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Abstract: 

Postpartum Haemorrhage (PPH) is the loss of blood above 500 ml during vaginal or caesarean deliveries. It is 

difficult to find a PPH in an earlier stage, so pregnant women are exposed to excess blood loss that make them suffer 

and die. Antenatal practices help in identifying risk factors, and modern technology is used to overcome the risk. 

Still, the morbidity rate and the mortality arise due to the unpredicted and unexpected cause. PPH is still a 

significant cause of maternal morbidity and mortality worldwide. The novelty of this research work is to alert 

medical practitioner about excessive bleeding of pregnant women during childbirth. We are proposing an 

automation system using wearable devices to prevent pregnant women from the PPH. These devices measure 

parameters like temperature, pulse rate, blood pressure, and sweat rate of pregnant women. Fuzzy Neural technique 

based rules are used for each parameter to predict the risk in developing PPH and to evaluate the performance of 

proposed system for reducing mortality and morbidity rates. Our findings of experiment is carried on metrics of 

HPPH (High Level Postpartum Haemorrhage), NPPH (Normal Level Postpartum Haemorrhage), MPPH (Medium 

Level Postpartum Haemorrhage) for 15 patients. Fuzzy output value of 1 indicates patient state with NPPH, 0 

indicates patient state with HPPH and values in between 0 to 1 indicate MPPH. Based on the sensitivity of the 

predicted values, medical attention is taken from doctors or nurses in nearby locations using Internet of Things 

infrastructure. 
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1. Introduction 

The statistical fact revealed by the World Health Organization claims that about 14 million women suffer from PPH 

all around the world. One of the most common causes is due to severe bleeding in a female genital tract, which may 

threaten life and can lead to fatal consequences. Haemorrhage is one of the main factors responsible for maternal 

death. It is the death caused by the rupture of the blood vessel during pregnancy. Uterine Atony is one of the prime 

risk factors for maternal death. In some PPH cases, they were unresponsive to medical treatments. If the uterus is not 

appropriately contracted, then it is Uterine Atony, where the blood vessels fled freely, and the Haemorrhage occurs. 

Uterus weights a little over a pound during the first week after childbirth. During the second week, it weights 

11ounces. In the fourth week, it remans close to its pre-pregnancy weight of 3.5oucnes or less. If the Uterus is not 

contracted, then using Uterotonic, Balloon Tamponade technique, B-Lynch suture, Hayman suture is handled. 

      PPH is recognized in two ways namely primary and secondary PPH. Primary PPH leads to immediate death 

within 24 hours of delivery with the excessive loss of 500 ml of blood followed by child birth from the vaginal 

canal, whereas the secondary PPH is the excessive vaginal bleeding after the delivery and within 6 weeks of 

postpartum. In most of the cases, the late PPH are due to the retained products of conception and infection or both. 

Despite developed antenatal practices, solutions for the complete cure are still under research. A major cause for the 



recurrence and occurrence of 70% PPH is because of uterine atony which is the failure of the uterus after the 

delivery [1, 2]. Some other leading causes are trauma, retained placenta, placental abruption, placenta previa, 

multiple pregnancy and blood coagulation abnormalities [2-4]. In general, the clinical manifestation of bleeding in 

secondary PPH is classified into two types as external bleeding and internal bleeding as shown in Figure 1. 

      Internal bleeding also leads to Uterine Atony which is due to any Haemorrhage in a uterine region that causes 

trauma or improper delivery of the placenta. It is mainly due to active or no active bleeding [5, 6]. The treatment for 

internal bleeding is handled through the technique of embolization which involves holding of the bloodstream by 

lodging of embolus during heavy bleeding with uterine fibroids [5, 7].  Generally, internal iliac atony is carried out, 

in case of massive obstetric haemorrhage that preserves the reproduction functions and acts effectively in controlling 

the bleeding [8]. In worst cases, hysterectomy is performed surgically to remove the uterus [6, 9]. The external 

bleeding is occurring because of poor uterus contraction which causes the blood vessel feeding into the site where 

the placenta is attached to continue bleeding [10, 11]. Lower genital tract lacerations are handled during the poor 

contraction of the uterus after keen observation of vaginal trauma. Medical therapy includes oxytocin and ergot 

