alarm, may be 
provided to receive a feedback sigoal from the controller. 
Such a ·receiver can be physically incorporated into the 
transmilliug device so as to provide a combined 
lransmitting.lrccciving device or alternatively, the rca:ivcr 
may be a separate c<1mponcnt electrically coupled to the 
transmitting device. In a preferred embodiment, the rontrol-

50 kHz to about 2 MHz and is largely capacitive-coupling 
mixed with some RF radiation. The capacitive-coupling 
ensures tbat the RF signal received by the receiver/controller 
varies monolonically versus the proximity of the worker to 20 

the power line. This monotonic RF transmission is appro· 
priatc for designing a proximity alarm, since this alarm 
requires that there is only one RF transmis.,;ion value cor­
responding to each distance between the worker and the 
power lioe. 
At the lower end of the frequency range, there is little 
radiation effect; thm;, the RF transmission increases very 
li!tle as the worker approaches the power line, but then 
increases drastically as the worker electrically contacLs the 
power line. At the higher end of the frequency range, there 30 
is more radiation effect than at the lower end; thus, the RF 
tran.smission increases significantly as the worker 
approaches the power line, but docs not increase drastically 

2.5 !er is pluggc:<l into any ouc of the receptacles on the power 
line, thereby providing protection along the power line. The 
electromagnetic field generated by the transmitting device, 
the receiving device, and the controller should be below the 

as the worker electrically contacts the power line. In the 
middle of the frequency range, the RF transmission is 35 

generally a mix of those at the higher and at the lower end. 
Careful selection of transmi:;sion frequency allows the 
present elc:ctrical injury protection system lo act us a prox­
imity sensing alarm as well as an electrical contact sensor. 

Tbe present electrical injury protection system in one 40 

embodiment has two operating modes. In the first or witrning 
mode, the proximity-dependent alarm is activated as the 
worker approaches the energized power line. Since the 
strength of the received RF signal increases as the worker 
gets closer to the power line, the alarm provides a direct 45 
proximity-dependent witroing. For example, using an 
audible warning device, the. frequency or amplitude. of the 
alarm could be increased the closer the worker approaches 
the energized power line. Using a visual warning device, the 
characteristics of the light (e.g., intensity, color, or pulsing so 
frequency) could be modified to provide more intense warn­
ing the closer the worker approaches the energized power 
line. Of course, other warning devices, or combinations of 
warning devices, c.ould be used if desired. 

Toe second or electrical-contact mode is activated if the 55 
worker electrically contacts the energized power line in spite 
of the warnings provide by the alarm. When the worker 
makes electrical contact with the power line, the strength of 
the transmitted RF signal will increase significanlly. Toe 
receiver has a tripping mechanism that, when the increased 60 
RF signal is detected, trips the circuit breaker and, if present, 
the ground fault circuit interrupter. In this case, the receiver 
recognizes the large RF signal strength increase as an 
electrical contact and immediately outputs an excessive 
over-current (between the line and the neutral), which is 65 
much greater than the current rating of the circuit breaker on 
the power line. This over-current immediately trips the 
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radio frequency exposure safety limit. (See, e.g., IEEE/ 
ANSI Standard C95.1-1999 .) 

The electrode connectors used to connect the transmitting 
device or the combined transmitting.lrccciving device to the 
body may consists of, for example, at least two electrodes 
(preferably three or more electrodes) which are attached to 
the human body ( e.g., on the chest, waist, foreamJs, legs, aod 
the like) or at least two conductive fabric cuffs positioned 
on, for example, the wrist(s), uppcr-arm(s), or ankle(s). 
Preferably, the transmitting device or the combined 
transmitting./rcceiving device can be mounted on- a belt, tool 
holster, helmet, or shoe or can lit into a shirt or other pocket. 
Preferably, the transmitting device or the combined 
transmitting./receiving device also has a low-battery warning 
light or other alarm. Preferably, the transmitting device or 
the combined transmitting/receiving device also has an 
"activated" or "armed" warning light or other alarm which 
can easily be checked by both the worker using the system 
as well as co-workers or other observers to ensure that the 
device is being used properly. 

