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Abstract— This paper is about designing of NIOS II soft-core 

processor system for blood Haemoglobin estimation.  In today's 

world the Monitoring Haemoglobin is very important in hospitals 

to keep track of low haemoglobin count during operations, 

delivery, dialysis patient etc which are often done using invasive 

methods. We have designed soft-core processor by interfacing 

two LED's 660nm and 940nm with a single silicon photo-detector 

with inbuilt transimpedance amplifier on a finger probe to 

measure the concentration of oxy-haemoglobin and deoxy-

haemoglobin at specific wavelengths. The designed system has 

various applications in Hospitals and in house monitoring system 

to monitor the total haemoglobin level. We have tested our 

system over 5 subjects and the results obtained were also verified 

with invasive method in pathology laboratory. It was found that 

the readings taken were close to the Invasive method. 

 Keywords— Haemoglobin, Photoplethysmography, NIOS 

II, soft-core, SOPC. 

I. INTRODUCTION 

 Iron-deficiency anemia is the most well known 

malnutrition in both developed and developing countries. 

Pregnant ladies, Young people and Preschool children are the 

most vulnerable group of anemia [1]. Haemoglobin (Hb) is an 

important constitute of red platelets (RBC). The hemoglobin 

level is the measure of haemoglobin in grams (gm) per 

deciliter (dL) of the entire blood. The normal values for 

haemoglobin depend on the age and gender of the individual. 

The normal values for children are 11 to 13 gm/dL, for males 

are 14 to 18 gm/dL and for females are 12 to 16 gm/dL. The 

Haemoglobin concentration in human blood is an essential 

measurable factor to assess the physiological state of the 

individual [2],[7],[10]. A low haemoglobin measurement 

implies that the subject has anaemia. Haemoglobin levels are 

also used to determine whether a subject needs a blood 

transfusion. Generally subject haemoglobin must be 

underneath 7-8 gm/dL before a transfusion is considered, or 

higher if the subject has coronary illness [3].At present in the 

pathology facilities, different invasive methods are utilized to 

calculate Haemoglobin concentration in human blood. For this 

reason a blood test is taken and examined in a laboratory. The 

disadvantage of this method is that there is a delay between 

the blood collection and its analysis, which does not permit 

real-time patient monitoring in critical situations. A non-

invasive method permits pain free continuous patient 

monitoring with least risk of infection, as no needles are 

included [2], [7],[10]. 

Most hospital utilizes spectrophotometric investigation of 

light absorbance in view of Beer- Lambert law [3].The 

absorption of entire blood in the visible and near infrared 

range is ruled by the distinctive haemoglobin derivatives and 

the blood plasma which basically comprises of water. The 

pulsatile change in the volume of blood can be monitored by 

measuring the amount of transmission light or reflected light. 

This method of detecting changes in blood volume is known 

as photoplethysmography (PPG) [4]. 

 

II. RELATED WORK 

A lot of research work was carried out in estimating Total 

Haemoglobin in blood. A non-invasive method to measure the 

haemoglobin content in blood at two different wavelengths 

using an empirical equation was done [5].  Photons were used 

to measure absorption for specific wave lengths on the finger 

using a photo detector and it was calibrated in terms of 

haemoglobin level in blood [6]. A device was developed for 

hemoglobin determination by measuring absorption of light by 

oxy-haemoglobin and deoxy-hemoglobin at two different 

wavelengths 660nm and 940nm [7].  Monitoring of PPG 

waves at three wavelengths were done to calculate total 

haemoglobin level. Also action motion artifacts were 

cancelled by using a 3-axis accelerometer [8]. A device was 

used to measure glucose and Haemoglobin levels in blood 

using Near Infrared- Occlusion spectroscopy [9]. Hemoglobin 

Sensor System was designed with three light sources, receiver, 

a microcontroller and a wireless interface to calculate total 

Haemoglobin [10]. 

