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(57) ABSTRACT 

A system, device and method of determining a probability of 
dehydration of a person is provided. In one embodiment, the 
method comprises receiving data of a heart rate of the person; 
receiving data of a posture of the person; determining that a 
first posture of the person satisfies first posture criteria for a 
first predetermined time period; determining that the posture 
of the person satisfies a similarity threshold with a posture 
envelope; determining a first heart rate for the person while in 
a first posture; determining a second heart rate for the person 
while in the second posture; determining a change in heart 
rate as a difference between the second heart rate and the first 
heart rate; determining a first probability of dehydration 
based at least in part on the change in heart rate; and output 
ting the first probability of dehydration. 
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SYSTEMI METHOD AND DEVICE FOR 
DETERMINING THE RISK OF 

DEHYDRATION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a divisional of U.S. patent appli 
cation Ser. No. 13/154.317 filed Jun. 6, 2011, entitled, “Sys 
tem Method and Device for Determining the Risk of Dehy 
dration.” which claims priority to U.S. Provisional 
Application No. 61/352.293, filed Jun. 7, 2010, which are 
hereby incorporated by reference in their entirety of all pur 
poses. 

FIELD OF THE INVENTION 

0002 The present invention generally relates to physi 
ological data processing and more particularly, to a system, 
method and device for determining the risk of dehydration of 
a person. 

BACKGROUND OF THE INVENTION 

0003 Monitoring vital signs is traditionally done on 
Supine patients at rest. Field based measurements are typi 
cally done with a care giver or researcher controlling the 
person's position (e.g., posture) and degree of movement in 
order to minimize movement artifacts such as orthostatic 
changes and effects on the body due to work effort of orien 
tation. Normally tests are performed under various conditions 
in a clinic manually, using Such devices as blood pressure 
cuffs or using treadmills and stop watches for exertion fitness 
testS. 

0004 Measuring vital signs over time (in the field) pro 
vides more useful information for understanding a person’s 
physiological state. However, body position and activity level 
are key factors that affect a person's vital signs and hence the 
interpretation thereof. 
0005 Information of the biomechanical context of a per 
son allows the person's vital signs to be measured and inter 
preted remotely. Biomechanical sensors include, for 
example, tri axial accelerometers and gyroscopes which 
determine the posture and activity level of a person. Biome 
chanical sensors which form part of, or are time synchronized 
to, a vital sign monitor afford the opportunity to take mea 
Surements that, until now, would not be practical or useful 
because the person's movement or posture could have a 
greater effect than the variations sought. In contrast, embodi 
ments of the present invention can determine a normal state of 
the person under different activity levels and postures and 
hence determine an abnormal state. In addition, embodiments 
of the present invention may be used to determine the prob 
ability of dehydration when the person is in the field (not in 
the clinic) and wherein the movement and posture of the 
person is not directed by the clinician. 
0006. These and other advantages may be provided by one 
or more embodiments of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0007. The invention is further described in the detailed 
description that follows, by reference to the noted drawings 
by way of non-limiting illustrative embodiments of the inven 
tion, in which like reference numerals represent similar parts 
throughout the drawings. As should be understood, however, 
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the invention is not limited to the precise arrangements and 
instrumentalities shown. In the drawings: 
0008 FIG. 1 is a flow chart of a process, in accordance 
with an example embodiment of the present invention. 
0009 FIG. 2 is a graphic representation of heart rate and 
postures, in accordance with an example embodiment of the 
present invention. 
0010 FIG. 3 depicts a BioHarness that may be used to 
collect (and process data), in accordance with an example 
embodiment of the present invention. 
0011 FIG. 4 depicts a BioHarness that may be used to 
collect (and process data), in accordance with an example 
embodiment of the present invention. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

