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(57) ABSTRACT 

Medication management and reporting technology, in which 
output from at least one sensor configured to sense physical 
activity in a building in which medication of a patient is 
located is monitored and a determination is made to capture 
one or more images of the medication based on the monitor 
ing. A camera is used to capture an image of the medication 
and the captured image is analyzed to detect a state of the 
medication. Information regarding a schedule by which the 
medication should be taken by the patient is accessed and an 
expected state of the medication is determined. The detected 
state is compared with the expected State and a determination 
is made that the patient has departed from the schedule based 
on the comparison revealing that the detected State does not 
match the expected State. A message indicating the departure 
from the schedule is sent based on the determination. 
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MEDCATION MANAGEMENT AND 
REPORTING TECHNOLOGY 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application claims the benefit of U.S. 
Provisional Application No. 61/471.355, filed Apr. 4, 2011, 
which is incorporated herein by reference in its entirety for all 
purposes. 

TECHNICAL FIELD 

0002 This disclosure relates to medication management 
and reporting technology. 

BACKGROUND 

0003 Medication compliance, the adherence to clinically 
prescribed instructions of medication dosage and timing, is 
important for health and wellness. A host of factors can affect 
medication compliance, including but not limited to: confu 
Sion, forgetfulness, physical limitations, real or perceived 
side-effects, and medication availability (e.g., due to lack of 
refills). A decrease in compliance can have serious conse 
quences for an individual. Such as onset or exacerbation of 
illness and possible death. In the senescent population, for 
whom physical and mental disability are the most prevalent, 
resultant poor medication compliance can hasten the need for 
managed care—an undesirable outcome for independent liv 
ing. Therefore, effective medication management and report 
ing is useful for both those receiving care and those giving 
CaC. 

0004 Care recipients and caregivers are often separated 
by distance or by time (e.g., because of incompatible sched 
ules). Despite the best intentions of the most diligent caregiv 
ers, it is often difficult to remind and manage medication 
routines in person, at all times throughout the day. Moreover, 
Such diligent oversight can be perceived as burdensome or 
obtrusive to those receiving care. Thus, many caregivers lack 
complete awareness about the medication routines of those 
they care for, and consequently, are unable to provide neces 
sary assistance when compliance issues arise. 

SUMMARY 

0005 Techniques are described for medication manage 
ment and reporting technology. In one aspect, a method 
includes monitoring output from at least one sensor config 
ured to sense physical activity in a building in which medi 
cation of a patient is located and, based on the monitoring of 
output from the at least one sensor, determining to collect 
additional information regarding the medication. The addi 
tional information is different than output from the at least 
one sensor. The method also includes collecting the addi 
tional information regarding the medication based on the 
determination to collect the additional information regarding 
the medication and analyzing the additional information col 
lected to detect a state of the medicationata time of collecting 
the additional information. The method further includes 
accessing information regarding a schedule by which the 
medication should be taken by the patient and, based on the 
accessed information regarding the schedule, determining an 
expected state of the medication at the time of collecting the 
additional information that complies with the schedule by 
which the medication should be taken by the patient. In addi 
tion, the method includes comparing the detected State of the 
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medication with the expected state of the medication that 
complies with the schedule and, based on the comparison 
revealing that the detected state of the medication does not 
match the expected State of the medication, determining that 
the patient has departed from the schedule. Based on the 
determination that the patient has departed from the schedule, 
a processing device handles the departure from the schedule. 
0006 Implementations may include one or more of the 
following features. For example, the method may include 
monitoring output of a motion sensor configured to detect 
motion in a room in which the medication is located, detect 
ing motion in the room in which the medication is located 
based on the output of the motion sensor, and determining to 
collect additional information regarding the medication 
based on the detection of motion in the room in which the 
medication is located. The method also may include deter 
mining, based on the comparison of the detected State of the 
medication with the expected State of the medication, a 
degree of the departure from the schedule, determining a 
destination for a message indicating the departure from the 
schedule based on the determined degree of departure, and 
sending the message indicating the departure from the sched 
ule to the determined destination. 
0007. In some implementations, the method may include 
determining to capture one or more images of the medication 
and capturing, with a camera positioned to include the medi 
cation within a field of view of the camera, an image of the 
medication. In these implementations, the method may 
include analyzing the captured image of the medication to 
detect a state of the medication at a time of capturing the 
image and determining an expected State of the medication at 
the time of capturing the image that complies with the sched 
ule by which the medication should be taken by the patient. 
0008. The medication may be contained in a divided tray 
and the method may include analyzing the captured image of 
the medication to detect positions of the medication within 
the divided tray. The method also may include determining, 
based on the accessed information regarding the schedule, 
proper positions for the medication within the divided tray at 
the time of capturing the image that comply with the schedule 
by which the medication should be taken by the patient and 
comparing the detected positions of the medication within the 
divided tray with the proper positions for the medication 
within the divided tray. The method further may include 
determining that the detected positions of the medication 
within the divided tray do not match the proper positions for 
the medication within the divided tray based on the compari 
son of the detected positions of the medication within the 
divided tray with the proper positions for the medication 
within the divided tray and determining that the patient has 
departed from the schedule based on the determination that 
the detected positions of the medication within the divided 
tray do not match the proper positions for the medication 
within the divided tray. 
0009. In some examples, the medication is contained in 
one or more standard medication bottles and the method may 
include analyzing the captured image of the medication to 
identify the one or more standard medication bottles and 
detect positions within the captured image of the one or more 
standard medication bottles. In these examples, the method 
may include determining, based on the accessed information 
regarding the schedule, a proper medication bottle of the one 
or more standard medication bottles with which the patient 
should interact at the time the image is captured and compar 
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ing the detected positions within the captured image of the 
one or more standard medication bottles with the proper 
medication bottle with which the patient should interact at the 
time the image is captured. Further, in these examples, the 
method may include determining that the detected positions 
within the captured image of the one or more standard medi 
cation bottles suggest that the patient failed to interact with 
the proper medication bottle based on the comparison of the 
detected positions within the captured image of the one or 
more standard medication bottles with the proper medication 
bottle with which the patient should interact at the time the 
image is captured and determining that the patient has 
departed from the schedule based on the determination that 
the detected positions within the captured image of the one or 
more standard medication bottles suggest that the patient 
failed to interact with the proper medication bottle. 
0010. In some implementations, the method may include 
determining to request the patient to provide additional infor 
mation regarding consumption of the medication using a user 
interface device of the patient, requesting the additional infor 
mation from the patient, and determining the additional infor 
mation regarding consumption of the medication based on 
any response received from the user interface device of the 
patient. In these implementations, the method may include 
analyzing the determined additional information regarding 
consumption of the medication to detect a state of the medi 
cation at a time of requesting the additional information from 
the patient and determining an expected State of the medica 
tion at the time of requesting the additional information from 
the patient that complies with the schedule by which the 
medication should be taken by the patient. 
0011. In some examples, the method may include moni 
toring activity of the patient, comparing the monitored activ 
ity of the patient with a routine of taking medication associ 
ated with the patient, determining an expectation that the 
patient will take the medicationata next appropriate time that 
complies with the schedule based on the comparison of the 
monitored activity of the patient with the routine of taking 
medication associated with the patient, and providing a 
reminder to take the medication at the next appropriate time 
that complies with the schedule based on determining that the 
patient is expected to miss taking the medication at the next 
appropriate time that complies with the schedule. In these 
examples, the method may include withholding the reminder 
to take the medication at the next appropriate time and con 
tinuing to monitor the activity of the patient based on deter 
mining that the patient is expected to take the medication at 
the next appropriate time that complies with the schedule. 
0012. Also, the method may include determining past 
medication consumption history related to the patient's tak 
ing of medication in accordance with the schedule by which 
the medication should be taken by the patient and comparing 
the monitored activity of the patient with the past medication 
consumption history and the schedule by which the medica 
tion should be taken by the patient. Further, the method may 
include monitoring a location of a mobile device used by the 
patient, monitoring output of at least one motion sensor of a 
monitoring system that monitors the building in which medi 
cation of the patient is located, and monitoring output of at 
least one contact sensor of the monitoring system that moni 
tors the building in which medication of the patient is located. 
0013. In addition, the method may include providing a 
reminder to the patient that includes one or more user inter 
face controls that enable the patient to indicate a time by 
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which the patient expects to take the medication and receiv 
ing, based on user input provided by the patient using the one 
or more user interface controls, an indication of a time by 
which the patient expects to take the medication. The time by 
which the patient expects to take the medication may be after 
the next appropriate time that complies with the schedule. 
The method also may include determining that the time by 
which the patient expects to take the medication is within an 
acceptable range from the next appropriate time that complies 
with the schedule and, based on the determination that the 
time by which the patient expects to take the medication is 
within the acceptable range from the next appropriate time 
that complies with the schedule, adjusting the schedule based 
on the indication of the time by which the patient expects to 
take the medication. The method further may include han 
dling verification of consumption of the medication and alert 
ing related to consumption of the medication based on the 
adjusted schedule. 
0014. In some examples, the method may include moni 
toring, over time, activity of the patient during a period of 
time in which the patient is scheduled to take the medication, 
determining past activity of the patient, and analyzing the 
monitored activity of the patient during the period of time in 
which the patient is scheduled to take the medication with 
respect to the past activity of the patient. In these examples, 
the method may include determining whether an issue exists 
related to the patient's taking of the medication based on the 
analysis of the monitored activity of the patient during the 
period of time in which the patient is scheduled to take the 
medication with respect to the past activity of the patient and 
providing an alert based on a determination that an issue 
exists related to the patient's taking of the medication. 
0015. In some implementations, the method may include 
monitoring, over time, activity of the patient during a period 
of time in which the patient is scheduled to take the medica 
tion, determining expected activity of the patient during the 
period of time in which the patient is scheduled to take the 
medication, and analyzing the monitored activity of the 
patient during the period of time in which the patient is 
scheduled to take the medication with respect to the expected 
activity of the patient during the period of time in which the 
patient is scheduled to take the medication. In these imple 
mentations, the method may include determining whether an 
issue exists related to the patient's taking of the medication 
based on the analysis of the monitored activity of the patient 
during the period of time in which the patient is scheduled to 
take the medication with respect to the expected activity of the 
patient during the period of time in which the patient is 
scheduled to take the medication and providing an alert based 
on a determination that an issue exists related to the patient's 
taking of the medication. 
0016. The method may include monitoring, over time, 
activity of the patient during a period of time in which the 
patient is scheduled to take the medication, determining past 
activity of the patient, determining expected activity of the 
patient during the period of time in which the patient is 
scheduled to take the medication, and analyzing the moni 
tored activity of the patient during the period of time in which 
the patient is scheduled to take the medication with respect to 
the past activity of the patient and the expected activity of the 
patient during the period of time in which the patient is 
scheduled to take the medication. The method also may 
include determining whether an issue exists related to the 
patient's taking of the medication based on the analysis of the 
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monitored activity of the patient during the period of time in 
which the patient is scheduled to take the medication with 
respect to the past activity of the patient and the expected 
activity of the patient during the period of time in which the 
patient is scheduled to take the medication and providing an 
alert based on a determination that an issue exists related to 
the patient's taking of the medication. The method further 
may include determining whether the analysis indicates that 
the patient is not taking the medication, determining whether 
the analysis indicates that the medication is not working as 
expected, and determining whether the analysis indicates that 
the medication is causing the patient to Suffer one or more 
side effects. In addition, the method may include providing an 
alert that indicates that the patient is not taking the medication 
based on a determination that the analysis indicates that the 
patient is not taking the medication, providing an alert that 
indicates that the medication is not working as expected based 
on a determination that the analysis indicates that the medi 
cation is not working as expected, and providing an alert that 
indicates that the medication is causing the patient to Suffer 
one or more side effects based on a determination that the 
analysis indicates that the medication is causing the patient to 
suffer one or more side effects. 

0017. In addition, the method may include determining 
past medication consumption history related to the patient's 
taking of medication in accordance with the schedule by 
which the medication should be taken by the patient and 
handling the departure from the schedule based on the past 
medication consumption history related to the patient's tak 
ing of medication in accordance with the schedule. The 
method also may include determining activity of the patient 
and at least one caregiver after determining the departure 
from the schedule and handling the departure from the sched 
ule based on the activity of the patient and at least one car 
egiver after determining the departure from the schedule. 
0018. In some implementations, the method may include 
determining whether activity exists within the building in 
which the medication of the patient is located after determin 
ing the departure from the schedule. In these implementa 
tions, the method may include, based on a determination that 
activity does not exist within the building in which the medi 
cation of the patient is located, providing a remote alert to a 
remote device that is located outside of the building. Also, in 
these implementations, the method may include, based on a 
determination that activity exists within the building in which 
the medication of the patient is located, providing a local alert 
within the building and monitoring for a confirmation in 
response to the local alert. The confirmation may indicate that 
the departure from the schedule is being handled. Further, in 
these implementations, the method may include, based on 
monitoring for the confirmation, determining that the confir 
mation has not been received within a threshold amount of 
time after providing the local alert and escalating the local 
alert to the remote alert to the remote device that is located 
outside of the building based on the determination that the 
confirmation has not been received within the threshold 
amount of time after providing the local alert. 
0019. In some examples, the method may include deter 
mining, based on the comparison of the detected State of the 
medication with the expected State of the medication, a 
degree of the departure from the schedule and determining 
past medication consumption history related to the patient's 
taking of medication in accordance with the schedule by 
which the medication should be taken by the patient. In these 
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examples, the method may include determining activity of the 
patient and at least one caregiver after determining the depar 
ture from the schedule and handling the departure from the 
schedule based on the determined degree of the departure 
from the schedule, the past medication consumption history 
related to the patient's taking of medication in accordance 
with the schedule, and the activity of the patient and at least 
one caregiver after determining the departure from the sched 
ule. 
0020 Implementations of the described techniques may 
include hardware, a method or process implemented at least 
partially in hardware, or a computer-readable storage 
medium encoded with executable instructions that, when 
executed by a processor, perform operations. 
0021. The details of one or more implementations are set 
forth in the accompanying drawings and the description 
below. Other features will be apparent from the description 
and drawings, and from the claims. 