alkaloids, prostaglandins [10-13]. During this stage, Episiotomy (perineotomy) is the surgical incision of perineum 

and the postal vaginal wall to enlarge the opening for the baby to pass through. Various techniques like Uterotonic 

and balloon tamponade technique, B-lynch, and Hayman suture are practiced to overcome the poor contraction of 

the uterus [5, 14]. Balloon tamponade technique serves as the lifesaving intervention in low resource areas where the 

blood transfusion and surgical facilities are not available [14]. B-lynch suture is a compression suture used in the 

postpartum period that mechanically compresses the atonic uterus during severe PPH [14, 15]. Hayman suture is 

similar to B-lynch with a slight modification which is considered as easier, faster approach in an emergency. The 

techniques of balloon tamponade, B-lynch, and Hayman suture are used to present the PPH. With all these 

challenges, there is a strong need of automation system that will predict PPH in efficient manner. 

      .  

Fig. 1. Third Stage of Labour with Phases of Bleeding 

 



         In this work, an automation system is designed and implemented to measure PPH levels in pregnant women to 

predict the risk involved in developing PPH. The major contributions of this paper are as follows: 

1. Our work proposed an automation system using wearable devices to prevent pregnant women from the PPH by 

measuring parameters like temperature, pulse rate, blood pressure, and sweat rate. 

2. An efficient Fuzzy Neural technique based rule algorithm is developed for input parameters of temperature, 

pulse rate, blood pressure, and sweat rate of pregnant women to predict the risk in developing PPH. 

3. Our proposed system uses efficient IoT based alerting system to seek medical attention of medical practitioners 

in nearby locations for pregnant women based on the sensitivity of predicted values from fuzzy system. 

 

The organization of paper is as follows: section 2 gives the analysis of the existing concepts, section 3 elaborately 

explains the prediction and identification of PPH patients, section 4 explains the implementation of a proposed 

neural network, section 5 implicit the evaluation and section 6 concludes the results. 

 

2. Literature Review 

 
In this section, the existing works related to PPH are discussed. Many researchers have surveyed external bleeding, 

saying that mortality rate occurring is 80% because of uterine atony [1], [16, 17]. The remaining is in PPH 

complications due to the retained placenta [18, 19]. One of the effective medicines suggested by Lusia A Wetta is a 

magnesium sulphate that reduces about 10% occurrence of preeclampsia in women undergoing vaginal delivery [1]. 

However, one of the innovative solutions to treat PPH effectively is 4T’s namely Tone, Tissue, Thrombin, Trauma 

[10, 20]. Research works claim that tranexamic acid is also useful in treating PPH [6, 21-23]. On the other hand, 

improvement in treating PPH after implementing Controlled Cord Traction is possible in the third stage of labour 

[5].  

     Edwin Chandraharan- a consultant obstetrician and gynaecologist studied the management of PPH in the year 

2017 and concluded that after adjustment for all potential confounders, intrapartum use of oxytocin was associated 

with a significantly higher risk of severe PPH [16]. A management algorithm called HAEMOSTASIS has been 

proposed to aid systematic and stepwise management of PPH. A randomized controlled trial showed that active 

management of the third stage alone reduces the incidence of primary PPH by 70% compared with physiological 

management alone. Based on the recent WOMAN trial, tranexamic acid is recommended in the routine management 

of PPH unless there are specific contra-indications. Risk factors for severe PPH: a case-control study proposed by 

Irene Sandven et al. in the year 2017 addressed the risk factor based on Tone (uterine atony, uterine inversion and 

abruption of the placenta), Tissue (retained placenta and retained parts of placenta, and abnormal placentation), 

Trauma (uterine rupture, birth canal trauma, and surgical trauma) and Thrombin (coagulation disorders) [24]. The 

article specifies all the principal risk factors for severe PPH that serve as a precaution to avoid severe PPH 

conditions. 