0012. In the following description, for purposes of expla 
nation and not limitation, specific details are set forth, Such as 
particular networks, communication systems, computers, ter 
minals, devices, components, techniques, sensors, algo 
rithms, data and network protocols, Software products and 
systems, operating systems, development interfaces, hard 
ware, etc. in order to provide a thorough understanding of the 
present invention. 
0013 However, it will be apparent to one skilled in the art 
that the present invention may be practiced in other embodi 
ments that depart from these specific details. Detailed 
descriptions of well-known networks, communication sys 
tems, sensors, algorithms, computers, terminals, devices, 
components, techniques, data and network protocols, soft 
ware products and systems, operating systems, development 
interfaces, and hardware are omitted so as not to obscure the 
description. 
0014. A person's physiology changes based on speed of 
movement, level of activity and posture. Embodiments of the 
present invention address the issue of automatically testing 
various physiological states when using sensors for short term 
and long term (in the field) monitoring of bioelectric signals 
of a person. When a person is remote, the clinician or coach 
cannot make a manual assessment of the person’s posture or 
the time at which a certain event occurred. Some embodi 
ments of the present invention provide a method to remotely 
determine these values by using a combination of biome 
chanical sensors, physiological sensors and algorithms that 
process these values over time. This specific example 
embodiment determines the probability of dehydration based 
on Such values. 
00.15 Determining dehydration in a person can be done 
via chemical means and test protocols such as orthostatic load 
analysis. The problem with chemical analysis is that for each 
test stick, such as the Bayer(R) Q10test strips, one stick per test 
is required and people require privacy to produce the urine 
sample. The problem with a traditional orthostatic tilt test is 
that a person must be timed manually, using a watch or clock, 
and the person must be instructed throughout the test and 
recording heart rate data. These test systems do not lend 
themselves to multi person remote testing where the clinician 
or medical person is not present. 
0016 Some embodiments of the present invention use one 
or more activity sensors and one or more posture sensors 
along with a heart rate sensor. A single sensor module that 
uses the same accelerometers may be employed to provide 
raw data, which is processed by Software that separately 
outputs posture and activity data (e.g., level). When a 
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sequence of postures is detected, the measured heart rates can 
be used to determine the risk of dehydration. 
0017. The data used by embodiments of the present inven 
tion may be collected and processed by a device called the 
BioHarness, which is commercially available and manufac 
tured by Zephyr Technology of Annapolis, Md. See FIGS. 3 
and 4. The device measures heart rate, breathing rate, tem 
perature, activity and posture, is battery powered and worn as 
a chest strap. It includes a Bluetooth wireless transceiver and 
internal memory. The person may wear the device at home 
and/or at work (as well as in a clinic environment). The data 
from the biomechanical and physiological sensors (and in 
Some embodiments environmental sensors) is regularly col 
lected and stored in memory. Upon detection of certain physi 
ological data (an acceptable activity and posture envelope), 
the algorithm processes the stored data to determine the risk 
of dehydration for the person. The algorithm may be executed 
by a processor resident in the collection device (e.g., the 
BioHarness) or a computer that receives the data from the 
collection device. 
0018. The sensor module and algorithm of this example 
embodiment determine (automatically) when a person is 
lying down or sitting for a predetermined duration and when 
the person is standing for a predetermined duration. If the 
durations and level of activity are within acceptable limits 
then the delta (change in) heart rate is used to determine 
orthostatic loading and hence the degree of hydration. Other 
personal physiological parameters and environmental param 
eters and base lines can be used to further increase accuracy of 
the process. 
0019. One example algorithm for computing the risk of 
dehydration is described below in conjunction with FIGS. 1 
and 2. The person under test may wear the BioHarness or 
other collection device(s) to continually (or regularly) moni 
tor the person’s heart rate, posture and other physiological 
data. The person's movement need not be instructed (e.g., 
movement of the person may simply comprise the movement 
as he or she performs normal activities) and processing of the 
data to determine the risk of dehydration may be performed 
when the sequence of the person’s postures satisfies certain 
parameters. As discussed above, data of the person's posture, 
activity (whether stationary or not), and heart rate is continu 
ally monitored and stored. When the person's posture and 
activity level satisfy a triggering envelope (FIG. 2), the stored 
heart rate data is processed to determine the risk of dehydra 
tion. More specifically: 
0020) 1. First, the system detects that the person has been 
in a stationary sitting or lying down position for at least a first 
predetermined time period, followed by a transition to a sta 
tionary standing position. As discussed, the heart rate is moni 
tored and a variable (HRlo) is set to the peak or average heart 
rate during the stationary sitting or lying down period. Typi 
cally, the first time period will be between one and twenty 
minutes and may be a configuration set by the operator. 
0021 2. Next, the system determines whether the transi 
tion from stationary sitting or lying down to stationary stand 
ing occurred within a second predetermined time period. If 
the transition does not occur within the second predetermined 
time period, the process returns to detect sitting or lying down 
for a first predetermined time period. Typically, the (maxi 
mum) second time period is between fifteen and thirty sec 
onds. 

