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(57) ABSTRACT 

Amachine for anticipatory sensing and intervention to avoid 
swimmer entrapment, With an active pre-entrapment sensor 
(e.g. ultrasonic) that assesses the relative hazard based on 
sWimmer proximity to the drain cover. An Ultrasonic Trans 
ducer launches Waves into the suction piping and/or drain 
system, and to receive echoes from the drain cover, sWim 
mer limbs, hair or body, and the Water surface parellel to the 
drain cover. A Transmitter/Pulser electrically energizes the 
ultrasonic transducer to launch Waves into the suction piping 
and/or drain system, A Receiver/Processor detects the ech 
oes electrical signals from the the ultrasonic transducer and 
to receive echoes from objects of interest beyond the pool 
drain. A Logic and Control element converts the detected 
signals into reliable information regarding a sWimmer 
safety/hazard status. An Output provides a pump shutdown 
command When required. 

Solutions for both neW construction and retro?t are 
described. 
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MACHINE FOR ANTICIPATORY SENSING AND 
INTERVENTION TO AVOID SWIMMER 

ENTRAPMENT 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based on provisional application 
Ser. No. 60/549514, ?led on Mar. 2, 2004 and provisional 
application Ser. No. 60/587367, ?led on Jul. 13, 2004. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0002] Not Applicable 

DESCRIPTION OF ATTACHED APPENDIX 

[0003] Not Applicable 

BACKGROUND OF THE INVENTION 

[0004] This invention relates generally to the ?eld of 
Swimmer Entrapment Avoidance and more speci?cally to a 
machine for anticipatory sensing and intervention to avoid 
swimmer entrapment. 

[0005] Entrapment comprises all of the haZards of evis 
ceration, hair entanglement, limb entrapment, body entrap 
ment, etc. 

[0006] To provide a means of detecting the required 
presence of the drain cover, the absence of Which creates a 
lethal haZard. A missing drain cover requires immediate 
pump shutdoWn and no existing SVRS system can detect 
this situation. 

[0007] To provide a means of anticipating a potential 
sWimmer entrapment situation as at a sWimming pool or spa 
drain. 

[0008] The present invention utiliZes an active sensor 
technology that alloWs anticipatory sensing and intervention 
before haZardous drain contact can occur. 

[0009] The Consumer Product Safety Commission 
(CPSC) has reported over many years that there are doZens 
of deaths and grave injuries each year in the US, mostly 
young children, due to the suction entrapment haZards of 
sWimming pools, Wading pools and spas. The CPSC has 
recently set up testing facilities for Safety Vacuum Release 
Systems (SVRS), products noW on the market intended to 
rapidly reduce suction and release an entrapped person. The 
potential and actual haZards due to underWater suction 
drains include disemboWelment (Which can occur in a 
fraction of a second), hair entanglement, and limb or body 
entrapment. All SVRS devices noW sense an increase in 
suction, near the pump inlet, that occurs When a person 
blocks all or a major part of a remote suction drain. None can 
anticipate the event, and that is a serious ?aW in sWimmer 
protection. 

[0010] In addition to the tragic results mentioned there are 
large societal costs related to long term medical treatment of 
the injured, major aWards and expenses of litigation, inhib 
iting business activity, and reducing opportunity for the 
public to enjoy the ?tness, health and recreation bene?ts of 
safe Water facilities Whether public or private. 
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[0011] This invention can deal With neW construction as 
Well as retro?t, but the overWhelming market for industry 
lies in the estimated 15 million or more old sWimming pools 
that can not feasibly be retro?tted With prior technology. 
Moreover, it is precisely these old pools that are the most 
haZardous because they do not have the other safety features 
such as anti-entrapment, anti-entanglement drain covers, 
dual main drains, vents, or SVRS devices that are noW 
increasingly found on neW pools. Old pools may also have 
been upgraded With higher poWer pumps that present a 
stronger suction haZard. Present SVRS also have a major 
Weakness in terms of ?eld reliability over years of time With 
no requirements for periodic testing and traceability of such 
tests. In addition, the proposed solution may also be useful 
for neW construction as Well. 

[0012] The object of this invention is to provide sWimmer 
protection Wherein the occurrence of a potentially or actu 
ally haZardous approach to a drain is measured and can be 
acted upon prior to any contact or entrapment occurring. 
FIG. 1 depicts a typical situation. 