This present electrical injury protection system provides a 
warning signal to the worker when his or her body is too 
close to a power line. In addition, the system is capable of 
detecting any type of electrical contact between a human and 
a low voltage (generally less than about 600 V) electrical 
power line (i.e., line-line, line-neutral, and line-ground), and 
essentially immediately cut off the electrical power source. 
Toe reaction or delay time of the system preferably is 
comparable to, or less than, the duration threshold of ven­
tricular fibrillation (about 13 milliseconds) in order to effec­
tively reduce the risk of ventricular fibrillation and the 
subsequent death of a worker in electrical contact with the 
power line and to reduce the degree of painful sensation 
which is directly related to the duration of electrical contact. 

Preferably, the present system is used in combination with 
a Class A ground fault circuit interrupter (GFCI). Such 
GFCis can detect only line-ground electrical contact with a 
typical reaction time from about 16 to 100 milliseconds 
depending on the strength of the electrical-contact current 



US 6,897,783 B2 
7 

(aboul l6 lo 20 milliseconds al 80 mA; and about 35 lo 100 
milliseconds al 6 mA) and do 1101 prc,vidc body <1pproacb 
warning. By gcncrnling an excessive artificiul ground cur­
rent of over 80 mA, the present system ii; able to trip the 
GFCI with i1s minimum reaction time. This prescnl system 
can, however, be adapted to protect workers from prolonged 
electrical shock in a power system without g.round f:auh 
circuit interrupters. 

111c prcscu1 electrical injury protection devices aud meth­
ods util ize rndio frequency (RF) signals coupled from n 
1ransmitting/recciving device to a human body. In cifocl, the 
human body acts as an antcm1a such that the RF signals can 
be transmilled from the human body to a power line through 
the air by reactive coupling. RF signal power lrnnsmissioo 
belwecn the human body and the power line can be detected 
when 1hc body is sufficiently close to the power line 
(generally in the order of several ccatimcten;) to allow for 
approach indication and/or warning. Jf there is nclual clcc· 
trical contact between the human body and power line 
(whether line-line, Jioc-neutral, or line-ground), the RF 
signal can be directly transmitted from the human body to 
the coutroUer lhrough the power line lo activate the coa­
lrollcr. BccatL'>e of the much shorter period of RF signals 
over the 60 Hz current, the reaction time of the RF signal to 
electrical contact is much shorter than currently available 
GFCis (generally a minimum !ripping delay time of about 
16 to 20 milliseconds for Class A GFCis) . 

8 
colll~ct; ( 4) tbe power line; and (5) the c.:ontro!lcr. The radio 
frequency output/input elcctroclcs or conductive fabric cuffs 
20 of the T/R device 10 arc auacbcd io the worker's body 
(e .g., worker's wrist 11.s shown in FIG. 1) to form a whole 
human body-effective lransmitting/recciviag antenna. The 
controller has an input and output (not shown) coupled to the 
power line ,so ~s to foro1 a power line·elfoctive receiving/ 
1raosmitting antenna. 

A more detailed syslcrn configuration of the device of 
JO HG. 1 is shown in FIG. 2. The T/R device 10 of this system 

is composed of a higher frequency (HF) and lower fre. 
quc11cy (LF) signal generator 22 and an alarm mechanism 
24. In operation, lhe T/R device 10 gcocrntes pulse c.,odcd 
HF and LF signals, with lhc maguitudc in a preferred range 

15 of about 0.5 to 3boul 4 volts, which arc tran.\miltcd through 
the human body to the air. The controller 12, which is 
connccled to lhc power line 14, is composed of ao approach 
warning mechanism 26 and a fast tripping mechanism or 
quick tripping mechanism 28. The appm:tch warning 

10 mechanism 26 monitors the received HF signal power level. 
If the HF signal level exceeds a specific threshold (i.e., the 
worker approaches too close to the power line), the approach 
warnirig mechanism 26 generates an approach warning 
feedback RF signal 30, which transmits lhrough the power 

:is line-air-human body, lo the T/R device 10 to activate the 
alarm mechanism 24. Alternatively, an alarm may be elcc· 
trically coupled to tbc controller 12, in which case the alarm 
24 and the approach warning feedback RF signal 30 could Ibc personal electrical injury protection syslems of the 

present invention generally employ high frequency (HF) 
radio signals in the proximity warning c:omponent and low 30 

frequency (LF) radio signals in the electrical contact injury 
prevention component. The HF signal generator provides 
HF frequencies close lo or at the higher cad of the frequency 
range of 50 kHz to 2 MHz, with a preferred range of about 
200 kHz to about 2 Mm,_ The LF signal generator provides 

be eliminated. 
The fast trippiog mecbaoism 28 monitors the LF sigoal. lf 

the LF signal level exceeds a specific lhreshold (i.e., there is 
dirccl eleclrical contact), the fast tripping mechanism 28 can 
eilher trip an existing GFCI (not shown) and/or a circuil 
breaker 16 on lhe power line. If a GFCI is installed on the 