0022. 3. If the system determines that the transition from 
sitting or lying down to standing occurred within the second 
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predetermined time period, the system determines whether 
the person was standing for a third predetermined time 
period. If not the process restarts. Typically, the third time 
period is between one and twenty minutes. 
0023 4. If the system determines that the person is sta 
tionary standing for the third predetermined time period, a 
second variable (HRhi) is set to the average measured heart 
rate during third time period. 
0024 5. Next, the system calculates the change in heart 
rate between standing and lying down (or sitting) as delta 
heart rate computed as HRhi minus HRlo (or HRhi-HRlo). 
0025 6. Next the system computes the dehydration risk 
based on the change in heart rate and delta baseline heart rate 
according to the following equation: 

(HRhi-HRio 
Delta HR baseline 

Equation A 
Dehydration risk = K: 

0026 Dehydration risk is the chance of dehydration (e.g., 
in percent). A dehydration risk equal to 100% indicates that 
there is a 100% risk of dehydration to a point greater than a 
predetermined percentage (e.g., 3-5%) of the person's body 
weight. For example a person with no acclimatization and a 
history of heat related illness for the risk may be 100% and an 
acclimatized, fully hydrated person with no heat related 
injury history may be 0.3 (or 30%). The “predetermined 
percentage of the person’s body weight' for which the risk is 
assessed can be varied by the Software application by adjust 
ing the value of K to allow the person to be alerted at his or her 
(customized) desired risk of dehydration level. For example, 
one person may wish to know of (or be alerted to) a predeter 
mined risk (e.g., 80% chance) of being dehydrated to 5% of 
their body weight and use a first value of K is used and if that 
person wishes to know (or be alerted to) a predetermined risk 
(e.g., 80%) of being dehydrated to 3% of their body weight, a 
second value of K would be used. 

0027 Delta heart rate is an increase in heart rate by a given 
number (typically 20 beats per minute or bpm) between the 
lying down and standing positions. 
0028 Kis a coefficient that is changed perperson based on 
fitness level, age, weight, gender, environment, and/or his 
tory. A medically trained person with training may change or 
select this number. Alternately, the system may receive inputs 
of various parameters (e.g., the person’s age, weight, gender, 
fitness level, ambient temperature, etc.) and automatically 
compute K. 
0029 Delta HR baseline is the normal heart rate change 
for that person in a hydrated state, i.e. less than 0.5% of the 
person’s body weight. This number is first calculated based 
on fitness, age, gender, and/or weight. A baseline test with 
correct hydration level can be performed for further accuracy. 
Alternately, the value may be based on crowdsourced data for 
persons of that group (age, weight, fitness level, level of 
exercise per week, etc.). 
0030 Data is automatically collected in the collection 
device that includes activity (via an accelerometer which 
measures movement in three axes), posture and heart rate. 
When an acceptable activity and posture envelope is detected 
(as illustrated by processes 110, 120, and 130 of FIG. 1), this 
example embodiment of the present invention computes the 
delta heart rate (HRhi-HRlo) at 140 and then the dehydration 
risk at 150 in accordance with Equation A above. 
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0031. In some instances, the above computed delta heart 
rate may be used to determine a person’s risk of dehydration 
and/or to improve or confirm the accuracy of Equation A. 
More specifically, if a person's delta heart rate is above a 
predetermined threshold (or simply the higher the heart rate) 
the person’s risk of dehydration can be assessed provided any 
increase in heart rate is not due to panic, Sweating, exercise, 
and/or another factor. To confirm that exercise is not influ 
encing the person's heart rate, the heart rate may be measured 
only after the person is standing stationary for a predeter 
mined time period or after the person’s heart ratestabilizes for 
a time period (e.g., and no activity is detected). Peripheral 
temperature and peripheral skin sensors may be used to mea 
Sure the effects of the sympathetic nervous system (e.g., to 
ensure the person is not panicked). Similarly, the person’s 
core temperature and whether he is Sweating may also be 
measured (via appropriate chest sensors) to determine 
whether the person is hot (or overheated) or if they are expe 
riencing vessel dilation—all of which could cause the heart 
rate to increase and therefore potentially skew any heart rate 
analysis. In Summary, considering a person's age, fitness, 
weight, and/or other factors, a person’s risk of dehydration 
may be determined based on the above computed delta heart 
rate (HRhi-HRlo) (which may be multiplied by one or more 
Scaling factors) provided that other factors that might increase 
a person's heart rate are determined to not be influencing the 
person’s heart rate. Thus, a person’s standing (or in some 
instances, sitting or lying down) heart rate may also be used to 
assess their risk of dehydration after factoring in a person’s 
age, fitness, weight, and/or other factors, and provided that 
other factors that might increase a person's heart rate are 
determined to not be influencing the person's heart rate. 
0032 Algorithms of the present invention can be used 
while a person is carrying out random events (or exercises) or 
is performing requested (known) behavior. 
0033. If the dehydration risk is above a predetermined 
threshold, a notification (an alert) may be transmitted (e.g., 
wirelessly) to medical personnel and an audible alarm may be 
Sounded to alert the patient. 
0034. The present invention may be embodied, at least in 
part, as a computer system (one or more co-located or distrib 
uted computers) or cluster executing one or more computer 
programs stored on a tangible medium. The algorithm may be 
executed (and computer system located) locally to (e.g., 
attached to or carried by the user) or remotely from the user. 
The algorithm may be executed on a computer system that 
also includes other functions such a telephone or other device 
(e.g., an IPhone R, IPadR, or Blackberry(R), which may have 
processing and communications capabilities. As discussed, 
the algorithm may also be stored and executed on the collec 
tion device. 