[0013] The objective is to use the pool suction piping 
netWork as a sonic/ultrasonic Waveguide. If a sonic pulse 
Wave is launched into the suction piping netWork from a 
point above ground, near the pump inlet, propagates through 
the suction piping netWork to the underWater plastic drain 
cover(s) (they may be augmented) and provides a unique 
return echo so that We can be assured that the drain cover is 
in place. This is a major bene?t because missing drain covers 
have produced horrendous permanent injuries and droWn 
mgs. 

[0014] Futhermore, the sonic pulse Wave Will also pass 
thru the cover, and/or its holes for the passage of Water, and 
detect the pool Water/ air interface Which is a strong re?ector. 
This alloWs for a self-testing and self-calibrating sensor 
system. In addition, a sWimmer approaching a drain can be 
sensed directly and/or indirectly by means of simple range 
gating since the geometry is ?xed for any given existing 
pool. The folloWing ?gure depicts a situation Where the 
transducer is co-located With a drain, but the principle is 
equally applicable for a transducer located far from the drain 
by means of a loW loss sonic/ultrasonic Waveguide. 

[0015] Another bene?t of an active sonic sensor is the 
potential to measure the Water velocity in the suction piping 
via doppler processing. Excessive Water velocity is indica 
tive of issues such as a replacement pump of higher horse 
poWer than is safe for the original installation. 

[0016] Also, as in FIG. 1, sensing of excessively high or 
loW pool Water level Will also be feasible. 

[0017] Ultrasonics is a rapidly advancing technology With 
a high degree of neW knoWledge and understandings With 
many neW applications. The literature is replete With 
examples of rapid variations of attenuation With frequency 
for certain modes of propagation. US. Pat. No. 5,289,436 
Ultrasonic Waveguide, J. H. Terhune offers some interesting 
examples of loW loss frequency WindoWs in thin tubular 
structures. Such frequency WindoWs are exploited in the 
present invention. 

[0018] The state of the art in piping netWorks is based on 
steel piping over medium to long spans Where the object is 
to detect ?aWs (e.g corrosion) from a distance because the 
piping is inaccessable. That technique has proven sucessful 
and is commercialiZed. 
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[0019] This invention addresses plastic piping, and spe 
ci?cally PVC piping and standard PVC ?ttings because that 
is What is to be found in the vast majority of existing 
swimming pools. And, of course, the piping lies under 
ground and sometimes under the pool structure Which is 
most often poured concrete. NeW pool construction has 
feWer constraints on material choices and access for opti 
miZation is available. The research leading to this invention 
has shoWn useful, loW loss, WindoWs in the frequency 
domain that alloW the application to be realiZed commer 
cially. 
[0020] All SVRS devices noW sense an increase in suc 
tion, near the pump inlet, that occurs When a person blocks 
all or a major part of a remote suction drain. None can 
anticipate the event, and that is a serious ?aW in sWimmer 
protection. 

FIELD OF THE INVENTION 

[0021] The present invention relates generally to entrap 
ment avoidance sensors and more speci?cally it relates to a 
anti-evisceration/entanglement/entrapment sensor system 
for a solution to the suction drain entrapment and entangle 
ment haZard found in most sWimming pools, spas and hot 
tubs. When a pool drain cover is damaged or missing a major 
haZard for limb or body entrapment, and even evisceration, 
exists. The ability of this invention to sense a missing drain 
cover is unique and can be used to shutdoWn the circulation 
system and generate alarms. The capability for short range 
sWimmer detection is unique and extremely valuable 
because prevention of entrapment has been shoWn to be 
much safer than release of entrapment after it occurs. This is 
particularly true for situations leading to evisceration or hair 
entanglement. 
[0022] Several Existing Patents Cover SVRS and Related 
Devices: 

