
 

 

          International Journal of Engineering and Technology Research  

                     Published by Cambridge Research and Publications 

 

                                                                  IJETR ISSN-2329-7309 (Print) 

 

 

1 

Vol. 16 No.2 

March, 2019. 

SORET EFFECTS ON THE ONSET OF 

THERMOSOLUTAL INSTABILITY OF A ROTATING 

FLUID LAYER IN THE PRESENCE OF A MAGNETIC 

FIELD 

 

 

*DR. ISOBEYE GEORGE **PROF. C. ISRAEL-COOKEY 

*Department of Mathematics/Statistics, Ignatius Ajuru University of 

Education, Port Harcourt. **Department of Physics, Rivers State University, 

Nkpolu-Oroworukwo, Port Harcourt 

 

ABSTRACT 

This paper investigates soret effects on the onset of thermosolutal instability in 

a rotating saturated porous medium in the presence of a magnetic field. For the 

onset of both stationary and oscillatory convections, the linear stability theory 

is applied. The critical Rayleigh numbers for the onset of convection are 

determined in terms of the governing parameters: the porosity χ2, magnetic 

field, 𝐻𝑎
2, rotation, 𝑇1, solutal Rayleigh number, 𝑅𝑠, soret parameter, a, and 

Lewis number, 𝐿𝑒. It was discovered that applying magnetic field on a rotating 

porous layer has the effect of raising the critical Rayleigh number thereby 

retarding the onset of convection.  

 

Keywords: Soret effect, thermosolutal instability, rotating fluid, magnetic field, 

porous layer. 

 

INTRODUCTION  

In the presence of a magnetic field matter becomes magnetically polarized or 

magnetized.  The effect of an externally impressed magnetic field on the onset 

of thermal instability is a dominant area in the subject of hydromagnetics. One 

important field of application of magnetic fluids is their use in biomedical 

applications.  For instance, they are used as a contrast medium in x-ray 

examinations or for positioning tamponade for retinal detachment in eye 

surgery. In order to bring drugs to a target site in the human body, a magnetic 
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field can pilot the path of a drop of a ferromagnetic fluid in the human body 

(Morimoto et al., 1982). 

The effect of a magnetic field on the natural convection of a binary fluid in a 

porous media has been considerably less investigated in the open literature 

despite its applications such as solidification of metal alloys, nuclear fuel debris 

removal and geothermal reservoirs. Cheng (1999) studied the effect of a 

magnetic field on double-diffusive convection over vertical plates embedded in 

electrically conducting fluid saturated porous media.  This flow configuration 

was also considered by Hassanien and Obied-Allah (2002) to investigate the 

effect of permeability variation on oscillatory hydromagnetic flow through a 

porous medium in the presence of free convection and mass transfer flow. The 

effects of both a magnetic field and hall current on the velocity profiles have 

been predicted numerically. The problem of permeable sphere maintained at 

uniform heat and mass fluxes, in the presence of a magnetic field and thermal 

radiation effects has been investigated  by Chamkha and Al-Mudhaf (2004). 

Ramambason and Vasseur (2007) investigated the influence of a magnetic field 

on natural convection in a shallow porous enclosure saturated with a binary 

fluid. The effects of temperature, rotation and porous medium on ferromagnetic 

fluids as a single-component fluid has been studied by Sekar et al. (1993), Sekar 

and Vaidyanathan (1993), Gupta and Gupta (1979) and Finlayson (1970). They 

found that the stable solute gradient has a destabilizing effect when it is salted 

from below. Govender (2003) used linear stability theory to investigate 

analytically the effect of gravity on centrifugally driven convection in a rotating 

porous layer offset from the axis of rotation. 

In all these investigations and studies, the effect of magnetic field on 

thermosolutal instability in a rotating saturated porous medium has not been 

treated and constitutes an important addition to the area of porous media 

convection studies. 

 

MATERIALS AND METHODS  

The physical problem consists of a binary fluid layer in a porous medium of 

height d >  0 and bounded by two horizontal parallel plates located at 𝑧′ = −
𝑑

2
 

and 𝑧′ = 
𝑑

2
.  The fluid layer is heated from below and the temperatures 𝑇0 and 𝑇1 

and solutal mass concentration 𝐶0 and 𝐶1 are imposed at the bottom and top 
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respectively.  A magnetic field of strength B⃗⃗  is applied in a direction 

perpendicular to the channel.  The whole system is assumed to be rotating with 

angular velocity Ω = (0, 0, Ω) along vertical axis which is taken as 𝑧-axis in the 

direction of the applied magnetic field. 

            𝑧-axis, w    Ω̂   𝑇2, 𝐶2 

            ↺                          𝑧′ =  
𝑑

2
 

     𝑥-axis, u            𝑔  

    𝑦-axis, v              B⃗⃗  

                                   𝑧′ = - 
𝑑

2
 

                                               𝑇1, 𝐶1 

      Heated and soluted from below. 

Figure 1: Physical model of the system. 

 

It is assumed that the porous medium obeys Boussinesq’s approximation and 

that the flow is governed by Darcy’s law. Further, it is assumed that the fluid 

density is linearly dependent on the temperature 𝑇 and concentration 𝐶 

according to [Lawson and Yang (1973), Hill (2005)].  Hence the density 

equation of state is taken as: 

 𝜌 =  ρ0  [1 − 𝛽𝑇(𝑇′ – 𝑇0) + 𝛽𝐶(𝐶′ – 𝐶0)],                  (1) 

where ρ0 is the reference density of the rotating fluid at temperature 𝑇′ = 𝑇0 

and mass fraction 𝐶′ = 𝐶0. 𝑇0 and 𝐶0 are reference temperature and 

concentration respectively. 𝛽𝑇 and 𝛽𝐶  are thermal expansivities for temperature 

and solute concentration respectively. It is considered that the porous layer is 

arbitrarily close to the axis of rotation and hence it is assumed that gravity 

buoyancy is dominant and centrifugal buoyancy is negligible. This limits the 

effort that rotating the layer has on corioli’s acceleration and hence any 

centrifugal acceleration, caused by rotation, can be absorbed into the pressure 

term. 

 

The mathematical equations governing the motion of the fluid saturating the 

porous medium, following Boussinesq’s approximation for the above model are 

[Chandrasekhar (1981); Nield and Bejan (2006)]. 

 ∇′. V⃗⃗ ′  = 0                  (2)  
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𝝁

𝒌
 V⃗⃗ ′ + ρ0 Ω’�⃗�   × V⃗⃗ ′  =  − ∇′𝑝 + 𝜌𝑓𝑔�⃗�  + J ′ × B⃗⃗ ′   (3) 

  (𝜌0𝐶𝑝)𝑚 
𝜕T

𝜕𝑡
 + (𝜌0𝐶𝑝)𝑓 V⃗⃗ ′ ∇′ 𝑇′ =  𝑘𝑚𝛻2𝑇′    

 (4)  

 ∅
𝜕𝐶

𝜕𝑡
  +  V⃗⃗ ′. ∇′𝐶′ = 𝐷𝑚V′⃗⃗  ⃗𝐶′ + 𝐷𝑇𝛻

2𝑇′               (5)  

 ∇′. 𝐽 ′ =  0,  𝐽 ′ =  𝜎 (E⃗⃗  + V⃗⃗  × B⃗⃗ )     (6) 

 

To simplify equation (6), it is assumed that the parallel plates are not electrically 

conducting, that is, �⃗�  =  0 and using the Darcy velocity �⃗� ′ defined as �⃗� ′ = 𝑢î +

𝑣ĵ + 𝑤�̂�. The electric current 𝐽  reduces to  

𝐽 ′  = 𝜎𝑐 (�⃗�  + �⃗�  × �⃗� )  = 𝜎𝑐 (�⃗�  × �⃗� ) =  𝜎𝑐[(𝑢î + 𝑣ĵ) × �⃗� o�̂�)],  (7) 

where �⃗� =  (0, 0, 𝐵0) and î, ĵ, �̂� are unit vectors along 𝑥′, 𝑦′ and 𝑧′ axes 

respectively.  Hence,  

 𝐽  × �⃗� =  – 𝜎𝐵0
2⃗⃗ ⃗⃗  . (𝑢, 𝑣, 0)                (8) 

 

Using equation (1) and (9) into equations (2) and (3), the governing equations 

become  

 ∇′. �⃗� ′ = 0        (9) 
𝜇

𝑘
 �⃗� ′ + 𝜌0 Ω′0 x �⃗� ′  = − ∇′ (𝑝′ + 𝑔𝜌0𝑘𝑧′) + 𝑔𝜌0𝛽𝑇(𝑇′ – 𝑇0)𝐾 

– 𝑔𝜌0𝛽𝑐 (𝐶′ – 𝐶0)𝐾 – 𝜎𝑐𝐵0
2 (𝑢î +  𝑣ĵ)              (10) 

 𝑀 
𝜕𝑇

𝜕𝑡
   +  �⃗� ′ 𝛻′ T/ =    

𝑘

(ρoCp)f 
 𝛻′2𝑇′    (11) 

 ∅ 
𝜕𝐶

𝜕𝑡
  +  �⃗� /𝛻′ 𝐶′ = 𝐷𝑚 𝛻′2𝐶′ +𝐷𝑇 𝛻′ 2𝑇′,   (12) 

 

where 𝑀 = 
(ρoCp)m

(ρoCp)f

.   /𝛻′ = 
∂

∂x'
 + 

𝜕

∂y'
 + 

𝜕

∂z'
 

                

Solving equations (9) – (12) subject to the following boundary conditions 

yields: 

 𝑊′ = 0,   𝑇′ = 𝑇1,    𝐶′ = 𝐶1 at    𝑧′ = −
𝑑

2
, 

𝑊′ = 0, 𝑇′ = 𝑇2,   𝐶′ = 𝐶2
    at    𝑧′ = +

𝑑

2
    (13) 

The dimensionless equations are  
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 𝛻 . �⃗�   = 0                    

 (14) 

 χ2�⃗�  +𝑇1  (�⃗�  × �⃗� ) = − 𝛻𝑝 + 𝑅𝑎𝑇�̂� – 𝑅𝑠C�̂�  – 𝐻𝑎
2(𝑢î +  𝑣ĵ)             

 (15) 

 
1

𝑀

𝜕𝑇

𝜕𝑡
 + (�⃗� .𝛻)𝑇 =  𝛻2𝑇                              

(16) 𝜀
𝜕𝐶

𝜕𝑡
 + (�⃗� .𝛻)𝐶 =  

1

𝐿𝑒
(𝛻2𝐶 – 𝑎𝛻2𝑇)                                                

(17) 

Subject to the boundary condition  

 𝑊 = 0, 𝑇 = + ½, 𝐶 = ±½ at 𝑧 = ∓ ½                 

            (18) 

In equations (14) – (17) and the boundary condition (18), the following non-

dimensional parameters are used: 

 𝑅𝑎 = 
𝑔𝛽T𝒌ℎ

∝𝜇
(𝑇1 – 𝑇2),  𝑅𝑠 = 

gβc𝐤d

∝μ
(𝐶1 – 𝐶2),  𝐻𝑎

2 = 
σc B0

2k

∝𝜇
 ,  𝑎 = − 

βcDT

 βTDm

 

 𝜀 = ∅𝑀,  𝐿𝑒 =
∝

𝐷𝑚
,  χ2 =

d2

𝑘
,  𝑡 = 

∝𝑚

𝑑2
𝑡′,  (𝑥, 𝑦, 𝑧) = 

1

𝑑
 (𝑥′, 𝑦′, 𝑧′) 

      𝑇 = 
T1 – T0

T1 – T2

 ,  𝐶 = 
C1 – C0

C1 – C2

,   𝑃 =  
d2p'

𝜇∝
 ,  𝑉 =

𝑑

∝
 𝑉′,  𝛻 = 𝑑∇′,  ∝ = 

𝜇

𝜌
,   𝑇1 = 

 d4Ω2

 ∝2
 

 

Linear stability analysis 

Steady state solutions  

Equation (15) – (18) form a non-linear coupled system which together with the 

boundary conditions (19) accepts basic static solutions 𝑉 = 0,   
𝜕

𝜕𝑡
→ 0. 

Using these basic static solutions together with the corresponding static 

temperature, 𝑇𝑠 , static pressure, 𝑃𝑠,  and solute concentration, 𝐶𝑠, we have 

 
dps

𝑑𝑧
   =  𝑅𝑎𝑇𝑠 – 𝑅𝑠𝐶𝑠                           (19) 

 
d2Ts

dz2
  = 0                            (20) 

      

 
d2Cs

dz2
  = 0                            (21) 

Subject to the conditions 

 𝑇𝑠  = ±½, 𝐶𝑠 = ± ½, at 𝑍 = ∓ ½,      (22)  
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the solutions of equations (19) – (21) together with equation (22) yield the 

steady state solutions of the system as  

 𝑃𝑠 =
1

2
𝑧2(𝑅𝑠 – 𝑅𝑎),  

 𝑇𝑠 = –  𝑧,        

𝐶𝑠 = –  𝑧.                                                              (23) 

Linearized equations and perturbation model 

To study the stability of the steady state solutions, we assume small 

perturbations around the basic solution (Chandrasekhar, 1981; Drazin and Reid, 

2004); 

�⃗� = 0 + �⃗� ,  𝑇 = 𝑇𝑠 + 𝜃, 𝑃 = 𝑝𝑠  +  𝑃,  𝑐 = 𝐶𝑠 + 𝜓,              (24) 

where 𝑃 < < 𝑝𝑠, 𝜃 < <  𝑇𝑠, 𝜓 < <  𝐶𝑠. 

Applying the classical procedure of linear mode analysis (Chandrasekhar, 1981) 

to linearize equations (14) - (17), we substitute equation (24) into the equations 

(14) - (17) and neglecting higher order terms of the perturbed quantities, we 

obtain the linearized perturbed equations. 