      Stepan Feduniw et al. has addressed the risk factor based on uterine atony and also mentioned the effective 

treatment for PPH [25]. Abir Saha et al. had discussed the possible Social Networking Sites (SNS) based 

interventions and design implications that can effectively and feasibly reduce Postpartum Depression (PPD) in 

women in developing countries [26]. Fan Qi et al. in the year 2018 has proposed K-Nearest Neighbour (KNN) 

algorithm, which is used for predicting the PPH [27]. It can contribute to the prevention and control of PPH. Radite 

Purwahana has revealed the purpose of multinomial logistic regression, which is used to analyze the data of mothers 

dying in the postpartum period based on the main variables causing maternal death [28]. Daniel Surbek have 

analyzed, and conclusions were made by the Swiss PBM in obstetrics working group of experts in a consensus 

meeting [29]. Oluwakemi Adegoke developed the Every Second Matters for Mothers and Babies by using Uterine 

Balloon Tamponade (ESM-UBT) device which is used to control the blood to the uterus [30, 31]. Marieke C. Punt 

[29] has revealed obstetric bleeding problems often occur in women with Inherited Platelet Receptor Defects 

(IPRD). To improve the clinical management of women-specific bleeding in IPRD, international cooperation is 

required, preferably on prospective studies. 

        Mahmoud Alalfy mentioned the usage of intrauterine misoprostol for the prevention of primary PPH which is 

supported by several other researches [32-34]. Another research diagnosed the uterine disease with the Mamdani 

Fuzzy Inference System [35]. Fuzzy Inference system is commonly used method for the detect of the disease [36]. 

Umi Salamah discussed the postpartum infection type using Mamdani fuzzy system [37]. João Luis Zeni 

Montenegro introduces a Multifaceted Model of Natural Language Generation for women in a postpartum [38]. A 

research has been conducted to provide some guidelines and strategies for implementing mHealth apps and services 

to support maternal healthcare in developing countries [39]. 



Based on the these limitations of balloon tamponade, B-lynch, and Hayman suture techniques related to PPH, the 

authors incorporate and proposed an automation system using wearable devices to prevent pregnant women from the 

PPH by measuring parameters like temperature, pulse rate, blood pressure, and sweat rate. This system uses efficient 

IoT based alerting system working on fuzzy neural technique to seek medical attention of medical practitioners in 

nearby locations for pregnant women based on the sensitivity of predicted values from fuzzy system. 

 

3. Proposed System 

The proposed method is to analyze the parameters (temperature, blood pressure, pulse rate and sweat rate) of women 

in labor ward. It has high accuracy to predict the PPH patients and has a fast training process for predicting whether 

the patients are affected by PPH or not. In Fig. 2, doctor provide a wearable device to pregnant women and it 

measure temperature, blood pressure, pulse rate and sweat rate. For PPH identification, the range of parameter value 

should be defined. The parameter value in the obtained data indicates the biological condition of pregnant women. 

This parameter also checks whether the patient’s biological condition is normal or not. If parameter value exceeds 

from the normal level, then the pregnant women is affected by PPH. 

 

Fig. 2.  Identification of PPH 

3.1 Prediction of Temperature using Fuzzy Series: 

The normal temperature of the patients is 98.6 F. However, the temperature varies for patients who are affected by 

PPH and variation in temperature depends on the health condition of patients. 

Membership Function for Temperature: T be a fuzzy event whose membership function is μT(x). For μT(x)⊆ [0, 

1], so μT(x) = 1, therefore a function exists μT(x) which satisfies the equation 1: 

      =     (1) 

 

To identify the PPH patients, we should define the membership function μT(x) satisfying equation 2 and as shown in 

Fig. 3 



                  =  +                             (2) 

                                       

 
Fig. 3. Membership Function for Temperature   

The membership function of pregnant women is defined by using equation 3 as 

       (3) 

                         

where,   P = {P1, P2… Pn} indicates the number of pregnant woman. 

               x= {x1, x2… xn} be the temperatures of N number of patients 

“a” indicates the minimum body temperature of pregnant woman which is less than 95 F and it indicates 

the patient’s health is abnormal.  

“b” denotes the starting temperature level of normal human body which is in 97.7 F and it indicates the 

patient’s health condition is normal. 

“c” denotes the ending temperature level of normal human body which is in 99 F and it is also indicates 

that patient’s health condition is normal. 

“d” denotes the maximum body temperature of the pregnant women which is more than 100.4 F and it 

indicates that pregnant women are affected by PPH. 