DESCRIPTION OF DRAWINGS 

0022 FIGS. 1A to 1D are diagrams of an example imple 
mentation. 
(0023 FIGS. 2 to 5 and 10 illustrate example systems. 
(0024 FIGS. 6, 7, 9, 11, and 13 are flow charts illustrating 
example processes. 
0025 FIG. 8 illustrates an example reminder interface. 
0026 FIG. 12 illustrates example alert interfaces. 
0027 FIG. 14 illustrates an example data structure used in 
providing alerts. 

DETAILED DESCRIPTION 

0028 Techniques are described for addressing the afore 
mentioned medication management and reporting chal 
lenges. FIGS. 1A to 1D illustrate an example implementation 
of medication management and reporting. As shown in FIG. 
1A, a home 10 of a person 20 is monitored by a monitoring 
system (e.g., a home security system). The monitoring system 
includes a control panel 30 that controls operations of the 
monitoring system and provides an interface for a user to 
provide input to the monitoring system or receive output from 
the monitoring system. The control panel 30 is connected to a 
contact sensor 40 that detects whether an exterior door of the 
home 10 is oriented in an open position or a closed position. 
The connection between the control panel 30 and the contact 
sensor 40 may be a wired connection or a wireless connec 
tion. The control panel 30 receives output from the contact 
sensor 40 and determines whether the exterior door is ori 
ented in an open position or a closed position based on the 
received output from the contact sensor 40. 
0029. The control panel 30 also is connected to a motion 
sensor 50 that detects motion in a room of the home 10 in 
which a camera 60 and a medication tray 70 are located. The 
motion sensor 50 detects motion proximate to the camera 60 
and the medication tray 70 and provides output to the control 
panel 30 based on detected motion. The connection between 
the control panel 30 and the motion sensor 50 may be a wired 
connection or a wireless connection. The control panel 30 
receives output from the motion sensor 50 and determines 
whetheran object (e.g., a person) is moving in an area near the 
medication tray 70 based on the received output from the 
motion sensor 50. 

0030. The control panel 30 further is connected to the 
camera 60. The camera 60 is positioned to have the medica 

Abbott Ex. 1010 - 21/39



US 2012/03 13785 A1 

tion tray 70 within its field of view and the camera 60 captures 
images of the medication tray 70. The control panel 30 pro 
vides commands to control the camera 60 to capture images 
of the medication tray 70 and the control panel 30 receives 
output from the camera 60. The output received by the control 
panel 30 may be the images captured by the camera 60 and the 
control panel 30 may process the captured images to deter 
mine a state of the medication in the medication tray 70. 
Alternatively, the camera 60 may process the captured images 
to determine a state of the medication in the medication tray 
70 and provide output to the control panel 30 that indicates the 
state of the medication in the medication tray 70. The con 
nection between the control panel 30 and the camera 60 may 
be a wired connection or a wireless connection. 

0031. In the example shown in FIG. 1A, the person 20 has 
opened the exterior door to leave the home 10. The contact 
sensor 40 senses the exterior door changing to the open posi 
tion and provides output to the control panel 30 indicating that 
the exterior door is oriented in the open position. The control 
panel 30 receives the output from the contact sensor 40 and 
determines that the exterior door has been opened. Because 
opening of the exterior door Suggests that the person 20 is 
leaving the home 10, the control panel 30 initiates a process to 
check the state of the medication for the person 20 based on 
the determination that the exterior door has been opened. In 
this regard, the control panel 30 sends a command to the 
camera 60 to capture an image 80 of the medication in the 
medication tray 70 and also accesses, from a schedule that 
defines when the medication should be taken by the patient, 
information defining a proper state of the medicationata time 
of capturing the image and any medication events that are 
scheduled to occur in the relatively near future. 
0032 For instance, the control panel 30 determines that, at 
the time of capturing the image, the medication tray 70 should 
be filled with Medication One and Medication Two, deter 
mines that the next medication event for Medication One is in 
twelve minutes, and determines that the next medication 
event for Medication Two is in four hours. The control panel 
30 analyzes the image 80 captured by the camera 60 and 
determines that the state of the medication tray 70 is filled 
with Medication One and Medication Two at the time of 
capturing the image. The control panel 30 compares the deter 
mined state of the medication to the proper state of the medi 
cation defined by the schedule and, based on the comparison, 
determines that the determined state of the medication 
matches the proper state. Thus, the control panel 30 deter 
mines that a missed medication event has not occurred and 
does not provide an alert for a missed medication event. 
0033. The control panel 30 also analyzes the scheduled 
medication events in relation to the sensor data that initiated 
the process to check the state of the medication for the person 
20 (i.e., the output from the contact sensor 40). In this 
example, the control panel 30 compares the timing of the next 
scheduled medication events to a threshold that is set for 
determining whether or not to remind the person 20 of the 
next scheduled medication events. The threshold may be set 
based on user input, may be pre-set by a manufacturer or 
installer of the control panel 30, or may be set based on 
monitored activity of the person 20 over time. For instance, 
the control panel may analyze past output from the contact 
sensor 40 and determine that the person 20 leaves the home 10 
for an average of one hour when the person 20 exits the home 
through the exterior door. Based on the determination that the 
person 20 leaves the home 10 for an average of one hour when 
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the person 20 exits the home through the exterior door, the 
control panel 30 sets the threshold at one hour because it is 
relatively unlikely that the person 20 will complete a medi 
cation event that is scheduled for less than an hour after the 
person 20 exits the home through the exterior door and it is 
relatively likely that the person 20 will complete a medication 
event that is scheduled for more than an hour after the person 
20 exits the home through the exterior door. Accordingly, the 
control panel 30 compares the time remaining until the next 
medication event for Medication One to the threshold of one 
hour and also compares the time remaining until the next 
medication event for Medication Two to the threshold of one 
hour. In this example, the control panel 30 determines that the 
time remaining until the next medication event for Medica 
tion One (i.e., twelve minutes) is less than the threshold and 
the control panel 30 determines that the time remaining until 
the next medication event for Medication Two (i.e., four 
hours) is more than the threshold. 
0034 Based on the determination that the time remaining 
until the next medication event for Medication Two (i.e., four 
hours) is more than the threshold, the control panel 30 deter 
mines to withhold a reminder for the next medication event 
for Medication Two. However, based on the determination 
that the time remaining until the next medication event for 
Medication One (i.e., twelve minutes) is less than the thresh 
old, the control panel 30 provides a reminder for the next 
medication event for Medication One. As shown, the control 
panel 30 uses a speaker to provide an audible alert that 
reminds the person 20 that Medication One is due to be taken 
in twelve minutes and remains in the medication tray 70. 
Because the processing performed by the control panel 30 is 
relatively quick, the control panel 30 provides the alert prior 
to or just as the person 20 is exiting the home 10 through the 
exterior door. By providing an alert in this manner, the control 
panel 20 assists the person 20 in managing his or her medi 
cation because the person 20 is able to decide whether the 
person 20 should take Medication One with him or her as he 
or she leaves the home 10, take Medication One early since 
the next event is soon, or plan to return to the home 10 in 
twelve minutes to complete the next medication event. 
0035. As shown in FIG. 1B, the person 20 decides to take 
Medication One with him or her as he or she leaves the home 
10 and enters the room in which the medication is located. 
Based on the person 20 entering the room in which the medi 
cation is located, the motion sensor 50 detects motion 50 near 
the medication tray 70 and sends output to the control panel 
30 indicating that motion has been detected near the medica 
tion tray 70. In response to the output indicating that motion 
has been detected near the medication tray 70, the control 
panel 30 sends a command to the camera 60 to begin captur 
ing images of the medication in the medication tray 70. To 
save battery power and cost, in Some implementations, the 
camera 60 does not continuously capture images of the medi 
cation tray 70. Instead, the camera 60 waits for signals from 
the control panel 30 to capture images of the medication tray 
70. The control panel 30 uses the output from sensors in the 
monitoring system (e.g., the contact sensor 40 and the motion 
sensor 50) and the schedule that defines when the person 20 
should take medication to intelligently determine when 
images of the medication tray 70 should be taken. As shown 
in FIG. 1B, the person 20 has not reached the medication tray 
70 and the control panel 30 analyzes the image 80 captured by 
the camera 60 and determines that the state of the medication 
tray 70 has not changed. 
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0036. As shown in FIG. 1C, the person 20 arrives at the 
medication tray 70 and incorrectly takes Medication Two 
from the medication tray 70. During this time, the motion 
sensor 50 has continued to provide output indicating detected 
motion and the camera 60 has continued to capture images of 
the medication tray 70. The control panel 30 analyzes the 
image 80 captured by the camera 60 and determines that the 
state of the medication tray 70 has changed. Specifically, the 
control panel 30 determines that the state of the medication 
tray 70 is filled with Medication One and unfilled with Medi 
cation Two. The control panel 30 compares the determined 
state of the medication to the proper state of the medication 
(e.g., unfilled with Medication One and filled with Medica 
tion Two) defined by the schedule and, based on the compari 
son, determines that the determined state of the medication 
does not match the proper state. Thus, the control panel 30 
determines that the person 20 has removed the incorrect 
medication from the medication tray 70 and provides an alert 
related to the removal of the incorrect medication. As shown, 
the control panel 30 uses a speaker to provide an audible alert 
that alerts the person 20 that the incorrect medication was 
removed from the medication tray 70. Because the next medi 
cation event for Medication One as defined by the schedule 
has not passed and the person 20 may have been removing the 
medication to consume at a later time after the person 20 has 
exited the home 10, the control panel 30 provides the audible 
alert in an attempt to alert the person 20 to the error and have 
the person 20 correct the error without having to involve a 
remote caregiver (or any other party). As the control panel 30 
provides the audible alert, the control panel 30 continues to 
monitor the State of the medication and output from the con 
tact sensor 40 to determine whether the person 20 corrects the 
error or exits the home 10 without correcting the error. 
0037. As shown in FIG. 1D, the person 20 has opened the 
exterior door and exited the home 10 without correcting the 
error. The control panel 30 detects that the person 20 opened 
the exterior door based on output from the contact sensor 40 
and also confirms that the state of the medication in the 
medication tray 70 remains incorrect based on output from 
the camera 60. Based on the control panel 30 detecting that 
the person 20 opened the exterior door and confirming that the 
state of the medication in the medication tray 70 remains 
incorrect, the control panel 30 sends an alert to a remote 
device that is located outside of the home 10. The control 
panel 30 may send the alert to an intermediary monitoring 
server that processes the alert and, potentially, relays the alert 
to other devices. The control panel 30 also may send the alert 
to a central monitoring station that dispatches emergency 
services to assist with alarm situations or a remote device 
operated by a caregiver of the person 20 that is located outside 
of the home (e.g., at a nursing station or center). The control 
panel 30 further may send the alert to a mobile device oper 
ated by the person 20 or a mobile device operated by a family 
member of the person 20. The one or more alerts may indicate 
that the person 20 removed Medication Two at a time that 
does not accord with the person's medication schedule and 
that the person 20 has not removed Medication One in accor 
dance with the person's medication schedule. The one or 
more alerts may assist the person 20 in correcting the medi 
cation error or assist the person 20 in getting help needed to 
address the medication error. 

0038 FIG. 2 illustrates an image sensing device 110 that 
may be installed within a monitored home or facility. The 
image sensing device 110 combines multi-modal sensing 
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(e.g., passive infrared motion sensor, triaxial inertial sensor, 
illumination sensor, etc.), an infrared illumination source, 
camera, processor, memory, battery, and input/output capa 
bilities. The image sensing device 110 detects events indica 
tive of mediation consumption (e.g., medication taken, medi 
cation missed, correct medication taken, incorrect medication 
taken, etc.). 
0039. The image sensing device 110 includes a processor 
111, a memory 112, a camera 113, an illumination source 
114, a motion sensor 115, an illumination sensor 116, a bat 
tery 117, and an input/output port 118. The processor 111 
controls operations of the image sensing device 110 and may 
be any suitable processor. The memory 112 stores instruc 
tions that are executed by the processor 111 and also stores 
images captured by the camera 113. The memory 112 may be 
any type of memory that is capable storing data and may 
include a combination of multiple memory units. For 
example, the memory 112 may be a Flash memory compo 
nent that stores both instructions that are executed by the 
processor and images captured by the camera 113. 
0040. The camera 113 captures images of an area proxi 
mate to where the image sensing device is located. For 
instance, the camera 113 may be placed at an upper corner of 
a room in a building and, in this instance, the camera 113 
captures images of the room. The camera 113 also may be 
placed near medication pill bottles and capture images of 
movement near the bottles. The camera 113 may be a video/ 
photographic camera or other type of optical sensing device 
configured to capture images. In some implementations, the 
camera 113 is a CMOS camera sensor (or a CCD sensor or 
any other type of imaging device) that captures images at 
various, different resolutions (e.g., low and/or high resolu 
tions). For instance, the CMOS camera sensor may capture up 
to 640x480 pixels (e.g., VGA resolution). The camera 113 
also may capture a lower resolution image (e.g., Quarter 
VGA=QVGA 320x240 pixels). 
0041. The illumination source 114 may be any source of 
illumination that improves capturing of images in a dark area. 
For example, the illumination source 114 may include one or 
more infrared LEDs that emit infrared light over an area 
within a field of view of the camera 113 to illuminate objects 
within the area. The processor 111 may control the illumina 
tion source 114 to emit light when the illumination sensor 116 
detects a level of light that is below a threshold level. 
0042. The motion sensor 115 may be passive infrared 
(PIR) motion sensor, a microwave motion sensor, or any type 
of sensor that detects motion in an area corresponding to a 
field of view of the camera 113. The processor 111 may 
monitor output of the motion sensor 115 and trigger the 
camera 113 to capture images in response to the motion 
sensor 115 detecting motion in the area corresponding to the 
field of view of the camera 113. 

