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RESEARCH OF HUMAN ERGONOMIC PRESSURE ADJUSTMENT TO THE SITTING SUFACE  

Abstract. In this research, the adjustable pressure-measuring mat designed referring to review of other authors studies. Hardware is build using Interlink FSR402 sensors in matrix 4×4. The program of measurement reading and visualization created in Matlab package Simulink. Created pressure measurement mat is robust, low cost and non-intrusive suitable for seated pressure evaluation. Sensor spacing tests illustrate that, having small amount of sensors can represent critical data of most pressure places. Ergonomic study made taking pressure measurements of 16 participants on the three different seats. Each participant represented six common seated workplace positions. Ergonomic study showed equal distribution of pressure when seated on the soft cushion regardless sitting position or body anatomy of test participants. Hard seat surface shows higher pressure values and concentration in two points representing sitting bones (ischial tuberosity).
Keywords: pressure sensing mat, FSR, Simulink, ergonomic tests, different sitting surface.
Introduction 
With the introduction of the computer, office workers are now sitting for the majority of the day. Many adults spend 70% of their waking hours sitting and little or no time exercising. Increased seated time matches with grow of Work related musculoskeletal disorders of the upper extremities (WRMSDs) (Plantard et al. 2015). Most office workers affected by WRMSD experience pain in the back, neck or shoulder and functional impairment.
 For measurements of seated comfort different studies were made using electromyography, motion tracking systems, spinal shrinkage, subjective comfort or discomfort ratings and pressure distribution measurements of the seat pan and the backrest (Zemp et al. 2015). Overviewing the studies regarding WRMSD self-reports questionnaire is not a very reliable method to measure postural load. The challenge to develop quick and inexpensive techniques for assessing exposure to postural load at seated office work position is still in demand (Heinrich et al. 2004). Pressure measurements of the sitting surface and in some cases, backrest too is one of the most common methods to analyse or compare different chairs or sitting positions because of cheap and easily applied measurement systems (Zemp et al. 2016a). 
The influence on back pain regarding sitting behavior in office environment was analysed by Zemp et al. (2015). A textile pressure mat of 64 sensor matrix was placed on the seat pan and used to identify sitting positions of 20 office workers. It was found that static sitting position resulted in back pain In addition, study system showed the importance of comparison between subjects with and without back pain. 
Zemp et al. 2016b) determined most meaningful pressure parameters for different office chairs. It was found that sensor mat has to be calibrated for specific chair because of chair material properties and geometry influences the measurements. The most important pressure parameters in the seat pan are total contact area, pressure force and it’s, maximum and mean gradient, which defined by the geometrical addition of the pressure derivative of the two sensor mat directions.
Textile-based sensor mat called Smart Cushion developed by Xu et al. (2013) using binary pressure data distribution represented by grey scale image applied for posture recognition was easily foldable for transportation and adjustable for different surfaces. Meyer et al. (2010) proposed capacitive textile sensor array cushion for measurements of human body pressure distribution. Used sensing mat consisted of 19 pressure sensors placed over seat and backrest. Created sensing system was able to recognize seated workplace positions. 
Sensing mat systems for disable people in wheelchairs can be easily adopted for seated workplace ergonomic and pressure measurements. Fard et al. (2013) presented system for monitoring of surface pressure in prevention of pressure ulcers. 8×8 matrix of pressure sensors used in system allowed continuous monitoring of body pressure distribution on sitting surface. Another smart cushion presented by Yu et al. (2010) installed with pressure sensors for chronic back pain prevention. Monitoring system for wheelchair users proposed by Saenz-Cogollo et al. (2016) was able to detect pressure relief tilts and give reminder for posture change. 
Commercial product for seated pressure measurements I-Scan System developed by Tekscan consists of 2000 pressure sensors and can accurately measure and analyse pressure between surfaces. Other products like smart cushions are DARMA and SENSIMAT measures and monitors pressure on sitting surface, recognizes postures and sitting habits. Both products have 6 sensors and similar deployment. DARMA system consists of fibre optic sensors, which are more sensitive and accurate compared to pressure sensors. Mat can track sitting time, position, heartbeat and respiration as well as provide stand-up reminders and posture advice. While SENSIMAT is more focused on wheelchair users providing reminders to the user via mobile device when to move and can track progress over time. Ma et al. (2017) proposed sensing module with FSR-406 pressure sensors by Interlink is easily deformable on the chair surface. Using Arduino DUE sensors data collected and processed and results are sent to smartphone using wireless connection. Few pressure sensors are individually connected to processing unit making system more cost economic and less power consuming. Parameter comparison of different studies and commercial created sensor mats presented in table 1. Current research involves analysis of different types of seat cushion system. Up to a certain point, it is based on reviewing other authors research works aimed to study pressure measurement distribution for workplace ergonomics, ulcer prevention purposes and sensing mat designs.
Table 1. Represents comparison of different existing systems and their parameters
	Studies
	Matrix
	Pressure measuring range 
	Max Pressure 
	Contact area (cm2)
	Sampling frequency (Hz)

