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Abstract. Multiple people activity recognition system is an essential step in Ambient Assisted Living system development. A possible approach for multiple people is to take an existing system for single person activity recognition and extend it to the case of multiple people. One approach is Multiple Hypothesis Tracking (MHT) which provides capabilities of multiple people tracking and activity recognition based on the Dynamic Bayesian Network Model. The advantage of such systems is that the number of people can vary, while the disadvantage is that the activity recognition configuration cannot be done if only multiple people data is available for training. Keywords: Multiple Hypothesis Tracking, Dynamic Bayesian Network, Activity Recognition.
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Introduction



To become practical, Ambient Assisted Living systems have to be able to handle presence of multiple people in the environment. However, so far most research on activity recognition in smart environments is focused on recognition of actions of a single person. In most cases, such systems, being conﬁgured for single person, are simply not able to work correctly in the presence on more people. One example of such activity recognition systems are systems based on Dynamic Bayesian Network (DBN) [5], [3], [7]. A possible approach is to take a well-developed method of activity recognition for a single person and try to extend or accommodate it for the case of multiple people. In fact, this was the approach taken by the target tracking community where single object tracking was extended to multiple targets by using data association methods, which assigns only a part of sensor data to a particular target. One of the most powerful data association methods is Multiple Hypothesis Tracking (MHT) [1]. This paper describes our early attempt to use a combination of DBN and MHT for multiple-people activity recognition. The contribution of the paper is a track generation method which uses only few sensors in deciding whether a new track must be generated and addresses the problem of sensor readings being shared between diﬀerent people, which may be a common problem in home environment. B. Abdulrazak et al. (Eds.): ICOST 2011, LNCS 6719, pp. 313–318, 2011. c Springer-Verlag Berlin Heidelberg 2011 
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Related Work



Dynamic Bayesian Networks and its special cases such as Hidden Markov Model (HMM) models are popular in computer vision, mostly to exploit temporal information. For learning ﬁgure dynamics, Pavlovic et al [5] proposes DBN-based switching linear dynamic system (SLDS) model with an approximate Viterbi inference technique. To interpret group activities, Gong et al [2] uses Dynamically Multi-Linked Hidden Markov Model (DML-HMM) which is built using Schwarz’s Bayesian Information Criterion based factorization. Human activity recognition is done using DBN for long-duration activities [3] with the time frame of hours or short-duration activities [7] with the time frame of seconds. Multiple Hypothesis Tracking was originally developed for radar target tracking [1], however, it was recently used for people tracking as well mainly using analog sensors such as laser range ﬁnders or video cameras. A spatial aﬀordance map is a non-homogeneous spatial Poisson process, in order to derive expressions for life-long Bayesian learning. This map computes reﬁned probability distributions over hypotheses in a multi-hypothesis tracker for motion prediction (Luber et al, [4]). Observe-and-explain is able to compute multiple possibilities of tracking with a suﬃcient amount of observations, even with severe occlusions (Ryoo and Aggarwal, [6]). Combination of DBN as a low-level ﬁlter with MHT for deciding on data association is used by Zaidel and Kr¨ ose in [9] for video-based object identity tracking. However, unlike human activity, the actual state of the object identity does not change, therefore building a track of changes in the state is not required. The closest method to ours is proposed by Wilson and Atkeson [8]. The authors described a method of multiple person location and activity tracking which used Discrete Bayes Filter, which again is a simple case of DBN, for single person tracking, and solved data association problem by Rao-Blackwellised particle ﬁlter. They used simple binary sensors and achieved activity recognition accuracy is about 98% for 2-people and 85% for 3-people.
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Method Description



MHT creates parallel instances of possible variation of events and allows postponing the decision on how system state changes and which sensor readings should be used for which target until suﬃcient evidence is accumulated. Hypothesis is a collection of objects being tracked O, each Oi having a track - a sequence of states (Xit , Xit−1 , Xit−2 , ...). In the case of target tracking [1], each track may be updated when a radar has an observation, which is a point in space where possible target is detected. New hypothesis is generated whenever there is ambiguity on how track should be updated. An observation may only be used for a target state update if it lies within a gate, an error tolerance area around estimated target location. Implicitly, the gate assumes certain probability for these error bounds. In MHT, each observation is assigned only to one target, existing or new. The main steps for tracking with MHT are:
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Acquire sensor data, form observations Generate hypotheses, if necessary For each hypothesis, assign observations to targets For each target of each hypothesis, update target state using assigned observations – Evaluate and prune hypotheses For multiple target tracking in airspace, the Kalman Filter is used for changing the state of a single object and MHT decides which sensor data should be used. For multiple people tracking at home, DBN is a ﬁlter for updating single person state and MHT provides a set of sensor used by each DBN. However, there are three important diﬀerences. First, the state of the activity is an abstract discrete state and the gate in this space is diﬀerent from continuous space. Second, the sensor data is collected from many discrete sensors and it is not obvious how observations should be formed. And third, in home environment, many sensors may provide shared readings - single sensor readings may be generated and assigned to more than one person. 3.1