35 power line, the fast 1ripping mechanism artificially causes a 
grcal strength of line-to-ground leakage current (over about 
80 mA) in order to trip the existing GFCI. Sucb a current 
slrength is generally sufficient to trip a Class A GFCI in ils 
minimum delay time of about 16 to 20 milliseconds. Tbc fast 

LF frequencies close to or at the lower cod of the frequency 
range of 50 kHz to 2 MHz, wilh a preferred range of about 
50 kHz to about 200 kHz. 'I11c RF transmission between a 
human body and a power line in the HF range is mainly 
capacitive and with more RF radiation than that -in the I.F 
range. Thus, the RF transmission in the HF range increases 
monotonically and more gradually than in LF range as the 
worker approaches the power line; thus, the HF range is 
suitable to carry proximity information. In contrast, the RF 
transmission in the LF range increases monotonically aod 
more sharply than in the HF rnogc as the human elc:ctrically 
contacL5 the power line, and therefore is suitable to carry 
electrical-contact information. 

One embodiment of the electrical injury protection system 
of the present invention is illustrated in FIG. 1. This system 
is composed of a combined transmitting/receiving device 10 
which is carried or worn by the worker, a controller 12 
coupled to a power line 14 through outlet 15, and a circuit 
breaker 16. The power line 14 is generally a low voltage 

40 tripping mechanism also arlificially causes a great strenglh 
of line-to-neutral over current (i.e., much greater than the 
current rating of the existing circuit breaker on the power 
line) in order to trip the circuit breaker 16 withio the shortest 
possible time. The reaction time of circuit breaker tripping 

45 is inversely related to the strength of the line-to-neutral over 
current. In olher words, the greater the strength of lhe 
over-current, the shorter the reaction time for circuit breaker 
tripping. Thus, the over current caused by the fast tripping 
mechanism should large enough to trip the circuit breaker 

50 within the shortest possible time without creating a risk of 
fire . Desirably, the strength of the over current is that which 
provides for a short reaction time of about 16 to 20 milli­
seconds (comparable to the minimum delay time of a Class 
A GFCI). This short reaction time in tripping reduces the 

55 worker's risk of ventricular fibrillation as well as the degree 
of painful sensation normally associated with electrical 
shock. Preferably, both the GFCI and the circuit breaker 16 
are tripped in the case of actual electrical contact to provide 

( <600 V) residential or construction site power system with 
line, neutral, and/or ground wire bundle. The line and neutral 
wires arc, of course, preferably insulated but could have 
insulation defects. The present electrical injury protection 
system can be used lo protect individuals working around 
unshielded or defective shielded power lines. The combined 60 

transmitting/receiving device 10 is electrically connected to 
the worker's body via electrodes 20 and can be held in place 
with, for example, straps. In operation, the combined 
transmitting/receiving device communicates with the con­
troller through the following path: (1) the T/R device; (2) the 
worker's body acting as an effective antenna; (3) air in case 

maximum protection in the shortest possible time. 
'lbe operating flow chart of the system of FIG. 2 is shown 

in FIG. 3. On operation, the T/R device transmits a low 
power coded HF signal through the human body into the air. 
If the worker is too close to the power line, an appropriate 
amount of HF signals is coupled to the wire and is received 

65 by the controller through the following pathway: the T/R 
device to the human body to the air to the power line, and 
finally, to the controller. The HF power on the power line is of close approach or direct! y in case of actual electrical 
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directly related to the clo.scnc.ss of the human body (see FIG. 
4A). If the power of the HF signal received hy the controller 
cx~,ceds a specific threshold, this HF signal activates the 
approach warning mcchanism which in turn trnnscr1il5 a 
frequency.modulated (FM) feedback signal vill the follow· 5 

ing pathway: the controller lo the power line lo the air lo the 
hu1mrn body, and finally, to the TiR device. Tue mochilalion 
frequency l>f tbe FM signal is dirccily related to the close­
ness of the human body to the power line (i.e., the ck,scr the 
body to the power line, the higher the modulation 10 

frequency). The T/R device demodulates the feedback FM 
signal and monitors the demodulated frequency. If the 
demodulated FM frequency is higher than a specific 
threshold, the alarm is activated and a warning signal 
generated to warn the worker that be or she is too close to 15 

