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REMOTE HEALTH MONITORING: FALL DETECTION

Urgency of the research. Falling is a serious health issue among the elderly population; it can result in critical injuries like
hip fractures. Immobilization caused by injury or unconsciousness means that the victim cannot summon help themselves.

Target setting. The target of this paper is to design and create a fall detection system. The system consists of a monitor-
ing device that links wirelessly with a laptop. The device is able to accurately distinguish between fall and non-fall.

Actual scientific researches and issues analysis. Healthcare systems in the world have undergone tremendous evolution
in the last 50 years. In the early 1960s, we had computers in the form of mainframes being incorporated into healthcare sys-
tems. However, there were some problems met from their usage. These mainframes were very few, expensive, large in size
and consumed a lot of electrical power and as a result, they had to be shared by several hospitals since independent owner-
ship wasn’t feasible an idea to be considered at all.

Uninvestigated parts of general matters defining. Despite all of the changes, there was still the issue of affordability of
the treatments offered by the hospitals from the patients’ point of view. This had a negative impact on both the hospitals &
patients. Hospitals were not getting that large enough a number of patients for treatment while patients were opting for al-
ternatively cheaper treatment plans.

The research objective. The scope of this paper is limited to fall detection and remote viewing of the collected data. Fall
detection algorithm is developed and implemented through programming on Arduino Uno board. Remote viewing of the data
is done on a laptop after having fall detection data wirelessly transmitted to it.

The statement of basic materials. To detect fall along an axis, the acceleration magnitude is considered. With the ac-
celerometer output data, the angle change can also be calculated using the dot product. In the event of falling, one experi-
ences a momentary free-fall then a large spike in acceleration. For wireless data transmission, we choose the HCU105 mod-
ule which is an easy to use Blue-tooth SPP (Serial Port Protocol) module, designed for transparent wireless serial
connection setup. For appropriate fall detection, we choose an accelerometer. The Bluetooth module receives fall detection
data from the micro-controller and transmits the same to a laptop computer where we realize remote viewing of the data.

Conclusions. The objective of this paper was to design a fall detection system that links wirelessly with a laptop com-
puter (Where we have remote viewing of the collected data). By the conclusion of this paper, we had achieved the primary
goal of creating a working system able to recognize falls from non-falls, while wirelessly synched with a laptop.
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Urgency of the research. Falling is a serious health issue among the elderly population; it
can result in critical injuries like hip fractures. Immobilization caused by injury or uncon-
sciousness means that the victim cannot summon help themselves. With elderly who live
alone, not being found for hours after a fall is quite common and drastically increases the sig-
nificance of fall-induced injuries. With an aging Baby Boomer population, the incidence of
falls will only rise in the next few decades.

Target setting. The target of this paper is to design and create a fall detection system. The
system consists of a monitoring device that links wirelessly with a laptop. The device is able
to accurately distinguish between fall and non-fall.

Actual scientific researches and issues analysis. Healthcare systems in the world have
undergone tremendous evolution in the last 50 years. In the early 1960s, we had computers in
the form of mainframes being incorporated into healthcare systems. However, there were
some problems met from their usage. These mainframes were very few, expensive, large in
size and consumed a lot of electrical power and as a result, they had to be shared by several
hospitals since independent ownership wasn’t feasible an idea to be considered at all[1].

Come 1970s to early 1990s, there were enormous changes in terms of size and cost for
computers & some of the hospital equipment that were invented and innovated at the time.
Hospitals were thus able to acquire smaller sized computers and be able to easily operate their
independent healthcare systems. Also, in this period, we had the invention of the internet
which had a positive impact on health systems. Communication amongst hospitals, their staff
and patients greatly improved. Hospitals were also able to upload and store some of their data
(especially patients’ data) online so as to make their accessibility easy for authorized person-
nel (personnel need not be physically present at the premise since all they needed was just a
computer, internet connection & and the necessary access password)[2].
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Despite all of the tremendous changes, there was still the issue of affordability of the treatments
offered by the hospitals (that were properly equipped with computers & hospital equipment) from
the patients’ point of view. This had a negative impact on both the hospitals & patients.

