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Abstract: Chemotherapy is a medicine that is frequently exploited to treat cancer; the cancer cells widen as well as 
propagate more rapidly than the other cells in body. Although chemotherapy is a capable technique to analyze several types 
of cancers, treatment involves threat as it reasons side effects because of inappropriate drug practice. Thus, this research 
proposes a robust controller to control the dosage of the drug which is performed in parameter estimation. Additionally, a 
Modified Regularized Error Function (MREF)-Extended Kalman Filter (EKF) is adopted to approximate tumor cells as well 
as it can be used for different circumstances. In addition, the overfitting problem happens at the time of the drug dosage 
estimation which is resolved by exploiting this method. Furthermore, to improve the proposed model performance, the 
primary condition of EKF is fine-tuned using Shark Optimization Algorithm (SOA). Finally, the preeminence of the 
developed technique is revealed regarding the error analysis. 

Keywords: Cancer, Chemotherapy, Controller, Drug, Treatment, Overfitting 
 

 
Nomenclature 

Abbreviations  Descriptions 
GWO Grey Wolf Optimization 
MREF Modified Regularized Error Function  
RMSE Root Mean Square Error 
pCR pathological Complete Remission  
GA Genetic Algorithm 
TN Triple-Negative  
MIMO Multiple Input Multiple Output 
PSO Particle Swarm Optimization 
MA Memetic Algorithm 
MAE Mean Absolute Error 
EKF Extended Kalman Filter  
GSA Gravitational Search Algorithm 
FM  Forward Movement  
NEF-EKF-ISF Nonlinear Error Function based EKF with Improved Scaling Factor 

1. Introduction 
Generally, chemotherapy is the most important treatment modality for cancer patients as well as it 
includes the employ of parenteral or oral chemotherapeutic agents to monitor the growth of the tumor as 
well as to extend the endurance time of patients. Into the bloodstream, the chemotherapeutic agents will 
go through and arrive at the cancerous cells and normal host cells all through the body. Therefore, the 
most important difficult disadvantage seen in oncology is the toxicity of chemotherapeutics.  Besides these 
conditions, numerous kinds of research encountered mathematical approaches to recognize the growth of 
tumors in the chemotherapy as well as formulate the best chemotherapy schedules which ascertain the 
drug's dosage administrated to the cancer patients by means of the objectives of increasing the 
therapeutic efficiency on tumor cells as well as reducing the normal cells toxicity [6]. Meanwhile, 
chemotherapy has both benefits as well as drawbacks. Still, if a patient is unsure regarding the starting 



Journal of Computational Mechanics, Power System and Control                                                            Vol.5 No.2 April 2022 

 

13 

diagnosis else reappearance, it is highly useful to go for chemotherapy [7]. One more notable feature of 
chemotherapy is the materialization of drug confrontation, generally seen in cancer patient's treatment. If 
“tumor cells produce resistance to chemotherapeutic agents, enduring treatment might no longer be 
effectual as well as the oncologists have to, consequently, conclude a novel chemotherapy schedule”. 
Nevertheless, there are a restricted amount of chemotherapy regimens to treat each category of cancer 
efficiently.The main objective of some studies is to devise an optimal control problem as well as resolve it. 
The chemotherapeutic schedule is attained as diminishes the load of the tumor; the negative features of 
drugs on healthy cells are taken into consideration. For MIMO Cancer Immunotherapy, a new Feedback 
Linearization Control is developed. A technique of predictive control with a moving horizon is exploited to 
decide the optimal dosing of cancer chemotherapy. An optimal immunotherapy manage of destructive 
tumor growth was developed. An adaptive control approach was exploited to control the usage of the drug, 
as well as the performance of the three unsure approaches, was evaluated. The optimal control theory was 
employed and shows the stability and efficacy of the optimization model to minimize cancer load excluding 
the tumor is not eradicated. 

