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Thesis Title Feasibility Study of Human Blood pH Measurement based on Optical

Technique and Artificial Neural Network

Author Mr.Nattakoon meengoen
Major Program Electrical Engineering
Academy Year 2016

ABSTRACT

To verification of concept, a spectroscopic method for measurement of pH in
human blood through the syringe based on backpropagation artificial neural network (BP-ANN).
In this paper the feasibility of design and fabricate measurement of pH was consist of SLEDs as
light source, 2 photodiodes as sensor to measure the light intensity and calculate the blood pH. The
spectral data of 48 subjects were measured. The principal component analysis (PCA) was applied
to deduct the dimensional of collected spectral data to reduce the infestation of redundant data. In
such cases, the principal component analysis has taken as inputs of BP-ANN to correlate and predict
blood pH. The calculated blood pH by BP-ANN with PCA is quite a desirable with standard error
of 0.015 and 0.023 in validation and testing, correlations coefficient (R) 0.992 and 0.919 in
validation and testing, Inspecting the accuracy of BP-ANN model results produce by statistical
analysis with a relative analytical error all under 3% in validation, and testing. The results are
proved that a good correlation between absorbance data with actual pH. The model is in good
agreement. Hence, the method of BP-ANN with PCA is a potential for the absorbance detection of
pH in human blood through the syringe.

Keywords: blood pH; BP-ANN; optical technique
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N 48 48 48 48 48
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NaNINARINTQRNATIE DN ITIUARNNIINY
B G R
ln(ﬁ) ln(ﬁ) ln(ﬁ) ln(ﬁ) pH

0.334242 0.714263 0.579665 -0.35448 7.41
0.403912 0.65584 0.480452 -0.4512 7.446
0.288156 0.325231 0.410971 -0.62853 7.537
0.410027 0.967158 0.463493 -0.48631 7.532
0.161668 0.808673 0.595333 -0.69207 7.553
0.502698 0.751317 0.741747 -0.47292 7.472
0.183586 0.790267 0.524707 -0.55978 7.426
0.473163 0.956153 0.265837 -0.66319 7.364
0.663648 1.218108 0.684035 -0.31498 7.334
0.27252 0.630647 0.593217 -0.73872 7.48
0.187187 1.043993 0.71253 -0.50293 7.314
-0.13807 0.707044 0.480373 -0.76461 7.459
0.447005 1.035558 0.764725 -0.27485 7.3
0.15881 0.775288 0.56682 -0.5657 7.432
-0.10725 0.672057 0.61262 -0.7371 7.387
-0.0791 0.640867 0.420466 -0.72314 7.446
-0.33107 0.236117 0.187786 -0.92652 7.465
-0.07414 0.709474 0.460748 -0.54145 7.418
-0.40828 0.472801 0.206217 -0.94996 7.426
-0.16265 0.644327 0.401219 -0.76639 7.54
-0.02394 0.76356 0.647049 -0.5662 7.312
0.134887 0.522723 0.271621 -0.54206 7.484
0.513312 0.623236 0.438279 -0.61781 7.329
0.379553 0.606674 0.214672 -0.32084 7.395
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0.176269 0.321656 0.258819 -0.60761 7.432
0.231581 0.611244 0.260117 -0.66676 7.51

0.322453 0.79086 0.589589 -0.34668 7.322
0.391834 0.784371 0.428046 -0.50571 7.484
0.297728 0.842188 0.295251 -0.47024 7.459
0.47261 0.856113 0.373868 -0.50809 7.421
0.062416 0.443002 0.111688 -0.63206 7.487
-0.1585 0.440322 0.167888 -0.90144 7.519
0.149106 0.83008 0.319845 -0.62301 7.404
0.293665 1.030123 0.438044 -0.43886 7.378
0.275551 0.429133 0.196175 -0.62234 7.476
0.180192 0.80558 0.227483 -0.72349 7.304
0.273118 0.601671 0.321603 -0.78977 7.421
0.491437 0.730392 0.429107 -0.70269 7.577
-0.07997 0.494452 0.136449 -0.83788 7.457
0.055709 0.161045 0.296512 -0.85755 7.46

