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METHOD FOR STEP DETECTION AND GAIT DIRECTION ESTIMATION 

CROSS-REFERENCES TO RELATED APPLICATIONS 

fOOOl] This application claims the benefit of U.S. Patent Application No. 13/791,443, 

filed March 8, 2013 and U.S. Provisional Patent Application No. 61/649.178, filed May 18, 

2012, the disclosures of which are incorporated herein by reference in their entireties. 

BRIEF DESCRIPTION 

|0002] A method is described for detecting a human's steps and estimating the 

horizontal translation direction and scaling of the resulting motion relative to mi inertiai sensor, 

regardless of or in spite of a changing torso mounting location. When a pedestrian takes a 

sequence of steps, the displacement can be decomposed into a sequence of rotations and 

translations over each step. A translation is the change in the location of the pedestrian's center 

of mass and a rotation is the change along the z-axis of the pedestrian's orientation. A translation 

can be described by a vector and a rotation by an angle. Hie cumulative rotation over a path is 

computed using gyro information. The method can use only accelerometer signals and works 

robustly with a torso mounted location. 

STATEMENTS AS TO THE RIGHTS TO INVENTIONS MADE UNDER FEDERALLY 

SPONSORED RESEARCH OR DEVELOPMENT 

|0003] This invention is based upon work supported and/or sponsored by the Defense 

Advanced Research Project Agency (DARPA) Special Project Office under SBIR Contract 

Number W31P4Q-12-C-0043. entitled "Handheld Applications for Waifighters", administered 

by DCMA Baltimore, 217 East Redwood Street Suite 1800. Baltimore, MD 21202. 

REFERENCE TO A "SEQUENCE LISTING," A TABLE, OR A COMPUTER PROGRAM 

LISTING APPENDIX SUBMITTED ON A COMPACT DISK. 

|0004] Not Applicable. 

COMPUTER PROGRAM LISTING 

{0005] A listing of source code is provided in Appendix A. 
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COPYRIGHT NOTICE 

10006} A portion of the disclosure of this patent document contains material which is 

subject to copyright protection. Hie copyright owner has no objection to the facsimile 

.reproduction by anyone of the patent document or the patent disclosure, as it appears in the 

Patent and Trademark Office patent file or records, but otherwise reserves all copyright rights 

whatsoever. 

BACKGROUND 

|0007] Torso-m.om.ited inertia! sensors are typically attached at the waist and centered 

in the front or in the back in order to be closest to the center of gravity where there is less 

extraneous motion. Other mounting locations, such as in a vest pocket are feasible but they 

change the character of the motion signatures. Moving a system designed for waist mounting to 

another location on the body can cause performance issues depending on the motion models. 

10008] Torso-mounted inertial tracking systems that use microelectromechariical 

system (MEMS) sensors are typically developed as a pedometer based systems (though this is 

not always the ease if additional velocity sensors are available to provide corrections). 

100091 The simplest of the pedometer type systems detects each step and uses a fixed-

predefined step length to compute the distance travelled, assuming ail motions are walking or 

naming forward. See, Judd, T. A Personal Dead Reckoning Module, in ION GPS. 1997. Kansas 

City, MO. This type of system provides adequate performance for miners and other athletes 

with an approximately fixed pace attempting to record some measure of their workout distance. 

| Oil 8] Step detection is a critical function in any pedometer system. Figure 1 shows 

typical raw z-axis accelerometer data from a waist mounted sensor for a person going up a series 

of steps, A circle mark at the bottom of each of the accelerometer signals indicates a heel strike 

associated with each step, which is based on a local minima in the accelerometer data. While 

one might expect that the magnitude of the signal would be consisten t when performing uniform 

motions, it is clear .from this sample that there can be significant .magnitude variation in the 

acceleration while going up steps. As illustrated in Figure 2, that variation can be even more 

extreme over different motions. If the variation in magnitude is significant, it can cause issues 

with missed detections because, tor example, in order to eliminate false detections, values less 

than a threshold may be ignored. This may cause a simple detector to miss soft steps. 

10011} For example. Figure 2 shows typical three axis accelerometer data taken while 

walking in. an office building. The x-axis data is illustrated by a dash-dot-dot line, which is 

largely obscured by the y-axis data, which is shown as a solid line. Tire z-axis data is illustrated 



WO 2014/025429 PCT/US2013/040670 

by a dash-dash line. The data collected and illustrated in Figure 2 was collected while a subject 

walked down 4 flights of stairs, down a hallway, and up 4 flights of stairs. A visual inspection of 

tins accelerometer data suggests the ability to differentiate between walking down stairs, -upstairs 

and forward based on signal characteristics, as indicated m Figure 2. 

| Oil 2] More sophisticated pedometers include motion models to better estimate step 

length. In the context of pedestrian, tracking, the motion models typically referred to in the 

literature describe motion type (walking, running, crawling ) and step length and frequency. 

See, id.: Funk, B., et al., Method and System for Locating ana Monitoring First Responders, U.S. 

Publication Number 2008/0077326 ("Funk"). 

|0013] For example, step length can be estimated based on a tracked subject's height, 

step frequency, and other factors. In general, for walking, the speed and step length increase 

when the step frequency increases, and for a. given step frequency, step length remains fairly 

constant (with some distribution about a nominal value). Considering the human body's 

locomotion and physical, restrictions, different methods have been proposed to approximate the 

step length. Linear models have been derived by fitting a linear combination of step frequency 

and measured acceleration magnitude to the captured data. Pedometer systems may also provide 

a mechanism for using GPS or other measures to adaptive!}- update the step length estimates. 

See, Ladetto, Q., On foot navigation: continuous step calibration using both complementary 

recursive prediction and adaptive. Kahmn filtering, in ION GPS. 2000; Lee, S. and K. Ma.se. 

Recognition of Walking Beha%iors for Pedestrian Naxigafion, mSEEE Conference on Control 

Applications (CCAQl), 2001: Mexico City, Mexico; Fang, L., et a!., Design of a Wireless 

Assisted Pedestrian Dead Reckoning Sy$tem-The NavMote Experience. IEEE Transactions on 

Instrumentation and Measurement 2005. 54(6): p. 2342- 2358; Ladetto, Q.. et al. Digital 

Magnetic Compass and Gpxsscopefor Dismounted So Met* Position and Navigation, in Military 

Capabilities enabled by Advances in Navigation Sensors, Sensors & Electronics Technology 

Panel, NATO-RTO meetings. 2002. Istanbul, Turkey ("Ladetto"): Godha, S., G. Lachapelle, and. 

M. Camion. Integrated GPS/INS System for Pedestrian Navigation in a Signal Degraded 

Etmronmmt. m ION GNSS. 2006. Fort Worth, TX: ION. 

fOO.14] In Chan, T., A Review of Analytical Techniques for Gait Data. Part 1: Fuzzy, 

Statistical and Fractal Methods. Gait and. Posture, 2001. 13: p. 49-66 and Chau, I"., A Review of 

Analytical Techniques for Gait Data. Part 2: Neural Network and Wavelet Methods. Gait and 

Posture, 2001. 13: p. 102-120, a review of analytical techniques is presented. The techniques 

have the potential for a. step data analysis, including Fuzzy Logic (PL), statistical, fractal, 

wavelet, and Artificial Neural Network (ANN) methods. 
-3 -
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|0615| la order to account for motion direction, pedometers may break the tracking 

problem down into motion classification and then scaling,, not assuming, for example, that every 

motion is forward. They provide a mechanism to classify the motions as forward, backward, up, 

down, left, right, etc. See. Funk; Ladetto; and Soehren, W. aisiW. Hawkiason, Prototype 

Personal Navigation System. IEEE A&E SYSTEMS MAGAZINE, 2008(Api'il) ("Soehren"}. 

While prior claims have been made regarding the ability to classify motioa based oa comparison 

with, stored motion, data or to use neural networks to classify" motioa, little detail, and certainly 

not enabling disclosures have been provided regarding bow this is done. Aside from the use of 

vision systems for classification, published work on motion classification is limited. Ladetto 

suggests using the antero-posterior acceleration divided by the lateral acceleration as an indicator 

of direction together with the lateral acceleration data peak angles to determine left versus right 

side stepping. Soehren uses an abrupt change in step frequency to detect walking versus 

naming. Funk describes a. neural network classification method where sensor data is segmented 

into steps and then normalized (re-sampled) to make a consi stent number of inputs to the neural 

network classifier that is independent of step frequency. This method has been used to classify 

standard pedestrian motions as well as more utilitarian job related, motions such as crawling and. 

climbing ladders. 

BRIEF DESCRIPTION OF THE DRAWINGS 

|0016] Figure 1 is an ilhisiration plotting z-axis accelerometer signals over time with 

heel strikes indicated; 

| Oil 7] Figure 2 is an illustra tion of raw accelerometer signals from x, y and z-axis 

during typical pedestrian motions; 

10618} Figure 3 is an illustration of accelerometer orientation; 

|0619} Figure 4 is an illustration of hip motion over a stride; 

|OO20] Figure 5 is an illustration of a stride model showing hip elevation change; 

|0021] Figures 6A and 6B are illustrations of a relative direction of motion test setup 

and the corresponding resists: 

|0022] Figures 7A and 7B are illustrations of a. sensor offset detection test setup and. the 

corresponding resul ts; 

|0623] Figure 8 A is a PI implementation of orientation estimator; 

|0624} Figure SB illustrates the orientation estimate of Figure 8A; and 

|0025] Figure 8C illustrates the tilt computation of Figure SA. 

- 4 -
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DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

|0626| A method- for estimating hip elevation and using that estimate for step detection 

and scaling based on the extrema of the estimated hip elevation has been developed. The relative 

translation direction for each step may also be computed. 

f'0027] When a pedestrian wearing an accelerometer device takes a sequence of steps, 

the displacement of the devices and therefore the pedestrian may be decomposed into a sequence 

of rotations and translations over each step. A translation is the change in the location of 

pedestrian's center of mass and a rotation is the change along z-axis of the pedestrian's 

orientation. A translation may be described, by a vector and a rotation may be described, by an 

angle. 

|0#28] In. an. embodiment, translations may be computed using only accelerometer 

signals. Rotations may be computed, using gyro heading information. The algorithm of the 

embodiment has been demonstrated to be robust to torso mounting location. The computer 

program listings of Appendix A iilastrate an embodimen t of source code instructions for an 

algorithm which may be implemented in a. computer system including a non-transient memory 

and. a. storage system for storing instructions tor implementing the source code instructions, a 

central processing unit for executing those instructions, and input/output systems for receiving 

input and other instructions and outputting results and displaying data. The source code 

instructions set forth in Appendix A, which are incorporated herein by reference in their entirety, 

are as follows: 

File Name 
hipStepDetector header 
hipStepDeteetor 
ne«ralNet2 header 
neuratNet.2 
neuralNET4GWeights 
tracker2 

|0©29] The steps of the algorithm illustrated in the source code insm.scti.ons are as 

follows (if not otherwise stated, calculated or processed data is stored, in memory for subsequent 

use): 

|OO30] Sample 3-axis accelerometer data. In this embodiment, the sampling frequency 

tested was/s = 40 Hz but any frequency above twice the Nyquist frequency for the motion will 

work. Once the accelerometer data is collected from the device, which may include a. smartphone 

type device, the accelerometer data is stored in the non-transitory memory of a computer ha ving 

a processor. 
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|0031] As illustrated is Figure 3, the accelerometer device, represented by the nag 10, 

is oriented within the navigation frame 11, such that the z-axis is up and down from the device, 

the x-axis points to the right and left of the unit device the y-axis points forward and backward 

from die device. If the accelerometer device is lilted from this navigation or ground frame (often 

there is a slight tilt when people are walking) , a method of removing tilt must he implemented. 

Assuming zero (or near zero) tK>n-gravitatio.uai acceleration, the accelerometer data can be used 

to obtain a noisy measurement of pitch (pitch, data) and roll (roll data) relative to the ground 

frame based on the x-axis, y-axis and z-axis data from the device. I'ilt data can then be removed 

using only tire aceeierometer's input of x-axis, y-axis and z-axis data. The accelerometer data, 

with the tilt data removed is referred to as first improved accelerometer data, which, is then stored 

in the non-transitory memory. More reliable tilt compensation is possible if x-axis, y-axis and z-

axis data from a 3-axis gyroscope in the device is also available. In this embodiment, the 

orientation filter described below, which uses both accelerometer and gyro information was used 

to remove tilt. 

|0032] Once oriented in the navigation frame, established, by the first improved 

accelerometer data, gravitational acceleration can be removed from the z-axis acceleration as 

follows; 

where az is improved accelerometer data for the z-axis, g is gravity, and az is improved 

accelerometer data for the z-axis minus gravitational acceleration. 

[0033] Pass the sampled accelerometer data (# a . ) through a band pass filter to 

remove any additional bias and high frequency noise. In this embodiment, the band pass filter 

lias a low fr equency cutoff at 0.02 Hz and high frequency cutoff a t 4 Hz; however, any filter that 

removes bias and high frequency noise is sufficient. 

|0034| Compute the hip elevation estimate by double integrating tire filtered z 

accelerometer data as follows; 

The integral is negated since it is desirable to have the hip elevation increase in the positive z-

axis direction (i.e., up). 

|0035] Zero the mean. The hip elevation should, be a periodic function about some 

mean elevation.. Because of noise, bias or other errors in the accelerometer signal, the hip 

elevation estimate may drift away from the mean. A method for drift removal must be 

implemented. In this embodiment, the mean was removed from the recent hip elevation data 
- 6 -
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buffer each time a new valise was computed. The buffer of recent points in this embodiment is 

128. 

Find the extrema (i.e.. local minima and local maxima). Each local minimum 

marks a step. As illustrated in Figure 4, the local minima occur, indicated by the figure labeled as 

"down", slightly after each heel strike, indicated by the figure labeled as "contact". The local 

maxima occur, indicated by the figure labeled as '"up", slightly after a passive position, .indicated 

by the figure labeled as "pass pes". Smoothing the signal prior to finding the extrema can reduce 

extraneous detections, hi this embodiment, to reduce extraneous detections, a test is performed 

to determine that there are so neighboring minima (minima other than local minima) within a 21 

sample window includiug 10 samples before and 10 samples after. Sample windows of other 

sizes with n samples before and n samples after each local minima could also be used. If any 

neighboring minima are detected within the sample window, the neighboring minima are not 

counted as local minima. 

Classification: a three gait neural network classifier classifies the gait into one of 

these classes: 

1. Level (moving in the horizontal plane - 2D) 

2. Up (stairs, ramp, etc.) 

3. Down (stairs, ramp, etc.) 

While no movement or '"garbage" movement is not a neural network class, a garbage gait is 

determined in a separate process to denote motion that does not produce displacement (if it does 

not satisfy certain criteria then it is considered garbage). For example, ranaing in place would 

be garbage motion. Hie neural net used in this embodiment is a feed-forward back propagation 

network that has 2 hidden layers, as further illustrated, in Table 1. 

Layer Number of 

nodes 

input 67 

Hidden layer 1 40 

Hidden layer 2 24 

Output 3 

TABLE 1 

The inputs to the neural net should be chosen so they are invariant to motion speed, amplitude, 

and quickly capture changes m the subject's motion. Also the inputs should be normalized so 
_ 7 . 
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that no input is inadvertently weighted more than another value. To accomplish this, 

classification is done on a. per step basis. The sensor data taken over each step is re-sampled to 

provide 10 values regardless of the motion speed over the step. The data for each, input value is 

normalized to be between +1 and -1 by referencing a very large data set of human motion data 

and determining the range for each input value. The inputs to the neural network are as follows: 

Once a step is detected, the tilt compensated (navigation frame) angular velocity and acceleration 

values are integrated over the step to produce a sequence of angle and velocity vectors. The 

angle, velocity and acceleration vectors are then normalized and re-sampled to give ten values 

each for the x, y, and z components of the angle (0*, ©y, Q?) and velocity (vx, vY, vx). These are 

the first 60 inputs noted in Table 1. The subsequent seven inputs noted in Table 1 are the 

acceleration amplitude difference over the step, max(a^) -mis(^.}, »?«3r(ov)-mia(fl„), 

maxieij ~nw(a„), posture vector (p*, py, p2) (i.e. orientation vector) at the end of the step, 

and the index where magnitude of the x y plane acceleration, " +ayA , achieves its niinirnum 

value. These set of input signals were selected by testing different combination of input data and 

selecting the data set that produced the best classification accuracy. The tested signals included 

acceleration, velocity, displacement, angular velocity, and angle vectors as well as their 

amplitudes, means, variances, and sliding windowed variances, 

[0038] In the time interval between the local minima (short time after heel stnke) and 

following maxima (mid stole), integrate filtered x and y acceleration to find die displacement in 

the x and y directions for each step 

Note that, for the use in finding movement, direction, it is not necessary to integrate over the 

entire interval as long as ax and «v are integrated over the same interval. 

fcKm] The translation direction, D, for each step is computed, as 

where 90 degrees is forward, 0 is side right, -90 is backward and ISO is side left. The movement 

direction, can assume all other possibilities between these four cardinal directions. 

|0049] The 2D movement displacement (stride length) is calculated as a function, of the 

change in hip ele vation between the minima and maxima of hip elevation hs. If a simplistic stride 

model is assumed, as is illustrated in Figure 5, in which the legs (length I) form the sides of an 

D = tm~t{dy/dx) 

- 8 -
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isosceles triangle when iu full stride, the change in flip elevation hs is related to the stride length 

by; 

stride ----- 2y/"' - (/ - hg}~ 

Realistic walking models are slightly more complex, such as is illustrated by Figure 4. Other 

stride length models are possible without assuming any knowledge of the subject's leg length. 

For example. since dx and a\. are x and y movement computed across a portion of the stride, 

another possible stride estimate would he; 

siride ------

where k is a coefficient that must be estimated, m this case where the integration interval is 

between the local minima and following maxima, tire distance is about half a stride so k should 

be spproxmiately equal to 2. In the embodiment, it is assumed there is no access to leg length so 

a linear function of the change in hip elevation between the minima and maxima of hip elevation 

is assumed as follows; 

stride - k\ 

hi the embodiment. £= 0.2 miilimeters/meter was used and produced good results. 

|0041] If the gait is classified as up or down, then elevation change is calculated based 

on pressure change. 

|0042| Hie accelerometer based translation direction computation is complementary to 

a gyroscope heading; it does not capture standard turns (rotation about the z axis). To produce a 

complete path, the gyro heading is computed, in this embodiment, by summing the changes in 

angular velocity and adding them to tire initial heading, which is then added to tire translation 

direction. 

|0©43] The path is updated by applying the displacement vector in the computed 

heading direction and the elevation change to the last point of the path and adding the new point 

to the path. 

|0044] Classification of sab-gaits: moving .in 2D space is broken down to 6 sab-gaits. 

(I) forward (2) backward (3) side right (4) side left. (5) run (6) garbage, by characterizing each 

gait based on the moving direction and other quantities that are descriptive of these sub-gaits 

(e.g.. variances, mean, magnitude, and difference MI inertia! data; including acceleration, velocity, 

displacement, angular velocity, and angle over the time window step was happening). These sab-

gaits are not considered when updating the path location, but are reported in by tire algorithm, 

„ 9 _ 
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|0645| A reliability measure is associated with each estimate based on identifying 

reasonable human motion constraints on angle, lisp elevation and distance traveled over each 

step. For example, the change in angle along x-direetiou should be bounded within a reasonable 

range. For each constraint that is not met the reliability of the estimate is lowered. The goal hi 

computing reliability is to provide a method to determine if die subject's motion is causing the 

subject to change location (for example, not just swaying back and forth). In the embodiment, if 

three constraints are not met, the stride length is set to zero, 

f 0046} There are two mam sources of error hi the computation of movement direction 

that ester into pedometer based inertial tracking systems. 

1. Movement in a relative direction that is not handled by the classifier (and not 

captured by a gyroscope or compass); and 

2. Placement of die inertial sensors in an orientation other than what is assumed, 

|0O4?jj These types of errors are difficult to correct with a compass or gyro without 

information on the true heading because they are caused by either translation of the sensor 

without change in sensor orientation or erroneous initialization assumptions. 

|0648| Movement direction errors are caused by limiting the possible directions of 

motion relative to the sensor. For example, if a mechanism is provided only to classify the 

motions as forward, backward, left, or right (relative to the heading of the sensor), tins 

classification of the motion hrto four possible cardinal directions leaves room for error. In this 

case, if the person is walking sideways but their body oriented at 45 degrees to the direction of 

travel, Ore motion, direction computed would be incorrect since the motion relative to the sensor 

would be 45 degrees. As described below, the embodiment enables estimate of any movement 

direction regardless of the sensor orientation. 

|0049] It is typical with pedometer tracking systems to assume a placement, location 

and orientation of the inertial sensor. Given this information, when movement is computed it is 

relative to this orientation so if the placement assumption is incorrect, errors are introduced. For 

example, if a waist mounted inertia! sensor was expected to be centered, but in fact was shifted 

off to Ore left or right by a few degrees, the movement for each step would have a heading error 

equal to the amount of Ore offset. As described below, the embodiment provides a mechanism 

for detection of the offset position. 

|0050] Hie tests described below and with reference to Figures 6 and 7 show 

performance of the algorithm in. correcting movement direction errors. The data shown is for a 

single subject, but tests have been performed using the same algorithm with different subjects 

- 10 -
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with similar results. The step defection shows an ability to accurately track slow/soft movements 

as well as motions that do not fit into the set of classified motions. 

|©GS1] In the tests, the subject wears the inertial sensor at the waist positioned center 

front. The subject moves in different directions but maintains a fixed orientation (facing the 

same direction 12) throughout die test. The algorithm is able to compute the relative direction of 

movement using the algorithm described above. Figure 6A shows a top view (overhead) of the 

placement of the inertial sensor and relative heading directions that are tested, and each of six 

consecutively numbered actual gait directions (1 -- 90 degrees, 2 - 45 degrees, 3 - 0 degrees, 4 -

135 degrees, 5 -- 180 degrees and 6 - 270 degrees). Figure 6B shows the results of the 

algorithm's estimate of the direction for each step over time, with the horizontal lines of the 

graph indicating the direction degree and the end points of the vertical. lines showing 

approximate directions (-180, -135, -90 (270), -45, 0, 45, 90,135, ISO) that are detected. Most of 

the end points of the vertical lines are circles or squares, indicating a high level of reliability, hut 

one star indicates a low level of reliability. 

i0052| The test procedure was as follows: With the body facing in a fixed direction 12, 

the subject walks for 35 meters forward (1 - 90 degrees), then still facing in the same direction 

12. the subject moves at 45 degrees (2 - 45 degrees), then walks sideways to the right (3 - 0 

degrees). Maintaining the same feeing direction 12. the subject walks at an angle between 

forward and side left (4 - 135 degrees), then walks sideway left (5 - ISO degrees), and finally 

walks backward (6 - 270 degrees). The table in Figure 6B reports the resulting algorithm error 

in terms of degrees, with the average error over the test estimated to be 5.5 degrees. 

|0©53] Note that because the subject is feeing in a constant direction but moving in 

different directions, a gyroscope would indicate a relatively fixed, heading throughout the test. 

The tracking algorithm may combine this new motion information from die accelerometer with 

any gyro-compass tracking algorithm, to provide improved 2-D motion estimation without the 

need for complex motion classifiers that are affected by mounting position. 

|fi054] In a second test related, to determining sensor orientation, the subject wears the 

inertial sensor at varying positions around the waist while walking forward The algorithm is 

able to compute the orientation of the sensor with respect, to the direction of movement. This 

may be done using the identical algorithm used to compute the relative direction of movement as 

above. In this case, the algorithm would have to detect that the subject, was walking forward 

(perhaps with another classification algorithm) or make an assumption that the majority of 

motions would be forward in order to compute the offset. As illustrated in Figure ?A, an 

overhead view of the placement of the inertial sensor is again shown, and each of eleven 
- 11 -
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numbered forward directions are noted, f 1 - 90 degrees, 2 - 112.5 degrees, 3 - 135 degrees, 4 — 

157.5 degrees. 5 - ISO degrees. 6 - 270 degrees. 7 - 0 degrees, 8 - 22.5 degrees, 9 — 45 degrees, 

10 - 67.5 degrees and 11 - 90 degrees. Figure 7B shows the results of the algorithm's estimate 

of the offset for each step over time. Again, the horizontal lines of the graph indicate the 

direction degree and the end points of the vertical lines showing approximate directions (-180, -

135, -90 (270), -45, 0, 45, 90, 135, 180) that are detected. Most of the end points of the vertical 

lines are circles or squares, indica ting a high level of reliability, but stars indicates a low level of 

reliability. 

|©055] The test procedure was as follows: The inertia! sensor starting position is center 

.front, Figure 7A (1 -90 degrees). The subject then walks forward 35 meters, the inertial sensor 

is then moved slightly to the left of center (2 - 112.5 degrees), again the subject walks forward 

35 meters. The inertia! sensor is then successively moved again to locations 3, 4, 5, 6, 7, 8. 9. 10 

and back to 11 at 90 degi'ees, the center front starting position, with the subject walking forward. 

35 meters .from each position, hi this test the locations are approximated based on the 

assumption that the person wearing the inertia! sensor is a cylinder, which clearly they are not. 

As illustrated in the table of Figure IB , because of the placement uncertainty, the average error 

over the test is estimated to be 9.2 degrees, which is slightly higher than the previous test 

|0O56] Hie step detection and gait direction estimation embodiments disclosed herein 

can also be extended for continuous tracking using a handheld or body-mounted sensor unit 

(such as a. smartphone), without assuming an initial orientation and allowing for orientation 

transitions (i.e., answering a phone) during tracking. The only assumptions made are that 

1. The majority of steps are in the forward direction, and 

2. The tilt-compensated yaw orientation between the sensor unit and the person's 

being tracked forward direction do not change unless transitioning. 

|0057] Upon initialization of the sensor writ in an unknown orientation, the orientation 

filter, described in more detail below with reference to Figures SA-SC, will determine the sensor 

data m the level frame. Tins will fix one degree of freedom of the ground/navigation frame (the 

z-axis), constraining the x-axis and y-axis to lie along the level, plane. In order to fix the 

ground/navigation frame completely, the most .frequent direction of translation (assumed to be 

forward), will be corrected to the y-axis. 

|0058] In one implementation of an algorithm for calculating the most .frequent 

direction of translation, the possible directions of motion are subdivided into direction bms, and 

a running average or total of each bin is maintained along with the number of steps in each bin. 

