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explanations of alarm messages triggered by the LRI SRR EX S

Statistics

takes into account constraints of human body.
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MULTI-AGENT SYSTEM (MAS) ' Components of a typical care X Cognitively-enhanced architecture OUR SOLUTION |
A multi-agent system is a collection of software agents that | y system architecture I We aim at augmenting the scope of \ I
work in conjunction with each other cooperatively or | | : ; detection component (marked gray) by |
competitively to achieve some individual or collective task. | i w / \ enriching it with more complex schemes for | 1
. . | . 11 . . . |
Multl-ég.ent systems can_be used to sglvg Problems which , Communication | Reporting - — \\ reconstruction, interpretation and !
are difficult or impossible for an individual agent or : component : : Communication prevention. In particular, we present a I
L - :
monolithic system to solve. | | Coenit complex MAS architecture able not only to |,
: : : ognition detect falls from sensor data but also to :
I : | Prevention reason. from context and moreF)vgr, to I
REMOTE ELDERLY CARE : , : recognize unusual behavior as an indicator :
Care at home is often preferable to patients and is usually I Interpretation DeteCt'O”t 11 Interpretation of a potential health problem. On the right is I
. . T | componen 11 . ; ; 1
less expensive for care providers than institutional | | g - - - illustrated the subsumption architecture |
alternatives. New developments in assistive technology are : : : econstruction that organizes agents into groups, and l
. o . . . . . I
likely to make an important contribution to the remote care : I Refining groups into hierarchical context awareness. :
of elderly people improving older people's safety, security : : ! The architecture is further elaborated below :
and ability to cope at home. Systems introduced in this I HW I Sensing in the middle figure presenting interactions |
context are mainly focused on fall detection, meaning that : Sensing component : : between agent groups. Particular group is :
they are capable of recognizing simple hazardous situations, | 1 I \ // presented in one of the surrounding boxes |,
triggering alarms and notifying caregivers or relatives. : : : with corresponding color. :
e e e e e e e e e e e e —— S [
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| - o I'| RESULTS
| eta-prediction agent PREVENTION AGENTS ) _ \ : We have designed two sets of experiments showing the
U seaes soress 7aes 1274 1848 0.406 0.63 19193 1513.75 A set of ageth observe user’s Ir?ehawor, whgre each of them 1 | capabilities of the interpretation and prevention group of
: | Heuristics, collects spe_uﬂc subsgt of b_e_hfawor data ranging from po§ture i | agents. The first experiment was devoted to fall
] Iear?ini ch;flracterlst!cs to daily activities. These agents automatlca.lly I | detection where we presented complex situations that
: ! agents (1) build behavior mo.dels that are.constantly updateq and classify I | can be easily misinterpreted by an acceleration-based fall
I ' the current Pehawor 'to recognize changes that n’yght lead to a : detector. The system successfully recognized all falls and
| / d|se;i\se or |.Ilness..S|nce gach agent only par'FlaIIy obse.rves . | had some problems recognizing sliding from the chair.
: user’s behavior, ar? mtegrah_on agent c_:ollects thelr observations i | However, the system raised only one false alarm,
I Learning agents Learning agents Learning agents Learning agents a!"d merges them IIj\to the final behavior observat|o_n. . I | achieving overall accuracy of 91.33 %. The second
| [ Figure o.n .the right shows measureq behawor of gait I'l experiment verified how the prevention group of agents
' _ | . Gait Turning Activity Spatial-activit character.lst;cs a!gent;..IEach mea.sured at'Frlbul'_ce IS presentegl on : adapts to a person and detects disabilities. After two
i | - o " patial-activity one vertical axis, while green intersecting lines are previous Lo P -
: e L PR s P e T characteristics characteristics characteristics agents (1) o |gb o g tp ced j | training days, the user started limping (third day) and
: step step step sfep stap sfep step Sup Sup : agents (2) agents (2) agents (2) m.easurem.en S OT normal penavior. New measurement, marke I Walklng slow (fourth day), which was SUCCESSfU“y