 ∇�⃗�  =  0                              (25) 

χ2�⃗�   = − 𝛻𝑝 + 𝑅𝑎𝜃 − 𝑅𝑠𝜓 – 𝐻𝑎
2( 𝑢î × 𝑣ĵ) – 𝑇1(𝑈 × �⃗� ) (26) 

 
1

𝑀
 
𝜕𝜃

𝜕𝑡
  − 𝑊 = 𝛻2𝛩       (27) 

 ε 
𝜕ψ

𝜕𝑡
  = 

1

𝐿𝑒
 (𝛻2𝜓 –  𝑎 𝛻2𝛩) + 𝑊    (28) 

The other associated boundary conditions are  

 𝛩 = 𝜓 = 0  at 𝑧 = + ½                           (29) 

Assuming that the axis of rotation corresponds with the vertical component (𝑧-

component) of the system to eliminate the pressure perturbations we operate on 

(26) twice with the curl operator, using (25) and taking only the 𝑧-component, 

the resulting equations become  

 𝜒2𝜉 = (𝐻𝑎
2  +  𝑇1) 

∂w

∂z
                              (30) 

 𝜒𝛻2𝑊 = (𝐻𝑎
2  +  𝑇1) 

∂ξ

∂z
 +𝑅𝑎𝛻

2𝜃 − 𝑅𝑠𝛻ℎ
2𝜓,  (31) 

where    
∂v

∂x
 − 

∂u

∂y
 = 𝜉  is the 𝑧-component of the vorticity and 

    𝛻ℎ
2 = 

∂2

∂x2
 +

∂2 

∂y2
  is the Laplacian operator in the horizontal plane. 
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Normal mode analysis  

Relying on the classical approach of Chandrasekhar (1981), we examine the 

stability of small perturbations from the quiescent state of the physical situation 

described by (15) - (18).  For the purpose of the problem in focus, the analysis 

is made in terms of two-dimensional periodic waves of assigned wave numbers. 

It is assumed the perturbed solution to have wavelike disturbance of the form  

 𝜔 = 𝑊(𝑧)𝑒ℎ𝑡+𝑖(𝑘𝑥𝑥+𝑘𝑦𝑦), 

 𝜃 = 𝛩(𝑧)𝑒ℎ𝑡+𝑖(𝑘𝑥𝑥+𝑘𝑦𝑦), 

 𝜀 = 𝑍(𝑧)𝑒ℎ𝑡+𝑖(𝑘𝑥𝑥+𝑘𝑦𝑦),  

 𝜑 = 𝜓(𝑧)𝑒ℎ𝑡+𝑖(𝑘𝑥𝑥+𝑘𝑦𝑦),          (32) 

where 𝑘𝑥 and 𝑘𝑦 are wave numbers in the 𝑥 and 𝑦 directions respectively and ℎ 

is a constant, which can be complex, ℎ = ℎ𝑟 + 𝑖ℎ𝑖.  

Substituting equation (32) into equations (27), (28) (30) and (31), the following 

set of equations is obtained: 

  𝜒2𝑍 = (𝐻𝑎
2 + 𝑇1)

𝑑𝑤 

𝑑𝑧
         (33)                                                                                                                                                

 𝜒2(𝐷2 – 𝑘2)𝑊 = (𝐻𝑎
2 + 𝑇1)𝐷𝑍 +𝑅𝑎𝑘

2𝛩 – 𝑅𝑠𝑘
2𝜓  (34) 

 (𝐷2 – 𝑘2 – 
ℎ

𝑀
)𝛩 +  𝑊  = 0              (35) 

 (𝐷2– 𝑘2– 𝐿𝑒𝜀ℎ)𝜓 –  𝑎(𝐷2– 𝑘2)𝛩 +𝐿𝑒𝑊 =  0,  (36) 

where  
𝜕

𝜕𝑡
 = ℎ,  

∂2

∂x2
 + 

∂2

∂y2
 = 𝑘2,   𝐷 = 

𝑑

𝑑𝑧
,,  𝐷2 = −

d2

dz2
 , 𝛻2 = 𝐷2 – 𝑘2,  𝑘2 =  𝑘𝑥

2
 

+  𝑘𝑦
2
 Equation (33) can be rewritten as  

 Z  =  
1

χ2
 (Ha

2  +  T1)
2
𝐷𝑊     (37) 

Next, taking the first derivative of equation (37) gives     

 𝐷𝑍 =  
1

χ2
 (𝐻𝑎

2  +  𝑇1)
2
𝐷2𝑊     (38) 

Substitution of equation (38) into equation (34) yields  

𝜒2(𝐷2 – 𝑘2)𝑊  =  
1

χ2
 (𝐻𝑎

2  +  𝑇1)
2
𝐷2𝑊 + 𝑅𝑎𝑘

2𝛩 – 𝑅𝑠𝑘
2𝜓  (39) 

Elimination of 𝛩 and 𝜓 from equation (39) gives  

 

𝜒2(𝐷2 – 𝑘2)𝑊  =  
1

χ2
 (𝐻𝑎

2  +  𝑇1)𝐷
2𝑊  –  

Rak2

(𝐷2 – 𝑘2 – 
ℎ

𝑀
)  
𝑊  + 

         𝑅𝑠𝑘
2 [

a(D2 – k2)

(𝐷2 – 𝑘2 – 
ℎ

𝑀
)(D2 – k2 – 𝐿𝑒ε h)

  +  
𝐿𝑒

(D2 – k2 - 𝐿𝑒εh)
]𝑊            (40) 
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The boundary conditions for two free boundaries are 

𝑊  = 𝐷2𝑊 =  𝐷4 𝑊 = 0   at   𝑧 = + ½     (41) 

Following Chandrasekhar (1981), Drazin and Reid (2004), and Vadasz (1998), 

to determine where instabilities take place, we need only examine a single mode 

and so assume that 𝑊 is of the form. 

 𝑊(𝑧) =  𝑊0 𝑠𝑖𝑛 𝑛𝜋𝑧, for 𝑛 𝜖 𝑁,     (42) 

which satisfies the boundary conditions in equations (41) and 𝑊0 a constant.   

By differentiating equation (43) twice, the recursive identity is obtained: 

 𝑊′′ =  − 𝑛2𝜋2𝑊0 𝑠𝑖𝑛 𝑛𝜋𝑧 =  𝑛2𝜋2 𝑊  for 𝑛 𝜖 𝑁 

and observe that 

𝐷2𝑊 = − 𝑛2𝜋2 𝑊,   (𝐷2 – 𝑘2)𝑊 = − (𝑛2𝜋2 + 𝑘2)𝑊 for 𝑛 𝜖 𝑁,                      

(43) 

where k is the horizontal wave number.                                                                                                     

Substitution of equation (43) into equation (40) yields. 

𝜒2(𝑛2𝜋2 + 𝑘2)𝑊  =   − 
1

χ2
 (𝐻𝑎

2  +  𝑇1)
2
𝑛2𝜋2𝑊 +  

Rak2

(𝑛2𝜋2 + 𝑘2 + 
ℎ

𝑀
)
  −  

𝑅𝑠𝑘
2 [

a(n2π2 + k2)

(𝑛2𝜋2 + 𝑘2 + 
ℎ

𝑀
)(n2π2 + k2 + 𝐿𝑒εh)

 + 
𝐿𝑒

(n2π2 + k2 + 𝐿𝑒εh)
]𝑊     (44) 

Equation (44) is in its lowest state when 𝑛 = 1, for 𝑛 𝜖 𝑁. This shows that                     

𝑊(𝑧) = 𝑊0𝑠𝑖𝑛 𝑛𝜋𝑧, is the eigenfunction for marginal stability for this situation 

(Vadasz, 1998).  By letting 𝑛 = 1, equation (44) admits the relationship 

𝜒2(𝜋2 + 𝑘2)𝑊 = − 
1

χ2
 (𝐻𝑎

2 + 𝑇1)
2
𝜋2𝑊 + 

Rak2

(𝜋2 + 𝑘2 + 
ℎ

𝑀
)
  −  

𝑅𝑠𝑘
2 [ 

a(π2 + k2)

(π2 + k2 + 
h

M
)(π2 + k2 + 𝐿𝑒εh)

 +  
𝐿𝑒

(π2 + k2 + 𝐿𝑒εh)
]𝑊                 (45) 

 

By rearranging equation (45), an expression for the characteristic value of the 

Rayleigh number is obtained as 

Ra = 
χ2

k2
 (π2 + k2) (π2 + k2 + 

ℎ

𝑀
) + 

π2

χ2k2
(Ha

2 + T1)2 (π2 + k2 + 
ℎ

𝑀
) + 

𝑅𝑠  [ 
a(π2 + k2)

(π2 + k2 + 𝐿𝑒εh)
 +  

𝐿𝑒(π2 + k2 + 
h

M
)

π2 + k2 + 𝐿𝑒εh)
]                                  (46) 
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Criteria for onset of stationary and oscillatory convections 

Next, the conditions leading to the onset of stationary and oscillatory 

conventions is established by considering the following two cases: 

 

Case 1:  Stationary convection  

When the instability sets in as stationary convection, the marginal state will be 

characterized by ℎ = 0, and setting Ra = Ra
(𝑠) in equation (46), the Rayleigh 

number becomes 

Ra
(𝑠) = χ2 (π2 + k2)2 

 k2
 + (Ha

2 + T1)2 + 
(π2 + k2) 

 k2
π2  + 𝑅𝑠 (𝑎 + 𝐿𝑒)                    (47) 

Differentiating Ra
(𝑠) with respect to 𝑘2 gives  

             
∂Ra

(s)  

∂k2
  =  χ2 –  

π4 

k4

(χ4 + A2)

χ2
 ,        (48) 

where  𝐴2  = (Ha
2  +  T1)

2
 

The value of the critical wave number kc
2 which minimizes the Rayleigh 

number can be found by setting 𝑘2 = 𝑘𝑐
2
 and simplifying 

 
∂Ra

(s)

∂k2
 = 0 

This yields the critical wave number  

 𝑘𝑐
2
 =  

π2

 χ2
 √χ4 + A2,  𝑘𝑐

2
 > 0     (49)              

Following Palm and Tyvand (1984), let  

 Ф2 = (χ4 + A2)−1, so that Ф−1 = √χ4 + A2 

Therefore, the critical wave number, 𝑘𝑐
2
, can be expressed as  

 𝑘𝑐
2
 = 

π2

χ2
Ф−1        (50) 

Substituting equation (50) into equation (47) gives the critical Rayleigh number 

for stationary convection,  

𝑅𝑎𝑐(𝑠) = 
(π2 χ2 + π2 Ф-1)2

π2 Ф-1
 + 

A2 π2 

χ2
 
(π2 χ2 + π2 Ф-1)

π2Ф-1
 + 𝑅𝑠(𝑎 + 𝐿𝑒),                 (51)         

which can be simplified to the form 

 𝑅𝑎(𝑠) = π2 (√χ2 + (Ha
2 + T1)2)2 + 𝑅𝑠(𝑎 + 𝐿𝑒)              (52) 

 

Case II: Oscillatory convection  

In considering the possibility of oscillatory instability setting into the rotating 

fluid layer, the same approach used by Govender (2003) is followed and for 

marginal stability, set ℎ𝑟 = 0, and so  
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 ℎ =  𝑖𝜔                               

(53) 

Substituting ℎ = 𝑖𝜔 into equation (46), the oscillatory thermal Rayleigh 

number, 𝑅𝑎(𝑂) is obtained as 

 𝑅𝑎(𝑂) =  
χ2

k2
(π2 + k2) (π2 + k2 +  

iω

M
) + π2 (Ha2 + T1)2 

 χ2k2
(π2 + k2 +  

iω

M
)   

                           +  𝑅𝑠 [
a(π2 + k2)

π2  + k2 + 𝐿𝑒εiω
+

𝐿𝑒(π2 + k2 + 
iω

𝑀
)

π2 + k2 + 𝐿𝑒εiω
]                               

             (54) 

 𝑅𝑎(𝑂) =
χ2

k2
𝑠(𝑠 +  𝑖𝜔) +

π2 (Ha
2 + T1)2 

 χ2k2
(𝑠 +  𝑖𝜔) + 𝑅𝑠 [

as +𝐿𝑒 (s + iω)

s + ε𝐿𝑒iω
],                          

(55)  

where 𝑠 = π2 + k2 and 𝑀 = 1.      

Simplifying equation (55) and separating the real and imaginary parts, gives,  

 𝑅𝑒{𝑅𝑎
(O)}  =  

χ2s2

k2
 + 𝜋2 (Ha

2 + T1)2

χ2k2
  +  𝑅𝑠 (

s2𝐿𝑒 + ε𝐿𝑒
2ω2 – as2 

s2 + ε2𝐿𝑒
2ω2

)                        

            (56) 

 𝐼𝑚{𝑅𝑎
(O)} =  

χ2s2

k2
 + π2(Ha

2 + T1)2

χ2k2
  +   [

sRs𝐿𝑒{ε(a –𝐿𝑒) + 1}

s2 + ε2𝐿𝑒
2ω2

]𝜔                                    

(57) 

Equating equation (57) to zero and simplifying yields  

 ω2  =  
1

Bε2𝐿𝑒
2
  {sRs𝐿𝑒 [ε(𝐿𝑒 – a) + 1] – Bs2},                                          

(58) 

where B =  
χ4s + π2A2 

χ2k2
  and  𝐴2  =  (Ha

2 + T1)
2
. 

Substituting equation (58) into equation (56) gives 

 𝑅𝑎(𝑂)  =  
χ2s2

 k2
+ 𝜋2 (Ha

2 + T1)2

χ2k2
s + 

χ4s2 + π2 (Ha
2 + T1)2s

 χ2k2ε𝐿𝑒
 + 

Rs

𝜀
, 

which simplifies into  

 𝑅𝑎(𝑂)  = (π2 + k2) [
χ4 (π2 + k2)   +  π2 (Ha

2 + T1)2

χ2k2
] (

ε𝐿𝑒 + 1 

ε𝐿𝑒
) + 

R

ε
                                    

(59) 

 

RESULTS AND DISCUSSIONS 

Stability analysis has been used to show how magnetic field affects the onset of 

thermosolutal instability in a rotating saturated porous medium. Also 

incorporated are the effects of rotation and porosity in the study. 
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It is noteworthy that the first term in equation (47) is consistent with the 

characteristic Rayleigh number for a model without magnetic field and rotation 

(Ha
2 = 0, 𝑇1 = 0), hence it is concluded that the second and third terms show 

the contribution made through the addition of magnetic field, rotation and soret 

into the model. As the factor multiplying the magnetic field is entirely positive, 

applying magnetic field on a rotating porous layer therefore has the effect of 

raising the critical Rayleigh number.  As such it is observed that magnetic field 

and rotation retard the onset of convection. 

If 𝐴2 = 0 and 𝜒2 = 1 in equation (49), then 𝑘𝑐 = 𝜋 and equation (52) becomes

   𝑅𝑎𝑐(𝑠) = 4𝜋2 + 𝑅𝑠(𝑎 + 𝐿𝑒)       

                                   (60) 

 If further, 𝑎 = 0, that is, in the absence of magnetic field, rotation and soret 

parameters, the critical Rayleigh number is obtained as  

 𝑅𝑎𝑐(𝑠) = 4𝜋2 + 𝑅𝑠𝐿𝑒                                                         

(61) 

This is consistent with the result previously reported by Lambardo 𝑒𝑡 𝑎𝑙. (2003) 

and Israel-Cookey and Omubo-Pepple (2011) 

For 𝜒2 = 1, 𝐴2 = 0 and 𝑘 = 𝜋 in equation (59), the threshold of oscillatory 

convection reduces to  

 𝑅𝑎𝑐(𝑂) = 4𝜋2 (
ε𝐿𝑒 + 1

 ε𝐿𝑒
) + 

Rs

ε
,                              

            (62) 

which is also consistent with the results of Lambardo 𝑒𝑡 𝑎𝑙. (2003) and, Israel-

Cookey and Omubo-Pepple (2011).  