The most or highest frequented bin's average is considered the forward direction (by 
- 12 -
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assumption). For more reliable detection of forward. direction, two separate direction bins; should 

be maintained for even and odd steps. During stable forward gait, even steps will be to one side 

of the forward direction and odd steps will be to the other. These two directions can then be 

averaged together to find the forward direction. More sophisticated clustering techniques can 

also be used to determine the most frequent direction. This "step bias" is subtracted from the 

translation direction of all steps so that the forward direction of motion will correspond wi th 

forward translation. The level filter sod most frequent direction of motion completely specify the 

right-handed navi gation frame, allowing for consistent gait direction regardless of orientation as 

long as the sensor orientation is fairly static relative to the person's forward direction. 

|0059] Abrupt changes hi the orientation of the sensor, such as moving a smariphone to 

answer it, will change the forward step bias (affecting the translation direction) as well as the 

accumulated gyro measurement (affecting the rotation direction). "These transition periods can 

be detected by monitoring the orientation over a period of time. If tins change exceeds a 

threshold, then it is the beginning of a transition period. During the transition period, the step 

bias towards forward no longer applies and the most frequent direction filter must be reset 

(although steps can still be detected and an estimation of the step bias can be retroactively 

applied at the end of the transition period). Additionally, since the accumulated measure of 

rotation with respect to the body can change during this transition, the rotation accumulated until 

the beginning of the transition period is assumed constant throughout the transition. At the end 

of the transition period, the navigation frame must once again be established from an unknown 

orienta tion and step bias, but after the frame is established (at least one step is needed), tire 

rotation and transiationwill again be consistent, 

|©060] An additional class of motion, distinguished from the static handfaeld/body-

mounted class and transition class described above, is periodic movement, such as in a pants 

pocket or swinging in. the hand while walking. This case can be defected by periodicity in. the 

gyroscope sensor data, which can be used for step detection in addition to, or in place of, 

accelerometer data. By using the gyroscope to extract the step period, a similar procedure as 

above could be used to detect the relative "swing direction''' and allow transitions between all 

three classes of motion while producing a consistent set of rotations and translations. 

|0061] Because many inertial measurement units (IMUs) include 3-axis accelerometers 

and 3-axis gyros, by using knowledge of the gravitational field direction, measurements from the 

accelerometers may he used to provide drift free redundant estimates of pitch and roll that are-

very accurate when the person is not moving. Gyroscope and accelerometer measurements may 

be combined to provide a quaternion based orientation estimate. 
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|0062] Ideally, the gyroscope measurements alone may be sufficient to determine 

orientation. However, due to sensor imperfection, noise, and bias errors, such estimates rapidly 

accumulate error. Fortunately, additional orientation information is available via the 

accelerometer sensors. Assuming the device is at rest on the earth, it will experience 1 g of 

acceleration in the direction of the center of the earth. This fact constrains the possible device 

orientations to a plane that fixes the pitch and roll with respect to the earth .frame of reference. 

Yaw information (eatUi frame) is not available due to the fact that yawing the device will not 

change the direction of its gravity vector. Yaw information may he corrected using compass 

when good compass data is available. 

|©©63] Mathematically orientation estimates may be represented as a quaternion (a 4-

dimensioual vector of real numbers). The quaternion representation is used to avoid the 

singularities in the Euler angle parameterization when pitch approaches ±90°, As illustrated in 

Figure 8A. orientation estimates 22 may be developed based on gyro data 20, such as the angular 

rate from the gyros, as further illustrated in Figure SB, and a tilt estimate computation 24 based 

on the estimation of the direction of gravity using the accelerometer data 26, as further illustrated 

in Figure SC. This gyro estimate is good, over the short term but suffers from bias as well as 

saturation errors that cannot be compensated without additional information. Assuming zero (or 

near zero) non gravitational acceleration, the accelerometer data can be used to obtain a noisy 

measurement of pitch and roll relative to the ground frame. An embodiment includes a method 

for combining the two estimates in a way that mitigates then inherent drawbacks. 

|0064] The gyro and accelerometer estimates are formulated as quaternion estimates 

and the fusion of the estimates is accomplished via a spherical linear interpolation (SLERF). The 

fission is done assuming the gyro computed yaw is correct. By combining the two estimates, it is 

possible to take advantage of the best properties of both measurements. Tire combined 

measurement eliminates the unmitigated errors in pitch and roll while smoothing the noisy 

accelerometer measurement. 

|0O65jj This SLEEP combination is formulated in terms of a proportional feedback 

control loop as illustrated in Figure 8A, The benefit of the feedback formulation is that well 

known methods of feedback, control can be easily applied. In. the embodiment, the accelerometer 

vector is used to perform an error computation 28 that includes an "error quaternion" and an 

"error sum quaternion" that are fed back into the orientation estimate 22 update by the gyro 

measurements 20, In this sense, the implementation is similar to a conventional PI 

(proportional-integral) controller, except that the proportional and. integral terms are quaternions 

instead of scalars or vectors. The effect of the control is that even if the gyroscopes saturate 
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momentarily because the tracking system has experienced a violent motion, the IMLPs attitude 

estimate will be rapidly corrected. 

imm] The filter's state consists of three variables: the orientation estimate q, the "error 

quaternion" and the "error sum quaternion5 qSi{m. Hie filter has two parameters: kj, which is 

analogous to the proportional term "gam," and which corresponds to the integral term "gain." 

|0©67] The present embodiment is an improvement over prior implementations at least 

because the signals used for step detection and input to the classifier are less affected by noise 

and the 2-D movement direction is able to produce any angle rather than quantizing it into one of 

four possible directions and because of this the shape of the path is more detailed and accurate. 

|0068] Hie methodologies described herein may be implemented by various means 

depending upon applications according to particular examples. For example, such 

methodologies may he implemented in hardware, firmware, software, or combinations thereof. 

In a hardware implementation, for example, a processing unit may be implemented within one or 

more application specific integrated circuits ("ASICs"), digital signal processors ("DSPs"), 

digital signal processing devices f'DSPDs"), programmable logic devices ("PLDs"), field 

programmable gate arrays ("FPGAs"), processors, controllers, micro-controllers, 

microprocessors, electronic devices, other devices units designed to perform the fi.mctio.as 

described herein, or combinations thereof 

{m>9\ Some portions of the detailed description included herein are presented in terms 

of algorithms or symbolic representations of operations on binary digital signals stored within a 

memory of a specific apparatus or special purpose computing device or platform. In the context 

of this particular specification, the term specific apparatus or the like includes a general propose 

computer once it is programmed to perform particular operations pursuant to instructions from 

program software. Algorithmic descriptions or symbolic representations are examples of 

techniques used by those of ordinary skill in the signal processing or related aits to convey the 

substance of their work to others skilled, in the art. An algorithm is here, and generally, is 

considered to be a self-consistent sequence of operations or similar signal processing leading to a 

desired result. In this context, operations or processing involve physical manipulation of 

physical quantities. Typically, although not necessarily, such quantities may take the form of 

electrical or magnetic signals capable of being stored, transferred, combined, compared or 

otherwise manipulated. It has proven convenient a t times, principally for reasons of common 

usage, to refer to such signals as bits, data, values, elements, symbols, characters, terms, 

numbers, numerals, or the like. It should be imderstood, however, that all of these or similar 

terms are to be associated with appropriate physical quantities and. are merely convenient labels. 
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Unless specifically stated otherwise, as apparent from the discussion herein, it is appreciated that 

throughout this specification discussions utilizing terms such as "processing," "computing," 

"calculating," "detennining" or the like refer to actions or processes of a specific apparatus, such 

as a special purpose computer or a similar special purpose electronic computing device. In. the 

context of this specification, therefore, a special purpose computer or a similar special purpose 

electronic computing device is capable of manipulating or transforming signals, typically 

represented as physical electronic or magnetic quantities within memories, registers, or other 

information storage devices, transmission devices, or display devices of the special purpose 

computer or similar special purpose electronic computing device. 

|0©70] Reference throughout this specification to "one example," "an example," and/or 

"another example" should be considered to mean that the particular features, structures, or 

characteristics may be combined in one or more examples. 

|0871] While there has been illustrated and described herein and in Appendix A what 

are presently considered to be example features, if will be understood by those skilled in the art 

that various other modifications may be made, and equivalents may be substituted, without 

departing from the disclosed subject matter. Additionally, many modifications may be made to 

adapt a particular situation to the teachings of the disclosed subject matter without departing 

from the central concept described herein. Therefore, it is intended that the disclosed subject 

matter not be limited to the particular examples disclosed.. 
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APPENDIX A OP THE SPECIFICATION 

c: \LT_;CK_Trat:ker2\src\C\commoriYportable\trx\tracker\hipStspDstector .fa 

/ • * 
* ©file tracker/driftDetect.h 
* Sp&i a 1 v s c t. ors 
* 
* ©author R&iai&r Rordarj 
* fauthor Copyright 2015 T8X Systems. All rights reserved. 

Sifndef 
•fiSfilins 

_TRACKBR_HIPSTBP»BTBCTOR_K 
"TRACKER™H2PSTEPJJBTECT0R K 

•; i f de t cp luep 1 a s 
extern "C!- [ 
i; end. if 

typedef struct 

uint-lS t. st.epNutr.foer ; 
uint.32_t s amp .1 eNnstibe r ; 
uint.3 2 t. 1 as tsr. epSatspleJJumfoer; 
float stepLersgth.; 
uint32_t sfcepTinse; 
float sfcepDirection; 
respect to bcxiy frasiiers) -- in radian 

float he; 
intl6_c reliability; 

- an ittegsr in [0,10]. the higher t 
float locationX; 
float location^; 
float f ac ingUi re c t i on; 
in radian 
uintiS t gait ; 
uintiS t netOutput.: 
aoub1e out 1; 
doub1e ou t 2 ; 
double out 3 ; 
double out4; 
double out 5; 
double out6; 

J stepTracker; 

'/ Step Count 
> I Sample Burcbtr 
•f Last Step Sample Buc.bei: 
'/ Step Length -- in aeteis 
'/ Step Time -siwnber of samples 
!f The direction tha user is TKOVIBUI iwith* 

'/ Kip Slevatioa in EIE 
raliablity of the direction ©stiisacioftif 

rel iafolv. 
'/' X Location -- in mater» 
•'/ Y Location -- in iseteis 
'/ The direction th« user is facing -- g 

•'/ the standard misribers for gait ID 
•'/ the standard rswribo r B for gait ID 

TRX EXTERN void feed inlc(void)t 

TEX_EXTERH ss fcepTraokex"* hipStepBetector(float axNav, float ayBav, float azSav, float ^ 
gxNav, float gyWav, float gsKav, »lnc32_t sampleHuraber, int netOutput, iiit faSSamp.leJ ; 

#ifdef cplusplus 
J // "Ktern "C" 
ftendif 

Sendif 
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c;\LT_KK_Tr acker2\src\C\comraon\portable\trx\tracker\hipStepDetector.c 

/ i- * 

* ©f i 1 e eracker/drif t.Detact. . c 
* Detects gyro drift and global heading 

* ^author Karaiar Kordari 
A ©author Copyright;. SOU TRX Systems. All rights reserved. 

#inc 1 i-ide <math.h> 
#inc1ude «float.h> 
#include <trx/common.h> 
#incXud« <crx/ucil/raodbuffer.h> 
#incIr.de "drif tDet ect. h" 
^include "tracker constants.h" 
#include <fcrx/scdlib/math.h> 
#include "hipStepDetect.or,h" 
#include «r*/ tracker,/ step_decector . h> 

ft define BtIPFSS_LENGTH 64 
#define FT.LT35_LENGTH 63 
#defins MT.N_SAM.PI,E_S.ETSE5B_LOCAL_KINIM0MS 
#define MAX_SAM.PI,E_OF_STS? 9 0 
fidefine MAX_ST.E.P_LE.BGTH 1.5 
#dafins LOCAL MINIMA THRESHOLD -3 00 

IS 

static t»edbuf_t xx; 
static tacdbuf_t yy; 
static modbufzz; 
static modbuf t xxf; 
static modbuf t yyf; 
s tat ic modbuf t zzf; 
static modbu£t he Bu. ff; 
static modbuf_t heSmoothBuff ; 
static modbuf_t dxf; 
static modbuf_t dyf; 
static modbuf_t angxf; 
static modbuf_fc angyf; 
static modbuf_t angaf; 

static intIS t buffIndex = 0; 

static int integration flag = 0; 

static stepTracker et - (0, 0, 0, 0, 0, 0, 0, 0, 0, 0 , 0 , 0, 0, 0, 0, 0 , 0} ; 

void biacksinc {float* hb, ri fit satrspieRate, tloat cutoff, int fi, int type 

void hsd_init. (void) 
i 

static int3 6_t 
static intIS_t 
static intIS_t 
static intI6_t 
static intI6_t 
static intI6_t 
static intI6_t 
static intI6_t 
static int3 6_t 
static intI6__t 
static intI6__t 
static int!6_t 
static intIS t 
buffindex « 0; 
rciodbuf__ir.it (ixx, 
rciodbuf__ir.it (S-yy, 

XX_buffer[BUFFER LENGTH]; 
yy_bu££er [BUFFSR"'LEaGTHj ; 
aa~bu£fer[BUFFfiR™LEHGTHj; 
xxf_buffer [Bt!FFER_^LESJGTil] ; 
yyf~buffer [ B U F F E S.™ LES) GT H 3 ; 
22f__btif f er [BUPFER~LfiSJGTH3 ; 
heBu££_buffer[SOPFBR_L2RGTH3; 
heSmoothBuff buffer[BUFFER LENGTH] 
dxf_buffer [ BU F F E S. _ LES) GT H 3 
dyf_bwf f er [BUFFES.~L.£5S)GTH3 
ansxf.buffer[BUFFER_LSKGTH]; 
angyf"buf f er [BOFFEK_LSKGTH] ; 
angzf "buffer [Bt)FFER~LSKGTH] ; 

xx buffer, 
yy buffer, 

SOFFER_ 
BUFFER" 

LSKGTH, 
LSKGTH, 

£bu££Index}; 
sbuffIndex}; 
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c:\LT_KKjr racker 2\src\C\common\portable\trx\eracScer \feipStepDetector.c 2 

wodbuf_inifc tfizx, 2Kj>uffer, BUFFER JLEKIGTK, fcbuffIndex!; 
wodbijf_.ini t! &xxf, xxfjmffer, BUFFSR_LEMGTK, &buffIndex) ; 
modbuf_.in.it ! &yyf , yy£_bu££er, BUFFER JJENGTK, fibuf f Index) ; 
modb-iif_.in.it (&zz£, ?.z£_bu£fer, BUFFER JJENGTK, &bu££Index) ; 
modbuf _itiit £SheBuff, beBuff buffer, BUFFEa_LEJK3TH, Stbuffladex) i 
modbuf_ini t {SheSmoothBuf £ , iieSraoothBuf f buffer, B'0?FER_LEfIGTH, &b»£fIndex} } 
modbuf_ini t£ Sdxf, dxf Jsuffer, BUFFERJJESGTK, &buf£ Index 5; 
modbu f_.ini t (&dyf , dyf _bu £ £ ar, BUFFERJJENGTK , 6buf £ Index) ; 
«iodbuf_init Uangxf, angxfjsuffer, BSTPPER_LSR6Ta, Stbuf ff Index) ; 
<nodbuf_in:it (Sangyf, angy£___buf fer, BtfPPEFJLESlGTH, Sibuff Index! ; 
raodbuijiru t (Sangaf , angzf.J>uf fer, BUEFE?JLE£]GTH, sbuffIndex! ; 

stepTracker*- iiipStepSetector (float axNav, float ayNav, float assNav, float gxiJav, float 
gyKav, float gzRav, uinc32_t samp.leNuwber , int. aetOucput, int. bSSampiej 

t 
float zzterap = 0, yytemp=0, xxtei«p<«0; 
int i=0: 
int count = 0; 
int S = F'TLT£R_LE*JGTH-1; // 40 .is cfee sample rata 
int limit; 
// FILTER {inertial data} 
float hb[FILTERJUEKGTHI ; 
float hi [FILTERJUEKGTHI ; 
float. Il: FILTER_LE»GTH] ; 
.static float be 0, heAvg « 0; 
float he-Temp - 0; 
static float dx»0, dxFinal»0; 
8ua 1ic f1oa z dy»0, dyFinal»0; 
sca tic f1oat beading = 0; 

static float xxlisteg=0, xx2Integra; 
scatic float yyXnteg«0, yy21nteg=C; 
static float zzInteg-0, zz21nt,eg-Q; 

float. sampleRate =• 40; 
f 1 oa t a usnHH = 0; 
float sum-IL = 0; 
float cutoffEH M 0.2/sampleRate; 
float cutoff HI, « 4 /sampleRate; 
s t atic £ I o at. maxlle « -10; 
static float minHe - -10; 
int. mid; 
static uint32 t LastSampIeNumfoer~1; 

static float angx = 0; 
static f i oa t angy ~ 0; 
static float angz = 0; 

static float 
s t a t i c f 1 o a t 
static float 
static float 
static float 
static float 

maxAngx = 0; 
ttiinAngx = 0 ; 
maxAngy = 0; 
rtiin.Angy •* 0; 
maxArtga ~ 3; 
tti.iaS.ngz ® 0; 

float dmx » 0; 
float: dmy - 0; 
float ditis » 0; 
float dmfe » 0; 
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c ; \LT KK Traoker2\src\C\coiamon\pcrtable\trx\tracker\hip3tepDetec:tor. c 

static double xxSumZ = 0; 
static double yy3uns2 - 0; 
static double szSumZ - 0; 
static double xxSum * 0; 
static double yySuns = 0; 
static double zzSum - 0; 

static double taaXxxVar~0, xxVar=0, maXyyVar»0, yyVar»0, snaXzzVar --0, zsV'ar-G; 
static double maXxxSum2=0, maXyySum2=G, maXzzSuir,2 = 0; 

neuralKet6ait_t gait; 

ia116_t; c ouftt. e r = 3 : 

static ir;t SaiwpleSinceNMStep = 0; 
static i»t JJNgait; 

dawbI.e xyHa'vs0; 

if (M % 2) 
! 

M - M + l; // sssuMB odd length for sirspliciKv. 
) 

for '1=0; (M+l); i + + } 
t 

it (i »« (M/2)} 
I 

SlMi) - 2*M_?I*CiitoEfKH; 
ill [i] a 2*M ?I*cutcffHL; 

else 
i 

hh [ i 3 = (sinf (2*MJ?X*CUto£fKH* (i-K/2> ) / U-K/2}} * (0.42 - 0 . 5*cosf ? * 
i) /M} + 0 . 08 + CO8f i /E»") ) ; 

hi[ij « (sinf(2»K_FI*cutoffKL+{i-M/2;)/ (i-K/2>> * (0.42 - 0.S«cosf((2*M_?I* * 
i)/M) + 0.08+CO8f<(4*MJPI*i)/»>); 

J 
suatHH +«• fclili]; 
suatHL +«• hiii]; 

J 
for (i=0; i<{M*l>; it+l 
t 

hi[i| = hi[i]/sumHL; 
hii [ i 3 = 'ii- E ii I sumHH; 
// high pass filter 

hh[i] = -hhCil; 
) 
mid = ceiJ(M/Jt}; 
hh|m i d: * hh[mid]+11 

for i i-G; i < ! M+1); i+ + J 
t 

h [i] « •• (hhfii+hl ii} >; 
> 
h [mid] - h[taid]+l; 

// CALCULATE HIP 3LSVATI0N 
modbuf writetzz, (intlS t)(azKav)}? 

a f (saropleKutaber < BUFFERJUBHSTH) 
limit « sampleJNumber; 
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c: \I>T KK Trackers\src\C\comaKHi\portable\trx\tracker\hipStepSetector- c 4 

el fie 
Aimit * ;M+11 ; 

zzteiYip = 0 ; 
£or ( i«0; :i< 1 imit; i + +) 
I 

zztemp +m f t lost) modbuf _read { sz , - i) * hli] ; 
) 

modbaf_wr i t e{««f, (ass temp)}; 

asinteg +~ zztemp; 
as 2 Int eg +» Kz.Integ; 
he - - K82inceg/4 0/4 0; 

//rticdbuf writ fs ;hs:Buf f . [ lilt It t. > ' ha * 10 0 0 ; ) ; 
modbuf_write{heBuff, (inti6_t){h«*looo>!; 

heTerap •» 0 ; 
if (sampieMumber > BUFFER LENGTH) 
I 

ior (i=0; i<BOFF£& LENGTH; i + *) 
{ 

hexemp += modbuf readfheBuff, •• i ) ; 
} 

) 
e 1 s s 
I. 

heTemp - he * BOFFSS_LENGTK; 
i 

heAvg " heTcmp/BUFFER_LENGTK; 
modbu£_wrifce (heSmoothBuff , (ixitl6„fc) ( (float)modbuf jread{heBufff-0) - heAvg) ) 

//' s-axis displaceitieiiu 
modbuf_write{xx, (intlS_tj (axKav)> f 

xxtsrop -- 0; 
tor (i»0; i**) 
i 

xxtemp *» (float)modbuf readjxx,-i) * h[i]; 

modbuf write(xxf, (intl6__t) (xxteiapj } ; 

// y-iisxif.! displacement 
modbuf write(yy, (intl6_t)(ayNav)>; 

yytemp - 0; 
£or (i»0; idimit; i-v-f) 
{ 

yytetnp • = {float}modbuf read(yy, -i) * hit;; 

modbufjnrite (yyf , (intifi__t} {yytemp} ) ; 

heading +« gs:Nsiv/4O/180*WJPI; 

xxTnteg +« ( 11 oa t > modbuf_read (xxf, -1 0} ; 
xx2Integ +- xx.Ttitsg; 
dx - xxZInteg/4 0/40 ; 

yylntag + - (f .1 oa t)modbu£_read {yyf, -105 ; 
yySInteg += yy III teg; 
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c : \ItT_KK Tracker2\src\C\commOii\port.able\trx\tracker\hipStepDetfictor. o £ 

dy = yy2integ/4 0/4 0; 

for {1=0; idC; i + + ) 
i 

xyNav = sqrtf { 5 uiodbuf_read (xx, - i ; * {float) modbu f__r sad (xx, -IS + i float) / 
modbuf read(yy, -1) * (float:}modbuf_read (yy, -15); 

xx£um2 += xyNav * xyNav; 
xxSuiti += xySJav; 

xxSi.™2 ' T (float) modbuf read (x.x. • 1; * i float ; aiodfcuf read (vac. - .1) 
y, A '7. i.,-.™ - V- (float! _r»ad (n\, -1; ; 
yySura2 + — (float) nsodbuf^ ̂ read (yy. - i) * (float f modbuf _read(yy, -i) 
y y S ura (float) nsodbuf^ jread (yy. - i) ; 
zzSutn2 (float) iwodbuf__ read (z2. -i) * ( f1oat}modbuf read(zz, -i) 
zzSira (float|modbuf read(zz. -i) ; 

j 

XXVar » xx5um2/IC - xxSura/10*xxSum/10*lC/9; 
yyVar » yySut»2/10 - yySuia/ 10*yySum/10*10/9 ; 
ssstVar » saSurn2/10 - zzSum/10*zzSvm/10*10/9; 

/ / st. ou.ti 
/ / s t. ou t. 5 
/ / s t.. out. S 

XX.V ; 
yySuvr.2 ; 

m2 ; 

St , oi.itl •--- xisSumi/SO • xxS\H«/20*XXS'.:;m/2 C' + SC/13 ; 
Bt.oi.ic2 •--- yySum2/30 • yySuRi/2\i*yySiv?.f20*20/13; 
St.Oia£3 » 2 2SliBi2/S0 - 0* E ZSOT,/ 2 0*20/ 13 ; • 

angx -t» gxltav/4C; // degree 
angy -t = gyHav/40f // degree 
angz 4= gzNav/40; / / d«g 1:ee 

saodbu£_write (dxf, (iritl.6_t) {I00*clx) ) i 
saodbuf_write (dyf, (irit;i6_t) {X00*dy) ) ; 
modbu£_wr ite (angxf , ilntl6_t) (10*angx) ) ; 
modbu£_write(angyf, <intl6mt)(10*angy)); 
modbuf_write(angsf, <intl6mt)(10*angz)); 

if ( (modbuf read (h«SmoottiBu£f ,-10) » taaxHei && I int.egrat ion_£ lag) ) 
i 

ehcFinal - modbuf read{dxf,0}/100; 
•clyFinal - modbuf read (dyf , 0}/100 ; 
maxHe = modbuf read (heSmoothBuf.f , 10} ; 

if (integration flagJ 
1 

if {modbuf read (angxf 10) .> maxAngx) 
maxAngx = modbuf_read{angxf,-10 5; 

if {modbuf read(angxf10)sminAngx) 
minAngx = modbuf_read {angxf,-1 0) ,* 

if {modbuf_read{angyf,-10)>maxAngy) 
maxAngy - modbuf_read(angyf,-10); 

1f {modbuf_read(angyf ,-10! cminAngy) 
minAngy - modbuf_read{ancyf,-ID); 

if {modbuf_read{angzf,-10) >maxAnga; 
maxAngz = modbuf_read'angsf,-3D); 
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c; \LT_K2C_Tracker 2 \ sre \ c\con»ion\portatel.e \ trx\tracker\hipStepDetector. c 

i f (modbu£_read(angsf, -10) cminAngz) 
5rdn.Fi.ngz « modbuf^read(angzf, -10) ; 

if (xtffaomaXxxVar) 
maXxxVar - xxVar; 

i x (yyVar»maXyyVar) 
maXyyVar = yyVar; 

if (z »Var »maXis z Var) 
irisX.EsVar ^ zzVar; 

S £ (xxSum2 >maXxxSvsm2 ) 
maXxxSui2 = xxS™2; 

i f (y yS um2 > m aX yy S urn 2} 
maXyy$um2 = yySum2 ? 

if (zzSuHi2>maXsz3ism2} 
maXzzSiim2 = ZZSUIP.2; 

} 

// if ' { sanspIeKusnber - Last. 5as-pi~Kursber i -.-2 0) • /; 1 • I 
xxSum2 -- 0; 
yySum2 -- 0; 
zzSum2 = 0; 
xxSurn •--- 0; 
yySwtn 0; 
z?.Su.m ---- 0; 

// reaec if no sstap hass bseii detected in the past, MAX SAMPLE OF STS? samples 
if i (satsDleSrumber - LastsampleNumbar} > MftX_SAM?!»E_QF_STBP> 
i 

integration tlag = 0; 
st. stepDirection = 0; // red 
st . stepLength - 0; 
st.st.epTime .« Q; 
st.he = 0; 

i 

// ii.^d the local ;;;irsi;na that satisfies "be miaiffitus. vslue rsfluiremavit, whan count is 
10 there is such winires 
count = 0; 
if ( {sasnpleJHumber>3 0} SS ({float} t»cdbvif_rsad {heSstioothBuf f ,-10) < 
LOCAL MINXMA_THRESHOX.D) ! 
i 

f or {i - 1; i<1i; i + +) 
i 

if i t f (f lost)modbuf_read (heStnoocJxBvsf f, -10) ) <» (float>modbuf_read 
i heSmoothBuf f, -1 0 + i} ) S.G {•( float.} modbuf __ read (heSifloothBuff,-10} J <= (float) 
modbuf read ' heSmoothBuf f , -:!0-i) ) ) 

count + + ; 
.! 

