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Introduction
This thesis is an analysis of the problem of fall incidents which propose a significant threat to the health of the elderly.1,2
More specifically it reviews causes of decreased stability of older people, the existing solutions focused on fall prevention as well as recent research regarding fall prevention.
Falls among older people are a serious problem, mainly because of the broad range of causes and furthermore because less than half of the fallers talks to their healthcare provider or physician about it.2 Due various causes the mobility and stability of older people decreases.
This leads to falling and has devastating consequences. Falls can cause severe injuries, such as bone fractures, head trauma´s, and they have also psychological consequences.
Additionally, falling can increase the risk of early death and leads to a great use of health care services.1,3,4
Until now no satisfying solution is discovered due to the complexity and the wide range of causes of this problem and the broad range of situations in which the problem occurs.

This thesis will describe the problem and the studies aimed at a solution which would be a fall-prevention system. It will conclude with a design assignment in which will be outlined what is needed to solve this widespread problem.





























Problem definition
Background and definitions

As described in the introduction the problem of falls among older people is very serious.
One out of three adults above the age of 65 falls each year and 50 percent of these fallers falls more than once.1,4
Of course children and athletes most certainly fall more often than this, but the problem arises from the combination of a high incidence rate and age-related physical changes such as decreased stability, a high susceptibility to injury and slowed reflexes.1,6
One of these physical changes is the decrease in bone density, osteoporosis, which is associated with a higher fracture risk31, which of course also results in a higher prevalence of fall-induced fractures. 
Ten percent of these falls leads to fractured bones or other serious injury which will require medical attention and rehabilitation.32
On top of the possible injuries the fall itself causes, it does not end there. Many fallers are, even when uninjured, not capable of getting up without help. If these people lie on the floor for a long time this will lead to a new range of serious complications including dehydration, hypothermia, pressure ulcers and bronchopneumonia.3
And one of the difficulties with this problem is that it is so hard to investigate
As said before, most fallers do not talk about it all. And with the people who do, only retrospective research methods like interviews and so forth are possible.
How accurate the information, obtained with such methods, is remains uncertain and furthermore many of the elderly do not recall their falls.4
As for the people who do recall their falls, and are questioned about them, they generally do not have sufficient knowledge of gait, balance recovery and the precise causes of their fall, to provide all relevant information necessary for fall prevention.
To get all the key data it would be necessary to observe the people at risk nonstop which is of course impossible to do. This is done, however, with smaller numbers of people.3
But even when every fall is recorded on camera it still is not possible to draw one conclusion from this data and come up with one solution for the falls occur due to a variety of reasons.4

And on top of all these difficulties, everything related to this problem and a possible solution is highly dependent of the definitions used. 
Not every researcher uses the same definitions and delineations, so it is important to clarify which are used in the research and why.
Who classifies as old? Which incidents count as falls? What is a fall?

In this thesis the group at risk described as old are people of 65 years and older.
This is because this is the most commonly used delineation of the elderly in the articles and research regarding falls among older people.
The following definition of a fall is used:
“Tinetti et al, in a pioneer paper published in 1988, defined a fall as an event which results in a person coming to rest unintentionally on the ground or other lower level, not as a result of a major intrinsic event (such as a stroke) or overwhelming hazard.” 1
Dionyssiotis Y. Analysing the problem of falls among older people.




Causes of falling

The question why older people do fall is not an easy one to answer due to the great number of possible factors which a play a role in this problem.
As specified in the previous chapter a definition of falling is used which excludes major intrinsic events and overwhelming hazards.
So, strokes, epileptic seizures, loss of consciousness and so forth will not be taken into account as risk factors. Nor will things like a violent blow or other external influences which cause the elder person to fall though they are in fact of course certainly causes of falling.

Stewart Williams, J. et al (2015) states:
“There are several hundred possible risk factors for falls in older adults. They include: older age, female gender, physical frailty, muscle weakness, unsteady gait and balance, impaired cognition and depressive symptoms. The risk of falling increases with age and with a higher disease burden from chronic conditions such as cardiovascular disease, arthritis and diabetes. 
Nutritional deficiency, poor sleep patterns and visual impairment are also associated with increased risk of falling.” 6

These risk factors are yet magnified due to the fact that as people grow older the get worse in balance recovery. Where younger people are able to correct for a slip or a false step the elderly often fail to react properly and fast enough. 
This is because posture control, muscle strength, grip strength, body-orienting reflexes, height of stepping and reaction time all deteriorate with aging and because of that so does the ability to recover balance and avoid a fall after an unexpected trip.4
Age-related impairments of vision, hearing and memory are also known to increase the frequency of trips, stumbles and therefore falls.4 
Falls itself can also be considered a cause to further falling since falling may result in a lower self-confidence and a diminished level of activity which lead to acceleration of functional deterioration.7

In the table below the most common causes of falling are listed, obtained from a meta study of several largest retrospective studies of falling among the elderly. 