Figure 2 below represents the plot of critical Rayleigh numbers, 𝑅𝑎𝑐(𝑠), for the 

onset of stationary convection versus the wave number 𝑘, in the absence of 

magnetic field Ha
2, rotation, 𝑇1 and soret, 𝑎, for fixed values of porosity 𝜒2, 

thermal Rayleigh number, 𝑅𝑠, and Lewis number, 𝐿𝑒. It is clear from figure 2 

that when the Rayleigh number is less than or reaches the value given by the 

characteristics value in equation (59), the disturbances became marginally 

stable and when they exceeded the threshold, the disturbances became unstable.  

As the principle of exchange of stabilities has been shown to hold it is known 

that instability manifests itself as cellular convection in the porous layer 

(Chandrasekhar, 1981).  This is illustrated in figure 2. 
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Figure 2: The variation of critical Rayleigh number for stationary convection 

(𝑅𝑎𝑐(𝑠)) with wave number (𝑘) for Ha
2 =  𝑇1  =  𝑎 =  0, 𝑅𝑠 =  2, 𝐿𝑒 = 10 

and 𝜒2 = 1. 

 

Figures 2 – 5 show the variation of critical Rayleigh numbers, Rac
(s), for the 

onset of stationary convection with the wave number 𝑘 for varying values of 

rotation, 𝑇1, magnetic field, Ha
2, and porosity, 𝜒2 respectively. The results 

reveal that positive increments in Ha
2, 𝑇1 and 𝜒2 respectively cause an increment 

in the critical Rayleigh numbers Rac
(s) for stationary convection.  This means 

that increases in Ha
2, 𝑇1 or 𝜒2 delay the onset of instabilities in the system.  This 

agrees with our result in equation (47). 

 

 
Figure 3: The variation of critical Rayleigh number for stationary convection 

(Rac(s)) with wave number (𝑘) for Ha
2 =  0.5, 𝑅𝑠 = 2, 𝐿𝑒 = 10, 𝜒2 = 10, 𝑎 =

 0.25, 𝑇1 =  0, for curve 1, 𝑇1 = 1 for curve 2, 𝑇1 = 2 for curve 3, 𝑇1 =  3 for 

curve 4. 
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Figure 4: The variation of critical Rayleigh number for stationary convection 

(Rac(s)) with wave number (𝑘) for 𝑇1 = 1, 𝑅𝑠 = 2, 𝐿𝑒 = 𝜒2 = 10, 𝑎 =  0.25, 

Ha
2 = 0.1 for curve 1, Ha

2 =  1 for curve 2, Ha
2 =  2, for curve 3, Ha

2 =  3 for 

curve 4. 

 

   
Figure 5: The variation of critical Rayleigh number for stationary convection 

(Rac(s)) with wave number (𝑘) for Ha
2 = 0.5, 𝑅𝑠 = 2, 𝐿𝑒 = 10, 𝑇1 = 1, 𝑎 =

0.25, 𝜒2 = 1 for curve 1,  𝜒2 = 2  for curve 2, 𝜒2 = 5 for curve 3. 
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CONCLUSION  

The main aim of this work was to apply linear stability analysis to investigate 

the effect of magnetic field on thermosolutal instability in a rotating saturated 

porous medium heated only from below. The model to examine the effect that 

magnetic field would have on instability thresholds was developed.  The 

principal conclusions from this analysis are as follows: 

i) In the case, when magnetic field, rotation and soret are set equal  to zero, we 

observed that the principle of exchange of stabilities was appropriate and hence 

found that instability manifested itself as stationary cellular convection. This is 

consistent with known results previously reported in literature on double 

diffusive convection.  

ii) Rotation, magnetic field and porosity respectively have destabilizing effect 

on the system as the Rayleigh number increases with increase in rotation, 

magnetic field and porosity respectively for all values of the wave number 𝑘.  

This means that increase in magnetic field, rotation and porosity respectively 

delay the onset of instability in the system. 
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IMPLEMENTATION AND PERFORMANCE 

EVALUATION OF AN INVERTED PENDULUM 

USING A FUZZY LOGIC AND PID CONTROLLER 

 

 

ORISANAIYE B.A. 

Department of Mechanical Engineering, Federal Polytechnic Bauchi, Nigeria 

 

Abstract 

Implementation and performance evaluation of an inverted pendulum using 

LabVIEW and MatLab-Simulink to implement a Fuzzy Logic and PID 

(Proportional, Integral and Derivative) Controller is discussed in this 

publication. This was achieved using a simple Lego Mindstorm Cart. The 

motorized Cart is an easy-to-use and powerful robotic tool with great prospects. 

The system dynamics and kinematics are also highlighted based on the 

fundamental principle of the inverted pendulum, which finds its application in 

several self-balancing motorized equipment like the two-wheel self-balancing 

Segway vehicle. The principle of the inverted pendulum provides a solution to 

developing light and small vehicles required for navigation within confined 

spaces, which has made research in the area fascinating and extensive. The 

Simulink toolbox of MatLab computational software provides an intuitive 

graphical programming language and was used as a platform to implement the 

PID control strategy. 

 

Keywords: PID Controller, Inverted Pendulum, Simulink-MatLab, LabVIEW, 

Fuzzy Logic 

 

INTRODUCTION 

The Lego Mindstorm is an easy-to-use and powerful robotic tool with many 

possibilities. LabVIEW provides an intuitive graphical programming language 

to help students learn robotics. This paper explains how the two can be 

combined to solve the classic inverted pendulum problem with a self-balancing 

Segway. The basic principles behind the balancing equation can be learnt 

without having to understand complex control theories. This paper uses the 
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basics of programming and logical flow to introduce students to the inverted 

pendulum concept. 

NXT Lego Mindstorm is powered by LabVIEW, an industry standard in 

programming. Created by National Instruments. LabVIEW uses data flow 

programming to create a virtual instrument. To allow for more advanced 

programming, in the graphical sense, National Instruments released a Toolkit 

for the NXT. Version 1.0 came out in December 2006. Since its release, several 

bugs have been found and new sensors have been created. While the toolkit 

does allow for the creation of new sensors, National Instruments has yet to 

formally release an update. 

 

METHODOLOGY 

The dimensions of the Lego assembled Bot is shown below. This design is very 

essential to proceed with the mechanical design as it influences the 

performance. To start with we are using one sensor as input which is shown at 

the top of the Bot, The length and mass of the pendulum is an essential 

parameter when control is involved. Two motors are placed which drives the 

cart in forward and reverse direction according to the control logic. There are 

four wheels which are placed in the cart. We preferred them over two or three 

wheels to minimize the action of friction. The controller being heavy is kept 

outside the cart in order to maximize the performance of the motor keeping in 

mind that the mass of the cart is one of the control parameters]. 

 

https://en.wikipedia.org/wiki/LabVIEW
https://en.wikipedia.org/wiki/National_Instruments
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Fig.1 Lego Cart showing programmable brick 

 
Fig.2 Lego Cart with Inverted Pendulum 

 
Fig.2 Lego Brick Programmer 
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Fig.1 Block Diagram of the System 

 

The reference input is given to the system by the user, this is set in the controller 

as the reference point. The logic inside the controller governs the system and 

tries to minimize the error. The error is obtained by subtracting the reference 

user input and the feedback value from the system. The fed back value can be 

either angle or displacement. The angle value is obtained from the light sensor 

whereas the displacement information can be picked up by the sonar. The 

system which we have modeled is only with the light sensor, as we are had only 

one controller to carry out our 

task. This will have an effect 

which can be seen from the 

motion of the cart (i.e) the 

controller will have no 

information of the position the 

cart is currently in and will 

have no idea if there is any 

object in front of it. The 

system that was modeled is 

not a stable system as there are 

a few issues which are 

discussed later.   
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Use of Light Sensor: The first task light sensor is to set the reference point for 

the system.  

   

Fig.2 (a) Lego Light Sensor Circuit 

 

 
Fig.2 (b) LDR  Unit                              

 

With the help of the two diagrams we can explain the working of the light 

sensor, Fig.2(b) shows the light sensor that we will be used to carry out our task. 

The working of the Light Dependent Resistor(LDR) can be seen in Fig.2(a). 

The reflected light from the pendulum surface hits the LDR. Based on the 

intensity of the light this active component changes its resistance value. The 

change in the resistance value will result in an increase or decrease in the voltage 

drop across the resistor this drop is picked up by the potentiometer. This change 

in the overall system can be used to find out the intensity value. The intensity 

value which is of our interest. 

 

Working:  

The reference point is set by the reference intensity of the pendulum. This 

reference intensity is set in the controller. Any change in the intensity the 

controller will have to adjust the system in such a way that the reference is 

reached. When the pendulum is not stable and keeps moving from the reference 

point [ Note: There can only be a small change in angle, as we have linearized 

the system based on this assumption] the carts position must change is such a 

way that the force on the pendulum is counteracted and remains close to the 

reference. To achieve this, we will have to first get the mathematical model of 

this system and to design a suitable controller to achieve the result. 
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MECHANICAL DESIGN 

The free Body diagram which was given  as part of the task is shown                

           
 Fig.3  Free Body Diagram 

To deduce the relationship between Force(F) and Angle(theta) and between 

Force(F) and Displacement(X) we will have to calculate Moment  

 

The following are taken from the 

M   =    mass of the cart                         0.5 kg      

m   =    mass of the pendulum                     0.2 kg 

b   =    coefficient of friction for cart         .1 N/m/sec 

l   =    length to pendulum center of mass        0.3 m 

I  =     mass moment of inertia of the pendulum   0.006 kg.m^2 

F    =   force applied to the cart 

x    =   cart position coordinate 

theta  = pendulum angle from vertical (down) 

To find out the effect of forces we add them up, the horizontal forces are taken 

into consideration here and we obtain the following equation of motion  

 

𝑀�̈� + 𝑏�̇� + 𝑁 = 𝐹       (1) 

The vertical forces can also be added up but it will be of no use as the required 

Force Vs Theta and Force Vs Displacement equation will not be obtained. 

Adding up the forces that act horizontally from the free-body diagram we get 

the following expression for the reaction force N. 
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𝑁 = 𝑚�̈� + 𝑚𝑙�̈�𝑐𝑜𝑠 − 𝑚𝑙�̇�2 sin 𝜃     (2) 

substituting equation (2) in (1) we get: 

 

 

(𝑀 + 𝑚)�̈� + 𝑏�̇� + 𝑚𝑙�̈� cos 𝜃 − 𝑚𝑙�̇�2 sin 𝜃 = 𝐹   (3) 

We will need two different equations to solve for two unknowns so we take the 

forces acting perpendicularly to get the second equation  

 

𝑃𝑠𝑖𝑛𝜃 + 𝑁𝑐𝑜𝑠𝜃 − 𝑚𝑔𝑠𝑖𝑛𝜃 = 𝑚𝑙�̈� + 𝑚�̈�𝑐𝑜𝑠𝜃   (4) 

The only two useful terms the we will be needing from the equation in 

Displacement(X) and angle(Theta) as we discussed earlier to eliminate P and N 

from the equation we sum the moments about the centroid of the pendulum. 

 

−𝑃𝑙𝑠𝑖𝑛𝜃 − 𝑁𝑙𝑐𝑜𝑠𝜃 = 𝑙�̈�      (5) 

Combining equations (5) and (4) we get the second equation. 

(𝐼 + 𝑚𝑙2)�̈� + 𝑚𝑔𝑙𝑠𝑖𝑛𝜃 = −𝑚𝑙�̈�𝑐𝑜𝑠𝜃    (6) 

To solve the two equations we need to linearized them first for that purpose we 

consider the following: 

 

𝑐𝑜𝑠𝜃 = cos (𝜋 + 𝜙) ≈ −1      (7) 

 

𝑠𝑖𝑛𝜃 = sin (𝜋 + 𝜙) ≈ −𝜙      (8) 

 

 

�̇�2 = �̇�2 ≈ 0        (9) 

Linearized form of the two equations are as follow: 

 

(𝐼 + 𝑚𝑙2)�̈� − 𝑚𝑔𝑙𝜙 = 𝑚𝑙�̈�      (10) 

 

(𝑀 + 𝑚)�̈� + 𝑏�̇� − 𝑚𝑙�̈� = 𝑢      (11) 

1. Transfer Function 

To obtain the desired transfer function we will have to convert the equation 

from time domain to frequency domain by taking Laplace transform and to 

assume zero initial condition, we get the following equation as shown below. 
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(𝐼 + 𝑚𝑙2)Φ(𝑠)𝑠2 − 𝑚𝑔𝑙Φ(s)𝑚𝑙𝑋(𝑠)𝑠2    (12) 

 

(𝑀 + 𝑚)𝑋(𝑠)𝑠2 + 𝑏𝑋(𝑠)𝑠 − 𝑚𝑙Φ(𝑠)𝑠2 = 𝑈(𝑠)   (13) 

To get the first transfer function for the output  and an input of   which 

is the Force we will have to eliminate  from the above equations. Solve the 

first equation for  

 

 

𝑋(𝑠) = [
𝐼+𝑚𝑙2

𝑚𝑙
−

𝑔

𝑠2
]Φ(𝑠)      (14) 

 Substituting this in equation (13) we get. 