0043. The battery 117 is the power source of the image 
sensing device 110 and may be any type of battery capable of 
delivering power to the image sensing device 110. The battery 
117 may have a relatively small size and may be a standard 
type of battery available for purchase at retail stores. The 
battery 117 may be located in a compartment that is easily 
accessible to a user of the image sensing device 110 to facili 
tate changing of the battery 117, which may occur relatively 
frequently (e.g., every couple of months) depending on the 
power consumption and image capture settings of the image 
sensing device 110. 
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0044) The input/output port 118 is a communication inter 
face through which the camera unit may send and receive 
wireless communications. The input/output port 118 may, 
using a short range wireless protocol (e.g., Bluetooth, 
Z-Wave, ZigBee, local wireless 900 MHZ communication 
band, etc.), receive and send short range wireless communi 
cations with other devices. The input/output port 118 may 
include a “normally open' or “normally closed digital input 
that can trigger capture of images using the camera 113. 
0045. To reduce processing power needed and to conserve 
battery life, the processor 111 may control components of the 
image sensing device 110 to periodically enter sleep mode 
operation. For example, the processor 111 may awaken every 
second to determine whether any communications have been 
received at the input/output port 118. If no communications 
have been received, the processor 111 may place itself and 
other components (e.g., the memory 112, the camera 113, 
etc.) in a sleep mode for another second before awaking again 
to determine whether any communications have been 
received at the input/output port 118. The processor 111 also 
may awaken from a sleep mode state based on output from the 
motion sensor 115 indicating that motion has been detected. 
0046 FIG.3 illustrates an example of an electronic system 
300 configured to provide medication management and 
reporting. The system 300 includes the image sensing device 
110, a gateway 120, one or more remote monitoring servers 
130, one or more user devices 140, and a central monitoring 
station 150. The image sensing device 110 is a relatively small 
and affordable unit that captures still images of an area that 
corresponds to a location of the camera unit. Because the 
image sensing device 110 is relatively small, runs off of 
battery power, and communicates via a wireless communica 
tion protocol, the image sensing device 110 may be easily 
placed at any location within a monitored property (or just 
outside of a monitored property) to provide image Surveil 
lance of an area of the monitored property (or an area just 
outside of the monitored property). 
0047. The gateway 120 is a communication device con 
figured to exchange short range wireless communications 
with the image sensing device 110 and long range wireless or 
wired communications with the remote monitoring server 
130 over the network 135. Because the gateway 120 
exchanges short range wireless communications with the 
image sensing device 110, the gateway 120 is positioned 
nearby the image sensing device 110. As shown in FIG.3, the 
gateway 120 and the image sensing device 110 are both 
located within a monitored property that is remote (and may 
be very far away from) the remote monitoring server 130. 
0048. In some examples, the gateway 120 may include a 
wireless communication device configured to exchange long 
range communications over a wireless data channel. In this 
example, the gateway 120 may transmit header data and 
image data over a wireless data channel. The gateway 120 
may include one or more of a GSM module, a radio modem, 
cellular transmission module, or any type of module config 
ured to exchange communications in one of the following 
formats: GSM or GPRS, CDMA, EDGE or EGPRS, EV-DO 
or EVDO, or UMTS. 
0049. The gateway 120 includes a buffer memory 122 that 
stores image data captured by the image sensing device 110. 
The buffer memory 122 may temporarily store image data 
captured by the image sensing device 110 to delay a decision 
of whether the image data (or a Subset of the image data) is 
worthwhile to send to the remote monitoring server 130. The 
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buffer memory 122 may be larger than the memory 112 of the 
image sensing device 110 and, because the gateway 120 oper 
ates using an AC power source, using the buffer memory 122 
to store images captured by the image sensing device 110 may 
be more efficient. The gateway 120 also may include a display 
with which the stored images may be displayed to a user. 
0050. The long range wireless network 135 enables wire 
less communication between the gateway 120 and the remote 
monitoring server 130. The long range wireless network 135 
may be any type of cellular network and may support any one 
or more of the following protocols: GSM or GPRS, CDMA, 
EDGE or EGPRS, EV-DO or EVDO, or UMTS. It may be 
relatively expensive to transmit data over the long range wire 
less network 135 and, therefore, the image sensing device 110 
and the gateway 120 may be selective in the image data 
transmitted to the remote monitoring server 130. 
0051. The remote monitoring server 130 receives image 
data from the gateway 120 over the long range wireless net 
work 135. The remote monitoring server 130 stores the 
received image data and makes the image data available to 
one or more user devices 140 and/or the central monitoring 
station 150 over the IP-based network 145. For instance, the 
remote monitoring server 130 may make the image data avail 
able to the one or more user devices 140 and/or the central 
monitoring station 150 at a website accessible by the one or 
more user devices 140 and/or the central monitoring station 
150 over the Internet. The remote monitoring server 130 also 
may make the image data available to the one or more user 
devices 140 and/or the central monitoring station 150 in an 
electronic message. Such as an electronic mail message. 
0052. In some implementations, the remote monitoring 
server 130 receives the image data from the gateway 120 as a 
reference image and a series of differential images that indi 
cate the difference between the corresponding image and the 
reference image. In these implementations, header informa 
tion sent with the image data indicates which images are 
reference images, which images are differential images, and 
which reference image each differential image corresponds 
to. The remote monitoring server 130 processes the reference 
image and the differential images and converts each image 
into a standard image format, such as JPEG. The remote 
monitoring server 130 then stores the converted images in a 
database or a file system and makes the converted images 
available to the one or more user devices 140 and/or the 
central monitoring station 150. 
0053. The central monitoring station 150 includes an elec 
tronic device (e.g., a server) configured to provide alarm 
monitoring service by exchanging communications with the 
remote monitoring server 130 over the network 145. For 
example, the central monitoring station 150 may be config 
ured to monitor alarm events generated by a monitoring or 
alarm system that monitors the home or facility where the 
image sensing device 110 is located. In this example, the 
central monitoring station 150 may exchange communica 
tions with the remote monitoring server 130 to receive infor 
mation regarding alarm events detected by the monitoring or 
alarm system. The central monitoring station 150 also may 
receive information regarding alarm events from the one or 
more user devices 140. The central monitoring station 150 
may receive images captured by the image sensing device 110 
to enable verification of potential alarm events associated 
with the proper use of medication. 
0054 The central monitoring station 150 may be con 
nected to multiple terminals. The terminals may be used by 
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operators to process alarm events. For example, the central 
monitoring station 150 may route alarm data to the terminals 
to enable an operator to process the alarm data. The terminals 
may include general-purpose computers (e.g., desktop per 
Sonal computers, workstations, or laptop computers) that are 
configured to receive alarm data from a server in the central 
monitoring station 150 and render a display of information 
based on the alarm data. For example, the central monitoring 
station 150 may receive alarm data and route the alarm data to 
a terminal for processing by an operator associated with the 
terminal. The terminal may render a display to the operator 
that includes information associated with the alarm event 
(e.g., the name of the user of the alarm system, the address of 
the building the alarm system is monitoring, the type of alarm 
event, images of medication events taken of the image sensing 
device 110, etc.) and the operator may handle the alarm event 
based on the displayed information. 
0055. The one or more user devices 140 include devices 
that host user interfaces. For instance, the user devices 140 
may include a mobile device that hosts one or more native 
applications (e.g., the medication monitoring and reporting 
application). The user devices 140 may include a cellular 
phone or a non-cellular locally networked device with a dis 
play. The user devices 140 may include a smartphone, a tablet 
PC, a personal digital assistant (PDA), or any other portable 
device configured to communicate over a network and convey 
information. For example, implementations may also include 
Blackberry-type devices (e.g., as provided by Research in 
Motion), electronic organizers, iPhone-type devices (e.g., as 
provided by Apple), iPod devices (e.g., as provided by Apple) 
or other portable music players, other communication 
devices, and handheld orportable electronic devices for gam 
ing, communications, and/or data organization. The user 
devices 140 may perform functions unrelated to the monitor 
ing system, such as placing personal telephone calls, playing 
music, playing video, displaying pictures, browsing the Inter 
net, maintaining an electronic calendar, etc. 
0056. The user devices 140 may include a native medica 
tion monitoring and reporting application. The native medi 
cation monitoring and reporting application refers to a soft 
ware/firmware program running on the corresponding mobile 
device that enables the user interface and features described 
throughout. The user devices 140 may load or install the 
native medication monitoring and reporting application 
based on data received over a network or data received from 
local media. The native medication monitoring and reporting 
application runs on mobile devices platforms, such as iPhone, 
iPod touch, Blackberry, Google Android, Windows Mobile, 
etc. The native medication monitoring and reporting applica 
tion enables the user devices 140 to receive and process image 
and sensor data from the monitoring system. 
0057 The user devices 140 also may include a general 
purpose computer (e.g., a desktop personal computer, a work 
station, or a laptop computer) that is configured to commu 
nicate with the remote monitoring server 130 over the 
network 145. The user devices 140 may be configured to 
display a medication monitoring and reporting user interface 
that is generated by the user devices 140 or generated by the 
remote monitoring server 130. For example, the user devices 
140 may be configured to display a user interface (e.g., a web 
page) provided by the remote monitoring server 130 that 
enables a user to perceive images captured by the image 
sensing device 110 and/or reports related to the monitoring 
system. 
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0058. The system 300 further includes one or more medi 
cation containers 126 and one or more trigger sources 128. 
The medication containers 126 may be pill bottles or other 
containers or structures that are capable of storing medication 
for use by a patient. The medication containers 126 may be 
marked in an identifiable manner so that the system 300 can 
identify a particular medication container and distinguish 
between the different medication containers 126 used by a 
patient. For instance, the medication containers 126 may be 
different colors where a type of medication is associated with 
a color and the system 300 can determine which medicine is 
being taken by detecting the color of the medication container 
being used. The medication containers 126 also may have 
other identifying marks (e.g., bar codes) or the medication 
containers 126 may include other types of identification 
devices. Such as radio-frequency identification (RFID) tags. 
0059. The trigger sources 128 may include devices or 
methods that detect medication events. For example, the trig 
ger sources 128 may include contact or pressure sensors on 
which the medication containers 126 are placed when not in 
use. In this example, when a user picks up a medication 
container to take medication, one of the trigger sources 128 
detects the medication event based on output from the contact 
or pressure sensor. The system 300 then triggers the image 
sensor 110 to capture images of the medication event for use 
in ensuring the proper medication is taken and the proper 
amount of medication is taken (e.g., not too little medication 
and not too much medication). The system 300 also may use 
output of the trigger sources 128 to identify which medication 
is being taken. In some implementations, the trigger sources 
128 may include RFID detectors that detect RFID tags placed 
on the medication containers 126. 

0060. In some implementations, the image sensing device 
110 and the gateway 120 may be part of a home or facility 
monitoring system (e.g., a home security system). In these 
implementations, the home or facility monitoring system 
may sense many types of events or activities associated with 
the home or facility and the sensed events or activities may be 
leveraged in performing medication monitoring and report 
ing features. The home or facility monitoring system may 
include a controller that communicates with the gateway 120. 
The controller may be configured to control the home or 
facility monitoring system (e.g., a home alarm or security 
system). In some examples, the controller may include a 
processor or other control circuitry configured to execute 
instructions of a program that controls operation of an alarm 
system. In these examples, the controller may be configured 
to receive input from sensors, detectors, or other devices 
included in the home or facility monitoring system and con 
trol operations of devices included in the home or facility 
monitoring system or other household devices (e.g., a ther 
mostat, an appliance, lights, etc.). 
0061 The home or facility monitoring system also 
includes one or more sensors or detectors. For example, the 
home or facility monitoring system may include multiple 
sensors, including a contact sensor, a motion sensor or any 
other type of sensor included in an alarm system, security 
system, or monitoring system. The sensors also may include 
an environmental sensor, such as a temperature sensor, a 
water sensor, a rain sensor, a wind sensor, a light sensor, a 
Smoke detector, a carbon monoxide detector, an air quality 
sensor, etc. The sensors further may include a health moni 
toring sensor, such as a prescription bottle sensor that moni 
tors taking of prescriptions, a blood pressure sensor, a blood 
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Sugar sensor, a bed mat configured to sense presence of liquid 
(e.g., bodily fluids) on the bed mat, bathroom usage sensors, 
food consumption sensors, etc. In some examples, the sensors 
may include a radio-frequency identification (RFID) sensor 
that identifies a particular article that includes a pre-assigned 
RFID tag. 
0062. In addition, the system 300 may perform proactive 
care recipient guidance, reminders, and refills. To help 
encourage correct consumption and management of medica 
tions, several features are provided to assist those taking 
medications. For example, users can receive notifications 
preemptively reminding them to take medications prior to 
their scheduled times. Additionally, illumination, audio, or 
other user alerting devices within the installed home or facil 
ity can be employed to notify users to take a specific medica 
tion (e.g., reminder) or to alert them to one of various issues 
(e.g., medication bottle vacant, improper medication 
removal, medication bottle needing refill, etc.). All notifica 
tion mechanisms (e.g., IVR, SMS, email, etc.) are possible 
user alerting devices. Also, information assessed from the 
analysis of medication reporting data can be used to remind 
users to refill medications or to signal third-parties (e.g., 
pharmacies, home care agents, caregivers, etc.) of the need for 
refills or to initiate refills. Contextual data can also be com 
bined with other sensed data to make health or wellness 
assessments based on perceived compliance level and user 
activity. 
0063. In some examples, the system 300 may analyze data 
captured by other sensors (e.g., sensors of a home monitoring 
system) and determine how to report a medication event 
based on the analysis. In these examples, the system 300 may 
determine whether a property is occupied by one or more 
persons other than the medication recipient associated with a 
medication event and implement different reporting strate 
gies depending on whether the property is occupied. For 
instance, the system 300 may provide a local alertorreminder 
(e.g., audible alert in the property) for a missed or improper 
medication event when the system 300 determines that the 
property is presently occupied. The system 300 may escalate 
the local alert to a remote alert or reminder (e.g., a message to 
a remote monitoring service that dispatches emergency Ser 
vices) if the system 300 determines that no corrective action 
has been taken for a threshold period of time (e.g., the system 
300 does not detect a proper medication event or receive 
confirmation that the improper medication event is being 
handled for a threshold period of time). When the system 300 
determines that the property is not presently occupied, the 
system 300 may send the remote alert or reminder in the first 
instance. 

