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Abstract

According to our survey, the primary cause of injury or death for people around 60 years are from falls [1, 2]. It is estimated
that around 35percent of elder get injured by falling every year, scientifically, it is proven that the Reason for falling is because
of an imbalance of the center of gravity, i.e the CG (center). of gravity) of the person is unstable. It is necessary to find fast and
effective way to find fall detection to help the elderly fall. This fall detection can also be used for patients in hospitals and in road
traffic for drunk people. In this paper, we are going to detect the fall of a person using an open pose model. Basically, we are going
to extract the key point/joints of a person and then we are going to analyze the gait of a person by taking the centroid as a key

point for fall detection. This method is effectively able to detect falls with an accuracy of 90 percent.
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Introduction

A Gait is a pattern of limb movements made during locomotion i.e while walking or running. Human giat are the various ways in
which a human can move naturally or by specialized training. Based on the movement of the limbs doctors can analyze the gait of a
person and diagnose problems like neurological or musculoskeletal problems. ‘Gait analysis’ is a method for identifying abnormalities
in the gait cycle, i.e. the way a person walks. A gait cycle can be defined into two phases first is swing phase and the second is stance
phase. The stance phase begins when the foot first touches the ground through a ‘heel-strike’ and comprises of all activities till the
same foot leaves the ground through a ‘toe-off". It involves ‘Initial Double Stance, Initial Single Stance’, ‘Mid stance’, ‘“Terminal Single
Stance’ and ‘Final Double Stance’ sub stages, all this activity covers 60 percent of the gait cycle. On the other hand, swing phase covers
for remaining 40 percent of gait cycle occurs when the foot is not in contact with the ground and comprises ‘Initial Swing’, ‘Mid Swing),

‘Terminal Swing’[3].

A confidence score then via Part Affinity fields we associate the detected key points to form the skeleton of a person [4]. After extract-
ing the key points we use the center of the hip joint as reference to detect the fall detection. We are using 3 main conditions to detect
the person falling [8]. First, If the velocity of descent is greater than critical value. Second, we are going to check the angle between the
ground and head of a person is less than 45 percentage. Third width to height of the body’s external rectangular is greater than 1. If all

these 3 conditions are satisfied then we are displaying the output as fall detected.
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Related Work
Gait Analysis using Image Processing

In this model they have created an algorithm that takes a video file as input and outputs the step length and heel points for each
frame. At first background subtraction is performed to isolate the person from the background for gait analysis. They have used
K-nearest neighbors background subtraction method [9]. After background subtraction, the binary mask is used for contour tracking.
The contour with five largest areas is used to create the rectangular bounding box. Later, Different Features are extracted like a) Feet
location, the bounding box defines the toe of foot and heel of back foot b) Stride length, the difference in distance between the bound-
ing box of consecutive frames gives the stride length c) Stride length, is the time required to completely achieve stride length once. d)
Heal-strike, toe-off points, the temporal plot of width can be used for analyzing heel-strike and toe- off time points [3]. Fig. 1 shows
the result of Gait Cycle.

Gait Cycle

Normal Walking

R T T ————

Avg. step length : 52 px (Dominant foot)
Avg. step length : 44 px

Figure 1: Gait pose.

The above model was experimented for gait analysis to detect abnormal gait by studying the crust and troughs of a heel strike. It was
tested on subjects like a person dragging his leg while walking, a person falling down with a precursor of drifted apart gait. Apart from

abnormality it is also used to detect types of gait like subject jogging, marching, detect dominant foot in normal gait [3].
OpenPose: Realtime Multi-Person 2D Pose Estimation using Part Affinity Fields

In this paper they have discussed multi-person pose estimation. There are 2 ways to approach pose estimation module, first is top-
down model, where we first identify the person by removing the background noise and drawing the bounding box for the subject and
then identify the key points of the subject (person), but suffers from early commitmenti.e if people in the image are close in proximity
then there is no recourse to recovery. The second model is a bottom up approach [10, 11] which is robust and can identify key points
of a person even in occlusion. In this model we first identify the key points and then match the points by bipartite matching. In this
model they have used 10 layers of VGG16 model [12] for feature extraction and then the extracted features are passed to a convolu-
tional Neural Network where we first predict the confidence score of the key points. After getting the confidence score we perform
part affinity field for part association (PAF). PAF gives the 2D vector fields that maps the location and orientation of body parts in an
image. After gathering the 2D vector field from PAF bipartite matching is done to associate body parts of the candidates to obtain full
body pose. This model has been evaluated on three different dataset 1) MPII human multi-person data set 2) COCO key point challenge
dataset. 3) foot dataset.
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Fall Detection Based on Key Points of Human-Skelet Using Open Pose

In this paper, they have designed a model to detect fa detection by analyzing the key points of a person using open pose [8]. So the
basic step was to extract the features of the human body, so in order to extract the features they have used an open pose model which
determines the posture of the body. Once the postures are recorded they are subjected to 3 basic decision conditions 1) whether the
velocity of descent at the center of hip joints is greater than the critical velocity, 2) whether the angle between the ground and the
head of a person is less than 45 degree, 3) width to height ratio of the bounding box is greater than 1. If all these 3 basic conditions are
satisfied then we display an output that human fall occurred or else if any one of the conditions gets failed then we check for any fall

detection in the next frame. The formula used to calculate the speed of descent of a person with a hip joint as the center is