 

(𝑀 + 𝑚) [
𝐼 + 𝑚𝑙2

𝑚𝑙
−

𝑔

𝑠2
]Φ(𝑠)𝑠2 + 𝑏 [

𝐼 + 𝑚𝑙2

𝑚𝑙
−

𝑔

𝑠2
]Φ(𝑠)s − 𝑚𝑙Φ(s)s2

= 𝑈(𝑠) 

                  (15) 

Rearranging the terms the transfer function will take this form 

 

Φ(𝑠)

𝑈(𝑠)
=

𝑚𝑙

𝑞
𝑠2

𝑠4+
𝑏(𝑙+𝑚𝑙2)

𝑞
𝑠2−

(𝑀+𝑚)𝑚𝑔𝑙

𝑞
𝑠2−

𝑏𝑚𝑔𝑙

𝑞
𝑠
    (16) 

we know, 

 

 

𝑞 = [(𝑀 − 𝑚)(𝐼 + 𝑚𝑙2) − (𝑚𝑙)2]     

 (17) 

The transfer function seems to have both poles and zeros at the origin which 

can be canceled out and the resulting is as follows 

 

𝑃𝑝𝑒𝑛𝑑(𝑠) =
Φ(𝑠)

𝑈(𝑠)
=

𝑚𝑙

𝑞
𝑠2

𝑠3+
𝑏(𝑙+𝑚𝑙2)

𝑞
𝑠2−

(𝑀+𝑚)𝑚𝑔𝑙

𝑞
𝑠−

𝑏𝑚𝑔𝑙

𝑞

[
𝑟𝑎𝑑

𝑁
]   (18) 

 

The Second Transfer function can be obtained similarly with cart 

position  as the output. 
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𝑃𝑝𝑒𝑛𝑑(𝑠) =
𝑋(𝑠)

𝑈(𝑠)
=

(𝐼+𝑚𝑙2)𝑠2−𝑔𝑚𝑙

𝑞

𝑠4+
𝑏(𝑙+𝑚𝑙2)

𝑞
𝑠3−

(𝑀+𝑚)𝑚𝑔𝑙

𝑞
𝑠2−

𝑏𝑚𝑔𝑙

𝑞
𝑠
[
𝑚

𝑁
]   (19) 

 

Substuting the values of the variables in the above equation we  obtain the 

following Transfer function. 

 

𝑃𝐷𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑒𝑚𝑒𝑛𝑡 =
4.182𝑒−06𝑠2−0.0001025

2.3𝑒−𝑠3+4.182𝑒−07𝑠3−7.172𝑒−05𝑠2−1.025𝑒−05𝑠
  (20) 

 

 

 

𝑃𝑇ℎ𝑒𝑡𝑎 =
1.045𝑒−05𝑠

2.3𝑒−06𝑠3+4.182−07𝑠2−7.172𝑒−05𝑠−1.025𝑒−05𝑠
   (21) 

 

Fuzzy Logic Control System 

The fuzzy logic system is a very simple system which consists of three stages 

they are as follows  

• Input stage(Fuzzier): Where the values from the sensor and other inputs 

are mapped to the member functions  

• Processing Stage(Rule Base): The rules are evaluated and produces the 

appropriate result. 

• Output stage(Defuzzier): Where the outputs are converted into a specific 

format. 
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Fig.4 The figure shows the three stages that are involved in any fuzzy 

mechanism. 

 

For this particular case the output window consists of 13 fuzzy singletons. Each 

fuzzy singleton is a linear f hence the output force is defined as,   

                

𝑂𝑢𝑡𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒, 𝐹 = 𝐾1𝜃 + 𝐾2�̇� + 𝐾3𝑥 + 𝐾4�̇� + 𝐾5                                        (7) 

Where K5 is a constant. 

The individual membership functions are as follows; 

 

                                         
Fig.5 Membership Function of Angle           Fig.6 Membership Function 

of  

   Angular Velocity 

   
 Fig.7 Membership Function of velocity     Fig.8  Output Membership 

Function 

and displacement 
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The output forces are termed N1,N2....N6 which indicate negative force and 

P8,P9,.....P13 indicate positive forces, Z7 being zero force. From the input 

member Ns is defined as Negative small similarly Ps as positive small, NL as 

negative large, PL positive large and Z as zero.   

The values of the constants K1, K2, K3, K4 and K5 can be obtained by tuning 

the input and output membership functions based on the following assumptions: 

Output force is non-linear: At large angles, the output force is large. 

Influence of θ on the output > influence of θ(dot) > influence of x and x(dot). 

K5 is required for fine tuning of the output. 

At lower overshoot response shorter the settling time. 

 

Table 1. Relationship between the Output force and Input gains, 

 
The rule base is created on the following assumptions. Taking in terms of input 

angle or angular velocity, 

• The larger the -ve input, the larger the -ve fall. 

• The larger the +ve input, the larger the +ve fall 

• At zero input, the force depends on the magnitudeof the other three 

inputs 

 

Taking the case of position or velocity, the following are the assumptions that 

are made, 

• The larger the +ve input, the larger the -ve force. 
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• The larger the -ve input, the larger the +ve force. 

• At zero input the force depends on the other three inputs. 

Therefore, by assigning values from 1 to 5 for Ns, NL, Ps, Pl and Z for input 

angle and angular velocity and weights 1 to 3 for position and velocity, the rules 

are determined based on the following formula; 

𝐹 = 𝜃 + (�̇� − 1) + (−𝑥 + 3)

+ (−�̇� + 3)                                                              (8) 

 

The rule base is designed in the following way, 

Table 2. Rule Base 

 
Based on the rule base and membership function we can proceed with the 

simulation 

 

SIMULATION 

The simulation has been done using Simulink the model which we used is, 
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Fig.9 Inverted pendulum Fuzzy system in Simulink 

 

The fuzzy system of inverted pendulum is shown, for external disturbance we 

have used a unit impulse. The fuzzy controller maps the input with the 

membership function and based on the rule base the output is obtained. The 

Membership functions are mapped in the following way, 

  
Fig.10 Membership function showing angular input 
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Fig.11 Membership function           Fig.12 Membership function showing 

showing angular velocity            output 

 

The Membership functions are shown, the fuzzier maps the input with the 

functions shown. The rule base has a set of rules which produces output based 

on the rules. The Defuzzier maps the output with the output membership 

function and produces the required output. 

  
Fig.13 Defuzzier 

The fuzzy rules simulation is shown, based on the two membeship function the 

output force varies [Note: There are only two input membership functions in 

this case as we are more concern about the angle and less of the 

displacement(position)]. 
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Fig.14 Fuzzy block showing a mapping of surface rules  

 

The surface rules base can also be mapped using the fuzzy block in matlab 

which is also shown. We can see the output variation based on both the angle 

and angular velocity. The deviation seen in the angle is much less practically. 

This model cannot be implimented with such a small deviation. 

 

Control Algorithm Using PID: 

To control the above system, we have gone for a PID controller, the controller 

requires the following gain values: 

1. Proportional Gain(Kp):  The proportional block produces an output that 

is proportional to the current error.  

𝑃𝑜𝑢𝑡 = 𝐾𝑃𝑒(𝑡)        (22) 

A high proportional gain can result in a large change in the output. A small gain 

can leads to a small output response.  

2 Integral Gain(Ki):The integral term is proportional to the magnitude and 

the duration of error. The integral is the sum of instatinous error and 
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duration of error. The summed  error is multiplied by the integral gain (

) and added to the controller output. 

The integral term is given by: 

𝐼𝑜𝑢𝑡 = 𝐾𝑖 ∫ 𝑒(𝜏)𝑑𝜏
𝑡

0
      (23) 

The integral term helps us to eliminate steady state error, but greater the value 

it will lead to overshooting of the system. 

3 Derivative Gain(Kd): The derivative is obtained from the slope of the 

error over time. The derivative term gives a damping effect to the system 

output. 

The derivative term is given by: 

𝐷𝑜𝑢𝑡 = 𝐾𝑑
𝑑

𝑑𝑡
𝑒(𝑡)       (24) 

It predicts system behaviour and thus improving the settling time. The greater 

the derivative gain the response time of the system increases.  

To obtain the gains we will have to simulate the system and tune the PID to 

match our requirement. From equations (10) and (11) we get the following 

block: 

(𝐼 + 𝑚𝑙2)�̈� − 𝑚𝑔𝑙𝜙 = 𝑚𝑙�̈�      

 (25) 

(𝑀 + 𝑚)�̈� + 𝑏�̇� − 𝑚𝑙�̈� = 𝑢      

 (26) 

 
Fig.15 Inverted Pendulum Subsystem 
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By putting in the respective values of the variables we obtain the relation 

between the force and angle which will be our primary concern. This subsystem 

will be a part of the overall system which is as follows:  

 
Fig.16 Overall System 

 

Moving from left to right, we first encounter the constant(pi) which is the 

reference input to the PID. The next block is the PID which is the controller 

which produces output based on certain parameters which is discussed below. 

The motor subsystem will convert the voltage value which is obtained from the 

PID into torque(Force) which is explained below. The output torque that is 

added along a unit impulse (assumed as the disturbance). Output of the two 

forces is given to the input of the subsystem. The force produces change in the 

angle and displacement of the pendulum and cart respectively. The angle value 

is fed back, this is done to have a check on the system and to control it.   

 

Motor Subsystem: 

The motor subsystem is obtained from the following equation: 

The Basic circuit for a DC motor is shown in fig.2 
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Fig.17  Electric Circuit for DC Motor 

The torque is expressed by        

𝑇 = 𝐾𝑡𝑖        (27) 

and the back emf is                    

𝑒 = 𝐾𝑒�̇�𝑚        (28) 

The electrical circuit current/voltage relationship is; 

𝐿𝑎
𝑑𝑖

𝑑𝑡
+ 𝑅𝑎𝑖 = 𝑣 − 𝐾𝑒�̇�𝑚      (29) 

 

 

The relation seen between torque(directly proportional to current) and voltage 

can be realized in simulink model as follows:  

 
Fig.18 Motor Subsystem 

 

Values of the respective variables were obtained from the data sheet provided 

by the Lego manufacturers. The input voltage that is obtained from the PID is 

converted to current which is in turn converted to torque by multiplying by the 

coefficient of torque(as current is proportional to torque) . Torque is then 

divided by radius of the wheels to obtain force which is the output. 

 

PID Tuning 

For the system to be stable we will have to choose the appropriate PID values. 

Tuning the PID is really essential for good control. We have used the Manual 

tuning or Hand tuning technique. The hand tuning technique gives the primary 

values of Kp, Ki and Kd beyond which using the trial and error method we 

obtained the rough approximate values of the Gains. The figure below gives the 

initial values of the gains. 
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Fig.19 Tuning the PID part 1 

 

[Note: The pink line in the graph is the reference line on which the system is 

said to be stable]. As we can see that there are oscillations, overshoot and a 

steady state error. To minimize them we will have to vary the gains. By varying 

the Kp value to 100 and Kd value to 70 we obtain the following: 

 

 
Fig.20 Tuning the PID part 2 
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As seen in the graph we still have a steady state error, to overcome this problem 

we will have to use the Ki gain to eleminate the SS. 

 
Fig.21 Tuning the PID part 3 

 

RESULTS/CONCLUSION 

From the graph one can see that the steady state error is minimized and the 

system after an initial overshoot (result of disturbance) is stable. 

 

Fuzzy Vs PID: 

Now that we have seen both the control techniques here comes the big 

question,"which technique is better"?  Results obtained by performing a small 

test, shows Fuzzy is better than PID in this case in terms of the steady state 

response. There are two graphs shown below, they plot falling angle vs time.  

 
       Fig.22   Fuzzy                                      Fig.23 PID 
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As seen in Fig.22 and Fig.23, the Fuzzy has a smaller overshoot and a faster 

settling time when compared to the PID. The actual test here is to vary the mass 

of the cart and find out which controller is robust to variation in mass. In the 

other two graphs shown below the mass of the cart is varied and the results are 

seen as follows,  

  
    Fig.24   Stability graph using a Fuzzy     Fig.25  Stability graph using 

PID  

     Controller     Controller   

 

As mentioned earlier the fuzzy is more robust in change in mass of the cart when 

compared to the PID. The graphs on Fig.24 and Fig.25 show clearly there is 

only a small variation seen in the fuzzy but the PID looses control and does not 

settle down at all. 

Even though fuzzy is robust towards variation in mass it is very tough to 

impliment a perfect logic in fuzzy as one has to take into consideration of all 

the possible states that could change the outcome of the system. Hence PID 

implementation is easier than fuzzy but comes with a few drawbacks. 

The initial simulations results did not correlate with the actual outcome. There 

were lots of changes that had to be done to the model before it showed some 

result. Some of the notable changes were done are, 

• The Kp,Ki and Kd values had to be changed to get the desired output, 

but the values that were obtained from the manual tuning method was 

the base. We played around with these parameters to arrive at our desired 

output. 

• The coefficient of friction and moment of inertia were not exactly 

calculated, only a rough approximate values were used hence there was 

a slight deviation in the result. 
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• The height of the pendulum and the frequency of the motor had a relation 

which we did not take into consideration. Hence we had to manually try 

different values of length and weight of the pendulum. 

• The synchronisation was a factor. 

 

 

RECOMMENDATIONS 

The Lego Mindstorm and LabVIEW provides a good platform to demonstrate 

the inverted pendulum phenomenon and other advanced robotics applications 

hence, should be adopted as an instructional tool in our Mechatronics 

curriculum to demonstrate how different control architectures can be 

implemented. It adopts a very simple methodology to achieve complex control 

applications. 
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Abstract 

Liquefied Petroleum (LP) Gas is a flammable hydrocarbon gas used as a fuel 

for many residential, cooking and commercial applications. LP gas liquefied 

through pressurization and is stored in gas bottles, cylinders and tanks. It can 

be propane, butane or propane-butane blends’. As useful as LP gas is, its 

leakage can lead to various accidents resulting into bothfinancial loss and 

human injuries, including death. This Paper therefore presents the ‘Design and 

Implementation of an LP Gas-Leakage Detector with Feedback Alert and Alarm 

System’. Here, the gas Sensor (MQ-6) is used to detect any gas leakage in a 

particular location; its output is then interfaced with a 12F1840 PIC-

Microcontroller programmed in AssemblyLanguage through its ADC Port. A 

GSM Module with a registered SIM Card is connected to the output of the 

Microcontroller. The Module is configured to send gas leakage alerts in form 

of a short message service (SMS) tothe owner’s GSM phone to enable prompt 

action in the event of a leakage condition – an alarm also blows until the 

leakages are attended to, to prevent fire outbreak. .In conclusion, the design 

worked according to specifications. It is a simple, low cost but effective safety 

device that can be adopted for both domestic and industrial applications. 

However, it is recommended that the device be modified to incorporate an 

automatic fire extinguisher in case of sudden fire incident. 

 

Index Terms: LPG, MQ-2Sensor, Microcontroller, Leakage, SMS Alert, GSM 

module 
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Introduction 

One of the most common types of energy source for domestic use is liquefied 

petroleum gas commonly used for domestic purposes like cooking, heating etc 

[1]. Though the safety issues are considered by the company, leakage of gas 

has become very common accident which can cause damage to human lives and 

property [2]. LP gas is a flammable mixture of hydrocarbon gases used as a 

fuel in heating appliances and vehicles. Varieties of LPG bought and sold 

include mixtures that are primarily propane (C3H8) and butane (C4H10) 

depending on the application [3]. Gas leakages resulting into fatal inferno has 

become a serious problem in household and other areas where household gas 

is used. Gas leakage leads to various accidents resulting in financial loss as 

well as human injuries and/or loss [4, 5]. One of the preventive methods to stop 

accident associated with the gas leakage is to install gas leakage detection kit 

at vulnerable places [6]. However, a number of research papers have been 

published on gas leakages in which gas sensors are used to detect gas leakage 

and alarm circuits activated for prompt action to be taken in averting fire 

incident [7,8,9]. Here, the design of a wireless LPG leakage monitoring system 

is proposed for home safety. This system detects the leakage of the LPG and 

alerts the consumer through SMS and as an emergency measure activates the 

alarm. 