The normal body temperature of human body ranges from 97.7F to 99.5 °F. If the body temperature in women 

carrying pregnancy is in the range of 95 F to 97.7 F or 97.7 F to 100.4 F, then it is treated as abnormal condition and 

we need to identify whether they can be affected by PPH or not.  

From the temperature P, we will initiate fuzzy rule for identifying the PPH affected patients in the form of 

Algorithm I. 

Algorithm I - Fuzzy Rule for Temperature 

 

 

 

 

 

 

INPUT: P= {P1, P2… Pn} be the number of pregnant women. 

x:        Denote the body temperature of  pregnant women. 

a:        Indicate the minimum body temperature of the pregnant women. 

b:        Indicate the starting temperature level of the pregnant women. 

c:        Indicate the ending temperature level of the pregnant women. 

d:        Indicate the maximum body temperature of the pregnant women. 

μT(x)  Denotes Membership function 

OUTPUT: Identify the PPH patients based on temperature 



 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Affected Patients List based on the above Membership Function 

As shown in Fig.4, Persons P6, P10, P11 and P12 are not being affected by PPH because the value of their 

membership function for temperature is equal to 1. However, P1 and P14 are being affected by PPH as the value of 

their membership function for temperature is equal to 0. Further, remaining persons carrying membership function 

value for temperature between 0 and 1 are having tendency to fall in PPH and thus need medical assistance.  

3.2 Prediction of Pulse Rate using Fuzzy Series: 

 

For a normal person, the pulse rate is 72 beats per minute (bpm). During PPH, it will increase up to 80 or 90 bpm. 

Membership Function for Pulse Rate: Let P be a fuzzy event whose membership function is μP(x) .For  μP(x) ⊆[ 

0, 1], so μP(x) = 1, therefore a function exists  μP(x)  which satisfies the equation 4: 

 

     =              (4) 

To identify the PPH patients, we should define the membership function  satisfying equation 5: 

 

     =  +     (5) 

                                                     μP(x) 

x 

Fig. 5.  Membership Function for Pulse Rate 

Initialize the Membership Function  

                μT(x) is set to zero 

Begin 

       if (b≤x≤c) then 

 The Membership function μT(x) is set to one 

      else if(x<a) then 

 The Membership function μT(x) is set to zero 

     else if(a≤x≤b) and c≤x≤d) then 

 The Membership function will be calculated by using                                                                 

     else 

              The Membership function μT(x) is set to 0 

End 



The membership function of pregnant women is defined by equation 6 as: 

 

 (6) 

 

where,  P = {P1, P2… Pn} indicates the number of pregnant women. 

x= {x1, x2… xn} be the pulse rates of N number of patients 

“a” denotes the minimum pulse rate of pregnant women representing the patient’s condition as abnormal 

and thus we need to identify whether they can be affected by postpartum hemorrhage or not. 

“b” denotes the standard pulse rate of pregnant women and it indicates their biological condition is average. 

“c” denotes the maximum pulse rate of pregnant women, which is more than 87 and it indicates they are 

affected by postpartum hemorrhage. 

From the pulse rate of P, we will initiate a fuzzy rule for identifying the postpartum hemorrhage affected patients in 

the form of Algorithm II. 

Algorithm II - Fuzzy Rules for Pulse Rate 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Input:  P= {P1, P2… Pn} be the number of pregnant women 

x         Denote the pulse rate of the  pregnant women. 

a         Denote the minimum pulse rate of pregnant women. 

b         Denote the normal pulse rate of pregnant women 

c         Denote the maximum pulse rate of  pregnant women 

μP(x)  Denote the membership function 

Output:  Identify the PPH patients based on pulse rate 

Initialize The Membership Function  

                μP(x) is set to zero 

Begin 

    if (a≤x≤b) then 

 The Membership Function μP(x) Is Set To (x-a/b-a) 

    else if(x>c and x>a) then 

 The Membership Function μP(x) Is Set To 0 

    else if (b≤x≤c) then 

 The Membership Function μP(x) will be calculated by using (c-x/c-b) 

    else 

             The Membership Function μP(x) Is Set To 1 

End 



 

 

 

 

 

Fig. 6. Affected Patients List based on the Above Membership Function 

As shown in Fig. 6, Persons P3, P10, P11, and P12 are not being affected by PPH because the value of their 

membership function for pulse rate is equal to 1. However, P4, P6, P7, and P13 are being affected by PPH as the 

value of their membership function for pulse rate is equal to 0. Further, remaining persons carrying membership 

function value for pulse rate between 0 and 1 are having tendency to fall in PPH and thus need medical assistance. 