III. DESIGNED SYSTEM FOR NON-INVASIVE 

HAEMOGLOBIN METER 

As discussed above, several researchers have designed Non 

Invasive Haemoglobin estimation meter using different 

controllers and techniques but in our design we have used 

NIOS II soft-core processor system to estimate haemoglobin 

level using non invasive method using two wavelengths of 

light. 
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Fig 1.  Block diagram of Non-invasive Estimation of Haemoglobin  

 

The Entire design for the Haemoglobin Estimation is 

shown in the fig. 1. The section consists of NANO DEO 

Board, Finger Probe with two wavelengths of LEDS, a single 

photo detector, Signal Conditioning Block and Liquid Crystal 

Display (LCD). Two LEDs of two wavelengths will be 

selected with help of FPGA and will pass through the finger 

and the transmitted light through the finger is detected by 

using high sensitivity detector for a particular range. Variation 

in the intensity is due to associated changes in perfusion in the 

catchment volume. This detected light contains the 

information of various haemoglobin species in the blood. For 

every wavelength of light, different absorption is detected. 

The signal conditioner block will do the necessary 

amplifications and filtering of the PPG signal. The PPG signal 

is then send to an ADC, which converts it into the digital 

value. The digitized processed data is used to find the 

concentration of oxy-haemoglobin, de-oxyhaemoglobin and 

hence this helps to estimate the Haemoglobin level in human 

blood. 

 

A. Principle of Beer-Lambert Law 

Using the Beer-Lambert Law, Absorbance can be 

calculated using the following equation 

                      (1) 

where A is absorbance and λ is wavelength 

I is intensity of transmission light 

I0 is intensity of incident light 

C is concentration of absorbent (mol)  

L is optical path length in the cm  

ε is extinction coefficient of the substance at a specific 

wavelength, mol-1 cm-1 (1/mol centimeters) [7]. 

Equation 2 shows that Absorbance of a mixture is a sum of the 

absorbances of the components. 

                            (2) 

where [X] and [Y] are unknowns concentrations.  

To determine the unknown concentrations of N substances in 

mixture, absorbance’s of this is measured at N wavelengths 

having N number of equations. 

 

 

 

 

 

A. Analysis of Two-Component Mixture (Deoxy-hemoglobin 

and Oxy-hemoglobin) 

For two unknown components, we require two wavelengths. 

The wavelength is chosen to maximize the differential molar 

absorptivity. 

 

Absorption of the mixture at wavelength at λ1: 

                 (3) 

 

Absorption of the mixture at wavelength at λ2: 

                 (4) 

 

where A1=Rac/Rdc and A2=IRac/IRdc [11]  

 

To solve this system of equation with regards to [Hb] and 

[HbO2] we must: 

1. Measure the molar absorptivities of deoxy- hemoglobin 

and oxyhemoglobin at two wavelengths:€1
Hb

 , €1
Hb02

 

,€2
Hb

,€2
HbO2

 

2. Measure absorbance, A1and A2, of the mixture at two 

wavelengths. 

3. Solve the system from (3) & (4). 

 

                      (5) 

 

where [Hb02] is concentration of oxy-haemoglobin. 

 

                           (6) 

 

where [Hb] is concentration of deoxy-haemoglobin. 

 

                                 (7) 

 

where T
H
 is the total Haemoglobin in gm/dl. 

 

IV. DESIGN FOR SYSTEM ON PERIPHERAL CHIP 

(SOPC) 

In our design the selected SOPC components are 32-bit 

NIOS II CPU, JTAG UART, Interval Timer, ADC and LCD 

which is shown in Fig. 2. After selecting the SOPC 

components, the entire NIOS II system is generated. The 

NIOS II processor is interfaced to the on chip memories to 

store the C code and the transmitted data from the signal 

conditioner via 12 bit ADC present in NANO DE0 board.  
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Fig. 2. SOPC components selected to build a Soft-core processor for Non-

invasive Haemoglobin Estimation 

 

The generated system is brought to Quartus BDF window 

and later the pin mapping is done as shown in fig .3.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.3  Interfacing diagram for the designed system 

 

Once the design is compiled, the programming file is 

ported on Cyclone IVE using USB blaster. Next step is to run 

the C code on the NIOS II system to get the expected result. 