 

Design Analysis 

This design is divided into Hardware and Software Sections. 

 

Hardware Section: 

The hardware Section is divided into five (5) stages namely; Power Supply, LPG 

Sensor (MQ-6), GSM Module, PIC-Microcontroller, and the Alarm Units (see 

Figures 1 & 2). 

 

Power Supply Unit (PSU) 

\The PSU converts the 220V available mains voltage to approximate 12V and 

5V d.c which is used to power the circuit.  

 

LPG Sensor (MQ-6) Unit (see Figure 3). 
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Generally, semiconductor sensors are used to detect LP gas. MQ-6 

semiconductor sensor is used in this design. Sensitive material of MQ-6 gas 

sensor is SnO2.The sensor’s conductivity increases with rising gas 

concentration. MQ-6 gas sensor has high sensitivity to Propane, Butane and 

LPG. The sensor's output is an analog resistance which is connected to the CN2 

Port of the Microcontroller (see Figure 2). 

 

GSM Module 

The GSM Module in the design is used to send SMS to the User when gas 

leakage occurs. This action is initiated by the signal it receives from the 

Microcontroller. The Module is connected to CN1 Port of the Microcontroller. 

 

Microcontroller (PIC 12F1840) Unit 

This Unit receives signals from the Sensor and sends appropriate signals to the 

GSM Module and the Alarm Circuit. 

 

Alarm Unit 

This Unit consists of the Buzzer that is activated whenever there is any gas 

leakage to alert the residents for preventive prompt action. 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

Figure1: Block Diagram of the LP Gas Leakage Detector 
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Sensor 

 

Alarm Unit 

Power 
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Figure 2: Circuit Diagram of the LP Gas Leakage Detector 
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Figure 3: Gas Sensor 

 

Software Section 

Design Algorithm 

1. Start 

2. Microcontroller Configuration 

3. GSM module Configuration 

4. Blink the LED for 60 times 

5. Begin infinity loop 

6. If Pwd message received 

a. Copy the phone number and send ack 

7. If Gas/Smoke detected 

a. Send sms message and the blow Alarm 

8. Else 

9. Blink led at interval of 5 seconds 

10. End infinity loop 

11. END 

 

Design Program Code 

The Design Program is written in Assembly Language and was loaded on the 

microcontroller. 
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Results and Discussion 

With the LPG Leakage activated, whenever there is gas leakage, the MQ-6 

Sensor will detect it: Its output which is connected to the ADC of the 

Microcontroller goes high. The Microcontroller then sends signals to the GSM 

Module and the Alarm circuit. The GSM Module gets activated and sends a 

warning SMS to the User’s Mobile number which has been configured with it. 

Simultaneously the Alarm will blow alerting the residents that are around for 

quicker preventive action. 

 

Conclusion and Recommendations 

The Liquefied Petroleum (LP) Gas Detection Device was designed and 

successfully implemented in this Paper for domestic safety and industrial 

applications. The LPG Sensor (MQ-6) used is characterized by high sensitivity 

to LPG, Butane, Propane, stability and long life span. The implemented design 

worked according to specifications. However, it is recommended that the device 

be modified to incorporate an automatic fire extinguisher in case of sudden fire 

incident. A display (LCD/LED) unit can also be provided to ascertain the level 

of the gas that leaked.  
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Abstract  

Innovations in solar energy are turning into a promising sustainable power 

source. Ordinarily fixed solar panel board with a specific angle of inclination 

restrains their zone of sun intensity because of revolution of the Earth. The 

automatic solar tracking system solves this problem. In this paper a dual axis 

solar tracker is planned and implemented to track the sun in both azimuth and 

altitude axes by using an AVR microcontroller. The executed framework 

comprises mostly of the ATmega 328 controller, DC motors, light sensors and 

relays. The results show that the designed low cost sun tracker increases the 

output power generation efficiency by 25-30% as compared with the fixed panel 

systems. The impact of temperature and panel covering by shaded cellophane 

on the performance of the designed system is also studied. The temperature and 

the colored cellophanes decrease the output power of the solar panel.  

 

Keywords: Dual –Axis sun tracker, ATmega 328 Microcontroller, photo-

voltaic, solar energy, maximum power point 

  

Introduction  

Energy is a basic factor for the development of nations. The greater part of the 

energy generation relies upon fossil fuel. The resources of the fossil fuel are 

limited; therefore, there is a growing demand on energy from renewable 

resources such as solar, geothermal and ocean tidal wave [11]. Solar energy is 

more familiar than other sustainable power source assets to assume control over 

the shortage of hydrocarbon in future [21]. Photovoltaic (PV) panels convert 
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the solar radiation to electricity.  Maximizing output power from a solar system 

is desirable to increase efficiency. In order to maximize the output power from 

solar panels, they must be kept aligned with the sun. As such, a means of 

tracking the sun is required [13].  

Solar tracker is a device that keeps photovoltaic or photo thermal panel in an 

optimum position perpendicularly to the solar radiation during daylight hours. 

This can increase the measure of collected energy from the sun by up to 40% 

[6]. Normally, fixed PV panels cannot follow the sun development. The single 

axis tracker follow the sun East-West development [1, 7, 9, 15,], while the two 

-axis tracker follow the sun a long a changing altitude angle too [4]. Many 

tracker system technologies have been developed by many scholars [2, 5, 8, 17]. 

Figure 1 shows a dual axis solar tracker [18].  

Dual axis solar trackers have more efficiency than both fixed angle panels and 

single axis solar tracker systems. But, this advantage is at the expense of more 

system complexity [14]. The implementations of the sun trackers systems have 

done by many workers [12, 16, 19, 20]. The performance of PV module is 

influenced by several parameters such as ambient temperature, humidity, rain, 

cloud and dust. In a desert environment the operational performance is impeded 

via sand particles accumulation on surface and higher ambient temperature [10]. 

Hence, in this paper a dual axis sun tracking framework is designed and 

implemented. Its generation capacity and performance are evaluated and 

compared with fixed panel systems under different temperature and cell 

covering situation at the geographical area of Damaturu in Yobe State of 

Nigeria. The proposed model is explained in section 2, together with the 

hardware and software design and implementation details. In section 3, the 

result of the practical tests of the implemented system is given. Finally, 

concluding remarks are presented in section 4. 

 
Figure 1. Schematic Diagram of the Dual Axis Solar Tracker [6] 
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Experimental Setup  

The proposed tracking system tracks the daylight by turning the PV panels in 

two different axes. The dual-axis solar tracker follows the angular height 

position of the sun in the sky notwithstanding following the sun's east-west 

development. The proposed model for dual axis tracker is appeared in Figure 2. 

The tracker demonstration is made of Solar board of 87 watt and it is of poly 

crystalline compose from Kyocera Company and its length is 100cm while its 

width is 65 cm, four Light Dependent Resistance (LDR) sensors, two DC 

engines, Arduino UNO microcontroller and four relays. Two LDR sensors and 

one motor with two relays are used to track the sun’s east – west movement.  

 

 
Figure 2. The picture of the realized model for dual axis tracker 

 

The Solar Tracking System  

The other two sensors and the other motor which is fixed at the bottom of the 

tracker with the other two relays are used to track the sun’s up-down movement. 

The DC motors are basically performing capacity of sun following. Upper panel 

holder DC motor tracks the suns up-down movement and base DC motor tracks 

the east-west movement of the sun. These DC motors and sensors are interfaced 
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with a microcontroller which is controlling DC motor based on sensor's input. 

The LDR sensors sense the light force and send signal to the microcontroller. 

The microcontroller is compares the signal got from LDR sensors and decides 

rotation direction of the DC motors according to the stored program. The 

planned framework is depicted in details [3]. Figure 3 shows the block diagram 

of the tracking system and the Flowchart of the control program are given in 

Figure 4. 

 

 
Figure 3. Tracking systems 

 

The Tracking Algorithm 

From the flowchart given below, it can be seen that the tracking process is 

iterative in nature. Each of the iterations is known as rounds. For each round,  

change in position and inclination of the tracker is required. The algorithm starts 

with taking data from LDR sensors. The microcontroller read this data and made 
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a comparison between them and then decides about the movement direction of 

the DC motors. The electronic circuit is shown in Figure 5.                            

 
Figure 4. The Flowchart of the Tracker Control Algorithm 
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Figure 5. The electronic control circuit 

 

Experimental Results  

Two panels were tested; one of them was fitted on the implemented tracking 

system where the position of the other was fixed at the local latitude 350 of 

Damaturu, Nigeria. The test was done in May (2017). The generated output 

current and voltage were measured during the local time of Damaturu, Nigeria 

between (9 am) to (4 pm). Figure 6 illustrates the change of the output power of 

the solar panel, which is the product of the short circuit current 𝐼𝑠c and open 

circuit voltage 𝑉𝑜 with the local time for the measurement duration. Figure 6 

shows a graphical comparison for the fixed panel, single and dual axis tracker 

output power.  

Figure 6 shows that for the fixed panel the power increases gradually to become 

maximum at 12 pm, then decrease with sunset. While for the single axis tracker 

the curve of the output power is higher above the fixed PV array system and the 

gain is (24.05%). The used single axis tracker is the same implemented dual 

axis tracker but operated in the east-west directions only and the up-down 

direction is fixed at 350 elevation angle. The dual axis achieves (26.22%) higher 
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power as compared to the fixed panel, which is in agreement with the other 

works.  

There are many parameters which have influence on the conversion efficiency 

of PV cell using tracker system such as temperature and illumination. So, the 

effect of temperature has been investigated in this paper. Figure 7 shows a plot 

of the output power versus time and monthly-average hourly panel temperature 

versus time for the tracker panel and the fixed panel in May, 2017. Figure 7 

show that when the temperature of the panel increases the output power of the 

panel is decreased.   

Finally, the effect of the panel covering by colored cellophanes on the output 

power of the tracker system is studied. The color of the covers is yellow, green 

and blue. The output from this colored cellophane is compared with the output 

of the solar tracker panel without any color as shown in Figure 8. This colored 

cellophane is available in the market and cheap. 

 

 
Figure 6. The hourly variation of the output power for the fixed, single and dual 

solar panel of May (2017) 
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Figure 7. The hourly variation of the output power and temperature versus time 

at May (2017) 

 

 
Figure 8. The hourly variation of the output power for the colored filters with 

respect to the output power of the tracker 
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From Figure 8 it can be concluded that the colored filters only allowed light of 

the same color to pass through. After analyzing the data, it was determined that 

the output of the panel under sun light was significantly higher than any of the 

other colored light. This is due to the loss of light intensity inherent to the tint 

of the color filters.  

 

Conclusion and Recommendation 

In this paper we have arrived to a conclusion that dual-axis solar tracker is more 

proficient regarding the electrical energy output  when compared  with the 

single axis tracker and fixed solar panel. The gain of the dual-axis tracking 

framework is around 25-30% compared with the fixed framework. For the 

temperature and covers, they decrease the output power of the solar panel. 

Accordingly, any covering, for example, dust protection spreads will negatively 

affect the measure of power generated by the solar panel. 

Consequently, it is recommended that the dual-axis solar tracking system should 

be given preference whenever solar radiation is used in electricity generation 

owing to the gain margin of this framework. Any loss of light intensity due to 

tint of colour filter should be avoided as much as possible in order to achieve 

optimum output power from the PVs. 
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ABSTRACT 

Light pollution does a lot of damage to the environment and health, as do other 

forms of pollution such as air pollution, noise pollution, water pollution, and 

soil pollution. While people are well aware of the problems associated with 

later, only very negligible percentage are aware of the light pollution. In 

contemporary world today we cannot do without outdoor lightning, this paper 

examines the effects of light pollution on the environment as described: the 

concept, the current status, the key problems. Aim of which is to create 

awareness among the professionals, general public, policy makers, also to offer 

some solutions, using today technology, in order the effects can be brought 

under control. 

 

Keywords: Light pollution, outdoor illumination, health, environment, current 

status 

 

Introduction 

Environment can be defined as al of the external factors affecting an organism.  

These factors may be other living organisms (biotic factors) or non living 

variables (abiotic factors), such as temperature, rainfall, day length, wind, and 

ocean currents.  The interactions of organisms with biotic and abiotic factors 

form an ecosystem.  Even minute changes in any one factor in an ecosystem can 
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influence whether or not a particular plant or animal species will be successful 

in its environment. 

Organisms and their environment constantly interact, and both are changed by 

this interaction.  Like all other living creatures, humans have clearly changed 

their environment, but they have done so generally on a grander scale than have 

all other species.  Some of these human-induced changes- such as the 

destruction of the world’s tropical rain forests to create farms or gazing land for 

cattle – have led to altered climate patterns.  In turn, altered climate patterns 

have changed the way animals and plants are distributed in different 

ecosystems. 

The problems facing the environment are vast and diverse.  Global warming, 

the depletion of the ozone layer in the atmosphere, the consequences of 

continued depletion of the ozone layer would be dramatic.  Increased ultraviolet 

radiation would lead to a growing nujber of skin cancers and cataracts and also 

reduce the ability of immune systems to respond to infection.  Destruction of 

the world’s rain forests are just some of the problems that many scientist believe 

will reach critical proportions in the coming decades.  Excess or obstructive 

light created by humans.  Among other effects, it can cause adverse health 

hazard, obscures stars to city dwellers, interferes with astronomical 

observatories, wastes energy and disrupts ecosystems.  While people are well 

aware of the problems associated with air, water, noise pollutions and soil 

contamination a widely neglected area is that of light pollution. 

Light pollution (also refer as photo pollution, luminous pollution) can be 

defined as the light that people find annoying, wasteful and harmful.  

Researchers going on posit that light pollution is a problem similar to traditional 

forms of pollution.  Most especially on health effects, suggesting that excess 

light may induce loss in visual acuity, hypertension, headaches and increased 

incidence of carcinoma.  Energy conservation advocates contend that light 

pollution must be addressed by changing the habits of the society, so that 

lighting is used more efficiently with less waste and less creation of unwanted 

unneeded illumination as shown in figure 1.  
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Fiqure1 Light Pollution 

 

Literature Review 

Light pollution is a generic term that encompasses many different aspect of 

improper lighting or unnecessary use of artificial light. 