3.3 Prediction of Blood Pressure using Fuzzy Series: 

  

The normal level of blood pressure is 120/80 mm/hg. If the blood pressure is higher than 140/90 mm/hg, then this 

condition indicates high blood pressure for pregnant women. 

Membership Function for Blood Pressure: Let Bp be a fuzzy event whose membership function is μBp(x) .For 

μBp(x) ⊆ [0, 1], so μBp(x) = 1, therefore a function exists μBp(x)  which satisfies the equation 7: 

 

      =        (7) 

To identify the PPH patients, we should define the membership function  satisfying equation 8 and as shown 

in Fig. 8. 

 

      =  +    (8) 

                                       μBp(x) 

  
Fig. 7. Membership Function for Blood Pressure 



The membership function of pregnant women is defined by equation 9 as: 

 

(9) 

 

where,   P = {P1, P2… Pn} indicates the number of pregnant women. 

 x= {x1, x2… xn} be the blood pressures of N number of patients 

“a “ indicates the minimum blood pressure of pregnant women which is less than 60 mm/hg 

“b “ denotes the starting pressure level of normal human body which is in 80 mm/hg and it indicates the 

patient’s health condition is normal. 

“c” denotes the ending pressure level of normal human body which is in 120 mm/hg and it also indicates 

that patient’s health condition is normal. 

 “d” denotes the maximum blood pressure of the pregnant women which is more than 140 mm/hg and it 

indicates that pregnant women are affected by PPH. 

If the blood pressure of Pregnant women is in the range of 60-80 mm/hg or 120 mm/hg which is abnormal level, 

then we need to identify whether they are affected by PPH or not. From the blood pressure of P, we will initiate 

fuzzy rule for identifying the PPH affected patients in the form of Algorithm III. 

Algorithm - III Fuzzy Rule for Blood Pressure: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Input:   P= {P1, P2… Pn} be the number of pregnant women. 

x:          Denote Blood pressure of  pregnant women 

a:          Indicate the minimum Blood pressure of  pregnant women. 

b:          Indicate the starting Blood pressure level of pregnant women. 

c:          Indicate the ending Blood pressure of the pregnant women. 

d:          Indicate the maximum Blood pressure of pregnant women. 

μBp(x)  Denotes Membership Function 

Output:   Identify the PPH patients based on Blood Pressure 

Initialize The Membership Function  

                 μBp(x) is set to zero 

Begin 

        if (b≤x≤c) then 

       The Membership function μBp(x)  is set to one 

        else if (x<a) THEN 

        The Membership function μBp(x) is set to zero 

         else if (a≤x≤b) and (c≤x≤d) then 

        The Membership function will be calculated by using   

          else 

                     The Membership function μBp(x)  is set to 0 

End 



 

 

 

 

Fig. 8.  Affected Patients List based on the above Membership Function 

As shown in Fig. 8, Persons P1, P7, P8, P11, and P15 are not being affected by PPH because the value of their 

membership function for blood pressure is equal to 1. However, P2, P3, 10, and P12 are being affected by PPH as 

the value of their membership function for blood pressure is equal to 0. Further, remaining persons carrying 

membership function value for blood pressure between 0 and 1 are having tendency to fall in PPH and thus need 

medical assistance.  

3.4 Prediction of Sweat Rate using Fuzzy Series: 

 

For an average person, the sweat gland rate is 0.8 to 1.4 liters per hour. Excessive sweating indicates underlying 

health condition which will affect pregnant women during childbirth. 