The flowchart for the C code which runs on the NIOS II 

system is shown in fig. 4. 

 

 
 

Fig 4. Flowchart for Haemoglobin estimation 

 

The LCD is configured as 8 bit data lines. The ADC is also 

configured to read the transmitted analog voltages. The two 

wavelengths (660nm & 940nm) will be selected by the soft-

core processor one after another after a certain delay. 

Calculatethe digital voltage (Rdc & Rac) for 660nm and (IRdc 

& IR ac) for 940nm. The concentrations of oxy-haemoglobin 

and deoxy-haemoglobin are calculated using empirical 

formula equations. Also Total Haemoglobin level is calculated 

which is displayed on the LCD. 

 

V.  RESULT AND DISCUSSIONS 

The Quartus II software was used for building the Non 

Invasive Haemoglobin system which was downloaded onto 

NANO DE0 Board. Finally it was connected to the Finger 

probe with two LED’s and a photo detector to get the desired 

haemoglobin count for 5 subjects with 20 estimations each. 

The PPG signal was also observed for two LED’s (660nm and 

940nm) using Digital Storage Oscilloscope. 

 

 

 

 

Start 

Configure the ADC 

 
 

Configure LCD 

Calculate Rdc and Rac voltage at 660nm  

Display the Haemoglobin level on LCD 

Select the Red LED at 660nm 

 

 

Calculate the Concentration of oxy-haemoglobin and 

deoxyhaemoglobin using empirical formula. 

Calculate Haemoglobin level  

Select the Infrared LED at 940nm 

 
 

Calculate IRdc and IRac voltage at 940nm  
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Fig. 5 shows PPG signal for LED at 660nm  

 

 

 

 

 

 

 

 
 

Fig. 6 shows PPG signal for LED at 940nm  

 

Fig. 5 shows that Red LED at 660nm has a small PPG signal 

compared to fig. 6 with IR LED at 940nm. From the above 

figure it shows that less Red light is transmitted through finger 

compared to Infrared LED. 

Table I: Haemoglobin estimated levels 

Subj

ect 

With 

finger 

Red 

(660nm) 

With 

finger 

IR 

(940nm) 

Oxy-

haemogl-

obin in 

gm/dL 

Deoxy-

haemo

-globin 

in 

gm/dL 

Total 

Haemoglobin 

in gm/dL 

 Rac 

(V) 

Rdc 

(V) 

IRac 

(V) 

IRdc 

(V) 

Using 

Desin

ed 

system  

Patholog

y 

1 1.68 1.375 1.86 0.856 10.755 1.3735 12.12 13.2 

2 1.64 1.275 1.82 0.771 11.734 1.4084 13.14 14.5 

3 1.70 1.285 1.86 0.775 11.916 1.4624 13.38 14 

4 1.78 1.244 1.88 0.745 12.461 1.6243 14.08 14.3 

5 1.74 0.756 1.96 0.50 19.292 2.6868 21.9 18 

 

 

 

 

 

VI. CONCLUSION 

The Development of NIOS II Soft-Core system for 

Haemoglobin estimation was designed using Altera Nano 

DE0 Board. The code was written in C language and was 

loaded into the FPGA for testing the project. Finally it was 

connected to the Finger probe with two LED’s (660nm and 

940nm) and a photo detector with inbuilt transimpedance 

amplifier to monitor the total haemoglobin count. It was 

found that readings monitored were not very accurate and 

further work has to be carried out by including more 

wavelengths and using multivariate regressions to predict 

total hemoglobin. 
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