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1.0 Introduction 
 
 
This paper describes a new design and implementation instrumentation technique to 
address posture problems. The technique will allow for a posture monitoring to be 
effectively integrated into a user’s clothing or a low-profile wearable appliqué. 
Individuals suffering from posture problems will be able to monitor their relative posture 
situations and be alerted of their posture problems, unobtrusively, in real time, so as to 
correct their posture accordingly. It will allow those treating posture patients to deal more 
effectively with the problem as the proposed instrumentation will log and download 
monitoring results to a computer for analysis. The instrumentation will also allow the 
physician to apply custom settings for specific patient postures and support simultaneous 
monitoring of a number of related posture problems on the same patient. The instrument 
technique can be implemented using low cost proven electronic technologies and 
configured for automated and portable operation. 
Back posture issues are well known; the device described here is perfectly suited for back 
posture monitoring as well a variety of other applications. The device as designed can be 
easily applied in nearly the same way across many other posture derived applications, 
including rousing sleepy truck drivers as their heads tilt forward and erective activity of 
men at risk for dysfunction, general ergonomics instrumentation or active measuring the 
biometrics of an athlete or soldier during a training situation, etc. The contents of this 
paper will focus on the primarily on the back posture application as other applications can 
be easily derived from it.  
 

2.0 Sensing Device 
 
Abrams/Gentile Entertainment Inc built an angular displacement sensor, circa 1992. The 
sensor is US Patent Number 5,086,785. The sensor is incorporated in the Abrams/Gentile 
Entertainment virtual glove for use in video game industry. It is built as a thin film 
flexible resistor deposited on a 41/2” Mylar strip terminated in two electrical contacts. 
The sensor resistance changes from a nominal 10 K to 30K value as the sensor is bent 
along 90-degree direction from relative axis representing its flat (unbent) position. The 
sensor is in production, is low cost, and is available as an off-the-shelf item from several 
major electronic vendors. A diagram of this flex sensor is shown. 
 



 
Figure 1 Flex Sensor 

  
The sensor is directly applicable to a posture monitoring. It is lightweight, and 
sufficiently sensitive to change when aligned with key areas of the body under concern. 
The sensor is small and flexible enough to be unobtrusive to the user during the 
monitoring process. In fact this sensor or an array of these sensors can be easily 
integrated into clothing or lightweight flexible external appliqué. 
 

3.0 Sensor Placement Optimization 
 

3.1 General Sensor Placement 
The sensor can be applied effectively to address a number of potential posture issues 
associated with different parts of human anatomy. Figure 2 shows some notional sensor 
placements and logged readings. A graph is given for back sensor readings during 
“slumping “, another for neck sensor during back and forth head movement while sitting, 
and finally wrist sensor reading during hand up and down movement.  



 
Figure 2 Notional Sensor Posture placements 

 

3.2 Back Sensor Placement Analysis- Single Sensor 
As indicated earlier the primarily focus will be on the back posture application as other 
applications can be easily derived from it. For this reason specific attention was placed 
upon optimizing back location placement for maximum sensor sensitivity. The 
experiment and analysis done to derive these placements is detailed below. 

 
 

Figure 3 Back Sensor Placements 
 



Figure 2 shows possible the location of the flex sensor in upper, middle or lower sections 
on the back, or even dual devices located across this region. The Thoracic area and 
Thoracic-Lumbar junction roughly covers the region. Cervical placement was ruled out 
for a back posture device but would be required if neck position was a requirement. A 
test was conducted placing the sensor over various portions of the back crossing top, 
middle and lower parts of this region. The readings were taken using sensor patch 
connected to high impedance voltmeter, as the subject was directed to move into various 
posture positions. The readings are show in both tabular and graphic form. The greatest 
variability for the sensor readings was demonstrated when the sensor was located in the 
Middle Back location. This placement also captured the largest reading difference 
between the two extreme positions from “Hunched over” to “Sitting up straight”.  
 