	Medilogic
	43×43
	0 - 2.75(N/cm2)
	
	
	100

	Min et al. 2016
	16×16
	0 – 1.33(N/cm2)
	1.36(N/cm2)
	
	0.083

	Junrong et al. 2013
	
	0.2 – 10(N/cm2)
	
	
	60

	Anderson et al. 2013
	48×48
	0.14 - 2.7(N/cm2)
	1.68(N/cm2)
	1168
	

	Fard et al. 2013
	8×8
	
	
	30x40
	3

	Zemp et al. 2015
	
	0-60 (kPa)
	
	
	10

	Jawad et al. 2017
	4×4
	
	
	23.5x21.5
	77



In this research, the adjustable pressure-measuring mat designed and used to perform ergonomic analysis of seated workplace. Sensor mat is cheaper that commercial products moreover, it is flexible easily adjustable to different seat designs. Research analyses the robustness and usability of created sensor mat, and applies it to explore human pressure distribution on different surfaces (different size of seat cushions and design of chair). 
2. Methodology
Pressure measurements were performed by force sensing resistors (FSR-part no. 402, obtained from Interlink Electronics website), which approximately linearly responds in resistance with applied force change. In the study of Parmar et al. (2017) different types of pressure sensors were tested and Interlink FSR force sensing resistors showed high consistency during pressure application and high repeatability. These sensors gave fast and accurate response compared to other tested sensors when dynamic force is applied, therefore, they are highly suitable for pressure measurements of sitting surface. Sensor connected with resistor of known value creates voltage divider, where drop of input voltage corresponds to force applied on the sensor. 
The matrix of sensors (4×4) was used for measurements. Each sensor was fixed with adhesive tape on a mat, with sensing area 23×22 cm. Spacing between rows was 3 cm, spacing between columns was 5 cm. Two separate PCB boards were used for easier sensor adjustment and mobility. One PCB board connects sensors with 5 V input, another with single-in-line (SIL) resistors of 3.3 kΩ value and output signal pins. For voltage supply and output measurements the Arduino MEGA 2560 microcontroller was used (Fig. 1). As only 16 sensors used no multiplexers needed to read the signal and supplied voltage is enough.
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Fig. 1. Sensor mat and sensor connections
Sensors were calibrated with fixed weight of 120 g and 220 g, placing the weight in the centre of sensing area. Voltage was measured using oscillograph giving 2,1 V and 2.6 V accordingly, values of each sensor was fluctuating but did not overcome 10% of difference. In this case, all sensors were calibrated same way assuming that voltage change over the weight is linear, by formula: 
V=km+x
,where V – measured voltage, V; k - calculated factor equal to 0.004; m – weight, g; x – calculated factor equals to 1.5. Sensor triggered by the weight no less than 100 g.
To evaluate and approve the chosen spacing of the sensors following tests were made. Sensor position was changed moving each sensor on a mat 2 cm closer to the center of the seat, resulting that some of the sensors had very little of pressure and did not reflected the movements of seated human body. Another test made by placing sensor mat 3 cm from chair front edge and 20 cm from backrest, obtained data did not reflected highest pressure points, but clearly visualized leg crossing positions. This show, having small number of sensors can represent critical data of most pressure places. Having more sensors that can cover all sitting surface can represent data of leg position more detailed. Furthermore, small spacing between sensors can result in very low readings of particular places where low pressure is.
The program of measurement reading and visualization created in Matlab package Simulink. The data from all 16 sensors obtained in 10 Hz sampling time and converted from voltage change to grams of force. The measured value from each sensor visualized as a square colored matrix corresponding to sensor placement in sensor mat. The data measured over time is stored in Matlab workspace, where it can be reused for further examinations.
Test of seated workplace ergonomics included three different types of seat: soft and adjustable office chair with backrest and armrests, static chair with cushion and backrest and hard sitting surface without cushion or backrest. Test participants were 8 male and 8 female, age range 23-37. As the research aims to imitate natural office environment regarding nowadays highly frequent work related musculoskeletal disorders of the upper extremities 7 of participants have a slight formation of kyphosis or scoliosis. Relevant evaluation of participants mass and height chosen body mass index (BMI), which ranged from 19.4 kg/m2 until 27.8 kg/m2.
During the measurements sensor mat was placed 10 cm from chair backrest. Test participants were measured sitting upright with legs bended in  90° angle, then reclined,  laterally tilted (LT) right and left in approximately 30° angle and leg crossing positions referring to Zemp et al. 2016a. Pressure distribution measurement of each position was taken after 30 seconds from seated time. Each person was seated on office chair and taking all potion for 30 seconds then data was recorded after changing to another position and recording data again. Afterwards changing to the static chair with cushion and repeating process of measurements and finally sitting on hard surface following with same positions and measurements.