The major contribution of this research is to develop a robust controller to control drug dosage by 
means of a new noise factor as well as an error function. Here, a new approach is proposed a novel 
algorithm known as the Shark optimization algorithm to fine-tune the primary state of EKF. 

2. Related Works 
In 2021, Ying Cheng et al [1], developed pembrolizumab–chemotherapy extended endurance vs. placebo–
chemotherapy with convenient toxicity as well as the conserved or enhanced health-associated of life 
quality in Chinese patients with metastatic squamous NSCLC. The performance analysis exhibits that 
aid pembrolizumab–chemotherapy as initial-line treatment in this population. In 2019, XIN FENG et al., 
[2], worked on the viewpoint to predict pCR by employing only nodal sizes of the primary three 
treatments. An optimal feature combination for each breast cancer sub-kind was observed from real 
nodal sizes of the primary three treatments as well as nodal sizes of subsequently 3 treatments predicted 
from those of the initial 3 ones. The prediction was estimated using measures Avc D. A True Negative 
breast cancer patient might be an opinion of pCR Avc D subsequent to using soon three treatments. In 
any case, Avc D was attained for all 4 breast cancer subtypes examined in this paper. In 2021, 
Muhammad Zubair et al., [3], worked on the variable structure on the basis of the nonlinear control 
approaches presented to minimize the tumor cells, protect a secure amount of healthy cells, remain the 
immune cells over a definite value, and make sure an appropriate number of chemotherapy drug. In 
2020, Peilian Wang et al., [4], formulated competent amalgamation chemotherapy schedules, which 
establish drugs dosages administered to cancer patients. The conventional cell cycle-specific model was 
employed; the method of obtaining drug resistance was integrated to typify cell growth. Then, the 
purpose of optimal chemotherapy schedule for patients was devised as a nonlinear optimization issue, 
with the objective of reducing not merely the quantity of tumor cells. To overwhelm the complexity in 
examining an acceptable solution to the issue because of its nonlinear nature MA with a developed local 
search scheme was developed. In 2020, Utkarsha L. Mohite and Hirenkumar G. Patel [5], worked on a 
robust controller which examines drug dosage besides from estimation of parameters here, and a NEF-
EKF-ISF was developed. In reality, the error was calculated by employing the traditional difference 
function and it was utilized to update the procedure of EKF in the conventional models.  

3. Adopted Non-Linear Control Theory 
A new non-linear controller model is developed which verifies the association of tumor cells with normal 
cells as well as immune cells. Eq. (1) to (3) indicates a non-linear system which  nB ,  nT as well as  nID  
represents a number of the tumor, normal as well as immune cells at a time n . As a result, drug injections 
are represented as the control inputs. The chemotherapeutic drug effect is represented 
as  nv1 ,  nv2 and  nv3  correspondingly. Moreover, immune cell type is taken into consideration which 
reduces the size of the tumor using a kinetic process. In addition, the technique is taken into consideration 
of immunity cells, and their growth is enthused by T-cells. The cell total population is presumed to be 
destroyed by exploiting the drug with different levels. Eq. (1) indicates that Lymph node, as well as bone 
marrow models, are a steady resource for ID  cells. 

IBvyIBtTIDp
T
TID

stID 1111 



                     (1) 

T
TID   represents saturation with terms like  and  that directly shows that immune cells are 

encouraged using tumour cells. TIDq 1  represents contest amongst tumour as well as immune cells which 
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reason immune cell loss. IDvy 11  represents immune cell loss as well as IDt1  represents that immune cells 
are insolvent at 1t  nature death rates. In Eq. (2),  TcTr 11 1  represents tumour cell's development with 

1r growth rate as well as 1
1
t  carrying ability. The inconsistency amid the rates of growth as well as death 

is shown using logistic growth terms [6]. TIDp 2  represents disagreements amid tumor as well as immune 
cells which results in losses of tumour cells. Similarly, TBp3 represents differences between normal and 
tumour cells which reasons tumour cell loss as well as Qvy 22  signifies tumour cells loss.   