} 

// ii: HKi dstftccs a. step, record the gar': type arid start, a c.s oci; 
if (bSSamcle) 
I 

SansplsS inceNMStep = 0; 
NNgait = netOutput; 

) 
si.se 

S amp 1« S i n c e NM S t e p++ ; 
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c:\LT KK Tracker2\src\C\coeiaion\portable\trx\tracker\hipStepBetector.c 7 

st .itetOutput » KNgait; 

st.hr: a modbu f_ra ad (he S moo th3uf f, -10) ; 

if for a local minima to be valid it fees to he asperated frosi the last local minima ^ 
by ^IN_J5ASPI:S__SSTSSSH__L0CALJHIKIMUMS samples 
if (count; »» 10 && ({sarapl ©Number - LastSaiapleHunsber) > 
MIN_SAKPI..E_EETWESK_LOCAL_MIKlf''OKS'! ) 
t 

//st, lie - G; 
// iateijxa!;ion flag --1 moans the i;s«r has.- been •Eiovirig and a local •ein.isa was ^ 

recently detected 
if {iategration^flag) 
i 

// range of chanhe ipr angles arid hip elevation 
cmx = (maxAngx - minAngx) /10 ; 
amy = (maxAsigy - mi.nAngy) /' 10 ; 
dmz = (maxAsigz - minAngz)/10 ; 
dmh = (maxHe - minHe) /1000; 

// calculate .reliability; counter 'is 
if (dmx >1) 

counter++; 
if (dray :• I) 

counter++; 
if (dma > 1) 

counter++; 
if ( (dmli/dmy) <4) 

counter++; 
if ((dmz<12)) 

counter + •••,* 
if ( (dmxi'?} ) 

counter++; 
if £(dmh<9> > 

counter++; 
i f: ( (dmh * amy * dsnx* dm z} >10) 

counter+ + ; 
if ( (dntx/amy) <3) 

counter* * ; 
if {(sqrtf(dxFinsl* dxFinal-f-dyE'inal*dyFinal}/5/1.2) > 0.05) 

counter*+; 

if 
t 

{{counters?)} 

//st.outl -- x?;8«>«2/ {sampieNymber--T_.as3t SampieNusber) 
Las 18 amp1eNumber) 'xxSa?:/ {sassplsNumfoer • kaetSampleNuwber) ? 

//s;t. out2 -- yySx;!j;;i/;sasipieK " 1 L-asst Ss'-npieNusber) 
bastSa^ipleauajfcer) *'yy3uT?i/ {i; asp I eN umbei -I pl;sKu:"bar} ; 

//st.out3 ssS«ai2/(saiiipleb Lasf:SainpieNii;sber) 
LaatSa^ipieHurssber! * asSu®/ { sampIeNumbsr -T pletNumber) ; 

//st.out4 xxS'dBi2/(sampled LastScimpleNujrJber) 
//at. ou*:5 yyS«ai2/ {sample!*'.. . LastScvnpleNuirJber} 
//st.outfi ~ asSyy;2/ {sa«vp].aKiii;;bar-LastSampIeNunibsrs 

St.outX ~ dmh; //siaXxsVar; 
st.ou.t2 - raaXyyVar; 
st .out3 maxzsvar; 

at .out4 ~ dtrix 
at .outs <« dmy 
sc.our.6 «• dm a 

•'InaXxxSiiiBz ; 
••'KssKvySurfsS; 
'"KsiaXszSurrsS ; 

-- xxSum/ (saispl.eNiimber- ^ 

- yySusa./ ; saorp] "Number- / 

- s-.Suta/ {saroploNumber - ^ 

st . sampletfuitsber » sampleNutiiber -10; 
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c:\LT KK Tracker2\src\C\coisK»on\portabie\trx\tracker\hip8tepDefcector.c 8 

st • lastSfcapSaraplelfuraber - I>aetSamp].eNiimfoer~10; 

st, stepDireeticn « stan2£ {dyFinai, tsxB'inai 5 ; / / rad 
st,stepTime « sampleBumber-LastSampleMumber; 

// Tvo fast.hods to calculate step length: (i; iroit hip eisvatio;i {2; frsra £ 
displacement i'n x.-y pla;ne 

st. stepLength *> {tr.axHe-miaHe) /1000/5 ; 
// el . steGLsinitl; •« sort f. i dxFinal /1 . 2 * r3x.Fi.nai/ I. J + dyF.i nal +-fiy Fin a i.) / 5 / 1 , J; 

// step length ess-mot .be bigger tban this uhreshoici 
if (at.stepLength> MRXJSTBPJUBHGTH) 

st, stepLength =•- Mfi.X_S7EP_LENGTK; 

// sxtracf. or a.if: twit from ^tep direction 
gait = KN j3AKBAGE; 
St.gait - HH GARBAGE; 
if ((fabs(st.stepDirectioa-M_PI/2> 5 
{ 

gait = SHJ?OKWARD; 
st . gait = 1; 

i 
if ( (fabs(st.stepDirection)> <M FI/4 ) 
t 

gait = NH__SS_R1GHT; 
st.gait = S; 

i 

if { ( (f abs (st. sr.epD.irect ioii+M_PS) ! <M_PI/4 } j j ( (tabs (st. stepDirection- ^ 
»_PJ) > > } 

{ 
gait « HN_SS_LEFT; 
st. eta it » 5; 

J 

it i ( {fabs (st .stepQirection-tM PI/2) > <H PI/4} | ) { (fabs {st. stspDirection-3 ̂  
*M PI/2) S <M PI/4 } j 

gait B SK,BACKWARD; 
st. gait = 2; 

J 

if { (st.stepTime<30) && (dmh>7)) 
I 

gait = NN_RUK; 
st . gait = 11; 
st . stepDirection = MmPI/2; 
st.stepLength - getstepLength{(float)st.stepTime * 0.025, st.gait}; 

I 

if detect stairs op 
if •; (UKgait == 3) L& (maXsBVar-aiaXxj!Var»S000 5 &&. (m&XxxVarc50000} && ^ 

if ' {maXzxVar-'tsXxxVar^SOOO} f.& •'ii:aX;;xN?sr<BQ000j && (<Str:V>I0j :• 
I 

gait - MfJ UP; 
st.gait - J' 
st .stepDirectioi: « t»S_Pl/2; 
st .stepLength ~ g^zszssphsvgth { (floatj st..stepTime * 0.025, NNgaitj; 

i 
i 

//' detact stairs clown 
if ( (ESgait 45 &S UK&XssVs.r-KiaXxxVarsS-OOQ} rkS imaX^^v'ar>3000i}; ! 

it : (®c:XKtVar"maX:«:Var>?000) S.S- ;rnaXzsVar>8000\!; ) 

/ / 
///. 

(daiyi-10) ! 

/ / 
./ / 
/ / 
/ ; 
f ; 

/ / 
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c; \ltT_KK_Tracker2\src\C\coBHaon\portable\trx\trac3cer NMpStepBetector . c 

// gait' " NN DOWN} 
// 3':.,gait •« 4; 
// st, stepMtrecfcioa ~ M_Pl/2; 
// st, stepLength ~ getSfc«pI<e«3t:h< (float) st .sfcepTirce 4 0,025, NJSgait); 
// } 

// detect nm 
// it ((NNga.ic -- 15.) && ;SsmpisSincaJKiStep*40 j ; 
// it ( f So.rnp;.eSinceJ3;-:St;ip':40) &.« } 

f * i. t ' i d:ri>; 8 5 ) 

gait. - NNJ>UX; 
Bt.gait " :i i ; 
st . £;t&pD:i.rf;r:t7.on •-•- M_FI/2; 
st. st&pLentjth * cjetStepLength! f flost) st .stepTSmfe * 0.025,, NHgait); 

IV 

// detect cratvl 
//if ( sKKigait 7) tcL (SamcleSiisceKHSt«p<40> J 
/'/{ 
// gait - yajjRAvfLPD; 
// st.^ait = 7; 
// st.stepDirection = f-> PI/2; 
// st. steoLength *•. getStepLarigUi ( ; f 3. oat! st . sfcepTi ss * 0.023, SHgait); 
ii F 

//sf;, he •••• itsaxKe - ffiinHe f /1000 ; 
st.step8umber++; 
st.locatiotiX +« sin£ {st.stepDirection * heading) * st.st.epLength; 
st.locationY +« cos£(st.stepDirection + beading! * st.stepLsngth; 

it { (NMqait «2 55) && (SamcleSi.aceKKStep<40) && (counter<8) ) 
1 

st.reliability = counter-5; 
st.stepLength - st,8C«pLength/2 ; 

1 
else 

st,reliability » counter; 

st.. £acingDirection <* heading; 

xxlnteg « 0; 
xxZInteg - 0; 
yylnteg = 0; 
yy2Integ = 0; 
dxFinal = 0; 
dyFinai = 0; 

majcHs = modbuf read (heStnoothBuf £,-10) 
rninHe = modbuf read {heStnoot.hBu f fi, -1 0) 

minAngx = madbui'_read (arsgxf , -10} ; 
maxAngx = modbu.£_read (arsgxf , - 10} ; 
rainAngy - modbuf_reati (arsgyf , -10} ; 
maxAngy = itiodbur_read (arsgyf , -10} ; 
minAngs = modbuf_read (arsggf , -10} ; 
maxAngz = modbui'_read (arsgstf , -10} ; 
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\ IJT ICK T r a c k e r 2 \ s re \ C \ c oromon \ por t a fa 1 e \ t rx \ tracke r \ h i pS t, epDe tector. c 

raaXxxVar = xxVar; 
maXyyVar = yyVar; 
maXzzVar = zzVar; 

maXxxSucsZ « x.xSuia2 ; 
maXyySu(a2 = yySuia2; 
maXzzSuiii2 = zzSuui2; 

La s t S amp leNumber « s amp ! tsHumbe r; 

// SET FLAG: IKTEGEftTION T.J8 PROGS 
i«tegration_flag « I; 

/'/'Efiijure oyfii index is in range o-BUFFjiR_LB8<yrH 
buffIndex « sampIeHumber % BUFFER,, LENGTH; 

return &st? 
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1 

4 S'fila cracker/neuraXSet .}J 
* Network •* 
* -Ssutfior Xansiar Kordari 
* 'Sauti'ior Copyright 201':i TTfX Systems. ;\II rights rsservea, 

# 1 £ndf;i _TRACK£R„HEtJRALKET2_H 
#<Jefi.r,e _TRACKER"BBTJRAXIK£T2_H 

#inci'ud.e <crx/matii/vector. h> 
Siiioiiidsi <~rx/ common . h? 
#j.nciude <cr*/scdlib/stdint . h> 
# i c a i t; a e " n a iira 1 Ne t . h 0 

#i£def cplusplus 
s^tarn "C" { 
#end±f 

WO 2014/025429 

CJ\SJT KK Tracker2\src\C\coisanoR\portable\trx\tracker\ReuralSJet2.fc 

* jUeursl Retvrrk L-aysr 
-rr f 

/* type Mi: struct :• L 
;?i.tlfi_t ^matrixEase; ///< Pointer to Sfi layer weights 
IBXIS t numRotiee; 11 i< Sfui&ber of nodes in SN Ja*/«r 
ir-EiS t sc«lei*accor? ///< Scale factor that: has besa applied to KS5 weights 
float; *£>ias; ///< NK bias vac'xr 

} »«ural29gtLayer2 t; 

ifeura 1 Ket.work Output; Gsiir Type 

Vfyps'tef en.un-: 

V NNJJFST&IRS 
V ST_DOis'MSTA;r2.S 
V KM_2D 
•' / KIO^KONE 
V //SK_FO»!'?AR» 
V //KMJOT 

//.KMJ>OW.E!" 
;/ //.KM G&B8AGS 

:i, 

4 , 
0 t; c. 

// i aesuralHetC&lt4Cl88S__t; 

* laitiaJ istes tbs KsursJ iiet Processor 
* iiparasii ax 
*• spsrasn sY 
*• spa rain aZ 
* SSSfaiS gX 
* sparam gY 
* sparam g2 

pointer to sees modbufrer 
pointer to secy modbufrsr 
pointer to sees rao&buft;sr 
pointer to gyrox siodbur^Sit 
pointer to gyi'oy «iodb«i;£s;r 

pointer to gyros modbuif-fir 

//TRX 5XTSHK void ini LSenralSetS (mocibuf *aX, :;!odfcuf__c *&Y, modbnf *sZ, modbufjl *gXt \£ 
modbuf_t *gy, ;:;odb\if_t *gE) ; 

extern void initNsuralNet2 {isodbu£_t *aX, rcodfou£_t *&Y, modbu£_t *aZ, modi>u£__t «aXY, ^ 
ttiodbuf_t *gX, ;tiodfciif_t *gY, modbu£_c *gZ, jnodbttf_t ••vx, modbufj; *vY, modbufwt *v2, ^ 
modbuf t *fx, modbisf t *£¥, modbu£_c *fZ, jnocfbtt£_t *pX, modbuf_c *pY( modbuf t *pZ); ^ 

I * 1 

*• K-iiis the 315 with cfee layers spec!tied for the tracker apple ;at icii 
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c : \LT_KK_Tracker2 \sro\C\common\portable\trx\tracJcer\neuralHet.2 , b 2 
* 
* s?parsm netlnput: pointer to Ntf input nod&s 
•v 

»• e/risturn output gait 
* • 

//T:RX_ EXTERN te8tK««raXW'Sfc2 * use Input) ,• 
//TRX EXTERN neuraXRecGslt4Class_tt s®etH«yrslH®e2{i»£l6„£ *ae^Input); 
TEX EXTERK neuralJJetGai fc t testtfeuraINet2(intlS t *netInput!; 

• ii -A-

* Ruas the as witta a variable number of layers 
* This: function if; called by te&cNer-ralKet which specifies the layers used for cracker 
.r 

* vi-paraii- inputNoaes pointer to JiH input nodes 
* sparaia nuttlxipute number or isxpwts 
* ii-para;-! numLaysrs number cf layers 
* ^par&m ... variable number of neuraiKetLaver fc 

* ^return output of iJi-i 

//TSX^SXTS'RN *yunNeuiraXJIet2 {xRtXS "• * inpuctiocies, .intiS__t iHit'Jlripucs , :;.nti6t & 
nusiLayei s t 

j * «• 
* Gets the in.pi.st octles for the HK aver a step 

* <§par«iia acartS teplv-dox ir.df;j? in modbuf ifir for the start of a. step ^ 
(indexed siegat A vely in time! 

* •'?>pares.is Svopsteplocisix' indsx in isodbufier for the atop of a stop ^ 
i indexed ii?;gsvivcly is; time! 

* fpara® pes t ureVector posters vector at current sarcpds 
+ 

* ®ret!iiTi pointer to EK input rocies 

TRX EXTERN intl€_t *getJJetInputNodes2 iint!6_t startSt.epIr.dex, in.tl(5_t stepStepTndex) ; 

/ * * 
* Getter tor array of output values from Isst. neural y;tt co®putstio», 
* Used for net <3«£>tig and deter",sirring net confidence. 
* 
* s-returr po::ntf;r to iloat array of output ncde values • / 

//TRX EXTSHK float* oxi getOutputAtrsy2 {void} ; 

//TRX EXT3KE! void isieKtislBuff_inlt (void) : 
//TRX""EXTB«M void i:iertiaiBi.;ff™opaate(void} ; 
//TRX'SXTSKK! void ioert • aiBuff"refiec • void) ; 

//TRX _ EXTRRH modbuf _ t postureX; 
//TRX ~ "XXTREK! modbuf ..." postureY; 
//TRX~ 2 XT""-"11 modbuf postu.re2; 
/ / TR.x" ".SIX™ •""3 modbuf t fxKav; 
//TRX^ ~£X' •" 3 modbuf tyKa v; 
/ / TR>f \EX . .. 3 modbuf /: :,Eav; 
/ / TfcX~ jsx- - 1 modbuf _t vxKav; 
//TRX_ ".EX. K :3 modbuf Jt vyKav; 
/ / TItX~ EXTERH modbuf J vsKav; 
/ /TRX_ ̂EXTERK modbuf _t isxNav ; 
/ / TR.x" EXTKRS modbuf ayKav; 
//?»:•:" EXTERK modbuf J; axyHav; 
/ /TR.X EXTERK modbuf 1 a ?:Kav; 
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c : \IjT_KK_Tracker2\src\C\cosnmon\portable\ trx\tracker \neuralNet2 .h 

stifidex cplusplus 
J // extern "C" 
iendif 

sender 
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c: \LT Kit Track®r2\Brc\C\conw»R\portabXe\trx\trackei:\neuralNet2 .c 
> * 
* efile tracker/neural Rat.t 
* Neural Network 
•k 

•f -rSRithoK K&tiiar Kordsri 
•f -Eautiisj Copyright 2012 TSX Syisteins. All rights reserved . 

#i. fast C3 0 
s Ircse <• y .-rciyrtrv. j-;; 
#andi <: 

•include -swath, h> 
^include <sfcdio.h> 
•include <float.h> 
•include <stdarg.h» 

•iP,c 1 ude <tr*/couwson,h> 
#inc 1 ude <trx./util /modbuffer . h> 
#include ctrx/util/errors . h> 
•include « fcrx/math/quaternion .li = 

•inc1ude "ana -h" 
•include "cracker.h" 
• include "neuralNet2 . h* 
• include "tracker constants . ll" 

• include »n«iiralSet4GWeights »h" 

> i 

static rcadbuf_ _t: •axNav; 
«tatic rcadbuf_ _t: •ayNav; 
static rcodbuf *axyKav; 
static modbuf .t •azNav; 

static modbuf __t •gxNav; 
static modbuf _t *gyNav; 
static modbuf t *gz ffav; 

static modbuf t *vxtiav; 
static modbuf t *vytiav; 
static modbuf t *vzNav; 

static modbuf t *fxNav; 
static modbuf t *f ytiav; 
s t a t i c modbuf 

„t-
*fzKav; 

static modbuf _t 'postureX; 
s t a t i c modbuf t '•postureY; 
static modbuf _t *postureZ; 

#de£ins INPUT__NODES_SI2E 
#d8fins RESAMPLS__SIZE 
/ / - - - -

6 7 
10 

//static void __rarnovf;Bi;s.3 i int 15 __ t "src, ui>itl6__l lanhr 
static void __iipsattiple2 (intI6 t *src, iritis t *dest, uintl6 t ercLength, uiiitlfi t 

descLength); 
//stat.ic void jirocessiilstLayer !!)S\n:alNstL-5ver^ __t *inputL^yar, n<5cr«iKsCLTiyer2_t * 

weightLayar, float: ^output-Vector; ; 
*T 
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e ; \LT^KK_Tracker2\src\C\c:ommoa\portable\krx\!:rackfsr\nearalKet2 . c 2 

//static ir.v.3.5 t scalsFIoatS Ii^t f f lost * f Vector ; int 16 t ^iVecxor ,• intiS i Jen;; 
//static t _getMax&>cp (float *3t, intlSjs lenj ,* 
static float _tansig(float x) ,* 
static int64 t get.HodeS\.m;2 {int 16_c *inpuEData, double *weightPtr, inc,IS_t j&umXTJputs} ; 
ilitS6 t *getNetInputBod.es2 fint 16_t startStepIndex, int 16 t stopStepXndexj; 
void iait»e«ralN«t2 (modbuf_t *aX, rcodbuf_t *aY, modbuf ̂t *&2, roodbu£_t *a.XY, taodbuf_t: *gX^ 

, modbuf t *gY, modbuf_fc *gZ, modbuf_t *vX, modbuf t *vY, modbuf t *vZ, mod.buf_t; *fX, 
modbuf_t * £ Y, modbuf_t *£Z, modbuf_c *pX, modbuf_t *pY, modbufmt *pZ) ; * 

static float netOuKputArray [NUM_QTJTPUT_SODES] ; //Holds copy of .last computed output \£ 
aodfsfi / / • -

f1oa t* »»_«etOutputArray2(void> 
i 

reuris netOutputArray; 
j 

/ / -
void InitNeuralStetS(nodbuf_t *aX, modbuf_t *aY, «edbuf_fc *aZ, modbuf„t *aXY, modbuf_t *gX^ 

, modbut_t *gY, modbuf_t *gz, modbuf_t *vx, mcdbu£_t *vY, modbufj: *vZ, »odbuf_t *fx,* 
modbuf t + £Y, tROdbuf_fc *fZ, modbuf_t *pX, modbuf*pY, modbuf_ ,.t *pz) * 

axHav •f. aX; 
ayNav •f. aY; 
axyHav - aXY; 
assHav aZ; 

gxJIav gX; 
gyllav gY; 
gziJav = g2; 

vxiJav - vX; 
vySfav vY; 
vzKfav = v3; 

fxNav EX; 
fyNav fx; 
£ jjNav EZ; 

postureX = px; 
postureY = P^.; 
postureZ = p2; 

J 

int64 c getKodeSum2(int!S_t •inputUata, double *weightPtr, intIS t aumlnputs) 
I 

long .long sum - G; 
uint 1 S_t ,i ; 
double testl = *weightPtr; 
inta6_t test2 « *inputData; 

£or {i •- 0; i cnumXttputs; i++) 
t 

sum t * ria»utSfita++) * (*w®iqht?tr + t) ? 
.! 
return sum; 

> 
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c;\LT KK Tracker2\src\C\cossaan\portable\trx\fcracker\neuraXlJ'et2•c 3 

//neuraINetSait4.ClcJ3isC LeSvNeuraIKivt 2 \ int 16_" *rset liiput.) ^ 

neuralHetGait_t test.KeiiraIHeC2 iintlS_t *netInput) ^ 

//intIG__t test'KeuraIE%t2 (int:; *nsr. Iripat.; ^ 

I 
float* netout; 
int16_t i, k; 
inti6_t maxlndex; 
f1ca t re.ax.Va1ue; 
doufe1e outputVect or1[40]; 
d cubIe oui p u t v e c t o r 2 [ 2 4 ] ; 
double outputVector3 [3j ; 
double nodeSum ~ 0; 
infcl6_c *wei9hCMatrix = &hiddenWeight1 2; 

far si ~ 0 ; i < 40; i++) // for each output 
i 

nodeSum = 0; 
for (k = Ojk < 67; k+-vi // for each .input 
{ 

nodeSuai += {double}netInput|kj/10 * hiddenWaight1_2[67*i+k]; 
> 
/ / {double J getfjodeSutti2 :ns; t Input, ithiddeuSsi . g3~i t 1 _ 2 , 6 7 ; ; 
nodeSum += hiddenBiasl_2 [ij ; 
outputVectorl [i] - _tansig { (f lost.) notieSutfi) ; 

) 

//riiJtInput ~ outputJV'ecKor 1 ; 
nodeSum - 0; 
f.or (i « 0;i < 24; i + -t J 
i 

nodeStitn » 0; 
for {k ~ Ofk < 40; k*+) 
{ 

nodeSum * = output Vector 1 [k] * hiddenWei.gh.t2_2[40* i+k J ; 
} 
node Sura *= hiddenSias2_2 [i] ; 
outputVector2 [i} = _tans;i.g ((float; nodeSum) ? 