[image: ]Figure 1. Causes of falling from Rubenstein LZ. 4


















The most frequently mentioned cause is ‘Accidental’ or environment-related but it will become clear that almost all of the causes in the table above are connected to each other. 
Almost every fall is a result from the accumulated effects of causes listed above and the general effects of increased susceptibility to hazards elder people have resulting from their age and potential diseases. 
In the case someone gets off balance the possibility of recovering balance is after all obviously strongly linked to their strength and possible gait disorders. Gait is in turn not only dependant on many bio-mechanical components but also on several other factors like proprioception, the vestibular system and vision, which is another cause that is mentioned by many people according to the table above.4,6

The next major cause of falls which is reported is dizziness, a common problem among the elderly.
This non-specific designation stems again from a great many factors and may reflect a wide range of underlying problems such as a deviating blood pressure, disorders in the cardiovascular system or side effects from medication. 
Cardiovascular problems and an abnormal blood pressure are at the same time factors that can cause, or contribute to, the above-mentioned causes of falling like syncope’s or drop attacks. 
The designation ‘other specified causes’ in the table directs through the superscript (d) to another variety of causes and related factors.

[bookmark: _GoBack]Other risk factors are, not mentioned in the table, are sleep disturbance, specific diseases like anaemia, locomotor system diseases, diabetes, etc., the use of anti-depressants, physical inactivity and many more.32
It is nearly impossible to identify all the risk factors and it and even harder to identify a single specific cause. 

It becomes clear that falls of older people have such a vast scale of causes that it is not a problem to solve at the root, or roots, of the problem. 
The solution to the problem is in this case to focus on a solution to prevent the consequence of all these different problems, which is falling and the injury caused by falling.









Fall prevention
Because falls are becoming a major public health problem with such devastating consequences, a great deal of research is being done. 
Research to the causes, circumstances and epidemiology of falls and especially to the best way of fall prevention.
People have come up with numerous fall-prevention systems and programmes but it is clear that none of them is sufficient to solve the problem since falls are still such a big problem in our present-day society.

Hereunder the different fall-prevention systems, varying from support systems like a walking cane to detection systems like cameras, will be discussed and assessed.
The various systems can roughly be subdivided in three categories namely systems that
· Detect falls
· Decrease the consequences of a fall
· Prevent falls

Existing solutions for the falling problem will be shortly explained and discussed whereas the systems which are being researched at the moment will be addressed more extensively.
Detect falls

One of the method focused on fall prevention which is currently being researched much relates to the detection of falls, which is done with sensors or camera systems.
These systems have to make risk assessments, identify situations before falls and give warnings when the risk of falling has increased. Also, they have to be able to reliably detect an actual fall.
To monitor the movements of the observed elderly various techniques are used. Motion can be detected by infrared, optics, sound, radio frequency energy, magnetism and vibration.
Almost every form of these motion detection methods is used or researched in attempts to create better fall-prevention systems or to gain insight in the situation which precedes the fall.
They all have their advantages and disadvantages, which is why modern research is directed towards systems which combine several of these methods into one detection system wherein all the advantages are joined.
Most detection and warning systems can roughly be grouped in three classes, namely camera-based sensors, wearable sensors and proximity sensors.

Camera-based sensors: Radar and Microsoft Kinect
Camera’s and camera-like devices are being used often in the field of fall detection. A combination of devices, which is discussed hereunder, is most likely to produce the best results.
In the study of  Rantz, M. and co5 study which approaches the problem by the use of a continuous automated in-home fall risk assessment (FRA) and detection system, radar and optics are combined.
These were installed in the home of several elderly people along with two cameras. More specifically a pulse-Doppler radar, and a Microsoft Kinect, which is a motion sensing input device, were used. 
The difficulties that arise consist firstly of the limitations of the motion sensing techniques and secondly of the complexity of the detection process due to the lack of reference or ground data.