_yl2—ytl
- t

1% (1)

where v is the change in velocity, yt1 and yt2 is the change in y-coordinates at frame at time t1 and t2 and t is the difference in time
attimet2andtl.0=V<v' 1=V>=V.
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Figure 2: Architecture of open-pose.

where v’ is the threshold falling speed of the hip joint center. If v >= v then we conclude then fall detection occurs. The formula to
calculate angle between the ground and head of a person is:
Yh-YlI

retan = ————— 2
arctan = < (2)

which gives the angle between head and leg.

Methodology
Open Pose

The Open pose is an open-source library that uses convolutional neural networks and supervised learning and based on caffe. Open
pose can detect human body parts in a single image [13-21]. Open pose uses a bottom-up approach to detect the position of the hot

spot map of the human body.

In the open pose the first step is to extract the features from the image. For the feature extraction we are going to use the first 10
layers VGG-19 [22]. The extracted features are then passed into two parallel branches of convolutional layers. The first branch predicts

confidence maps of a person which identifies the set of 18-key points of the human. The second branch predicts Part Affinity Fields
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(PAFs) which associates the different body parts of the human. As the final part, we take the output of Confidence Maps and Part Affin-
ity Fields to obtain the pose of a person by applying the greedy bipartite matching algorithm.

At stage 1 Part Affinity Fields are predicted from the feature map of the base network. In subsequent stages it uses the output from

the previous stage and the Features of image F to produce refined predictions
[L'=(] ()
[Lt=(F, Lt1),A2<=t<=TP] (2) (3)

Where: L1 = Part Affinity field at stage 1.

1 =CNNs at Stage 1 t = CNNs at Stage t TP = Total number of PAF stages.

At stage 2 it uses the output of part affinity fields and predicts the confidence maps of the person.

STp =t(F, LT)t,At=TP (3)
St=t(F, LT, St1),ATP<t<=TP+ TC (4)
Where: t=CNNs at Stage t TC=total number of confidence map stages.

We apply the L2 loss function at the end of each stage to effectively predict the part affinity field at the first branch and confidence
map at the second branch, as there could be some data inconsistency in a dataset. The loss function of Part affinity field branch at stage

ti and loss function of the confidence map branch at stage Tk are:
fil=Yc=13¥pW(p).|ILti(p)LP)II*2, (5)
fsk=%j=1EpW(p).|IStk(p)S(p)II*2  (6)

Where Lxc = ground truth PAFsS* = ground truth of part confidence map W is a binary mask with XW (p) = 0 to prevent the extra loss
when an annotation is missing at the pixelp [23]. The final equation would be 'f = TpTP Y. + TC Y. f+ t = Y. Tp + 1f(7) The final inference
of confidence maps and PAFs is passed to the greedy algorithm for body part association ] The first step is to extract the features from
the image using the first 10 layers of VGG-19 model, which is the base network F.

At stage 1 Part Affinity Fields are predicted from the feature map of the base network. In subsequent stages it uses the output from

the previous stage and the Features of image F to produce refined predictions
L' = (MI(D)
[Lt= (F, Lt1), A2 <=t <= TP](2) (4)

Where: L1 = Part Affinity field at stage 1.

1 =CNNs at Stage 1 t = CNNs at Stage t TP = Total number of PAF stages.

At stage 2 it uses the output of part affinity fields and predicts the confidence maps of the person.
STp =t(F, LT)t,At=TP (3)
St=t(F,LT,St1),ATP<t<=TP+ TC (4)

Where: t=CNNs at Stage t TC=total number of confidence map stages.
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We apply the L2 loss function at the end of each stage to effectively predict the part affinity field at the first branch and confidence
map at the second branch, as there could be some data inconsistency in a dataset. The loss function of Part affinity field branch at stage

ti and loss function of the confidence map branch at stage Tk are:
fil =X c=1XpW (p).||Lti(p)L(P)II*2, (5)
fisk=1j=1ZpW (p).|IStk(p)S(P)II?2 (6)

Where Lxc = ground truth P AFsS* = ground truth of part confidence map W is a binary mask with XW (p) = 0 to prevent the extra loss
when annotation is missing at the pixelp [23]. The final equation would be X f= TpTP X + TC X f+ t =X Tp + 1f(7) The final inference of

confidence maps and PAFs is passed to the greedy algorithm for body part association
Confidence Maps

We generate confidence maps Sxjk for each person at location p Belongs to R where k is the number of person. Xj, kbelongtoR is the

ground-truth position of body part j for each person k in the image.