  TvyTVpTIDpTcTrT 223211 1 


  (2) 

 BcBr 22 1  signifies normal cells population growth with 2r growth rate as well as 1
2
t in eq. (3).  

Moreover, QBp4  represents divergences amid tumor and normal cells which causes normal cell loss and 
Bvy 33  represents normal cell losses. Moreover, 1y , 2y and 3y  represents chemotherapy's effect on 

destroying cell growth. 
  BvyTBpBcBrB 33422 1 


   (3) 

4. Adaptive Controlling System 
In this research, an adaptive robust control system is adopted for 3rd -order nonlinear approach. The 
aforesaid controller tries to mark out the system conditions with suitable optimum values. In order to 
accomplish the objective, the number of cells is calculated with the optimum values as well as error 
waveforms are produced on the basis of that drug dosage proposed. In addition, constraints are calculated 
as well as used in the controller loop to model a robust system. Eq. (4) and (5) describe the reformulation 
of eq. (1) to (3) which describes the 3rd order model of a tumour. 
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Eq. (6) indicates the regression vectors. Eq. (7) denotes parameters are resaved with the estimated 
values as well as appropriate equations in the scenario of uncertainties. Subsequently, to formulate a 
steady model, the states like immune, normal as well as tumour cells mark out their associated optimum 
values that are exhibited in eq. (8), where positive values are shown 1 , 2 and 3 . ( tID and tID ), ( tT  and 

tT


) as well as ( tB and tB


) implies the immune cell’s optimum values and derivation of immune cell, 
tumour cell as well as a normal cell. In eq. (6), the eq. (8) is replaced in order to achieve the eq. (9) 






 







 







 





B
B

TBH

T
T

BIDTH

ID
ID

T
T

T
ID

H

1

1

1
1

3

2

1

    (6) 

T

T

T

yy
c

y
cra

y
ra

yy
c

y
c

y
cr

y
r

yy
t

y
p

yy
st





































 


33

4

3

22

3

2
3

22

3

2

2

2

22

2

1
2

11

1

1

1

11
1

1

1

1










  

  (7) 

 
 
 tt

tt

tt

BBBB

TTTT

IDIDIDID







3

2

1




    (8) 

    

    

    







 












 












 





B
BBB

TBT,B,ID,BBBH

Q
TTT

BTT,B,ID,TTTH

ID
IDIDID

T
T

T
ID

T,B,ID,IDIDIDH

tt
tt

tt
tt

tt
tt

3
33

2
22

1
11

1

11

1
1





  

  (9) 

Eq. (10) states control law where, 1 , 2  as well as 3  represents vector variables. Additionally, eq. (11) 
represents the adaptation law to compute the vector constraint, where 1 , 2 as well as 3  signifies 
symmetric positive constant metrics. Eq. (12) states error vector of tumour, immune, as well as normal 
cell and it is indicated using T , ID as andwell as B


. 
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              tIDIDID       (12) 

4.1.  Kernel Function 

In reality, to compute the immune cells, it is essential to use a nonlinear observer. At first, on the basis of 
eq. (13), a discrete-time nonlinear system is designed, wherein kw  represents processing noise as well as 

kx  represents the measurement noises. The foremost purpose of this research is to adopt a new noise 
factor named as m . The combination of m  might tends to system state disturbances that are reduced 
using the adopted model. Moreover, as stated in Eq. (14), kx and kw  are fixed as ZWGN with two 
covariance metrics and it is stated as Q and R , wherein kb  represents measurement vector such as normal 
and tumor cells as well as ka  signifies system states and these vectors are stated in eq. (15). In addition, 
proposed model is used to tune primary state kw in Eq. (13). On basis of eq. (1), (2) as well as (3), the 
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cancer chemotherapy scheme attains f and eq. (11) consists of the estimating constraints employed in the 
EKF observer. Therefore, on the basis of eq. (16), f is modeled. 
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Using EKF the varied states are estimated such as prediction as well as update.  
Prediction: As stated in eq. (17), the prediction of 1k|kb


 as well as associated error covariance 

matrix 1k|kPR is designed. 