> 

//net I'rjput • •• cutp:^tVfrCtor2 ; 
nodeSum = 0; 
for (i = 0/i < 3; i + + ) 
{ 

nodeSum = 0; 
for !k = 0;k < 24; k++) 
i 

nodeSum += outputVector2[kl * outputWeicrhtZ[24*i*k] ; 
1 
nodeSuni += outputBias2 i.ij ; 
outputVectorS ii] = _tansig( (float)tiodeSum) ; 

} 

maxVa1u e » -10 0; 
for Si -- 0;i < 3; i + + ) 
I 

if !outputVectorS[i] > roaxValue) 
{ 

raaxValue « outputVectorS ii] ; 
raaxlndex -- i; 

j 

if (maxValue>-0. 5} 
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4 

e wi i: cfe E max I a de x) 
i 

casa 0: 
//return (neuralNetGRic. t) is}; 
return NKf UP; 
break; 

case I; 
//return. (neuralHetGair. t) (4); 
return ilNJJOWH; 
break; 

case 2; 
//return fssuralHetGai.t t; iI3}: 
return fJK_2D; 
break; 

i 
return SJH^GARBAGE; 

// return ;neuralHet.Gs it.4Cl ass t} ; aa.Klndsx*! • ; 
// return (msxlrsdex-fp. ; ; 

WO 2014/025429 

c: \Vt KK Tracksr2\src'\C\conmon\portable\trx\tracker\neuraINet2 . c 

//float* runHe«ralN«t2 *inpu!i8odes, i»tl6 t niaslspuis, /mmLayars, 

/< 

// 

/ / 
/ / 

/ / 

// variable arg field holds pointers to tj«ar»lJ}«cI,ayers 

intiS_i. i; 
static float on.Lpi.st 1MAX SODSS] ; 
static int. If t scOutput'lKAX^ROBBS ] CSC! ...ONLY (__YSSS•£) ) ; // Sot«: static in order to 
ensure space attribute, 

nsuraiaecli«yer2 t iaput,-
•usiisg input data. 
x-evijaiNetLayer;:_?. ^layers [KP1>MJLAYEK.3.> ; 
uet v;ifsght layers. 

// Create net St>p«t layer 

'/ Array of pointers to neural 

•v«__!;ist ap; 
•va start C ap, n«»Xiayere} ; 

for {.i. -- Ci; 1 < nuitLayers; ,i++i 
layers [ij - va argiap, neu.ralNstLaysrS __t *). 

input. ssatrixBasfc - InputKodas; 
input. iiusiiSades - nustilnputs; 
input. istialeFactcr ~ lb; 
.input.. bias « NULL; 

// Jait variable argur&ett list. 

if layer pointers; to array 

\£ 

ff for <i - 0; .1 ••, .rumLaysra; 2. + +; 
// t 
// ___processjSetLayer (tinput.. layers > i j , output;; 

and writs output for layer. 
// Multiply input by weights ^ 

if u. fsiurciLayora - 1}; // If 'lot last layer (output 

// 

thau forraat output o£ this layer to be input to u.ext. 
< 

int scal.eFaotor ~ scaleP;loat2iut {output, soCaLput, 1 aver s 11 i - >nu;iiKode3 j ; 
/ Convert floats to scaled, fixed-poiut vector. 

isiput .;;iatrix3ass - scOutput; 
/ Build input for naxt iteration. 

input . nustNodes - layers [ij •- > aura No ties; 
input. scaleFactor «• scaieFactar; 
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c : \LT__K.K_Tracker2\src\C\oon'mon\portabls\trx\".racker \neuralHei:.3 . a S 

/ / vs end{ap; ; 

ff return output; 
// J 
A»fcl6_fc *«ecNetXnputKodes2 (i»c!5_t start S teoIndex, intlS c stopStsp Index.; 

stat ic iatl6_c inputNod.es [INPUT_SISEj ; 
inciSjc tempBuff[128]; 
incl5_t aumSamples; 
i»clS_t i; 
£1oat 3x1 posturaVector; 
Viint8 t nnFlagsIndex; 
ncFlageIndex = 6*RESAMPLE SIZE; 
numSamples = stopS&epIndex - startSteplndex + 1; 

postureVector.x = (float)modbuf read i *postureX ,stopStepIndex); 
postureVector.y = (float)modbuf read{*postureY ,stopStepindex); 
postureVector.z = (float)modbuf read{*postureZ ,acopStepIndex); 

modbuf copy(*fxNav, tetapBwf.f, ~jtmwSasipl.es*!, nwnSampXes) ; 
upssmple2(tempBuff, kinput.Nodes [0 * 8KS&MPLE_SX0K] , nusiSairtp'J, es , JR£SAMPli£_SX38} ; 

rcodbuf_copy (*f.yN»v, tempBuf f, -xromSawples+X, mrasamples); 
_upsamples (tetnpBuf f, kiaputNodes[X * RESAMPLE_SI?,EJ , numSamples, HESAMPLE_SIZS) ; 

modbuf_copy (* £ zNav, tempBuffi, numSampI es +1, tiuraSamples) 
_upsat»ple2 (tempBuf f, &inputNodes 12 * RESAMPLE_SXZB] , numSamples , RESAKPLE^SIZE• ; 

modbu£_copy {*vxSav. tempButf, -xrumSamples + 1, aumSamples) ; 
_upsataple2 (tempBuf f, &iaputNodes 13 * RES AMPLE__ SIZE] , numSamples, RESAKPLE_^ SIZE • ; 

modbuf copy{*vyNav, tarapBuff, -numSamples*1, nutr-Samples) ; 
upsample2{tempEuff, &inputNodes[4 * RESAMPLE SIZE], numSamples, RESAK'PLE^SIZE); 

sacdbu.f_copy {*vzJSav, tempBuff , -numSamples*!, aumSamples) ; 
upsample2 {tempBuff, &input8odes [S * RESAM3?LE__SI2E] , numSamples, RBSAMJ?X.B_SIZB) ; 

inputKodes[nnFlagsIndex**] = modbuf amp{*azRav, star&Steplndex, stopStepindex); if 
// Amplitude az 

inputKodes [r.nB'iagsIndex*+ ] = modbuf_arep !*axySfav, start3teplndex, stopStepindex! ? if 
// &;-.p3 itucie a.xy 

inputKodes [nnB'lagsIndex**3 ~ modbuf_amp!*asKav, startSteplndex, stopStepindex) <• if 
if Amplitude >•>?, 

inputKodesInnFlagslndex++3 » (intX6_t)postureVector.x; # 
f f Pof-ture x 

inputKodes [miB'lags Index-t-+ ] -- (int. lS_t.) posture Vector. y; # 
if Posture y 

inputKodes innFlagsIndex**] * (intl<J_t)postureVector.a; $ 
j'l Posture a 

inputKodes[nnFlagsIndex**] = (int!6_t){(modbuf_rainXndex(*axyRav, startStepIndex, * 
stopStepindex) - stopStepindex) / f float >numSamples *1000); // Min axy iad«x 

// normalise input 
for(1=0; i<2SPUT SIZE; 1**5 
I 

inputNodes til = (int2 6_t){(2 * coeffiti] * tinputNodes ii] - coe£f2ti]i!*10); 
! 

reurn iaputNodae ; 
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c:\LT_KR_Tracker2\src\C\cowmon\portable\trx\tracker\neural8et2.c 

//COMMENTED TO SAVE SPAOH; 

// * Subtracts sensor value at first point froas all others. 
// */ 
//static void ^reiPovsSiss ? i.ntl.S t »sro, uintifi^t isr; 

//t 
// i; 
// ijvc.l<> jt. offset. sreiO;; 

/ / fox- v i - 0; i < 1 enp i + +; 
// srclij = sra:.ij • offset; 
/ / \ 

* interpolates points by ecasn«cc.ing with straight arid then rssciiKiples at nev; rar.e. 
"* / 

ecafic void _upsa.wp.le2 £intiS t *src, int!6_t *dest, uintlS_t sreLength, «intl6_t * 
destrength) 

i 
float sampleT » {float; i src'Length - I; / {dfSStLeiigth - 1); 

i; 
for <i - 0; i < destLength; i++; 
{ 

t1oac t = (float)i * sampleT; 
intl6_t srclndex » {i:ntl€_t; ceilf (t) ; 
float tract » t-floor J: (t); 

if (i -- o) deac [i] « sre [OS; 
else if a == destLength - ij dest [i] » sre IsrcLength - 1]j 
else 
t 

intl6_t slope = sre farcSndax} •• arc IsrcXndex - 13; 
dest |i] = sro|srclndex - 1] + (intiS t) {{float)slope * fract); 

j 

J 

M- * 

* i»5iiit.ipli&6 input, values hy weight layer and writes output •v&cjr.cv for layer. 
it / 

//void pr oc;« s t&ay er (neur&lHetL&yer2 t * input Layer, neuralNetLayer2 _t *weigfcc.t<«yer, * 
f 1 o a t * »utp a t Vec tcr) 

/•'' I 
// irit.l? t i; 
// intiS r. »w<sigbt8afcrix - weightl>ayer» »m*tr£xBa»«f 
// for -i 0 r i < fweightLayer->nwtt38o<te8) ; i + + ? 
/ / 
// double KodeStJi" = •; doublet getKodeSum i ia'pMthsyev->Kia.trixBase, we ightXs.trix, ^ 

ir:putl.8yer->nusnSode8); // Sure of products 
// aod«Su« -- 1 dexp {noiiisSLHtt, ••• i inpi;to«.y ;sr -• sacs! eFactor + iveight Layer-- >sosle."acto.r i ; ^ 

; // re tuns x* 2"sc«ls Fac!: or 

// //&dd bias nodes here if required, 
,// if { Cvfeightl<ayer->bia8) !» NULL; 
// aodeSu® +- {vreightLayer~>bias 11} } ? 

! ! outputY-sctcr [i] = tansig f (tloa?:} vjodeS'Liui; ; // Pass through sigmoid 
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c: \LT KK Tracker2 \src\C\cona!ton\portable \trx\ tracker\neuralKet 2 . c ? 

// wefghicMatri';: Ur-putLayer - >numKod-isi ; // Move pointer to nexi: "colyuin" ^ 
of weight matrix. 

// ! 

/ x .V 

* Petardines scale factor for vector of float that wi'j.1 3.View maxitiitsss! fixed point ^ 
rasoluti ots . 

* BritKS scaled fixed poiirst vector to /Vector and y®turns power of 2 scale ataouac {shite* 
atftoui-t) , 

x / 

_3C&iePloat2Irix i floas *£Vector, im; 16_ #iVector, I en} 

>'!K 
fs mt 16 t i; 
// incl6 t n - getKixExp(£Vector, len>; 
// int 16 t sf * 14 - a.f // Maxistim scale factor which ^ 

pressrvss sign.. 
/ / 
If £ cr ti = 0; i < l&is; i* + ) 
If iVector[1} - (inclS t>Idexpf(fVsctor li], sf> ? 

// return at; 
Hi 

* Dfiterraiisea Rwxiis«:« exposierit ; power of 2; for all sieisisnts its array. Used, for scaling ^ 
array to fixed point. 

•> 
//in!:15 t g^ t-MaxBxp { f 1 oat i;ii;:i5 t 1 <srj l 

/ f \ 
• i i n 1.1 € f. i ; 
/ int n; 
/ 
/ float s^ax - FLTJ4.T.N; 
/ 
' for ii •-.- 0; i < .; °n; i-•• -t i 

J 
I 

if 'x;i; max} 
wax x [ i ] ; 

! 
frexpf ;i".ax, £is; ; // Returns iractional parf. in tract an<5 exp j.n n . 

/ return 'intiS t }n; 
/ i 

* Sigmoid for neural -let. node ouptits. Output range -1 to *1, working input range about g 
- 4 to -r4 . 

,-L .-

float tansig{float x} g 

{ 
float result = <2.Of / (l.Of + expf{-2.Of * x))i - l.Cf; 
r a turn result;; 

I 

37-



WO 2014/025429 PCT/US2013/040670 

c:\LT KK Tracker2\src\C\eotraaon\porfcable\trx\tracker\aeuralHet4GKeights.h 1 

* -ssfils traoher/ri^iralN&tSsiqht-J . n 
* Keural Network Weights 
* Based on NaiDaca from Kaclab Trainer 
* Created on 27-Hsy-zoil 
* Total S&mples: 51 554 
* Trs.iviirig Accuracy: 35.0511% 
* 
4 ^author Ooim Xsurvounis 
* 'Sauthor Copyright 2010 TRX Systems, All right;; reserved. 
*/ 

# i t ift d e f _T RA CKE K _ NEUK&LN £ T W E1GHT S 4 G_H 
#dfet±nss TRACKER NEUR&iiNS T WEI GHT S 4 G H 

#include <trx/st<Jlib/stdint. h> 
#include <trx/common.h> 

#A£de£ cplusplus 
estfcern "C" < 
send if 

;? define RES AM jPL£_S IJ5E 1.0 
i? define IK3?tTf_S22S 6*RBSAKPLB_SIZB• 8 
i?define NUM_IKIFUT_KGD£S 67 
#dsf ine NUM_GUTFUT_NODSS 3 
#dsf ine SUM_KIDDEW1_K0DES 4 0 
#dsf ine SUM KIDDEN2 BODES 2 4 

jidefine MAXJSIGDES 40 
«define KtmjJHtERS 3 

#define WE1GHT_SC&LE 1 
//i;define ?JKIGHT__SCALE 1=3 
^define QFACTOR T 
//«define QFACTOR 4 

#<ief if)E? Q4 {X! ( [X < 0.0) ? { i n.t 16_t) (WE 1 GKT_S CAL B* t X) - 0.5! : ( int!6_t! ^EIGHT_SCALE* {X} * 
+ 0.5}) 

# if tier JSIK3 2 

wds£in<8 attribute (x) 

#end!f 

// Matrix DiiKSKSiOiif; « (3 x 24' 
double outputWeigfefcZ[72] - { 

0.64763, 
S .3625, 

-0 . 04 81.54, 
2.974 5, 

-0.0 3 052 6, 
0.2S144, 
-0 . 17123 , 
-0 .088083, 

I.S67I, 
-1.14 23, 
2.0317, 

0.42786, 
0 ,33046, 
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\LTJKKJ2,racker2\src\C\commonXportable\trx\tracker\neuraINet 4GWe ights.h 

0 . 8 7 5 1 4 
0.37133, 
1 . 23.0 9, 

- 1. 31S S , 
0.3114 3, 
0.7 9605, 
0 . 4 0 5 0 5 , 
0 . 62763, 
0.28545, 
0,18614, 
0 , 5272 3, 
0.82745, 

I,412, 
-1 .2043, 
0,97718, 
0 . 35123 , 
0,56 837, 
I.3503, 
. 03 3384, 
0 . 32635, 
0032747, 
0 .23916, 
0.4618, 
0.29954, 
0.97607, 
0.47231, 
.072637", 
-4.5601, 
0 .80742., 
0.9678, 
-1.4611, 
-0.322, 

0.3 0 035, 
0.25556 , 
-0.2568, 
0,16394, 
-3.6279, 
0.8625, 

0,69598, 
C.27996 , 
C.35525 , 
C . 15969, 
0,82 688, 
- 0 . 3 2 S 3 , 
0 . 3 8175 , 
0 . 93174 , 
0 . 52846 , 
0 .42284, 
0.47425, 
. 035289 , 
0.21605, 
4.5502, 
0 . 4S-407 , 
0 . 3 0292 , 
0.2517 6, 
0 - 617 56 , 
0.28307, 
0.23326, 
0.36736 

3x1; 

t « fc1e ou tputB i a s2 [ 3] « 
-1.2537, 
0 .10 9 2, 
-1.3908V; 
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\l»T_KK_Track«r2\erc\C\comwoR\portable\trx\tracker\neural8tet4GKeightB.fc 

ruble hiddenweight2_2 [360] = { 
0,0881363, 
0,139242, 
0.928567, 
-0,851354, 
0.219762 , 
0,402008, 
1 . 5 4 9 S , 
0.60768, 
0.7 634 52, 
0 ,419021, 
0,319551, 
-0,2 0144 7, 
0 .760106, 
-2 .86226, 
0.210739, 
0 . 92S939, 
-1, 233 0 9, 
0 .712006, 
0 . S 8 9 6 2 2 , 
0.139141, 
3 , 1.1.22 7 , 

»4 , 01.77 9 , 
0.689561, 
2 , 14507, 

-0 .0623161, 
-0,241223, 
0 .670697, 
C . 348519, 
14 .4432, 
2.76S33, 
C.218675, 
- 2 ,2 3 721 , 

-C . 35731.9, 
~1.6 518 3, 
I,9889, 

-C . 209211, 
1.4 9886, 

-0 .189621, 
-0 . 6 82 06 3, 
-1 . 3341S, 

0.0763 57S, 
-0.Q349S2S, 
-0.318832, 
0 .15 7398, 
-0 . 4 7 2 4 32, 
~0,5 75 52 6, 
0.2 0 524, 
0.182889, 
0.302952, 
-0.265081, 

"0,0433244, 
0.273 20 6, 
0.461477, 
-0.345939, 

0 , 0 0 0 5 3 S12 8 , 
0 . 0 S 7 5 4 0 9 , 
-0,0487088, 
0 . 392533, 
0 .2 89902, 

-0.08 01463, 
0 . 391678, 
0.113 548, 
-0.313657, 
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TJKKJTracker 2\src\C\cowsnon\portable\trx\tracks r\neuraiNet 4GWe ights,a 4 

0.20955, 
••0.33 903 6, 
0.09 85847, 
0.149775, 
0.0653375, 
0.09266 72, 
0 .1 6 5 4 4 9 , 

••0.250848, 
0.0925336, 
0.667156, 
0.21857, 

-•0.159547, 
-0 , 327643, 
-0,303131, 
-0,394841, 
0-163192, 
-0,106013, 
0 .1782 64, 

0.04 3 S 0 04, 
-0.2 67454, 
0.0515959, 
-0.407123, 
0.216668, 
0.156071, 

0.064 5605, 
0.896127, 
0.0318275, 
0.0618403, 
0.0283257, 
-0,96 3194, 
-0.509735, 
-0.13 9394, 
0,30144, 

-0.130731, 
0 . 6014,37 , 
-0.412174, 
-0.15174S, 
-0.3 0 3 3 7 9, 
0 . 6 3146 6, 
0.2 346 8, 

- 0 . 4 4 5 9 S1, 
0 .462076, 
0 .511147, 
0.J84528, 
-0.564597, 
0 . C 5 8 0 91, 
-0.33054, 

-0.626835, 
-0.200752, 
0.34 0 92 4, 
0.323 557, 
0.272199, 
-0.647322, 
0.911483, 
-0.33569 8, 
0.134391, 
-0.459443, 
-0.255996, 
0.436151, 
0.249649, 
-0.491909, 
-0.18347S, 
0.237441, 
0 .19 8 4 3 S , 
0 . 416 2 9 5 , 
0,201099, 



WO 2014/025429 PCT/US2013/040670 

; \ LT_KK_Tr a eke r2\src\C\cwsBnon\portable\trx\tracker \neurals)et 4GRei ghc.s . fe 

0.205118 
-0 . 511934 

-0 ,14485 
-C . 567121 
-0 . 2 80447 

0 . 00653037 
0.1634 04 
0-215064 

-0 . 753156 
-0 . 0497S56 

0.14813 7 
-0 . 0616988 

0 . 2 'J 41 2 3 
-0.3046S2 
- 0 . 618665 
0 . 2 604 2 7 
0.0502073 
- 0.6 0 0 519 

-0 . 0929236 
0.284854 
0.326124 
-0.536832 
-0.390805 
-0.34283 9 
0.0585118 
0 . 164656 
-0.247467 
0.558642 
0.0322916 
-0.353232 
-0.08247 OS 

•• 1 . 514 91 
-0.30 3 544 

-3 .40485 
0 .4 09 52 

-3 ,150736-005 
-1.25362 
0 .304323 
-0 .33162 

-0 . 5866OS 
-D . 102813 
D.94 3 3 8 S 
Q.484448 
- 1 . 13 0 91 

0.068 98 8 3 
-2 . 54745 

-0 . 0354012 
1.3S3 OS 
0,651314 
-4.7 0 3 0 4 
-1.6 7471 
1.91454 

0.0538 906 
0 .666503 
-0 ,329105 
0.503 911 

1.0209 
3 ,7 7141 
1.60083 
10.7174 
0 .413737 
-1.5 2 S 7 5 
-0.519973 
-0 .20358 5 
-4.89023 
-2.56779 
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c i \iiT_KKJTracker2\src\C\coawion\portable\trx\tracltesy\nettralNec4GWeight8. b 
-1,98335 
1 , 3 8 ? S 5 

-0,888477 
-3 , 7 712 9 
0 , 5646 75 

• 0 ,304354 
-0,33133 

- 0 , 3 2 9 S 7 5 
• 0.03 85911 
-0,336938 
-0,2 53404 

••0 , 00282054 
- 0 . 0 5 9 S 2 4 6 
0,331785 
0,242172 
-0,110854 
0 .1 S 4 0 6 7 
-0,573241 
-0 ,374151 
-0.950158 
0,756733 
0.C14405S 
-1.07147 
0.3023 57 

"0 . 19 0 9 £ ii 
0 . 241784. 
0.630074 

- 0.253224 
-0.393388 
"0.371723 
0.952303 
-0,444076 

-0.3876 
"0 . 1.4 77 5 2 
-0.210545 
-0.313867 
-0.38 0032 
-0.4113 34 
-0.23417 

0.02 84 031 
0.166234 
-0,062535 
- 0 . 2 7 7 4 S 9 
-0.238539 
0 . 2 6 5 014 
0 . 40SSI4 
0 . 3 87048 
-0.217801 
0 . 382711 

-0,0311636 
0 . 3 7 0984 
0,0648373 

-0.005S1236 
0.174792 
0,127523 
0.156316 
0.2 8914 2 
0.1643 9 3 

~0 . 03 562 54 
-0.0 0 54 774 5 
-0.116062 
0 . 3.24.703 
0 , 6 2 5887 
0 . 0507235 
-0.187065 
-0.S1S962 
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: \ LT JKKjTr a eke r 2 \src\C\cofflroon \portabl e \fcrx\tracks r \ neuralSlet 4SWei ght s. h 

0 , 0384151, 
••0.267737, 

-0.0098 3 628, 
0.102399, 
0.31561, 
0 . 3 3 519 7 , 
-0 .173715, 

-C . 08506316, 
0 .324135, 
0.129103, 
0 .170736, 
0.29S334, 

-0,03 63007, 
-0,09704 99, 
-0.423679, 
-0 ,175533, 
-0 ,129467, 
0 . 12263, 

-0,297214, 
-0.411654, 
0 .671549, 
0 . 366114, 
-1,03737, 

-0 . 92 S 82 3, 
-1 .13 3 72, 
0 . 2 6 2 5 5 8 , 
C.OS 8 9158, 
I.32406, 

- 0,637767, 
-0.34 6 4 45, 
-0 .370299, 
-0 . S622 59, 
-0 .250753 , 
-0.313933, 
0.330291, 
-0.1S2I82, 
-0.345912, 
0.175924, 
0 . 313 62 , 
• 1 .17 0 5, 

0.959127, 
-0.26942, 

••0 . 169979, 
-0.25168 7, 
0 . 2 6 2 7 S 6 , 

- 0 , 1S 6" 6 3 6 , 
-0.35S337, 
-0.556116, 
0 . 0142S19, 
-1.41427, 
-1.16959, 
-0.62484 2, 
0.345317, 
0 .0738373, 
0 .115841, 
3.27565, 

-0 .659552, 
0 . 024296, 

-0 . 0734728, 
-0 ,02 22899, 
0 . 516124 , 
0.33 50 6 8, 
0 .2 79399, 
0 , 0636357, 
-1. 91S 3 6 , 

1.5223, 
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c:\Lx_KK_7racker2\src\C\common\por tabIe\trst\track ar\ne«ralHet40Weigfcts.h 
-0.D 9 7 64 2 7, 

1,11465, 
0,28433 , 

"0.S 6 816 5 , 
*0 . 356442, 

2 . 7 8 2 , 
0 . 3 9469 7, 
-0.587127, 
0 . 0695593, 

0.60625, 
0 . 9 5904 9 , 
0 ,278515, 
-0.756948, 
-0 . 30213 6, 
- 0 .12 7 S 4 4 , 

-0.0500848, 
- 0 . 6 5813 3, 
-0 .119952, 
- 0 . 3 41S 2 5 , 
0.483519, 
0 . 346206, 
-1,815 9, 

0 .319 319, 
0.214151, 
0.225277, 

0.01733 05, 
0.272315, 
-1,39459, 
0.135175, 
0 , 51043, 
0.262296, 
0.196011, 
0.178151, 
-0 . 415431, 
-0.314767, 
0.103614, 
0.104339, 
0.316675, 

••0.4 3 7 4 8 5 , 
0.426596, 

-0,0953401, 
-0,0578853, 
0.375967, 
0.212251, 

-0,0678925, 
-0.737334, 
0.4 7 0 0 77, 
0,406375, 
-0,111649, 
-0.35365, 

- 0 , 0273985, 
0 ,04 52 99, 
0 . 3 90562, 
-Q .343602, 
-0 .4 45049, 

0,000417403, 
-I.25811, 

-0.0141897, 
0 . 27346, 

0.553S41, 
•3 . 03 51974, 
-0.556773, 
-0.12S812, 
-G . 4 34 8 3, 

0.0270803, 
-0,129546, 
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c: \LT_KK_Tracker2 \src\C\coiKmon\portable\trx\tracker\neuralSJet4SKeight-s. h y 

-0 . 0966194, 
0.107 3 3, 
0.340055, 
0.435211, 
-0.071294, 

-0 , 008298S7, 
0.348511, 
0 ,109644, 
0.0 6 9 0 07 8, 
-0.130555, 
-0.254971, 
-0.250551, 
- G . 4 0 S 5 3 8 , 
0 . 3 2 2 £ 3 4 , 
-0.180532, 
-0 . 16:1 84, 

-0 .102422, 
-0 .2 84484, 
- 0 . 3 31 8 4 , 
0,17549, 

-0.3 57354, 
-0.0993558, 
-0.171589, 
0.0777367, 
-0 . 176657 , 
0 .469567, 
0 . 3 0 9 5 S 2 , 

-0 . 0131926, 
0 . 0 6 52 9 4 7, 
-0.0762773, 
0.0859924, 

-0.00905683, 
-0.253628, 
-0.449462, 

0 . 0 0 9 4 28 4 9, 
0 . 304S6S, 
0 . 0225031, 

0.22448, 
0 . 0 0 S 4 0 3 9 7 , 
-0.0702931, 
-0.173191, 
- 0 . 2 6 4 S 8 5 , 
-0.3 35947, 
0 . 216882, 
--0.I53647, 
-0 . 3 7 7226, 
- 0 . 3 S 4 0 61, 
0.2 2122$, 
0.470489, 
-0 ,2 36515, 
0.687625, 
-0,314651, 
-1.56935, 
-0,491461, 
0,210596, 
0 ,426297, 