Posture 
SOB (small of 
Back) 

MB (middle 
Back) 

UB (upper 
back) 

Sit up Straight 11.97 11.76 13.43 
Bend Forward 14.41 14.33 14.77 
Set Back 13.27 16.64 14.35 

Hunched 13.78 13.63 14.49 

RANGE 2.44 4.88 1.34 

 (Hunch <-> Sit up) 1.81 1.87 1.06 
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The conclusion from this experiment is that the most effective sensor placement for back 
posturing monitoring is along the middle back. Users can set relative setting from “good 
“ to “bad” posture during a device calibration by measuring /logging sensor reading 
during normal straight position and then measuring/logging sensor reading when the back 
is more bent (as in touching your toes or slumping).  The device will store and contain 
both readings and they will serve as a relative gauge between good and bad posture.   

3.3 Back Sensor Placement Analysis- Dual Sensors 
 
An experimental case was conducted using two sensors placed along the along the 
Thoracic region. Both sensors where simultaneously activated and reading logged. Sensor 
1 was placed on high part of that region while Sensor 2 was placed lower. The data in this 



case was acquired using digital techniques similar to the final prototype. The outputs 
from each sensor are shown together in figure  
 

 
Figure 4 Dual Back Sensor Outputs 

  
The case captures an individual “slumping” and then slightly bending forward, bending 
back and then “un-slumping”. The activity is repeated three times. The upper sensor 
mean is about 680 versus the lower sensor mean of 670 indicating the upper sensor as 
placed on the individual torso is more slightly curved then the lower sensor placement. 
The measurements capture the movement scenario as described. As the individual slumps 
first sensor 1 is activated, and then as the individual bends forward sensor 2 (lower part 
of back) is activated. Sensor 2 then returns to its normal position first as the individual 
bends back. Sensor 1 retains a larger envelope of activity since the individual remains 
slumped throughout the bend before resuming correct posture. Initial indications are that 
only one sensor on top portion of middle back would be sufficient detecting for 
“slumping” problems. Placement of a second sensor at lower position down on of the 
back would detect both “slumping” and “bending” problems. Addition of other sensor 
places judicially could yield other posture detections. 
The fusion of this incoming data streams by the monitoring device could provide 
selectable detection based upon the conditional output and relationship of one sensor to 
another or group of sensors. 

4.0 Monitoring System Concept 
 

4.1 Concept of Operation 
 



 

 
 

Figure 5 System Concepts 

 
A concept diagram for the monitoring system is shown. The user applies the sensor or 
array of sensors in the idea location based upon the particular posture application. The 
exact placement of the sensors by the user can be enforced by integrating the sensor 
system into a particular piece of clothing or by Velcro appliqué (several attachments are 
discussed below). The device will get a one-time calibration when it is built, a one-time 
calibration for each individual, or may require a calibration each time the device is put 
on. This calibration can be done manually by user or automated during a “training cycle”. 
In manual operation, the posture calibration will consist of assuming a straight back 
(sitting or standing up straight, shoulders back, chest out, chin up) and pressing a button 
on the pager control box to indicate the proper upright position.  The user will then 
assume a hunched over or non-ideal position and press a button on the device that 
indicates this state.  The pager-size control box stores these two readings and once in 
operation mode will constantly monitor and compare these readings from continuous 
readings from the sensor. If more then one sensor is deployed (as in an array) settings 
will have to be established for each sensor, in turn, in the same fashion indicated earlier. 
During operation if a reading falls below a certain threshold a signal will be sent to the 
wearer of the device, either through a motor vibration or audible sound.  The threshold 
for bad posture once captured can be adjusted by the user, which effectively allows the 
user to set device sensitivity. By wearing this device, the user will be alerted to poor 
posture immediately and can then take corrective action.  The pager control box can by 
kept on the belt, in a pocket, or any other place that is easy to affix too. The sensor can be 
attached in a number of ways: 

·  By employing an adhesive patch 
·  Wearing a special collar that holds the device in place 



·  Wearing a special, tight-fitting garment with the sensor sewn into the 
material 

·  Taping on with medical (sports) tape 
·  Using ace bandage or any other reasonable means. 

 
Overall the device should be comfortable and not interfere with the everyday activities of 
the user.  Ideally the user would not even notice the sensation of the sensor stuck to their 
back.  The pager control box should be as small as possible.  It will require a few buttons 
to perform all the functions.  Ideally the control box can be as small as a dime and unseen 
by anyone the user may interact with.  The entire device should also be waterproof (if 
possible) or water resistant.  Enhanced functionality could include a monitoring and 
recording feature where the data recorded during a period of time (the day, an hour, etc) 
could be downloaded onto a computer for analysis.   
 