0.409325 0.948827 0.711462 -0.48703 7.303
0.027883 0.687063 0.635228 -0.64498 7.45

0.329293 0.89952 0.39686 -0.52418 7.155
0.235767 0.859583 0.469827 -0.58104 7.038
0.022305 0.356675 0.031448 -1.10102 7.412
0.656141 0.75642 0.317611 -0.62895 7.446
0.173636 0.791448 0.628959 -0.54718 7.536
-0.12761 0.622476 0.298844 -0.7901 7.454
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Datasheet 199 LT3092

INTEAR

TECHNOLOGY

LT3092

200mMA 2-Terminal

Programmable Current Source

FEATURES

Programmable 2-Terminal Current Source
Maximum Output Current: 200mA

Wide Input Voltage Range: 1.2V to 40V
Input/Output Capacitors Not Required

Resistor Ratio Sets Output Current

Initial Set Pin Current Accuracy: 1%
Reverse-Voltage Protection

Reverse-Current Protection

<0.001%/V Line Regulation Typical

Current Limit and Thermal Shutdown Protection
Available in 8-Lead SOT-23, 3-Lead SOT-223 and
8-Lead 3mm x 3mm DFN Packages

APPLICATIONS

2-Terminal Floating Current Source

DESCRIPTION

The LT®3092 is a programmable 2-terminal current
source. It requires only two resistors to set an output
current between 0.5mA and 200mA. A multitude ofanalog
techniques lend themselves to actively programming the
output current. The LT3092 is stable without input and
output capacitors, offering high DC and AC impedance. This
feature allows operation in intrinsically safe applications.

The SET pin features 1% initial accuracy and low tem-
perature coefficient. Current regulation is better than
10ppm/V from 1.5V to 40V.

The LT3092 can operate in a 2-terminal current source
configuration in series with signal lines. Itis ideal for driv-
ing sensors, remote supplies, and as a precision current
limiter for local supplies.

Internal protection circuitry includes reverse-battery and

® GND Referred Gurrent Source reverse-current protection, current limiting and thermal
= Variable Current Source limiting. The LT3092 is offered in the 8-lead TSOT-23,
. :n;L,'"f‘: Lg"fl“ _— 3-lead SOT-223 and 8-lead 3mm x 3mm DFN packages.
ninsicod Ety iutis L7, LT, LTC, LTM, Linear Technology and the Linear logo are registered trademarks of Linear
Technology Corporation. All other are the property of their respective owners.
TYPICAL APPLICATION

Adjustable 2-Terminal Current Source

Vi = Vout = 1.2V T0 40V

L3092 IN

épom\

SET ouT

> >
',/Rssr S Rour

I

R
IsouRce = lﬂu'\'ﬁ

07018

SET Pin Current vs Temperature

10.100
10.075

10050 »
10025 \. |
10,000 [ St

9975

SET PIN CURRENT (uA)

9.950
9.925

9.900
=50 -25 0 25 50 75 100 125 150
TEMPERATURE (°C)

0T

3092fc

LY 1R

For more information www.linear.com/LT3092 1
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LT3092

ABSOLUTE MAXIMUM RATINGS (note 1) All Voltages Relative to Vgyr
IN Pin Voltage Relative to SET, OUT.......................240V  Operating Junction Temperature Range (Notes 2, 8)

SET Pin Current (Note 6) ........coecovrvereerene .+15mA E, | Grades.. ..—40°C to 125°C
SET Pin Voltage (Relative to OUT, Note 6) v 210V MP Grade.........cccouereee. ...—b5°C t0 125°C
Output Short-Gircuit Duration........................... Indefinite  Storage Temperature Range .................. -65°C to 150°C
Lead Temperature (ST, TS8 Packages Only)
Soldering;: 108005 i i) 300°C
TOP VIEW T