Limitations
To assess the limitations of the different methods of motion detection is key to devise the best possible fall-prevention system.
In the study mentioned above a pulse-radar, a Microsoft Kinect, and two web cameras were used:
The Kinect system makes images in three-dimensional space and it uses machine learning techniques to recognize falls. Because it is able to differentiate between motion in different directions, such as lateral motion and vertical motion, is makes fewer mistakes.
The problem is that, because of the use of optical motion detection, the Kinect’s field of view can be obstructed by obstacles such as furniture and will be unable to detect falls on these blind spots in the room.
The radar system on the other hand, is able to ‘see’ through almost every obstacle. It can recognize moving objects and monitor human activity, but it has its own disadvantages. Since it only detects abrupt changes in motion it is harder to filter out false alarms.
Combining these two systems makes it possible, as long as the data is properly processed, to overcome the disadvantages of the different methods but still leaves another problem:

Ground data
Even if a system, consisting of various motion detecting techniques, is able to record every movement and detect sudden changes in motion it does not mean the system can recognize that, what we call ´a fall´.
We need the system to be able to differentiate between falls and other random sudden changes in position or motion. To accomplish this, firstly initial algorithms were developed in this study to extract relevant gait parameters, like gait velocity, stride length and so forth, from the data of the Radar and the Kinect.
Fall detection algorithms were developed by using data of falls, performed by stunt actors. 
In order to provide the systems with ground truth, standards for comparison and validation data for machine learning techniques, the participants of this study performed a monthly FRA during two years, and they walked on a GAITRite which is an electronic walkway that measures various gait parameters. 
The issue of recognition is still not entirely resolved however. The gait of the subject and his kinematics characteristics can change over time, due to aging and other factors.20
To resolve this the subject would have to perform FRA’s on a regular basis which would increase the obtrusiveness of this system.
Still, this approach resulted in a very promising automate in-home FRA system, with low false alarm rates and accurate risk assessments as well as accurate estimations of walking speed.

[image: ]

Figure 2. “Three sequential depth images from the Microsoft Kinect showing an actual elderly resident fall in an apartment. The figure can be seen in contrasting colour in the centre of the images. The resident uses a walker.” Image with description from Rantz. M. et al. 5

The biggest and most obvious disadvantage of this system is of course that is does not prevent falls.
Of course, indirect it will prevent falls because it provides risk assessments which will hopefully urge elderly people to seek help, walk more carefully or use a walking cane.
It detects falls and alarms the staff, and though this certainly decreases the consequences of falls it is not an actual fall prevention system.
And second, this system is, as said, in-home. It can only be used inside, and only benefits the user as long as he or she is in the range of visibility of the system, which is a great limitation. 
On top of that it will be very expensive to install it in the homes of private individuals, especially because multiple sensors have to be installed to gain as much coverage as possible. Though if used more, production and installation may become cheaper overtime.
The discussed problem of occlusion is one that is not fully solved with the use of a radar due to the fact that there might be more than one people in the scene. This requires even more cameras to get multiple perspectives of the same scene and also the system to be able to differentiate between people based on their gait characteristics. 
Another issue which should be taken into account is the privacy of the subjects. Many people do not like the idea that they are being watched and worry about their privacy being violated.
One way to approach this problem is to ensure the system only sends images of the subjects when an alarm is triggered. And with depth cameras, like the above discussed Microsoft Kinect it is not a problem at all because these systems do not recognize the facial characteristics of the subject.
In the discussed study only the images from the Kinect were recorded. 
But the fact that not only factual and physical issues contribute to the level of obtrusiveness and inconvenience as experienced by the subject, but also psychological factors like this should not be forgotten. 

Wearable fall detection systems
A different way to detect falls which is currently being researched is to record the patients gait parameters and other motion characteristics through the use of wearable sensors instead of external sensors like cameras and so forth installed in the patients’ residence.
A wearable sensor is an electronic device which is placed on or connected to the body of the patient.
Wearable sensors used for remote monitoring a patient consist three main components which are, as described by Patel S.19 : 
“1) the sensing and data collection hardware to collect physiological and movement data, 2) the communication hardware and software to relay data to a remote centre, and 3) the data analysis techniques to extract clinically-relevant information from physiological and movement data.”
Due to the fact that we are now able to make sensors and electronic circuits very small, the concept of wearable sensors is now a successful one and as technology advances these sensors become smaller and thus more attractive to use for patient monitoring applications.
The wearable sensor which is most used in the field of fall prevention these days is the accelerometer, a device that measures acceleration. The data of the accelerometer in combination with threshold-based algorithms is used to detect a fall. So, simply put, if a certain limit is surpassed an action, for example alerting an aid worker, is triggered. 
These wearable sensors have some great advantages; they are relatively cheap and small and therefore easily placed on or in any part of the human body. The most common location is the pelvis because the centre of mass can easily be calculated.