-0 - 0324943, 
-0 . 0285897, 

0.20513, 
1.351, 

0.0544534, 
0.355821, 

-0.0821361, 
1.73356, 
0.32 7 0 04, 
-0,335734, 
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0.02139, 
1.75079, 

0.03 8 08 31, 
0.12011, 

"0,566927, 
-1.13 515, 

-0.6 6 088 9, 
-0.485469, 
0.0560039, 
5 . 64.746, 

0.3 98122, 
0.288544, 

- 0.3 71934, 
0 . 3 71.553 , 
-0 .19 8 2 S 3, 
0 .641435, 
0 .30 7415, 
- 1 . 2 8 6 7 3 , 

-0.0500062, 
-0.103199, 
-0.214289, 
-0.303795, 
0.0892732, 
0.041069, 
-0.634542, 
0.102105, 
0 . 3 8 6 5 9 S , 
0.105 53 3, 
0 , 357044, 
-1 . 05716, 

0. 0540257, 
0 . Q5QQ343, 
-0.159466, 
-0.906306, 
0 .252039, 

-0 . 00295854, 
0 .16 S17 9 , 
0.438205, 

0,00364584, 
1.83423, 
0.142735, 
2.S 582 3, 
1.0197, 

0.412695, 
-0.916388, 
0.112508, 
-0.2964, 

0.124327, 
- 0 . S 3 4 5 6 2 , 

-0 . 00733372, 
-0,122413, 
-0.722839, 
0.0318576, 
0.715234, 
-0.396857, 
-0.337842, 
-0,174148, 
0.743819, 
0.23 2763, 
0.23894, 
0.267461, 
0.595898, 
0.3 6 961, 
-0.65226, 
0.17SI14, 

••0 .242842 , 
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c; \LT_KX_Tracker2\src\c\conaaon\portable\crx\traekejr\jjeuralllet4GWeighcs.h 11 
i.13 2 94 
-I.36356 

-0 . 051428? 
0 .26334? 
0.14303S 
0.0926643 
-0.32 8631 
0,408715 
-0.22S429 
0.114173 
0,45941 

-0 .115268 
-0 .491444 
0 . 19 9467 
*1.43575 
0 .2 33 3X3 
-1.05171 

- 0 . '3 3 8 0 3 3 
2.19383 

-0.249244 
0 .16 2 1S 6 
0 .753893 
0.208 39 
0 .307213 
0 . 0772106 
-0 . 0432765 
-0.0532523 
0 . 310245 
-a .1774 24. 
0.221983 
0.0205233 
••0 . 679985 
-0.0479245 
-0.0822717 

-0,5429 
-0.222098 
-0 . 1293 28 
0 .415191 
0 . 372 04 
0 .210921 
-1. 40957 

-0 .104835 
-0 .09 34059 
-0 .466036 
-0 . 3.09867 
-0 . 2 723 53 
-0 . 0 5 0686 
1.67705 

-0.00268577 
0 ,328695 
-0 .327191 
-0 ,3 59712 
-0.533439 
0 .411922 
0 .223723 
0.524524 
1.02755 
0.404005 
-0,125725 
-0.106243 
0.470582 
0.571965 

-0 . 0 S 0 3 9 4 2 
0 . 04 2761S 
-0 .124735 

-0 . 0575803 
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0.44 8627, 
1.38514, 
0.143535, 
-0.200585, 

0.2118, 
- 0 . 4 7 7 3 i 6 , 
0 .166029, 

-0.0937391, 
0.453233, 
0.207 79, 
0 .221127, 
1 . 04426, 

-0.128839, 
1.17 74 9, 
0.80557 7, 
0.820223, 

-0.3 05816, 
- 1 . 5 2 7 13 , 
0.338131, 
-0.241409, 
-0.2 0436, 
- 5,1655, 

-0,26 0902, 
0.022 5, 

0.5 522 95, 
0,0408473, 
-1.29954, 

-0.225582, 
-0.5 51404, 
2.76316, 
-4.84605 , 

0,0127832, 
1.9543 3, 

0.220558, 
-0.274031, 
-1.58603, 
0 .4 03933, 
-1 . 43653, 
2.29331, 
-1.96303, 
0.205835, 
-0 . 489393, 
0.369933, 
-1 .15914, 
-0,723509, 
-1.08185, 
0,2 343 05, 
-0.159255, 
-0.40445, 

-0 . 0933174, 
-0,269249, 

-0 . 015642S, 
0 ,112537, 
-0 . 213555, 
-0 .182549, 
-0,45151, 
0.146595, 
-0.32310 5, 
-0.553 732, 

- 0 . 1347 5 , 
-0 . 34S508, 
-0.4 4 S 2 6 9, 
0 .2 878 03 , 
0.430334, 

-0.0 05 73 53 8, 
-0.15725, 
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c:\LT_KK_Tracker2\src\C\conaaoii\portabie\trx\tracker\neuralKet4GWeights.h 

0 .13 6515, 
0 .253637, 
0 .191538, 
-0 .732697, 
0 .264548, 
0 . 0116267, 
-0 .171622, 
0 . 272564, 
0 .2 74039, 
-0 .3 57973, 
-0 . 3 32 4 82, 
-0 . 13444, 
0 . 1 4 815 S , 
-0 .346239, 
-0 .060165, 

-0 . 0 2 0 6 6 7 5 , 
-0 . 3 84494, 
-0 .081134, 
0 . 00 8 9 9 72, 
0 . 0538042, 

"0 . 0516392, 
0 .332323, 
0 .525304, 
a .127 34 8, 

0 . 00262632, 
-0.13508, 
-0.14319, 

-0 . 3 S 6 S 3 3 , 
-0 .412198, 
0 . 2 2 71S 2 , 
0 . 2 93 8 5 3, 
1.90251, 

-0 , 2 41 7 S 7 , 
-0, 0884561, 
-0 , 327263, 
~0 ,4504 98, 
0 , 351179, 
0 .113904, 
0 ,127541, 
0 . 17 8 56 8, 
-0 .309721, 
-0 .478358, 
-0 .640583, 
0 .7 55219, 
0 .358506, 
-0 .2 54622, 
vf . 0318246, 
0 .211685, 

0.0121353 
- 0.826086 
0 . 3340OB 
0 .1714 9 7 

0.0018669 
-0 . 2 2726S 
0 .49218(5 
-1 .2 825 

0 . S S 9 8 5 5 
-0.25991 
0 .339071 
2 , 0442 7 
0 .242413 
0 . 108419 
1. 54 7 75 
0.385732 
0 . 2 62017 
0 . 120358 
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LT_KR_T r a a k e r 2. \ s r c \ C \ c o nation \ p o r t ab 1 e \ t rx \ t r a ck e r \n e ur a i N e t •% G SJ e i gh s . fe 

0 .219098. 
X * 6 6 5 0 4 , 

0 . 321078, 
.47588, 

-0.0717213, 
-3,34169, 
0 . 172426, 
1,22165, 

0,0 883271, 
0 . 944424, 
0 . 330242, 
2 ,34755, 

0,185389, 
0,130304, 
0.271127, 
0,19536, 

-0.26170 3, 
-0.949433, 

0.00827521, 
0.471305, 
-2.46015, 

-0 . 672319, 
0 . 2 S 3 5 3 , 
-2,3457, 

-0 .3.09527 , 
0 . 348003, 
-1,6 963, 

0.109196, 
-0 .193243 , 
0.538093, 
-0 .11IS0 7, 

1 . 3 444 3, 
0,258289, 
-0,514 90 3, 
1.34806, 

0.0741399, 
0.0284419, 
-0.252247, 
- L> . 2 514 6 7 , 
0 .14 4 775, 
-0 .314921, 
0 . 26099, 

-0.0759351, 
-0 . 042833,6 f 
0 . 48 2 76 6, 

0 . 006348 4.8 , 
••0 . 27903 4 , 
0 .258214 .. 
-0.4 22 551, 
0.03 07306i 
0.123443 , 

0.003 34403 , 
0.007 457 38, 
-0.192 4 3 5, 
-0.335122, 
-0.13977, 
0 .13 8 3 S , 

0.0194716, 
0.273 225, 
-0.11164, 
0.243352, 

0,00177302, 
0.0366536, 
-0 . 240968, 
0,0974871, 
"0,3 07581, 
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jT_KK_Tracker2\src\C\ coraraon \portable\t rx \ t racker \ usuralKet 4GWeights. h 

0.OS99585 
- 0.3 81201 
- 0,336478 
-0.330068 
0.01344 7 5 
-0.IS5418 
0 .13 41.93 
0 . 504463 

-0 . 0 5412 84 
0.410847 
-0 . 347323 
- 0 . 5 S 0 8 6 8 
0 .261409 

- 0 .268328 
~Q-4488 95 
- 2 . 8 5 3 7 S 
-2 , 64413 
1 ,47119 
1,27506 
1,75343 
-1.13 2 9 8 
-1,53 3 06 

-0 .367459 
-0 .107248 
-0 .375853 
0 . 0333 913 
-0.232332 
0 . 5 41811 
0.679341 
0.951317 
0.62 5621 
-2.71953 
1. 03933 

-0.45643 3 
-1. 27232 

0 . 0 0 5 5 7 OSS 
-0 .427684 
-1,46811 

-0.150437 
- 0 . 2 2.813 2 
1,60425 
-1.16753 

0.00180542 
-C.142277 
-0.34402S 

-1.3952 
-0.229052 
1.86932 

- 1, 15 S S 7 
1.08524 
0 . 2 6191S 
-0 . 6 727 4 

-Q.40GO.i7 
0 . 7 2 7595 

- 0 .16 6 4 S 7 
- 0 , 0 5 6 3 3 6 8 

-0,14 5 2 
-2 . 7 518 9 

-0 . 242211 
1 ,31758 
0,396957 
0 , 2 503 59 
0 . 09343 4 8 
0,0744483 
0 , 248586 
0 , 49496 8 
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c; \LTjSK_Tracker2\src\C\oonsmon\portabl e\t.rx\trac.ker\neuralilet^GWeights • h 

-0 , 7113 38, 
-0 . 173 0 81, 
-0.542302, 
- 0 . 1 5 4 6 S 3 , 
-0,972877, 
0,2S43 98, 
-1.41853, 
-1.112 3 7, 
-1.16536, 

-0.603947, 
-C.3 54S8S, 
0.0980781, 
C . 5 51 € 5 5 , 
6,37544, 
1,61922, 

0.3 9173 4, 
0.20354, 

- 0 ,574604, 
• 0,468655, 
-0.3 00531, 
-0.286375, 
-1.62835, 
0.617831, 
-0.2 56 0 03, 
0.355309, 
-1.80785, 

0.0276681, 
1,88972, 
1, 53 9 07, 
-1.057 37, 
1.S702S, 
1.46373, 

0.448744, 
-0.964632, 
1.94053, 
0.63286, 

0.069S983, 
6.38543, 

-0 .0122753, 
-0.730S3S, 
0.210761, 

- 0.3S7563, 
7.7135, 

-1.3 96 8 2, 
0.96 0333, 
-4.70749, 
- 5 . 3.1614 , 

-0.447172 , 
0.3 37413, 
0.864135, 
- 1.24453, 
2 . 0 5 S 51, 
4 . 8 U 0 7 5 , 
1 . 02919, 

-1 ,24 03 3, 
-0.690155, 
-0.291819, 

3.82 021, 
-0.776371, 

0 . 2.9 3 6 8 , 
-D . 346674, 
4.74684, 

0.0876283, 
-0.SS0639, 
- 3 . S 8 3 8 4 , 

-0.334602, 
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c : \ LT KK Trscke r2 \ src \ C \ \port afcle\t rx\tracker\neuralWet4GWeights,h 17 

0 . 4 8 S S S 3 
0.485378 

-0 . 0136351 
-1.30751 
0 . 3 7208 5 
2.88757 
I. 16518 
-1.43 9S1 

-0 . 0874982 
0 . 5 917 31 
0 . 204231 
-1.18 6 01 
-1 . 27246 

-O . 03414S2 
- 0 . 2642S9 
0 . 4 9 5 3 2 6 
4 , 3 7 904 

-0.2853 73 
-0.285634 
4 .87137 
1.76471 

-0 . 292862 
-2.84 515 
0.214547 
-0.2409 8 

-0 . 08452 07 
1. 93417 
-3 .4239 

-0.909323 
-0.274942 
-0.276101 
-1 . 23474 

0,0657829 
-0 . 775414 
0.055183S 
-3 . 34 54 5 

-0 . 430368 
0 .3 64387 
0 . S 8 2116 

) ! 

ft Matrix Bimensioxis « (24 : 
cloabls: hiadanBias2_2 [24] » [ 

-1,4147, 
-1.3678 
-0.99928 
1.1547 
-1 .1073 
0 . 8 8 60 6 
-0,74631 
0 . 8242 

-0 .45607 
0 .25112 

-0.022623 
-0 . 03755 

-0.037413 
0.20668 
-0.37301 
0 .40937 
-0.S9817 

-0 . 778 
0 . 8 4 475 
-0.8370S 
-1.1533 
-1.480 7 

1} 
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:: \liT_KK Tra.ck.er2 \src\C\co»iH»on\portable\trxVtracker\tteuralNet4GWeights • in :1S 

0.37232, 
.1 ,6272 

! ; 

// >5." 
daub] 

o. 
-o 

e hidden 
-4,36421 
0 , 19 916 8 
-0,13 004 
0.1593 31 
0.Q5220 9 
.0846587 
0.915012 
0.135249 
1,02411 
0.3223SI 
-2.16356 
0 .16 71S 6 
-5,55754 
0.183722 
00611328 
.0186145 
1.42548 
2.40008 

.0100571 
-1.17985 
0.140863 
0,249804 
3,479 43 
0 . 3 9 6 7 5 S 
-19 ,4864 
0 . 204 416 
0.216093 
, 0 3 63 76s 
0 .140768 
0 .183 027 
0.2SS40S 
005S3 719 
-2 . 9503 

0.8S5401 
0.644S28 
0.842825 

1772 
0.122613 
00467201 
0.12 74 31 
-3.81946 
-1.8346 
4 . 22021 
0.57 006 
14.OS97 
1. 8 £>8 1 

0.216379 
0 . 3 0 2 S 6 7 
0,1S4391 
0.181332 
0.138557 
0.561554 
4.68337 
1 ,4 0521 
0.465398 
0 , 1.92 5 8 
0 .270337 
0 . 3 7 5 9 39 
0.273858 
0.764186 

Jeight:l_2 {2680] « { 

0 
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LT KK Tracker 2\ere\C\commonNportable\trx\tracker\neur alSJet 4GS»eights.h 

0 . 58110 9 
0 . 18 765 
0 . 4 7 6 3 S 5 
-0.50*012 

-3 .9305 
0.132692 

•0 . 0 7 S 3 4 5 6 
0 . 31S29? 
0.258244 
0 . 03 7 3 2 64 
••0.1 07533 
0 .291623 

-0 . 0633583 
0.174 8 99 
-0.227792 
0 .736315 
-0.325734 
0.137105 
0 .2 75 942 
0 , 0 318 0 73 
-0,17183 5 
0,22025" 
0 ,288064 
1, 21674 

D,"^22 9,i./ 
-0.342659 
-0 .182853 
0 ,4 32086 
0 . 3 1713 2 
-1, 5 6 932 

-0 , 0 2 84 7 54 
0 , 7 59041 
0 . 18376 

-0 ,109253 
0 , 0 9 0 2 S 5 5 
0 . 393362 
0 .18052 9 
-0,16 771 
0 .063804 

- 0 , 3 64637 
"0 ,04 836 89 
0 .443982 
-1 .05463 

-0.30 037 5 
0 . 03 96 06 3 
0 , 0411095 
-0 .1323 97 
-0.297034 
-0.173612 
-4.43186 
2 . 2 -i, 5 2 9 
1,056S9 

-C.1997 92 
0.187746 
-0 . 312S4.2 
-0,204 07 

- 0 . 4 2 S 5 5 9 
0 , 0648685 
-3,23796 

-0,0533408 
0. 37758 

0 , 0 7 3 2 S 2 2 
-0.0267303 

0 . 10661 
-0 , 31574 8 
-0,08837S3 
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0 . 32204, 
0 . 2S2 004, 
-0.18992 9, 

-0.0368628, 
0.108697, 
0.353972, 

O.OQ2269SB, 
-0.5 39623, 
2.64369, 

-0.113 372, 
0.03 24 394, 
0.3069S3, 

"0.093 9873, 
0 . 2 16 4 S , 
0.550799, 
-0.135889, 
6.08664 , 
0.17 9812, 
0.6 34 57 6, 
-0 .21106, 
0.130152 , 
0 . 313543, 
-1 - 2417, 

0.OSS0 313, 
0.08B29S3, 
-2 . 26604, 

0.Q0853737, 
-0.126773, 
0.SS3556, 
-0.2SC565, 
2.84436, 

-0.212459, 
5.15516, 

-0.3 0S142, 
-0.213681, 
0.181181, 
0.06374 79, 
-0.0223 24 9, 
-0,124 534, 
-0,12S543, 
0,177959, 
0.0712908, 
-0.44969, 
-1,36224, 

0.09 3 52 8 7, 
0.333429, 

-0.0503046, 
0.332548, 

-0.0417S77, 
0.151393, 
-1,04533, 
-4,13S03, 
-5,03417, 
- 0 , 3 0 0 S 3 , 

-0.235042, 
0 . 0495732, 
-0,23659, 
0 . 203357, 

• 0 . 0851121, 
0 . 2 0 9 8 S 5 , 
3,66367, 
-0.2649, 

0.222717, 
0,286921 , 

-0.C98S0S3, 
-0.136356, 



WO 2014/025429 PCT/US2013/040670 

LT KK Tracker2\ src\C\oommon\pori:able\t'rx\tracker\neuralKet4GSfeights-h 2 

0 . 2 S 2 31 
-0,0168 S 4 3 
-0.282929 

0.00176669 
0.144596 

-0 .0995933 
0 . 03 8 5 -l 1 5 
0.301075 
0.0805739 
-I . 13634 
0 . 2 90696 
3 . 57235 

0.222831 
0 . 0886971 
-0.0455114 

2 .24424 
0,0974354 

3 ,4863 
0.748535 
0.305174 

- 0 . 2 0 0 2 8 S 
-0.0S6158 
-0.013173 
-0.2254 53 

0.153 01 
6.74331 
3.£7 06 6 

-0,0817934 
0. 9:10483 
0 . 669867 
0 .252379 
3 , 80062 
3 . 9 6 685 
2 . 83649 
-0.17741 

0 . D 0 3 8 3 5 7 6 
0 .282616 
0 . 0276585 
0 . 773709 
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"0.S34934 
-0.2 5681 

-0.133443 
- 0.3 04 3 4 5 

-0.0344 93 8 
0.SO?857 
0.2 83 074 
0 . 8 6 5 S 

0.245128 
-0 .100733 
0 .119 385 
-0.219103 
-0.336873 
1.22283 
0 . 3 S 017 7 
1.32653 
• 3 .2467 

-0.445052 
- 0 . .14 4 w i / 
-0.14 3 57 

0,0783024 
-0,02 4 5 847 
-0, 3.4 3 02 8 
-0.261447 
0. 3 1 8763. 
-1.92064 
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c: \LT KK Tracker2\sra\C\cc)Rimcm\porta»la\trx\tracker\:neuraiJfet4GWeight3 .h 

- 0 ,24774 6 
- 0 ,826255 
0,08 5 9013 
• 0 , 2 2S02S 
0 , 2 06 0 5 3 
0 . 0181785 
- 0 ,1272 5 3 
• 0 ,1663 7 2 
-0,291914 
-1 .29487 
0 .4 01218 
0 . 06 72522 
0,20 94 03 
0,2 97951 
-0,266283 
-0.199665 
0,121113 
-0,233004 

-0.0567332 
0,125271 
-1.16765 
-0,594229 
0,078737 8 
-0.3 4 2876 
-0.0628794 
0.2 765 31 
-0 . 199304 

-0 ,0028 8825 
1 , 06218 
0 . 14.3897 
-0 ,273794 
0 . 04615S4 

3,11039 
-0 .152194 
0 .181211 
0 . 1743 4 6 

-0 . 0250996 
-0 . 128645 
0 .40 56 03 
0.260066 

-0 . 0 086OSS3 
-0 .666177 
- 0 .12 16 S S 
0 , 27 63 32 
1 . 0758S 

- 0 .213327 
-2 . 044 5 4 
0 . 3 0 9214 
2 , 7443.8 
0 .2 58595 
0 . 0844359 
0.31543 5 
0 .422552 
0 .6792 84 

-0.07 506 8 8 
-0.98683 
-0.3131 S3 
-2 .31641 
2 . 90687 

0.171034 
0.381934 
0,0153963 
0.253124 
0.123216 

0.319846 
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T KK Traoker2\src\C\con#rcon\portabie\trx\tracker\aeuralBet'!GWeights-h 

-1 . 77096 
-2 . 38213 
3 . 6 S 7 4 3 

-0 ,153624 
0 .09 04787 
Q . 0 7 04201 
. 00642319 
0 . 0492791 
Q . 0 3 7 9 5 4 3 
-3 . 27164 
-1 . 42206 

-0 .6 06108 
0.0X27661 
- 0 .387 7 51 
0 .27800? 
0 . 07 4 62 24 
3.10644 

-0 .19612 5 
-0 . 3-1727 

-0 .379575 
0.167632 
-0 ,51203 
-5.88614 

0.0496OSS 
-0.195122 
-1.98802 
0.192343 
0.2244^2 
-0.130803 
0.QS70565 
-0.293639 
0.226754 
0.117367 
0.108789 
0.306227 
0.18589 

.002 69004 
-0.108337 
0 , 0 4 314 3 7 
-0.2 7116 

-0.239334. 
0 . 0996976 

- 0.16 6 7 
-0.175546 
0 . 0315524 
0 . 266008 
-0 .086535 
-0 .398402 
0 .16X42 7 

S .172 
0 .18 074 7 
-0 .169063 
-0 .114267 
0 .258554 
0 . 011X718 
-0 .152418 
-0 .182028 
-0 . 3 4 7 S 5 ? 
0 . 0577259 
. 0042191? 
0 . 053 716? 
- 0 .18476 5 
0 . 0 549864 

0 .X33S6S 
-0.17571 

-0 .264704 
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c; \I.-T_KK_Tracker2 \src\C\coromon\portab 1 e \trx\tracker \neura 1 He14GWeighte , h 

0.3 04471, 
0.43442, 
1 . 29435, 
0.964743, 

- 0.0996264 , 
0 . 2 6 6 S S1, 

-0.02 96 721, 
-0 .14 3 2-S2 , 
0 . 282464, 
0 .10 2 2 9 5, 
-0.141969, 
0.845589, 
0.443725, 
0 . 720246, 

-0.0326935, 
-0.101503, 
-0.103 069, 
-0.132766, 
-0.0SS42S, 
0,015891, 

-0 . 014 3.546, 
-0.4.22922, 
-0.2 4 44 93 , 
- 2.7 5 844, 

0 ..0467676, 
0.286275, 
-0.901716, 
0 . 082 0OS8, 
-0 . 2 91S24, 
-0.099171, 
0 .0064026, 
-0 . 12843 8, 
0 . 2S4217, 

-0.00283134, 
0.5S7288, 
-0.273579, 

-0.00304518, 
-C.QS0062, 
0 .113483, 
0.130807, 

-0 . 0971331, 
-0.3007, 

0 .292703, 
-0.02 6 92 92, 
0 . 126047, 
0.231361, 

- 0 .16 6 3 0 9, 
0 .3 00163, 

-0.0949003, 
-0 ,355769, 
0,159'M7, 
-0.31043, 

0.0161602, 
0,205592, 

•0,1804:14, 
- 0 , 2013S, 

-0.0381227, 
0 .150003, 
-0.149527, 
0.008758 8, 
-0 . 026177, 
-0 .107981, 
0 .107303, 
0 . 132558, 
0 .234613 .. 
0,16966, 
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a •• \ LT_KK_T rack er2 \ src \ C \ c oramcn \ portab 1 e\t rx \ t r a c ke r \neura 1If e 14 G"W e i ght s.b 3 9 

0 . 257041, 
0 .251888, 
0 .800286, 
-0 . 711723, 

3 .25775, 
0 . 025684 7, 
-0.2 69226, 
-0.345863, 
0. 019984S, 
0 . 12 2 8 4 8, 
0 .2 74513, 
0 . 0475037, 
0 . 0 7 74639, 
-0.141983, 
-0 .18 6491, 
-0.228947, 

-C.0 9 58921, 
- 0 .17 3 9 6 , 

-0 .175559, 
0,23 9251, 
0 . 0384264, 
- 0 , 2 2 0 8 3 6, 
0 .570729, 
-0.446322, 
-0.543323, 

-Q . 0602437, 
-0.041946, 
0 . 81964 5, 
-0.276345, 
0 . 057141, 
-0 . 14723S, 
-0.3 0842 9, 
-0.75544 9, 
-0 . 742 3 7 2, 
-0 . 136171, 
0 .256013, 
-0 . 77712 5, 
0 .0956341, 
0 . 31314, 

-0.12 8 917, 
0 . 2690S6, 
-0,142944, 
0 , 3 3 9 6 S 5 , 
0.061G219, 
1.42099, 
0 .214364, 
-0.16 5081, 
0 .17928, 

0.0973752, 
-0.0952355, 
0 . 153105, 
-0.933141, 

-0.00404458, 
0.137612, 
0.124339 , 
-0.179972, 
0 . 5 S 6 6 4 2 , 
-0.129103, 
0.101643, 
0.154 03 6 , 
-0.317768, 
0 . 570767.. 
0.2 0562 6, 
0 . 0517684, 
0 . 120528, 
0.150208, 
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\LT_KK__Tracker2\arc\C\comroon\portable\t.rx\tracker\«euralNet4GWeights.h 