a live wire. Preferably, the alarm employs ao audible chirp 
signal whereby the frequency of the chirping conveys addi­
tional warning information; using ~11ch a variable chirp 
alarm, the higher tbc demodulated FM frequency, the higher 
the chirp pitch . The T/R device monitors the steadiness of W 
the demodulated FM frequency. If the demodulated FM 
frequency is kepi steady for a couple of seconds, the alarm 
nJcchanism rccognir.es that the worker is holding an elec­
trical totil (which can also cause a higher level HF signal 
received by the controller). 'Ibe alarm is turned off by the 25 

steady demodulated FJ\.1 frequency. If the demodulated FM 
frequency becomes unsteady, the alarm mccharusm checks 
whether the demodulated FM frequency Ls still high 
(indicating tbal tht.l body is still too close lo the power line). 
The higher demodulated frequency re-activates the alarm. 30 

For electrical contact protection, the T/R device trnnsmiL<; 
a low power c()ded LF signal through the human body into 
the air and reaches the controller via the following pathway: 
the T/R device to the human body to the air to the power line, 
and finally, to the controller. If there is no electrical contact 35 

between the buman body and the power line, the LF signal 
level received by the controller is too low lo activate the 
controller. lf there is electrical contact between the worker's 
body and the power line, the following pathway is formed: 
the T/R device to the human body to the electrical contact to 40 

the power line, and finally to, the controller. In such a case, 
an appropriate amount of the I.l• signal arrives to the 
controller through the direct electrical contact. 'The curve of 
the LF power al the controller versus body distance is shown 
in FIG. 4B. The controller will be immediately activated by 45 
the LF signal upon electrical contact lo cul off the line power 
by tripping a GFCI and/or a circuit breaker. The eonlroller 
can be plugged into any receptacle on the power line without 
contacting any circuit breaker or GFCI. And the controller 
can trip an existing GFCI in the GFCI's minimum reaction so 
time of about 16 to 20 milliseconds regardless of the strength 
of the electrical·contact AC current. The tripping mecha­
nism trips the circuit breaker with a similar reaction time to 
that of a clas.s A GFCI. TI1e circuit breaker tripping reaction 
time can be adjusted by varying the strength of the line- 55 
neutral over·current. The greater· the over-current, the 
shorter the circuit breaker tripping reaction time. This short 
reaction time can significantly reduce the worker's risk of 
ventricular fibrillation as well as the degree of the painful 
sensation caused by ele_ctrical shock. This present system 60 

configuration keeps the RF interference on the power system 

10 
strength p:lltc;rn ill the coritrollcr versus the distance is ~ 
combination of the pattern in FIG. 4A and the paltcrn in FIG. 
4H. Bused cm tbo RF power distribution shown in FIG. 4C, 
an ullernalivc system conliguralion can be usc<I as shown in 
FIG. 5 where one signnl carries both proximity and electrical 
contact information. Accordingly, in one embodiment, the 
T/R device l.O transmits only one RF signal that carries both 
the body prnximity and electrical•contact inform<1tio11. The 
preferred frequency range for this system is between about 
100 kHz and about 1 MH,:. At the controller 12, the 
ap11roacb warning mechanism 26 and the fost tripping 
mechanism 28 analy-.t.:c the received combiucd·RF signal alld 
extract proximity and elcctrica!-contacl information from 
the signal, respectively. 

Another alternative embodiment of the personal electrical 
injury prevention system is sbown in FIG. 6. For delivering 
the body approach warniag signal, the controller 12 trans­
mits a HF pulse-coded signal through the power line 14 into 
the air. If !be worker is too close to the power line, an 
appropriate amount of the HF signal arrives to the buroaa 
body and is coupled to the T/R device 10 through the 
following palhway:controllcr 12 lo the vower line 14 to the 
air to the human body, and finally, to the 'I'lR device 10. The 
HF power on the human body is directly related to the 
closeness of the human body lo tbc power lioc. If !he HF 
power 22 exceeds a specific level, it activates tbe T/R device 
alarm 24 and a warning signal is generated. Preferably, the 
warning signal is an audible signal with a pitch that varies 
as the worker gets closer to the power line. 'Ibis excessive 
HF signal . also activates the LF generator 21 of the TiR 
device 10 to transmit a pulse-coded LF signal to lhe human 
body. If there is no electrical contact between the human and 
the power line, no significant Dmounl ofLFpower can reach 
the power line (see FIG. 4B). If there is electrical contact 
between the worker's body and the power line, an appro­
priate amount of the U• power arrives lo the controller 
through the following pathway: the T/R device 10 to tbc 
human body to the electrical contact lo the power line 14, 
and finally, to the controller. This LF signal activates the fast 
tripping mechanism 28 of controller 12 to immediately cut 
off the line power. Ibe advantage of this alternative method 
is that its configuration is simpler than the system configu­
ration illustrated in FIG. 2. The HF electromagnetic field 
around the power line, however, may interfere with other 
electrical appliances or equipment connected to the same 
power line. Careful selection of the frequt:ncy, bandwidth, 
and the modulation of the HF signal may reduce the RF 
interference to a negligible level. 