0035. While the example embodiment described above 
determines the risk for dehydration, other embodiments 
instead (or additionally) may be used to determine other 
parameters such as a person’s fitness level, the risk of heat 
stress, and/or other parameters. 
0036. Thus, one embodiment of the present invention 
comprises a method of determining a probability of dehydra 
tion of a person, which comprises receiving data of a heart 
rate of the person; receiving data of a posture of the person; 
determining that a first posture of the person satisfies first 
posture criteria for a first predetermined time period; deter 
mining a first heart rate for the person during the first prede 
termined time period; determining that a second posture of 
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the person satisfies second posture criteria for a second pre 
determined period subsequent to the first posture of the per 
son satisfying first posture criteria for the first predetermined 
time period; determining a second heart rate for the person 
during the second predetermined time period; determining a 
change in heart rate as the difference between the second 
heart rate and the first average heart rate; determining a first 
probability of dehydration based, at least in part, on the 
change in heart rate; and outputting the first probability of 
dehydration. The method may further include determining 
that an activity level of the person is below a threshold level 
during said second predetermined time period and/or deter 
mining a second probability of dehydration, at least in part, by 
comparing the second heart rate with a predetermined thresh 
old. Determining a first probability of dehydration may com 
prise dividing the change in heart rate by a baseline change in 
heart rate. The first posture criteria may comprise sitting or 
lying down and the second posture criteria may comprise 
standing (e.g., with an activity level below a threshold and/or 
Substantially stationary). Further, the method may comprise 
determining that the person transitions from the first posture 
to the second posture within a third predetermined time 
period. Finally, the method may further comprise determin 
ing that the change in heart rate is above a predetermined 
threshold and that the increase inheart rate is not due to panic, 
Sweating, exercise, and/or other factors of the person. 
0037. In another embodiment, the present invention com 
prises a method of determining a probability of dehydration 
of a person, that comprises receiving data of a heart rate of the 
person over a time period; receiving data of a posture of the 
person over the time period; storing in a memory data of the 
heart rate of the person over the time period; storing in a 
memory data of the posture of the person over the time period; 
determining that the posture of the person during the time 
period satisfies a similarity threshold with a posture envelope 
that includes a first posture and a second posture; determining 
a first heart rate for the person while in the first posture: 
determining a second heart rate for the person while in the 
second posture; determining a change in heart rate as a dif 
ference between the second heart rate and the first heart rate; 
determining a first probability of dehydration based, at least 
in part, on the change in heart rate; and outputting the first 
probability of dehydration. The method may further comprise 
determining a second probability of dehydration by compar 
ing the second heart rate with a predetermined threshold; 
determining that an activity level of the person is below a 
threshold level while the person maintains the second pos 
ture; and/or determining that the person transitions from the 
first posture to the second posture within a predetermined 
time period. Determining a first probability of dehydration 
may comprise dividing the change in heart rate by a baseline 
change in heart rate. The first posture may comprise one of 
sitting or lying down; and the second posture may comprise 
Standing. 
0038. Further, another embodiment of the present inven 
tion comprises a computer program product stored in a non 
transitory computer readable medium and executable by a 
computer system to determine a probability of dehydration of 
a person, that comprises a code segment to determine that 
data of a first posture of the person satisfies first posture 
criteria for a first predetermined time period; a code segment 
to determine a first heart rate for the person during the first 
predetermined time period; a code segment to determine that 
a second posture of the person satisfies second posture criteria 
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for a second predetermined period Subsequent to the first 
posture of the person satisfying the first posture criteria for the 
first predetermined time period; a code segment to determine 
a second heart rate for the person during the second predeter 
mined time period; a code segment to determine a change in 
heart rate a difference between the second heart rate and the 
first heart rate; a code segment to determine a first probability 
of dehydration based, at least in part, on the change in heart 
rate; and a code segment to output the first probability of 
dehydration. Determining a first probability of dehydration 
may comprise dividing the change in heart rate by a baseline 
change in heart rate. The first posture may comprise one of 
sitting or lying down; and the second posture criteria may 
comprise standing. The embodiment may further comprise a 
code segment to determine that an activity level of the person 
is below a threshold level during said second predetermined 
time period and/or a code segment to determine that the 
person transitions from the first posture to the second posture 
within a third predetermined time period. 
0039 Thus, still another embodiment of the present inven 
tion comprises a method of determining a probability of 
dehydration of a person, that comprises monitoring the heart 
rate, activity and posture of the person; determining that the 
person has been in a first posture for a first predetermined time 
period wherein the first posture is selected from the group of 
sitting and lying down; determining a first average (or peak) 
heart rate for the person while in the first posture; determining 
that the person transitions from the first posture to standing 
within a second predetermined time period; determining that 
the person remains standing stationary for a third predeter 
mined time period; determining a second average heart rate 
(or peak) for the person while in the second posture; calcu 
lating a change in heart rate as the second average (or peak) 
heart rate minus the first average (or peak) heart rate; deter 
mining a first probability of dehydration by, at least in part, 
dividing the change in heart rate by a baseline change inheart 
rate; determining a second probability of dehydration by 
comparing the stationary standing heart rate of the person 
with a predetermine threshold; outputting the probability of 
dehydration; and providing a notification if the first or second 
probability of dehydration is above a predetermined thresh 
old. 