Membership Function for Sweat Rate: Let S be a fuzzy event whose membership function is μS(x) .For μS(x)  ⊆ 

[0, 1], so μS(x) = 1, therefore a function exists  μS(x) which satisfies the equation 10: 

     =      (10) 

To identify the PPH patients, we should define the membership function  satisfying equation 11 and as shown 

in Fig.9 

     =  +      (11) 

                             

 

                                                        μS(x) 

 
Fig. 9. Membership Function for Sweat Rate 

 

 

 



The membership function of pregnant women (P) is defined in equation 12 as: 

 

  (12) 

 

where,  P = {P1, P2… Pn} indicates the number of pregnant women. 

x= {x1, x2… xn} be the sweat rates of N number of patients (i.e.) x  P 

“a” indicates the minimum sweat rate of pregnant women which is less than 0.1 liters per hour 

“b” denotes the starting rate of normal human body which is 0.8 liters per hour and it indicates the 

patient’s health condition is normal. 

“c “denotes the ending rate of normal human body which is 1.4 liters per hour and it indicates that patient’s 

health condition is normal. 

“d “denotes the maximum sweat rate of the pregnant women which is 4 liters per hour and it indicates that 

pregnant women are affected by PPH. 

If the sweat rate of pregnant women is in the range of 0.1 to 0.8 or 1.4 - 4.0 liters per hour, then it represents the 

abnormal level. In these conditions, we need to identify whether are affected by PPH or not. 

From the sweat rate of P, we will initiate fuzzy rule for identifying the PPH affected patients in the form of 

Algorithm IV. 

Algorithm- IV Fuzzy Rule for Sweat Rate 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Input:   P= {P1, P2… Pn} be the number of pregnant women. 

x:       Denote Sweat rate of pregnant women. 

a:       Indicate the minimum sweat rate of pregnant women. 

b:       Indicate the starting sweat rate of pregnant women. 

c:       Indicate the ending sweat rate of pregnant women. 

d:       Indicate the maximum sweat rate of pregnant women 

μS(x)  Denotes Membership function 

Output:    Identify the PPH patients based on Sweat Rate 

Initialize The Membership Function  

                    μS(x) is set to zero 

Begin 

       if (b≤x≤c) then 

    The Membership function  is set to one 

       else if (x<a) then 

    The Membership function   is set to zero 

       else if (a≤x≤b) and (c≤x≤d) then 

    The Membership function will be calculated by using  

       else 

                The Membership function  is set to 0 

End 



 

 

Fig. 10.  Affected Patients List based on the above Membership Function 

 

As shown in Fig. 10, Persons P2, P10, and P11 are not being affected by PPH because the value of their membership 

function for sweat rate is equal to 1. However, P4, P7, P10, P13, and P15 are being affected by PPH as the value of 

their membership function for sweat rate is equal to 0. Further, remaining persons carrying membership function 

value for sweat rate between 0 and 1 are having tendency to fall in PPH and thus need medical assistance.  

These modules will be performed in the self-perspective neural network to predict the health conditions of pregnant 

women as shown in Fig.11. 

 
Fig. 11. Proposed Neural Network for Identifying the PPH Patients 

 

 



3.5 Self-Perspective Neural Network 

PPH is the loss of blood in excess of 500 ml during vaginal deliveries or caesarian deliveries. The result of PPH will 

increase the morbidity and mortality rate. For addressing these issues, a new proposed method is introduced for 

identifying the PPH affected patients.  

Each neuron in the input layer represents the number of pregnant women (i.e) {p1, p2, p3......pn}.This layer feeds 

the input of patients parameter to the pattern layer. The pattern layer contains neuron for each parameter in the 

training datasets and stores their parameter details. For the given parameter, summation layer feeds the input to the 

next layer and then calculates membership function. The output layer compares the level of parameters with the 

normal ranges. If it exceeds, then the patients are affected by PPH and thus we will be in a position to obtain the 

PPH affected patient list. The FNT_PPH (Fuzzy Neural Technique_PPH) algorithm is designed to prevent the PPH 

affected patients and also used to intimate the doctor about the critical parameters level of pregnant women. The 

steps of FNT_PPH are explained in Algorithm-V. 