Hospitals were not getting that large enough a number of patients for treatment while pa-
tients were opting for alternatively cheaper treatment plans (which were not that good enough
compared to that of properly equipped hospitals)[3].

Then came the mid-1990s to early-2000 and present where significant technological ad-
vancements have taken place. This has seen to great improvements in the healthcare systems
with the diversification of remote health monitoring which by definition, is a form of technolo-
gy which allows a patient to use a mobile medical device to perform tests from outside a clinic
and collects the medical and health data to securely transmit to healthcare professionals for re-
mote assessment. As a result, patients, especially the chronically ill, elderly or disabled are able
to have increased healthcare access at their homes with decreased healthcare delivery costs [4].

Uninvestigated parts of general matters defining. Despite all of the changes, there was
still the issue of affordability of the treatments offered by the hospitals from the patients’
point of view. This had a negative impact on both the hospitals & patients. Hospitals were not
getting that large enough a number of patients for treatment while patients were opting for
alternatively cheaper treatment plans.

The research objective. The scope of this paper is limited to fall detection and remote
viewing of the collected data. Fall detection algorithm is developed and implemented through
programming on Arduino Uno board. Remote viewing of the data is done on a laptop after
having fall detection data wirelessly transmitted to it.

The statement of basic materials. The algorithm design is described below. To detect
fall along an axis, the acceleration magnitude is considered. This is achieved by a magnitude
vector. Consider:

AM =7(al+ a?+ a?), (1)
where AM 1is acceleration magnitude.
With the accelerometer output data, the angle change can also be calculated using the dot
product. To achieve this, the instantaneous vector and a reference vector are introduced. In-
stantaneous vector is given by

a=(av ay, a:). 2)
Reference vector is generated when a user stands up. It is given by:
b= (b, by, b:). 3)
Using both the instantaneous vector and reference vector in the following formula:
a. b=a||b| cos 6, (4)
Making the angle as subject:
0= cos'(a.b/|a||B]). (5)

In the event of falling, one experiences a momentary free-fall then a large spike in accel-
eration. In the flow-chart shown in Fig.1, we have two decision figures: lower threshold AM
and upper threshold AM.

The algorithm runs in the following manner. First, it checks whether the lower threshold
value has been broken by the AM and if so, it then quickly checks whether the upper thresh-
old is broken within a span of 0.5s. If it’s not broken, we go back to data collection and if so,
the algorithm recognizes this event as a fall. This algorithm’s strength is that it requires two
AM thresholds to be broken by an activity for a fall to occur.
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Fig. 1. Fall detection algorithm

Components of the system. The Arduino Uno is a very popular board among hobbyists
and is the microcontroller board of choice when building small model projects. Because of
this, there are extensive tutorials and open source examples available to facilitate learning and
familiarizing oneself with the board. In addition to this, we choose this board because of the
following characteristics:

1. Operating voltage — The operating voltage of 5V with a 3.3V option is appropriate be-
cause both our sensor boards and Bluetooth module operate under 5 or 3.3V power and output
readings in the range of 0-5V.

2. Input voltage — The board has a built-in voltage regulator that allows an input voltage
range of 7-12V, which is suitable because we plan to power the board with a 9V battery.

3. Memory — The flash memory (32KB) is appropriate because our algorithm programs can
be fairly long and require a decent amount of memory on the microcontroller to store them. The
Static Random Access Memory(SRAM) (2KB) is a little on the low side, but the algorithms can
work around this by not storing too many variables, so as to not exhaust the SRAM capacity.

4. Specialty pins — The Arduino Uno comes with RX/TX pins, which will be used for se-
rial communication with our Bluetooth module. The board also comes with I12C compatible
pins, which will be crucial to interface with our digital accelerometer.

Bluetooth module. For wireless data transmission, we choose the HC105 module which
is an easy to use Bluetooth SPP (Serial Port Protocol) module, designed for transparent wire-
less serial connection setup.

The HC-05 Bluetooth module can be used in a Master or Slave configuration, making it a
great solution for wireless communication. We choose this module namely because its pins and
power are 5V compatible. It also supports RX/TX serial communication from 9600 to 115200bps
(bits per second, baud rate), which makes it fully compatible with our Arduino Uno R3 board.