oot i1 ¢ | i 8w [3] I TOP VIEW

out [21 | i U TAB IS OUT 3

wfz i ° I 6] ne (2] our

SET [4] ‘L 7777777 i 5] ne 1] Ser

ST PACKAGE 758 PACKAGE
§iEiD Sm%)xpggmG§MSTlC o 3-LEAD PLASTIC SOT-223 8-LEAD PLASTIC TSOT-23
Tonaax = 125°C, 04 = 24°CW, 0y = 15°CAW Tunax = 125°C, B34, = 57°CW, 0y = 15°CAW
Tyna = 125°C, Byn = 28°CIW, By = 10°CW TABIS OUT MUST BE SOLDERED TO OUT ON THE PCB.
EXPOSED PAD (PIN 9) IS OUT, MUST BE SOLDERED TO OUT
ON THE PO, SEE THE APPLICATIONS INFORMATION SECTION. SEETHE APPLICATIONS INFORMATION SECTION.

3092fc

2 For more information www.linear.com/LT3092 L) LJHEQ(B

59



Datasheet 1249 TSL257

60



General Description

Figure 1:
Added Value of Using TSL257

am

TSL257

High-Sensitivity Light-to-Voltage
Converter

The TSL257 is a high-sensitivity low-noise light-to-voltage
optical converter that combines a photodiode and a
transimpedance amplifier on a single monolithic CMOS
integrated circuit. Output voltage is directly proportional to
light intensity (irradiance) on the photodiode. The TSL257 has
a transimpedance gain of 320MQ. The device has improved
offset voltage stability and low power consumption and is
supplied in a 3-lead clear plastic sidelooker package with an
integral lens. When supplied in the lead (Pb) free package, the
device is RoHS compliant.

Ordering Information and Content Guide appear at end of
datasheet.

Key Benefits & Features

The benefits and features of TSL257, High-Sensitivity
Light-to-Voltage Converter are listed below:

Benefits Features

Enables Extremely Fast Response to Change « Single Photo-Diode and Trans Impedance Architecture

Enables Fast Response to Visible Light in
Range of 400nm to 700nm Wavelengths

« 160us Output Rise-Time Response

Change in Light

Provides for High Sensitivity to Detect aSmall | + High Irradiance Responsivity:

Typically 1 68V/(uW/cm?) at Ap = 645nm

Provides Additional Sensitivity Advantages « 2x Gain Lens

Provides Full Dynamic Range

« Rail-To-Rail Output Swing

ams Datasheet
[v1-00] 2016-Jul-25

« Converts Light Intensity to Output Voltage

« Monolithic Silicon IC Containing Photodiode, Operational
Amplifier, and Feedback Components

« High Sensitivity

« Single Voltage Supply Operation (2.7V to 5.5V)
« Low Noise (200uVrms Typ to 1kHz)

« High Power-Supply Rejection (35dB at 1kHz)

« Compact 3-Leaded Plastic Package

« RoHS Compliant (-LF Package Only)

Page 1
Document Feedback
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Figure 2:
TSL257 Block Diagram

TSL257 - GeneralDescription

Functional Block Diagram

The functional blocks of this device are shown below:

W

Voltage
Output

Page 2
Document Feedback

amsDatasheet
[v1-00] 2016-Jul-25
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TSL257 - Pin Assignment qm

Pin Assignment The TSL257 pin assignments are described below.

Figure 3:
Pin Diagram of Package S Sidelooker (Front View)

1 2 3
GND Vgpp OUT

Figure 4:
Pin Diagram of Package SM Surface Mount Sidelooker
(Front View)

3.2 3
GND Vpp OUT

Figure 5:
Terminal Functions

Terminal
Description
Name
1 GND Ground (substrate). All voltages are referenced to GND.
2 Vop Supply voltage
3 ouTt Output voltage
ams Datasheet Page 3

[v1-00] 2016-Jul-25 Document Feedback

63



amtn

Parameter Measurement
Information

Figure 10:
Switching Times

TSL257 -

ame

Pulse
Generator

LED
(see Note 1)

TEST CIRCUIT

Inpu? —| I—

Output
Ru

-
|
|

Output
(see Note 2)

—t —» et
| — — | :
10% 10% I
VOLTAGE WAVEFORM

Note(s):

1.Theinputirradiance is supplied by a pulsed InGaN light-emitting diode with thefollowing characteri stics:)\p =470nm,t, <1ps, te<Tps.
2. The output waveform is monitored on an oscilloscope with the following characteristics: t, < 100ns, Z; = 1MQ, C; < 20pF.