 
 
 
 
 

4.2 Device Functional Block Diagram and Its Operati ons 
 
 
A block diagram of the posture monitoring system is shown. All major functional 
component modules and their interconnectivity are shown. Each component module will 
be described below starting with Storage and Mode Control. 
 

 
Figure 6 Posture System Block Diagram 

 



·  Storage and Mode Control –this module principally performs executive or mode 
control over all other module operations, and directs storage content of low non-
volatile storage. This module is cognizant of the amount of attached sensors, 
controls key operational parameters associated with each sensor and interacts with 
user demands and status feedback via local button set and display (LCD). This 
module also is responds in similar fashion as to local button and display status 
over a computer remoter interface (RS-232 or USB) as well as dump the contents 
of stored local logged data over this same interface. The Storage and Mode 
Control also utilizes a real Time Clock module that maintains date/time settings 
for logged storage operations. 

·  Sensor Array- This is the deployed array of flex sensors needed for the particular 
posture situation 

·  Signal Conditioning and Sensor Selection- This module deals has the supporting 
electronics to buffer and isolate each sensor electrically. It provides the necessary 
electrical interface to simulate each sensor and allow other module to uniquely 
access once sensor at a time.  

·  Analog to Digital Operation-as the approach is largely digital in processing this 
module provides the necessary analog to digital conversion module to transform 
the analog voltage levels to digital. The digital conversion is to unsigned 
magnitude with resolution of 10-12 bits. Conversions are maintained at a rate of 
every quarter second for each sensor. 

·  Signal processing- this module is preformed on a per sensor basis. It performs a 
running average on each signal to basically create a processed signal every 
second. This signal is then compared against the stored setting for that sensor in 
non-volatile storage to check to see if a new min has occurred. All incoming 
signals are then adjusted using this min to achieve relative measurement. 
Processing then determines if user designated threshold for that sensor has been 
exceeded. If so, it then checks the sensor non-volatile storage for any pre-
designated conditional relations have been set with other sensors that may also be 
in alarm state. If the conditional logic condition is met an alarm condition is 
reported, as well as updates to the particular sensor values to the Storage and 
Control Module. Signal processing will also incorporate hysterisis as necessary to 
insure that alarm reporting is responsive, smooth and chatter free. (see Figure 6) 

·  Local Non-Volatile Storage- All processing sensor reading and time of occurrence 
are stored non-volatile in a circular buffer fashion under Storage and Control 
Module direction. Storage should be sufficient (8K-16K) for 8-10 hours of 
storage. These storage contents can be read and dumped over the computer 
external interface.  Also stored are specific parameters for each sensor in an array 
structure. This array has a structure for each sensor min, user max/threshold, 
sensor location number/location, sensor hysterisis requirements, other sensor 
conditional aligned alarm requirements, current sensor reading and sensor running 
average. 



 
Figure 7   Signal Processing 

5.0 Prototype Simulation and Implementation 
 

5.1 Simulation  
 
Simulation was done both for the analog electronic for the flex sensor and on the basic 
algorithm and operation. Analog front-end simulation was done with schematic capture 
and simulation tools using MultiSIM Electronic Workbench. A snapshot of the circuit in 
simulation is shown in figure 4. The circuit is compromised of an array of parallel 
transistor switches. Each switch contains an individual flex sensor in this picture 
represented by a fixed series resistance of 8 K ohms (R13 and R3) and a variable pot (R1 
and R4). Each switch is controlled under simulation by a key controlled SPST (labeled A 
and B). The operation of the SPST is such that each closure is mutually exclusive. R9 is 
connects all sensors to a common voltage source, and assures that current is limited. 
Meter XMM1 is connected to the sensor array and will be the monitoring points for all 
flex sensor readings. Case shown is for Flex sensor on at approximately 13K setting 
yielding a voltage reading across of 3.828V. 



 
Figure 8 Front End Circuit Simulations 

 
Algorithm and operational simulation were done using MATLAB and SIMULINK. 
Using this methodology the key performance parameters can be resolved and fine tuned 
prior to implementation. Test data was acquired by importing actual flex sensor 
resistance readings into an MATLAB compatible format and processing the results. The 
test data was generated by using a actual individual wearing the sensor via ace bandage 
or paste on, hooking this sensor into a METEX multi-meter with RS-232 connectivity 
and using METEX Scope view software to capture and log data to a MATLAB 
compatible file format. The approach is shown in figure 5. 