0064. Historical data regarding medication compliance 
may be used in reporting analysis. The historical data may 
include information describing compliance with past medi 
cation schedules and past occupancy/usage data for the prop 
erty. For example, the system 300 may determine that a first 
user adheres very strictly to a medication schedule based on 
compliance with past medication schedules and a second user 
does not adhere as strictly to a medication schedule, but 
typically complies with the medication schedule within per 
missible tolerances. In this example, the system 300 may send 
a heightened alert (e.g., a message to a remote monitoring 
service that dispatches emergency services) a short time after 
the system 300 detects that the first user misses a medication 
event, but may wait longer to send a heightened alert after the 
system 300 detects that the second user misses a medication 
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event to allow the second user more time within the permis 
sible tolerances. In another example, the system 300 may 
monitor past occupancy of the property and determine typical 
occupancy patterns for the property. In this example, the 
system 300 may use the typical occupancy patterns to infer 
whether the property is occupied at the time of a missed or 
improper medication and handle reporting for the missed or 
improper medication event based on the inference (e.g., as 
described above for examples in which occupancy of the 
property is detected directly). 
0065. In some implementations, the system 300 may 
assess how much medication was taken by a medication 
recipient and a type of the medication taken using techniques 
described throughout this disclosure. In one example, the 
system 300 may include a weight sensitive sensor that 
assesses how much medication has been removed (e.g., how 
many pills have been removed) during a medication event 
based on a weight difference between a container housing the 
medication before and after the medication event. In these 
implementations, the system 300 may take different actions 
based on how much medication was taken and/or what type of 
medication was taken. For instance, the system 300 may 
determine whether the amount of medication taken for the 
type of medication is a potentially lethal dosage or a non 
lethal dosage (e.g., by referencing a dosage table prepared by 
a medical professional that describes what constitutes a 
potentially lethal versus non-lethal dosage of a medication for 
a person with characteristics of the medication recipient). If 
the system 300 determines that a potentially lethal dosage has 
been taken, the system 300 may immediately send a message 
to a remote monitoring service that dispatches emergency 
services. If the system 300 determines that a non-lethal, but 
incorrect, dosage has been taken, the system 300 may send a 
message indicating the incorrect medication event to a car 
egiver of the medication recipient, but withhold sending a 
message to a remote monitoring service that dispatches emer 
gency services unless other events occur that warrant such a 
message. The system 300 may consider other medications the 
medication recipient is taking and past medication behavior 
of the medication recipient in determining whether a dosage 
is potentially lethal or non-lethal. For instance, the system 
300 may determine that the medication recipient has taken a 
potentially lethal dosage of medication when the medication 
recipient takes a combination of medications at an amount 
that would be non-lethal if taken individually, but potentially 
lethal if taken together. Also, the system 300 may determine 
that the medication recipient has taken a potentially lethal 
dosage of medication when the medication recipient has 
taken multiple non-lethal, but incorrect, dosages of a medi 
cation, but has done so in a time period that results in a 
potentially lethal total dosage of medication. 
0066. In some examples, the system 300 may monitor all 
activities of daily living that are captured by sensors at a 
property (e.g., bathroom activity, sleep activity, eating habits, 
speed of movement, general levelofactivity, etc.) and analyze 
the monitored activities in an attempt to identify side effects 
of medication. In these examples, the system 300 may com 
pare activity of a medication recipient before starting a new 
medication to activity of the medication recipient after start 
ing the new medication. When the comparison reveals a dif 
ference in activity, the system 300 may report a potential side 
effect to the new medication. 

0067 FIG. 4 illustrates example trigger sources. Any one 
or more of the example trigger sources shown in FIG. 4 may 
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be used as the trigger Source when the present description 
refers to use of a trigger source. A trigger source is a device 
capable of detecting the removal or use of a medication or 
medication container. Medications can remain in their origi 
nal packaging or be placed inside of another container within 
a sensed region. The trigger technology may be active (e.g., 
requiring contact with the user, medication, or medication 
container) or passive (e.g., not in direct contact with the user, 
medication, or medication container). Physical incarnations 
of active trigger sources 410 may include, but are not limited 
to, a sensing Surface 411 (activated by wireless communica 
tion, weight, reflected infrared, mechanical Switch, magnetic, 
etc.), a sensing enclosure 412 (activated by mechanical 
Switches, etc.), an attachment 413 to a sensing container 
(activated by wireless communication, movement, change in 
capacitance, mechanical Switch, etc.), or user interface device 
414 (activated by user input, near-field radio communication, 
wireless communication, etc.). The sensing Surface 411 may 
be capable of recognizing the type of medication taken (by 
wireless communication Such as near-field communication, 
radio-frequency identification, etc.) and the amount taken (by 
assessing change in weight of medication containers). Fur 
thermore, physical incarnations of active sensing triggers 410 
may be combined (e.g., pairing of sensing Surface 411 and 
sensing attachment 413). 
0068 Passive trigger sources 420 (e.g., motion sensors, 
door sensors, and imaging devices) can detect possible user 
actions near, but not in direct contact with medication 
devices. For example, a motion sensor 421 with a restricted 
field of view can detect movement near a medication con 
tainer 422. Also, a door sensor placed on a medication cabinet 
can detect possible medication removals. 
0069 FIG. 5 illustrates another example of an electronic 
system 500 configured to provide medication management 
and reporting. The system 500 includes one or more trigger 
sources 510, one or more passive sensors 520, one or more 
imaging sensors 530, one or more user interface devices 540, 
a gateway device 550, one or more remote servers 560, and a 
monitoring center 570. The one or more user interface devices 
540, the gateway device 550, the one or more remote servers 
560, and the monitoring center 570 may exchange commu 
nications over a communication network 580. 
0070. In addition to their use as passive trigger sources, 
passive sensors 520 may be employed to monitor medication 
related events or lack thereof. For example, passive sensors 
520 can monitor aspects of behavior related to medication 
consumption (e.g., general activity level, sleeping, eating, 
bathroom use, etc.). This behavior profiling can help to pro 
mote behaviors necessary for certain medications (e.g., eating 
before or after consuming medications) or to assess the 
effects of certain medications (e.g., sleeping, bathroom use, 
etc.). 
0071 Imaging sensors 530 (e.g., still frame or video) are 
capable of recognizing the type of medication taken (by ana 
lyzing native or added markings affixed to the medication 
container). Furthermore, imaging sensors 530 paired with 
identify recognition routines can be utilized to identify an 
individual associated with a taken medication. Imaging sen 
sors 530 may also have other modes of sensing (e.g., motion, 
acceleration, etc.) to trigger or augment native imaging and 
sensing capabilities. 
0072 A user interface device 540 can be used to commu 
nicate information to or gather information from a user about 
medications or medication-related activity (e.g., medications, 
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schedules, reminders, Verification, behavior profiling, or 
reporting). Possible physical incarnations of user interface 
devices 540 may include light or audio Sources, displays, 
push buttons, or mobile devices (e.g., mobile phones or 
mobile phone applications). A user interface device 540 may 
also act as a sensing device and relay data to the gateway 
device 550 or directly to remote servers 560 through the 
communication network 580. For example, the user interface 
device 540 may actively seek a response from a patient (e.g., 
via push button) to confirm medication adherence or pas 
sively monitor activity with built-in sensors. 
0073. A gateway device 550 can be used to relay informa 
tion between remote servers 560 (e.g., over a public or private 
communication network) and systems at the patient location. 
The gateway device 550 can also allow systems within a 
patient's location to communicate without involvement from 
remote servers 560. Certain incarnations of the system 500 
may not include a gateway device 550. Therefore, trigger 
sources 510, passive sensors 520, imaging sensors 530, or 
user interface devices 540 may be connected directly to the 
communication network 580. 
0074 Remote servers 560 may be employed to store, pro 
cess, and initiate actions based upon medication data col 
lected about each monitored user and location. Monitoring 
center agents can also annotate user records Stored on the 
remote Servers 560. 
0075. A monitoring center 570 may employ automated or 
human agents to observe user medication events and contact 
users or caregivers based on defined protocols, quantitative or 
qualitative assessments. Monitoring center agents can also 
annotate records stored on the remote server 560 about a 
patient. 
0076 FIG. 6 illustrates an example process 600 for medi 
cation monitoring and reporting. The operations of the 
example process 600 are described generally as being per 
formed by the system 300. The operations of the example 
process 600 may be performed by one of the components of 
the system 300 (e.g., the image sensing device 110, the gate 
way 120, the remote monitoring server 130, etc.) or may be 
performed by any combination of the components of the 
system 300. The operations of the example process 600 also 
may be performed by the system 500 or one or more compo 
nents of the system 500. In some implementations, operations 
of the example process 600 may be performed by one or more 
processors included in one or more electronic devices. 
0077. The process 600 for medication management 
includes scheduling (610), reminding (620), verifying (630), 
profiling (640), and reporting (650). Although multiple steps 
are illustrated as part of the overall process 600, some medi 
cation management implementations may only employ a Sub 
set of these steps. 
0078. The system 300 performs scheduling of one or more 
medication events (610). A medication event can be entered 
by a user (e.g., patient, formal caregiver, informal caregiver) 
into a user interface device or a website. The schedule can be 
stored on local devices and on remote servers. The schedule 
can also be downloaded from other prescription medication 
entities (e.g., pharmacies, prescription clearinghouse, elec 
tronic medical record, etc.). The user interface device can 
capture the schedule from visual inspection of the label (e.g., 
image processing from captured image) or wirelessly (e.g., 
radio-frequency identification or near-field communication 
tag on medication container). The user interface device can 
also derive information from other sensors (e.g., imaging 
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sensor) or trigger sources to ascertain the schedule. The user 
interface device can synchronize schedules with the patient 
stored records on the remote server via a gateway device 
connected to a communication network or straight to the 
communication network. Schedules on the remote servers 
can be accessed by a monitoring center or other trusted enti 
ties. 
0079. The system 300 performs reminding related to one 
or more medication events (620). From predefined schedules, 
patients can be prompted preemptively to remind them to take 
medications prior to their scheduled times. This prompting 
can be initiated at the remote servers or at the user interface 
device. The prompting can employ user interface output 
mechanisms (e.g., audio, illumination, display, etc.) or com 
municate directly to the user via automated telephone call, 
text message, push notification, or email. Reminders can also 
be generated when medication refills are needed based on 
information stored at the server or on a user interface device. 
Reminders can be paired with patient queries (e.g., question 
naire in mobile application) to determine medication usage in 
the absence of sensors or trigger sources. Reminders can be 
sent to patients or caregivers. 
0080 FIG. 7 illustrates an example process 700 for per 
forming reminding related to one or more medication events. 
The operations of the example process 700 are described 
generally as being performed by the system 300. The opera 
tions of the example process 700 may be performed by one of 
the components of the system 300 (e.g., the image sensing 
device 110, the gateway 120, the remote monitoring server 
130, etc.) or may be performed by any combination of the 
components of the system300. The operations of the example 
process 700 also may be performed by the system 500 or one 
or more components of the system 500. In some implemen 
tations, operations of the example process 700 may be per 
formed by one or more processors included in one or more 
electronic devices. 
I0081. The system 300 monitors activity of a patient (710). 
For example, the system 300 monitors activity of the patient 
within the patient's home. In this example, the system 300 
may monitor any of the sensors described throughout this 
disclosure to monitor the patient’s activity within the patient's 
home. The system 300 may consider any data collected by a 
monitoring system that monitors the patient's home with the 
data considered being any of the sensor data (e.g., contact 
sensor data, motion sensor data, image sensor data, etc.) 
described throughout this disclosure. 
0082 In addition, the system 300 monitors activity of the 
patient outside of the patient's home. For instance, the system 
300 may receive reports from a mobile device (e.g., mobile 
phone) of the patient that indicate a location of the mobile 
device determined using Global Positioning System (GPS) 
technology. The system 300 also may monitor activity of the 
patient outside of the patient's home using any other type of 
tracking device that is capable of tracking the patient's loca 
tion outside of the patient's home. 
0083. The system 300 compares the monitored activity of 
the patient to a routine of taking medication associated with 
the patient (720). For example, the system 300 compares the 
monitored activity of the patient to a schedule of medication 
events for the patient. In this example, the system 300 evalu 
ates the activity of the patient with respect to the next sched 
uled medication event for the patient to assess whether or not 
the activity of the patient suggests that the patient will be able 
to complete the next scheduled medication event. 
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I0084. The system 300 also may compare the monitored 
activity of the patient to past routine activity of the patient in 
completing scheduled medication events. For example, the 
system 300 may track the patient's activity over time in rela 
tion to the patient completing scheduled medication events. 
In this example, the system 300 may compare the monitored 
activity of the patient to a tracked routine of past activity of 
the patient when the patient has successfully completed medi 
cation events in the past. Based on the comparison of the 
monitored activity to the tracked routine of past activity for 
successful medication events, the system 300 determines 
whether the current monitored activity is consistent with the 
tracked routine of past activity for Successful medication 
events or inconsistent with the tracked routine of past activity 
for Successful medication events. 

I0085. Further, the system 300 may compare the monitored 
activity of the patient to a tracked routine of past activity of 
the patient when the patient has not successfully completed 
medication events in the past. Based on the comparison of the 
monitored activity to the tracked routine of past activity for 
unsuccessful medication events, the system 300 determines 
whether the current monitored activity is consistent with the 
tracked routine of past activity for unsuccessful medication 
events or inconsistent with the tracked routine of past activity 
for unsuccessful medication events. 