0040 Thus, yet another embodiment of the present inven 
tion comprises a method of determining a probability of 
dehydration of a person, that comprises monitoring the heart 
rate, activity and posture of the person over a time period; 
storing data of the heart rate, activity and posture of the person 
over the time period; determining a first average (or peak) 
heart rate for the person while in the first posture; determining 
that the activity and posture of the person for the time period 
satisfies a triggering envelope; determining a second average 
heart rate (or peak) for the person while in the second posture; 
calculating a change in heart rate as the second average (or 
peak) heart rate minus the first average (or peak) heart rate; 
determining a first probability of dehydration by, at least in 
part, dividing the change in heart rate by a baseline change in 
heart rate; determining a second probability of dehydration 
by comparing the stationary standing heart rate of the person 
with a predetermined threshold; outputting the probability of 
dehydration; and providing a notification if the first or second 
probability of dehydration is above a predetermined thresh 
old. 

0041. It is to be understood that the foregoing illustrative 
embodiments have been provided merely for the purpose of 
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explanation and are in no way to be construed as limiting of 
the invention. Words used herein are words of description and 
illustration, rather than words of limitation. In addition, the 
advantages and objectives described herein may not be real 
ized by each and every embodiment practicing the present 
invention. Further, although the invention has been described 
herein with reference to particular structure, materials and/or 
embodiments, the invention is not intended to be limited to 
the particulars disclosed herein. Rather, the invention extends 
to all functionally equivalent structures, methods and uses, 
Such as are within the scope of the appended claims. Those 
skilled in the art, having the benefit of the teachings of this 
specification, may affect numerous modifications thereto and 
changes may be made without departing from the Scope and 
spirit of the invention. 