Page8
Document Feedback

amsDatasheet
[v1-00] 2016-Jul-25
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TSL257 - Typical Operating Ch:

Typical Operating
Characteristics

ams Datasheet
[v1-00] 2016-Jul-25

Figure 11:
Photodiode Spectral Responsivity

amii

Relative Responsivity

1.6

1.4

1.2

1.0

0.8

0.6

0.4

0.2

Normalized to

470 nm

500

700

» - Wavelength - nm

900 1100

Figure 12:
Power Supply Rejection Ratio vs. Frequency

Power Supply Rejection Ratio — dB

102

103 104
f - Frequency - Hz

10° 108

Page 9
Document Feedback
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Abstract— To verification of concept, a spectroscopic method
for ement of pHin h blood through the syringe based
on backpropagation artificial neural network (BP-ANN). In this
paper the feasibility of design and fabricate measurement of pH
was consist of SLEDs as light source, 2 photodiodes as sensor to
measure the light intensity and calculate the blood pH. The
spectral data of 48 subjects were ed. Principal component
analysis (PCA) was applied to deduct the dimensional of collected
spectral data to reduce the infestation of redundant data. In such
cases, the principal component analysis has taken as inputs of BP-
ANN to correlate and predict blood pH. The calculated blood pH
by BP-ANN with PCA is quite a desirable with standard error of
0.015 and 0.023 919 in validation and testing, correlations
coefficient (R) 0.992 and 0.919 in validation and testing .
Inspecting the accuracy of BP-ANN model results produce by
statistical analysis with a relative analytical error all under 3% in
validation, and testing. The results are proved that a good
correlation between absorbance data with actual pH, and the
model is in good agreement. Hence, the method of BP-ANN with
PCA is a potential for the absorbance detection of pH in human
blood through the syringe.

Keywords— blood pH; BP-ANN; optical technique

I INTRODUCTION

Blood pH is one of biomedical measurement of
concentration which tests in the critical physiological parameter
to monitor the acid and base state in risky ill patients.
Practically, pH state related to functional of importance organs
in the body and need to be kept in a normal range typically 6.35-
7.45 in healthy human. However, the body organ is affected of
a little permutation of blood pH. Many application of optical
technique have been applied to the development of pH [1].

Nowadays, the pH is measured by small amount of blood
sample into a blood gas analyzer [2][3] ] or measured directly
in the blood of an inline pH-sensor [4]. Both methods are loaded

978-1-5090-4666-9/17/531 .00 ©2017 IEEE

with drawback, 1) The blood gas analyzers are high cost and
required chemical reagent therefore analysts are operated after
symptoms recur. 2) Therapeutic reaction can be delayed. 3)
Inline blood sensor can be contaminated the blood. Thence,
there is requirement a method that is both non-invasive and low
cost. Spectroscopic method from spectral region of 400-850 nm
is used, have the potential of fulfilling all criteria such as a
nondestructive, fast, without chemical reagents and have a good
penetrative of body fluid and variety of clinical
application[5][6].

The pH level from fluorescence measurement is based on a
detection of acid and base concentration which are not related
directly to hydrogen ions at spectral region of 400-850 nm.
However, these ions interacted with hemoglobin and changed
in near infrared spectrum. The spectrum of hemoglobin is
different too much from oxygen saturation. Therefore,
multivariate calibration method quantified the effect of
hydrogen ions [7].

This study is to develop, as a verification of concept, a
spectroscopic method for measurement of pH in human blood
through the syringe in system design and approach. The
researchers were decided to use a light source in near infrared
range to emit the blood pass thought the syringe with reflection
measurement. The absorbance replies on Beer-Lambert’s law.
Combined BP-ANN with PCA, we selected the optimal
network structure, create the ratio of absorbance analysis model
of pH level and consulted the accuracy for detecting pH in
human based on this method.