The main drawback of these threshold-based systems is however the difficulty of distinguishing a fall from other sudden movements which have similar acceleration patterns. 
Some studies show that this problem can be overcome using machine learning techniques. These do not necessarily require threshold-based solutions.
Another way to improve the reliability of these systems is to increase the number of sensors, and to use different sensors. When a movement is only classified as fall if independently and simultaneously detected by two different sensors, this decreases the probability of a false alarm.
The accelerometer can also be used in combination with gyroscopes, which can measure angular velocity, and magnetometers, which are able to detect motion in the horizontal plane.
But though the more sensors are used and combined, the more reliable the fall detection is, the obtrusiveness becomes also a bigger problem. More sensors means more weight and of course more power consumption.
And furthermore, though very refined and reliable algorithms and machine learning techniques have been developed, the use of these in wearable systems would also contribute to obtrusiveness.
In a camera-based system these can be used because the processing is performed in a separate server but when this needs to be done in the data collection device, like a wearable system, the high computational cost and energy capabilities become problematic. 
A great advantage is the fact that sensors can be used to measure a great amount of vital signs, so the possible causes of a fall can also be monitored. Sensors, for example, can be deployed to monitor heart rate, respiratory rate, blood pressure, temperature, oxygen saturation and so forth. 
The low cost is of course also a big advantage when compared to camera-based systems. 
The obtrusiveness is the main problem of wearable sensors. This varies of course from system to system as, for example, the number of sensors used, the way it has to be worn, the weight, the size, and the battery life differ, and these are of course factors that determine the overall obtrusiveness of the system, but in general, the more reliable a wearable sensors system is, the more obtrusive it becomes.  
So, the more elegant solutions like incorporating the systems in phones or rings, which are completely unobtrusive, are also much more unreliable. 
Other than that, the subject of interest might lose or drop such a sensor which makes it all the more unreliable. 

Smart brace
Though not much can be found about the success of this product it certainly is an approach which cannot remain unnamed in this thesis. The Smart brace is an orthotic brace in which accelerometers as well as textile sensors are incorporated. 
The brace is able to measure not only motion but also stride length and other gait parameters which can be used to determine whether the patient has a higher risk of falling. 
The brace can send this information not only to the mobile phone of the user but also to a clinician whom can analyse the data, monitor recovery, determine fall risk and so forth. 
How obtrusive this product is exactly is hard to find, but according to Johah Comstock29  5,000 runners are already wearing this smart sock, so it is not unrealistic to assume that it does not produce a great deal of discomfort or obtrusiveness. 
And, as technological process proceeds and the technology in the sock can be miniaturized it will become less obtrusive still.
Furthermore, it should be possible to combine this product with the technology of energy harvesting from walking through swing motion, heel strike or otherwise described by, among others, Montoya JA.23 and Han Y.24
This would eliminate the need for a battery and thus make the sock lighter and smaller. 

Proximity sensors
Another way to detect falls is the use of proximity sensors; these are external sensors not worn by or connected to the body of a patient, but, in most cases, attached to a walking-aid device such as a walker or a cane.
Sudden movements and the distance between the subject of interest and the proximity sensor are parameters which are used to detect falls. 
An advantage of the use of proximity sensors is that they are very unobtrusive; the user is not troubled at all, he uses the cane or walker anyway, whether there is a sensor in it or not. 
But one of the main disadvantages of these sensors is the short proximity range they need to have. 
If the patient drops the walker or steps away from it, he/her will be out of this range and this can, faulty, be classified as a fall. 
Some of these sensors are also quite expensive.20
As a fall detection method it is not the most promising approach, but the use of proximity sensors in research on falls and on stability, as in the paper of Costamagna E.18 mentioned under Support systems can be very useful. 


Ambient Sensing
Ambient sensing is a term which entails the use of several sensor systems embedded in the environment of the subject of interest in order to monitor the subject of interest continuously.19,20
It often includes systems like
· Floor vibration and acoustic fall recognition
When a human falls on the floor this creates a shock signal that is transmitted to the floor and besides that, of course, a sound. These effects can also be used to detect a falling person with the help of sensors and microphones. 
· Pressure sensors
These can be integrated with the furniture e.g. the bed, chairs and so forth. They can measure pressure changes. A long period of inactivity can be picked up with these sensors and when these occur on a place that is not normal in comparison with the regular patterns of the subject of interest an alarm should be triggered. Their fall detection accuracy however is very low.20
· Camera-based sensors 
Actual cameras, but also motion detectors like the earlier discussed Microsoft Kinect, and infrared sensors. 

The great advantage of this ‘smart home’ technology in comparison with the other discussed systems is the unobtrusiveness. They do not require the subject to wear sensors or keep their proximity sensors close, though wearable sensors are sometimes combined with ambient sensing to increase the reliability of the data. 
Ambient sensors of course cannot obtain the physiological data wearable sensors can provide, but it can on the other hand provide more behavioural data like sleep patterns, quality of sleep, bathroom visits and so forth.
But like camera-based systems ambient sensing only can only gather information and detect falls when the subject of interest is at home.
And what is more, this system is only effective as a whole. It works because of the large number of sensing methods ‘working together’. For example, only a motion detector, or only a pressure sensor, would be utterly useless. It’s all or nothing.
This makes it a significantly expensive venture to implement a system like this on a large scale. 
Subsequent research regarding the effectiveness on fall prevention and detection is needed and this should be combined with calculations concerning the costs in order to get an idea of the cost-effectiveness. 
Decrease the consequences of a fall

Another way to try and reduce the devastating impact that falling has on elderly people and by extension on society, is to focus not on the prevention of falls but on decreasing the consequences a fall can have. 
The assumption that no perfect fall-prevention devices or strategies will exist in the near future is not implausible and therefore to focus on ways to make fall less impactful can be a strategy with which there is much to gain. 