Model



Human activity can be presented by a discrete variable with states of this variable describing mutually disjoint combination of actions. Sensing information in home environment is often pre-processed and presented by discrete sensor feature values. The Dynamic Bayesian Network model for recognition of activity is therefore a discrete state model and is essentially a Joint Probability Distribution (JPD) of two time steps of variables P r(X t−1 , Vt−1 , St−1 , X t , Vt , St ), where X is the state or activity we are trying to estimate, set S are sensors and set V are intermediate variables. Dependencies between time slices for X and V change the JPD P r(X t , St ) at the previous time step. JPD is used to estimate current state of X using measurements Z, that is P r(X|St = Zt ). Part of the DBN are the state prediction model P r(X t+1 |X t , St = Zt )



(1)



P r(St = Zt |X t−1 , St−1 = Zt−1 )



(2)



and the sensor gating model



The DBN model allows any subset of set S to be used as evidence for any time step. And since some of the sensor data in environment with multiple people is due to actions of other people, we have to use only partial sensor set provided by a data association solution. However, since the model is only for one person, the dataset used for DBN conﬁguration must contain sensor readings only from single person. 3.2



Data Association Method



In general, for human activity recognition, many sensors readings are important to reach conﬁdent estimation. Therefore many sensors need to be assigned to each
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target at each time step. However, each sensor combination, may potentially give diﬀerent distribution of P r(X t ) and, therefore, strictly speaking, diﬀerent states and gates of the target at the next time moment. However, since there may be exponential number of sensor combinations it is not practical to test all of them. Instead, since we have a discrete state space of the target space given by set of possible values X, and we focus on the most likely state according to current estimation. As an observation, we select only one sensor combination for each possible neighboring state of the current most likely state. In our approach we deﬁne three classes of sensor values: 1. Sensors values which do not need data association, since they provide person ID or bound to speciﬁc person. Examples of such sensors are RFID readers or wearable sensors such as wearable accelerometers. The presence of this kind of sensors is required since we want to keep tracking ID of the person doing activities. Information from these kind of sensors is also useful for hypothesis pruning. 2. Sensor values which can provide information related to only one person. Examples are chair occupancy sensor or small door switch. Note, that in many cases the assumption of a single-person may be valid only for certain values and certain features of a sensor. For example, “person sitting” state for a chair is valid only to one person but “person not sitting” is valid for everyone. Similar, the state “door open” can be related to many people, but “door was just opened” only to one. 3. Sensor values which often shared, for example passive infrared sensors; or shared values mentioned above. We only need to solve data association problem for classes 2 and 3. In our method we focus on the tracks, that is sequence of states from each person, rather than hypotheses as collection of tracks. We deﬁne track as a sequence of states (Xit , Xit−1 , Xit−2 , ...) produced by a given DBN model and sensor input (St , St−1 , St−2 , ...) by any valid sensor assignment (Sti , St−1 , St−2 , ...). The asi i signment is valid if for a given hypothesis the sensor assignment to targets of the hypothesis all values of the class 1 above are always assigned, values of the class 2 are assigned to at most one target and sensor combination for each target is fea= Zt−1 )>0 sible, i.e. the probability in the Equation 2 P r(Sti = Zti |Xit−1 , St−1 i i For each time step of the DBN tracking a single person, we do the following actions: 1. For each track i 2. Using prediction from time moment t − 1 (Eq.1) ﬁnd the most likely t current state Xmax 3. Assign all sensors of class 1 4. If assignment is not feasible, terminate track 5. Assign all the sensors of class 3 and valid sensors of class 2 for which t , ) are above some small (i.e. 0.05) gating threshold probabilities P r(Sjt |Xmax α (for both classes). Total sensor set for steps 3 and 5 is now Smax t 6. Find neighbor states of Xmax , P r(Xkt+1 ) > β for Xkt+1 ∈ Xt+1 β
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For each Xkt+1 ∈ Xt+1 β Assign sensors as in step 3 and 5 If for Xk Sk = Smax , generate new track t , If there are other tracks for the same target having the same Xmax merge tracks by leaving the most probable Evaluation



We evaluated the proposed method using simple scenario of two people using shared space and doing some basic activities such as answering phone, using cupboard, sitting on the chair and eating. The ID of the person was established by a wearable accelerometer to evaluate the tracks and by the RFID at the entrance to detect the presence. The DBN shown in the ﬁgure was obtained using collected data from a single person present in the environment. Although the scenario is simple and therefore DBN model has a good recognition performance, the addition of MHT allows resolution of sensor conﬂicts.



Fig. 1. Structure of the DBN used for both subjects and a simple map of the installed system (top). Results for simple two-person scenario - shaded areas mark the moments when additional hypotheses have to be generated (bottom)
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Conclusion



We provided an outline of multiple people activity recognition in home environment. The method uses Dynamic Bayesian Network model of a single person’s
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activities which is extended to multiple people case by using Multiple Hypothesis Tracking for data association. The early experimental results show that this method may be successful in tracking activities of multiple people in the system with sensors that provides shared readings.
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