0 . i 0 5 6 C 9, 
0.I0 057 8, 
-0.231147, 
0.907275, 
I,57521, 
1,38119, 

-0.026274, 
0,21376, 

-0.031910 8, 
0.126453, 
0.0314368, 
1,1264 3, 
0.936132, 
4 .21325, 
0.138983, 
-0.4 8 010 8, 
0.32495, 
0.387595, 
0 .421768 , 
2.42238 , 

-0.14CSSS, 
-0.36 7 092, 

-0.0474202 , 
-0.350903, 
-0.5 714 07, 
0.57917, 

- 0.06195, 
0 . 1 J. 8 2 b 2 , 
0.983278, 
0.513215, 

-0.08723 91, 
-0.07564, 

-0 .0798743, 
0.158307, 
3.00245, 
0.243538, 
0.G363553, 
-0.144182, 
0.2 03227, 
2.24004, 
1.0 02 3 2, 
0.279136, 
- 3 . 2 S 8 4 6 , 

-Q.17114 8, 
-1.803 57, 
6.3 0 914, 
0.2 83 79, 

-0,4 77115, 
0.71464S, 

0 . 007 9 7213, 
- 3 . S 3 9 7 9 , 
-1.08264, 
-8.46483, 
-2.05556, 

0. 0 5 3 S 2 5 i , 
-0.171456, 
0.0600622, 
-0.1S5507, 
0,261092, 
0.319215, 
-0.249537, 

-8 .2387, 
-8.60125, 
-6.54295, 
-0,218416, 
0 , .154 2 92, 
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c; \!,TJKK_Trac3Msr2\src\C\coiwac«i\portal>le\trx\tracker\iieyral2tet4GWeigbts,h 41 
-C . 0859115, 
-0.153142, 

-0 . 0859265, 
0,5413, 

0.116948, 
-4,94564, 
10,966 2, 
1,59324, 
0,29961, 
0.306763, 
0,08064 62, 
0.238026, 
a.105213, 
0.374563, 
-2.38997, 
-2.24774 , 

0 . 0826 022, 
-0 . 2 58674, 
0.239687, 

-•0 .417304 , 
-0 . 614 02 3, 
0 .15501.4 , 
0 . 3 2 7 9 6 S , 
-0 .120713, 

-0.0424293 , 
4 . 55321, 
1.01529, 

-0.257755, 
-0.274283 , 
1.61509, 

-0.00789639, 
-0.334022 , 
0,0606889, 

-0 . 001 0 0 623 , 
0.322996, 
0.03115, 

-0.0311647, 
0,233126, 
-0,034472, 
0.0859667, 
-0.0677744. 
-0.243423, 
-0.3 6517 6, 
-0,3 00556, 
0.0379815, 
0.441833, 
-0.489923, 
0.10808, 

-0.0593519, 
-0,358817, 
0 ,113093., 
I , S 3 0 7 , 

0.0219826, 
0,772227, 

-0.02 51206, 
-0.IS126, 

0.064 9159, 
0,23 8713, 
0.I3S4 93, 

-0.02 7 8103, 
-0.168 0 57, 
1.022 8 3, 
0.7 42 953, 
1.31235, 
0,176852, 
0,1417 7 3, 
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c:\LT_KK_Tracker2\src\C\conaaon\portable\trx\tracker\n8uralBet4Glfeights.h 42 

0 .1 S 0 7 3 6 
-0.0S2S144 
-0.110292 
0.181148 

-0.03SS434 
2 .2413 

-2 . 9S125 
1.07 7 3 7 

- 0 . 4 2 5 S S 7 
0.397693 
-0.14SOS9 
0 . 3 3 6 7 5 
0.0592111 
0 . 3 2 S 2 0 8 
0.102328 
4 . 7S649 

-0 . 16192 6 
~0.3 4 92 44 
0 . 1242 36 
-0 .293601 
- 0 . 4 2 2 8 S 8 
0.0870515 
0 . 250 276 
0 . 2 4 3 71S 
-1 . 0417 

-0.132314 
- 0 . 3 3 0 S 4 
- 2 . S 6 7 9 6 

- 0 . 14 9 3 3 S 
-0.0SC9062 
-0.SS96S6 
••0 . 201078 
••0.225646 
-0.232642 

••0 . 07 329S7 
-0 . 7S9636 
-0.2 93 54 3 
0.1013 6 
-2.19868 
0.212356 
-3 . 42133 
-0,6S4S99 
-0.4.90505 
0.07 3 553 9 

-0.044 63 7 7 
0.29761 
-5.4946 
1. 2 7663 
-1.7S899 
0,153731 
0,174775 
0.351173 

-0,230244 
-0,13S808 
- 5 .1 S 0 9 5 
0 ,203006 
0,280012 
0,104562 
0.775803 
-0,7 06492 

-0.0438575 
-•3 .34304 
0.16S526 
1.62 3 9 8 
S.11 S3 2 
6 .2178 9 
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KJC_Track«r2\Brc\C\co«imon\portabIe\t;rx\tracker\neuralKet4GWeighCs, h 

0.174204, 
0.2 04675, 
-0 ,.13813 , 
0.282 634 , 
00312321, 
0.027905, 
0.153448, 
2.7215, 

4,7 0734, 
0.567226, 
-0.157734, 
-0.123.3 5 3 , 
0.2 58 2 56, 
0.16902 3, 
-0.166651, 
-0.303634, 
-0.367S81, 
-0.271931, 
G.0298 077 , 
0.206S34 , 
0.0307337 , 
-0.330825, 
0.03 94751 , 
-0.434676, 
• 0,17501 , 
0.565991, 
0.2 544.3 5, 
0 . 464967, 
-0 .4238, 

0 , 0101432, 
0 , 0439952, 
0.97GS8, 

-0.3091.i6, 
0.165412 , 
0.227S6, 

-C.1892SS, 
-0.357053 , 
-0,334195 , 
- 0 . 2 7 S 0 0 5 , 
-0.265388, 
-0.193241, 

-0.1361, 
0.0248SSS, 
-0.292899, 
0.0250155, 
0 .0396 398 , 
-0.324752 , 
0.0781792, 
0 . 0294 916, 
0.0161901, 
0.0265 994, 
-0.103738, 
0 . 0 9 813 6 8, 
0.278713, 
0.1075, 

0.151024, 
0,0593011, 
-0.132 931, 
-0.2295 6 3, 
0,0501352, 
-0.234755, 
0,16727, 

0.0804614, 
-0.448748, 
-0.34 55 06, 
0.13 2124, 
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c: VljT_KK_Tracker2\src\C\coran!on\portabls\trx\tracker\rieuralKet4GWeightB .h 

-0.2714 57 
"0.0 3 3113 
- 0 .10 8 6 3 s 

0 .20602 3 
-0.0375281 
- 0 . 053162 
0.12 9552 
0 . 4 6 7 5 84 

-0.6000 5 5 
3.44719 

-0 . 0S25S81 
0 , 0667731 
0 . 2 4 6 21S 

-0.0585328 
-0 . 0375748 
- 0 .0582098 
0 . 221418 
-0.44 032 5 
-0 . 185349 
-0 . 24176 5 
0 . 152428 
0 .021078 7 
-0 . 229674 

~ 0 . G 3 315 £> 8 
-0.2 S 314 

- 0 . 2 0 S S 2 7 
0 .. 200S4 5 
-0 .102301 

-0 . 013012 2 
-0 . 0262933 

- 3.73 8 34e-00 5 
0 .187592 
-2.01033 
0 .276605 
-0 , 2 0802 9 
-0.119383 
-0.142 2 2 
0.3 0 98 0 4 

-0 . 03 7 868 5 
-0 ,192708 
-0 ,399667 
0,299166 
0.0864814 
0 , 00144837 
0.03 4 92 37 
"0.0374438 
0.0318288 
0 . 2 & 8 5 3 8 
-0 , 308237 
-0 .100184 

•-0 . 0726923 
-0 .437463 
0 .172906 
-0 . 2 81499 
-0 .610615 

•-0 . 0957446 
-0 .767671 
-0.355264 
0 .125214 

-0.0:191052 
-0.1S 5 8 5 7 
-0.170685 
0.117901 
-0.133272 
0 .249343 
0.338636 
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KK Trackers\src\C\coiraBon\portable\trx\tracker\neuralNet4GKeights.h 4.5 

0 . 31901? 
0.04235 7 5 
-0 .186 8 72 
-0.011777 
-C.0988813 
0.28223] 
0 . IS 0 S 3 ] 

- 0 . 3 6 6 6 7 6 
0 . 3 7 92 
1 .47048 
-3 .11463 

-0.664154 
-0.2 224.04 
0.0156233 
0 . 2 1S 4 3 6 
-0.19 0258 
"0.286982 
--0 .332608 
0.199732 
0 . 3 0 6 8 3 2 

-0.0893152 
0 . 244748 
-0.152 034 
0.26 0452 
G.3 94 588 

0.0S62208 
0.541471 

•-G.0 8 54145 
0.144778 
0 . 3 3 517 5 
Q,0715156 

0 .336 
0 .139611; 
0 . 814 02'; 
-0-229868 
-0.493033 
0 . 0183293 
0 .181436, 

- 0 . 0 0 7 4 5 6 3 2 .. 
- 0 .287499 

-0 . 0804234 
2 . 2 3141 

-0 .225104 
0 ,690229 

- 0,13 5 924 
~ 0,3 943 6 5 
0 . 0526827 
-0.077S25 
0 . 0122973 
1.39424 
3 , 27791 

- 0 ,14 2 3 7 S 
-0.128 332 
-0.402184 
-0 .694731 

-0.3334 
-0.79342 
1.914 64 

-0.293842 
-0 . 0720512 
-0.400622 

-0 . 063902S 
-0.0460939 

-1,19507 
0.2382SS 

-0.OS 04634 

-82-



WO 2014/025429 PCT/US2013/040670 

c:\LT_KK_Tracke r 2 \ s r c \ C\common\portab i e\t rx\t rackar\neura1Net4GWe ight s,h 46 

0,283317, 
1.29069, 
2,90909, 

-0,341745, 
- 0 .3 03 8 0 9, 
0,0300924, 
-C,375547, 
-C,522325, 
-0.214235, 
1.54635, 
1.6747 3, 

-0.589522, 
0.1826 37, 

0.03 07004, 
-0.234037, 
0,257218, 

- 0 . 3 7 3 5 & , 
0 . 3 2 S 2 3 6 , 
1 . 6 S 4 2 5 , 
3 . 92388, 
2 . 02513, 

0.€87409, 
0 . 0 02 '1406 2 , 
-0 ,4712 55, 
-4,81917, 
"1,7091, 

-0,1022 36, 
0.0878427, 

-2.0559, 
0.192983 , 
I,09343 , 

0.002 68587, 
- 0 . 3 7 0 5 5 S , 
0 . 0402373, 
-0.720009, 
•0.11814, 

0.0131682, 
0 . 0014229, 
0 . 038763.5 , 
-0.177993, 
-0,15592, 
-0.132 73, 

-0.582338, 
0,0576892, 
-0,115358, 

0 .2 093 .. 
-0 . 48792.7 , 
0 .0558496, 
-0.404S11, 
-0.201257, 
•0,70364, 
-1 . 2456, 

-0 . 2 90448, 
0.15 8 3 6 8, 

••0 .18 56 82, 
0 . 0 6 0 3 G 8 8 , 
••0.271786, 
-0.IS142, 
-0.523297, 

-0.0SS174S, 
-0.178326, 
-0.307998, 
-0.173101, 

-0.0990735, 
-0.27S473, 
0,0628695, 
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:\LT KK Traoker2\src\C\conanoa\portable\trx\tracker\neuralNet4GMeighcs.h 

0,252758, 
0,315968, 
-0.34512, 
-0,2054 07, 
0.098 5726, 
0,00441333, 
-0,2234 77, 
0,14 8363 , 
-0 .199705, 
-0.171343 , 
-0.471766, 
-0.300344, 
0.827306, 

-0 .0150099, 
0 . 18 3 2 S ? , 

-0 . 0853371, 
0.06 02713, 
-0.220467, 
0.521019, 

-0.0413627, 
-2.15873, 
0.279328, 
0.12 7 3 3 6, 
0.237784, 
0.0275441, 
0. 0523.14 3, 
0.2 93 824, 
-0 .30793 , 

-0 . 154924 
-0.0 731317, 
0 . 352 03 9, 
0 . 334151, 

-0 . 0 0 7 3127 8, 
0.16 0 3 62 , 
0.037608, 
9.07431 , 
0.636836, 

-0,0381656, 
-0,03 07992, 
0.631293, 
0 .10868, 
-2.18121, 

-0.0753561, 
0.614784, 
-1.19361, 

-4.401, 
2 . 8 8 7 3 j , 
0.139358, 
0 . 04 718 9 9, 
-20.343 7 , 
- 9.6 9 4 93, 
-2 ..65001, 
-1.07 017, 
0 . 67434S, 
0 .067012 , 
1.82195, 
-1 .96211, 
7.946 94 , 
1 . 90724, 
-1.11618, 
-1,5162, 

~ 0 , 3 2 b 7 5 3 , 
-0 .270543, 
0,165235, 
1.40133, 

0.513 906, 
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: \LT_KK_Tracker2 \ src\C\comwtm\perfcable\trx\ cracker \neuralNet:4GKaigiits. Ja 48 

0.969783 
i.22866 
6.708 39 

0.598729 
-7,4 3141 
0.1S2293 
-0.375247 
0,0191223 
0.101223 
0.061587 
0 .364627 
- 3.16 526 
4. .2013 S 

-0.S9568* 
0.33 3474 

- 0 . 113 S17 
-0.056X738 
-0 . 0 3217 
0.16 6793 
-0.404SI! 
0,614594 
2 . S 3 811 

0 . 312 1G S 
1.5355 
0.2387 7 
0.201913 

- 0 . 052746 9 
1. 92277 

-0.413041 
-1.9547 2 

-0.281203 
1 . S S S 3 6 
•1.7633 5 
1.0 6 3 8 4 
.0587097 
, 0322387 
-2 . 52 64 4 
0 .200011 
0.347161 
0 .267294 
0 . 065511; 
0 .098919 
.1.1165 5 
.200209 
.26347 
0 . 21807 
0.178688 
0 . 24244] 
-0.120306 
0.257S7' 

-0 ,0102552 
0 ,05804 06 
0,0753918 

2,82361 
0.303074 
0 ,0574172 
0 ,0373 411 
0 . 0 3 9 S 4 9 4 

-0.0 0 24 67 9 8 
0 .143373 
S . 3 744 8 

0.214702 
0.0S37S94 

S. 5 5 6 2 7 e - 0 0 S 
0 . 042S006 

- 0 . 04 7 5 5 S1 

- 0 , 
-0 . 

0 . 
-0 . 
- n . 
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c: \LT_KX_Tracker2\src\C\coTnmon\por tahle\trx\tracker\neuralilec4GKeights,h 49 

0 .115166, 
0.120437, 
-0 . 544263, 
-0.262959, 
-1.3 4 813, 
-1.32129, 

-0.2 01338, 
0 .18789, 

G . 2 67 56 6, 
0.282205, 
0 .16024, 

-0.0826543, 
6.73163, 
10.361, 

11.110 9, 
0.166925, 
-0.33 3773, 
-0.24,3754, 
0.02 69823, 

•• 0 . 0508335, 
0 . 0343822, 
-3 , 0055S, 
-I . 80393, 
1.32792, 
3.02103, 
0.157414, 
-0.16088 5, 

-0.0228272, 
-0.196933, 
-0.15 54 2 6, 
0,12IS4B, 

- 0 . 4 9 7 S 2 6 , 
0.12 944 3, 
-0.156579, 
-0.579246, 
0.2 98953, 
0.158 061, 
-9 .27374 , 
-1.8043 , 

-0.S9132S, 
-0.22258, 
G.2S61S7, 

-G.3 52364 , 
0.506359, 
G.095323, 
-1.47088, 
-2.25289, 

-0,0678104, 
0.165624, 
-1.24112 , 
-G.272501, 
-0 .52105, 
0 , 3 42.8 36 , 
-0,138649, 
-3 . 4 9216, 
0,2 6 9 62 6, 
- 0 - 3 0 6 6 6, 

-0,0395831, 
-0 , 02 07215, 

-6.03 64 7, 
0.319485, 
-4 . 8941, 

-0.0212258 , 
0.138007, 
0,163329, 

0.00922065, 
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c; \LT KK Traeker2\sre\C\common\partabIe\trx\tracker\nsursIHfit4Gi»»eight;s, h 50 

0.59177 
-0,233722 
-0 , S255S5 
-0.527 74 5 
-1.27734 
0,639756 
-2,05312 
0,173041 
-0 .109437 
0.163359 
0.0635132 
-0.110051 
0.08 4 64 0 9 

3.0663 1 
4.94876 
5.47823 
0.2717OS 
-0.107796 
-0.196944 
• 0,12 7343 
-0,01423 
0.717324 

2.49673 
-3.7 812 5 
•0.1484 2 

-0 .272545 
-3.53525 
-3.43731 
1.043 0 4 

-0,260774 
-0.490123 
0 . 2 4 S 5 3 S 
-0 .480111 
0 .12 0 0 7 S 
-1.39326 
0 . S 2 3 5 2 7 
0.906123 

- 0 . 0 0 S 8 7 S 2 
-0.312905 
0 . 0424285 
0.278923 

-0 . 0745816 
0.X 516 06 

0.03 64 53 7 
-0.259936 
0.3 64 071 
-I.12326 
0.1737 55 
0,26933 
0.13 714 6 
0.2265 51 
-0.2095 6 3 
"0.009341 
-0.0305133 
0.003828 53 
0 . 23 8461 
0.2SOI9 6 
-0.185311 

-0,0529224 
0.157724 
0,130188 
-0.274551 
-0,189801 

-0.00722667 
-0.242343 

-0.0708457 
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\IiT KK Tracker2 \grc\C\cotmoii\portable\trx\tracker\neuraXNet4SWeight 

-0.04 53423 
-0 .3 36 701 
-0 .2 71114 
~0 .261039 
0 .139053 
0 . 0726945 
~0 . 14G181 
-0.288268 
0 . 0416908 
0.17 0253 
-0.132878 
0.259331 
0.11075 

-0.22 7158 
-0.212697 
1 . 93 3 06 
0.337653 
0.0249824 
0.03 5S06 
0.154811 
-0.123331 
0.0372033 
0.213253 
0.:1 03952 
0.16805a 

0.03 60525 
0.3 74264 
-0.115509 
0.375013 
-0.137383 
0.189543 
-0.1B0257 
0.160633 
-0.138237 
-0.0S29912 
0.0629652 
0 .2 21.503 

- 0 - 0 9 82 6 35 
0.43839 
-7.95945 
0 ,153228 
-2.0 7818 

-0 .596991 
-0 .472055 
-5.51913 
0.3 8 9026 
-3.31291 
-2.844 3 5 
-13,5391 

• 0.515008 
0.454635 
3.21172 
I.89234 
-1.35653 

- 0,391932 
-2.27376 
-13,0886 
0,190544 
-3.22936 
2 . 96305 

-4.11166 
2.40195 

-0.706355 
II.1698 
0.186458 

-0.0885119 
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c : \ l»T KK_T r a eke r 2 \ arc \ C \ c onimon.\portable\trx\tracker\ne«ralJ)et4G»eights . b 

0.537S24 
-0.156329 
-0.57 07 7 5 
4 . fj 0742 
-1.01147 
-15 .1317 
-2.25252 
6.39539 
Q.2422 24 
0 .271242 
0.0256374 

- 0,0642439 
-0.22358 

- 0 .18 7 5 6 S 
-5.SS247 
-10.6604 
1.66916 
4 . 81 S 3 9 

-0.098 8953 
0 . 05823 6 
0.488747 
1.38321 

-0.193327 
-1.XS2S4 
1.19741 
-1.7574 5 
-2.34852 
-14.536 6 
-1 ,12364 
0.597916 
2,3 7168 
9 . 
-3 
- 7 . 

-7 . 
8 . 

. 2 9 5 S 6 

.H13 S 6 

.12 4 6 9 

. 7 2 3 9 9 

. 067X2 

.948 4 5 
1.64764 

0,3 2 9 343 
Ci . 03 63854 
0.9 314 97 
-0.13 9 3 46 
-4.8726 

0.199672 
0 . 2 3 9.11.9 

"0.0758045 
0,0 5 9 9 0 62 
-0.245733 
-0 . 5 24136 
-0 . 8143 7 8 
0 .114 3 5 4. 
0.294 94 6 
3 . 96347 
0.2123 4 7 
-X.S 5 2 6 9 

-0.012 7 049 
- 3 . 0 2 3 S 6 
-4.9 3 773 
-0.0 73 62 8 
0.177686 
0.182608 
1 .65237 

-0 .484533 
0 .00990547 
-3.45901 

-0.0600402 
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c : \LT KK Tracker2\ arc\C\comtrsori\portable\trx\tracker\neura.lRet4GW«ights. Ji S3 

••0 .471852 
-0 ,5 50437 
-0.244682 
- 0 . 2 5 9 S S 9 
-0.201619 
-0.177574 
Q.0783S26 

5 , 4 "J 9 0 7 
3 . 96415 
0,525633 
0,04 24 6 57 
0.0422801 
0 , 2 312 56 

-0.00736552 
•0 ,2 2492 9 
-0 ,489243 
0 ,433612 
-1 . 44 752 
-8 .6 7057 

-0 . 41382S 
0.0313371 
0.04 3 5802 
-0 .1008 95 
-0 .4 50147 
-0 .304745 

3 .34234 
- 0 . 7 974 3 8 

-0.0790068 
0 . 2 4 2 3 56 
0.421032 
0 .707455 

-0 , 000543572 
0 . 4 53 6 5 
0.182552 
0.174993 
-0.1064 9 8 
-Q.22615 4 
Q.185769 
Q.741891 

-0,0637551 
-0 , 0 7 524 23 

3 . 0549 
0 ,212597 
0 , 56431 
0 .257697 
-0 .217743 
-0 .211726 
2.61606 
0 . 1SS036 
-2 . 0 7281 

0 . 016 3369 
-4 . 3 2233 
1.22095 

-0 .122584 
0.213002 
-2 , 234 9 6 
0 , 2 2 0 9 0 3 
1 . 39923 
-2 . '33921 
0 ,15 7 321 

~0 . 0 923543 
-2.76902 
0.227846 
1 .12637 

- 0.1985 07 
-3 ,72732 
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c : \LT KK_Tracker2\src\C\c:om!non\portable\trx\tracker\rieuralNet4GW8ighfcs . h 
-0.23 822 7, 
-0.11v505, 
0 . 0743636, 
-0.255913, 
0.70442 , 
0,13401, 

0.808355, 
1.76611, 
7,17763, 
8.32846, 

- 3.4 85 06, 
-0 , 027S823, 
0.00293331, 
-0-249792, 
0 -114634, 
0.28S0C6, 
0 . 2 3 S 3 5 S , 
-2 , 20953, 
-3,04176, 
2.23 54, 

0.000336878, 
0.034305?, 
0 .14 3 3 04, 
0 . 3 S 6 6 8 2 , 
0 .512952, 
0 . 3-18703 , 
2 . 3 5 8 64, 

0.78 5442, 
-0.0732591, 
-2.34547, 
0.480812 , 
-0.133504, 
-0.517089, 
-1.58173, 

-0.216977, 
- 0 . 2 S 6 0 S 4 , 

-0.00450805 , 
0.033 2355, 
0 . 055293 8, 
0.347524, 
0.173433, 
-1.04192, 
-1.35267, 
-0.23 610 9, 
••0 . 640398, 
0 .0:104633 , 
-0 . 0 S 0 312 6, 
-0.03 593 89, 
0.035931S, 
0.134 327, 
-0.648472 , 
••0.484255, 
0.193409, 

-0 . 014574.5, 
-0.174075, 
-0.213734, 
D.02 50015, 
-0.342559, 
2.29012, 
1.79356, 

-0.IB2438, 
0.36516, 

0.03 28106, 
0.340531, 
-1. 94 581, 

-0.0134899, 
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LT KK Trackers\src\C\common\portable\trx\tracker\neuralNefc4GWeights•fe 

1. 518 S 6 
0.203612 
0 .247159 
0 ,235339 
0 .3 59697 
0 . 0311914 
-0.190377 
0 .193298 
0 .232 84 4 
-0.483319 
-0 .342741 
0 .3 32977 
~0 . 2 07 3OS 
0.130847 
-0 .137123 

0.00 0 390882 
0 ,13413 3 

-0.0573 913 
-0.08335X8 

2 . 7 3 6 2 6 
4 .48975 
0 . 35 9 549 
0 .16874 
0 . 213 715 
0 .256592 
-0 . 12 9674 

-0 . 0491192 
0 .173433 
0 . 506633 
-0.1SQ561 
0.05011S8 
0.1€1 £34 
-0.224235 
••0 . 320338 
-0.0670848 
0 . 3765 91 

0 . 00643734 
0 .238424 
-0.472S02 
0 . 0 3 42 3 8 8 
-1. 04917 
-0.394 7 5 
0.150913 
-0.432106 
-0.193S14 
- 8 . 2 6 S 3 5 
- 1 - 41.6 3 4 

-0.458322 
-0,3 5043 9 
-0,248038 
-0.141819 
7 .69885 
1.75159 
-4.8 8 08 2 

0.00102778 
0.1236 78 
0.0390328 
-0.02 816 97 
-0.2442 84 
3.6 5049 
-5 . 38318 
17.2312 

-0.4 02 348 
-1.5 8 374 
0.160132 
7 . 7 7 3 S 5 
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c : \LT KK_Tracker2\src\C\common\porta.b.le\t,rj£-\t?:ac'ker \neura.l.fJet4GNeigl-jt.s . h 

