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Now let us look at the last paper in this article and this is the pedestrian stride length 

estimation from IMU measurements and artificial neural network based algorithm. So, 

you can see that very very active area of research trying to get stride length estimation. 

So, I would say exciting four papers; read them thoroughly, understand them well and 

then you would perhaps also be at exactly the point where the needle has stopped with 

respect to the state of art. 



 

So, what do these papers do? This paper says, it puts forward a stride length estimation 

algorithm based on back propagation artificial neural network based system using a 

consumer grade initial measurement unit; that is the same one that most phones have. 

 

So, any time you talk about pedestrian dead reckoning there are four phases; they look at 

step detection, step or stride length estimation, heading estimation and navigation results 

update. 

So these are the four basic steps in any of your application that you are looking at in 

localization without GPS topic; you may have to do these four steps when you work with 

IMUs.  



Step detection algorithms include zero crossing method, peak detection method and 

autocorrelation method. Stride length estimation is complex because there are variety of 

motion patterns during walking or running, patterns including walking; walking slowly, 

walking normally, walking rapidly, running, texting mode, walking mode and all that 

which we already spoke about. 

Now, this is also important; why your Weinberg expression is not so good this is actually 

telling you why. And I discussed this already once with you; PDR is related not only to 

the number of steps, but also the step length. This differs greatly among individuals and 

is related to the walking speed; we mentioned this already. Step length can vary nearly 

40 percent among pedestrians walking; at the same speed and up to 50 percent 

throughout the range of walking patterns of an individual; within the individual itself 

there can be a variation and 40 percent among pedestrians walking at the same speed this 

is important. 

So, getting to a very accurate K is known simple way; there is no simple way of getting 

to K which is like a constant which indeed is the struggle. People have spoken about the 

simplest approach of step length; take a constant model for one person, but that would 

not work because the model cannot adapt well; whenever there is a change in pace. 

Linear relationship between step length and pedestrian height some people tried that, but 

the variation of step length during walking has something that was not considered. 

 



Yang and Li another set of authors identified closed relationship between frequency and 

step length and proposed an algorithm to estimate the step length based on step 

frequency in some other work. The authors of paper then adapted this linear model for 

PDR. So, a whole bunch of work on how to get to the step length are all referenced in 

this. 

look at the sentence, taking into account step intervals acceleration variance and 

inclination. The step length can be modeled by multivariate equation; a non-linear model 

with only one coefficient was proposed to estimate step length; however, this models 

coefficient may vary between different pedestrians. So, this is indeed the crux of the 

problem. 

 

So, really one cannot go with all the existing methods at least that is what this paper 

seem to claim. 

And this paper also  talks about how to collect data because they have to get humongous 

amount of data before they actually conclude on anything about estimating stride length 

accurately. So, they also I suppose connect the IMU on the foot because of its ability to 

give good signatures. And but their data is collected from just 13 test subjects that is the 

problem; it is still very weak because 13 is no number; it should be perhaps 130000 to 

arrive at very good conclusion; particularly if you are doing any neural network based 

systems where you do it iteratively. So, so this is really the issue. 



 

So, you can see that the toe is off; then you have heel strike your toe is off, you have 

basically the same thing of heel strike and stands. 

 

Heel strike and stance these are the two things that they seem to be doing. And again you 

are back to the same expression which is an empirical non-linear model which is used for 

estimating the stride length. This is the famous Weinberg expression again back here. Of 

course, there is no n here which is this is for a single step I suppose because there is no n 

or n is equal to 1 you can say. This model seems simple because it is only one coefficient 

and but in order to find the maximum and minimum vertical axis need stride; initial 

alignment must be completed and that is where the whole difficulty is. 



 

 

This paper goes on to substitute K as 0.55 and tries to come up with some expression, but 

miserably says that it is not the right way to do because this is not going to work for 

several people. Then they propose this back propagation artificial neural network 

analysis to estimate the pedestrian stride length. 



 

 

 



So, what do they do here? As you know any artificial neural network will have basically 

three layers; an input layer you will have a hidden layer and you will have an output 

layer. 

 

The inputs layer will only have the inputs to be fed, which is passed to the hidden layer 

where some kind of nonlinear mapping is done. Further the hidden layer output is passed 

to the output layer where suitable function gives us a desired result. 

So, the output that you actually see will be in this expression nothing, but the y hat or the 

y cap which you will see out here. And then you will find an expression; you will find a 

function here essentially these are all non-linear functions and we will look at these 

functions one by one. 

So, let us see this, essentially you have inputs which are to be fed to the input layer, we 

will have to understand what are the inputs. And then what is the activation function here 

in the hidden layer? And then we have to also know what is the output layer activation 

function. So, you need activation function for the hidden and output layers. 

So, let us go and see what these activation functions are all about and what it can 

achieve, so what does a neural network do? It can achieve non-linear mapping between 

inputs and outputs. It consists of input; hidden and output layers and its weights and 

thresholds are continuously adjusted to approximate the desired input and output 

mapping relationship.  



Now, the active function of the hidden layer is a sigmoid function; you could refer this 

reference 6. And in fact, there are several such functions; one of the functions is indeed 

the sigmoid function that they choose; while the output layer is a linear function. So, this 

is a sigmoid function; the active function of the hidden layer is the sigmoid function, 

while the output layer is a linear function. 

 

 

So, let us look at them; what you feed we take five variables this is nicely marked here 

five variables which may be closely related to the stride length are studied; using data 

collected from 13 subjects aged 22 to 29. 

The variables include mean stride frequencies fstride, maximum acceleration in the 

walking cycle accmax, acceleration standard deviation sigma acc, mean acceleration acc 

m and height of the test subjects h. And essentially, they are trying to train, taking  these 

as inputs; train this model recursively and then come up with some output y hat. 

Now, what is y hat? y hat being the output is the output of the neural. In this because you 

are looking at a function output of the BP-ANN function; you have to look at the output 

layer. 



 

Then what they do? They run this neural network and then they sort of try to correlate 

the stride length as accurately as possible to ground truth and they have some results 

appearing here. 

 

So, this paper is also interesting because it applies back propagation neural network; 

artificial neural network. And this further says how do you calculate the inputs you need, 

fstride as we discussed. So, you get fstride from the time interval of each walking cycle. 



 

So, essentially this is also saying that you could apply these modern techniques; in order 

to arrive at very accurate stride length. So, the conclusion of this work is five variables in 

the walking cycle were used as an input vector to the back propagation artificial neural 

network. And they say they claim that it is better in performing pedestrian stride length 

estimation. 

 

 

So, there are five steps involved in building the application: 

• Extract sensor values. 



• Filter the sensor values in real time. 

• Detect the peaks which in turn gives step detected indication. 

• Get the maxima and minima value from the peaks and estimate the stride length. 

• Update the distance along the heading information. 

So, in a sense this is what you will have to get to put together when you try and 

prototype your application. Now all of this what we are just seeing now is for one mode 

essentially right. It could be for texting, swinging and running; You will have to see how 

to improve this application for other modes as well. 

Also please note that we will give you a Barebone code where the core algorithm will 

not be mentioned. So, you will find in one place insert your code here. So, what you 

should insert will also be mentioned. So, at exactly that point you will have to write your 

own code and make a nice application for let us say texting mode. 

Thank you. 


