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AVOIDANCE OF COGNITIVE IMPAIRMENT 
EVENTS 

BACKGROUND 

0001. The present disclosure relates to the field of com 
puters, and specifically to the use of computers in evaluating 
cognitive states. Still more particularly, the present disclosure 
relates to assisting a person in avoiding an impairment event 
associated with one or more cognitive states. 
0002. A person’s cognitive state is also known as a per 
son’s “state of mind'. This state of mind may be normal (e.g., 
interested, sleepy, asleep, alert, bored, curious, doubtful, 
etc.), or it may be indicative of some type of pathology (e.g., 
amnesia, confusion, panic, etc.). Often, Such states of mind 
will manifest themselves measurably before a person (sub 
jectively) realizes that he/she is entering Such a state of mind. 

SUMMARY 

0003. In one embodiment of the present invention, a 
method guides evasive actions to avoid effects of a cognitive 
impairment state. A first buffer, which is communicatively 
coupled to at least one sensor on a wearable sensor device, is 
loaded with a first set of time-dependent sensor readings. The 
wearable sensor device receives a first cognitive impairment 
state signal, where the first cognitive impairment state signal 
is sent in response to an observer, of the wearer, observing an 
impairment to a cognitive state of the wearer of the wearable 
sensor device. The cognitive impairment state marker is 
inserted at a predefined position in the first buffer in response 
to the wearable sensor device receiving the first cognitive 
impairment state signal. A second buffer, on the wearable 
sensor device, initiates loading of a second set of time-depen 
dent sensor readings from the at least one sensor on the 
wearable sensor device, and time-dependent sensor readings 
from the first buffer and the second buffer are compared. In 
response to a partial match of the first set of time-dependent 
sensors readings up to the predefined position and the second 
set of time-dependent sensors readings sensor readings reach 
ing a predefined match level, an alertis issued to the wearer of 
the wearable sensor device. 

0004. In one embodiment of the present invention, a 
method enables a guidance of evasive actions to avoid effects 
of a cognitive impairment state. A first set of time-dependent 
sensor readings are received from a first buffer on a wearable 
sensor device, where the first buffer is communicatively 
coupled to at least one sensor on the wearable sensor device. 
A first cognitive impairment state signal is transmitted to the 
wearable sensor device, where the first cognitive impairment 
state signal is sent in response to an observer, of the wearer, 
observing an impairment to a cognitive state of the wearer of 
the wearable sensor device. A cognitive impairment state 
marker is transmitted to the wearable sensor device, wherein 
the cognitive impairment state marker is inserted at a pre 
defined position in the first buffer in response to the wearable 
sensor device receiving the first cognitive impairment state 
signal. An initiation of loading of a second buffer, which is on 
the wearable sensor device, with a second set of time-depen 
dent sensor readings from the at least one sensor on the 
wearable sensor device is detected. Time-dependent sensor 
readings from the first buffer and the second buffer are com 
pared to one another up to the predefined position. In response 
to a partial match of the first set of time-dependent sensors 
readings up to the predefined position and the second set of 
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time-dependent sensors readings sensor readings reaching a 
predefined match level, an alert is issued to the wearer of the 
wearable sensor device. 

0005. In one embodiment of the present invention, a wear 
able sensor device is integrated into a sports helmet. The 
wearable sensor device comprises: a physiological sensor, 
wherein the physiological sensor detects a biological state of 
the wearer of the sports helmet; an accelerometer sensor, 
wherein the accelerometer sensor detects a change in Velocity 
of the protective sports helmet; a first buffer for storing a first 
set of time-dependent sensor readings, wherein the first buffer 
is communicatively coupled to the physiological sensor and 
the accelerometer sensor, a receiver for receiving a first cog 
nitive impairment state signal, wherein an observer of a 
wearer of the wearable sensor device sends the first cognitive 
impairment state signal in response to the observer observing 
(in one or more embodiments, Subjectively) an impairment to 
a cognitive state of the wearer of the wearable sensor device: 
a data insertion logic for inserting a cognitive impairment 
state marker at a predefined position in the first buffer in 
response to the wearable sensor device receiving the first 
cognitive impairment state signal; a second buffer, wherein 
the second buffer initiates loading of a second set of time 
dependent sensor readings from the physiological sensor and 
the accelerometer sensor, a hardware comparator for compar 
ing time-dependent sensor readings from the first buffer and 
the second buffer up to the predefined position; and an alert 
generator that issues an alert to the wearer of the wearable 
sensor device in response to a partial match of the first set of 
time-dependent sensors readings up to the predefined posi 
tion and the second set of time-dependent sensors readings 
sensor readings reaching a predefined match level. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

0006 FIG. 1 depicts an exemplary system and network in 
which the present disclosure may be implemented; 
0007 FIG. 2 illustrates an exemplary Impaired Cognitive 
State Predictor (ICSP) architecture in accordance with one or 
more embodiments of the present invention; 
0008 FIG.3 depicts an exemplary wearable sensor device 
that is integrated into a sports helmet for monitoring physi 
ological and physical conditions related to the sports helmet 
and its wearer; 
0009 FIG. 4 illustrates an exemplary wrist-wearable sen 
Sor device for sensing user physiological and/or other condi 
tions of a wearer of the device; 
0010 FIG.5 depicts a wearer of the wrist-wearable sensor 
device illustrated in FIG. 4 while speaking before an interac 
tive audience; 
0011 FIG. 6 illustrates a high-level block diagram of an 
exemplary networked system used in the embodiment 
depicted in FIG. 5; and 
0012 FIG. 7 is a high-level flowchart of one or more steps 
performed by one or more processors to guide evasive actions 
for avoiding effects of an impaired cognitive state. 