[0023] Recently, a feW single purpose suction safety 
devices have been brought to market. A feW single purpose 
pump suction sensor and shut-doWn devices and systems 
have also been brought to market such as: Stingl SWitch, 
6,059,536, Stingl, May 9, 2000; and In?uent Blockage 
Detection System, US. Pat. No. 6,342,841, January 2002, 
Stingl; and Fluid Vacuum Safety Device for Fluid Transfer 
Systems in SWimming Pools, 5,947,700, September 1999, 
McKain et al; and Spa Pressure Sensing System Capable of 
Entrapment Detection, US. 6,227,808, May 2001, McDon 
ough. 
[0024] Several other patents describe very speci?c capa 
bility for a single purpose using novel sensors. For example: 
Pump Shutoff System, 6,039,543, March 2000, Littleton; 
describes a How sWitch and control circuit to shut-doWn a 
pump When there is insuf?cient ?uid How and pump damage 
may result. Also, Pool Pump Controller, 5,725,359, March 
1998, Dongo et al; does address sWimmer safety regarding 
suction entrapment in a pool drain, by means of a novel 
diaphragm sWitch that removes poWer from the pool pump 
When a certain change in ?uid pressure (unspeci?ed) occurs. 

[0025] De?ciency in Prior Technology 

[0026] Some other prior art de?ciencies may be summa 
riZed by the folloWing: 

[0027] A feW specialiZed pump suction sensor 
sWitches e.g. Stingl SWitch, 6,059,536, Stingl, May 
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9, 2000, and In?uent Blockage Detection System, 
US. Pat. No. 6,342,841, January 2002, Stingl. These 
are expensive single purpose devices marketed pri 
marily to municipal and large club pools. The 
MIMPSC, US. Pat. No. 6,676,831, hoWever, is 
intended primarily for residential pools and spas 
Where cost is a signi?cant factor. If certain cost 
targets and multi functionality cannot be provided, 
most residential pools Will continue to be unpro 
tected, With concomitant risks to users and equip 
ment. 

[0028] Suction safety requires fast, sure removal of the 
entrapment force, severely limiting both the magnitude and 
duration of that force. Hair entanglement haZards are pos 
sibly quite sensitive to the duration of the suction force as 
Well. Stingl, US. Pat. No. 6,342,841 asserts “there is no 
need to “relieve” residual vacuum in the line because Water 
is not compressible”. The MIMPSC invention asserts, hoW 
ever, that there is a very signi?cant increase in the total 
impulse (force><time) causing entrapment of a person. 
Recent data from an actual pool installation With the present 
invention shoWed a small increase in peak force of 12.3%, 
but accompanied by a large increase in the action time. The 
total time of signi?cant entrapment force, as measured from 
the beginning of a measured rise in suction to When the 
shut-doWn returned suction to its beginning level Was: 

0.417 seconds 
1.503 seconds 

With suction dump valve: 
Without suction dump: 

[0029] This is a ratio of 3.6 to 1. Multiplying the force and 
time ratios We ?nd that the overall entrapment impulse is 
four times greater if We do not “relieve” the suction With a 
vent to atmospheric pressure. The explanation for this situ 
ation may be related to the fact that the suction Water column 
and pump impeller momentum does not instantly disappear 
When poWer is shutoff, but dissipates over a time period of 
1.5 seconds. In the above discussion, just as in the cited 
patent, the measured suction Was at or near the pump inlet 
port. Furthermore, if We examine the ratio of entrapment or 
entanglement time starting from When the pump is shutoff 
We ?nd that: 

[0030] Time from Shutoff to Atmospheric Pressure: 

0.08 seconds 
approximately 4 seconds 

With Suction Dump Valve: 
Without Suction Dump: 

[0031] This is considered to be reason enough to include 
suction relief by using a properly con?gured dump valve. 
The cited patent also describes a “safe level of vacuum as 11 
in.Hg.”. This level of vacuum is considered too high by 
several authorities, especially if prolonged action time is 
involved. The MIMPSC invention also accounts for the 
minor variations present in pools With in ?oor cleaning 
systems and solar heating, but typically operates at a shut 
doWn threshold of 8 in.Hg. 

[0032] Another patent, 5,947,700, September 1999, 
McKain et al, describes an alternative embodiment of a 
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suction entrapment release device, and mentions that the 
“ideal vacuum pressure at Which the frangible member 
disintegrates is approximately 20 in. Hg.” This value is 
considered extraordinarily high as a safe limit. In fact, it is 
questionable as to Whether it could be achieved at the 
location shoWn, near the input to the pump, because of the 
presence of the second suction line from the pool. 