IL MATERIAL AND METHOD

A. Hardware System

Hardware system consists of light emitting diode (LED),
photodiode is a sensor with light intensity measurement unit,
LT3092 and data acquisition. Figure 1 was showed the block

70



5™ International Electrical Engineering Congress, Pattaya, Thailand, 8-10 March 2017

diagram of spectrophotometric hardware system. This device
obtained a pulse frequency of 1.25 Hz with duty cycle of 10 %
that is generated by Labview [8]. The multifunction DAQ USB-
6009M was produced by National Instruments that is a 14-bit
analog-digital conversation chip. The maximum sampling rate
is 48 Ks/s [9] and it is selected for the data acquisition. The
pulse rate was controlled constant electric current by external
circuit make up of LT3092. SLEDs are ultraviolet light, blue
light, green light, red light and infrared light which are selected
to light source. Photodiode (TSL257) is used as sensors to
detect the light intensity. This device is low noise light to
voltage, improve offset voltage and low power consumption.
This study used two photodiodes that have been applied as
photodetectors, one for monitor the optical power from LED,
another one for collecting the fluorescence signal from sample.
Thus, escaping the affectation from mutability of the optical
power of LED [8][10][11]. Figure 2 was showed the optical
head of this hardware.

Labniew | Spul procouing e P

Figure | the block diagram of spectrophotometric hardware

system.
Sample |

b

Figure 2 schematic representation (a) and a picture (b) of the
optical head of this hardware.

978-1-5090-4666-9/17/531 .00 ©2017 IEEE

Optical sensing is a useful method to detect pH in blood. This
technique is based on a qualification that different compounds
absorb light at different wavelengths described from the
attenuation by beer-lambert law is given by Eq.1 [12].

Iﬂua
A=-loglO(——) (0

momitor

where A is the absorbance , Ifluo is light intensity to collect the

fluorescence signal from sample, and Lpyornitor is light
intensity to monitor the optical power from LED.

B. Experimental Section

The spectral data was measured from 48 subjects (23-92
years, 30 males and 18 females), who were the patients in
Songklanakarind Hospital, Prince of Songkla University,
Thailand. The study was endorsed by the hospital’s research
ethical considerations and informed consent was acquired from
all subjects. The spectral data was obtained by optical head of
the measuring equipment, which are the ratio of absorbance
under beer-lambert law from equation 1. Before get the
reference pH, samples were analyzed by automatic blood gas
analyzer. The distribution for pH in different absorbance are
reported in tablel.

Table 1 The distribution for pH in different the ratio of
absorbance

The ratio of absorbance
pH
reference
Al A2 A3 A4
Max 0.664 1.218 0.765 -0.275 7.577
Min -0.408 0.161 0.031 -1.101 7.038
Mean 0.180 0.707 0.397 -0.623 7.432
Std. 0.254 0.227 0.187 0.180 0.101

C. Software System

Software system was developed to predict pH of the sample

by train the neural network using data at the ratio of absorbance
using the trained neural network.
ANN is the mathematical model that interconnected network of
simple processing with adjust weights, compose of the neural
structure an organize in layer. The general structure of ANN has
weight input, summation and activation function and output
[13].

In this study, the multilayer perception (MLP) is a
feedforward artificial neural network which leaning rule utilizes
the backpropagation (BP) algorithm for training the network.
The attendance technique involves an ANN estimate the pH
(output) when a desired absorbance was given as input. The
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original data input was collected by our device. Some redundant
variable might be affected to the model. To have appropriate
optimal of input, for reducing dimension of data input by
Principle component analysis (PCA), so the superlative PCA is
used as the input of BP-ANN [14].

After several demonstration with different network
configuration and with learning algorithms, the most suitable
network conformation is 4x3x22x1 with LM algorithms. Figure
3 was showed the illustration of ANN structure to analyze the
effect of absorbance on pH. This mean , the neural network has
one input layer with four neurons, two hidden layer with tree
neurons and twenty two neurons were used hyperbolic tangent
sigmoid transfer function and one output layer was used Linear
transfer function.