DETAILED DESCRIPTION 

0013 The present invention may be a system, a method, 
and/or a computer program product. The computer program 
product may include a computer readable storage medium (or 
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media) having computer readable program instructions 
thereon for causing a processor to carry out aspects of the 
present invention. 
0014. The computer readable storage medium can be a 
tangible device that can retain and store instructions for use 
by an instruction execution device. The computer readable 
storage medium may be, for example, but is not limited to, an 
electronic storage device, a magnetic storage device, an opti 
cal storage device, an electromagnetic storage device, a semi 
conductor storage device, or any Suitable combination of the 
foregoing. A non-exhaustive list of more specific examples of 
the computer readable storage medium includes the follow 
ing: a portable computer diskette, a hard disk, a random 
access memory (RAM), a read-only memory (ROM), an eras 
able programmable read-only memory (EPROM or Flash 
memory), a static random access memory (SRAM), a por 
table compact disc read-only memory (CD-ROM), a digital 
versatile disk (DVD), a memory stick, a floppy disk, a 
mechanically encoded device Such as punch-cards or raised 
structures in a groove having instructions recorded thereon, 
and any suitable combination of the foregoing. A computer 
readable storage medium, as used herein, is not to be con 
Strued as being transitory signals perse, such as radio waves 
or other freely propagating electromagnetic waves, electro 
magnetic waves propagating through a waveguide or other 
transmission media (e.g., light pulses passing through a fiber 
optic cable), or electrical signals transmitted through a wire. 
0015 Computer readable program instructions described 
herein can be downloaded to respective computing/process 
ing devices from a computer readable storage medium or to 
an external computer or external storage device via a network, 
for example, the Internet, a local area network, a wide area 
network and/or a wireless network. The network may com 
prise copper transmission cables, optical transmission fibers, 
wireless transmission, routers, firewalls, Switches, gateway 
computers and/or edge servers. A network adapter card or 
network interface in each computing/processing device 
receives computer readable program instructions from the 
network and forwards the computer readable program 
instructions for storage in a computer readable storage 
medium within the respective computing/processing device. 
0016 Computer readable program instructions for carry 
ing out operations of the present invention may be assembler 
instructions, instruction-set-architecture (ISA) instructions, 
machine instructions, machine dependent instructions, 
microcode, firmware instructions, state-setting data, or either 
Source code or object code written in any combination of one 
or more programming languages, including an object ori 
ented programming language such as Smalltalk, C++ or the 
like, and conventional procedural programming languages, 
Such as the “C” programming language or similar program 
ming languages. The computer readable program instructions 
may execute entirely on the user's computer, partly on the 
user's computer, as a stand-alone software package, partly on 
the user's computer and partly on a remote computer or 
entirely on the remote computer or server. In the latter sce 
nario, the remote computer may be connected to the user's 
computer through any type of network, including a local area 
network (LAN) or a wide area network (WAN), or the con 
nection may be made to an external computer (for example, 
through the Internet using an Internet Service Provider). In 
Some embodiments, electronic circuitry including, for 
example, programmable logic circuitry, field-programmable 
gate arrays (FPGA), or programmable logic arrays (PLA) 
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may execute the computer readable program instructions by 
utilizing state information of the computer readable program 
instructions to personalize the electronic circuitry, in order to 
perform aspects of the present invention. 
0017 Aspects of the present invention are described 
herein with reference to flowchart illustrations and/or block 
diagrams of methods, apparatus (systems), and computer pro 
gram products according to embodiments of the invention. It 
will be understood that each block of the flowchart illustra 
tions and/or block diagrams, and combinations of blocks in 
the flowchart illustrations and/or block diagrams, can be 
implemented by computer readable program instructions. 
0018. These computer readable program instructions may 
be provided to a processor of a general purpose computer, 
special purpose computer, or other programmable data pro 
cessing apparatus to produce a machine, such that the instruc 
tions, which execute via the processor of the computer or 
other programmable data processing apparatus, create means 
for implementing the functions/acts specified in the flowchart 
and/or block diagram block or blocks. These computer read 
able program instructions may also be stored in a computer 
readable storage medium that can direct a computer, a pro 
grammable data processing apparatus, and/or other devices to 
function in a particular manner, Such that the computer read 
able storage medium having instructions stored therein com 
prises an article of manufacture including instructions which 
implement aspects of the function/act specified in the flow 
chart and/or block diagram block or blocks. 
0019. The computer readable program instructions may 
also be loaded onto a computer, other programmable data 
processing apparatus, or other device to cause a series of 
operational steps to be performed on the computer, other 
programmable apparatus or other device to produce a com 
puter implemented process. Such that the instructions which 
execute on the computer, other programmable apparatus, or 
other device implement the functions/acts specified in the 
flowchart and/or block diagram block or blocks. 
0020. The flowchart and block diagrams in the Figures 
illustrate the architecture, functionality, and operation of pos 
sible implementations of systems, methods, and computer 
program products according to various embodiments of the 
present invention. In this regard, each block in the flowchart 
or block diagrams may represent a module, segment, or por 
tion of instructions, which comprises one or more executable 
instructions for implementing the specified logical function 
(s). In some alternative implementations, the functions noted 
in the block may occur out of the order noted in the figures. 
For example, two blocks shown in Succession may, in fact, be 
executed Substantially concurrently, or the blocks may some 
times be executed in the reverse order, depending upon the 
functionality involved. It will also be noted that each block of 
the block diagrams and/or flowchart illustration, and combi 
nations of blocks in the block diagrams and/or flowchart 
illustration, can be implemented by special purpose hard 
ware-based systems that perform the specified functions or 
acts or carry out combinations of special purpose hardware 
and computer instructions. 
0021. With reference now to the figures, and in particular 
to FIG. 1, there is depicted a block diagram of an exemplary 
system and network that may be utilized by and/or in the 
implementation of the present invention. Note that some or all 
of the exemplary architecture, including both depicted hard 
ware and software, shown for and within computer 102 may 
be utilized by software deploying server 150 and/or a wear 
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able sensor device 152, as well as impairment signal trans 
mitters 506 shown in FIG. 5 and FIG. 6, and/or monitoring 
system 602 shown in FIG. 6. 
0022 Exemplary computer 102 includes a processor 104 
that is coupled to a system bus 106. Processor 104 may utilize 
one or more processors, each of which has one or more 
processor cores. A video adapter 108, which drives/supports 
a display 110, is also coupled to system bus 106. System bus 
106 is coupled via a bus bridge 112 to an input/output (I/O) 
bus 114. An I/O interface 116 is coupled to I/O bus 114. I/O 
interface 116 affords communication with various I/O 
devices, including a keyboard 118, a mouse 120, a media tray 
122 (which may include storage devices such as CD-ROM 
drives, multi-media interfaces, etc.), a wireless signal trans 
ceiver 124 (e.g., a near field radio frequency transceiver, a 
Wi-Fi transceiver, etc.), and external USB port(s) 126. While 
the format of the ports connected to I/O interface 116 may be 
any known to those skilled in the art of computerarchitecture, 
in one embodiment some or all of these ports are universal 
serial bus (USB) ports. 
0023. As depicted, computer 102 is able to communicate 
with a software deploying server 150, using a network inter 
face 130. Network interface 130 is a hardware network inter 
face, such as a network interface card (NIC), etc. Network 
128 may be an external network such as the Internet, or an 
internal network such as an Ethernet or a virtual private net 
work (VPN). 
0024. A hard drive interface 132 is also coupled to system 
bus 106. Hard drive interface 132 interfaces with a hard drive 
134. In one embodiment, hard drive 134 populates a system 
memory 136, which is also coupled to system bus 106. Sys 
tem memory is defined as a lowest level of volatile memory in 
computer 102. This volatile memory includes additional 
higher levels of Volatile memory (not shown), including, but 
not limited to, cache memory, registers and buffers. Data that 
populates system memory 136 includes computer 102’s oper 
ating system (OS) 138 and application programs 144. 
0025 OS 138 includes a shell 140, for providing transpar 
ent user access to resources such as application programs 144. 
Generally, shell 140 is a program that provides an interpreter 
and an interface between the user and the operating system. 
More specifically, shell 140 executes commands that are 
entered into a command line user interface or from a file. 
Thus, shell 140, also called a command processor, is gener 
ally the highest level of the operating system software hier 
archy and serves as a command interpreter. The shell provides 
a system prompt, interprets commands entered by keyboard, 
mouse, or other user input media, and sends the interpreted 
command(s) to the appropriate lower levels of the operating 
system (e.g., a kernel 142) for processing. Note that while 
shell 140 is a text-based, line-oriented user interface, the 
present invention will equally well Support other user inter 
face modes, such as graphical, Voice, gestural, etc. 
0026. As depicted, OS 138 also includes kernel 142, 
which includes lower levels of functionality for OS 138, 
including providing essential services required by other parts 
of OS 138 and application programs 144, including memory 
management, process and task management, disk manage 
ment, and mouse and keyboard management. 
0027 Application programs 144 include a renderer, 
shown in exemplary manner as a browser 146. Browser 146 
includes program modules and instructions enabling a world 
wide web (WWW) client (i.e., computer 102) to send and 
receive network messages to the Internet using hypertext 
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transfer protocol (HTTP) messaging, thus enabling commu 
nication with software deploying server 150 and other com 
puter systems. 
0028 Application programs 144 in computer 102’s sys 
tem memory (as well as software deploying server 150's 
system memory) also include a Cognitive Impairment Event 
Avoidance Logic (CIEAL) 148. CIEAL 148 includes code for 
implementing the processes described below, including those 
described in FIGS. 2-7. In one embodiment, computer 102 is 
able to download CIEAL 148 from software deploying server 
150, including in an on-demand basis, wherein the code in 
CIEAL 148 is not downloaded until needed for execution. 
Note further that, in one embodiment of the present invention, 
software deploying server 150 performs all of the functions 
associated with the present invention (including execution of 
CIEAL 148), thus freeing computer 102 from having to use its 
own internal computing resources to execute CIEAL 148. 
0029. Note that computer 102 is connected to a power 
Supply 151 used to power various components within com 
puter 102 and/or connected components (e.g., elements 110. 
118, 126, 128, etc.) In various embodiments, power supply 
151 may be a solar cell, a battery (rechargeable or non 
rechargeable), a public utility power grid that is accessible via 
a wall Socket, a local limited Supply source (e.g., a local 
fuel-powered generator), etc. 
0030 Note that the hardware elements depicted in com 
puter 102 are not intended to be exhaustive, but rather are 
representative to highlight essential components required by 
the present invention. For instance, computer 102 may 
include alternate memory storage devices Such as magnetic 
cassettes, digital versatile disks (DVDs), Bernoulli car 
tridges, and the like. These and other variations are intended 
to be within the spirit and scope of the present invention. 
0031. As a high-level overview of one or more embodi 
ments of the present invention, the present invention takes 
three steps. The first step is to capture sensor readings that 
describe circumstantial environments of a wearer of a sensor 
device, and to store them in a buffer. Thereafter (the second 
step), an observer (in one or more embodiments a human 
observer) of the wearer of the sensor device, in response to 
observing an impairment to the cognitive state of the wearer 
of the sensor device, takes some action, which results in a 
marker being placed in the buffer. Thereafter (the third step), 
if the wearer of the sensor device repeats actions that lead to 
sensor readings matching those found in the first buffer, then 
an alert is given to the wearer to take evasive actions to avoid 
the effects of again experiencing the impaired cognitive state 
that resulted from the circumstantial environments captured 
in the first step. 
0032. With reference now to FIG. 2, an exemplary 
Impaired Cognitive State Predictor (ICSP) architecture 200 is 
presented in accordance with one or more embodiments of 
the present invention. Note that the ICSP architecture 200 and 
data generated by the ICSP architecture is secret. That is, 
predictions of current or future cognitive states are presented 
only to the user that generated the sensor readings described 
herein and/or experiences the specific cognitive state that 
follows these sensor readings. Only with the express approval 
of the user (i.e., wearer of the wearable sensor device 
described herein) will such readings/states be shared with 
others. 