1. A method of determining a probability of dehydration of 
a person, comprising: 

receiving data of a heart rate of the person over a time 
period from a first sensor, 

receiving data of a posture of the person over the time 
period from a second sensor; 

storing in a memory data of the heart rate of the person over 
the time period; 

storing in the memory data of the posture of the person over 
the time period; 

determining, via a processor, that the posture of the person 
during the time period satisfies a similarity threshold 
with a posture envelope, wherein the posture envelope 
comprises a first posture and a second posture; 

determining, via the processor, a first heart rate for the 
person while in the first posture; 

determining, via the processor, a second heart rate for the 
person while in the second posture; 

determining, via the processor, a change in heart rate as a 
difference between the second heart rate and the first 
heart rate; 

determining, via the processor, a first probability of dehy 
dration based, at least in part, on the change in heart rate; 
and 

outputting the first probability of dehydration. 
2. The method according to claim 1, wherein said deter 

mining the first probability of dehydration comprises divid 
ing the change in heart rate by a baseline change in heart rate. 

3. The method according to claim 1, further comprising 
determining a second probability of dehydration by compar 
ing the second heart rate with a predetermined threshold. 

4. The method according to claim 1, wherein said first 
posture comprises sitting. 

5. The method according to claim 1, wherein said first 
posture comprises one of sitting or lying down, and wherein 
said second posture comprises standing. 

6. The method according to claim 1, further comprising 
determining that an activity level of the person is below a 
threshold level while the person maintains the second pos 
ture. 

7. The method according to claim 1, further comprising 
determining that the person transitions from the first posture 
to the second posture within a predetermined time period. 

8. The method according to claim 1, further comprising: 
determining a second probability of dehydration by com 

paring the second heart rate with a predetermined 
threshold; and 

outputting a signal configured to alert the person of the 
probability of dehydration when the second probability 
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of dehydration exceeds a dehydration risk threshold and 
when the second heart rate is below the predetermined 
threshold. 

9. The method according to claim8, wherein the outputted 
signal comprises any of an alert transmitted to a remote moni 
tor, a locally broadcasted audible alarm, or a combination 
thereof. 

10. The method according to claim 8, further comprising: 
determining the dehydration risk threshold based at least in 

part on a desired risk of dehydration level input by the 
person. 

11. The method according to claim 1, wherein the first heart 
rate and the second heart rate comprise an average first heart 
rate and an average second heart rate, respectively, over the 
time period. 

12. The method according to claim 1, further comprising: 
comparing the first probability of dehydration with a dehy 

dration risk threshold; and 
outputting a signal configured to alert the person of the first 

probability of dehydration based at least in part on the 
comparing. 

13. The method according to claim 1, wherein said deter 
mining the first probability of dehydration comprises: 

determining a baseline change in heart rate based at least in 
part on at least one of an age, a weight, agender, a fitness 
level, an ambient temperature associated with the per 
son, or a combination thereof, and 

dividing the change in heart rate by the baseline change in 
heart rate. 

14. The method according to claim 13, further comprising: 
determining the baseline change in heart rate based on 
crowd sourced data. 

15. The method according to claim 1, further comprising: 
determining, using data received from at least a third sensor 

coupled with the body of the person, that the person is 
experiencing panic or is perspiring, or determining an 
activity level of the person during the time period; and 

preventing a signal configured to alert the person of the first 
probability of dehydration from being output when the 
person is experiencing panic or is perspiring. 
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16. The method according to claim 15, further comprising: 
preventing the signal from being output when the activity 

level of the person is elevated above the activity thresh 
old due to exercise. 

17. The method according to claim 1, wherein determining 
the second heart rate for the person comprises: 

determining the second heart rate for the person only after 
the person has maintained the second posture for a pre 
determined time period. 

18. A system for determining a probability of dehydration 
of a person, comprising: 

a first sensor configured to receive data of a heart rate of the 
person over a time period; 

a second sensor configured to receive data of a posture of 
the person over the time period; 

a memory configured to store data of the heart rate of the 
person over the time period, and further configured to 
store the data of the posture of the person over the time 
period; and 

a processor configured to: 
determine that the posture of the person during the time 

period satisfies a similarity threshold with a posture 
envelope, wherein the posture envelope comprises a 
first posture and a second posture; 

determine a first heart rate for the person while in the first 
posture; 

determine a second heart rate for the person while in the 
second posture; 

determine a change in heart rate as a difference between 
the second heart rate and the first heart rate; and 

output the first probability of dehydration. 
19. The system according to claim 18, the processor being 

further configured to: 
divide the change in heart rate by a baseline change in heart 

rate; and 
determine the first probability of dehydration based at least 

in part on the dividing. 
20. The system according to claim 18, the processor being 

further configured to: 
compare the second heart rate with a predetermined thresh 

old; and 
determine a second probability of dehydration based at 

least in part on the comparing. 
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