 

Algorithm-V FNT_PPH (Fuzzy Neural Technique_PPH) algorithm 

 

 

  

 

 

 

 

 

3.6 Alerting System through IoT 

ZigBee (IEEE 802.15.4) technology is used for the intimation process. It is a low rate-level communication protocol 

used to create a Wireless Personal Area Network (WPAN) for various applications like home automation, medical 

data collection, weather information collection, and many more.  It may also be used an alerting system through IoT. 

For the parameter level of the pregnant women, this technology will be used to generate an alert message to medical 

practitioner whose availability is in nearby location. 

 

4. Experimental Test and Results 

 

For conducting experiment and applying all fuzzy rules, the data has been collected from Panimalar Health care 

Hospital, Chennai, India. The data contains temperature, pressure, pulse rate and sweat rate of pregnant women. It 

comprises of 130 patient samples post-pregnancy. Each sample represents the parameter and their biological 

conditions. 

4.1 Indicator Definition of PPH Performance: 

The membership function of each patient is used to evaluate the performance. The metrics used in this method are 

HPPH (High Level Postpartum Haemorrhage), NPPH (Normal Level Postpartum Haemorrhage), MPPH (Medium Level 

Postpartum Haemorrhage). Table 1 shows the membership function of pregnant women based on their parameter 

level. Membership function value of 1 indicates patient state with NPPH, 0 indicates patient state with HPPH and 

values in between 0 to 1 indicate MPPH. The membership function of all parameters is given in Table 1.  

 

 

 

Input:    Let T= {t1, t2....., tn} be the temperature of pregnant women 

Bp=   {b1, b2.., bn} be the Blood pressure of pregnant women 

P=      {p1, p2...., pn} be the pulse rate of pregnant women 

S=      {s1, s2..., sn} be the sweat rate of pregnant women 

P=      {p1, p2..., pn} be the number of persons 

Output:  Print the list of PPH affected patients and their parameters. 



Table 1. Membership Function of all Parameters 

Person (P) Temperature 

(μT(x)) 

Pulse 

rate(μP(x)) 

Blood 

Pressure(μBp(x) 

Sweat rate( 

μS(x) 

P1 0 0.16 1 1 

P2 0.66 0.83 0 1 

P3 0.629 1 0 0.33 

P4 0.77 0 0.66 0 

P5 0.88 0.76 0.714 0.65 

P6 1 0 0 0.9 

P7 0.55 0 1 0 

P8 0.22 0.64 1 0.92 

P9 0.33 0.3 0.85 0.76 

P10 1 1 0 1 

P11 1 1 1 1 

P12 0.8 1 0 0.7 

P13 0 0 0 0 

P14 0.6 0.7 0.4 0.5 

 P15 1 1 1 0 

 

                                             Fig. 12. Affected Patients List based on the Membership Functions 

As shown in Fig. 12, P11 is not affected by PPH because the value of their membership function for all parameters 

is equal to 1. However, P13 is affected by PPH as the value of their membership function for all parameters is equal 

to 0. Further, remaining persons carrying membership function value for all parameters between 0 and 1 are having 

tendency to fall in PPH and thus need medical assistance.  

From the Table 5, the metrics given in equations 5, 6 and 7 are used to find the accuracy of affected patient list after 

maternity period.  



 
 

 

 
 

 

 
 

The accuracy of HPPH, NPPH, and MPPH are calculated by using equations 5, 6, and 7 respectively and their calculated 

values are listed in Table 2 and shown in Fig. 13. 

Table 2. Accuracy of PPH 

 

 

 

 

 

 

Fig. 13. Obtained Accuracy Level of PPH 

5. Conclusion 

In this paper, we have analyzed several parameters of patients that are very useful in fuzzy neural techniques 

(FNT_PPH) for predicting the PPH affected patients. An automation system for preventing PPH has been developed 

with the use of wearable devices. Our developed system measured the parameters of temperature, pulse, blood 

pressure, and sweat rate of pregnant women. Based on these measured values, if the condition of abnormality is 

satisfied in this system, then predicted values will be sent to the doctor or nurse in nearby locations through IoT that 

will help pregnant women to get medical attention and thus prevented from PPH after maternity. The authors believe 

that this developed system will help medical sciences in reducing the mortality and morbidity rate among pregnant 

women.  

 

        Metrics         Accuracy 

HPPH 25% 

NPPH 50% 

MPPH 25% 
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