Update: As stated in eq. (18), kPQ  and kb


 are estimated, wherein kk stated as Kalman gain.  
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4.2.  Covariance Matrix Estimation 

The estimation of KF is based upon how user selects precise kQ  and kR  for various applications. Usually, 

kQ as well as kR  are constant matrixes, which are attained using the trial and error model. Nevertheless, 
definite problems have occurred in election process, and therefore for enhancement, a novel estimation of 
covariance matrix is proposed in [7] on the basis of the kernel-based error function. As a conservatory, a 
novel scaling factor is included with error function as used in [8]. Moreover, developed model aspires to 
ascertain a new error function as calculated in Eq. (19). T harmonic mean of RMSE and MAE amid kh and 

kb


 is calculated that is taken into consideration as the error function.  ko  states measurement function, 

kh as well as 
kb


 signifies actual and estimated value in eq. (19). The augmentation is performed with 

error measure calculation to achieve better performance, wherein differential estimate of error measure 
ke is calculated on the basis of Eq. (20).   

     kkkkk b,hRMSE,b,hMAEHMe
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       (19) 
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Q Estimation: In eq. (21), the kQ evaluation is stated, which, kH indicates the covariance matrix of 
novelty. As a result, as stated in eq. (20), kQ  is estimated in ke . Furthermore, Eq. (23) exhibits the kQ  
evaluation, which b  represents the system state number as well as the enhancement factor V .  
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 
b

Vlog
Qk                      (23) 

Additionally, the scaling factor is involved which facilitates updating procedure as coarse-grained as 
well as fine-tuned. As stated in eq. (24), the V  SF  represents the scaling factor as calculated in Eq. (25).  
Here, e signifies standard deviation and n  exhibits a number of instants, as well as we  signifies weight 
which is calculated in Eq. (26), which In  signifies prior and present instants, CIn  indicates present 
instants. e denotes calculated in Eq. (27), which nu  represents a number of data points, ix  represents 
each data value as well as y

  represents ix mean.  

       SFUPQUeeQV T
kkk

T
kkk  


11

1   (24) 





n

i
iwe

n

e
SF

1

      (25) 

CIn

In
we        (26) 

 






nu

i

i

nu

xx
e

1

2

1


      (27) 

Estimation of R : On the basis of eq. (28), the process noise is calculated in order to estimate 1kR . 
The average estimation of R  concerning time is stated in Eq. (29), which   represents the forgetting 
factor (0.3 as per [8]) and kk represents Kalman gain.  
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The proposed approach tries to optimize the primary state ( kw ) using the optimization approach. The 

objective function (OF ) of the proposed paper which is exhibited in Eq. (30), which   2SoSum  signifies 
regularized term, e  denotes the error, and So represents an arbitrary solution.  

     2SoSumeMeanMinOF     (30) 

4.3Proposed SOAModel 

The SOA is considered a powerful optimization approach. It is extensively exploited in diverse cases, like 
solving mathematical functions [13]. In the SOA, rotational movement of sharks is an important operator 
for engrossing local optimums. In SOA, some suppositions are performed, as well as they are stated 
below [12]: 

a) The wounded fish is represented as the prey to sharks. 
b) The sharks attempt to discover injured fish by attaining blood particles from wounded fish’s body. 
c) The velocity of wounded fish is avoided over the velocity of the shark. 
In proposed model, sharks’ locations are taken into consideration as candidate solutions for 

optimization issues [12]: 
 11
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(31) 

wherein 1
jS represents the thj initial location, 1

1,js  represents thk dimension of thj shark represents and 

ND  represents the count of decision variables. The velocity of the shark's change is stated as below: 
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wherein  represents velocity limiter, i
k,jv  represents thk dimension of the thj shark velocity,   