0033. Note that in one embodiment the ICSP architecture 
200 also includes multiple components found in FIG. 1 (e.g., 
computer 102, wearable sensor device 152, etc.). Further 
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more, in one embodiment, the continuous circular buffer(s) 
202, the push data matrix 204, and/or the accumulation data 
matrix 206 shown in FIG.2 and/or components shown in FIG. 
1 are all within the wearable sensor device 152. In one or more 
other embodiments, the continuous circular buffer(s) 202 are 
within the wearable sensor device, but the push data matrix 
204 and/or accumulation data matrix 206 are stored in a 
hardware storage device (e.g., system memory 136 and/or 
hard drive 134 shown in FIG. 1) on a remote computer, such 
as computer 102 shown in FIG. 1. 
0034 Wearable sensor device 152 includes one or more 
sensor(s) 208. In one embodiment, each of the sensor(s) 208 
are 'smart sensors', that include processing logic that is able 
to detect, record, and quantify what is being sensed. That is, 
each of the sensor(s) 208 is 1) able to detect a particular 
physical event (heat, noise, biometrics, etc.); 2) quantify the 
level of that particular physical event (e.g., how high the heat 
is, what the duration/intensity of the noise is, what the specific 
readings of the biometric is, etc.); 3) convert that level into a 
digital value; and/or 4) send that digital value to the continu 
ous circular buffer(s) 202. In one embodiment, these func 
tions are performed by dedicated hardware logic, which takes 
digital readings from the sensors, compares the digital read 
ings to known ranges in order to establish the digital value, 
and then transmits (e.g., by a wireless digital signal transmit 
ter) the digital value to the continuous circular buffer(s) 202, 
which then (responsive to a “push’ signal) send the stored 
digital values from the continuous circular buffer(s) 202 to a 
local matrix within the wearable sensor device 152 or to a 
remote matrix in a remote computer (e.g., computer 102 
shown in FIG. 1). In either embodiment, the system can use a 
near field network to send the digital value to a local storage 
within the wearable sensor device 152, or to a remote device, 
Such as a Smart phone held by the user, or to a server on a 
cloud, etc. (e.g., using a Wi-Fi signal). 
0035. Note that in one or more embodiments of the present 
invention, data stored in the continuous circular buffer(s) 202 
is time-based. For example, data found in buffer cell 220a is 
received before data that is received and stored in buffer cell 
220b, which stores data that is received before data that is 
received and stored in buffer cell 220c, etc. Thus, the data 
stored in continuous circular buffer(s) 202 (and thus the push 
data matrix 204) is “time-based'. 
0036. In one embodiment, sensor(s) 208 include physi 
ological sensors, which are defined as sensors that are able to 
detect physiological states of a person. In one embodiment, 
these sensors are attached to the person via the wearable 
sensor device 152. Example of such sensors include, but are 
not limited to, a heart monitor, a blood pressure cuff/monitor 
(sphygmomanometer), a galvanic skin conductance monitor, 
an electrocardiography (ECG) device, an electroencephalog 
raphy (EEG) device, etc. That is, in one embodiment, the 
sensor(s) 208 are biometric sensors that measure physiologi 
cal functions, of the wearer, which are not musculoskeletal. 
0037. In one embodiment, sensor(s) 208 detect and/or 
measure musculoskeletal bodily acts of the user, such as 
facial expressions (e.g., Smiles, frowns, furrowed brows, 
etc.), body movements (e.g., walking gait, limps, stride 
length, stride speed, etc.), etc. Facial expressions may be 
detected by muscle movement sensors on eyeglasses, cam 
eras on “smart glasses', etc. Body movements may be 
detected by motion detectors, stride counters, Strain gauges in 
clothing, etc. 
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0038. In one embodiment, sensor(s) 208 include speech 
content analyzers. In this embodiment, the sensor(s) 208 
includes a speech-to-text converter, which then examines the 
text for certain keywords, speech pattern, etc. That is, the 
speech-to-text converter converts spoken words into written 
text, which can then be examined in order to identify certain 
predefined keywords, speech pattern, etc. The presence (or 
absence) of Such keywords, speech pattern, etc. is then used 
by logic (e.g. CIEAL 148 in FIG. 1) to ascertain the nature of 
the speech, which may lead to a warning of a future cognitive 
impairment state of the user (as described herein). 
0039. In one embodiment, sensor(s) 208 include speech 
content analyzers. In this embodiment, the sensor(s) 208 
includes a speech-to-text converter, which then examines the 
text for certain features. These features may include the con 
struction of graphs representing structural elements of speech 
based on a number of alternatives, such as Syntactic value 
(article, noun, Verb, adjective, etc.), or lexical root (run/ran/ 
running) for the nodes of the graph, and text proximity for the 
edges of the graph. Graph features such as link degree, clus 
tering, loop density, centrality, etc., representing speech topo 
logical structure are also therefore included. Similarly, 
semantic vectors may be extracted from the text as features, 
using systems such as that provided by a Latent Semantic 
Analysis, WordNet, etc. These methods allow the computa 
tion of a distance between words and specific concepts (e.g. 
introspection, anxiety, depression). Such that the text can be 
transformed into features representing a field of distances to a 
concept, a field of fields of distances to the entire lexicon, or 
a field of distances to other texts including books, essays, 
chapters and textbooks. The syntactic and semantic features 
may then be combined either as a “bag of features” or as 
integrated fields, such as the Potts model. Similarly, locally 
embedded graphs may be constructed, so that a trajectory in a 
high-dimensional feature space is computed for each text. 
This trajectory is used as a measure of coherence of the 
speech, as well as a measure of distance between speech 
trajectories using methods such as Dynamic Time Warping. 
0040. In one embodiment, sensor(s) 208 include speech 
inflection analyzers. In this embodiment, the sensor(s) 208 
compare voice patterns with known Voice patterns (pitch, 
timing, tremor, etc.) of the user, in order to identify certain 
emotions such as stress, relaxation, alertness, sleepiness, and 
other cognitive states. The presence (or absence) of Such 
voice patterns is then used by logic (e.g. CIEAL 148 in FIG. 
1) to ascertain the current emotional state of the user, which 
may lead to a warning of a future cognitive impairment state 
of the user (as described herein). 
0041. In one embodiment, sensor(s) 208 include environ 
mental sensors, such as an air thermometer, a microphone, a 
barometer, a light sensor, a moisture sensor, etc. In this 
embodiment, sensor(s) 208 are able to detect ambient (within 
the proximity of the user) environmental conditions, such as 
rain, various light levels, Sound levels, air pressure, Sound 
(e.g., noise, music, spoken words, etc.), etc. 
0042. In one embodiment, sensor(s) 208 include acceler 
ometers, which measure acceleration and/or deceleration 
forces as an object accelerates (i.e., increases speed) and/or 
decelerates (i.e., slows down and/or stops). These accelera 
tion/deceleration forces may be abrupt, particularly the decel 
eration forces that occur when a moving object Strikes another 
object, which may be fixed, moving in a direction opposite 
that of the first object, or is moving in the same direction as the 
first object but at a slower speed. 
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0043. As described herein, values stored in the continuous 
circular buffer(s) 202 are sent to the push data matrix 204 in 
response to a “push” event. In one embodiment, the “push 
event occurs in response to an observer observing a wearer of 
the wearable sensor device 152 exhibiting an impaired cog 
nitive state. That is, as soon as the observer “feels” (i.e., 
subjectively determines) that the wearer is in a particular 
impaired cognitive state (e.g., is boring, is unfocused, is dis 
oriented, etc.), then the observer issues a “push” command, 
causing the contents of the continuous circular buffer(s) 202 
to be loaded into the push data matrix 204. Note that in one or 
more embodiments of the present invention, the actions taken 
by the observer are based on the observer's subjective impres 
sions, which are not based on clinical evidence. That is, the 
observations are not on unimpeachable scientific evidence of 
a particular pathology (e.g., an MRI that clearly shows dam 
age to a cognition component of the brain), but rather are the 
subjective observations of the observer. Thus, one observer 
may view the wearer (person who is wearing the wearable 
sensor device 152) as being “fascinating or “alert, while 
another observer may view the same wearer as being "boring 
or “disoriented”. Thus, the observers’ observations are purely 
subjective in this embodiment, and are not directly correlated 
to any scientific/clinical facts Supporting an impression of a 
specific cognitive impairment state. 
0044 Thus, in one or more embodiments of the present 
invention, sensor readings from sensor(s) 208 are buffered in 
the continuous circular buffer(s) 202. Continuous circular 
buffer(s) 202 are buffers that allow data to be stored in any 
location/cell within the buffer. Unlike a linear buffer (such as 
a First In First Out FIFO buffer), a circular buffer allows 
“stale' data to be replaced with “fresh' data without shifting 
the location of existing data in other cells within the buffer. In 
one embodiment, continuous circular buffer(s) 202 is com 
posed of multiple circular buffers 210a-210c (where 'c' is an 
integer). In one embodiment, each of the circular buffers 
210a-210c is devoted to storing readings from a specific 
sensor from sensor(s) 208. 
0045. For example, assume that circular buffer 210a is 
devoted to storing readings from a sensor 208 that measures a 
heart rate of the user. When data from circular buffer 210a is 
sent to push data matrix 204, it is stored in the unrolled buffer 
shown as b1. Assume further that circular buffer 210b is 
devoted to storing readings from a sensor 208 that measures 
an ambient light level where the user is located. When data 
from circular buffer 210b is sent to push data matrix 204, it is 
stored in the unrolled buffer shown as b2. Assume further that 
circular buffer 210c is devoted to storing readings from a 
sensor 208 that measures speech patterns of the user. When 
data from circular buffer 210c is sent to push data matrix 204, 
it is stored in the unrolled buffer shown as b3. Thus, readings 
from a particular sensor are stored in a particular circular 
buffer as well as a particular unrolled (linear) buffer in a 
buffer matrix. 
0046) Note that while the present disclosure presents con 
tinuous circular buffer(s) 202 as a single circle, other circular 
buffers having multiple interlocking circular buffers are con 
templated as being within the scope of the present invention. 
0047. As described herein, data is sent from the continu 
ous circular buffer(s) 202 to the push data matrix 204 in 
response to a “push' being initiated by an observer of the 
wearer of the wearable sensor device 152 observing a par 
ticular impaired cognitive state of the wearer. Note that in one 
embodiment, these observations are purely subjective. That 
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is, the perception of a particular impaired cognitive state is 
Subjective and unique to that observer. For example, one 
observer may determine that the wearer of the wearable sen 
sor device 152 is experience the cognitive state of “lucid and 
interesting when sensor(s) 208 detect a particular pattern of 
conditions (physiological, temporal, environmental, etc.). 
However, another observer may determine that the wearer of 
the wearable sensor device 152 is being “disorganized and 
boring when sensor(s) 208 detect this same particular pat 
tern of conditions for this same wearer. Thus, each observer 
may respond differently to the wearer when the same set/ 
pattern of conditions occurs. In order to address this subjec 
tive variation among multiple observers, in one embodiment 
a smoothing function is used to “smooth out the observations 
from the observers of the wearer of the wearable sensor 
device 152, in order to come to an approximation of data that 
represents overall patterns of the observations, while elimi 
nating outlier (i.e., out-of-bound, anomalous) observations 
that are unwarranted/unsupported. Examples of such smooth 
ing functions/algorithms/filters include, but are not limited to, 
additive Smoothing algorithms, Kalman filters, least-squares 
fitting of polynomials (representing the Subjective observa 
tions) algorithms, moving averages, exponential Smoothing 
(to reduce random fluctuations in time series data), curve 
fitting of observational data, numerical Smoothing and differ 
entiation, etc. 
0048 For example, assume that an observer has made 
multiple past observations of the wearer of the wearable 
sensor device 152, and that the observations have varied not 
only due to the various states of the wearer (i.e., impairments 
of the wearer's cognitive state), but also to various states of 
the observer (i.e., the observer is hyper-alert, is sluggish, is 
angry, etc.), which affect whether or not the observer deter 
mines that there is an impairment to the cognitive state of the 
wearer of the wearable sensor device 152. Thus, in this 
embodiment, the observer of the wearer of the wearable sen 
Sor device sends multiple cognitive impairment state signals 
in response to the observer subjectively observing multiple 
instances of the impairment to the cognitive state of the 
wearer of the wearable sensor device, and the multiple cog 
nitive impairment state signals are generated in response to 
the observer making multiple observations of the impairment 
to the cognitive state of the wearer of the wearable sensor 
device. In one embodiment, one or more processors apply a 
Kalman filter to the multiple observations of the impairment 
to the cognitive state of the wearer of the wearable sensor 
device. This Kalman filter uses a linear quadratic estimation 
to recursively remove anomalous observations from the mul 
tiple observations to generate a (in one embodiment, trusted) 
observation of the impairment to the cognitive state of the 
wearer of the wearable sensor device (i.e., wearable sensor 
device 152). An exemplary Kalman algorithm used for this 
determination is: 