 

Types of Light Pollution 

The categories of light pollution include light trespass, glare, clutter, urban sky 

glow and over-illumination. 

 

Light Trespass  

Light trespass can be described as the effects of light or illuminance that strays 

from its intended purpose.   On a street lighting system, it is desirable to have 

all the light directed onto the street and not the adjacent area, poor quality 

lighting fixtures, which are generally of a non-cut-off type, will allow some of 

the light to fall away from the road to other people properties, which cause upset 

to some people. 

The institution of Lighting Engineers (ILE) specifies light trespass limits for 

light entering windows in terms of environmental zones (ILE 2000).  It is 

difficult to measure light trespass because the occurrences are so different.  

Illuminance on a vertical plane (for example vertical illuminance at the window, 

as depicted in may be appropriate in some cases.  Horizontal illuminance might 

be appropriate in other cases (for example, horizontal illuminance on abed).   An 

illuminance level of 1 lux (0.1 foot candle) might be acceptable to some and 
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completely objectionable to another.  For reference, 0.3 luc (0.3 foot candle) is 

typical of the illuminance that results from moonlight. 

In a recent study, Boyce, (2001) suggest that light trespass be measured in a 

relative manner, at property boundaries, to take into account both light coming 

into the property as well as light inside the property.  When designing the 

lighting for a site, imagine a vertical plane at the boundary between the site 

property and an adjacent property.  Measure the illuminance on the vertical 

plane at the property boundary, directed toward the lighting design site, 180O 

away from the lighting design site, and measure the illuminance on the vertical 

plane, directed toward the adjacent property.  Calculate the ratio of the 

illuminance on the plane pointing toward the lighting design site to illuminance 

on the plane pointing toward the adjacent property.  If the ration of the measured 

illuminance is less than unity (one), this implies that the design site receives 

more light from the adjacent property than the design site delivers to the 

adjacent property.  If the ratio is greater than unity, then the design site delivers 

more light to the adjacent property than the adjacent property delivers to the 

site.  The larger the ratio, the more likely light trespass complaints are to occur. 

 

Glare 

Defined by Illuminating Engineering Society (IES) as the sensation produced 

luminance in visual field that is sufficiently greater than the luminance to which 

the eye has adapted to cause annoyance, discomfort, or loss of visual 

performance and visibility.  For example, glare can be associated with directly 

viewing the filament of an unshielded or badly shielded light.  Light shining 

into the eyes of pedestrians and drivers can obscure night vision for up to an 

hour after exposure.  Caused by high contrast between light and ark areas, glare 

can also make it difficult for the human eye to adjust to the differences in 

brightness.  A glare is particularly an issue in road safety, as bright and/or badly 

shielded lights around roads may partially blind drivers or pedestrians 

unexpectedly, and contributes to accidents. 

Glare is categories into three as follow: 

(i) Blinding Glare:  A glare is so intense that for an appreciable time after 

the stimulus has been removed no object can be seen or easily distinguished.  

This is typical of the effect experienced when an oncoming driver forgets to dim 
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the beam headlights.  Many psychologists have quantified this value for various 

age groups, although these data will not be presented here. 

(ii) Disability Glare:  Glare that causes reduced visual performance, also 

known as :veiling luminance’s caused by the effect of the luminance of source 

illuminating the inside of the eye in which the light rays are scattered or 

reflected within the eye reducing the contrast of images on the screen.  

Disability glare can have serious repercussions on a street system as it reduces 

the driver’s ability or distinguish objects clearly. 

(iii) Discomfort Glare:  Glare that produces discomfort or annoyance without 

necessarily interfering with visual performance the IES, however, has reported 

that discomfort glare may cause fatigue which may result in driver error.  This 

effect is very subjective and not easily quantifiable although several 

jurisdictions have applied some limits to the amount of discomfort glare 

permissible from alighting system. 

 

Clutter 

Illuminating Engineering society (IES) defined Clutter as excessive groupings 

of lights that may generate confusion, distract from obstacles, including those 

that they may be intended to illuminate, and potentially cause accidents. 

Therefore clutter is particularly noticeable on roads where the street lights are 

badly designed, or where brightly lit advertising surrounds the roadways.  

Depending on the motives of the person or organization who installed the lights, 

their placement and design may even be intended to distract drivers, and can 

contribute to accidents.  Clutter may also present a hazard in the aviation 

environment if aviation safety lighting must compete for pilot attention with 

non-relevant lighting.  For instance runway lighting may be confused with a 

dazzling array of suburban commercial lighting and aircraft collision avoidance 

lights may be confused with ground lights. 

 

Urban 

The illumination Engineer is mostly concerned with light or illumination, using 

different light sources that some produced “full spectrum” lights such as 

mercury vapour emit a lot of ultraviolet radiation that may cause sky glow as 

shown in figure 2. 
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Sky glow refers to the “glow” effect that can be seen over populated areas.  It 

is the combination of light reflected from what it has illuminated and from all 

of the badly directed light in that area, being refracted in the surrounding 

atmosphere.  This refraction is strongly related to the wavelength of the light.  

Rayleigh scattering, which makes the sky appear blue in the daytime, also 

affects light that comes from the earth into the sky and is then redirected to 

become sky-glow, seen from the ground.  As a result, blue light contributes 

significantly more to sky-glow than an equal amount of yellow light.  However, 

astronomers observed the sky in many wavelengths, therefore sky glow is of 

particular irritation to astronomers, since its reduces contrast in the night sky to 

the extent where it may even become impossible to see the brightest stars.   

Although, urban sky glow has been difficult to quantify, some jurisdictions, 

particularly those around observations have to be protected. 

 

 
FIGURE 2. High Sky Glow 

 

Over-illumination 

Over-illumination is the excessive use of light.  Specifically within some special 

buildings i.e. theatres, studios, advertisements etc causes unnecessary waste of 

energy. 

Over-illumination stems from several factors: 
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1. Not using timers, occupancy sensors or other controls to extinguish 

lighting when not needed. 

2. Improper design, especially of workplace spaces, by specifying higher 

levels of light than needed for a given task. 

3. Incorrect choice of fixtures or light bulbs, which do not direct light into 

areas as needed 

4. Improper selection of hardware to utilize more energy than needed to 

accomplish the lighting task 

5. Incomplete training of building managers and occupants to use lighting 

systems efficiently 

6. Inadequate lighting maintenance resulting in increased stray light and 

energy costs. 

Most of these issues can be readily corrected with available, inexpensive 

technology; however, there is considerable inertia in the field of lighting design 

and with landlord/tenant practices that create barriers to rapid correction of 

these matters.  Most importantly public awareness would need to improve for 

industrialized countries to realize the large payoff in reducing over-

illumination. 

 

Effects of Light Pollution 

Khan (2017) stated that Earth is losing its darkness. Half of Europe and a quarter 

of North America have experienced seriously modified light-dark cycles, This 

is concerning, of course, because we are convinced that artificial light is an 

environmental pollutant with ecological and evolutionary implications for many 

organisms from bacteria to mammals, including us humans and may reshape 

entire social ecological systems. The effect of the light pollution can summarise 

as follows: 

 

Energy Waste:  

Kyba et la. (2017) worked on concept of the “lighting revolution” (the transition 

to solid-state lighting technology) is decreased energy consumption. The study 

covered the period from 2012 to 2016, it was discovered that Earth’s artificially 

lit outdoor area grew by 2.2% per year, with a total radiance growth of 1.8% per 
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year. Continuously lit areas brightened at a rate of 2.2% per year, therefore 

increase in energy consumption. 

Other studies have shown that several forms of over-illumination constitute 

energy wastage including un-useful upward direction of night-time lighting, as 

upward-directed light does not usually provide useful or intended illumination. 

 

Interference with Astronomical Observation:   

Most urban dwellers cannot see a host of objects in the night sky, with the 

exception of the moon and bright planets.  This “without” zone can stretch many 

tens of kilometres.  This hurts amateur astronomers, and it has been suggested 

that it also diminishes public understanding of space, astronomy, and science in 

general.  

 

Effects on Human Health and Psychology:   

Medical research on the effects of excessive light on the human body suggests 

that a variety of adverse health effects may be caused by light pollution or 

excessive light exposure, and some lighting design textbooks use human health 

as an eplicit criterion for proper interior lighting.  Health effects of over-

illumination or improper spectral composition of light may include: increased 

headache incidence, worker fatigue, medically define stress, decrease in sexual 

function and increase in anxiety.  

 

Disruption of Ecosystems:  

Studies suggest that light pollution around lakes prevents zooplankton, such as 

Daphnia, from eating surface algae, helping cause algal blooms that can kill off 

the lakes plants and lower water quality.  Light pollution may also affect 

ecosystems in other ways.  For example, lepidopterists and entomologist have 

documented that night-time light may interfere with the ability of moths and 

other nocturnal insects to navigate.  Night blooming flowers that depend on 

moths for pollination may be affected by night lighting, as there is no 

replacement pollinator that would not be affected by the artificial light.  This 

can be lead to species decline of plants that are unable to reproduce, and change 

an area’s long term ecology. Rodríguez et al. (2012) stated that every year and 

across the world, thousands of fledglings of different petrel species crash into 
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human structures because they are disorientated by artificial lights on tall 

structures during their first flights. 

 

Methodology 

There exist numerous methods and software for outdoor lighting design, the two 

most commonly use are footcandles method and isofootcandle method: 

 

Footcandles Method 

This method a simple formula to r figure the number of units needed for a given 

light level or to determine the light level provided by a certain number of 

fixtures. 

fc = [(N)(BL)(UF)(MF)]/Area 

Where, fc = average maintained illumination level in footcandles 

N = number of luminaires 

BL = beam lumens of the luminaire 

UF = utilization factor (percentage of the beam lumens that fall within the area 

being lighted) 

MF = maintenance factor (light loss factor) 

Area = area to be lighted in square feet or square meters. 

If the lighting project must satisfy only general criteria, such a simple 

calculation is sufficient. However, a better method of designing an outdoor 

lighting system is to use an isofootcandle plot. 

 

Footcandles Method 

Isofootcandle plot graphically represents the light distribution pattern on a 

horizontal surface. The graph consists of a series of lines, or contours, that 

represent the same illuminance anywhere on the line, with each line 

representing a different footcandle. Each contour from the center out represents 

approximately 50% of the value of the previous contour. The plot is placed over 

a grid, which you can use to indicate mounting height divisions. An 

isofootcandle plot can vary in shape from a circle, oval, or triangle, and may be 

symmetrical or asymmetrical. Essentially, you can use an isofootcandle curve 

at the same scale as a plan view of the area to be lighted to determine the 

contribution of each luminaire to the entire area. 
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Result and Remedies 

The solution to minimizing problem of light pollution is simple and inexpensive 

some are as follows:- 

1. The designer must take care to use luminaries with distributions suitable 

to the outdoor by adopting isofootcandle approach. 

2. The designer must carry out the calculation properly to ensure the most 

efficient placement and design 

3. Design levels should correspond as closely as possible to illumination 

engineer society (IES) minimum requirement 

4. Utilizing light sources of minimum intensity necessary to accomplish the 

light’s purpose 

5. Turning lights off using a timer or occupancy sensor or manually when 

not needed 

6. improving lighting fixtures, so that they direct their light more accurately 

towards where it is needed, and with less side effects 

7. adjusting the type of lights used, so that the light waves emitted are those 

that are less likely to cause severe light pollution problems 

8. Evaluating existing lighting plans, and re-designing some or all of the 

plans depending on whether existing light is actually needed 

 

CONCLUSION 

Research in this subject is ongoing in many areas but there is still much to be 

done.  All stakeholders should be encouraged to support a research and 

development in this area as it will benefit everyone for years to come. 
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Abstract 

The road irregularities such as bumps, holes cause unnecessary vibrations in 

our vehicles which make passenger fells discomfort. The need to improve the 

compromise between the conflicting criteria such as road handling ability and 

ride comfort is critical. This makes it imperative to develop a reliable control 

technique for the suspension system. However, the presence of nonlinearities in 

the suspension makes this unrealistic with classical controls. In his paper a 

Model Predictive Control (MPC) for a vehicle passive suspension system is 

suggested. A quarter passive suspension system is considered and conventional 

control schemes such as Proportional Integral (PI), Full State Feedback (FSF) 

and Linear Quadratic Regulator (LQR) were designed for the system and 

compared with the proposed controller to indicate its effectiveness. The 

controllers were evaluated by the commonly used control response parameters 

such as the maximum overshoot, the settling time and the rise time. The 

simulation results obtained proved MPC to be a suitable controller for the 

suspension system. 

 

Keywords: Suspension System, MPC, PI, FSF and LQR. 

 

Introduction  

A suspension system can described as a mechanical support that separates the 

vehicle’s body from its wheels. The primary aims of the suspension are to 

minimize the vibrations induced by the road unevenness and maintain the 

continuous contact between the wheels and the road. For this reason, improving 
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the compromise between safety handling and ride comport is highly significant. 

The attempts made by many control engineers to come up with reliable control 

strategy for a suspension system have made a tremendous contribution towards 

achieving a qualitative suspension system. 

Vehicle suspension is divided in to two: Primary (conventional) and secondary 

suspension systems. The primary suspension system is further subdivided in to 

active, semi-active and passive suspension system and is the type in which the 

suspension components connect the axle and the wheel assemblies to the frame 

of the vehicle. While in secondary suspension the suspension components 

connect the frame of the vehicle to its body. 

Active suspension consists of only force actuator. Whereas semi-active consists 

of force actuator and a damper. Passive suspension consists of a spring and 

damper.   

Reviewed literature studies showed that several control strategies were 

developed for the suspension system including traditional controllers such as 

LQR and PID [1], [2]. However, difficulty in tuning the weighing matrices is a 

major drawback with regard to LQR controller whereas nonlinearities in the 

suspension significantly affect the performance of the PID controller. In [3], the 

suspension system was analyzed using PID controller for an over shoot of 5% 

and a settling time of 5 seconds. The results show that nonlinearities in the 

system imperfect the performance of the controller.  In [4], a quarter car models 

were used to investigate the performance gains possible with an active 

suspension system. In work, the road input was modeled as a white noise 

velocity input. Similarly, [5] describes the theoretical limitations in active 

suspension system while [6] investigated preview control for active suspension 

systems. However, the two preview concepts were used such as (I) look-ahead 

preview, where the information relating to roadway disturbances about to be 

encountered by the moving vehicle is assumed to be sensed and (II) wheelbase 

preview, where knowledge of the front wheel states is used to improve 

performance at the rear of the vehicle. 