| with blue line, represents new measurement. I | recognized by at least one statistics-agent group.
L I
) __C_Qm_m_q_n!_c_ﬁt_'_gn ________________________________________________________ I_nj[__e_r_p_r_e_t?_t!gn _______________________________________________________________ . COGNITIVE AGENTS
’ > i Meta-learning agents The system design includes the cognitive state of the user,
’ .. .. Reasoning although not implemented yet in the tested version. The
| Communication ( Cognitive : [ agents ] cognitive layer will include the attributes related to the
i agents agents i cognitive state of the user (heart rate, blood pressure,
i v i Learning agents Learning agents voice etc.), thus constructing not only the physical, but
i H : Iso th iti tate of th . Th t th
i Prevention T | Cognitive- Emotion also the cognitive state of the user. These agents use the
. ! cognitive state to perform reasoning on a wider spectrum
: agents | state agents agents - ) i i ]
! ! of information with an integrated reasoning strategy.
--"--"-"-"-"-"-"-"-"-"-"--""-""-"-""-="-~""="~="~"~="~"~"="=~"=~"=~"="="=~"=~"="=~"=~"=~"=-"=>"=-"=-"=-= |
| E |
5 ) Veta-prediction agents RECONSTRUCTION AGENTS \
: 4 The reconstruction agents determine location and
| P Heuristics posture of a person at a specific time. There are two
i i : learning competitive agent groups performing this task, namely
i i | agents (2) machine-learning and expert-knowledge agents. The
IO Y e Interpretation I final decision is made by meta-prediction agents that
\ agents b combine their classifications by exploiting the power
! P > . Learni (accuracy) of particular agents.
! R . i : Smredesn® garning agents Three figure below show: top view of the apartment
econstruction E I Expert Machine- (left) indicating area where the user is; side view
i agents I knowledge learning (middle) showing skeleton of the user as seen; and
! b agents (14) agents (5) recognized activity (right), i. e. how the system perceives
E P the current posture of the user by various agents.
i N - —
i E : | Ground Plane Viewer - : : ETD Side view :] .‘!.lt:t'r'.a'it]!nr Recognition !E_]
i i : { ] True
: [ : | il 25
i Reflnlng Vo li':chera * l | standing
i i agents N L , [ ML
L | System X ;' standing
. 1 / l = Merged
| . ! ontolo I <) |
i SenSIng i gy I ] ® standing |
L 4 e N L ___________________________________________
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l Meta-prediction agents | ' REFINING AGENTS 4.5+
I | INTERPRETATION AGENTS || Learning azents L earming azent These agents filter noise (using not only one \ 34
I | The interpretation group of agents contracts physical Heuristics (1) || g3g gag method such as Kalman’s filter, but five 2%
: awareness of a person in the environment and | : Acceleration Body independent methods in the form of agents that 1]?;
; | detects emergency situations which are caused by a . | : agents(4) constraints provide their observations), compute derived 05
I fall or a sudden health problem. These situations are Learning agents Learning agents : I agent (1) attributes and map raw data with the human : 100 200 300 400 500 600
I !'eflected _by a person lying or sitting at an Expert knowledge Machine-learning || Learning agents VLearning agents body model. In this way they provide a uniform ::f)f
I | inappropriate place (e.g. on the ground) for a agents (8) agents (2) 1! presentation of all available data of the body. o
: prolonged period of time. I : Moving Kalman filtering Three graphs on the right present x, y and z '1?;
I The group is structured similar as the reconstruction : : detection (5) agents (4) coordinates of a tag attached to the belt. The 83
i | agent group: it consists of expert knowledge agents, ::“E;N_ e i s e e | vertical axis is distance (meters) while horizontal 9 100 300 300 300 300 800
R . . LLING CTE MND LYING AT
I | prediction agents based on machine-learning PR EOPIATE PLACES ;| Reflex agents axis is time (1/10 of a second). The blue line " Belt - z
I | algorithms, while the final decision is made by the Machine Learring ) | presents original data as provided by sensing %%
. . ALAR 2.
: meta-prediction agent. i | : Median filtering agent, the green line is after the median filtering 53
I The image below group architecture shows FALLING DETECTED AND PERSON LYING AT : I agents (4) is applied and the red line after the agent that 8&‘ '
I | (l)g
| |

particular subgroup.
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