3. Fix-1+Bat--w 

where x is the (trusted) observation of the impairment to the 
cognitive state of the wearer of the wearable sensor device, 
F is a predefined State transition model that is applied to a 
previous state X of observed impairments to the cognitive 
state of the wearer of the wearable sensor device, 
B is a predefined control-input model that is applied to a 
control vector u, and 
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w is erroneous observation noises that are drawn from a 
multivariate normal distribution Q, wherein w is approxi 
mately equal to the set of numbers N from Zero to Q (N(0, 
Q)). 
0049 Continuing now with reference to FIG. 2, in 
response to observing a particular cognitive impairment state, 
the observer will initiate a “push” of data from the continuous 
circular buffer(s) 202 to the push data matrix 204, which is 
stored on a hardware storage device. As shown in FIG. 2, the 
cognitive impairment state 212 is represented by a digital 
value that is sent to the push data matrix 204. This digital 
value identifies a particular cognitive impairment state of the 
wearer of the wearable sensor device 152, which is defined by 
an observer of the wearer, Such that precursive readings from 
the sensor(s) 208 are associated with a Subsequent and spe 
cific cognitive impairment state and/or other related events 
(e.g., “benching a sports player). 
0050. In one embodiment, the particular cognitive impair 
ment state that is associated with specific precursive events 
(detected by the sensor(s) 208) is described by the wearer's 
own words and/or by the observer's own words. In another 
embodiment, the particular cognitive impairment state is 
selected from a menu or is otherwise predefined. 
0051 Continuing now with FIG. 2, assume that data from 
continuous circular buffer(s) 202 is continuously sent to accu 
mulation data matrix 206. In this embodiment, accumulation 
data matrix 206 takes continuous readings from the continu 
ous circular buffer(s) 202. However, each set of data that has 
been pushed to the push data matrix 204 is nonetheless iden 
tified within the accumulation data matrix 206. For example, 
data that was pushed to push data matrix 204 at the time of a 
“PUSH-A' is identified by block 214a: data that was pushed 
to push data matrix 204 at the time of a “PUSH-B' is identi 
fied by block 214b; and data that was pushed to push data 
matrix 204 at the time of a “PUSH-C is identified by block 
214C. 

0.052 Data from blocks 214a-214c are then used to deter 
mine a Push Triggered Average (PTA), shown as push average 
matrix 216. Push average matrix 216 is calculated (e.g., by 
CIEAL 148 shown in FIG. 1) as one-third (assuming that 
three pushes occurred) of the sum of the values stored in each 
cell of the pushed buffers. That is, assume that a push results 
in three columns of nine cells. The values in the upper left cell 
in each of the blocks 214a-214c are summed together, divided 
by three, and the quotient (i.e., average) is then stored in the 
upper left cell of the push average matrix 216. Other cells in 
the 214a-214c are similarly summed together, divided by 
three, and their quotients (i.e., averages) are then stored in the 
corresponding cell of the push average matrix 216. This PTA 
(push average matrix 216) is then used as a “fuzzy” reference 
for new values pushed from the continuous circular buffer(s) 
202. That is, PTA (push average value 216) provides a mean 
average for each of the sensed parameters. Ranges around 
these mean values (above and below) are predetermined. Such 
that when values from the continuous circular buffer(s) 202 
laterfall within these ranges, a prediction can be made that the 
wearer will again experience (or is currently experiencing) 
the particular cognitive impairment state. 
0053. In one embodiment, a buffer data matrix 218 is 
generated from a single buffer in the push data matrix 204. For 
example, consider buffer b1 from push data matrix 204. 
Assume that buffer b1 contains data from continuous circular 
buffer 210a that describe the heart rate of the user who is 
wearing the wearable sensor device 152. As depicted, b1 is 
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broken down into three rows, r1-r3, in order to create the 
buffer data matrix 218. Buffer data matrix 218 is then used in 
a manner similar to that described herein for push data 
matrixes. That is, rather than require a push data matrix from 
multiple sensors, pushed (or alternatively, non-pushed but 
rather continuously streamed) data from a single sensor is 
converted into a matrix (buffer data matrix 218), which is then 
used to warn of an impending cognitive impairment state of 
the wearer by comparing this buffer data matrix 218 to known 
single-sensor data matrixes that are precursive to the particu 
lar cognitive impairment state of the user. 
0054) Note that while, as the name suggests, wearable 
sensor device 152/352/452/552 is presented as a wearable 
sensor device, in one or more embodiments the wearable 
sensor device 152/352/452/552 is a device that is simply 
proximate to, although not necessarily worn by, a user, Such 
that ambient conditions, including biophysical traits of the 
user (e.g., frowns, Smiles, flushed skin, etc.) are still sensed by 
sensors, such as sensors 208. 
0055. In one embodiment, the wearable sensor device is 
integrated into a sport helmet. For example, as shown in FIG. 
3, an exemplary wearable sensor device 352 is integrated into 
a sports helmet 300 for monitoring physiological and physi 
cal conditions related to the sports helmet and its wearer. One 
or more components of the exemplary wearable sensor device 
352 are powered by a local battery 351 and/or an equivalent 
power source (e.g., a Solar cell). 
0056. In one embodiment, the wearable sensor device 352 
includes one or more biometric sensor(s) 308, which measure 
physiological states (i.e., perspiration, skin temperature, eye 
flutter, Voice articulations such as grunts of pain, etc.) of the 
wearer, similar to the sensors 208 described above. In addi 
tion, the wearable sensor device 352 includes an accelerom 
eter 306. The accelerometer 306, which may be any known 
electro-mechanical device that measures acceleration, 
including rapid deceleration, detects whether the helmet 300 
has been subjected to a sharp blow (as indicated by a sudden 
acceleration/deceleration detected by the accelerometer 306), 
initiated by the wearer or by another player. Note that any 
blow that occurs when the player is not actually wearing the 
helmet 300 (e.g., while being transported to the game, if 
jostled within a gym bag, etc.) is irrelevant to the cognitive 
state of the athlete. Thus, in one embodiment the battery 351 
is only connected when the athlete puts on the helmet 300. 
This selective powering on/off may be from a sensor switch 
(not shown, but within the interior lining of the helmet 300), 
a manual Switch (also not shown), etc. 
0057. A processor 304 processes readings from the bio 
metric sensor(s) 308 and/or the accelerometer 306 by loading 
them into buffer(s) 302, which in one embodiment have the 
same architecture and function as the continuous circular 
buffer(s) 202 shown in FIG. 2. 
0.058 A data I/O port 326 (which in one embodiment has 
a same architecture as USB port(s) 126 shown in FIG. 1) is 
able to 1) download data from the buffer(s)302, and 2) upload 
markers into the buffer(s) 302. 
0059. Thus, in the embodiment of the present invention in 
which a wearable sensor device 352 is integrated into a sports 
helmet 302, the wearable sensor device 352 includes a physi 
ological sensor Such as one or more of the biometric sensor(s) 
308. These biometric/physiological sensors detect a biologi 
cal state of the wearer of the sports helmet 302, such as his/her 
heart rate, perspiration level, skin temperature, EEG and/or 
EKG, oxygen saturation level, etc. In this embodiment, the 
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wearable sensor device 352 also includes an accelerometer 
sensor, such as accelerometer 306. This accelerometer sensor 
detects a change in Velocity (e.g., a crash into another players 
helmet, striking the ground or other immovable object, etc.). 
0060 Also part of the wearable sensor device 352 is a first 
buffer (i.e., one of the buffer(s) 302 shown in FIG. 3). This 
first buffer (which in one embodiment is implemented as a 
dedicated hardware storage device “hardware buffer') is 
communicatively coupled to the physiological sensor (bio 
metric sensor(s) 308) and the accelerometer sensor (acceler 
ometer 306), and thus is able to store a first set of time 
dependent sensor readings (i.e., sensor readings from the 
biometric sensor(s) 308 and/or the accelerometer 306 which 
are retrieved/recorded in linear time (sequentially)). 
0061. The wearable sensor device 352 also includes a 
receiver (e.g., part of transceiver 310) for receiving a first 
cognitive impairment state signal. That is, when an observer 
of a wearer of the wearable sensor device (wearable sensor 
device 352 integrated into helmet 302) subjectively observes 
an impairment to a cognitive state of the wearer of the wear 
able sensor device/helmet, the observer sends the first cogni 
tive impairment state signal to the transceiver 310. A data 
insertion logic (e.g., part of processor 304) then inserts a 
cognitive impairment state marker at a predefined position in 
the first buffer. 