S % jkegjp(i”p 23kl

(8) The above equation is a Gaussian curve which is an aggregation of the individual confidence

maps with gradual changes where sigma controls the spread of the peak.
s * j(P) = maxSj, k* (P) (9)

Part Affinity Field

Figure 3

The part affinity field is used to map the body parts of a person to its body. Consider a arm shown in Fig. 3. Let Xj 2,k and Xj 2,k be
the ground-truth location of body parts j1 and j2. If a point p lies on the arm then LC, would be a unit vector that points from j1 to j2,
and for all other points, it would be zero-valued vector. While training, we define the ground-truth PAF, Lc, as Lck * (p) = vi f Ponlimbc,
k(10) 0 other wise here v is the unit vector in the direction of the arm While testing, we perform line integral over the corresponding
PAFs along the line segment of connecting body parts to measure the association between detected body parts.

o Xj2k—Xjlk
~ NIXj2.kX]1, k||2(11)

E=Xu=0,1Lp(u)). mdu where, p(u) interpolates the position of the two body parts dj 1 and dj 2 p(u) = (1 - u).dj2 +
u.dj2.
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Fall detection

Once the postures are recorded from open pose they are subjected to 2 basic decision conditions 1) whether the velocity of descent
at the center of hip joints is greater than the critical velocity, 2) whether the angle between the ground and head of a person is less
than 45 degree. The procedure of implementation of our proposed approach is shown Fig 4. The Fig 5 gives the joint number of the
body parts which are required to analyze gait for fall detection. Condition 1 ( the speed of Descent of the body [8]): As the process of
sudden fall leads to drastic change in center of gravity of a person in the vertical direction, we consider human hips as the center point
and analyze the y coordinates of the hips for every five adjacent frames. The data points are 8(right hip), 11(left hip). The coordinates
of the hips are s8(t) = (x8, y8) and S1(t) = (X11, Y11). Let y-coordinates of the hip joint at time ¢t1 be yt1 = % and y-coordinate at
time t2 be Y t2 =22 5¢LL

velocity then we can say that fall is detected V>-=V’ Fall detected V<V’ safe (13) Where v is critical velocity.

Next Frame

| Open pose oblains data |

. So we can get the descent velocity of the hip jointby T=t2-t1.V = % When V is greater than critical

J

Whather the angle batween cenlerline
of the human and the ground is less
than 45 degree

Figure 4: flow chart.

Condition 2 ( the angle between the ground and head of a person [8]): While falling, the most common feature would be change in
angle of the body with respect to ground. So, we calculate the fall with respect to body points head and ankle. When the angle between
these 2 increases greater than 45 degree then we detect the fall. The data points are O(head), 10(right ankle), 13(left ankle). The coor-
dinates are s0(t) = (x0, y0), s10 = (x10, y10), s13 = (x13,y13). SoS' = W, S'(t) = (X, Y’) at time t, the angle between the head of a

person and the ground is arctan = iﬁ:ii If the angle is less than 45 degree then fall is detected.

Points which are present in a human body are obtained as a part of final output as depicted in figure 8. On eliminating the back-
ground of the final output the key points still remain The is the output of the fall detection video. The model predicts the fall detection
with the accuracy of 90 percent. This model has been tested on 20 videos and successfully predicts the fall detection with 90 percent

accuracy.
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Figure 5: key points.

Conclusion

In this paper we have discussed methodology to detect fall detection using pose estimation. At first we are going to detect the key
body parts of a human using an open pose open-source library. For detection we first extract the features of an image by using 10 layers
of VGG16. Later we are going to utilize the extracted features to identify confidence scores to detect the key features and Part Affinity
fields to associate the key points. After getting the human pose skeleton we are going to analyze the gait of a person for a fall. So, to

identify fall we are checking 2 basic conditions.

First fall of descent and second is angle of a human with respect to ground. If both the conditions are satisfied then we are going to
display an output as fall detected. As we don’t have any datasets of fall, we have tested our model on a few videos and compared with
different algorithms like Droghini et al. [24] which detects the fall by capturing sound waves. Shahzad et al. [25] which uses sensors in
smartphones. Kepski et al. [26] uses microwave doppler sensors. Quadros et al. [27], the threshold method and machine learning are

used to identify falls. Open Pose [28, 29] can be used to identify the images based fall detection as it is fast and convenient.

S. No | Average Accuracy in percentage
BODY Parts Accuracy
1 0 0.81
2 1 0.88
3 2 0.95
4 3 0.87
5 4 0.92
6 5 0.87
7 6 0.71
8 7 0.84
9 8 0.83
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10 9 0.75
11 10 0.86
12 11 0.75
13 12 0.82
14 13 0.87
15 14 0.89
16 15 0.93
17 16 0.86
17 17 0.71

Table 1: Accuracy of Each Key Point.

S. No | Algorithms Accuracy
1 Mel-Frequency Cepstral Coefficient + SVM | Mel-Frequency Cepstral Coefficient + SVM
2 Threshold + SVM 91.7-97.8
3 Microwave Doppler + Markov model 95
4 Threshold + Madgwick’s decomposition 91.1
5 openPose + LSTM 88.7
6 openPose + two thresholds 90

Table 2: Comparison of other Fall Detection Algorithms with Ours.
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Figure 6: recognized image.
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Figure 8: Fall detected images.
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