Another alternative embodiment of the personal electrical 
injury prevention system is shown in FIG. 7. This alternative 
embodiment provides electrical contact protection only. In 
this embodiment, a RF receiver component 13 is located 
within the controller 12. This alternative method is expected 
to be more reliable in detecting an electrical contact and is 
suitable for protecting electricians, construction workers, 
and others working near power lines which are not equipped 
with ground fault protection. Tue system consists of an 
electrical contact sensor 40 which is attached to a worker's 
body, a transmitter II carried by the worker, and a controller 
12 which is plugged into any receptacle along the power line 
14. In the specific embodiment shown in FIG. 7, the elec-
trical contact sensor 40 is composed of three electrodes 42 
which are attached to the worker's chest to pickup the body 
electrical potential difference between any two of electrodes 

lo a minimum. There are RF signals on the power line only 
when the worker approaches the power line. The disadvan­
tage of this configuration is that the system is rather com­
plicated with three different RF signals. 

As shown in FIG. 4C, there exist some frequencies 
between the HF and LF range such that the RF power 

65 42. Of course, other numbers of electrodes as well as 
different locations on the body can be used. If there is any 
electrical cum:at flow through the worker's chest, there must 
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boa potential diffcrem:c between two o[ the t!ircc electrodes. 
If the potential difference exceeds a spccillcu threshold, it 
activ~tes ~ RF transmitter 11 which immcdiatelv transmits a 
coded RF signal traiu through the air to the RF receiver 13 
located within the cootrollcr 12. '01e RF frequency prefer, 
ably is in the VHF or UHF Industrial Sc.ieotific and Medical 
(ISM) baocl, (e .g., about 915 Mll:z:t13 MHz). When tho 
cuotrolkr U decodes the coded RF signal train, it immedi­
ately activates a fast-tripping mechanism 44 to cause an 
over-current in the power line. The fast-tripping mechanism 
44 may comprise, for example, a low resistance unit such ns 
a silicon controlled rectifier (SCR) which connects a low 
resistance resistor between line and oeutral to cause an 
over-current in the power line. In an alternative 
embodimeaL, the fast tripping mechanism 44 comprises a 
triae device having two SCRs for use with AC current. lo 
either case, the over-current will immediately trip the circuit 
breaker 16, thu.,; protecting the worker from prolonged 
electrical shock. 'I11e system offers a significant advantage in 
that it can protect workers from prolonged electrical shock 
even without the existence of a GFCI. The disadvantage of 
the system is that it is not as convenient ;,IS the other systems 
(c:.pecially considering the attachment of the electrodes on, 
for example, a worker's chest) and that it docs not provide 
proximity warning. The tripping reaction time is clcpcadcnt 
on the tripping reaction time of the circuit breaker on the 
power line. A'> mentioned above, the reaction lime of circuit 
breaker tripping is inversely related to the strength of the 
line-to-ocutra! over current such that increasing the strength 

12 
'l11c RF transmission loss measuremeIJls were conducted 

Oil nine human subjects, RF transmission Joss dala were 
plotted versus frequency at varimis distances between the 
body and tbe cable in FIG. 8. lbc same data was also plotted 
in FlG. 9 for selected frequencies . The results in FIGS. 8 uad 
9 show tb~t under the mcasurcrncot conditions, the optimal 
frequency range is between 98 and 200 kH:z (.sec FlG. 8). At 
150 kHz, the RF transmission loi;s monotonically incre;ised 
from -76.7 d:B to -97.0 dB as a subject's band moved from 

10 the power line insulation to 100 cm away. A,; the RE further 
increased beyond WO kHz, because of the increased RF 
rndiatioo, the dynamic range of RF transmission loss versus 
distance became much narrower, and the transmis.~ion loss 
curve was not necessarily monotonic. At 5.9 Ml-1:t, the 