Sensor. For appropriate fall detection, we choose an accelerometer. The model selected is
the ADXL345 triple axis digital accelerometer. It has a wide G range (up to +16g). The range
is very wide considering some severe falls are rated at 8 g’s. Since it is a digital sensor, the
resolution can be adjusted and there is less voltage noise, and less calibration.

The ADXL345 gives tri-axial data and requires a minimum of 3.3V power, is [12C compat-
ible and thus our microcontroller board can interface with it correctly.

Circuit setup. The overall circuit setup is shown in Fig. 2.
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ADXL345
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Fig. 2. Overall circuit setup

Block diagram. The overall block diagram is shown in Fig.3.

ADXL345 3-AXIS
ACCELEROMETER Atmega328 uC

SECTION A

BLUETOOTH
MODULE HC-05

Fig. 3. Overall block diagram

In section A in Fig.3, we have the collection of data by the accelerometer, processing of
the same by the micro-controller and ascertaining of whether a fall has occurred. Our algo-
rithm, is run by the micro-controller. The Bluetooth module receives fall detection data from
the micro-controller and transmits the same to a laptop computer where we realize remote
viewing of the data.
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Results. The graphs below represent the fall and non-fall data that we collect during our
testing phase. They present a comparison between the kind of graphs we expect to see in a fall
and non-fall scenarios. From our algorithm, we set the upper threshold value to 2g’s so as to
ensure that all acceleration values from fall activities break it just as illustrated in Fig.4. Also,
we see that the set lower threshold value of 0.4 g’s has been broken.
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Fig. 4. Graph of falling down
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Fig. 5. Standing up and sitting down hard

In Fig.5 and Fig.6, we have graphs for non-fall activities. In both cases, we see that their
acceleration magnitude does not exceed the set upper threshold value of 2g’s.
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Fig. 6. Walking

Conclusions. The objective of this paper was to design a fall detection system that links
wirelessly with a laptop computer (where we have remote viewing of the collected data). By
the conclusion of this paper, we had achieved the primary goal of creating a working system
able to recognize falls from non-falls, while wirelessly synched with a laptop.

With this paper, there are some areas for future development. From the commercial point
of view, improvements would include: having the system housed in a proper and well-
designed casing to prevent its damage in the occurrence of a fall, establishing emergency con-
tacts though the PC-side by sending text messages, reduction of the size of the system by us-
ing custom printed circuit boards and Lithium-ion batteries, and porting the PC-side pro-
gramming onto a mobile phone to realize complete mobile communication. Also, we could
add a gyroscope and Global Positioning System(GPS) module to the setup. Both would great-
ly improve on the overall efficiency of the system.
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Moxanao A6oynxamio, /ewn Ilimep
ﬂHCTAHHIﬁHHﬁ MOHITOPHHI 310POB’s: BUSABJIEHHS ITA/IIHb

Axkmyanvnicms memu 0ocaioncenns. Iladinua - cepliosne NUMAHHA OXOPOHU 300P0B's ceped NIMHbO2O HACENeHHs, Ye
MOdHce npuzsecmiu 00 KpUMU4HUX mpasm, siKk neperomu cmeeHd. IMmoobinisayis, cnpuduHeHa mpasmoro Yu Heceioomicnio,
O3HAYAE, WO NOMEPNINULL He MOX*ce BUKTUKAMU OO 0ONOMOz).

ITocmanoeka npoonemu. Memoio danoi pobomu € po3pobka ma cmeopeHHs cucmemu eussieHHs nadinus. Cucmema
CKNIA0AEMbCSL 3 NPUCPOIO MOHIMOPUHRY, AKULL 6e30pOomo8o 36 A3yemuvcst 3 HOymoykom. [Ipucmpiil 30amuuii mouHo po3piz-
HAMU NAOIHHA | He NAOIHHS.