I0086. The system 300 determines an expectation that the 
patient will take medication at a next appropriate time based 
on the comparison (730). For instance, the system 300 evalu 
ates the comparison of the monitored activity of the patient to 
the schedule of medication events for the patient and, based 
on the evaluation, determines whether or not the patient 
appears to be in position to successfully complete the next 
scheduled medication event. When the evaluation reveals that 
the next scheduled medication event is in fifteen minutes, the 
medication is within the patient's home, and the patient is 
detected as moving around the patient's home, the system300 
determines that the patient is likely to successfully complete 
the next scheduled medication event. When the evaluation 
reveals that the next scheduled medication event is in fifteen 
minutes, the medication is within the patient's home, and the 
patient is detected as being outside of the patient's home more 
than twenty miles away, the system 300 determines that the 
patient is likely to miss the next scheduled medication event. 
The system 300 also may consider whether the patient is 
leaving the patient's home at a time that is relatively close to 
the next scheduled medication event and determine that the 
patient is likely to miss the next scheduled medication event 
based on the patient leaving the patient's home at a time that 
is relatively close to the next scheduled medication event 
when the medication remains in the patient's home. 
I0087. In addition, the system 300 may evaluate the com 
parison of the monitored activity of the patient to past routine 
activity of the patient in completing scheduled medication 
events and, based on the evaluation, determine whether or not 
the patient is likely to successfully complete the next sched 
uled medication event. For instance, the system 300 deter 
mines that the patient is likely to Successfully complete the 
next scheduled medication event based on the evaluation 
revealing that the current monitoredactivity is consistent with 
the tracked routine of past activity for Successful medication 
events. In contrast, the system 300 determines that the patient 
is likely to miss the next scheduled medication event based on 
the evaluation revealing that the current monitored activity is 
inconsistent with the tracked routine of past activity for Suc 
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cessful medication events. Moreover, the system 300 deter 
mines that the patient is likely to miss the next scheduled 
medication event based on the evaluation revealing that the 
current monitored activity is consistent with the tracked rou 
tine of past activity for unsuccessful medication events. 
0088. The system 300 withholds a reminder and continues 
monitoring activity of the patient based on a determination 
that the patient is expected to take medication at the next 
appropriate time (740). For instance, the system 300 deter 
mines not to provide a reminder to the patient or the patient's 
caregiver based on a determination that the patient is likely to 
Successfully complete the next scheduled medication event. 
By withholding the reminder, the system 300 does not burden 
the patient or the patient’s caregiver with reminders when the 
patient is expected to Successfully complete the next sched 
uled medication event. In this regard, the patient and the 
patient's caregiver are less likely to become annoyed with the 
system 300 and are more likely to take medication reminders 
provided by the system 300 seriously. The system 300 does 
continue monitoring the activity of the patient to determine 
whether the patient's activity changes and it becomes likely 
that the patient will miss the next scheduled medication event. 
If the system 300 determines that it becomes likely that the 
patient will miss the next scheduled medication event, the 
system 300 provides a reminder or alert as appropriate. 
I0089. The system 300 provides a reminder based on a 
determination that the patient is expected to miss taking medi 
cation at the next appropriate time (750). For example, the 
system 300 provides a reminder to the patient or the patient’s 
caregiver. In this example, the system 300 may determine 
whether the monitored activity Suggests that the patient or the 
patient's caregiver is within the patient's home with the medi 
cation in determining how to provide the reminder. When the 
system 300 determines that the monitored activity suggests 
that the patient or the patient's caregiver is within the patient’s 
home, the system 300 may first attempt an in home reminder 
using a speaker, display, or other output device that is part of 
the monitoring system in the patient's home. In this regard, 
the system 300 delays elevating the reminder to a remote 
caregiver or monitoring station because the patient or the 
patient's caregiver is located in the home and is likely to be in 
position to complete the medication event when reminded. 
When the system 300 determines that the monitored activity 
Suggests that the patient is outside of the patient's home, the 
system 300 provides a reminder to a remote device (e.g., 
mobile phone) of the patient and also may provide a reminder 
to a remote caregiver or monitoring station to alert the remote 
caregiver or monitoring station that the patient is unlikely 
going to be able to complete the next scheduled medication 
event. 

0090 FIG. 8 illustrates an example reminder interface 
800. The reminder interface 800 may be displayed by a device 
(e.g., a mobile device, a personal computer, etc.) operated by 
the patient. The reminder interface 800 provides an indication 
that the patient is scheduled to take two types of medication at 
2:00PM, which the reminderinterface 800 indicates is fifteen 
minutes from when the reminder was provided. The reminder 
interface 800 also asks the patient to confirm that the medi 
cation will be taken at the scheduled time and provides an 
input control 810 to which the patient may provide user input 
to confirm that the medication will be taken at the scheduled 
time. Based on the patient providing user input confirming 
that the medication will be taken at the scheduled time, the 
system 300 may withhold further reminders until the sched 
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uled time passes without the system 300 detecting completion 
of the medication event. In addition, the system 300 may 
delay alerting a remote caregiver or a monitoring station in the 
event of a missed medication event being detected based on 
the patient providing user input confirming that the medica 
tion will be taken at the scheduled time. For example, in 
response to detecting a missed medication event, the system 
300 may first provide another reminder to the patient because 
the patient appears to be engaged in completing the medica 
tion event. In this example, the system 300 may continue to 
monitor for completion of the medication event after provid 
ing the additional reminder to the patient and then alert a 
remote caregiver or a monitoring station based on detecting 
that the medication event has not been completed within a 
threshold period of time after providing the additional 
reminder. 

(0091. The reminder interface 800 also enables the patient 
to enter a time by which the patient will take medication when 
the patient is unable to take the medication by the scheduled 
time. For example, the reminder interface 800 includes an 
input area 820 in which the patient may enter the time by 
which the patient expects to be able to take the medication and 
an input control 830 that enables the patient to provide user 
input submitting the time entered in the input area 820. In this 
example, the patient may use the input area 820 and the input 
control 830 to entera time by which the patient expects to take 
the medication that is after the scheduled time (e.g., the next 
appropriate time that complies with the schedule). Based on 
the patient entering a time that is after the scheduled time, the 
system 300 determines whether the entered time is within an 
acceptable range of the scheduled time (e.g., a range of time 
in which the taking of the medication will be substantially as 
effective as if taken at the scheduled time). 
0092 Based on a determination that the entered time is 
outside of the acceptable range of the scheduled time, the 
system 300 provides an alert to the patient indicating that the 
entered time is not acceptable and that the patient needs to 
take the medication by a time that is within the acceptable 
range. The system 300 also may provide an alert to a remote 
caregiver or a monitoring station alerting that the patient 
provided user input indicating that the patient is unable to take 
the medication within the acceptable range. 
0093 Based on a determination that the entered time is 
within the acceptable range of the scheduled time, the system 
300 adjusts the schedule based on the entered time by which 
the patient expects to take the medication and handles Verifi 
cation of consumption of the medication and alerting related 
to consumption of the medication based on the adjusted 
schedule. For example, the system 300 resets the next sched 
uled time to the entered time by which the patient expects to 
take the medication and monitors whether the patient takes 
the medication by the reset time. In this example, the system 
300 discontinues monitoring of the originally scheduled time 
and does not provide alerts or reminders when the originally 
scheduled time passes. Rather, the system 300 only provide 
alerts or reminders based on the system 300 detecting the 
reset time passing without detecting completion of the medi 
cation event. 

0094. The reminder interface 800 further includes an indi 
cation that a failure to respond will result in an alert being sent 
to a caregiver. The system 300 monitors for a response to the 
reminder and sends an alert to a remote caregiver or a moni 
toring station based on detecting that the patient has failed to 
respond to the reminder within a threshold period of time. 
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0095 Referring again to FIG. 6, the system 300 performs 
verification related to one or more medication events (630). 
Verification of medication schedule can check whether the 
correct medication is taken at the correct time in the correct 
dosage by the intended patient. A medication event can be 
signaled by one or more trigger sources or user interface 
devices. An event can be detected proximal to the medication 
(s) by any of the aforementioned trigger Sources and sensors, 
or a patient can communicate their compliance via user inter 
face devices (e.g., push of abutton, etc.). The event or events 
withina window of time can be compared to a stored schedule 
at the remote servers or locally on a user interface device. If 
medication is taken at the incorrect time or no medication 
eventistriggered, the eventor non-event can be flagged by the 
user interface device or at the remote servers. Subsequent 
immediate feedback (e.g., to the user interface device, auto 
mated or monitored telephone call, email, text message, etc.) 
can be initiated to the patient or caregivers. 
0096. Imaging devices, user interface devices, sensors, or 
trigger sources may also be used to Verify the identity of the 
patient taking the medication passively (e.g. facial recogni 
tion at the device or remote server, etc.) or actively (e.g. 
biometric authentication, radio frequency identification or 
near field communication tags, etc.). 
0097 FIG. 9 illustrates an example process 900 for per 
forming verification related to one or more medication events. 
The operations of the example process 900 are described 
generally as being performed by the system 300. The opera 
tions of the example process 900 may be performed by one of 
the components of the system 300 (e.g., the image sensing 
device 110, the gateway 120, the remote monitoring server 
130, etc.) or may be performed by any combination of the 
components of the system300. The operations of the example 
process 900 also may be performed by the system 500 or one 
or more components of the system 500. In some implemen 
tations, operations of the example process 900 may be per 
formed by one or more processors included in one or more 
electronic devices. 
0098. In general, the process 900 produces a recorded 
history of medication consumption events for management 
and verification purposes. The process 900 also enables such 
events to be compared against known and pre-configured 
schedules or observed and profiled usage patterns so notifi 
cations can be generated for missed or improper medication 
times or consumption of improper medications. Features, 
which work in concert with the process 900, both guide and 
remind those taking medications through appropriate medi 
cation schedules to encourage overall medication adherence. 
Contextual information about the medication events can also 
be used to facilitate refills. 

0099 Medications are placed within close proximity to 
each other and to the image sensing device Such that they are 
within the field of view of the device's camera and within 
sensing range of the device's or other sensors. Medications 
may be placed in a tray 1010 (as shown in the depiction of an 
example device in FIG. 10) or remain in native or other 
packaging within the sensed region. Medications in packag 
ing can be distinguished on the basis of size, shape, color or 
other identifiable characteristics of the packaging, medica 
tion(s), or other added devices to promote differentiation. 
0100. The system 300 performs a triggered or scheduled 
image capture (910). For example, a medication event can be 
scheduled or signaled by one or more trigger Sources. These 
Sources include, but are not limited to: an optional medication 
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presence sensing device (e.g., contact, capacitive, inductive, 
magnetic, RFID, or other sensor) or any combination of the 
image device's sensors (e.g., the image itself, passive infrared 
motion sensor, inertial sensor, etc.). The sources may include 
other sensors in a home or facility monitoring system to 
trigger image capture of a potential medication event. When 
an event is detected proximal to the medication(s) (e.g., 
motion detected near sensor), the image sensing device cap 
tures an image. 
0101 Following the image capture, the system 300 per 
forms image processing and/or storage (920). The processing 
may be performed on the image sensing device, at the gate 
way, or on the remote monitoring servers to validate the 
accuracy of removed medications. For example, the image 
processing may be used to determine whether the exact medi 
cation(s) is removed from the correct locations in a medica 
tion dispensing tray. In this example, the system shown in 
FIG. 10 in both component and side view may be used. The 
system includes the image sensing device 110 and a medica 
tion dispensing tray 1010. As shown, the image sensing 
device 110 is oriented above the medication dispensing tray 
1010. A field of view of the image sensing device 110 covers 
the entire medication dispensing tray 1010 and is close 
enough to the medication dispensing tray 1010 to image 
medications in the medication dispensing tray 1010 at a Suf 
ficient detail. Images of the medication dispensing tray 1010 
may be analyzed to determine which, if any, medications 
(e.g., pills) from the medication dispensing tray 1010 have 
been removed and which, if any, medications (e.g., pills) 
remain in the medication dispensing tray1010. Images of the 
medication dispensing tray 1010 may be taken based on a 
triggering event (e.g., a motion sensor of the image sensing 
device 110 indicating motion near the medication dispensing 
tray 1010, a contact sensor of the medication dispensing tray 
1010 indicating medication has been removed, a contact sen 
sor of a security system located on a door leading to a room in 
which the medication dispensing tray1010 indicating that the 
door was been opened, etc.) or based on a timing schedule 
(e.g., image every four hours when the person is Supposed to 
take medication). 
0102. After image processing, the system 300 performs a 
comparison to scheduled or expected medication routines 
(930). The removed medication(s) may be compared to preset 
scheduled medication routines to determine whether the 
quantity and type of medication(s) removed is consistent with 
a prescribed routine. Schedules can be pre-configured and 
entered by users. Expected events can be determined by com 
paring observed medication events to profiled user behavior. 
0103 Based on comparison results, the system 300 per 
forms medication compliance reporting (940). For example, 
information about the medication removal event can be used 
to notify the individual taking the notification of improper 
medication removal (e.g., immediately). Also, if a scheduled 
event is not detected by any of the trigger sources within an 
acceptable and user-specified window of time, then a mes 
sage can be generated to inform user(s) that a scheduled 
medication has been missed. Furthermore, data and images of 
the event or lack thereof can be forwarded to the gateway 
device 120 in the home or onto the remote monitoring servers 
130 for storage or notification purposes. Users are able to 
retrieve historic data about medication consumption events 
stored in the system 300. From the remote monitoring servers 
130, data and images can be sent to user devices 140 or a 
central monitoring station 150. Verification of medication 
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events can be made by human inspection of images if desired. 
Medication management can be performed with or without 
image or other human-based verification mechanisms. 
0104 Referring again to FIG. 6, the system 300 performs 
profiling related to one or more medication events (640). 
Otherpassive sensors placed around the patient's location can 
be used to measure patient activity. Furthermore, user inter 
face devices can be used to administer questionnaires or col 
lect data from internal sensors (e.g., accelerometers, angular 
rate sensors, etc.). Data can be synthesized to derive aspects 
of behavior associated with fully compliant medication regi 
mens. For example, user behavior can be analyzed during 
medication events to monitor compliance with related pre 
requisite activities (e.g., eating before or after a medication is 
consumed). Patient activity can also be analyzed to observe 
behaviors related to certain medications or related health 
indicators. For example, measurement of sleep, eating, or 
general activity level could be forwarded to the patient or 
caregivers to assess effects of medications. Third party data 
Sources (e.g., pharmacy or clinician data) may be captured to 
augment existing data. 
0105 FIG. 11 illustrates an example process 1100 for 
performing profiling related to one or more medication 
events. The operations of the example process 1100 are 
described generally as being performed by the system 300. 
The operations of the example process 1100 may be per 
formed by one of the components of the system 300 (e.g., the 
image sensing device 110, the gateway 120, the remote moni 
toring server 130, etc.) or may be performed by any combi 
nation of the components of the system 300. The operations 
of the example process 1100 also may be performed by the 
system 500 or one or more components of the system 500. In 
Some implementations, operations of the example process 
1100 may be performed by one or more processors included 
in one or more electronic devices. 
0106 The system 300 monitors activity of a patient over 
time during a period of time the patient is scheduled to take 
medication (1110). For example, the system 300 monitors 
activity of the patient within the patient's home. In this 
example, the system 300 may monitor any of the sensors 
described throughout this disclosure to monitor the patient's 
activity within the patient's home. The system 300 may con 
sider any data collected by a monitoring system that monitors 
the patient's home with the data considered being any of the 
sensor data (e.g., contact sensor data, motion sensor data, 
image sensor data, bathroom usage data, medication con 
Sumption data, food consumption data, sleeping habits data, 
etc.) described throughout this disclosure. The system 300 
may monitor activity of the patient over a relatively long 
period of time during which the patient is scheduled to take 
the medication (e.g., over a number of days, weeks, months, 
or years). 
0107 The system 300 determines past activity of patient 
(1120). For instance, the system 300 determines past activity 
of the patient within the patient's home based on monitoring 
the patient's activity over time. In some examples, the past 
activity of the patient is activity of the patient that occurred 
before the patient began taking the medication. In these 
examples, the past activity of the patient serves as a baseline 
by which the monitored activity may be compared against. In 
addition, the past activity of the patient may be activity of the 
patient that occurred after the patient began taking the medi 
cation, but prior to the monitoredactivity. In this case, the past 
activity of the patient serves as a baseline of the patient's 
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activity while taking the medication and may be compared 
against the current monitored activity to determine whether 
the patient's activity has changed (e.g., because the patient 
has stopped taking the medication). 
0108. The system 300 determines expected activity of the 
patient during the period of time the patient is schedule to take 
medication (1130). For instance, the system 300 may access 
one or more behavior profiles that describe how the patient is 
expected to act during the period of time the patient is sched 
uled to take medication. The one or more behavior profiles 
may indicate that the patient should see a decrease in bath 
room visits when taking the medication or that the sleeping 
habits of the patient should stabilize when taking the medi 
cation. 
0109 The system 300 analyzes the monitored activity 
with respect to the past activity and the expected activity 
(1140). For instance, the system 300 compares the current 
monitored activity of the patient with the past activity of the 
patient to see if activity of the patient has changed. In addi 
tion, the system 300 may compare the current monitored 
activity of the patient with the expected activity to determine 
whether the current monitored activity of the patient matches 
the expected activity. When the expected activity relates to a 
change in the patient’s activity, the system 300 evaluates the 
change in the patient's activity that is expected with respect to 
a result of a comparison of the current monitored activity of 
the patient with the past activity of the patient. 
0110. The system 300 determines whether an issue exists 
related to the patient's taking of medication based on the 
analysis (1150). For example, the system 300 evaluates a 
comparison of the current monitored activity of the patient 
with the past activity of the patient and determines whether 
the activity of the patient has changed. In this example, the 
system 300 determines whether the patient’s activity is 
expected to change when taking the medication and, if so, 
how the patient's activity is expected to change. When the 
patient's activity is expected to change and the system 300 
determines that the patient's activity has not changed, the 
system 300 determines that the patient's medication is not 
working or that the patient is not taking the medication. When 
the system 300 determines that the patient’s activity has 
changed in a manner that is not expected, the system 300 may 
determine that the patient is suffering from one or more side 
effects of taking the medication. 
0111. In some examples, the system 300 evaluates a com 
parison of the current monitored activity of the patient with 
the expected activity of the patient and determines whether 
the current monitored activity of the patient matches the 
expected activity of the patient. In these examples, the system 
300 determines that the patient's medication is not working or 
that the patient is not taking the medication based on deter 
mining that the current monitored activity of the patient does 
not match the expected activity of the patient. When the 
system 300 determines that the current monitored activity of 
the patient matches the expected activity of the patient, the 
system 300 determines that the medication is working and 
monitors for other changes in activity that would suggest a 
potential side effect of the medication. 
0112 The system 300 provides an alert based on a deter 
mination that an issue exists related to the patient's taking of 
medication (1160). For example, the system 300 provides an 
alert to the patient's doctor, the patient's caregiver, or a remote 
monitoring station. In this example, the system 300 may 
provide an alert to a remote device (e.g., mobile phone) of the 
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patient's doctor, the patient's caregiver, or a remote monitor 
ing station to alert the patient's doctor, the patient's caregiver, 
or the remote monitoring station to the issue related to the 
patient's taking of the medication. 
0113 FIG. 12 illustrates example alert interfaces. For 
example, a first alert interface 1210 provides an alert that a 
patient's sleep habits indicate that the patient is not taking his 
or her anti-depressant medication. In this example, the system 
300 monitors sleep habits of a patient that takes anti-depres 
sant medication using a bed sensor (e.g., a bed mat) that 
senses movement (e.g., restlessness) of a person lying down 
in a bed. The system 300 also may monitor one or more 
motion or contact sensors that measure activity of the patient 
during hours in which the patient should be sleeping. Based 
on monitoring the sleep habits of the patient, the system 300 
determines that the patient is having trouble sleeping and that 
the sleep habits of the patient are erratic. Because sleep habits 
stabilize for patients when properly taking anti-depressant 
medication, the system 300 determines that the sleep habits 
for the patient indicate that the patient is not taking his or her 
anti-depressant medication. The system 300 sends the alert 
that causes display of the first alert interface 1210 based on 
the determination that the sleep habits for the patient indicate 
that the patient is not taking his or her anti-depressant medi 
cation. 