Training Programmes
The training programmes discussed in the chapter Prevent falls are relevant also relevant in this regard. 
Studies show that these do not only reduce then chances on falling but they also have a significant positive impact on the severity of the possible injuries from a fall.7, 21
The aforementioned study of El-Khoury F. and co7 is a meta-analysis wherein 17 studies are included and the results show that exercise significantly reduces the chance on injury after falling, where the protective effect is most conspicuous in the most serious fall-related injuries. 
The Cochrane review21 comes to the conclusion that exercise lowers the risk of fractures caused by falling. 

Wearable airbags
In a countermeasure proposed by, among others, Tamura T. 22a fall detection system is combined with an inflator and one or more airbags.22,23,24
When the gyroscopes and accelerometers detect a fall the system triggers inflation and the inflated airbags reduce the impact acceleration. This shows to significantly protect the wearer against injury.
Though it seems not very enticing to wear a system of sensors and airbags everyday it is a measure which may become less obtrusive when further development results in a miniaturized system.
When it is possible to make systems like these small enough to incorporate them in jackets and pants and so forth, the user would not be bothered at all by the use of this system and this would make it a valuable addition to the available injury-reducing solutions.  
Prevent falls

Training programmes
As described above a great deal of the causes of falling come down to physical weakness. Muscle strength and bone density decrease with age, which leads to falling or to more serious consequences of falling.4 To counteract this therefore reduces falling a great deal and prevention is better than cure. 
The study of El-Khoury F. and co7 states that “It has been established that well designed exercise programmes can prevent falls in older adults living at home” and various other studies endorse this statement and produce the same positive result for older adults living in assisted living facilities8, 9, 10.
Gait velocity and overall muscle strength improve as result of such exercise programmes9 and this evidently are factors that contribute to a lower risk of falling. 

Existing exercise programmes have different focuses like strength, endurance, balance and agility and though almost all of them yield positive results the exercises focused on balance-training seem to 
decrease fall-risk the most.10
According to some studies it appears also to be useful to combine exercises that target balance and gait with cognitive tasks.11,12 Donath L.12 declares “An agility-based conceptual training framework comprising perception and decision making (e.g., visual scanning, pattern recognition, anticipation) and changes of direction (e.g., sudden starts, stops and turns; reactive control; concentric and eccentric contractions) might enable an integrative neuromuscular, cardiocirculatory, and cognitive training.”
The study ends with the statement that subsequent research should investigate, among other things, the link between agility and fall risk factors and rates. 
This is because hard evidence lacks, and this combination of training methods is less studied than the general form of exercise, but it is a promising approach and should not be left unmentioned in this analysis of plausible solutions to the widespread problem of falling. 
Though exercise is a valuable approach to solve this problem, and when implemented on a large scale would certainly cause a significant decrease in fall rates, it gives no guarantees and is unlikely to prevent every fall from happening. 
And an exercise program is not a ‘one size fits all approach’. Different groups of people will require different exercises and different strategies concerning supervision and intensity. 
There are however programmes, for example the home-based Otago Exercise Programme, that reduce fall rates significantly, even when implemented on a large scale, and seem to be cost-effective.8
New research even shows that the positive results of training programmes lasts for decennia.25
Physical activity on a daily basis at age 60-70 is associated with an enormous decreased likelihood of falling at age 90.  This, of course, makes the cost-effectiveness higher still.

Nutrition
Many of the factors that contribute to a higher risk of falling, like muscle strength, cardiovascular problems, bone-density, reflexes and many others are closely linked to nutrition. 
Therefore, it is not implausible to assume many of the underlying factors that are resulting in high fall risk can be eliminated or reduced by adjusting nutrition. 
However, links between fall-risk and certain vitamin supplements, like D and B, have been studied but no significant benefits has been found so far.13,14
Subsequent research in to the possible nutritional factors which in- or decrease fall-risk is however recommended. 