15 transmission loss curve is burcly moootonic. But at these 
higher frequencies, such as 5.9 MHz, the transmis.~ion 
paltero is very complex and drastically varies under slightly 
different test conditions, due to RF radiation and RF stand­
ing waves on the power line. '!bus, it is better to SGlcct lower 

20 frcqucocies as the optimal frequency range in order lo obtaio 
a more stable RF transmission pattern. "Ibis transmissioo 
loss pattern would be up-shifted several hundred kHz along 
the frequency axis as the signal generator output was 
changed from the present grounded unbalanced output lo 

2s uo-groundcd balanced output. 
We claim: 

of the over current decreases the reaction time. Thus, the 
actual reaction time of the circuit breaker is determined by 30 

the strength of the generated over current. The controller and 

1. A per:s,;mal electrical injury protection system for use by 
ao individual working near a power line, the system com­
prising: 

a radio frequency transmiucr mounted oa the individual's 
body for generating a radio signal, at least two elec­
trodes connecting the radio frequency transmitter to the 
individual's body such that the body acL<; as an antenna 
for transmitting the radio signal, the radio signal car-

its fast-tripping mechanism 44 should be designed to reduce 
the risk of fire caused by the over-current. 

Toe system shown in FIG. 7 can aL,;o be used in power 
systems protected by GFCis. In addition to generating an 35 
artificial line-to-neutral over-current, the fast-tripping 
mechanism 44 within a controller 12 may also generate an 
artificial line-to-ground current (desirably greater than 80 
rnA) to activate an SCR to connect a resistor between line 
and ground upon receiving the electrical contact signal. If 40 
the power system is equipped with a GFCI, this line-to­
ground current can immediately trip the GFCI with the 
minimum reaction time (16-20 milliseconds). 

rying at least information relating to the individual's 
proximity to the power line; 

a controller electrically collJlccted to the power line for 
receiving the radio signal, wherein the controller com­
prises an approach warning mechanism to monitor the 
radio signal for proximity information; and 

an alarm operatively coupled to the controller wherein, if 
the approach warning mechanism detects that the radio 
signal is greater than a first threshold value, an 
approach warning signal is _generated which is trans­
mitted to the alarm and activates the alarm to warn the 
individual of a close approach to the power line. 

'fhe following example is intended to further illustrate the 
inventioo and oot to limit it. 

EXAMPLE 
To demonstrate the feasibility of the present personal 

electrical injury prevention system, the RF transmission Joss 
between a human body and a simulated power line was 
determined. The experimental setup consisted of a RF signal 
generator, a pair of conductive straps bound to a human 
subject's right wrist 10 cm apart, a 50-m AWG U simulated 
power line cable, and a spectrum analyzer with its input 
connected with the power line cable. During the experiment, 
an RF signal with 2 volts of amplitude and a sweeping 
frequency from 98.8 kHz to 40.6 MHz was transmiued from 
the signal generator to the pair of conductive straps bound on 
the: subject's right wrist through a coaxial cable with 
grounded shielding. lbe RF signal was transmitted via the 
subject's body into the air. The subject first laid his/her right 
hand on the power line insulation, and the spectrum 
analyzer, which was connected to the power line cable, 
measured the transmission loss at all sweeping frequency 
points. Theo the subject distanced his/her band from the 
cable in small increments; the spectrum analyzer repeated 
the measurement at each distance step. 
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2. The personal electrical injury protection system of 
claim 1 wherein the radio signal carries information relating 
to the individual's electrical contact with the power line and 

50 the controller comprises a quick tripping mechanism to 
monitor the radio signal for electrical contact information 
wherein, if the quick tripping mechanism detects that the 
radio signal is greater than a second threshold value, the 
power line is de-energized to minimize electrical injury to 

55 the individual. 
3. The personal electrical injury protection system of 

claim 1 wherein the radio i,ignal is in the range from about 
100 kHz to about 1 MHz. 

4. The personal electrical injury protection system of 
60 claim 2 wherein the radio signal comprises a low frequency 

radio signal for carrying information relating to the indi­
vidual's electrical contact with the power line and a bigb 
frequency radio signal for carrying information relating to 
individual's proximity to the power line and wherein the 

65 approach warning mechanism is operable to receive the high 
frequency radio signal and the quick tripping mechanism is 
operable to receive the low radio frequency signal. 