represents inertia coefficient, 1r , 2r  represents arbitrary numbers of the objective model as well as i  

represents an arbitrary number. The sharks carry out FM by exploiting the preceding location as well as 
the velocity of sharks: 

i
i
j

i
j

i
j tVSp 1

        
 (33) 

wherein 1i
jp  represents the new position of thj shark based on the FM, i

jS  represents the current 

location of thj shark, as well as it  represents a time interval. 
From local optimums the sharks employ rotational movement to get away: 
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j

i
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m,i
j 11

3
11             (34) 
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wherein m,i
jQ 1  represents the position of sharks subsequent to rotational movement, M  represents the 

count of points in local search as well as 3r  represents an arbitrary number. 
If a maximization issue is taken into consideration, the ending position of sharks is computed as below: 

)Q(of....,),........Q(of),P(ofmax[argS M,i
j

,i
j

i
j

i
j

11111     (35) 

For each agent, the objective model is computed. The optimal shark with the optimal objective model is 
ascertained. Subsequently, the position, as well as the velocity of the sharks, is updated. 

5. Experimentation Procedure 
In this section, performance analysis of the adopted chemotherapy controller model, called SFO has 
experimented. Here, the experimentation was performed concerning the error analysis. Moreover, the 
analysis was performed for 3 varied noise levels 0.41, 0.43, and 0.55. These noise levels were indicated as 
noise levels 1, 2, and 3 for immune cells, tumour cells, and normal cells. Here, adopted technique has 
experimented with the traditional techniques namely GWO [14], GA [15], GSA [16], and PSO [15]. 

Tables 1, 2 and 3 exhibit analysis of the adopted method with the traditional approaches on tracking 
requisite values of the tumour, normal and immune cells. Here, the analysis is performed for 3 varied 
noise levels like 0.41, 0.43, and 0.55. When seeing the attained results, the proposed controller model has 
attained the adjacent best values when compared with the conventional models. Therefore, minimum 
estimated values are obtained using tumour cells which disclose the nonappearance of tumour cells. 
Therefore, the adopted model reveals to be improved in minimizing the growth of tumour with the best 
drug dosage.   

6. Conclusion 
The major objective of this research was to adopt a novel controller to regulate drug dosages that were 
carried out in the parameter estimation. Subsequently, an MREF-EKF was developed to estimate tumor 
cells that were developed under different circumstances. Additionally, the primary phase of the EKF was 
tuned via the Shark Optimization Algorithm model. Finally, performance analysis was performed to 
authenticate the enhancement of the adopted technique with the existing models. By analyzing the 
results, the adopted technique attained better results while differentiated from the conventional 
techniques.  

 

Table 1: Performance analysis of adopted and existing techniques regarding noise level 1 

Methods GWO GA PSO GSA 
Proposed 
model 

Immune Cells (mol) 0.850104 0.850104 0.850104 0.850104 0.850104 
Tumour Cells (mol) 0.024156 0.023878 0.024005 0.024156 0.023878 
Normal Cells (mol) 0.846477 0.845477 0.846487 0.846466 0.846454 

Table 2: Performance analysis of adopted and existing techniques regarding noise level 2 

Methods GWO GA PSO GSA Proposed 
model 

Immune Cells (mol) 0.650104 0.650104 0.650104 0.650104 0.650104 
Tumour Cells (mol) 0.024036 0.023861 0.023886 0.024036 0.02386 
Normal Cells (mol) 0.846432 0.846355 0.846222 0.846677 0.846890 

Table 3: Performance analysis of adopted and existing techniques regarding noise level 3 

Methods GWO GA PSO GSA Proposed 
model 

Immune Cells (mol) 0.960104 0.960104 0.960104 0.960104 0.960104 
Tumour Cells (mol) 0.043331 0.043164 0.043188 0.043331 0.043164 
Normal Cells (mol) 0.841254 0.848976 0.843421 0.846876 0.846899 
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