The result of the study shows that fuzzy logic is indeed a powerful control tool, 

when it comes to complex processes. The fuzzy logic gives better result when 

compared to traditional controls such as PID [7]. In a further study [8], have 

proposed intelligent control strategies such as Fuzzy, Neural Network (NN) 
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inverse control and NPID control. The simulation results indicated that the 

performances of the fuzzy controller and NPID are slightly better than neural 

network inverse control which could be due to lack of obtaining an accurate 

inverse plant model. 

 

System Description 

Good ride comfort and safety requirements pose contrary design objective 

necessitating optimal selection of passive suspension parameters (i.e. spring 

stiffness and damping factors) [9]. 

`A vehicle suspension (quarterly-car model) system can be modelled as shown 

in the figure 1. 

 

                                    
Figure.1 Quarter car passive suspension system (Adopted from [13])   
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Figure 2. Damping Compromise for Passive Dampers (Adopted from [1]) 

 

The model of the system 

Figure1 shows a quarter car systems. The parameters are defined as in table I. 

We assume that the system is in equilibrium and then apply Newton laws of 

motion on each diagram of its free body diagram. Therefore, the model will be 

obtained as:  

𝑚1𝑥1𝑠
2 + 𝑏1(𝑥1 − 𝑥2)𝑠 +𝑘1(𝑥1 − 𝑥2) = 0             (1) 

𝑚2𝑥2𝑠
2 + 𝑏1(𝑥2 − 𝑥1)  𝑠 + 𝑘1(𝑥2 − 𝑥1) 𝑏2(𝑥2 − 𝑤) 𝑠 +𝑘2(𝑥2 − 𝑤) = 0          

(2) 

From (1) and (2), the transfer function (3) is obtained: 

𝑇(𝑠) =
(𝑏2𝑠+𝑘2)(𝑏1𝑠+𝑘1)

𝑚1𝑠2𝐵1𝑠+𝐵2𝐵3
                                           (3) 

Where: 

𝐵1 = 𝑏1𝑠 + 𝑘1 

𝐵1 = 𝑚1𝑠
2 + 𝑏1𝑠 + 𝑘1 

𝐵2 = 𝑚2𝑠
2 + 𝑏2𝑠 + 𝑘2 

Separating the variables (3) becomes (4) 

𝑇(𝑠) =
(𝑏2𝑏1𝑠

2+𝑘1𝑏2+𝑘2𝑏1)𝑠+(𝑘1𝑘2)

𝑚1𝑚2𝑠
4+𝑃1𝑆

3+𝑃2𝑆
2+𝑃3𝑆+𝑘1𝑘2

                         (4) 

Where: 

𝑃1 = 𝑚1𝑏1 + 𝑚1𝑏2 + 𝑚2𝑏2 

𝑃2 = 𝑚1𝑘1 + 𝑚1𝑘2 + 𝑚2𝑘1 + 𝑏1𝑏2 

𝑃3 = 𝑏1𝑘2 + 𝑘1𝑏2 

Model Predictive Controller (MPC) 

Model Predictive Controller (MPC) is an advanced method of process control 

that has been in use in the process industries in chemical plants and oil refineries 

since 1980s. The main advantages of MPC are that it allows the current timeslot 

to be optimized while keeping future timeslots in account. Secondly, it has the 

ability to anticipate future events and can take control actions accordingly. [10]. 

The MPC calculations are based on current measurements and predictions of 

the future values   of the outputs. And the objective of the MPC control 

calculations is to determine a sequence of control moves (that is, manipulated 

input changes) so that the predicted response moves to the set point in an 

optimal manner. The manipulated input u for SISO control are shown in Figure 

2. 
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  The control calculations are based on optimizing an objective function. The 

number of predictions p is referred to as the prediction horizon while the number 

of control moves M is called the control horizon. 

            

   
 

Figure 4 Block diagram for model predictive control. {Adopted from [12]) 
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 For simplicity, we begin our study by assuming that the underlying plant is a 

single-input and single-output system as derived in [13] described by: 

 

𝑥𝑚(𝑘 + 1) = 𝐴𝑚𝑥𝑚(𝑘) + 𝐵𝑚(𝑘)                     (5) 

 

𝑦(𝑘) = 𝐶𝑚𝑥𝑚(k)                                                (6) 

 

Where 𝑢 is the manipulated variable or input variable; 𝑦 is the process output; 

and 𝑥𝑚 is the state variable vector with assumed dimension n1. Note that this 

plant model has 𝑢(𝑘) as its input. Thus, we need to change the model to suit our 

design purpose in which an integrator is embedded. Note that a general 

formulation of a state-space model has a direct term from the input signal 𝑢(𝑘) 

to the output y (k) as: 

 

. y(k) = 𝐶𝑚𝑥𝑚(𝑘) + 𝐷𝑚𝑢(𝑘)                             (7) 

  

However, due to the principle of receding horizon control, where a current 

information of the plant is required for prediction and control, we have 

implicitly assumed that the input 𝑢(𝑘)  cannot affect the output y(k) at the same 

time. Thus, 𝐷𝑚=0 in the plant model. Taking a difference operation on both 

sides of equation 6, we obtain that. 

 

 𝑥𝑚(𝑘 + 1) − 𝑥𝑚(𝑘) = 𝐴𝑚(𝑥𝑚(𝑘) − 𝑥𝑚(𝑘 − 1)) + 𝐵𝑚 (𝑢(𝑘) − 𝑢(𝑘 − 1)).   

(8)  

 

Let us denote the difference of the state variable by 

 

  Δ𝑥𝑚(𝑘 + 1) = 𝑥𝑚(𝑘 + 1) − 𝑥𝑚(𝑘); Δ𝑥𝑚(𝑘) = 𝑥𝑚(𝑘) − 𝑥𝑚(𝑘 − 1)              

(9) 

 

And the difference of the control variable by: 

 Δ𝑥𝑚(𝑘) = u(𝑘) − u(𝑘 − 1)                                                                     (10) 
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These are the increments of the variables  𝑥𝑚(𝑘) and u(𝑘). With this 

transformation, the difference of the state-space equation 

Δ𝑥𝑚(𝑘 + 1) = 𝐴𝑚Δ𝑥𝑚(𝑘) + 𝐵𝑚Δu(𝑘)Δ𝑥𝑚(𝑘)                                     (11) 

 

Note that the input to the state-space model is Δu(𝑘). The next step is to connect 

Δ𝑥𝑚(𝑘) to the output y(𝑘). To do so, a new state variable vector is chosen to 

be 

 

X (t) =Δ𝑥𝑚(𝑘)𝑇𝑦(𝑘)_𝑇      (12) 

 

, where superscript T indicates matrix transpose. Note that 

 (𝑘 + 1) − 𝑦(𝑘) = 𝐶𝑚(𝑥𝑚(𝑘 + 1) − 𝑥𝑚(𝑘)) = 𝐶𝑚Δ𝑥𝑚(𝑘 +

1)=𝐶𝑚𝐴𝑚Δ𝑥𝑚(𝑘) + 𝐶𝑚𝐵𝑚Δu(𝑘)   (13) 

 

Putting together we have: 

 

[
Δ𝑥𝑚(𝑘 + 1)

𝑦(𝑘)
] = [

𝐴𝑚   0𝑚

𝐶𝑚𝐴𝑚   1
] [

Δ𝑥𝑚(𝑘)

𝑦(𝑘)
] + [

𝐵𝑚

𝐶𝑚𝐵𝑚
] Δu(𝑘)               (14) 

Where 

 

𝑦(𝑘) = [0𝑚 1] [
Δ𝑥𝑚(𝑘)

𝑦(𝑘)
] 

 

Controller Design Using Proportional Integral Controller 

Fundamentally, Proportional Integral (PI) controllers are composed of two basic 

control actions such as proportional control action and integral control action. 

However, in a controller with proportional action, there is a continuous linear 

relation between the output of the controller u (manipulated variable) and 

actuating error signal e (deviation) [14]. Figure 3 shows the basic PI controller 

block diagram. 

𝑢(𝑡) =  𝑘𝑝 𝑒(𝑡)                                             (15) 

Where 𝑘𝑝 is known as proportional gain 

While in integral control action, the output of the controller is changed at a rate 

which is proportional to the actuating error signal e (t). 
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𝑢(𝑡) = 𝑘𝑖∫ 𝑒(𝑡)𝑑𝑡                                          (16) 

Where e (t) is the error, 𝑘𝑖 is the integral controller gain. 

                                  

      

                          

 

 

 

 

 

                                                        Figure 5 Concept of Proportional controls  

     A PI controller is obtained by combination of proportional and integral 

control action.  

Mathematically, it can be represented by 

𝑢(𝑡) =  𝑘𝑝 𝑒(𝑡) + 𝑘𝑖∫ 𝑒(𝑡)𝑑𝑡                    (17) 

 

Full State Feedback Controller  

The controller design using this method is also known as Pole Placement. The 

controller is designed by placing the closed loop poles of the system at desired 

location in the s-plane. Therefore, it must be ensured that the system is 

completely controllable. However, a part of the dominant poles, all the other 

poles should be made to lie at the predetermined location. 

 

 

 

 

 

 

 

                        

 

 

 

Figure 6 Full State Feedback 
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Figure 7 Pole Placement Technique (Adopted from [15]) 

 

Linear Quadratic Regulator (LQR) 

The Linear Quadratic Regulator (LQR) provides an optimal control law for a 

linear system with quadratic performance index. The decision on the type of 

performance index to be selected depends upon the nature of the control system 

[16]. The ultimate goal of optimal control is to minimize effort required or to 

maximize the desired benefit [17]. The performance index can be generally 

expressed as: 

𝐽 = ∫ (𝑥𝑇𝑄𝑥 + 𝑢𝑇𝑅𝑢)𝑑𝑡      (18) 

Where, 𝑄 = 𝑄𝑇 > 0 
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            𝑅 = 𝑅𝑇 > 

 

Q and R are the state and control weighting matrices. 

Therefore, an optimal control is one which is capable of driving the state to zero 

in order to obtain finite and constant J (I.e. x → 0 and u → 0) [18]. 

 

 

 

 

 

 

 

 

 

 

Figure 8 LQR 

 

Result and Discussion 

The mathematical model of the nonlinear car passive suspension system was 

developed and the simulation was performed using matlab software. The 

controllers were explored by the commonly used control response parameters 

such as Settling time, Rise time and Overshoot.  Table I below shows the 

simulation parameters figure 9 indicates the open-loop response due to a step 

input. However, figure 10, 11, 12 and 13 show the performances of the MPC, 

PI, LQR and FSF controllers on the system. The simulation results evaluated 

based on the transient response parameters are shown in table III.  

 

                   Table I Simulation parameters 

S/N PARAMETERS VALUES 

1 𝑚1 = sprung mass 466.5kg 

2 𝑚2 = unsprung mass 49.8kg 

3 𝑘1 = stiffness coefficient of the 

suspension 

5700 

4 𝑘2= vertical stiffness of the tire 135000 
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5 𝑏1 = damping coefficient of the 

suspension 

290 

6 𝑏2 = damping coefficient of the tire 1400 

 

    
                           Figure 9.open-loop response due to a step input 

 

                         

 
                                    Figure 10 Performance of MPC Due to a Step Input 
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Figure 11 Performance of PI Controller Due to a Step Input 

                      
 

Fig. 12 LQR performance 

                            
                                 Figure 13 FSF Performance  
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                         Table II Performance Measure 

PARAMETERS MPC PI LQR FSF 

Rise time (sec) 1.500e-7 0.0015 0.1339 1.6148 

Settling time 

(sec) 

0.1000 0.9994 0.4009 13.0299 

 Overshoot (%) 0.0000 0.0000 3.4715 35.9837 

 

Conclusion 

This paper has presented the performance comparison between the MPC, PI, 

LQR and FSF controllers on a quarter vehicle passive suspension system. 

Simulation results indicate that MPC could serve as the valuable algorithm for 

the suspension system. The design of PI, LQR and the pole placement are quite 

straight forward. However, the presence of nonlinearities in the suspension 

system makes the performance of the proposed traditional controllers 

unrealistic. Similarly, poor prediction in the MPC would eventually affect the 

tracking capability of the controller. Therefore, it is recommended that the MPC 

could be tuned by either Particle Swarm Optimization (PSO), Genetic 

Algorithm (GA), Simulated Annealing (SA) or an Adaptive form of MPC based 

on the Bacterial Foraging Algorithm (BFOA) in order to improve the settling 

time. In other word, intelligent controllers such as Fuzzy Logic and Neural 

Network could be tested on the system to improve the transient characteristics. 
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ABSTRACT 

Whereas the saying goes that no water no life, it is also important to add that 

consuming good quality water guarantees healthy living. Packaged water is the 

widely patronized form in which larger populace patronizes drinking water. 

This work set out to investigate the quality of five (5) randomly selected sachet 

water tagged, A, B, C, D and E, from various factories located in Bauchi 

metropolis. The use of Paqua lab was employed in carrying out this analysis to 

determine some physical (Color, Turbidity, Temperature, pH, Conductivity, and 

Total Dissolved Solid) and Chemical qualities. (Nitrite, Magnesium, Sulphate, 

Alkalinity, Phosphate and Calcium) The results obtained were compared with 

the National Standard for Drinking Water Quality. (NSDWQ). The 

investigation carried out, it revealed that the entire samples complied with the 

stipulated standard, hence showing their suitability and safety for human 

consumption. 

 

Keywords: Quality, Parameter, Investigating, Standard, Micro-organism. 

 

General Background  

Water is an essential requirement of life for drinking, domestic, industrial and 

agricultural uses. Its quality and quantity which vary over space and time are 

important components in the integral development of any area.  Any change in 

the natural quality of water may disturb the equilibrium system and it would 

become unfit for designated uses. The protoplasm of many living cells contain 

about 80 percent water and most of the biochemical reactions which occur in 
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metabolism and growth of living cells involve water medium, hence it is 

referred to as universal solvent (Venkalesharaju et al; 2010). 

Introduction of anthropogent chemicals, that have impact on health when 

present in trace amounts, has become a problem, a reliable supply of wholesome 

water is highly essential to promote healthy living amongst the inhabitants of 

any geological region. The world industrialized standard model for delivery of 

safe drinking water and sanitation technology is not affordable in much of the 

developing world Ocheri, (2010).Remarked, that water in sachets is readily 

available and affordable more than bottled water, but there are concerns about 

its purity. The need to define the quality of water has developed with the 

increasing demand. The available water must have specific characteristics, 

signifying its quality. There has been a tremendous increase in the demand for 

fresh water due to rapid growth of population and the accelerated pace of 

industrialization. (Orara, 2002).  