Ananiz ocmannix docnioxcens i nyonikayii. Cucmemu OXOPOHU 300p08’8 Y CEIMI 3A3HANU 6ETUYE3HOZ0 PO3GUNIKY 3d
ocmanni 50 poxie. Ha nowamky 1960-x y nac 6ynu xomn'tomepu y @uensioi MetHppelimis, GKI0UeHUx 00 CUCEM 0XOPOHU
300p06’a. OOHAK BUHUKIU OesKi npobiemu 3 ix sukopucmanuam. Li melinghpeiimu Oyau Oysrce ManreHbKUMU, OOPOSUMU, BETU-
KUMU 30 PO3MIPOM I Cnodcusanu 6azamo enekmpoenepeii, i, sk pe3ynomam, iM 008e10cs OIUMUCs OeKIbKOMA JIKAPHIMU,
OCKINIbKU HE3ANeNHCHA BNIACHICb 83a2ali He 014 MOXCTUBOTO.

Buoinenns nedocnioxcenux wacmun 3azanvHoi npoonemu. Hezsadcarouu Ha 6ci sminu, 6ce we 3anuuanocs NUmaHHs
00CmynHOCH IIKY8AHHSL, sIKe NPONOHYBAIU JIKAPHI 3 MOYKU 30py nayicumis. Lle neeamusno eniusano sk Ha JKapHi, max i
Ha nayienmis. JlikapHi He OMPUMYSaIU OOCMAMHBO GEIUKY KIIbKICIb NAYIEHMIE Ol IIKYBAHHSl, MO0 SIK NAYIEHMU 6UOUPAIU
anbMEpHAMUBHI CXemu NiKy8aHHs.

ITocmanoeka 3ae0annsn. 3as0anns yiei podomu nonaeae y 8UAGLeHHI nAdiHHA ma 6i00aneHomy nepeiaodi 3ibpanux oa-
HUX. Aneopumm euaieHHs NAOIHHA PO3POOIAEMbCA MA BNPOBAOHCYEMBCS 3a OONOMO20K NPOSPaAMY8arHs Ha niami Arduino
Uno. Bidoanenuii nepe2nsio 0aHux nposooumscsi Ha HOymoyyi nicis nepedayi Ha Hb020 OAHUX 8UABNEHHS NAOIHHA De30pomo-
8UM CNOCOOOM.

Buxnao ocnoenozo mamepiany. /[nsi 6ussnenHs NAOIHHA 6300894C OCi 8PAX08YEMbCS GENUNUHA NPUCKOPEHHA. 3a 8UXiO-
HUMU OQHUMU AKCENEpOMempa 3MIHA KYMA MAKONC Modce 6ymu 0OYUCIeHd 3a OONOMO2010 Kpankogozo 0o0ymky. Y pasi
NAaodiHHsL TMOOUHA BIOHY68AE MUMMEGULL BLIbHULL NAJIHHSL, A NOMIM GeUKULL ChaecK npuckopennst. [l 6e3dpomosoi nepedayi
Oanux mu eudbupaemo mooyne HC-05, axuil € npocmum y 8UKopucmarnHi cunbo3youm mooyiem SPP (npomokon nocniooHozo
nopmy), NPUHA4EHUM OJIsi NPO30PO20 HANAUMYEAHHSL 6€30POMOB020 NOCTIO08HO20 3'€OHANHA. [[N51 BIONOBIOHO20 GUAGIEHHS
nadinust mu gubupaemo axcenepomemp. Modyne Bluetooth ompumye Oani eusignentss nadinHs 60 MIKpOKOHmMpoaepa i nepe-
oae ix Ha nopmamueHuil Komn'tomep, 0e Mu 30IUCHIOEMO 8i00ANIeHULl Nepe2iisio OaHUX.

Bucnosku 6ionogiono 0o cmammi. Memoto danoi pobomu 6y10 cmeopumi cucmemy 8UAGILEHHs NAJIHHA, KA 6e30pOmMo6o
38 S13Y€MbCs 3 NOPMAMUSHUM KOMN'Tomepom (Oe mu maemo giodanenuii nepeisid 3iopanux danux). Mu docsienu nepgunHoi me-
mu cmeopeHHs poboyoi cucmemu, 30amHol po3nizHasamu NAJIHHS, OOHOYACHO O6E30PONOBO CUHXPOHIZVIOUUCH 3 HOYMOYKOM.

Knrouosi cnosa: oucmarnyitiHuti MOHIMopuHe 300p08 s, BUABTIEHHS NAOTHHS, OUSALIH.
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