0062. Thereafter, a second buffer (i.e., one of the buffer(s) 
302, and which may be the same as the first buffer if steps are 
taken to clear and save data from the first buffer for further 
use), initiates loading of a second set of time-dependent sen 
Sor readings from the physiological sensor and the acceler 
ometer sensor. For example assume that the wearer of the 
helmet 302 is a contact sport (e.g., American football) player. 
The first buffer may store data from the biometric sensor(s) 
308 and/or the accelerometer 306 taken during a first game. 
Thereafter, the second buffer may store data from biometric 
sensor(s) 308 and/or the accelerometer 306 taken during a 
later game (e.g., played the following week). 
0063. That is, assume that the first buffer contains the 
following sensor readings from the biometric sensor(s) 308 
(identified as “Bx') and the accelerometer 306 (identified as 
“Ax'): B1, B2, B3, A1, A2, A3. As described herein, “Bx” and 
“AX’ are time-dependent, meaning that they are stored in the 
first buffer as they are generated by their respective sensors. 
For purposes of illustration, assume then that the cognitive 
impairment state marker (identified as “I”) is placed after 
“Bx' and “Ax', thus giving the temporal sequence of: B1, B2, 
B3, A1, A2, A3, I. 
0064 Ahardware comparator (e.g., part of processor 304) 
then compares time-dependent sensor readings from the first 
buffer up to the predefined position with time-dependent sen 
Sor readings from the second buffer. For example, assume 
again that the first buffer contains the sensor readings B1, B2, 
B3, A1, A2, A3, which are stored before the cognitive impair 
ment state marker I. Assume also that the second buffer con 
tains the sensor readings B1, B2, A1, A2. Although B1, B2, 
A1, A2 is not the same as B1, B2, B3, A1, A2, A3, the present 
invention recognizes that the wearer is taking actions that 
have a similar pattern as those recorded during the last game. 
Thus, the present invention provides an “intervention' with 
the wearer of the helmet, giving the wearer the opportunity to 
perform evasive actions (i.e., stop tackling with his helmet, 
being less aggressive, etc.) to avoid reaching the pattern B1, 
B2, B3, A1, A2, A3, which prompted the earlier signal (and 
thus cognitive impairment state marker I) from the observer. 
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0065. Note that in one embodiment of the present inven 
tion, the cognitive impairment state marker I is also part of the 
precursive pattern that warns of an impending impaired cog 
nitive state. In this embodiment, the cognitive impairment 
state marker I functions as a warning during future activities. 
For example, the cognitive impairment state marker I, along 
with the sensor readings B1, B2, B3, A1, A2, A3, would 
produce a pattern of B1, B2, B3, A1, A2, A3, I. Assume that 
the pattern B1, B2, B3, A1, A2, A3 is recorded a subsequent 
event (meeting, sports game, etc.) for the wearer of the wear 
able sensor device. This newly-derived pattern B1, B2, B3, 
A1, A2, A3 will then cause the system to recognize “I” as the 
next data point, which causes a warning to be issued to the 
wearer of the wearable sensor device. That is, at this point, the 
wearer of the wearable sensor device may not be presenting 
evidence of an impaired cognitive state, either internally (i.e., 
the wearer of the wearable sensor device does not yet “feel 
the impaired cognitive state) or to another (i.e., the observer 
of the wearable sensor device does not perceive that the 
wearer of the wearable sensor device has entered into the 
impaired cognitive state). However, a warning, triggered by 
the “I” after the newly-recorded pattern of B1, B2, B3, A1, 
A2, A3, will give the wearer additional warning that an 
impaired cognitive state is impending. In one or more 
embodiments, this intervention signal (indicated by the cog 
nitive impairment state marker I) and/or the warning derived 
therefrom is used as part of the B predefined control-input 
model that is applied to a control vectoru in the Kalman filter 
described herein. 
0066. Thus, an alert generator (e.g., part of processor 304), 
in response to apartial match of the first set of time-dependent 
sensors readings up to the predefined position and the second 
set of time-dependent sensors readings sensor readings reach 
ing a predefined match level, issues an alert to the wearer of 
the wearable sensor device. That is, in the example presented 
above, if the second buffer stores the pattern B1, B2, A1, A2, 
then a predefined match level (e.g., 4 out of 6 of the sensor 
readings B1, B2, B3, A1, A2, A3) has been reached. This 
triggers the alert generator to send a signal to the wearer of the 
helmet, such as sending a color-coded signal to a multi-color 
light emitting diode (LED) device 312 mounted on the face 
guard 314 of the helmet 302. 
0067. If capable of selectively displaying different colors, 
the LED device 312 may turn yellow if the alert is to let the 
wearer know that continuing the same style of play will result 
in receiving a second cognitive impairment state signal from 
the observer. For example, this second cognitive impairment 
state signal may result in the player being prevented from 
further play, being required to take additional instruction, 
being required to Submit to a medical examination, etc. 
0068. Similarly, the LED device 312 may turn red if the 
alert advises the wearer of the wearable sensor device to take 
an evasive action that has been predetermined to avoid expe 
riencing an impairment to the cognitive state of the wearer. 
That is, if the player continues to play in the same manner, the 
red alert signal indicates to the wearer that continuing this 
style of play will result in the same impairment (e.g., disori 
entation, confusion, etc.) that was observed before. In one 
embodiment, the red alert signal may result in the player 
being immediately taken out of the game. 
0069. While the present invention has been described 
above in the context of a sporting event, in another embodi 
ment the present invention is applied to a non-sporting event. 
For example, in another embodiment, the wearable sensor 
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device is simply worn on the wrist. Thus, and with reference 
now to FIG. 4, consider the wearable sensor device 452, 
which is structurally similar to the wearable device 152 
shown in FIG. 2, and includes sensors such as sensor(s) 208, 
a power Supply (not shown), buffers (e.g., continuous circular 
buffer(s) 202), etc. needed for a wearable sensor device as 
presented herein. As shown, wearable sensor device 452 
(which may be worn on the wrist) includes a keypad 402. In 
one embodiment, keys on the keypad are pre-programmed for 
a particular cognitive state. For example, one of the keys may 
be for “boredom”. Thus, if the user is experiencing “bore 
dom', then the user pushing the button for “boredom' causes 
data from the continuous circular buffer(s) 202, along with a 
flag? signal that is associated with the cognitive impairment 
state 212 for “boredom” (and identified by pushing the key on 
keypad 402 for “boredom”), to be sent to the push data matrix 
204 in FIG. 2. Similarly, if the user is experiencing "anxiety'. 
then data from the continuous circular buffer(s) 202, along 
with a flag? signal that is associated with the cognitive impair 
ment state 212 for “anxiety” (and identified by pushing the 
key on keypad 402 for “anxiety'), is sent to the push data 
matrix 204 in FIG. 2 when the user pushes the "anxiety’ 
button on the keypad 402. Thus, if an observer of the wearer 
of the wearable sensor device 452 depicted in FIG. 4 decides 
that the wearer is exhibiting boredom or anxiety, this obser 
Vation can be confirmed by the wearer's own personal sensa 
tion. 