5.05952, 
-4,78417, 

0.0875754, 
"0.23 6528, 
0.373409, 
- 2 , 7 S131, 
0 . 414 0 6 4 , 
-2,45376, 
0 .107761, 
4,83242, 
4,32069, 
-8,4 S 9 2 2 , 
7,97038, 

0,0823345, 
-0,0754516, 
-0.113978, 
- 0 , 3 8 6 S 3 6 , 
0.439137, 

-0,033SSQ2, 
8.02924, 
7,40306, 
8.1932, 

0.0337363, 
0.J98765, 
0.446714, 
0.274732, 
-0.1334 51, 
0.2 30204, 
10.2827, 

-0.218193, 
-0.8763 35, 
-2.10384, 
-5.17507, 
-0.595947, 
-3.02315, 
-0.62 810 9, 
-0.215007, 
-0.0S36S34, 
0.498502, 
C.10905, 
12 . 8314, 
2.19949, 

-0.5C764S, 
-1.4 0754, 
2 .75976, 

0.307204, 
0 . 0 0 2 9 5 0 6 S , 
•0.102775, 
- 0 . 2 9 5 S 71 , 
-0.080235, 
-0.326453, 
0 . 315 S 5 6 , 
0.563831, 
0.0792911, 
0.2 0093 4, 

-0.0879215, 
0.03 21616, 
0.267213, 
0 .15 5 07 8, 
0.16357, 
0.155414, 
-I.38009, 
0.135078, 
0.34617, 
0.178366, 
0.203353, 
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c : \LT KK_Trstc ker2\src\C\common\portafo 1 a \trx\ tracker \neura 1Ke14GKeight s . h 

G.0055113S 
0 . 363621 
-2 ,3565? 
0 , 2 6 S 7 

0 .2 52257 
-0.0 93 9511 
-0 .122532 
Q . 2 S 0 9 3 4 

-0.0176367 
-0.113156 
-0.043043 
0.259938 

-0.0551762 
-0.0997GS4 
0.059965S 
-o.iesse9 
-0.144481 
0 .1 9 5 3 5 9 
0.277556 
0.292143 
0.792058 
-2.520 94 
-3.3326 

0.200496 
0.4 03913 
0 . X 4 8 8 5 S 
0.318297 
0 , 0457374 
0 ,12S453 

0.0OS32165 
0.82068 

-0.132653 
0.510 94 8 
-0 . 219253 
0 . 09 91792 
0 .267682 
-0 .152822 
-0 .27853 
-0.300375 
0.362332 
-0 . 298044 

-0.04 65134 
- 0 . 7 2 2 2 5 S 
-0.136356 
-0.07S5652 
-0.547688 
-0 .31-4 417 
0 . 0788551 
•0.107019 
•0,155072 
0.0530689 
0 , 519541 
0,245085 
1.62 64 8 

0.0876781 
0,240352 
-0,335712 
0,155597 
0 .23 5642 
-0 , 332767 
-0.0721827 
-0,4 37651 
-3 . 53917 
-0,117442 
-0,281014 
0,211093 
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c: \LT_KK_Tracker2\ere\C\co#B»on\portaJb3e\tr*\trackerneuralNet4G»eight;a. >s 58 

-0 . 0287482, 
0 , 357651, 
0 . 0528494, 
2 . 32536, 

0 . 0698X68, 
-0 . 0683766, 
-0 ,068529, 
-0 ,21643 9, 
0 .259395, 
0 .150308, 
-0 . 232533, 
-0 ,117771, 
0 .3 66 701, 
-0 .121122, 
0 .179446, 

-0 . 0566 011, 
0 . 0606 703, 
-0 . 017B713, 
0 . 22S763, 
-0 .176544, 
0 .19 6 5 97, 
0 .3 57656, 
0 .800136, 
"0 .519072, 
0 . 2.44 5 82 , 
-0 . 2.05 8 06 , 
0.1873 5, 
0 .283791, 
0 .2 95468 , 
-0 .150042 , 

0.13166 , 
-0 .357527 , 
-0 .105836 , 
0 .218955 , 
-0 .287946 , 
•0 .240734 , 
-0 .229576, 
0 .149431 , 

- 0 . 03 50523 , 
0 . 0 7 3 6 0 6 S , 
0 .17 06 5S, 
0 . 0864893, 
0 . 2 5 013 4, 

• 0 ,304635, 
0 . 0382807, 
0 , 04 7 524:1 

// Matrix Dimensions » {40 x if 
dcufc*e bi<3denBias3_2[40] C3 0_ONLY{ attribute ( (spacefauto_psv), aligned(2)}> >» i \ 

-1.450 S , 
••1.4241, 
••1.2371, 
1. 2 675, 

-1.2322, 
1.1613, 

0.86159, 
1.IS0 2 , 
Q.SS57, 

-0.93727, 
-0.42841 , 
-0.61845, 

0.S9SS4 , 
-0.53275, 
-0,29917, 

0,2507, 
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c: \LTJKJCjrracker2\src\C\common\partab.1,e\tr*\track«r\neara 1Net4GWeIgtofcs.b 53 

0 . 3 012 5, 
0.19853 , 
0 .176S5, 

-0 . 0301SS, 
0 . 030472, 
-0 . 2 015S, 

0.1639.. 
C . 1525 9, 
0.32976.. 
-0,48893, 
-0.43 33 8, 
- 0 . S9499, 
-0.6461, 
-0,8429, 

• 0 , 7473 6, 
-0 , 83 913, 
-0.85303, 
1 . 0 5 S 5 , 

-0.96658, 
-1.2016, 
1.181b, 
-1.5337, 
1.2SS, 
1. 4237 

); 

//double catsff 1 LIKPUTJJISSi = < 
double coeff1LIMPUTESISE] = { 

0 . 0G26, 
0.0012 
0.0008 
0 . 00 06 
0 . 0005 
0.0004 
. 0 0 04 
. 0004 
. 0 0 04 
. 0 0 04 
.0030 
. 0010 
. 00 08 
. 00 0 5 
. OOOS 
. 0004 
.0004 
. 0 0 04 

0 . 0003 
0 .0004 
0 .0025 
0 .0007 
0 . 0 0 04 
0 . 0003 
0 . 0 0 02 
0 . 0 0 02 
0 . 0 0 02 
0 . 0 0 02 
0 . 0 0 02 
0 . 00 02 
0 . 0 0 05 
0 . 00 02 
0 . 0001 
0 , 0001 
0 , 0001 
0 . 0001 
0 . 00 0 0 
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\LT KK Tracker2\src\C\comn»n\portable\trx\tracker\neuralKefc4SWeights. Si 

0.0000, 
0.0000, 
0.0000, 
0.0003 , 
0.00 0 2 , 
0.0001., 
0.0001., 
0 . 0 0 01, 
0.0001, 
0.0001, 
0.0001, 
0.0001, 
0.0001, 
0.000 3, 

0 0 01, 
0001, 
0 0 01, 
0 0 01, 
0 0 01, 
0 001, 
0 001, 
0 001, 

0.0001, 
0.0003, 
0.0003, 
0.0003, 
0.0012, 
0.0013, 
0.0014, 
0.0 02 Q, 

jfol si 
•yb'. f. 

3 84 
6 32 
1025 
1089 
154 3 
2010 
2153 
1972 
2352 
2 7 8 9 
290 
731 
ioi e 
1348 
IS 4 8 
1B 2 5 
2 2 72 
2385 
2 b 82 
2143 
442 

1813 
2556 
3551 
4 361 
6 517 
7 07 4 
6923 
6 9 6 4 
7 0 3 9 
2438 
6 0 5 3 

f2 i, IBS 
[INPU-J _SIZE]* { 
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c: \LT_KK_Tracker2\src\C\coaw>on\portabIe\,trx\tracker\neuralKet4G#eigfcLts • h SI 

8 97 3 
9325 
9457 
9493 
12347 
3 0 2 4 3 
248 S 9 
3 0 0 S 7 
4 4.02 
7230 
9515 
9741 
1004 7 
14 3 4 S 
16903 
175 3 0 
18001 
13519 
4304 
8 54 0 
94 8 5 
7936 
7093 
6523 
64 04 
7091 
8143 
6984 
7 5 3 4 
58 8 2 
7 5 3 4 
873 
580 

1000 
0 
1 

i!i fdef cplusplus 
} // extern "C'! 
ijertdif 

f.- 'i:1 '. j Z. 1 - / i RAC-KH.R ,'>l :.RI.-N R; • T: 
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c ; \T.,T_KK_Tracker2 \ src \ C\common\portabl e \t rx \ <: racksr\ tracker2 , c 

PCT/US2013/040670 

* #file cracker /1;racker 2 . c 
* Tracker Processor 2 
T 

* ^author KaTi;:i.ar K&rdari 
* ©author Ban Funk 
* faufchor Ruchixa. Verma. 
* ^auShor Copyr i.grlt 3 013 THX Syst®»8 . All. rights reserved. 
* 

«i«def C30 
1? i C j. 0.d S: 
?? i. si.;' j. u'is 
?? i :ic I u'.h; 
:;i issc'i "od\i 
:f; i:'.C j. :•.: 

jfelse 
^include 
tiosludm 

# arid if 

•p;vXS:\; 

;po';.•>:. :•< 
•: i ?;!:•:> r 
t fx 

h> ' / Loa: es.t in': 

•;"J f;cv :'j V:' •• 

<trx/£ilter/iirf.h> 
< t rx / f i 11 er/ i i rf S i xe cJ. h > 

jfiriciude <st6io-h» 
#i«c I u d e < s t d 1 i b. h 
j?include <math,h> 
# iiscluda <string. h;-

ii i lie i u d e <trx / a o'n m o n. h > 
i'include <trx/utiI/modbuf f &r . h> 
;) include <trx/iua/inu. b> 
i!include <trx/device/.inu4 . h> 
ii.include t-trx/deviee/imii ,h> 
#include t-trx/stdlib/math . h> 
8include «trx/st;dlib/scdint .h> 
$} include <trx/iwntb/roatfe.h> 
SI incliide «trx/snath/quaternion • h» 
SI include «trx/inath/vector . h> 
$ incl\;de ctrx/ filfcer/LevelPrame - h> 
8 include etrx/f iiter/aagSensorFusion..hi 
#include ctrx/util/messagee,h> 

# in c 1 vs de " ang 1 e s . h " 
#inc1ude "filters.h" 
#include * location,h* 
#incJude "inu math.h" 
#include "user gait.h* 
//#Anc;lud« "BeSralS^t .h" 
#inc 1 " neuralKet2 . h 
#include "step detector.b" 
#include "stepBetector2.h" 
# inc 1 ude " i;urn___de tec tor . h" 
#include "trackerData . h" 
#include "fcracker2.h" 
#include "tracker^constants.h* 
#include "freeFaliDetect .h" 
Sine1ude "errorBounds.h" 
#include "elevatorDetector.h" 
#include " stairwel IDetector , h" 
# i nc 1 -j.d e ha I1 wayD e t e c t or, h " 
#inc 1 'i;.d& "hipStepDetector. h" 

F-JKCTION PROTOTYPES 
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//static void debug fjyroCal ! inu cal ibrat edSac.s *ea.l s ; 
static int validatestsp iVGid.) ; 

DliPlNSS 

fdefine IIRJTATIVE J3SE_FIXBD 
#defin® numints{x) 
#def ine SAMPLS_BUF'_AI,IGM 
#def ir;e STKP_Bt)FSlK 
Sdefine PILTER_SX£P_OFFSET 
ii define M_ACTIVEjrHRBSH 
#define A ACTIVE THRESH 

(siaeof(x) / siseoS(intiS_t5) 
{SAM?LE_BU PSIS * si zeof(int16_tJj 
! 1S) 
{-33! 
14 0) 
(40) 

// LOCAL VARIABLES / / - • 
static trackerBata_t cd; 

/ Sain storage for tracker data 

static SampisHietory_t smplHist; 
static Samp1eHiatoryMem t smplBufs; 

static PathHistory t pathHist; 
static PathHistoryMem t, pathBufs; 

static OrientationHistory_t bodyToEarthKist; 
static 0rientationHistoryMem_t bodyTcjSarthBufs/ 

static intI6._t acciZNsvBuf ter [SA?4PLE_BUPS12] 
static intl6__/c accIMagBuf f er CSAMPL-E^BUFSIZ; 

static iatl6„fc filtYBuffer[SAM?LBmSaPSI23 
static intl6_t yawAngleKistBuf£er[SAMPLE_BUFSI£i; 

static modbuf_t acclZNav, a cc I.Msg; 
static raodbu£_t fiitY, yawAngleBisti 

static uii»S16_t sample Index « 0; 
// "Vid«xsr { C .. 127 (SAMPL,i!_EUFSIS - 1 f i 

static uiat!6_t pathHistladex •- 0; / / - - - - - - - • 
etafcic intlS_t stepSampleBuf f er [STEP JSTJFSIZ] ; 

Stores difference in sample numbers between steps 
Static intlS t sEepAngleBufferjSTS?_8UFS12]; 

Stores angle at step 
static iatX6„t st epBlevationB«£fer[STEP BUFSXZ]; 

Stores elevation at st.ep 

s t a t i c modbuf _t stepSatnpIe, step Aug 1 e, stepSlevat.i on; 

static uintlS_t steplndex; 
Tndaxer [0, 15 <STS? KTl;"SIK •• lij 

C30_08LY (_YBSS (SAMPLE_3UP_ALIGN} } ; 
C3 0_CSILY (_YBSS (SAMPLB_8UF_ALICK) i ; 

C3 0 ONLY( XBSS(SAMPLE BUP ALIGK)}s 

if 

if 

If 

static float startElevation = 0.0; 
Beginning elevation above ;?oa level according to prossur sensor. 

static PallDetector f d; 

«r 

static e.r.rorBcnsnds_t errorBounds « (0,0,0,0,0,0,0,0,0,0,0,0,0,OJf 
static inertiaIState_t irsertialState»{ 0 , 0 ,HN_I<3N0RB,KN_X0»0RB,NH_ IGKOR3B, 0,0,0,0,0,0, 0} ; 

static int lastOpdateSapip.le; 
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static RunningSt ass_t accySt&ts; 

// Siew Step Detector variables 
const, stepTracker *sData; 
static int prvStepNumber » 0; 

/ / - - - - - -
// initialize Trackar Processor *******************************it*************** 

t r a a k e r D a t a _ t * initTrackerProcessor2 (void) 
i 

// Ciaar the slacker dats. strict 
meftsset <&cd, 0, sizeof (td) } ; 

I.-ev8lFram8_init (&td. XvStats) ; // Initialise oriectatioxs * 
filter state 

t<3»avgPusioaAngleSrror » AV0MFUSI0M_ABGL5_SRR0B„IKXT; // Reset Average Fusion Angle * 
Error {start at wax) 

td.avg Pressure » 101325.0£; // Seset Aversqe frsssure 

tracker initSampleiiistoryMem(fismplHist, &smplBu£s, ^sampleIndex}; 
tracker initPathHistoryMero(&pathHist, &path£u£s, fcpathHistIndex); /'/ Initialized ^ 
isiod butters tor path history 
tracker_initQuatHistoryMem!ibodyToKarthRist, &bodyTe£arthBufs, fcsamplelndex}; 

modbu£__init (&acciZMav, acclZNavBuf fer, nwnints (acclSNavBuffer) , &samplel'adex} 
; 
modbw£_init (KaccXMag, accIRagBuf £ er, numincs f acclMagBuf E'er) , SsampleXadex} 
; 

modbuf_ini.t; (&f ilt.Y, filtYBuffer, miraints { filtYBuf f er) , & ^ 
sampXelndex) ; 
modbu£_ini.t; (syawAagleHist, yawftngleHistSuffer, aumint» {yawAngl eHi stBuf fer) , & 
sampXfSlndexS ; 

// Initialize siod butters tor step d-?Eeccoi' indexed by step index 
modbuf init C&stepSainple, stepSainpleBnff er, numints (stepSample&uffer) , &stepIndex} ; 
mo dbuf init {&s t epAng le, st epAng leBuffer, nun int s (st epAng i e Buf f e r) , &st epIndex} ,* 
modbuf init(&stepElevation, stepElevationSuf fer, numints(stepBlevationBu££er), & / 
steplndex); 

resecTotalAng'le {) ; 

td.aMag = ScacclMag; 
ta.zHav = Scaccl2Kav; 

detect.StepIn.it ' saeciKNav! ; 
td.debugBuf = getStepFiltResui t. ( ) ; 

td. atcitudeliistory = bodyToEarthHi st; //Pointers to osodbuffers holding device £ 
orientation quaternion. 

initNeurall*eC2 (KsmplHist.ax, &smplHist .ay, tsrapiKist. az , &si»plKist . axy, jismplHist. gx, ^ 
&smplHist .gy, JismplHist .gz , tsmpIHist . vx, fesraplKist.vy, tssiplHist . vs, fcsmplHist. fx, £ 

tsnvpIHist. fy» &smplHist.fz, fcsmplHist .px, ScsiaplHist . py, fcsmplHist .pz) ; 

initFalXDeteetorUfd, FF_ACCL_THRBSH, FF_TIMB_TKRBSH) ; 
td,errorBouads « &errorBounde; 
t d. s o a X fs: Co n f i d e n c e S um » 0 ; 
td.gaitConfidenceSum » 0; 

td.pathHist ~ tpathHist; 

pathHistIndex » 0; 
td.totalPathLength - 0.0; 
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dd init (> ; //initialise clrif t/rotatiovj cSatsctor 
hsd init t) ; /./ intiaXize hip i>tep detector 
return Sr.td; 

! i 
Process Cct 1 j.brsr.ed .Data 

void processCaiiforatedData2 (int;_calibratedData *ca.1 , float pressure, float pi 
float- 1 ocalWaglntensity, float iocalMaglnciinatiori, udwt32_t time} 

sureTetfip, * 

7 VARIABLE DECLARATION 

qu a t e r n i o n qB o d yT o E a r t h ; 
{shortcut to Av3tatK,qt5 
qua te r ni ©is qBodyToNaV; 
tr.jmsformation 
float3x1 a.Eav, gHav, lfflav; 
fioat3xl rcKefEarth, mRefBody, raRefHav; 

float3xl sref = {(0.0, 0.0, 1000.0}}; 
intlS t ySlevation; 

int16_t viet yTemp; 
intl6_t anglTemp; 

float totaiAccelera"ion « 0.0; 
float azimuth -• 0,0; 
//int: 16 t hold ---- 0; 

// Body to earth f: raise transformation 

// Body to navigation frame 

// sfavigaticn frame coordinates 
// Compasc sensor £ a 31 on vec tor . 

// replace with Sd.ef 

it 

it 

float fusiontogleError; 

intlS t lastGait; 
// static i.t:t betweenTr.ipfiairiples - 0; 

static xyliocation_t elevLocation = {0, 0}; 
static int. elevator « 0; 
float distance = 0; 
static uint32_t pathFointProoessed » 0; 

i nt 16_t starts t epIn dex; 
intl6_t stopStepindex; 

int:i6_t vxRei, vyRef, vzRaf, fxRef, EyRef, fzRef; 
ilitlfi t vx, vy, vz, fx, fy, fz; 

intl6__t if 
ir;tl6__t *neuralKetXnputData; 

// aeuralRetSai t4Class t uetOutput; 
neuralJIstGait t tempKetOutput; 

// 
// ShJGiSi PSJ.OC 

td.trip = KULL; 
td.segment = NULL; 
td .b'ElevatorTrip = false; 
td. b'ElevatorShaf t = false; 
td.bStairFiight = false; 
td.bStairStairwell » false; 
td.bKal1Segment = false; 
td.bKal1Hailway = false; 
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td.bStepSample = false; 
td.bPrintSa.mple = false; 
td.bKissedStep = false; 

td. sasnpieKumber+ + ; 
//betweenTripSamples<•*; // Increment ^ 
number £0, 2"32? 
sampleIndex « td. sairtpl ©Number % SAMPL£__BUFSX&; // Muse b» in raags? iO, g 
.1.2 7] , Irde.xes circular burters. 

LevelFrame^itisert{&td.1vState, calJ; fI Update or ient«tion ^ 
f i 1 t&r. 
qSodyToSarth * kevelFrame^getBodyToBarfcht & td.lvState); // Returns IvStafca.qf 
qSody'PoNav = LevelFrame_getBodyToH«v (&t.d, 1 vS tats} ; // gat navigafc ioxs frame ^ 
qiiatcrKicjri 

azimuth ~ get&simuth(qBodyToSarth); // Detsrmine azimuth. * 
This; is direction user i.» facing. (Angle of ;2-ax:s projected or; Isvel plane) 

totalAcceleracion - float3xl_nor«Mcal->aecl); // Compute acceleration ^ 

td.gyroAngle = getTotalAngla(azimuth); // Accumulates aslmuth * 
sad total angle not bounded from 0-360 
modbu f__wr ite {yawAnglaHist, (intIS t; itd.gyroAngle-f 0 . 5) } ; // Store historical step * 
angls; data. Rtsferencfrd by step detector to store step angle. 

aKav = quat transform(qBodyToMav, cai-vaccl); // Get navigation frame ^ 
coordinates tor acceieroaieterfi ( gyro, and "isgiiBt ic sensors 
aKav.x -= 1009.0; ft Reaovs gravityUOOOmg}^ 
from 7. component . 

gl'Iav - quat_t.rans£ortn (qBodyToNav, ca I •• >gyro5 ,* 
mEfav * quat_t ransf cms (qBodyToNav, ca 1 >m»g) ; 

td. magFieJ d ~ rnNav; / / Save the wagsietic * 
fie'-d data 

// DET5CT FREE FALL AND HIGH IKP&CT *************************************'** 
i i - - - - - -•••-- - - - - ••• - - ------ - -
if {detectFrseFal1((uint32_t>totalAcceleration, 6fd)> 

td,fallDetect « I; 
is {tOtalAcceleration > HIGHmlM?ACT_ACCLmTHRSSH> 

td.irapaetDetect = 1; 

// DETECT PGSTU'RE 

td,postureVector « qvsat_transf oraiiquat;_conj (qBodyToEarth) , aref) ; 

ySlevatior; « !{atan2f{td.postureVector.2, td.postureVector.y) * RAD3DRG); /* 
/ Gravity in Z'i plat»e angle frore «•? axis;. 

td.bUserBack * false; ft & 
Reset all flags 
td,btlserCrawl - false; 
td. btPserUprigbt = false; 

i f (abs (yBlevat ion} < POSTU.ES_YELSV_BACK_THRHSH! 
td.bUserSack « true; 

else if tabs{yBlevation) > P0STURE_YELSV_CRAWL_THRESH) 
td. bUserCravfl = true; 
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else if (yfiXevatiori > POSTURB_YBLBV_BACK>THRBSH && yS'levation < ^ 
P08T0REmX£ltEV_CHAWL_THRBSH 5 

td.btfserUpright « true; 

if (yBlevation > K>STURB_IKVER78D_MIN yBlevation c POSTORB_INVBRTBD_MaX> 
ta. invertedCout!.t + +; 

e 1 s e 
td. invertedCouFit = 0; 

/ i - " " " " ' 
// AA;SR.fiGB PSESSSHB «•• + »•***••«#*»*•******»**•*******•*****«***«-*****<•****•* 
/ / - - ' - " 
if (pressure > 130000.0! //Error if pressure .1?; out of til .is rang^ 

pressure - 130000,0; //This will ind.ica.tT: error. 
if (td. sampIeNumber < 40} //Allow 1 second to Estab.tl i 2c 

td.avgPressure - pressure; 
else 

td. avgpressmre - ewoiaFilcer (pressure, t.d.avgPreasure, Q,05f}; 
td.pressureTetap - pressureTemp; 

// SSTIMS.TB CHSJSIGE IN ELEVATION B^sSSD OS PRESSURE 
/.. 