 
Figure 9 Algorithm Simulations 

 
Using SIMULINK a hierarchy model was developed. The front end was captured in a 
subsystem model. This subsystem model takes in resistance measurements sequentially 
from the logged data file and creates the appropriate voltage reading as per the original 
electronic front-end simulation shown in figure 4. This subsystem model was then 
incorporated into a higher level performance model were output was quantized to 
simulate the eventually target product 10 bit A/D and fed into a scope monitor. The other 
part of the high level model concerned itself with detection. The detection value was 
derived off line using statistics from the data file. Detection performance was also 
monitored as the second trace to the scope. The models (figure 8) and some scope results 
(figure 7) are shown for difference cases of “slump and “Hunched over”. 



 
Figure 10 Simulation Models 

 

 
Figure 11 Simulation Results 



5.2 Implementation 
A mock-up prototype system using Dual In Line packages (DIP) was designed, partially 
assembled and partially tested. It has a maximum capability for up to eight sensors if 
needed. The design incorporates low power implementation techniques for battery 
operation (3V-6VDC) and utilizes a Microchip PIC 16F876 Microcontroller. This 
Microcontroller is flash programmable, has up to 32 programmable I/O, 10 bit A/D, sleep 
modes and sufficient interrupt and speed capabilities (4MHz) to meet the needs of the 
control portions of monitoring system as outlined in figure 5. In addition to the 
Microcontroller several other external parts are need .To realize a large non-violate 
storage a serial 16K EEPROM is added (Microchip part 24LC16B) and for Date/Time a 
Serial Real Time Clock  (Maxim DS1307) is also needed. To support the computer 
interface a RS-232 interface is required for the Microcontroller, this is achieved through 
use of a RS-232 driver chip the Maxim DS1275. The Microcontroller will control the 
transistor array shown in figure 6 to achieve the signal conditioning and selection 
functions. All the electronics is available in Surface Mount technology so that a small 
outline package for the complete system is achievable. A block diagram for the design 
implementation is shown below. Firmware was written using the CCS C Compiler. The 
system continuously monitors the resistance of the sensor using an indirect voltage 
divider technique. Sensor values are digitized to 10 bit integers in round-robin repeating 
fashion. Each Sensor Reading is integrated into its own moving average (8 deep) to 
insure stable measurement. These values are compared against each sensor’s internally 
stored calibration and threshold value to determine if the particular sensor indicates an 
alarm state. This alarm state can be compared to other sensor alarm states using 
conditional logic in the C program (AND, OR, EXOR –settable by physician or user) or 
standalone (single sensor) to determine if the user needs to be alerted to a posture 
condition. The posture alert is via a vibrating pager motor or optionally audio alarm via 
piezoelectric buzzer. User control and modes are set via push button on the pager-
monitoring unit. These control modes are also settable via the external computer 
interface. 
 



 
Figure 12 Posture Monitoring Systems 

 

5.3 Implementation results 
 
A mock-up prototype system was assembled and tested. A partial operational thread was 
verified using Single Sensor Signal Conditioning and Selection, A/D conversion and 
Signal Processing within the prototype against simulated detection and user interface. 
The results are shown below in figure 13. This single thread of operation verifies the 
earlier simulation results against actual captured and processed data through the 
Microprocessor. The prototype monitoring is collecting and report posture on a single 
mid back placed sensor, as the individual is “going into “and” out of slump condition. 
This test was further expanded to include dual back sensors. Sensor 1 was positioned to 
indicate “Humped” condition; Sensor 2 was positioned to indicate “Bending”. The output 
alarm is conditioned in figure 14 to be “OR” condition of the two sensors, thereby 
alarming on either bend or humped conditions, whereas, in figure 15 the output is 
configured to be an “AND”, thereby alarming on the condition of simultaneous Humped 
and Bend. 
 
 



 
Figure 13 Prototype Test Single Sensor Results 

 
 

 
Figure 14 Dual Sensors  "OR" Alarm Out 



 
Figure 15 Dual Sensors "ANDED" Alarm Out 