Support systems
One of the oldest and best-known ways to reduce fall-risk is the use of walking-aids like canes, walking frames and rollators. 
Though these have been used for centuries, their effectiveness on fall risk is debatable. 
Several studies show that the use walking-aids is sometimes not only ineffective but can even have a negative effect on the stability, gait pattern or recovery of the patient.15, 16
The fact that users of walking-aids fall more often than non-users leaves of course multiple interpretations open and cannot be considered as evidence that walking-aids are necessarily the cause of a higher fall risk. The use of walking-aids is might after all be an indicator of worse general health which includes problems that contribute to the risk on falling. 
According to Roman de Mettelinge T.15 however users of walking-aids tend “..to have worse executive functioning (lower CDT scores), which might have complicated attentional requirements.”
Furthermore, studies show that the use of a walking-aid inhibits compensatory grasping. Evidently the central nervous system often gives priority to the ongoing task of holding an object, even when that object has no stabilizing value on the moment.17
Because the use of walking-aids is not in all cases beneficial, an accurate assessment concerning the effectiveness per case of the prescription of a walking aid should be made. 
The paper of Costamagna E.18 proposes a new method for the examination of stability in users of walking-aids. Using this method one is able to assess stability, not only at certain points, but during every phase of gait, and furthermore it is a method not limited to one device but generalisable to all kinds of walking-aids.
Improved methods like these can contribute to a more beneficial device prescription, to better designs of walking frames, to more accurate monitoring and so forth, which is a great step towards minimalizing the potential hazards that come with the use of walking-aids, which are mentioned above. 
 
Gyroscopic balance assistance
At the Delft University of Technology in the Netherlands Vallery H. and co. are currently developing a wearable backpack-like device that can actively assist the wearer in balancing.30
In this ‘backpack’ there are two gyroscopic flywheels which can turn and thus “are capable of modifying their angular momentum to impart a moment (torque) on a body.”
So, the momentum is not produced by changing the spin rate but by changing the orientation of the flywheel which gives a greater momentum. 
The advantages of this solution are numerous:
Regardless the cause of instability or the general state of health of the wearer and other circumstances this device will do its job.
In contrast to conventional walking-aids the effectiveness of this solution does not rely on the ability of the user, and on top of that, this device is ‘hands-free’, so the user is not hindered in performing other tasks. 
Furthermore, the system is not constantly influencing the motions of the wearer but will only provide assistance when it is necessary, so it will not affect recovery or interfere with body dynamics, as is the possibility with canes and rollators.16
Contrary to in-home systems, this device can be used anywhere and any place.
The current weight of this device is one of the main drawbacks; with the existing CMG (control moment gyroscope) technology the backpack would weigh 10 kg. 
The research group is now constructing a prototype which has the target of 3 kg which would partly remedy this problem.
Another problem to consider is the power consumption, though the current design target is to get enough battery life for over 2 hours of continuous balance assistance which is obviously is enough for a considerably longer period since it is not likely that assistance is constantly required. 
The possibility of recharging the device by using the motion of the body is also being explored by the research group which, if successful, would eliminate this problem overall.
The obtrusiveness however stays a small disadvantage in comparison to some of the earlier discussed solutions because even if both design assignments are met, and the construction results in a light-weight corset-like backpack of 3kg with enough power, wearing something like this will never be as unobtrusive as the camera-based systems or ambient sensing.
Nonetheless this is arguably the most promising approach because it has few intrinsic drawbacks and mainly problems that will diminish as technological progress proceeds.



	Discussion and conclusion
In this thesis the widespread problem of falling among the elder is outlined and from the numerous possible solutions the most promising state-of-the-art ones on the one hand and the most used and obvious ones on the other hand are discussed. 
Besides the technological and cost-related disadvantages of the discussed approaches this thesis focuses also on the intrinsic problems of the discussed ideas since these cannot be overcome through technological progress and are thus more relevant. 

The main disadvantage of the methods focused on fall detection, first discussed in this thesis, is basically the need to choose between obtrusiveness and the ‘in-home limitation’. 
Though the camera-based systems and ambient sensing are reliable and unobtrusive, they are only useful when the subject of interest is in a home were these systems are installed.
Wearable sensors do not have this restriction but are more obtrusive, and the proximity sensors are less reliable.
Furthermore, they have all one obvious flaw which is of course the fact that they do not actually prevent falls. 
Every discussed system can be of great value through the warning of caregivers, the providing of relevant information for research and clinicians regarding the fall and the preceding circumstances, and the possibility of making risk assessments which can possibly urge the patient to seek help pre-emptively which can lead to less falling. But it does not directly prevent falls and though a number of serious consequences can be prevented by the immediate warning of caregivers, the fall has taken place and much of the damage is already done. 
The research and use of these systems is recommended, since it lowers various risks and can lead to the necessary information about falling to construct falling devices but as an actual fall prevention method itself it they are not suited.

The ways to decrease the consequences of a fall are in this regard the same, save for the fact that, ideally, there is no harm done from a fall.
Airbag systems cannot prevent all injury and are not yet small enough to be totally unobtrusive. 
The miniaturization of these systems would eliminate the latter but the former will always be an intrinsic problem of this approach since a suit which covers the whole body is surely undesirable.