[0033] The main problem With conventional entrapment 
avoidance sensors are that they are constrained to alloW a 
signi?cant increase in the suction haZard before taking 
corrective action. This alloWs a potential victim to approach 
the drain closely Without a signi?cant increase in the suction 
being sensed. Only When the suction port is mostly blocked 
by the victims body or limb does a large increase in suction 
suddenly occur. Under these conditions a small child may be 
partially or totally eviscerated in an extremely short period 
of time. Some tests reported in the literature indicate that 
damage can be done Within a small fraction of a second, 
When the short distance to complete the drain sealing is 
covered and a very high degree of vacuum is thereby 
alloWed to occur momentarily. Another problem With con 
ventional entrapment avoidance sensors are that they cannot 
anticipate the dangerous level of suction Which Will occur 
With full drain blockage until it occurs. The subject inven 
tion directly senses and measures the approach of a person 
or other object to the drain before signi?cant blockage can 
occur. This anticipation by the subject invention is due to 
sensing distance from the drain rather than the consequence 
of a blocked drain. Another problem With conventional 
entrapment avoidance sensors are that they cannot detect the 
missing drain cover. When a drain cover is missing the stage 
is set for limb entrapment leading to droWning or as in 
several cases a lifelong mental disability due to prolonged 
oxygen starvation. Only an active sensor operating at close 
range from Within the drain system can easily and surely 
detect and prevent all ?ve major forms of drain entrapment 
as de?ned in ASME A112.19.17-2002, ASTM PS 10-03, and 
NSPI X(in Work). 
[0034] While these devices may be suitable for the par 
ticular purpose Which they address, they are not as suitable 
for a solution to the suction drain entrapment and entangle 
ment haZard found in most sWimming pools, spas and hot 
tubs. When a pool drain cover is damaged or missing a major 
haZard for limb or body entrapment, and even evisceration, 
exists. The ability of this invention to sense a missing drain 
cover is unique and can be used to shutdoWn the circulation 
system and generate alarms. The capability for short range 
sWimmer detection is unique and extremely valuable 
because prevention of entrapment has been shoWn to be 
much safer than release of entrapment after it occurs. This is 
particularly true for situations leading to evisceration or hair 
entanglement. The main problem With conventional entrap 
ment avoidance sensors are that they are constrained to 
alloW a signi?cant increase in the suction haZard before 
taking corrective action. This alloWs a potential victim to 
approach the drain closely Without a signi?cant increase in 
the suction being sensed. Only When the suction port is 
mostly blocked by the victims body or limb does a large 
increase in suction suddenly occur. Under these conditions 
a small child may be partially or totally eviscerated in an 
extremely short period of time. Some tests reported in the 
literature indicate that damage can be done Within a small 
fraction of a second, When the short distance to complete the 
drain sealing is covered and a very high degree of vacuum 
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is thereby alloWed to occur momentarily. Another problem 
is that they cannot anticipate the dangerous level of suction 
Which Will occur With full drain blockage until it occurs. The 
subject invention directly senses and measures the approach 
of a person or other object to the drain before signi?cant 
blockage can occur. This anticipation by the subject inven 
tion is due to sensing distance from the drain rather than the 
consequence of a blocked drain. Also, another problem is 
that they cannot detect the missing drain cover. When a drain 
cover is missing the stage is set for limb entrapment leading 
to droWning or as in several cases a lifelong mental disability 
due to prolonged oxygen starvation. Only an active sensor 
operating at close range from Within the drain system can 
easily and surely detect and prevent all ?ve major forms of 
drain entrapment as de?ned in ASME A112.19.17-2002, 
ASTM PS 10-03, and NSPI X(in Work). 