0070. Note that in one embodiment, the wearable sensor 
device 452 shown in FIG. 4 includes both biophysical (unique 
to the user) and ambient environmental sensors. More spe 
cifically, wearable sensor device 452 includes biometric sen 
sors that, depending on their structure, configuration, and/or 
positioning on the wearable sensor device 452, are able to 
monitor biometric conditions (e.g., blood pressure, heart rate, 
etc.), musculoskeletal motions (e.g., cameras that track a 
user's facial expressions, motion sensors that track a user's 
walking gait, etc.) and other biophysical features/conditions 
of the user, but also can track ambient environmental condi 
tions (e.g., local Sounds, light, moisture, air temperature, 
etc.). 
(0071. With reference now to FIG. 5, consider the scenario 
in which a wearer of the wrist-wearable sensor device is a 
person making a presentation (i.e., presenter 502) to an audi 
ence 504. Note that the presenter 502 is wearing a wearable 
sensor device 552, which has the same hardware and configu 
ration as the wearable sensor device 452 depicted in FIG. 4. 
During the presentation given by presenter 502, members of 
the audience are able to input cognition state impairment 
signals via impairment signal transmitters 506. For example, 
if one or more of the members of the audience 504 perceive 
that the presenter 502 is boring or anxious or otherwise doing 
poorly, then this information may be displayed on the pre 
senter's display 508 on his/her laptop 510. If only a few 
members of the audience feel that the presenter 502 is doing 
poorly, then the presenter 502 may still have time to salvage 
the presentation. However, and in accordance with a preferred 
embodiment of the present invention, if a threshold of the 
members of the audience 503 (e.g., 50%) indicate that the 
presenter 502 is doing poorly, then it is too late to salvage the 
current presentation. However, the presenter 502 still has 
useful data points for future presentations. That is, if the 
wearable sensor device 552 detects a similar pattern progres 
sion as that which ultimately led to the previous audiences 
negative response, then a signal on the presenter's display 508 

Jan. 14, 2016 

will offer Suggestions to avoid (execute avoidance actions) 
another poor performance. In one or more embodiments of 
the present invention, these suggestions are defined as part of 
the B predefined control-input model that is applied to a 
control vector u of the Kalman filter described herein. 
0072 For example, at the subsequent presentation, if the 
presenter 502 is once again moving about too much (as 
detected by sensors in the wearable sensor device 552), the 
presenter's display 508 may present a suggestion to “Stand 
Still'. That is, in the previous presentation, excessive move 
ment by the presenter 502 (i.e., pacing back and forth, exces 
sive hand/body gestures, etc.) led the previous audience to 
subjectively determine that the presenter 502 was “frenetic'. 
If the presenter 502 again displays such excessive movement 
during a Subsequent/current presentation, then the system 
will advise him/her to modulate his body movements (e.g., 
with the suggestion that he/she “Stand Still'). 
0073 FIG. 6 illustrates a high-level block diagram of an 
exemplary networked system used in the embodiment 
depicted in FIG. 5. That is, a monitoring system 602 (e.g., 
computer 102 shown in FIG. 1) receives inputs from the 
audience (via their impairment signal transmitters 506) and 
the presenter (via his/her wearable sensor device 552). The 
monitoring system 602, using a processor 604 (analogous to 
the processor 104 shown in FIG. 1) compares sensor patterns 
from previous presentations given by the presenter 502 with 
current sensor patterns. If the monitoring system 602 detects 
that a similar pattern is being followed (although not up to the 
point of losing the audience’s attention/approval), then an 
alert and/or suggestion is sent to the presenter's display 508. 
(0074. With reference now to FIG. 7, a high-level flowchart 
of one or more steps performed by one or more processors to 
guide evasive actions for avoiding effects of an impaired 
cognitive state is presented. Again, note that one or more of 
the steps depicted may be performed by one or more proces 
sors (e.g., processor 104 in FIG. 1, processor 304 in FIG. 3, 
processor 604 in FIG. 6, etc.) 
0075. After initiator block 702, a first buffer is loaded on a 
wearable sensor device with a first set of time-dependent 
sensor readings (block 704). As described herein, the first 
buffer is communicatively coupled to at least one sensor on 
the wearable sensor device. 

0076. As described in block 706, the wearable sensor 
device receives a first cognitive impairment state signal. As 
described herein, this first cognitive impairment state signal is 
generated by an observer of a wearer of the wearable sensor 
device in response to the observer subjectively observing an 
impairment to a cognitive state of the wearer of the wearable 
sensor device. For example, if the observer thinks that the 
wearer of the wearable sensor device appears to be confused, 
boring, anxious, etc., then the observer will generate the first 
cognitive impairment state signal. In one embodiment, this 
first cognitive impairment state signal is transmitted from a 
transmitter (e.g., one or more of the impairment signal trans 
mitters 506 shown in FIG. 5). In one embodiment, this first 
cognitive impairment state signal is an automatic conse 
quence of taking the step of downloading data from the sensor 
data buffer (e.g., buffer(s) 302 in FIG. 3) via a data I/O port 
(e.g., data I/O port 326 in FIG. 3). 
0077. As described in block 708, a cognitive impairment 
state marker is then inserted at a predefined position in the 
first buffer. This cognitive impairment state marker (e.g., “I’ 
presented above) is inserted at the predefined position in the 
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first buffer in response to the wearable sensor device receiv 
ing the first cognitive impairment state signal. 
0078. As described in block 710, loading of a second 
buffer on the wearable sensor device with a second set of 
time-dependent sensor readings from at least one sensor on 
the wearable sensor device is initiated. Thus, as described 
above, sensor reading B1 may be loaded, followed by sensor 
readings B1, A1, followed by sensor readings B1, A1, A2, etc. 
0079. As described in block 712, time-dependent sensor 
readings from the first buffer up to the predefined position are 
then compared with time-dependent sensor readings from the 
second buffer. In response to a partial match of the first set of 
time-dependent sensors readings up to the predefined posi 
tion and the second set of time-dependent sensors readings 
(now being taken in real time) reaching a predefined match 
level (query block 714), then an alert is issued to the wearer of 
the wearable sensor device (block 716). 
0080. The predefined match level may be numeric, 
weighted, etc. For example, assume that the first buffer con 
tains the sensor readings B1, A1, A2, B2, B3, B4 (where “B” 
indicates a biometric sensor reading and 'A' indicates an 
accelerometer reading). After storing B1, A1, A2, B2, B3, B4 
in the first buffer, the system receives a cognitive impairment 
state marker “I’, which indicates that there is an observed 
impairment to the cognitive state of the wearer of the wear 
able sensor device, and thus “I” is placed after the sensor 
readings B1, A1, A2, B2, B3, B4 in the first buffer. 
0081 Assume now that the second buffer (or the first 
buffer after being cleared and its contents stored in a local 
memory for use in comparison to new sensor data) contains 
the sensor readings B1, A1, A2, B2. The “predefined match 
level needed to initiate the alert may simply be a percentage, 
such as 50%. Thus, 50% of the six sensor readings B1, A1, 
A2, B2, B3, B4 would be three, regardless of which sensor 
readings are Subsequently taken and stored in the second 
buffer. 

0082. However, in another embodiment, each of the sensor 
readings B1, A1, A2, B2, B3, B4 may be weighted. For 
example, sensor readings from the accelerometer (A1, A2, 
A3, etc.) may be predetermined to be more important, and 
thus weighted more heavily, than sensor readings form the 
biometric sensors (B1, B2, B3, etc.). Thus, as few as one or 
two accelerometer events (A1, A2) may be enough to trigger 
the alert, even without any biometric events (B1, B2, etc.). 
0083. The flow-chart of FIG. 7 ends at terminator block 
718. 