Of the actual fall-prevention methods the training programmes and the gyroscopic balance assistance system which is being developed in Delft, are the most promising ways to prevent falls from happening.  Training programmes specifically designed to prevent falls of older people have been studied extensively and some of them are shown to be effective as well as cost-effective. 
These results beg the question why these programmes are not used more. 
The discussed Otago Exercise Program is recently translated to Dutch and is currently being implemented by the NVFG (Nederlandse Vereniging voor Fysiotherapeuten in de Geriatrie) en VeiligheidNL, but it is yet but partially reimbursed by the insurance.28
Nation-wide implementation, paid for by the government, is recommended since the research shows the costs of the implementation and execution of such a programme, are outweighed by the decline in healthcare cost.

In the chapters above the problem off falls among the elderly is outlined and several ways to solve this problem are discussed. None of them fully solves the problem, and though it may be impossible to prevent every elder from falling, more can be done to scale down the number of these falls and decrease the devastating consequences.
In the next chapter the demands for a solution will be listed as well as its basic functions. 
Design assignment 
Product

To reduce the impact of falls among older people on our society, is an enormous project. Very basically, there are two routes to the end-goal:
1. A physical device, which prevents falls from happening, or reduces the consequences of a fall.
2. A programme, or campaign with the aim of informing older people of the problem and its dangers, and to get them to seek help, follow training or take action in whatever way to ensure it will not happen to them. 
So the one is preventing a person from falling, and the other aims to lowers the susceptibility to falling of a person.

Hereunder a succinct depiction of the problem in a cause-effect diagram. The causes in the upper block are described in the second chapter. 
The aim of the product is to intervene between Decreased balance and Falls. When someone is in the target group and therefore has decreased balance, this person should start using the product which in turn should lead to regained balance to break the line of effects which follows in the diagram hereunder. 
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Figure 3. Cause effect diagram
Focus and limitation

In this analysis the problem described as old was classified as people older than 65 so this will also be the group the solution will be focused on.
Within this group, the aim should not be on the average elder but specifically on the weakest, and most impaired people in this range, since these are the people with the highest risks on falling.
Requirements and wishes

The requirements and wishes for the solution are of course not the same for the two mentioned approaches, but there are some general requirements.
The costs are an important factor to take into consideration for both approaches, after all, health care costs are already relatively high. 
It is not unlikely that older people will not be inclined to spent a great amount of money for a preventive solution to a problem they have not yet experienced. 
Governments are maybe willing to invest in a solution in the interests of public health, but there will of course be limits.  Eventually the product needs to be cost-effective.

A strong requirement for both approaches is also a very high ease of use. Whether it concerns training, a wearable system, or something else, the people who will have to use it should not be expected to make enormous efforts or adaptations in their lifestyle. A solution should be easily incorporable in their daily lives. 

Furthermore, limitations like the in-home solutions have are undesirable. 
The generalisability of the solution should be as high as possible, so it can be effective in all kinds of situations and places for all kinds of people. 

The two different approaches have respectively also some individual requirements.

Physical product
For a device more specific requirements can be formulated. 
A wearable device should have a battery life of at least one full day, so it can be charged at night but does not go empty during use in daytime. 
It should also be very light-weight, since it is a device for older frail people. Ideally it can be incorporated in clothing, shoes, watch or other article of everyday use. 

Programme
For a programme or health campaign the critical point is whether it speaks to people and whether they will change their behaviour because of it. 
The requirement is basically: its contents should incite people to take action. There are several factors that could be considered for accomplishing this, for instance, support from the government, or even obligation.
The way of spreading the information is very important as well; there are numerous communication 
media, and not everyone will use the same.
Function analysis

To prevent the creation of the product being limited by a large confining set of requirements only the basic and important are outlined. So the creativity and freedom in the designing process of the solution will not be restricted. For this same reason it is important to describe the purpose of a product which offers a solution to the described problem in the most abstract and basic way. 
For this we use a few fundamental functions and subfunctions. To clarify, examples will be given by means of the described existing solutions. These are, however, merely examples; the fundamental function can be achieved in many different ways.



For the two different approaches mentioned under Product a function analysis will be given. 


1. A physical product which stops a person from falling has the following fundamental functions:

Combine information

Store information

Transform energy
Transport information
Convert information








The first step is the collecting and storing of information, the product needs to ‘know’ whether a fall is imminent. For example, in the described wearable systems, sensors need to pick up unusual motion patterns. This information needs to be combined to verify its legitimacy, with the data of other sensors on the body for instance, or with ground data which is stored in the system. 
Then the verified information should be converted to a signal which triggers a certain action, which subsequently has to be sent to the part of the device which does the actual work. 
The final step is the task the system needs to perform to stop the user from falling. In the described products this is for example the turning of the gyroscopes, or the inflating of the wearable airbags. 