0114. The first alert interface 1210 provides several user 
input controls that help a recipient of the alert (e.g., a doctor, 
a caregiver, etc.) evaluate and handle the alert. For instance, 
the first alert interface 1210 includes a contact patient inter 
face control 1211 that allows the recipient of the alert to 
contact the patient in response to selecting the contact patient 
interface control 1211. The contact patient interface control 
1211 may initiate a telephone call to the patient, may initiate 
an email to the patient, may initiate an instant messaging 
session with the patient, or may initiate any other type of 
communication session with the patient that enables discus 
sion of the situation. 

0115 The first alert interface 1210 also includes a view 
records input control 1212 that enables a recipient of the alert 
(e.g., a doctor, a caregiver, etc.) to receive information regard 
ing the records of the patient. For instance, the recipient of the 
alert may select the view records input control 1212 and, 
based on the selection, the system 300 retrieves the medical 
records of the patient from a remote database and displays the 
retrieved medical records to the recipient of the alert. The 
recipient of the alert reviews the records of the patient and 
makes a determination of how to handle the alert. In some 
implementations, the system 300 may require the recipient of 
the alert to provide identification information (e.g., a user 
name and a password) that verifies that the recipient of the 
alert is authorized to view the medical records of the patient 
prior to allowing the recipient of the alert to view the medical 
records. 

0116. The first alert interface 1210 further includes an 
increase monitoring input control 1213 that enables a recipi 
ent of the alert (e.g., a doctor, a caregiver, etc.) to cause an 
increase in the monitoring procedures used to Verify whether 
the patient is properly taking his or her anti-depressant medi 
cation. Because the patient is expected to be failing to comply 
with his or her medication schedule, the recipient of the alert 
may determine that increased monitoring of the patient's 
medication schedule would be beneficial to confirm whether 
or not the patient is failing to comply with his or her medica 
tion schedule. For example, the increase monitoring input 
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control 1213 may cause the system 300 to increase automated 
monitoring for whether the patient is complying with the 
medication schedule. In this example, the system 300 may 
increase the frequency with which the system 300 takes 
images of the patient's medication to get a more accurate 
timing of when medication is being removed from the 
patient's medication tray or other container. 
0117. In addition, the system 300 may add additional 
monitoring procedures based on receiving user input select 
ing the increase monitoring input control 1213. For example, 
prior to receiving user input selecting the increase monitoring 
input control 1213, the system 300 may monitor images of the 
patient's medication, but may not be monitoring images of the 
patient taking the medication. In this example, in response to 
receiving user input selecting the increase monitoring input 
control 1213, the system 300 begins capturing images of the 
patient taking the medication and analyzes the captured 
images to Verify that the patient is actually taking the medi 
cation when it is removed from the medication tray or other 
container and to Verify that the person taking the medication 
is in fact the patient (e.g., using facial recognition or other 
biometric identification technology). 
0118. Further, the system 300 may require additional 
manual monitoring for whether the patient is complying with 
the medication schedule in response to receiving user input 
selecting the increase monitoring input control 1213. For 
instance, the system 300 may schedule in home monitoring 
visits by a caregiver at Scheduled medication times, so that the 
caregiver can verify that the patient is taking his or her medi 
cation at the scheduled medication times. The system 300 
also may begin requiring the patient to provide user input 
confirming that medication events have occurred. The system 
300 may use the required user input as an additional data point 
in Verifying medication compliance and sending reminders or 
alerts. 

0119 The second alert interface 1220 provides an alert 
that bathroom habits indicate that a medication that a patient 
is taking for a urinary tract infection is not working. For 
instance, the system 300 monitors bathroom habits of the 
patient using a toilet sensor that tracks usage of the toilet (e.g., 
a sensor that tracks when a toilet is flushed). The system 300 
also may monitor one or more motion or contact sensors that 
measure activity of the patient entering and/or leaving the 
bathroom. Based on monitoring the bathroom habits of the 
patient, the system 300 determines that the patient is fre 
quently using the bathroom at a rate that is higher than a past 
baseline established for the patient and consistent with a rate 
at which the patient was using the bathroom after contracting 
the urinary tract infection, but prior to starting the medication. 
Because bathroom usage decreases for patients when medi 
cation is properly combatting a urinary tract infection, the 
system 300 determines that the bathroom habits for the 
patient indicate that the medication that the patient is taking 
for the urinary tract infection is not working. The system 300 
sends the alert that causes display of the second alert interface 
1220 based on the determination that the medication that the 
patient is taking for the urinary tract infection is not working. 
0.120. The second alert interface 1220 provides several 
user input controls that help a recipient of the alert (e.g., a 
doctor, a caregiver, etc.) evaluate and handle the alert. For 
instance, the second alert interface 1220 includes a prescribe 
new medication input control 1221 that allows the recipient of 
the alert to prescribe a new medication for the patient. In 
response to receiving user input selecting the prescribe new 
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medication input control 1221, the system 300 displays an 
interface that allows the recipient of the alert to select a new 
medication and a dosage for the new medication. In response 
to receiving input selecting the new medication and the dos 
age for the new medication, the system 300 automatically 
sends a prescription for the new medication to a pharmacy 
registered for the patient and provides the patient or the 
patient's caregiver with a message indicating that the patient's 
doctor has prescribed a new medication for the patient, that 
the new medication is available at the pharmacy registered for 
the patient, and that use of the old medication should be 
discontinued. In some implementations, the system 300 may 
require the recipient of the alert to provide identification 
information (e.g., a user name and a password) that Verifies 
that the recipient of the alert is the patient’s doctor prior to 
allowing the recipient of the alert to prescribe a new medica 
tion for the patient. 
0121. The second alert interface 1220 also includes a 
change dosage input control 1222 that allows the recipient of 
the alert to change a dosage at which the patient is currently 
taking the medication. In response to receiving user input 
selecting the change dosage input control 1222, the system 
300 displays an interface that allows the recipient of the alert 
to select a new dosage for the medication. In response to 
receiving input selecting the new dosage, the system 300 
automatically provides the patient or the patient's caregiver 
with a message indicating that the patient's doctor has set a 
new dosage for the medication the patient is taking for the 
urinary tract infection and the patient should begin taking the 
new dosage. The system 300 may begin verifying that the 
patient is taking the new dosage based on the setting of the 
new dosage. In some implementations, the system 300 may 
require the recipient of the alert to provide identification 
information (e.g., a user name and a password) that Verifies 
that the recipient of the alert is the patient’s doctor prior to 
allowing the recipient of the alert to change the dosage for the 
patient's medication. 
0122 The second alert interface 1220 further includes a 
view records input control 1223 that enables a recipient of the 
alert (e.g., a doctor, a caregiver, etc.) to receive information 
regarding the records of the patient. For instance, the recipient 
of the alert may select the view records input control 1223 
and, based on the selection, the system 300 retrieves the 
medical records of the patient from a remote database and 
displays the retrieved medical records to the recipient of the 
alert. The recipient of the alert reviews the records of the 
patient and makes a determination of how to handle the alert. 
In some implementations, the system 300 may require the 
recipient of the alert to provide identification information 
(e.g., a user name and a password) that verifies that the recipi 
ent of the alert is authorized to view the medical records of the 
patient prior to allowing the recipient of the alert to view the 
medical records. 

0123. In addition, the second alert interface 1220 includes 
a contact patient interface control 1224 that allows the recipi 
ent of the alert to contact the patient in response to selecting 
the contact patient interface control 1224. The contact patient 
interface control 1224 may initiate a telephone call to the 
patient, may initiate an email to the patient, may initiate an 
instant messaging session with the patient, or may initiate any 
other type of communication session with the patient that 
enables discussion of the situation. 