:i f (td.sampieNureber == 200; //Establish basiins: for first 200 samples (5s; ® 40Hz) 
i 

startElevation = -(float) (-3.2808 * 44330.8 * (l - {tloafc J powf{td.avgPressure / g 
10132 5.0, 0,19})); 
J 
if {td. sampieH-umber >2 0 0 5 // 
i 

/ / f, ram santrix software 
float curreotBXevation = - {float! {-3.2808 * 44330,8 * {1 - (float:;powf(td, ^ 

avgFreasare / 101325.0, 0.19))); 
td,iocationZ = (currents!evati on - e tartBI evat loa) * 0.3048f,- //Convert rest, to ^ 

nsetere -
) 

/ I - - - -• - - - - - •• 
// OG-ZY CALIBRATED DATA. TO HISTORICAL BUFFERS + 
/ / - -

modbu£_write(smplHisc.ax, {intl6_t;(aKav.x)>; 
iaodbuf_wrlte (smplHist. ay, (intl6_t) (aKav.y) ?; 
ntodbu£_write (saiplHist. az, (intl6_t) (aKav.x) > t 

modbuf_wrIte(stnplHist.axy, {intlfi t) sqrtf(aKav.x * aKav.x + aKav.y * aKav.y)); 

vlctyTemp = modbuf_read{smplKi s t.vx,0 > + (infcl€_t) (aKav.x); 
modfouf_wr-ite {smplKist. vx, vlctyTemp) ,* 
vietyTemp - modbuf read {smplHist. vy, 0} + {intl€_t;i (aKav.y); 
modbuf write (sraplKist. vy, (ri nr. 16_t) vlctyTemp) ; 
vlctyTemp = modbuf_read{smplKist.vz,0} • (intl6_t)(aKav.z)? 
modbuf write {sraplHi st. vz, (:i ) vlctyTemp) ; 

modbuf^ write {SEip.lHist ,gx, (int;16 __t) (gflav.x) > ; 
modbuf write {sinplKist .gy, {.int;16_t) (gKsv.y) > ; 
modbuf write {srapl Hi st. gz, (rint;16_tS (gHav.a)}; 

anglTemp = snodbuf_read(8raplKisfc .fx,0) + (intl6mt)(gKav.x); 
modbuf__write (seiplKist.. fx, (intl6 _tS anglTemp) ? 
ang'lTemp = jnodbuf_read{sraplHist , fy, 0) + (intl6_t> (gKav.y) ; 
modbuf _wr ite {swpl Hi st, fy, (int'l 6_t) anglTemp) ; 
ang'lTemp •- stiodbuf_read(sraplHist ,f a, 0) + (lntl6_t) (gKav.z); 
modbuf_write{swplKi 8t.f 2, (intl6_t! anglTemp); 
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raodbu£_write (swplfiist .six, ! int 16_t j ! cal - »mag . x * 1000.0)}; // Typical values 
c«X->mag between -1.0 ami 1.0, 

nsodbuf_write (smplRist .my, {intl6_t> {cal->mag.y * 1000.0) } ; // Multiplying by ^ 
100 0 to gain precision in fixed paint. buffer. 
nsodbuf^write (stsplHist .are , {i»tl6_fc} {caX->mag.« * 1000.0) ) i 

modbuf_write(srcplKist.pressure, iuintlS_t) (td. avgpressurs / 2.)}; 

modbuf_write {step 1 Hist.px., i int 16_t} td.postureVector .x) ; 
modbuf_write{smplHist..py, {Antl6_t}td.postureVector-y); 
modbuf_write { smplHist. pst, i int 16_". j td . postureVector . a) ; 

modbu £_>rr ite{aeelZMav, iintl6_t){aKav.a-j; 

modbuf_write {bodyToEarthHist,w, {iatl6_c} Idexpf iqBodyToEarth, w, QtrAT_B9FPERJBXP)); / ̂  
/Historical on.wtaui.on qiiat-ern ions si.orsd as scaled fixed point integers. 
modbuf_write{bodyToEarthHisc.x, {iat!6_t}Idexpf(qBodyToEarth.x, Q0AT_8UBTERJBXP)} 
modbufjsfrite {bodyToEarthHisc . y , { int: 16_U) Idexpf (qEodyToEsrth. y, QOAT.BOS'F'ERJBXP} i 
modbuf_write{bodyToEarthHisc.a, idexpf(qBodyToEarth.a, QUAT^SUFFER JEXP)) 

// Compute total scce5eratin;i -'iviiivvis gravity) 
modbuf_write iacclMag, (intlS_i: i float3xl_no«n{aKav) } ; 

// CKSCK FOS GYRO STILL **•** 

//-STODO - Dse this rasult to determine when gyro angle may be h«.\d. so that user niay ^ 
stand in S3Tne location tor 'long periods w/c drift. 
//azimuth feoicl » {modbuf active iaccX, -iPAMPLiK BUPS.TZ •• IS, 0, A &CTXVE _TKRESHJ ji tt 
"iodbi;f active(accY, - {SAMPLE __ B-IFSiZ 0, A~ACTIVE_TtfKKSH! j j"" 
// snodbu£_active {accZ, - ;SAHPT,B_gW8Ig -~l) , 0t A j*CTIVB_THEESHi | j * 
nocifcuf active(magX, • (SAMPLE BTJFSiSS - i) , 0,'"M ACTIVE TVTEESH; Jj 
// modbuf __3Ctivo issgY, - iSAKFLE BTJFST^ ~"l) , 0; M_ACTiVS__ THJLESi-n | j * 
Ctodbttf active (m-sgS:, • (SAMPLE BUFSIS) - ij, 0,~>!ACTIVE TiTEESH; j"? 0:1; 

// STEP DETECTO 
// 

// Mate siurs <se have at least -FILTFR STSiP OFFSET samples; isi the bis-Srer 
td.neuralNetlnputData « :MULL,* 
sData - hipStepDetector {aKav. x, aKav.y, aNav.z, gNav.x, gKav.y, gNav, z, td. 
sanspleNumber, 0, 0}; 
if ( (sData-sstepNurabar - prvStepKumber) == 1) 
i 

startStepIndex » {uxntie t) { sData-slastStepSampleNumber - td.sampXeKUmber +1) ; 
stopStepindex » (uintiS t) { sD&ta->sampleNuiaber - td.sampleHwsber +1}; 

vxRef = modbuf read{smplHist.vx, startsteplndex); 
vyRef = modbuf read{smplHist.vy, startstepladex); 
v^Ref » modbuf_read{staplHist.vz, startsteplndex)? 

fxRef » modbuf_raad{staplHist.fx, startsteplndex); 
fyRsf » modbuf_read{staplHist.fy, startStepIndex) ; 
faRef » modbuf_read(staplHi3t.fz, startSteplndeaO ; 

tor (i « startSteplndex; i< stopscex)Index+1t i+*) 
1 

vx - taodbuf_read {smplHist .vx, i } ; 
»odbuf_vrr.tte {ampl Hi st. vx, (int2S_t) (vx vxRef >); 
vy te modbuf _read {smplHist .vx, i}; 
roodbuf_write t smplHist . vy, t'intiS_t) ivy - vyRef) ) ; 
vz ~ taodbuf_read {smplHist .vz, i!; 
nsodbuf_write!smplHi st.vs, (inti6_t} (vz ~ vzRef)); 

i'x = taodbuf read {smplHist . fx, i > ; 
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modbuf_write (smpl.Hist, fx, U.ncl5_t) (fx - fxRefj); 
fy = modbuf_read{smpJHist:, f x, i>i 
s»odbu£_write {smplHist. fy, (i;i".lS_t) (fy - fyRef)); 
fz = modbuf read{smplHist. f 8, if; 
modbuf _write (smplHist, fa, (lncl6_t) (fa - fsiRefj); 

) 

iieuralNetlnputBata = getKTetXnputHoaeS2 (jsc.artstepliidex, stopStepindex) ; 
tempSJetOutput « 'testNe:uralK£t2 (neuralNetlnputData) ; 

t d. n e t Ou t p is t = t e.mpK e 10 u t p u t: ; 
terapNetOutput = (neuralNetGait_t) sData~>gait; 
if ! (td . netOiitput HK_2D) ) 
t 

if ( (tempKetOutpuC «« NN_FOR"WRRDS I I (tempEetOutput «•« NN_BACKWAR£>! [ [ 
(terEpMetOutput KH_SS__RIGKT) | | (tempNeiOutput — S»_SS_LBFT) | | (tempKetOutput = = ^ 
N*J_RiT.W) ) 

td.netOucput - tempNetOutput; 
; 
i f ' teisspNetOutput == flK GARBAGE) 

td,netOutput = HH GARBAGE; 

td.bStepSample = true; 
td. location. x = sData - >iocation.X'; 
td.location.y = sBata->iocationY; 
td. stepNutsber - sData - >stepuumber; 
td. stepLength. - sData->sr.epLeRgth; 
if (sData-?stepJKumber «« I) 

td.firststepFlag 1; 
td.stepDirection « {float)modbuf read(yawAngleHist, -(td,eampleStumber - sData-> ^ 

sampleNumfoer)} + sData->stepDirecticn / M_PI * 180 -90; 
td. lastStepSampleKurctber = sData->lastSt.epSampleNumber; 
td.currentStepSanspleNUmber = sDa ta->sampleSumber j 
modbuf_write{stepSaraple, {sData-»sampleKumber - sData~»lastStepSampleNumber)); * 

modbuf_write(stepSlevatioa, td.location^); 
modbuf_wri te (stepAngie, sData->£ acingDirection) ; 
s w i. e. c i; i t d, n e t Ou t p u t:} 
i 

ease NNUP s 
if ( ( {td.gai.tCoiinfcers>>45 & 0x0093} < 3) 

td.gaitCounters += 0x0010; 

updataLccaticn(&cd.location, td.etepDirection, td.stepLength); 
break; 

case SH_DOJm: 
if {(\ta.gaitCounters>>6) £ 0x0 0 03) c 3) 

td.gaitCounters + = 0x0 04 0; 
updateLocat.ion '&fcd. locat.ion , td . stepDirection, td.stepLength) ; 
break; 

case iIK_2D: 
case NN_FORW2VRD: 
case NK_BACKWARD: 
case NH_SSJUGHT: 
case iIK_SS_LSFT : 
case mjuvnix 

if i (^td.gaitCounters>>0} & 0x0003) « 3) 
td.gaitCounters +- 0x00 01,* 

updateLoeation(&td,location, td.stepDirection, td,stepLangth); 
hr&sk; 

J 
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td. lastNetOutput = td.netOutput; 

td. segmentLength +« {u.intIS_t i td. stepLength; // Only iscreasent $sg«5eiitL<e>ngch * 
it garbage was not detected 

td.totalPathLength += td.stepLength; 

//Acid to path buffer every step 

modbuf write {pathHist.xLoc , { int.!6_t j itd. locat ion .x *10) ) f //Save location, in ^ 
decimeters 

modbuf write(pathHist.y Loc, {int16i !td.location.y *10)); 
modbuf write(pathHist.zLoc, (i»tl6_t) (td.1oc aci on Z * 10)); 
modbuf_write(pathHist.pressure, (nintl$__t)(td.svgPressure / 2}); 
modbuf_write {pathHist .gyro, (i»ti€_fc) td.gyroAngle5 ,* 
modbuf write(pathHist.compass, (iRtIS_t) td.coiTipassAngle); 
modbuf_write (pathHist. timeK, (uintl6_t) (time»16) ) »* 
modbuf_write (pathHist. tiaseL, (uiistl6_t) {time & OxFFFF) ! ; 
modbuf_write (pathHist .gait, (uintlf_t! td.isetOutput) ; 
modbuf_write(pathHist.pUXndex, pathPointFrocessed) ,* 
modbuf_write(pa thH ist.flags, 0); 

//Set pressure stability flags 
if il) 
i 

iatlS_t aWia-O, zKax=0; 
uint8_t i; 
uint8__t lookbackLength = S; 
zMin <= modbuf read {pathHist. zLoc, (5!; 
zMax = zMin; 

if(pathPointProcessed < 5) 
lookbackLength = pathPointProcessed; 

f or ' i = 0; iciookbackLength ; i*+) 
t 

int!6_t z - modbuf_raad(pathHist.zLoc, -i); 
if(2«zMin) 

;sMin « z; 
if(z.^zMax) 

zMax -- z; 
) 
if ((r.M&x •• zMin) < 10) 

modbuf_wr.ite (n»thHi»t.flags, 0x0010); 
J 

if (pathPointProcessed > 10) // pass; 12 ;sswp'i.ae 
i 

td.segment - detectHallSegment(pathHist.xl>oc, pathHist,yLoe, pathHist.gyro, ^ 
pathHist.compass, time); 

if(td,seame»t 3 « NULL) 
I 

i f i t d, s e qme n t - > segment ID > 0) 
I 

td,bKai1 Segment « true; 
updateKa.l lHaliway (td . seqment! ; 

} 
if (td.segmant">ha.l..lway 1) 
i 

td.hallway * autpufcHai lHa.1.1 way () ; 
td.bH'allHalIway - true; 

} 
J 

J 

// KAMIAR- CQMK3KTED OUT THIS PART, TO BE PIXBD 

- 107-



WO 2014/025429 PCT/US2013/040670 

c: \LTJCX Tracker2\src\c\common\portable\fcrx\tracker\tracker2 , c 10 

//if {pathPointProcessed > Si // pass 7 samples 
/ / \ 
// td.flight = detectStairFligfct {pathHist .xltoc, pathHist .yLoc, pathHist,zLoc, ^ 

patfliii st, gyro, paths-list. compass . pat hHisit. gai t, {pathPointProcessed* l) , pathHist. ^ 
tit&eK, patkKist. ti«r=L; ; 

// if (td , flight :-•= HULLS 
// t 
// td.hStairFlight - trwe; 
// MpdateStai irStai rvell {td.flight); 

// if (jti. rliqHt ••• >stairwell 1! 
// { 
// td . !=• outpvtSUiiii'Stairwall ; j ; 
// td.bst.sirStairws 11 =- true;; 
// ; 
// I •' / 
paths! stlisdex<- + ; 
pathHiStIndex %» pATH_BIJFS I. Z; 
pathPointProcessed++; 

} 
prvS c.epBumbe r » .eDat a - > s t ep&umber; 

i £ t td . bStepSampXe} 
<; 

td.bStairs = false; 
stairs f'iag 

td.bUserStopped - false? 
is r.o lcnger stopped 

// P.eseic the ^ 

// Indicatf: user y> 

if (td.stepNuraber > 2) 
td.strideAngle - getSr.rideA.ngle (stepAng.le) ; 

Avigls 

t d. cy roLO P Aog I e » ge tLOJPAng 1 e [ s tepftng 1 e) ; 

if (detectTurn(td,strideAngle, td.stepHuwber}) 
i 

td-bPriatSample = true; 
td.bUserTuriiing = true; 
td.bKallway = false; 

// Get. Stride 

// -Set L03? Angle 

// Detect Turn 

1 £ t t.d . bUserTurniacf) 
< 

if (det.mctTuraERd {td. sUrideAagle, cd.gyroLOP Aug 1 e, t:d . etepNuraber) > // Betecc^ 
Turn End 

i 
td.bPrintSansple « true; 
td.bUserTurniag - £a1se; 

t d. s egmeat Numbe r + +; 
id.segmeatLength « 0; 

jth 

i 

// Kr~f>st Segment ^ 

if {ltd.bUserTuraiiicf) 
i 

.if (detectHallitd.gyroLOPAcgle, td . stepSumber} } 
I 

t d . hK<a 11 way = t rue ; 
i 

// iJPtect Hallway 
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i 
td .JoUserStopped » dstecfcStop (td.sampIeNumfoer, td. currentStepSaiapleNuiaber) j 
Stoppeti 
td.bUserStill » detectStill { ( int!6_t (totalAcceleration) ; 
Still 

if (td,bUserStillJ 
I 

td.stillDuration = l+{uintl€_t> ( (time - td.scilAStartSime} >>3.5} ; 
} 
Si ss 
I 

if ttd. stiiIDuration != 0) //Start at snov&:tttsat 
td.Hotionlnterval++; 

td.stillDuration = 0; 
td. stillStartTi.me « time; 

) 

• , _ „ ^ _ .» -v ~ .. 

// -i'EATUSS MESS&OSS 
n - - - -
td.trip = detectHlevatorTrip ( ( ir>t-16_t) aNav . s, time, (i«fcl6_t) cd.locatior.z} ; 
if (td". trip !« MULL) 
i 

td.bElevatorTrlp - true; 
elevLocation « td.locat:ion; 
elevator = l; 
updateEIevatorShaft (td.trip) ; 

} 

distance = i float) sqrt ((! (f .1 oat) td . location .x i f.1 oat.) e.1 evLocation . x ) * ( Afloat) td. ̂  
location.x - {f i oat) el evLocat i o.n . x > ) + (((float) td. location . y (float) el evLocation. ̂  
Y ) * ((float)td.location.y - (float)elevLocation,y )J); 

if ((distance a 2) && (elevator ~~ 1}S // discsce oKeat«jr than 2 «i«tsrs 
{ 

td. shaft - output^! evafcorShaitO ; 
td.bSlevatorShaft « true; 
elevator » 0; 

i 
J 

// CALCULATE COMPASS ANGLE * *******• + *****•***************+***•.» + ************* * 

if {£loat:3xl_n.ortn(cal->taaq) > 0.0) //sas»r«s eowpasss data is valid for math functions 
{ 

td , compass Anal e » (atan2f (taNav. y, saSav,*) * (t • oat} EAD2DEG; - 90.Of; 

if (td.compass&ngle < 0.0) 
t.d . corepassFoigla + » 3S0 . 0 ; 

f usionA.ngieF.rror = updateMagSstitrate (cai->mag, qSodyToEarth, ! td .bTJser'Stoppeti, / 
local Mag Intensity, local Maglnel inat.lOT3, femRetBarth} ; 

mRefSSody - qua r._trans form (quat_conj (qBodyToEarth) , mRefEarth; ; 
mRefBody = f lost3x1 _norma.l i ae (mRefBody} ; 
mReftlav = quat trans form {cjBodyToNav, mRetBody) ,* 
mRefNav = float3x1 normalize{mRefNav}; 

••'/ filter fusion s-igia error to avoid indicating accurate ^aen Invalid mag field / 
i;;ovas pas:;, rsf vector fey chance. 

if ' ! td , btlserStopped) 
td.avgFusioaAngieError = ewmaFilter(fusionAngleBrror, td.avgFus ionAngleError,/ 

G,Q5tS ; 

// Detect/ 

// Detect/ 
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td. fusxonRellability « td.. avgS'usionAngleSrror; 

td.fusionAngle = {atan2f (ciRefNav . y . mRefKav.x) * ( £ lost) KAD2DEG) - 90.Of; 

if (td.fusios&ngle < 0.0) 
td. fusiosiAngle += 360.0; 

td.compaesRellability « getStaticReliability{n&lav, localMagln tensity, L 
localMaglncl irsaticrcS ; 
) 
else //Compass sensor malfunctioned so set aii rsiaquetic rei iafci ..Li t s.as to sero . 
i 

td , fusioaRe 1 iabi 1 i.ty » 0; 
td,compassSeliability = Of 
td.avgPusionAngleError = 0; 

J 

/ / - • • - - - ' - -
if ESTIMATE GYRO ERRCH 

S:d, InertialPauhError « drif tDeiecc {td.gyroArigie, td. corapassAngis, td. saiapleNumber) ; 
// TODO: propagate erjor troa sll axes 

td.gyroScaleError += icai->gyro.z) * (float)OYROwSCALSmBRSOR._PER_SA«PLE; 
td . gyroOf f set.Srror += CYRQjDFFSE?_ERRQR J>£RJ3AMPL2; 
t d. gyroWalkError = (float) GYRO RANDOM WALK * (float} sqrt { { (float) td. sampleNumber /' 
(float)GYKO_SAMPLES_?ER_HQt?R) f 7 
td.gvroErro r = td . gyroOffsetRrror -e td . gyroWalkError + (float) fabs (td.gyroScaleError) ̂  

//Calculate inert. Is! path error parameters. 
errorBounds . headingDrif tPlus « td. stepDirection (float} GYRO __DRIFT_RATE * (float>td. * 
sampleNiimber * cal - >sasnpIePeriod; 
errorSo'unds,headingDriftMinus - td.stepDirection - (f1oat)GYROmBRIFT_RATE * (flost)td* 
. saitipleNuwiber * cal - >san!plsPericd; 

if(td.aeuralSetlnputData != MILL) 
1 

float* netOutput = isnjgetOutputArray t) I 
float speed » getSpeed(td.aMag); 
float. timeSiuceLastStep » itd. sampleSlunsber - lastUpdateSample)* cal->samplePsriod^ 

I a e t Up da t e S amp 1 e ~ t d. s a rap 1 eNunsb e r ; 

t d. sp e ss d « sp e edr 
E:d. .scepTime ~ timfsSincfsLaecStep; 
updacaSrrorSounds(netOutpuc, speed, timsSiacetiastStep, td.ixetOutput, td. / 

stepiengch, td.stepDirection, (errorSounds t*}ierrorBounds, (inertialStats t*) Cc * 
inertialState); 

f:d. ecaleConf idencsSum +» tl - erxorBound3.scalsCon£iden.cs;; 
td.aaitConfidenceSuEi 4= il - errorSounds.gaitGonfidence}; 

j 

// Detect no siotiori. Hot attached to person. 
if. {updateRunningStats (&accyStats, cal->accl .y) = = MOTIOK_DSTBCT_TEST_IKTERVAli) 

accyStats.n = 0; //ReBSt every 15 seconds (400^ 
s amp 1 & a} . 

i£ (accyStats.var > MOTION DETECT VAR THRESH) 
I 

td. lastMotionSample = td. saiacleiifuiF.ber; 
j 
td.motionLeve1 - accyStats.var; 
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What is Claimed: 

 

1. A computer-implemented method for detecting the steps of a person and estimating the 

person’s three-dimensional (3D) movement to track a location of the person, comprising the 

steps of: 

 collecting accelerometer data from a torso worn or person carried device that includes an 

accelerometer, the accelerometer data representing an x axis, a y-axis and a z-axis movement of 

the person over a period of time and storing the accelerometer data in a non-transitory memory 

of a computer having a processor; 

 removing by the processor tilt data from the accelerometer data for the x-axis, the y-axis 

and the z-axis to produce first improved accelerometer data and storing the first improved 

accelerometer data in the memory; 

 removing by the processor gravitation acceleration from the first improved accelerometer 

data for the z-axis to produce second improved accelerometer data and storing the second 

improved accelerometer data in the memory; 

 filtering by the processor the second improved accelerometer data and the first improved 

accelerometer data for the x-axis and the y-axis to remove additional bias and high frequency 

noise and to produce a filtered accelerometer data for the x-axis, the y-axis, and the z-axis; 

 calculating by the processor a hip elevation estimate using a double integration of the 

filtered accelerometer data for the z-axis and storing the hip elevation estimate in the memory; 

 correcting by the processor the hip elevation estimate if the hip elevation estimate drifts 

away from a mean over time; 

 finding by the processor a local minima and a local maxima to detect each step by the 

person and storing the local minima and the local maxima in the memory; 

 classifying by the processor to classify the person’s gait as a level gait, an up gait, or a 

down gait based on at least the local minima and the local maxima of the device; 

 finding by the processor an x-displacement along the x-axis and a y-displacement along 

the y-axis for each step by the person based on the filtered accelerometer data for the x-axis and 

the y-axis and storing the x-displacement and the y-displacement in the memory; 

 calculating by the processor a two-dimensional (2D) movement displacement for each 

stride by the person based at least on the x-displacement and the y-displacement; 



  

 

 when the person’s gait is classified as the up gait or the down gait, calculating by the 

processor the elevation change of the person and storing the elevation change in the memory; 

and 

 on a step by step basis, calculating the 3D movement of the person based at least on the 

2D movement displacement and the elevation change in order to track a location of the person. 

 

2. The computer-implemented method as recited in claim 1, wherein the device is a 

smartphone that includes an accelerometer. 

 

3. The computer-implemented method as recited in claim 1, wherein the accelerometer data 

is sampled at a frequency greater than twice a Nyquist frequency for the device. 

 

4. The computer-implemented method as recited in claim 1, wherein the accelerometer data 

includes x-axis, y-axis and z-axis data for the device, and wherein the step of utilizing the 

processor to remove tilt includes the steps of:  

establishing a ground frame oriented around the device with the z-axis up and down from 

the device, the x-axis is right and left of the device and the y-axis is forward and back of the 

device; 

 determining pitch data and roll data based on x-axis, y-axis and z-axis data relative to the 

ground frame; and 

 determining the tilt data based on the pitch data and roll data of the device. 

 

5. The computer-implemented method as recited in claim 1, wherein the device further 

includes a gyroscope adding to the x-axis, y-axis and z-axis data for the device. 

 

6. The computer-implemented method as recited in claim 1, wherein the step of utilizing the 

processor to remove gravitation acceleration is based on , where az is improved 

accelerometer data for the z-axis, g is gravity, and āz is improved accelerometer data for the z-

axis minus gravitational acceleration. 

 

   

z za a g= -
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7. The computer-implemented method as recited in claim 1, wherein the step of utilizing the 

processor to correct the hip elevation includes correcting the hip elevation each time a new value 

is calculated for the hip elevation. 

 

8. The computer-implemented method as recited in claim 1, wherein the local minima 

occurs after each heal strike and wherein the local maxima occurs after each passive position. 

 

9. The computer-implemented method as recited in claim 1, wherein the step of utilizing the 

processor to find the local minima and the local maxima includes the step of utilizing the 

processor to reduce extraneous detections by determining if there are any neighboring minima 

within a sample window of n samples before a local minima and n samples after each local 

minima, and not counting any neighboring minima within the sample window as a local minima. 

 

10. The computer-implemented method as recited in claim 1, wherein the processor utilizes a 

neural network to classify the person’s gait. 

 

11. The computer-implemented method as recited in claim 10, wherein the processor 

classifies the person’s gait on a per step basis. 

 

12. The computer-implemented method as recited in claim 11, wherein the step of utilizing 

the processor to classify the person’s gait includes the steps of: 

inputting to the neural network n values of each of the x-axis, y-axis and z-axis 

components of angle vectors for each step; 

inputting to the neural network n values of each of the  x-axis, y-axis and z-axis 

components of velocity vectors for each step;  

inputting to the neural network a minimum and a maximum acceleration amplitude 

difference over each step; 

inputting to the neural network an orientation vector at the end of each step; and  

inputting to the neural network an index where a magnitude of the x-axis and y-axis plane 

acceleration achieves a minimum value for each step. 



  

 

 

13. The computer-implemented method as recited in claim 1, wherein the step of utilizing the 

processor to find the x-displacement and the y-displacement is performed in a time interval 

between the local minima and the local maxima for each step. 

 

14. The computer-implemented method as recited in claim 1, further comprising the step of 

utilizing the processor to determine a translation direction for each step, wherein a most frequent 

direction of translation is assumed to be forward, and wherein the ground frame is corrected to 

the y-axis. 

 

15. The computer-implemented method as recited in claim 1, further comprising the step of 

utilizing the processor to determine a translation direction for each step, wherein a most frequent 

direction of translation is determined by assigning each possible direction of motion based on 

each step to a bin for the direction of motion and the bin with the highest frequency is considered 

the most frequent direction of translation. 

 

16. The computer-implemented method as recited in claim 1, further comprising the step of 

utilizing the processor to determine a translation direction for each step, and further comprising 

the step of detecting a transition corresponding to an abrupt change in orientation of the device 

and discontinuing the step of utilizing the processor to determine a translation direction for each 

step until the transition has completed. 

 

17. The computer-implemented method as recited in claim 1, wherein the step of utilizing the 

processor to remove tilt data further includes determining an accelerometer estimate of pitch and 

yaw and an gyroscope estimate of pitch and yaw and combining the accelerometer estimate and 

the gyroscope estimate with a spherical linear interpolation. 

 

18. The computer-implemented method as recited in claim 1, wherein the step of calculating 

the 3D movement is further based on determining the person’s 3D translation and rotation, and 

further comprising the step of determining a location and a heading for the person based on the 

3D translation and rotation. 
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