[0035] In these respects, the anti-evisceration/entangle 
ment/entrapment sensor system according to the present 
invention substantially departs from the conventional con 
cepts and designs of the prior art, and in so doing provides 
an apparatus primarily developed for the purpose of a 
solution to the suction drain entrapment and entanglement 
haZard found in most sWimming pools, spas and hot tubs. 
When a pool drain cover is damaged or missing a major 
haZard for limb or body entrapment, and even evisceration, 
exists. The ability of this invention to sense a missing drain 
cover is unique and can be used to shutdoWn the circulation 
system and generate alarms. The capability for short range 
sWimmer detection is unique and extremely valuable 
because prevention of entrapment has been shoWn to be 
much safer than release of entrapment after it occurs. This is 
particularly true for situations leading to evisceration or hair 
entanglement. 
[0036] All SVRS devices noW sense an increase in suc 
tion, near the pump inlet, that occurs When a person blocks 
all or a major part of a remote suction drain. None can 
anticipate the event, and that is a serious ?aW in sWimmer 
protection. 
[0037] This invention can deal With neW construction as 
Well as retro?t, but the overWhelming market for industry 
lies in the estimated 15 million or more old sWimming pools 
that can not feasibly be retro?tted With present technology. 
Moreover, it is precisely these old pools that are the most 
haZardous because they do not have the other safety features 
such as anti-entrapment, anti-entanglement drain covers, 
dual main drains, vents, or SVRS devices that are noW 
increasingly found on neW pools. Old pools may also have 
been upgraded With higher poWer pumps that present a 
stronger suction haZard. Present SVRS also have a major 
Weakness in terms of ?eld reliability over years of time With 
no requirements for periodic testing and traceability of such 
tests. In addition, the proposed solution may also be useful 
for neW construction as Well. 

[0038] With the present invention We can be assured that 
the drain cover is in place. This is a major bene?t because 
missing drain covers have produced horrendous permanent 
injuries and droWnings. 

[0039] The present invention relates generally to entrap 
ment avoidance sensors and more speci?cally it relates to a 
anti-evisceration/entanglement/entrapment sensor system 
for a solution to the suction drain entrapment and entangle 
ment haZard found in most sWimming pools, spas and hot 
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tubs. When a pool drain cover is damaged or missing a major 
hazard for limb or body entrapment, and even evisceration, 
exists. The ability of this invention to sense a missing drain 
cover is unique and can be used to shutdoWn the circulation 

system and generate alarms. The capability for short range 
sWimmer detection is unique and extremely valuable 
because prevention of entrapment has been shoWn to be 
much safer than release of entrapment after it occurs. This is 
particularly true for situations leading to evisceration or hair 
entanglement. 

[0040] The main problem With conventional entrapment 
avoidance sensors are that they are constrained to alloW a 

signi?cant increase in the suction haZard before taking 
corrective action. This alloWs a potential victim to approach 
the drain closely Without a signi?cant increase in the suction 
being sensed. Only When the suction port is mostly blocked 
by the victims body or limb does a large increase in suction 
suddenly occur. Under these conditions a small child may be 
partially or totally eviscerated in an extremely short period 
of time. Some tests reported in the literature indicate that 
damage can be done Within a small fraction of a second, 
When the short distance to complete the drain sealing is 
covered and a very high degree of vacuum is thereby 
alloWed to occur momentarily. 

[0041] Another problem With conventional entrapment 
avoidance sensors are that they cannot anticipate the dan 
gerous level of suction Which Will occur With full drain 
blockage until it occurs. The subject invention directly 
senses and measures the approach of a person or other object 
to the drain before signi?cant blockage can occur. This 
anticipation by the subject invention is due to sensing 
distance from the drain rather than the consequence of a 
blocked drain. Another problem With conventional entrap 
ment avoidance sensors are that they cannot detect the 
missing drain cover. When a drain cover is missing the stage 
is set for limb entrapment leading to droWning or as in 
several cases a lifelong mental disability due to prolonged 
oxygen starvation. Only an active sensor operating at close 
range from Within the drain system can easily and surely 
detect and prevent all ?ve major forms of drain entrapment 
as de?ned in ASME A112.19.17-2002, ASTM PS 10-03, and 
NSPI X(in Work). 

[0042] In these respects, the anti-evisceration/entangle 
ment/entrapment sensor system according to the present 
invention substantially departs from the conventional con 
cepts and designs of the prior art, and in so doing provides 
an apparatus primarily developed for the purpose of a 
solution to the suction drain entrapment and entanglement 
haZard found in most sWimming pools, spas and hot tubs. 
When a pool drain cover is damaged or missing a major 
haZard for limb or body entrapment, and even evisceration, 
exists. The ability of this invention to sense a missing drain 
cover is unique and can be used to shutdoWn the circulation 
system and generate alarms. The capability for short range 
sWimmer detection is unique and extremely valuable 
because prevention of entrapment has been shoWn to be 
much safer than release of entrapment after it occurs. This is 
particularly true for situations leading to evisceration or hair 
entanglement. 
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BRIEF SUMMARY OF THE INVENTION 

[0043] The primary object of the invention is to prevent 
Entrapment Which comprises all of the haZards of eviscera 
tion, hair entanglement, limb entrapment, body entrapment, 
etc. 