Evaluation criteria : the prediction accuracy was described
by R (correlation coefficient) and RMSE (root mean square
error) between the estimation and actual pH, and estimated
measurement error , which was calculated by RMSE, described

in Eq.2[13][15].

RMSE = 2)

Where §; and ; are absorbance estimated and referred to pH
values, successively, and N is the number of sample. A good
model estimation ability present by A high R and low RMSE.

Input layer | Hidden Layer Output layer ‘

A
Az

® -

Ay

I |

hyperbolic tangent sigmoid Linear transfer function

Figure 3 ANN structure to analyze the effects of absorbance
on pH.

III.  RESULT AND DISCUSSION

Data summation of training set, validation set and
testing set with the ratio 4:1:1, 32 samples were
selected for training set, 8 samples were selected for
validation set and 8 samples were selected for testing
set.

The optimal of neuron number in hidden layer based on the
criteria of lowest value of root mean square error (RMSE).
Figure 4 was showed the RMSE of the different neurons in
hidden layer. Concemning at figure 4, if the neuron numbers

978-1-5090-4666-9/17/$31 .00 ©2017 IEEE

increase in the second hidden layer, the RMSE will decrease.
Exceeding the RMSE, the estimated output is far away from the
actual value.

The optimal BP-ANN estimated the output for absorbance
inputs. The pH prediction by BP-ANN in validation process with
actual values by automatic blood gas analyzer (BGA) was
showed in figure 5. The correlation coefficient (R) was 0.992,
standard error of validation was 0.015, and relative error was
1.81% .Testing set actually test the model predict the output of
pH, figure 6 was showed the result between BGA and estimated
by BP-ANN in testing process. The correlation coefficient (R)
was 0.919, standard error of test was 0.023, and relative error
was 1.99%.

The results showed that a good point of The PCA with BP-
ANN model. It was high because sample set and pH showed a
good correlation, noticed from above figure. Furthermore,
relative analytical error under 3% in validation and testing
observed that is no significant differences the results and
validation, and testing results. It was presented that we can select
of network parameter, algorithms and proper trained network,
there tends to give appropriate answer, when the network has not
seen inputs before. However, several samples were predicted
further away from the regression line then others. The reason for
this problem is a light scattering that is influenced on oxygen
changed on hemoglobin to have effect on the spectral data in this
wavelength range. This will be improved the next section.

0046 0.0445

0.044
0.042

0.04
0.038
0.036
0.034
0.032

0.03

RMSE

0 5 10 45 20 25

Number of neuros at 2™ hidden layer

Figure 4 RMSE of the different neurons in hidden layer.

IV. CONCLUSION

This study dealt with the analysis of the ratio of absorbance
on pH in human blood through the syringe. Researchers applied
to instrument with S5LEDs source are simple, cheap, and
effective to develop a system for detecting and predicting pH in
human blood through the syringe. In addition, using the
optimum section of BP-ANN combined with PCA that were
used for establishing four neurons in the input layer, one neuron
in the output layer and two hidden layers for the number of
neurons in the first hidden layer is three neurons and the second
hidden layer is twenty two neurons. The analysis
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validation
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prediction pH
NN NN
BN Wb
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Figure 5 pH prediction by neural network in validation process
with actual values by automatic blood gas analyzer (BGA).

testing

7.5
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7.25 7.3 7.35 7.4 7.45 75
actual pH

Figure 6 pH prediction by neural network in testing process
with actual values by automatic blood gas analyzer (BGA).

-results confirmed that the method can be comprehend the pH
human blood through the syringe. The accuracy is congenial but
at clinical applications, the system is not instantly suitable. For
all above reasons, we suggest that continue subdivide inputs
in 2 inputs and 3 inputs to reduce cost of LEDs in field of
instrumentation ,the mechanical robustness and measurement
including repression method of scatter interference should be
improved to get a progressive result and accomplish the
technology at clinical application in the future.
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