0.124. The third alert interface 1230 provides an alert that 
an increase in pain reliever consumption by a patient indicates 
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that headaches are a side effect of a new medication for the 
patient. For instance, the system 300 monitors consumption 
of pain relievers by the patient using any of the techniques 
described throughout this disclosure for monitoring medica 
tion usage. Based on monitoring the consumption of pain 
relievers by the patient, the system 300 determines that the 
patient is frequently taking pain relievers at a rate that is 
higher than a past baseline established for the patient prior to 
starting the new medication. Because pain reliever consump 
tion increases for patients when medication is causing head 
aches as a side effect, the system 300 determines that head 
aches are a side effect of the new medication for the patient. 
The system 300 sends the alert that causes display of the third 
alert interface 1230 based on the determination that head 
aches are a side effect of the new medication for the patient. 
(0.125. The third alert interface 1230 provides several user 
input controls that help a recipient of the alert (e.g., a doctor, 
a caregiver, etc.) evaluate and handle the alert. For instance, 
the third alert interface 1230 includes a prescribe new medi 
cation input control 1231 that allows the recipient of the alert 
to prescribe a new medication for the patient. In response to 
receiving user input selecting the prescribe new medication 
input control 1231, the system 300 displays an interface that 
allows the recipient of the alert to select a new medication and 
a dosage for the new medication. In response to receiving 
input selecting the new medication and the dosage for the new 
medication, the system 300 automatically sends a prescrip 
tion for the new medication to a pharmacy registered for the 
patient and provides the patient or the patient’s caregiver with 
a message indicating that the patient's doctor has prescribed a 
new medication for the patient, that the new medication is 
available at the pharmacy registered for the patient, and that 
use of the old medication should be discontinued. In some 
implementations, the system 300 may require the recipient of 
the alert to provide identification information (e.g., a user 
name and a password) that verifies that the recipient of the 
alert is the patient's doctor prior to allowing the recipient of 
the alert to prescribe a new medication for the patient. 
0.126 The third alert interface 1230 also includes a change 
dosage input control 1232 that allows the recipient of the alert 
to change a dosage at which the patient is currently taking the 
medication. In response to receiving user input selecting the 
change dosage input control 1232, the system 300 displays an 
interface that allows the recipient of the alert to select a new 
dosage for the medication. In response to receiving input 
selecting the new dosage, the system 300 automatically pro 
vides the patient or the patient's caregiver with a message 
indicating that the patient's doctor has set a new dosage for 
the medication and the patient should begin taking the new 
dosage. The system 300 may begin verifying that the patient 
is taking the new dosage based on the setting of the new 
dosage. In some implementations, the system 300 may 
require the recipient of the alert to provide identification 
information (e.g., a user name and a password) that Verifies 
that the recipient of the alert is the patient’s doctor prior to 
allowing the recipient of the alert to change the dosage for the 
patient's medication. 
0127. The third alert interface 1230 further includes a view 
records input control 1233 that enables a recipient of the alert 
(e.g., a doctor, a caregiver, etc.) to receive information regard 
ing the records of the patient. For instance, the recipient of the 
alert may select the view records input control 1233 and, 
based on the selection, the system 300 retrieves the medical 
records of the patient from a remote database and displays the 
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retrieved medical records to the recipient of the alert. The 
recipient of the alert reviews the records of the patient and 
makes a determination of how to handle the alert. In some 
implementations, the system 300 may require the recipient of 
the alert to provide identification information (e.g., a user 
name and a password) that verifies that the recipient of the 
alert is authorized to view the medical records of the patient 
prior to allowing the recipient of the alert to view the medical 
records. 

0128. In addition, the third alert interface 1230 includes a 
contact patient interface control 1234 that allows the recipient 
of the alert to contact the patient in response to selecting the 
contact patient interface control 1234. The contact patient 
interface control 1234 may initiate a telephone call to the 
patient, may initiate an email to the patient, may initiate an 
instant messaging session with the patient, or may initiate any 
other type of communication session with the patient that 
enables discussion of the situation. 
0129 Referring again to FIG. 6, the system 300 performs 
reporting related to one or more medication events (650). 
Data (including images) from sensors, trigger sources, user 
interface devices, monitoring centers can be securely stored 
on the remote servers or immediately forwarded to the 
patient, caregivers, or monitoring center. The remote servers, 
monitoring center, or user interface device can initiate com 
munication to the patient, caregivers, or other trusted parties. 
Communication can take the form of email, text message, 
automated or human telephone call, push notification, or 
other user interface mechanism. Communication can be 
established based on rules established by the patient, caregiv 
ers, monitoring center, or set by default. Rules can be applied 
to raw or processed data and initiate preemptive action (e.g., 
reminders) or post medication event action. Processing can 
also be used to score patients on their compliance level. 
Scores can be compared to patient historic data or various 
population scores. 
0130 Information can also be requested by users. For 
example, a patient can request information about a particular 
medication or medication regimen through interaction with a 
user interface device or access to stored records on remote 
servers (e.g., via a secure website). For example, a patient's 
user interface device (e.g., mobile device with mobile appli 
cation) could identify a medication (via user selection, imag 
ing, or wireless tag) and provide more information about the 
medication, medication routine, compliance with and behav 
iors associated with that routine. 

0131. Also, information assessed from the analysis of 
medication reporting data can be used to remind users to refill 
medications or to signal third-parties (e.g., pharmacies, home 
care agents, caregivers, etc.) of the need for refills or to initiate 
refills. Contextual data can also be combined with other 
sensed data to make health or wellness assessments based on 
perceived compliance level and user activity. 
(0132 FIG. 13 illustrates an example process 1300 for 
performing reporting related to one or more medication 
events. The operations of the example process 1300 are 
described generally as being performed by the system 300. 
The operations of the example process 1300 may be per 
formed by one of the components of the system 300 (e.g., the 
image sensing device 110, the gateway 120, the remote moni 
toring server 130, etc.) or may be performed by any combi 
nation of the components of the system 300. The operations 
of the example process 1300 also may be performed by the 
system 500 or one or more components of the system 500. In 
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Some implementations, operations of the example process 
1300 may be performed by one or more processors included 
in one or more electronic devices. 

I0133. The system 300 determines a degree of departure by 
a patient from a schedule of medication events (1310). For 
instance, the system 300 evaluates how much the patient has 
departed from the schedule of medication events. The degree 
of departure may be determined in terms of time, amount of 
medication, and combination of medications taken. For 
example, the system 300 may determine how late the patient 
is in taking the medication or how early the patient was in 
taking the medication and determine a degree of departure 
based on how late the patient is in taking the medication or 
how early the patient was in taking the medication. 
I0134. In some implementations, the system 300 may 
determine a dosage of medication taken by the patient and 
compare the dosage of medication taken by the patient with 
the dosage the patient was Supposed to take. In these imple 
mentations, the system 300 computes a difference between 
the dosage taken and the dosage scheduled (e.g., too much or 
too little) and determines a degree of departure based on the 
difference between the dosage taken and the dosage sched 
uled. 

I0135) In some examples, the system 300 may determine a 
combination of medications taken by the patient and compare 
the combination of medications taken by the patient with the 
combination of medications the patient was supposed to take. 
In these examples, the system 300 computes a difference 
between the combination of medications taken and the com 
bination of medications Scheduled and determines a degree of 
departure based on the difference between the combination of 
medications taken and the combination of medications sched 
uled. The system 300 also may evaluate the combination of 
medications taken against a reference table of potentially 
dangerous combinations of medications and determine a 
degree of departure based on the evaluation. 
0.136 The system 300 determines past medication con 
sumption history of the patient (1320). For example, the 
system 300 monitors, over time, how closely the patient has 
followed a schedule of medication events in the past. In this 
example, the system 300 determines, based on the monitor 
ing, whether the patient strictly follows the schedule of medi 
cation events, generally follows the schedule of medication 
events, or consistently fails to follow the schedule of medi 
cation events. 

I0137 The system 300 determines activity of the patient 
and/or others (1330). For example, the system 300 monitors 
activity of the patient and/or others within the patient's home. 
In this example, the system 300 may monitor any of the 
sensors described throughout this disclosure to monitor the 
activity within the patient's home. The system 300 may con 
sider any data collected by a monitoring system that monitors 
the patient's home with the data considered being any of the 
sensor data (e.g., contact sensor data, motion sensor data, 
image sensor data, etc.) described throughout this disclosure. 
0.138. In addition, the system 300 monitors activity of the 
patient and/or others outside of the patient's home. For 
instance, the system 300 may receive reports from a mobile 
device (e.g., mobile phone) of the patient or the patient's 
caregiver that indicate a location of the mobile device deter 
mined using Global Positioning System (GPS) technology. 
The system 300 also may monitor activity of the patient or the 
patient's caregiver outside of the patient's home using any 
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other type of tracking device that is capable of tracking the 
location of the patient or the patient's caregiver outside of the 
patient's home. 
0.139. The system 300 handles reporting based on the 
degree of departure, the past medication consumption history, 
and the activity of the patient and/or others (1340). In this 
regard, the system 300 performs a tiered alerting process that 
is used to determine a destination of the alert (or type of alert) 
based on the degree of departure, the past medication con 
Sumption history, and/or the activity of the patient and/or 
others. For example, the system 300 may provide in home 
alerts or remote alerts depending on the degree of departure, 
the past medication consumption history, and the activity of 
the patient and/or others. In this example, the system 300 may 
first provide an in home alert when the degree of departure is 
relatively low, the patient frequently misses medication 
events, and activity is detected within the patient's home. If 
the medication event is not completed within a threshold 
period of time after providing the in home alert, the system 
300 may elevate the situation and provide an alert to a remote 
caregiver or monitoring station. When the system 300 deter 
mines that the degree of departure is relatively serious, the 
patient has strictly complied with the schedule medication 
events in the past, and activity is not detected within the 
patient's home, the system 300 may forego the in home alert 
and immediately provide an alert to a remote caregiver or 
monitoring station given the circumstances. By tailoring the 
reporting or alerting response to a missed medication event, 
the system 300 provides a flexible solution that is consistent 
with the circumstances of the situation Surrounding the 
missed medication event. 

0140 FIG. 14 illustrates an example data structure 1400 
used in providing alerts. The system 300 consults the data 
structure 1400 in determining a destination of an alert and 
what type of alert to provide. As shown, the data structure 
1400 includes a first column 1410 for activity within the 
home, a second column 1420 for a degree of departure, a third 
column 1430 for past consumption history, and a fourth col 
umn 1440 that defines the type of alert to provide. In using the 
data structure 1400, the system 300 determines whether activ 
ity exists inapatient's home, determines a degree of departure 
of the missed medication event, determines past consumption 
history for the patient, and compares the determined activity 
in the patient's home, the degree of departure, and the past 
consumption history for the patient against the data stored in 
the columns 1410, 1420, and 1430. Based on the comparison, 
the system 300 detects a match between the circumstances of 
the missed medication event and the data in the columns 
1410, 1420, and 1430 and provides the type of alert defined in 
the column 1440 for the matching record. 
0141. As shown, the first row in the data structure defines 
that the system 300 provides only an in home alert when the 
system 300 detects activity in the patient's home, the degree 
of departure is low, and the patient's past consumption history 
is poor. The second row in the data structure defines that the 
system 300 immediately provides an alert to a remote car 
egiver when the system 300 does not detect activity in the 
patient's home, the degree of departure is moderate, and the 
patient's past consumption history is strict. The third row in 
the data structure defines that the system 300 immediately 
provides an alert to emergency services, an alert to a remote 
caregiver, and an in home alert when the system 300 detects 
activity in the patient's home, the degree of departure is 
potentially lethal, and the patient's past consumption history 
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is average. Because the degree of departure is potentially 
lethal (e.g., the patient has taken a potentially lethal combi 
nation of medication or a potentially lethal dosage of a medi 
cation), the system 300 immediately provides several alerts. 
0142. The data structure 1400 includes three rows for 
brevity and ease of explanation. Actual implementations may 
include more (perhaps many more) or fewer rows. Any com 
binations of potential values for the activity of the patient and 
others, the degree of departure, and the patient's past con 
Sumption history may be used to trigger any types of alerts per 
the preferences of the patient, the patient's caregiver, the 
patient's family, the patient's doctor, or any other person that 
handles medication monitoring for the patient. 
0143. The described systems, methods, and techniques 
may be implemented in digital electronic circuitry, computer 
hardware, firmware, Software, or in combinations of these 
elements. Apparatus implementing these techniques may 
include appropriate input and output devices, a computer 
processor, and a computer program product tangibly embod 
ied in a machine-readable storage device for execution by a 
programmable processor. A process implementing these 
techniques may be performed by a programmable processor 
executing a program of instructions to perform desired func 
tions by operating on input data and generating appropriate 
output. The techniques may be implemented in one or more 
computer programs that are executable on a programmable 
system including at least one programmable processor 
coupled to receive data and instructions from, and to transmit 
data and instructions to, a data storage system, at least one 
input device, and at least one output device. Each computer 
program may be implemented in a high-level procedural or 
object-oriented programming language, or in assembly or 
machine language if desired and in any case, the language 
may be a compiled or interpreted language. Suitable proces 
sors include, by way of example, both general and special 
purpose microprocessors. Generally, a processor will receive 
instructions and data from a read-only memory and/or a ran 
dom access memory. Storage devices Suitable for tangibly 
embodying computer program instructions and data include 
all forms of non-volatile memory, including by way of 
example semiconductor memory devices, such as Erasable 
Programmable Read-Only Memory (EPROM), Electrically 
Erasable Programmable Read-Only Memory (EEPROM), 
and flash memory devices; magnetic disks such as internal 
hard disks and removable disks; magneto-optical disks; and 
Compact Disc Read-Only Memory (CD-ROM). Any of the 
foregoing may be Supplemented by, or incorporated in, spe 
cially-designed ASICs (application-specific integrated cir 
cuits). 
0144. It will be understood that various modifications may 
be made. For example, other useful implementations could be 
achieved if steps of the disclosed techniques were performed 
in a different order and/or if components in the disclosed 
systems were combined in a different manner and/or replaced 
or Supplemented by other components. Accordingly, other 
implementations are within the scope of the disclosure. 

What is claimed is: 
1. A method comprising: 
monitoring output from at least one sensor configured to 

sense physical activity in a building in which medication 
of a patient is located; 

based on the monitoring of output from the at least one 
sensor, determining to collect additional information 
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regarding the medication, the additional information 
being different than output from the at least one sensor; 

based on the determination to collect the additional infor 
mation regarding the medication, collecting the addi 
tional information regarding the medication; 

analyzing the additional information collected to detect a 
state of the medication at a time of collecting the addi 
tional information; 

accessing information regarding a schedule by which the 
medication should be taken by the patient; 

based on the accessed information regarding the schedule, 
determining an expected State of the medication at the 
time of collecting the additional information that com 
plies with the schedule by which the medication should 
be taken by the patient; 

comparing the detected state of the medication with the 
expected state of the medication that complies with the 
schedule: 

based on the comparison revealing that the detected State of 
the medication does not match the expected state of the 
medication, determining that the patient has departed 
from the schedule; and 

based on the determination that the patient has departed 
from the schedule, handling, by a processing device, the 
departure from the schedule. 

2. The method of claim 1: 
wherein monitoring output from at least one sensor con 

figured to sense physical activity in a building in which 
medication of a patient is located comprises monitoring 
output of a motion sensor configured to detect motion in 
a room in which the medication is located; and 

wherein determining to collect additional information 
regarding the medication comprises: 
detecting motion in the room in which the medication is 

located based on the output of the motion sensor, and 
determining to collect additional information regarding 

the medication based on the detection of motion in the 
room in which the medication is located. 

3. The method of claim 1, wherein handling the departure 
from the schedule comprises: 

determining, based on the comparison of the detected State 
of the medication with the expected state of the medica 
tion, a degree of the departure from the schedule: 

determining a destination for a message indicating the 
departure from the schedule based on the determined 
degree of departure; and 

sending the message indicating the departure from the 
schedule to the determined destination. 