0084 As described herein, in one embodiment of the 
present invention the alert to the wearer of the wearable 
sensor device advises the wearer of the wearable sensor 
device to take an evasive action that has been predetermined 
to avoid receiving a second cognitive impairment state signal 
from the observer. That is, the alert may advise the wearer to 
take corrective/ameliorative steps to avoid being told again 
that his/her style of play is dangerous, he/she is boring, etc. 
0085. As described herein, in one embodiment of the 
present invention the alert to the wearer of the wearable 
sensor device advises the wearer of the wearable sensor 
device to take an evasive action that has been predetermined 
to avoid experiencing an impairment to the cognitive state of 
the wearer. That is, the alert may advise the wearer of the 
wearable sensor device that his/her style of play will actually 
cause him/her to be disoriented, that his/her presentation style 
will be boring, etc., even if nobody tells him/her. 
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I0086. In one embodiment of the present invention, the first 
set of time-dependent sensor readings are analyzed, in order 
to identify a cause of the impairment to the cognitive state of 
the wearer. For example, assume that historical records show 
that when events that result in sensor readings A1, A1, A3, B1, 
B2, B3 ultimately lead to a state of dementia, a conclusion is 
reached that these events are the cause of the state of demen 
tia. Assuming that such records and conclusions are available, 
then in one embodiment they are used to verify the observa 
tions of the observer of the wearer of the wearable sensor 
device. 

0087. As described herein, in one embodiment of the 
present invention the first buffer and the second buffer in the 
wearable sensor device are both continuous circular buffers, 
in which each stores data from a different sensor in the wear 
able sensor device. In this embodiment, a cause of the impair 
ment to the cognitive state of the wearer of the wearable 
sensor device is predicted by a probability formula: 

P(EM) 
: P(M) 

where: 
P(MIE) is a probability that the impairment to the cognitive 
state will occur (M) given that (I) data from the continuous 
circular buffers falls within a predefined Push Triggered Aver 
age (PTA—described above) of previously pushed data from 
the continuous circular buffers (E): 
P(EM) is a probability that data from the continuous circular 
buffers falls within the predefined PTA of previously pushed 
data from the continuous circular buffers (E) given that (I) the 
impairment to the cognitive state of the wearer is actually 
occurring (M); 
P(M) is a probability that the impairment to the cognitive state 
of the wearer will occur regardless of any other information; 
and 

Xm is a sum of all occurrences m, for the probability P(EM) 
times the probability P(M). 
I0088. In one embodiment of the present invention, pre 
dicting whether the impairment to the cognitive state of the 
wearer of the wearable sensor device will occur is based on a 
statistical analysis of the Subsequent set of sensor readings 
compared to the pushed sensor readings, wherein a match 
within a predefined statistical range between the Subsequent 
set of sensor readings and the pushed sensor readings leads to 
the prediction of the impairment to the cognitive state of the 
wearer of the wearable sensor device. That is, if the previous 
sensor readings align with current sensor readings within a 
statistically significant range, then an assumption/prediction 
is made that a recurrence of the cognitive impairment state is 
likely. 
0089. As described herein, in one embodiment of the 
present invention the predefined position in the first buffer at 
which the cognitive impairment state marker is inserted is at 
an end of the first set of time-dependent sensor readings. In 
this embodiment, a determination is made that sensor read 
ings stored prior to the end of the first set of time-dependent 
sensor readings are precursors to the impairment to the cog 
nitive state of the wearer of the wearable sensor device. That 
is if the sensor readings B1, B2, B3, A1, A2, A3 lead to the 
insertion of the cognitive impairment state marker I at their 
end, then a conclusion is reached that the events that caused 
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sensor readings B1, B2, B3, A1, A2, A3 lead to the cognitive 
impairment state reflected by “I’. 
0090. In one embodiment of the present invention, the first 
set of time-dependent sensor readings are made up of a first 
Subset of time-dependent sensor readings and a second Subset 
of time-dependent sensor readings. The first subset of time 
dependent sensor readings record event states that occur 
before event states that are represented by the second subset 
of time-dependent sensor readings. For example, a set of 
sensor readings B1, A1, A2, B2, B3, A3 may be made up of a 
first subset of sensor readings B1, A1, A2, which occur before 
a second subset of sensor readings B2, B3, A3 (i.e., the events 
that caused sensor readings B1, A1, A2 occurred before 
events that caused sensor readings B2, B3, A3). Similarly, the 
second set of time-dependent sensor readings comprise a 
third Subset of time-dependent sensor readings and a fourth 
Subset of time-dependent sensor readings, where the third 
Subset of time-dependent sensor readings record event states 
that occur before event states that are represented by the 
fourth subset of time-dependent sensor readings. For 
example, the third Subset found at the beginning of the second 
set of time-dependent sensors may be B1, A1, A2. Since the 
first subset and the third subset are identical (B1, A1, A2). 
then a conclusion is reached that the wearer of the wearable 
sensor device is headed for a specific cognitive impairment 
state, regardless of the contents of the fourth subset of time 
dependent sensor readings in the second set of time-depen 
dent sensor readings, and an alert is issued. 
0091. As noted herein, in one or more embodiments of the 
present invention the sensors in the wearable sensor device 
detect physiological states of the user, musculoskeletal bodily 
acts of the user, keywords spoken by the user, a quality of a 
Voice pattern from the user, and ambient environmental con 
ditions around the user. Thus, specific patterns of sensor 
readings from all of these sensors are used to provide a warn 
ing of a recurrence of a particular impairment to the cognitive 
state of the wearer of the wearable sensor device. 

0092. Note that any methods described in the present dis 
closure may be implemented through the use of a VHDL 
(VHSIC Hardware Description Language) program and a 
VHDL chip. VHDL is an exemplary design-entry language 
for Field Programmable Gate Arrays (FPGAs), Application 
Specific Integrated Circuits (ASICs), and other similar elec 
tronic devices. Thus, any Software-implemented method 
described herein may be emulated by a hardware-based 
VHDL program, which is then applied to a VHDL chip, such 
as a FPGA. 

0093. Having thus described embodiments of the present 
invention of the present application in detail and by reference 
to illustrative embodiments thereof, it will be apparent that 
modifications and variations are possible without departing 
from the scope of the present invention defined in the 
appended claims. 
What is claimed is: 

1. A method of guiding evasive actions to avoid effects of 
an impaired cognitive state, the method comprising: 

loading a first buffer on a wearable sensor device with a 
first set of time-dependent sensor readings, wherein the 
first buffer is communicatively coupled to at least one 
sensor on the wearable sensor device; 

receiving, by the wearable sensor device, a first cognitive 
impairment state signal, wherein an observer of a wearer 
of the wearable sensor device sends the first cognitive 
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impairment state signal in response to observing an 
impairment to a cognitive state of the wearer of the 
wearable sensor device; 

inserting a cognitive impairment state marker at a pre 
defined position in the first buffer in response to the 
wearable sensor device receiving the first cognitive 
impairment state signal; 

initiating loading of a second buffer on the wearable sensor 
device with a second set of time-dependent sensor read 
ings from said at least one sensor on the wearable sensor 
device; 

comparing time-dependent sensor readings from the first 
buffer up to the predefined position with time-dependent 
sensor readings from the second buffer; and 

in response to a partial match of the first set of time 
dependent sensors readings up to the predefined position 
and the second set of time-dependent sensors readings 
sensor readings reaching a predefined match level, issu 
ing an alert to the wearer of the wearable sensor device. 

2. The method of claim 1, wherein the alert advises the 
wearer of the wearable sensor device to take an action that has 
been predetermined to avoid receiving a second cognitive 
impairment state signal from the observer. 

3. The method of claim 2, further comprising: 
loading the alert into the second buffer as a member of the 

second set of time-dependent sensor readings. 
4. The method of claim 1, wherein the alert advises the 

wearer of the wearable sensor device to take an action that has 
been predetermined to avoid experiencing an impairment to 
the cognitive state of the wearer. 

5. The method of claim 1, further comprising: 
identifying a cause of the impairment to the cognitive state 

of the wearer by analyzing, by one or more processors, 
the first set of time-dependent sensor readings. 

6. The method of claim 1, wherein the first buffer and the 
second buffer are both continuous circular buffers, wherein 
each of the continuous circular buffers stores data from a 
different sensor in the wearable sensor device, and wherein 
the method further comprises: 

predicting a cause of the impairment to the cognitive state 
of the wearer based on a probability formula: 

P(EM) 
PME) - youp E top Mo P(M) 

where: 
P(MIE) is a probability that the impairment to the cognitive 
state will occur (M) given that (I) data from the continuous 
circular buffers falls within a predefined Push Triggered Aver 
age (PTA) of previously pushed data from the continuous 
circular buffers (E); 
P(EM) is a probability that data from the continuous circular 
buffers falls within the predefined PTA of previously pushed 
data from the continuous circular buffers (E) given that (I) the 
impairment to the cognitive state of the wearer is actually 
occurring (M); 
P(M) is a probability that the impairment to the cognitive state 
of the wearer will occur regardless of any other information; 
and 

Xm is a sum of all occurrences m, for the probability P(EM) 
times the probability P(M). 