[0044] Another object of the invention is to provide a 
means of detecting the required presence of the drain cover, 
the absence of Which creates a lethal haZard. A missing drain 
cover requires immediate pump shutdoWn and no existing 
SVRS system can detect this situation. 

[0045] Another object of the invention is to provide a 
means of anticipating a potential sWimmer entrapment situ 
ation as at a sWimming pool or spa drain. 

[0046] A further object of the invention is anticipate a 
potential entrapment. Present Safety Vacuum Release Sys 
tems (SVRS) can do nothing to anticipate an entrapment 
until physical contact is made With the drain or drain cover 
and a signi?cant increase in suction is sensed. 

[0047] Yet another object of the invention is to avoid the 
risk of evisceration Which is an extremely rapid process, as 
is hair entanglement, and the damage is done before present 
SVRS devices can react to the haZard. 

[0048] Still yet another object of the invention is to utiliZe 
an active sensor technology that alloWs anticipatory sensing 
and intervention before haZardous drain contact can occur. 

[0049] Another object of the invention is to detect mask 
ing of the Water surface echo by any absorbtive object that 
may also be treated as an alarm situation. 

[0050] Another object of the invention is to provide solu 
tions for the tWo categories of need for the present invention: 
NeW pool/spa construction, and retro?t for old, existing, 
pool/spas. 
[0051] A further object of the invention is that the opti 
mum sensors may be different for each category because in 
neW construction there are feWer constraints on operating 
frequency, transmitter poWer and receiver sensitivity, Which 
control object detection, resolution and maximum range. 

[0052] Yet another object of the invention is, for neW 
construction, to optimiZe the suction piping netWork by 
eliminating the attenuative 90 degree elboWs, using larger 
bend radius sWeep elboWs. 

[0053] Still yet another object of the invention is, for neW 
construction, locating a sensor in or under/behind each drain 
and the beams are easily directed perpendicular to the drain 
cover and beyond to the sWimming area. Thus, the presense 
of an approaching sWimmer can be detected, and tracked, to 
alloW the pump to be shutdoWn prior to a dangerous physical 
contact. 

[0054] Another object of the invention is, for existing 
pools, retro?tting drains and thus different frequencies and 
modes can be considered for propagation through the suc 
tion piping netWork. 

[0055] Another object of the invention is a How rate 
sensor. FloW is a signi?cant parameter in the design of 
sWimming pools and is not usually veri?ed in the ?eld. The 
sensor system can be enhanced to measure the doppler shift 
or Time of Flight, and thus provide a good estimate of Water 
speed in the piping. The ANSI/ASME standards for Water 
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velocity are established to insure that the velocity is loW 
enough to limit the magnitude of the suction hazard, and 
high enough for an economical pump and piping design. 
Additionally, loW Water velocity may be a symptom of a 
partially blocked drain or ?lter and can be used to alert 
service personnel. 

[0056] A further object of the invention is the further 
bene?t of a pool alarm, for example if a child falls into the 
pool, it is possible to detect this by various sensor modi? 
cations and/or extensions. 

[0057] Yet another object of the invention is to provide an 
innovative design that is also self testing and self calibrating, 
unlike any other SVRS. 

[0058] Other objects and advantages of the present inven 
tion Will become apparent from the folloWing descriptions, 
taken in connection With the accompanying draWings, 
Wherein, by Way of illustration and example, an embodiment 
of the present invention is disclosed. 

[0059] In accordance With a preferred embodiment of the 
invention, there is disclosed a machine for anticipatory 
sensing and intervention to avoid sWimmer entrapment, 
comprising: An active suction entrapment sensor (e.g. ultra 
sonic) that can assess the relative haZard based on sWimmer 
proximity to the drain cover, An Ultrasonic Transducer, one 
or more, to launch Waves into the suction piping and/or drain 
system, and to receive echoes from the drain cover, sWim 
mer limbs, hair or body, and the Water surface above the 
drain, A Transmitter/Pulser to electrically energiZe said 
ultrasonic transducer to launch Waves into the suction piping 
and/or drain system, A Receiver/Processor to detect the 
echoes electrical signals from the said ultrasonic transducer, 
and to receive echoes from objects of interest beyond the 
pool drain, including but not limited to, the drain cover, a 
sWimmer’s body or limb in close proximity to the drain 
and/or cover, and the pool Water surface, A Logic and 
Control element to convert the detected signals into reliable 
information regarding a sWimmer safety/haZard status., An 
Output to provide a pump shutdoWn command if a close 
approach by a sWimmer near a drain is measured, A housing 
for the Transmitter and Receiver, Logic and Control that can 
be located in the pool equipment area, near the pump inlet 
piping. A transducer mounting and interface adjacent to the 
pump inlet suction piping for retro?t applications. The 
transducer and its interconnecting cable may be mounted in 
or under the drain for neW construction, or the same as for 