2. A campaign to implement training programmes for the target group has the following fundamental functions:

Transport information

Store information

Transform  material
Transform energy







First of all, the campaign must include all the information about the risk of falling in older people, the consequences of these risks and the right training programmes to decrease these risks. This information should be transported to everyone in the target group, these people need to know they are at risk and what to do about it. 
Now one might think that is it; a campaign informs people and if that is done the campaign is successful. But the most important function of such a campaign would be of course that the people in the target group take action because of it, without this the ‘product’ is a failure, even if everyone has received said information. The targeted people will have to start taking the appropriate action, for instance training. 
And eventually, the goal of this transform the body of the person of interest. That is the goal of the information transfer and of the training: to ‘change’ the body of the person of interest so that it has a lower chance on falling. 
The strengthening of muscles, bone and other tissue, the improvement of balance, neural pathways and reflexes; all this can essentially be seen as transforming materials. 

A block scheme which describes a solution to the problem without regard to the different approaches is hard to formulate as it will be even more abstract. 
It is however possible and can be useful in the designing process, since the core purpose of the solution is outlined as simple and basic as possible. 


3. The solution to the problem of falls among older people has the following functions:


Store information

Transport energy

Transport information



Store  energy







The information about their susceptibility to falls has to be brought to the older people in the target group. Then they need to be spurred into action such as, us a device or change their behaviour.
And finally this has to lead to 1. the storing of this information and the 2. storing of energy.
1. The people at risk have to remember the information, adapt and keep using the product (keep wearing sensors every day, keep doing exercises every day, etc.) 
2. The storing of energy can refer to two things namely the strengthening of the body through exercise (Transform material, in the previous block scheme) or the wearing of a device. 

Though these representations of the eventual goal, a fall-prevention system, by means of its fundamental functions may seem somewhat abstract but can be of help in de designing of this product; the synthesis phase.
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in most series. However, many falls attributed to accidents
really stem from the interaction between identifiable envi-
ronmental hazards and increased individual susceptibility to
hazards from accumulated effects of age and disease. Older
people have stiffer, less co-ordinated and more dangerous
gaits than do younger people. Posture control, body-orienting
reflexes, muscle strength and tone, and height of stepping

SOTIS. HOWEVET, 1t 1§ 4 fION-Specitic Symptom and may feflect
problems as diverse as cardiovascular disorders, hyperventi-
lation, orthostasis, drug side-cffect, anxiety or depression.
The related problem of orthostatic hypotension, defined as
a drop of over 20 mmHg of systolic blood pressure between
lying and standing, has a 10-30% prevalence among ‘nor-
mal’ elderly people living at home. It can stem from several
factors, including autonomic dysfunction (frequently related
to age, diabetes or brain damage), hypovolacmia, low
cardiac output, Parkinsonism, metabolic and endocrine dis-
orders, and medications (particularly sedatives, antihyper-
tensives and antidepressants). The orthostatic drop may be
more pronounced in the morning, because the baroreceptor

Table 1. Causes of falls in clderly adults: summary of 12
studies® that carefully evaluated elderly persons after a fall
and specified a ‘most likely’ cause

Mean response is diminished after prolonged recumbency. How-
Cause percentage’ (%) Range* (%) ever, it is a less common cause of falls than its prevalence
“Accident’/environment-related 31 1-53 would indicate, probably reflecting the fact that most per-
Gait/balance disorders or weak 17 4-39 sons with the syndrome become accustomed to it and are
Dizziness/vertigo 13 0-30 able to find a seat or adjust before falling.

Drop attack ? 0-52 Drop attacks are defined as sudden falls without loss of
Confusion 5 0-14

consciousness or dizziness and have in the past been impli-

o poreasion 5 o cated in between 1 and 10% of falls. Patients typically
Syncope 03 0-3 experience abrupt leg weakness, sometimes precipitated by
Other specified causes® 15 2-39 sudden head movement. The weakness is usually transient
Unknown 5 0-21 but can persist for hours. This syndrome has been attrib-

uted to transient vertebrobasilar insufficiency, although it

*Adapted from [15]. e H
dapted from [15], probably stems from diverse mechanisms, including leg

"Mean percentage calculated from the 3,628 falls in the 12 studies. B

“Ranges indicate the percentage reported in each of the 12 studies. weakness and knee instability. Drop attacks arc today
“This category includes arthritis, acute illness, drugs, alcohol, pain, epilepsyand  reported much less often—probably reflecting better diag-
falling from bed. nostic precision. In the past, the drop attack category was
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