4. The method of claim 1: 
wherein determining to collect additional information 

regarding the medication comprises determining to cap 
ture one or more images of the medication; 

wherein collecting the additional information regarding 
the medication comprises capturing, with a camera posi 
tioned to include the medication within a field of view of 
the camera, an image of the medication; 

wherein analyzing the additional information collected to 
detect a state of the medication at a time of collecting the 
additional information comprises analyzing the cap 
tured image of the medication to detect a state of the 
medication at a time of capturing the image; and 

wherein determining an expected State of the medication at 
the time of collecting the additional information that 
complies with the schedule by which the medication 
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should be taken by the patient comprises determining an 
expected State of the medication at the time of capturing 
the image that complies with the schedule by which the 
medication should be taken by the patient. 

5. The method of claim 4: 

wherein the medication is contained in a divided tray: 
wherein analyzing the captured image of the medication to 

detect a state of the medication at a time of capturing the 
image comprises analyzing the captured image of the 
medication to detect positions of the medication within 
the divided tray: 

wherein determining an expected State of the medication at 
the time of capturing the image that complies with the 
schedule by which the medication should be taken by the 
patient comprises determining, based on the accessed 
information regarding the schedule, proper positions for 
the medication within the divided tray at the time of 
capturing the image that comply with the schedule by 
which the medication should be taken by the patient; 

wherein comparing the detected State of the medication 
with the expected state of the medication that complies 
with the schedule comprises comparing the detected 
positions of the medication within the divided tray with 
the proper positions for the medication within the 
divided tray; and 

wherein determining that the patient has departed from the 
Schedule comprises: 
determining that the detected positions of the medica 

tion within the divided tray do not match the proper 
positions for the medication within the divided tray 
based on the comparison of the detected positions of 
the medication within the divided tray with the proper 
positions for the medication within the divided tray, 
and 

determining that the patient has departed from the 
schedule based on the determination that the detected 
positions of the medication within the divided tray do 
not match the proper positions for the medication 
within the divided tray. 

6. The method of claim 4: 
wherein the medication is contained in one or more stan 

dard medication bottles: 
wherein analyzing the captured image of the medication to 

detect a state of the medication at a time of capturing the 
image comprises analyzing the captured image of the 
medication to identify the one or more standard medi 
cation bottles and detect positions within the captured 
image of the one or more standard medication bottles; 

wherein determining an expected State of the medication at 
the time of capturing the image that complies with the 
schedule by which the medication should be taken by the 
patient comprises determining, based on the accessed 
information regarding the schedule, a proper medication 
bottle of the one or more standard medication bottles 
with which the patient should interact at the time the 
image is captured; 

wherein comparing the detected State of the medication 
with the expected state of the medication that complies 
with the schedule comprises comparing the detected 
positions within the captured image of the one or more 
standard medication bottles with the proper medication 
bottle with which the patient should interact at the time 
the image is captured; and 
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wherein determining that the patient has departed from the 
Schedule comprises: 
determining that the detected positions within the cap 

tured image of the one or more standard medication 
bottles suggest that the patient failed to interact with 
the proper medication bottle based on the comparison 
of the detected positions within the captured image of 
the one or more standard medication bottles with the 
proper medication bottle with which the patient 
should interact at the time the image is captured, and 

determining that the patient has departed from the 
schedule based on the determination that the detected 
positions within the captured image of the one or 
more standard medication bottles suggest that the 
patient failed to interact with the proper medication 
bottle. 

7. The method of claim 1: 
wherein determining to collect additional information 

regarding the medication comprises determining to 
request the patient to provide additional information 
regarding consumption of the medication using a user 
interface device of the patient; 

wherein collecting the additional information regarding 
the medication comprises requesting the additional 
information from the patient and determining the addi 
tional information regarding consumption of the medi 
cation based on any response received from the user 
interface device of the patient; 

wherein analyzing the additional information collected to 
detect a state of the medication at a time of collecting the 
additional information comprises analyzing the deter 
mined additional information regarding consumption of 
the medication to detect a state of the medication at a 
time of requesting the additional information from the 
patient; and 

wherein determining an expected State of the medication at 
the time of collecting the additional information that 
complies with the schedule by which the medication 
should be taken by the patient comprises determining an 
expected State of the medication at the time ofrequesting 
the additional information from the patient that complies 
with the schedule by which the medication should be 
taken by the patient. 

8. The method of claim 1, further comprising: 
monitoring activity of the patient; 
comparing the monitored activity of the patient with a 

routine of taking medication associated with the patient; 
determining an expectation that the patient will take the 

medication at a next appropriate time that complies with 
the schedule based on the comparison of the monitored 
activity of the patient with the routine of taking medica 
tion associated with the patient; and 

providing a reminder to take the medication at the next 
appropriate time that complies with the schedule based 
on determining that the patient is expected to miss taking 
the medication at the next appropriate time that complies 
with the schedule. 

9. The method of claim 8, further comprising withholding 
the reminder to take the medication at the next appropriate 
time and continuing to monitor the activity of the patient 
based on determining that the patient is expected to take the 
medication at the next appropriate time that complies with the 
schedule. 
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10. The method of claim 8, wherein comparing the moni 
tored activity of the patient with the routine of taking medi 
cation associated with the patient comprises: 

determining past medication consumption history related 
to the patient's taking of medication in accordance with 
the schedule by which the medication should be taken by 
the patient; and 

comparing the monitored activity of the patient with the 
past medication consumption history and the schedule 
by which the medication should be taken by the patient. 

11. The method of claim 8, wherein monitoring activity of 
the patient comprises: 

monitoring a location of a mobile device used by the 
patient; 

monitoring output of at least one motion sensor of a moni 
toring system that monitors the building in which medi 
cation of the patient is located; and 

monitoring output of at least one contact sensor of the 
monitoring system that monitors the building in which 
medication of the patient is located. 

12. The method of claim8, wherein providing the reminder 
to take the medication at the next appropriate time that com 
plies with the schedule comprises: 

providing a reminder to the patient that includes one or 
more user interface controls that enable the patient to 
indicate a time by which the patient expects to take the 
medication; 

receiving, based on user input provided by the patient using 
the one or more user interface controls, an indication of 
a time by which the patient expects to take the medica 
tion, the time by which the patient expects to take the 
medication being after the next appropriate time that 
complies with the schedule: 

determining that the time by which the patient expects to 
take the medication is within an acceptable range from 
the next appropriate time that complies with the sched 
ule: 

based on the determination that the time by which the 
patient expects to take the medication is within the 
acceptable range from the next appropriate time that 
complies with the schedule, adjusting the schedule 
based on the indication of the time by which the patient 
expects to take the medication; and 

handling verification of consumption of the medication 
and alerting related to consumption of the medication 
based on the adjusted schedule. 

13. The method of claim 1, further comprising: 
monitoring, over time, activity of the patient during a 

period of time in which the patient is scheduled to take 
the medication; 

determining past activity of the patient; 
analyzing the monitored activity of the patient during the 

period of time in which the patient is scheduled to take 
the medication with respect to the past activity of the 
patient; 

determining whether an issue exists related to the patient's 
taking of the medication based on the analysis of the 
monitored activity of the patient during the period of 
time in which the patient is scheduled to take the medi 
cation with respect to the past activity of the patient; and 

providing an alert based on a determination that an issue 
exists related to the patient's taking of the medication. 
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14. The method of claim 1, further comprising: 
monitoring, over time, activity of the patient during a 

period of time in which the patient is scheduled to take 
the medication; 

determining expected activity of the patient during the 
period of time in which the patient is scheduled to take 
the medication; 

analyzing the monitored activity of the patient during the 
period of time in which the patient is scheduled to take 
the medication with respect to the expected activity of 
the patient during the period of time in which the patient 
is scheduled to take the medication; 

determining whether an issue exists related to the patient's 
taking of the medication based on the analysis of the 
monitored activity of the patient during the period of 
time in which the patient is scheduled to take the medi 
cation with respect to the expected activity of the patient 
during the period of time in which the patient is sched 
uled to take the medication; and 

providing an alert based on a determination that an issue 
exists related to the patient's taking of the medication. 

15. The method of claim 1, further comprising: 
monitoring, over time, activity of the patient during a 

period of time in which the patient is scheduled to take 
the medication; 

determining past activity of the patient; 
determining expected activity of the patient during the 

period of time in which the patient is scheduled to take 
the medication; 

analyzing the monitored activity of the patient during the 
period of time in which the patient is scheduled to take 
the medication with respect to the past activity of the 
patient and the expected activity of the patient during the 
period of time in which the patient is scheduled to take 
the medication; 

determining whether an issue exists related to the patient's 
taking of the medication based on the analysis of the 
monitored activity of the patient during the period of 
time in which the patient is scheduled to take the medi 
cation with respect to the past activity of the patient and 
the expected activity of the patient during the period of 
time in which the patient is scheduled to take the medi 
cation; and 

providing an alert based on a determination that an issue 
exists related to the patient's taking of the medication. 

16. The method of claim 15: 
wherein determining whether an issue exists related to the 

patient's taking of the medication comprises determin 
ing whether the analysis indicates that the patient is not 
taking the medication, determining whether the analysis 
indicates that the medication is not working as expected, 
and determining whether the analysis indicates that the 
medication is causing the patient to Suffer one or more 
side effects; and 

wherein providing the alert comprises: 
providing an alert that indicates that the patient is not 

taking the medication based on a determination that 
the analysis indicates that the patient is not taking the 
medication, 

providing an alert that indicates that the medication is 
not working as expected based on a determination that 
the analysis indicates that the medication is not work 
ing as expected, and 
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providing an alert that indicates that the medication is 
causing the patient to Suffer one or more side effects 
based on a determination that the analysis indicates 
that the medication is causing the patient to Suffer one 
or more side effects. 

17. The method of claim 1, further comprising determining 
past medication consumption history related to the patient's 
taking of medication in accordance with the schedule by 
which the medication should be taken by the patient, 

wherein handling the departure from the schedule com 
prises handling the departure from the schedule based on 
the past medication consumption history related to the 
patient's taking of medication in accordance with the 
schedule. 

18. The method of claim 1, further comprising determining 
activity of the patient and at least one caregiver after deter 
mining the departure from the schedule, 

wherein handling the departure from the schedule com 
prises handling the departure from the schedule based on 
the activity of the patient and at least one caregiver after 
determining the departure from the schedule. 

19. The method of claim 1, further comprising determining 
whether activity exists within the building in which the medi 
cation of the patient is located after determining the departure 
from the schedule, 

wherein handling the departure from the schedule com 
prises: 
based on a determination that activity does not exist 

within the building in which the medication of the 
patient is located, providing a remote alert to a remote 
device that is located outside of the building; and 

based on a determination that activity exists within the 
building in which the medication of the patient is 
located: 
providing a local alert within the building: 
monitoring for a confirmation in response to the local 

alert, the confirmation indicating that the departure 
from the schedule is being handled; 

based on monitoring for the confirmation, determin 
ing that the confirmation has not been received 
within a threshold amount of time after providing 
the local alert; and 

escalating the local alert to the remote alert to the 
remote device that is located outside of the building 
based on the determination that the confirmation 
has not been received within the threshold amount 
of time after providing the local alert. 

20. The method of claim 1, further comprising: 
determining, based on the comparison of the detected State 

of the medication with the expected state of the medica 
tion, a degree of the departure from the schedule: 

determining past medication consumption history related 
to the patient's taking of medication in accordance with 
the schedule by which the medication should be taken by 
the patient; and 

determining activity of the patient and at least one car 
egiver after determining the departure from the sched 
ule, 

wherein handling the departure from the schedule com 
prises handling the departure from the schedule based on 
the determined degree of the departure from the sched 
ule, the past medication consumption history related to 
the patient's taking of medication in accordance with the 
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Schedule, and the activity of the patient and at least one 
caregiver after determining the departure from the 
schedule. 

21. A system comprising: 
at least one processor; and 
at least one memory coupled to the at least one processor 

having stored thereon instructions which, when 
executed by the at least one processor, causes the at least 
one processor to perform operations comprising: 
monitoring output from at least one sensor configured to 

sense physical activity in a building in which medica 
tion of a patient is located; 

based on the monitoring of output from the at least one 
sensor, determining to collect additional information 
regarding the medication, the additional information 
being different than output from the at least one sen 
Sor, 

based on the determination to collect the additional 
information regarding the medication, collecting the 
additional information regarding the medication; 

analyzing the additional information collected to detect 
a state of the medication at a time of collecting the 
additional information; 

accessing information regarding a schedule by which 
the medication should be taken by the patient; 

based on the accessed information regarding the sched 
ule, determining an expected State of the medication 
at the time of collecting the additional information 
that complies with the schedule by which the medi 
cation should be taken by the patient; 

comparing the detected state of the medication with the 
expected state of the medication that complies with 
the schedule; 

based on the comparison revealing that the detected State 
of the medication does not match the expected state of 
the medication, determining that the patient has 
departed from the schedule; and 
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based on the determination that the patient has departed 
from the schedule, handling the departure from the 
schedule. 

22. At least one computer-readable storage medium 
encoded with executable instructions that, when executed by 
at least one processor, cause the at least one processor to 
perform operations comprising: 

monitoring output from at least one sensor configured to 
sense physical activity in a building in which medication 
of a patient is located; 

based on the monitoring of output from the at least one 
sensor, determining to collect additional information 
regarding the medication, the additional information 
being different than output from the at least one sensor; 

based on the determination to collect the additional infor 
mation regarding the medication, collecting the addi 
tional information regarding the medication; 

analyzing the additional information collected to detect a 
state of the medication at a time of collecting the addi 
tional information; 

accessing information regarding a schedule by which the 
medication should be taken by the patient; 

based on the accessed information regarding the schedule, 
determining an expected State of the medication at the 
time of collecting the additional information that com 
plies with the schedule by which the medication should 
be taken by the patient; 

comparing the detected state of the medication with the 
expected state of the medication that complies with the 
schedule: 

based on the comparison revealing that the detected State of 
the medication does not match the expected state of the 
medication, determining that the patient has departed 
from the schedule; and 

based on the determination that the patient has departed 
from the schedule, handling the departure from the 
schedule. 
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