4. Results and discussion
Measurements indicated highest pressure points under the sit bones (ischial tuberosity). For participants with lower BMI (until 20 kg/m2) the pressure on hard seat surface concentrates in two points under sitting bones and compared to seat with cushion the force of pressure increases by 100 g. On the other hand, participants with higher BMI (from 27.5 kg/m2) on the hard seat surface distribute pressure on surrounding points. Moreover, participants with higher BMI has very high pressure force values up to 780 g while seated on hard surface compared to other participants, but pressure on the seats with cushions pressure force values are lower and close to all the other participants reaching average values up to 400 g. Furthermore, participants suffering from spinal curvature disorders that are invisible seated pressure distribution indicates right or left side higher pressure values following in all measured positions in case of hard surface seat, while seated on the cushion the difference decreases and problematic points are relatively indistinguishable. 
Regarding the comparison of the seat surface and design office chair seated pressure measures 40-70 g lower values compared to static chair in all measured positions. In critical positions, LT right, left or crossed legs adjustable office chair distributes pressure in bigger area while static chair with cushion concentrates it in one/two points as well as increasing the value in 40-90 g (Fig. 2.). In reclined position office chair cushion distributes pressure and only low values (250-350 g) are measured while on the static chair highest pressure points are shifted back with the same pressure value. Furthermore, on hard seat surface in reclined position pressure is still concentrated on the sitting bones increasing the pressure value, surrounding points distributes insufficient values up to 200-350 g. 
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Fig. 2. Pressure distribution in laterally tilted right position with measuring scale: a) on soft and adjustable office chair; b) static chair with cushion; c) hard sitting surface
Leg crossing positions pressure distributes on two sitting bones while on the adjustable office chair pressure is distributed gradually, the static chair shows slight increase of pressure in one side which leg is lifted. Moreover, hard seat surface measurements shows high difference of pressure concentration under the lifted leg up to 100-200 g more than under other sitting bone.
Conclusions
Created pressure measurement mat compared to analysed studies and commercial products is robust, low cost and non-intrusive suitable for seated pressure evaluation and further ergonomic analysis. 
These tests illustrate that, having 16 sensors is possible to represent critical data of most pressure places. 
Spacing of the sensors was tested and the places with highest pressure like sitting bones where measured regardless of different body anatomy of participants. Ergonomic study shows equal distribution of pressure when seated on the soft cushion regardless sitting position or body anatomy of participants.
Hard seat surface shows higher pressure values and concentration in two points which means high risk of body fatigue in shorter sitting time.
Measurements of participants with higher BMI value indicates distribution of pressure even on the hard seat surface therefore discomfort and body fatigue occur after longer seated time compared to participants with lower  BMI equal to 19.4-20.2 kg/m2.
Measured value can change from 20 g to 60 g depending on the sitting surface (hard or soft), because of this reason mat can be used for comparison of pressure of different parts, but not precise measurements of the weight. 
For better evaluation of sitting positions, sensors on backrest of the chair should be included in the measurements. Furthermore, sensor mat for measurements should be easily fixed on any type of surface to avoid slips or bends of the mat.  Moreover, adding more sensors covering all seat surface would let to represent leg position in details. For sophisticated ergonomic study, the outcomes of the measurements should be reviewed and interpreted by physiotherapist.
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