US 2016/000791.0 A1 

7. The method of claim 1, further comprising: 
predicting whether the impairment to the cognitive state of 

the wearer of the wearable sensor device will occur 
based on a statistical analysis of the second set of time 
dependent sensor readings compared to the first set of 
time-dependent sensor readings, whereina match within 
a predefined statistical range between the second set of 
time-dependent sensor readings and the first set of time 
dependent sensor readings leads to a prediction of the 
impairment to the cognitive state of the wearer of the 
wearable sensor device. 

8. The method of claim 1, wherein the wearable sensor 
device is a protective sports helmet, wherein said at least one 
sensor comprises a physiological sensor and an accelerom 
eter sensor, wherein the physiological sensor detects a bio 
logical state of the wearer of the wearable sensor device, 
wherein the accelerometer sensor detects a change in Velocity 
of the protective sports helmet, and wherein the method fur 
ther comprises: 

loading the first buffer and the second buffer with sensor 
readings from a combination of the physiological sensor 
and the accelerometer sensor. 

9. The method of claim 8, further comprising: 
detecting a download of the first set of time-dependent 

sensor readings from the first buffer; and 
in response to detecting the download of the first set of 

time-dependent sensor readings from the first buffer, 
generating the first cognitive impairment state signal. 

10. The method of claim 1, wherein the predefined position 
in the first buffer at which the cognitive impairment state 
marker is inserted is at an end of the first set of time-dependent 
sensor readings, and wherein the method further comprises: 

determining that sensor readings stored prior to the end of 
the first set of time-dependent sensor readings are pre 
cursors to the impairment to the cognitive state of the 
wearer of the wearable sensor device. 

11. The method of claim 1, wherein the first set of time 
dependent sensor readings comprise a first Subset of time 
dependent sensor readings and a second Subset of time-de 
pendent sensor readings, wherein the first Subset of time 
dependent sensor readings record event states that occur 
before event states that are represented by the second subset 
of time-dependent sensor readings, wherein the second set of 
time-dependent sensor readings comprise a third Subset of 
time-dependent sensor readings and a fourth Subset of time 
dependent sensor readings, wherein the third Subset of time 
dependent sensor readings record event states that occur 
before event states that are represented by the fourth subset of 
time-dependent sensor readings, and wherein the method fur 
ther comprises: 

defining the partial match as a match of sensor readings 
from the first subset and the third subset of time-depen 
dent sensor readings. 

12. The method of claim 1, wherein the said at least one 
sensor are multiple sensors that detect physiological states of 
the user, musculoskeletal bodily acts of the user, keywords 
spoken by the user, a quality of a Voice pattern from the user, 
and ambient environmental conditions around the user. 

13. A method of enabling a guidance of evasive actions to 
avoid an impaired cognitive state, the method comprising: 

receiving a first set of time-dependent sensor readings from 
a first buffer on a wearable sensor device, wherein the 
first buffer is communicatively coupled to at least one 
sensor on the wearable sensor device; 
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transmitting, to the wearable sensor device, a first cognitive 
impairment state signal, wherein an observer of a wearer 
of the wearable sensor device sends the first cognitive 
impairment state signal in response to observing an 
impairment to a cognitive state of the wearer of the 
wearable sensor device; 

transmitting a cognitive impairment state marker to the 
wearable sensor device, wherein the cognitive impair 
ment state marker is inserted at a predefined position in 
the first buffer in response to the wearable sensor device 
receiving the first cognitive impairment state signal; 

detecting an initiation of loading of a second buffer on the 
wearable sensor device with a second set of time-depen 
dent sensor readings from said at least one sensor on the 
wearable sensor device; 

comparing time-dependent sensor readings from the first 
buffer up to the predefined position with time-dependent 
sensor readings from the second buffer; and 

in response to a partial match of the first set of time 
dependent sensors readings up to the predefined position 
and the second set of time-dependent sensors readings 
sensor readings reaching a predefined match level, issu 
ing an alert to the wearer of the wearable sensor device. 

14. The method of claim 13, wherein the alert advises the 
wearer of the wearable sensor device to take an evasive action 
that has been predetermined to avoid experiencing an impair 
ment to the cognitive state of the wearer. 

15. The method of claim 13, wherein the observer of the 
wearer of the wearable sensor device sends multiple cognitive 
impairment state signals in response to observing multiple 
instances of the impairment to the cognitive state of the 
wearer of the wearable sensor device, wherein the multiple 
cognitive impairment state signals are generated in response 
to the observer making multiple observations of the impair 
ment to the cognitive state of the wearer of the wearable 
sensor device, and wherein the method further comprises: 

applying, by one or more processors, a Kalman filter to the 
multiple observations of the impairment to the cognitive 
state of the wearer of the wearable sensor device, 
wherein the Kalman filteruses a linear quadratic estima 
tion to recursively remove anomalous observations from 
the multiple observations to generate an observation of 
the impairment to the cognitive state of the wearer of the 
wearable sensor device using an algorithm: 
3. Fix-1+Bat--w 

where X is the observation of the impairment to the cognitive 
state of the wearer of the wearable sensor device, 
F is a predefined State transition model that is applied to a 
previous state X of observed impairments to the cognitive 
state of the wearer of the wearable sensor device, 
B is a predefined control-input model that is applied to a 
control vector u, and 
w is erroneous observation noises that are drawn from a 
multivariate normal distribution Q, wherein w is approxi 
mately equal to the set of numbers N from Zero to Q (N(0, 
Q)). 

16. The method of claim 13, wherein the first buffer and the 
second buffer are both continuous circular buffers, wherein 
each of the continuous circular buffers stores data from a 
different sensor in the wearable sensor device, and wherein 
the method further comprises: 
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predicting a cause of the impairment to the cognitive state 
of the wearer based on a probability formula: 

P(EM) 
il) youp E top Mo : P(M) 

where: 
P(MIE) is a probability that the impairment to the cognitive 
state will occur (M) given that (I) data from the continuous 
circular buffers falls within a predefined Push Triggered Aver 
age (PTA) of previously pushed data from the continuous 
circular buffers (E); 
P(EM) is a probability that data from the continuous circular 
buffers falls within the predefined PTA of previously pushed 
data from the continuous circular buffers (E) given that (I) the 
impairment to the cognitive state of the wearer is actually 
occurring (M); 
P(M) is a probability that the impairment to the cognitive state 
of the wearer will occur regardless of any other information; 
and 
Xm is a sum of all occurrences m, for the probability P(EM) 
times the probability P(M). 

17. The method of claim 13, wherein the first set of time 
dependent sensor readings comprise a first Subset of time 
dependent sensor readings and a second Subset of time-de 
pendent sensor readings, wherein the first Subset of time 
dependent sensor readings record event states that occur 
before event states that are represented by the second subset 
of time-dependent sensor readings, wherein the second set of 
time-dependent sensor readings comprise a third Subset of 
time-dependent sensor readings and a fourth Subset of time 
dependent sensor readings, wherein the third Subset of time 
dependent sensor readings record event states that occur 
before event states that are represented by the fourth subset of 
time-dependent sensor readings, and wherein the method fur 
ther comprises: 

defining the partial match as a match of sensor readings 
from the first subset and the third subset of time-depen 
dent sensor readings. 

18. A sports helmet, wherein a wearable sensor device is 
integrated into the sports helmet, and wherein the wearable 
sensor device comprises: 
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a physiological sensor, wherein the physiological sensor 
detects a biological state of the wearer of the sports 
helmet; 

an accelerometer sensor, wherein the accelerometer sensor 
detects a change in Velocity of the protective sports 
helmet; 

a first buffer for storing a first set of time-dependent sensor 
readings, wherein the first buffer is communicatively 
coupled to the physiological sensor and the accelerom 
eter Sensor, 

a receiver for receiving a first cognitive impairment state 
signal, wherein an observer of a wearer of the wearable 
sensor device sends the first cognitive impairment state 
signal in response to the observer Subjectively observing 
an impairment to a cognitive state of the wearer of the 
wearable sensor device; 

a data insertion logic for inserting a cognitive impairment 
state marker at a predefined position in the first buffer in 
response to the wearable sensor device receiving the first 
cognitive impairment state signal; 

a second buffer, wherein the second bufferinitiates loading 
of a second set of time-dependent sensor readings from 
the physiological sensor and the accelerometer sensor; 

a hardware comparator for comparing time-dependent sen 
sor readings from the first buffer up to the predefined 
position with time-dependent sensor readings from the 
second buffer; and 

an alert generator that issues an alert to the wearer of the 
wearable sensor device in response to a partial match of 
the first set of time-dependent sensors readings up to the 
predefined position and the second set of time-depen 
dent sensors readings sensor readings reaching a pre 
defined match level. 

19. The sport helmet of claim 18, wherein the alert advises 
the wearer of the wearable sensor device to take an action that 
has been predetermined to avoid receiving a second cognitive 
impairment state signal from the observer. 

20. The sports helmet of claim 18, wherein the alert advises 
the wearer of the wearable sensor device to take an action that 
has been predetermined to avoid experiencing an impairment 
to the cognitive state of the wearer. 
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