retro?t if suitable, and for neW construction, and in some 
cases for retro?t, other suction side piping and ?ttings that 
optimiZe performance may be used instead of the Schedule 
40 90 degree elboW that has been the standard for some time. 

[0060] In accordance With a preferred embodiment of the 
invention, there is disclosed a process for anticipatory sens 
ing and intervention to avoid sWimmer entrapment, com 
prising the steps of: An active suction entrapment sensor 
(e.g. ultrasonic) that can assess the relative haZard based on 
sWimmer proximity to the drain cover, An Ultrasonic Trans 
ducer, one or more, to launch Waves into the suction piping 
and/or drain system, and to receive echoes from the drain 
cover, sWimmer limbs, hair or body, and the Water surface 
above the drain, ATransmitter/Pulser to electrically energiZe 
said ultrasonic transducer to launch Waves into the suction 
piping and/or drain system. A Receiver/Processor to detect 
the echoes electrical signals from the said ultrasonic trans 
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ducer, and to receive echoes from objects of interest beyond 
the pool drain, including but not limited to, the drain cover, 
a sWimmer’s body or limb in close proximity to the drain 
and/or cover, and the pool Water surface, A Logic and 
Control element to convert the detected signals into reliable 
information regarding a sWimmer safety/haZard status. An 
Output to provide a pump shutdoWn command if a close 
approach by a sWimmer near a drain is measured, A housing 
for the Transmitter and Receiver, Logic and Control that can 
be located in the pool equipment area, near the pump inlet 
piping. A transducer mounting and interface adjacent to the 
pump inlet suction piping for retro?t applications. The 
transducer and its interconnecting cable may be mounted in 
or under the drain for neW construction, or the same as for 

retro?t if suitable, and for neW construction, and in some 
cases for retro?t, other suction side piping and ?ttings that 
optimiZe performance may be used instead of the Schedule 
40 90 degree elboW that has been the standard for some time. 
PVC piping Will be used but as We are dealing With suction 
side pressures the use of Schedule 40 pipe should not be a 
necessary limitation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0061] The draWings constitute a part of this speci?cation 
and include exemplary embodiments to the invention, Which 
may be embodied in various forms. It is to be understood 
that in some instances various aspects of the invention may 
be shoWn exaggerated or enlarged to facilitate an under 
standing of the invention. 

[0062] FIG. 1A is a Pool Shell Section With SWimmer and 
Drain 

[0063] FIG. 1B is a SWim By Time History 

[0064] FIG. 1C shoWs SWimmer Drain Approach Trajec 
tories 

[0065] FIG. 1D depicts Range Cells to CatagoriZe the 
HaZard Status 

[0066] FIG. 2 A,B,C Alternate Ultrasonic Transducer 
Feeds 

[0067] FIG. 3 Preferred NeW Construction Drain Detail 

[0068] FIG. 4 A,B Block Diagrams for Remote Trans 
ducer/Launcher 

[0069] FIG. 5 Detail of Preferred Retro?t Modi?cation 

[0070] FIG. 6 Detail of Replaceable Transducer for Ret 
ro?t 

[0071] FIG. 7 A,B,C Propagation Test Data for Drain 
Cover and Hand 

[0072] FIG. 8A Drain Cover and Hand in NO-GO gate 

[0073] FIG. 8B SWeep ElboW Test Data 

[0074] FIG. 8C U Tube Water Echo at 200 kHZ 

[0075] FIG. 9 Simpli?ed Propagation Model 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0076] Detailed descriptions of the preferred embodiment 
are provided herein. It is to be understood, hoWever, that the 
present invention may be embodied in various forms. There 