 Contaminated water still threatens the well being of the population, particularly 

in under-developed and developing countries.  Water quality and quantity are 

inextricably linked, but quality deserves special attention because of its 

implication on health and life. Every year, thousands of cholera cases causing 

many human fatalities are said to occur in Nigeria and recently it was 

experienced in Bauchi State. 

Currently the problem of finding safe readily available drinking water is one of 

the greatest problem facing those in the developing world, more than half of all 

illness and death among children are caused by germs which get into the mouth 

via water and food. (Edzwald and James, 2005). 

According to a 2004 world health organization (WHO) report, 1.1 billion people 

lack access to an improved drinking water, 88 percent of the 4 billion annual 

cases of diarrheal disease are attributed to unsafe water and inadequate 

sanitation and hygiene, 1.8 million people die from diarrheal disease each year. 

WHO estimates that 94 percent of these diarrheal cases are preventable through 

modification to the environment, including access to safe water. 

Simple techniques for treating water at home such as chlorination filter and 

solar disinfection and storing it in safe container could save a huge number of 

lives each year. Reducing death from water bore disease is a major public health 

goal in developing countries. (Islam et al; 1997). 
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Consumption of sachet water and the resultant effect on human health have 

prompted several studies. Quality Assessment of various sachet water brands 

marketed in Bauchi Metropolis of Nigeria was carried out in this study. Five 

sachet water brands (SWB) were selected and evaluated with the paqua-lab kit 

for 24 weeks to investigate the physco-chemical contaminants and to compare 

with the acceptable standards. (Robert, et al; 2007).    

Some effort at increasing the availability of safe drinking water has been 

disastrous. When the 1980s was declared the “International Decades of water” 

by the united Nation, the assumption was made that ground water is safer than 

water from river, ponds and canal. While instance of Cholera, typhoid and 

diarrhea water reduced, other problems emerged. 60 million people are 

estimated to have been poisoned by well water contaminated by excessive 

fluorides, which dissolve from granite rock Robert et al, (2007). The effects are 

particularly evident in the bone deformations of children. Similar or lager 

problem are anticipated in other countries including, China, Uzbekistan, and 

Ethiopia. Although helpful for dental health in low dosage, fluoride in large 

amount interferes with bone formation. (EPA, 2010). 

 

Description of Study Area.   

Bauchi metropolis is located on latitude 100 171 North and longitude 90 491 

East. It covers an area of 35,400sq.km and has about 398,190 inhabitants. It 

enjoys a total rainfall of up to 1091.4mm annually; its hottest month is usually  

April with an average temperature of 40.℃. The high temperature of the city 

encourages the consumption of sachet water which is always handy. The 

primary sources of water of the area are surface and groundwater. Extensive 

agricultural production goes on in the region as it lies within the Sudan savanna 

vegetation. The geology consists of an ancient crystalline basement. 

 

Sample Collection (Sachet water) 

The sachet water analyses are purchased from five (5) different factories within 

Bauchi metropolis. An ideal arrangement of transporting the sample is done on 

dry ice insulated container to maintain the temperature of around 50c, so as to 

prevent excessive growth or death of the bacteria before taking it to the 
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laboratory for actual testing. The sachet water samples were collected on the 

same day production for the 10 to analysis same under similar condition. 

 

Methodology. 

Two (2) sachet water are collected from each of five (5) different water factories 

within Bauchi metropolis. The factory name of such sachet water will not be 

mention, but the sachet water are labeled sample A, B, C, D, E. The sachet water 

used for this analysis are of the same day production for all samples collected. 

Different test are conducted for each of the sample to determine their physical 

and chemical parameters. These tests enable us to know the quality of the 

samples collected.    

 

Physical Test Conducted. 

Some physical parameters were tested to determine the level of compliance with 

the required standard. 

 

Temperature:  

A simple thermometer was used to determine the samples temperature by 

dipping the thermometer into the various water samples, for a while until the 

reading were constant, the temperature of the samples were taken in degree 

Celsius (0C).  

 

Test for Color 

The true and apparent color is determined using platinum. The filtering 

apparatus was assembled and the filter rinsed by pouring about 50ml of 

demonized water through the filter. 50ml of demonized water was poured 

through the filter. A sample cell was filled with 25ml of filtered de-ionized 

water. The program number 120 was entered for tune color, Read/Enter, the 

display will show dial mm to 455. Rotate the wavelength dial until the smell 

display show 455mm. Press read/Enter, the display will show unit piece color.  

50ml of sample was poured through the filter. Fill a second sample cell with 

25ml of filtered sample. Place the blank into the cell holder closed the light 

shield. Zero was pressed and the display showed wait then O unit pt.co color. 
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Test for pH  

The instrument is first collaborated with a pH buffer solution of 7.01. About 

30ml of the sample was taken in a plastic beaker. The probe of instruments was 

dipped into the sample and allowed to stabilize for about 30 seconds. The on 

bottom pressed, when, the stabilization icon disappeared and the reading is 

taken from the LCD  

 

Test for Electrical Conductivity  

The electrical Conductivity (EC) parameters was selected on the instrument and 

collaborated with conductivity buffer solution of 1413us/cm. The same 

procedure was done as above. 

 

Test for Total Dissolve Solid  

Same as the procedure for electrical conductivity instruments, the value is 

multiplied by 0.5 to get the final result for total dissolve solid.  

 

Measurement of Turbidity  

The portable turbidity meter is used to measure the turbidity of a given sample 

of water. The meter was turned on by pressing the on key. The LCD changed to 

the measurement mode and the meter ready to measure. The coverlet was filled 

up to one quarter inch (0.5cm) from its rim with the thoroughly agitated sample 

and sufficient time was allowed for bubbles to escape before securing the cap. 

The coverlet was completely free of finger prints and other roll or dirt, 

particularly in the area where the light goes through. The coverlet was inserted 

into the cell groove securely groove. The read key was then pressed and the 

turbidity value displayed on the screen.  

 

Test for Nitrite   

The test tube was filled with the sample to the 10ml mark. One Nitricol tablet 

was inserted into the test tube, crushed and mixed to dissolve for ten minutes to 

allow full color development. Photo 24 was selected on the photometer for the 

result as mg/l. The reading was taken from photometer in usual manner.  
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Test for Magnesium 

Using the measuring syringe, take a 1ml sample of water under test. Transferred 

to the round tube and made up to the 10ml mark with de-ionized water. One 

magnecol tablet was added, crush and mix to dissolve. Stand for five minutes 

to allow full color development and the slight turbidity to clear. Photo 21was 

selected on photometer and the result was shown in mg/l..   

 

Test for Sulphate. 

The test tube was filled with sample to the 10 ml mark. One Sulphide No 1 

tablet and one Sulphide No 2 tablet was added. It was Crush and mixed gently 

to dissolve the tablets. Stand for 10 minutes to allow full color development, 

then Phot 33 was selected on Photometer. The reading of Photometer was taking 

in usual manner. Therefore, the result was displayed in mg/l. 

 

Test for Alkalinity. 

Test tube was filled with sample to the 10ml mark. One Alkaphot tablet was 

added, it was crush and mix until all of the particles have dissolved.  Stand for 

one minute then remix.  Photo 2 was selected on Photometer, and take 

Photometer reagent in usual manner. The result was displayed as mg/lCaCO3. 

To convert Total alkalinity as CaCO3 to Total Alkalinity as HCO3 result was 

multiplied by 1.22  

 

Test for Phosphate 

The test tube was filled with sample to the 10 ml mark. One Phosphate No 1 

tablet was added, then it was crush and mix to dissolve. One Phosphate No 2 

tablet was added, and it was also crush and mix to dissolve, while Stand for 10 

minutes to allow full color development. Therefore, Phot 28 was selected on 

Photometer for result in mg/l PO4. 

 

Test for Calcium. 

Filter sample to obtain a clear solution. Then, the test tube was filled with 

sample to the 10 ml mark. One Calcicol No 1 tablet was added, to crush and 

mix to dissolve. One Calcicol No 2 tablet was also added, crush and mix to 

dissolve, while stand for two minutes to allow full color development. Phot 12 
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was selected on the Photometer for result as mg/l CaCO3. Photometer reading 

was taking in the usual manner. 

 

RESULTS AND DISCUSSION.  

 The result as seen was obtained in two replications from same samples for the 

purpose of confirmation and accuracy. The average values then reflects the real 

value used in the analysis. 

 

Chemical Parameters 

From the chemical parameters investigated, nitrite content, average values of 

0.005,0.005,0.011,0.070 and 0.0095 mg/l was obtained from the five samples 

analyzed which shows the optimum value of 0.005mg/l. This is much lower 

than the National Standard for Drinking Water Quality (NSDWQ) of 50mg/l 

hence showing how safe and nitrite free these samples are, the results is as seen 

in figure 4.1.and corresponding plot values 

When magnesium content was tested it however revealed average values of 1, 

5, 24.5, 15.5,mg/l(0.2). These value and are clearly above the required standard 

of 0.2mg/l. as seen in figure 4.2 

This however does have negative health hazard on humans especially where 

these high demand of these chemical. The medical benefit of this constituent in 

excess of 40mg/l has been reported as having the capacity to reduce 

cardiovascular disease by 30-35% https://www.sciencedirect.  

On the other hand the results from investigating sulphate content in the five 

samples show the average values of 2,4,27.5,0, and 5mg/l with optimum value 

of 0 from sample D. These values are favorably below the NSDWQ standard 

with very high margin as shown in figure 4.3 from the underlying figures, thus 

making this water safe for human consumption is an important parameter. 

The alkalinity in drinking water quality and as can be seen in figure 4.4 , the 

average values of 20,27.5,40,65,27.5mg/l are all below the NSDWQ standard 

and this quality can contribute to the expected taste of portable water. There is 

however a variation from the normal in the case of phosphate where the average 

values of 0.53,0.12,1.86,and 1.95mg/l  exceeds the required 0.69mg/l especially 

in sample C and D standard this parameter however does not impart negatively 

https://www.sciencedirect/
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on human when consumed in drinking water, rather it is recognized as a safe 

additive in food. It is however capable of affecting water treatment processes. 

Calcium content in the 5samples are generally at a lower range from the 

standard of 75mg/l, where we have average values of 3.5,2.5,35,40.5,and 9mg/l 

these are impressive values operating within limit. This can be seen displayed 

in fig 4.5 with the indicated. 

 

PHYSICAL PARAMETERS 

Colorless water is more aesthetic and attractive for drinking. The 5 samples 

investigated has demonstrated this good quality of very low and acceptable 

color level. The average values of 0,0, 2.5,0 and 2.5 pt.co are clearly below the 

15 pt.co standard by the NSDWQ as shown in the chart of fig 4.6  

Turbidity is an important indication in water quality assessment from fig 4.7.It 

is obvious that the 5 sachet water samples are free of turbidity as its shown with 

0,0,0.5,0.5,0.5mg/l average values where the NSDWQ standard operates at 

5mg/l this gives credence to the drinking water tested. 

Drinking water temperature is a good indicator of its quality as it provides the 

conditions for the survival or not of micro organisms. In the case of the samples 

analyzed, it shows the entire samples possessing temperatures that are within 

the acceptable limit as seen in figure 4.8. 

The pH of any drinking water is a determinant of its quality, from 4.9, the pH 

of all the sampled sachet water are within the acceptable level of 7-8.5,similarly 

the conductivity has revealed an excellent level with the average values of 

48,13.22,7.08,9.1 and 27.43µs/cm respectively. 

The result as seen was obtained in two replications from same samples for the 

purpose of confirmation and accuracy. The average values then reflects the real 

values used in the analysis. 

 

CONCLUSION 

In view of the results obtained from the in-depth analysis arising from the 

sampled sachet water in Bauchi, it is evidently clear that the sachet water are 

free of the chemical and physical contaminant. It can also be said that the sachet 

water being consumed are not implicated with respect to the prevailing ill health 

being recorded in Bauchi metropolis. 
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RECOMMENDATION 

-The consumption of the identified and analyzed sachet water in this research is 

hereby recommended. 

- Several other quality parameters not investigated including bacteriological in 

this work should be carried out to give credence to this sachet water.  

 

Chemical Parameters 

 
Fig. 4. 1: Sachet Water sample vs Nitrite Content (mg/l) 

 

 
Fig. 4.2: Sachet Water sample vs Magnesium Content (mg/l) 
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Fig. 4.3: Sachet Water sample vs Sulphate Content (mg/l)  

 

 
Fig. 4.4: Sachet Water sample vs Nitrite Content (mg/l) 
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 Fig. 4.5: Sachet Water sample vs Nitrite Content (mg/l) 

 

 
Fig. 4.6: Sachet Water sample vs Nitrite Content (mg/l) 
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Physical Parameter Charts 

 
Fig. 4.7: Sachet Water sample vs Colour Content (Pt.co) 

 

 
Fig. 4.8: Sachet Water sample vs Turbidity Content (NTU) 
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Fig. 4.9: Sachet Water sample vs temperature Content (oC) 

 

 
Fig. 4.10: Sachet Water sample vs pH Content  
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Fig. 4.11: Sachet Water sample vs Conductivity Content (µs/cm) 

 

 
Fig. 4.12: Sachet Water sample vs TDS Content (mg/l)  
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Abstract 

Implementing an embedded system requires different methodologies depending 

on the scale and functionality of the system. This paper highlights the use of a 

Compact RIO to implement a simple but effective temperature control system. 

The cRIO is a small standalone embedded system. It consists of a real time 

controller, a Field Programmable Gate Array (FPGA) and I/O modules. It can 

be interfaced with a Windows PC to create a graphical user interface. The aim 

of this paper is to highlight the use of Compact RIO and LabVIEW Virtual 

Instrument software to implement the design of a laboratory oven based on a 

maximum operating temperature of 800ᵒ, also required to meet the following 

specifications in the following order. Door to close using a switch, which will 

light up the Door Closed LED. Next, the door to lock for temperatures greater 

than or equal to 100ᵒ, using a solenoid, and indicating the output by lighting up 

the Door Locked On/Off LED. This starts the Oven by triggering a switch and 

activating a relay that turns on the heater while lighting up the Heater On/Off 

LED. The Oven temperature is set using a Potentiometer and temperature 

monitored using a thermocouple. The temperature out of range indication light 

comes on if the temperature is not within the set temperature. 

 

Keywords: cRIO, LabVIEW, Control, Oven, temperature 

 

INTRODUCTION 

Compact RIO is a reconfigurable embedded control and acquisition system. The 

Compact RIO system’s rugged hardware architecture includes I/O modules, a 

reconfigurable FPGA chassis, and an embedded controller. Additionally, 

Compact RIO is programmed with NI LabVIEW graphical programming tools 

and can be used in a variety of embedded control and monitoring applications. 
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Compact RIO systems consist of an embedded controller for communication 

and processing, a reconfigurable chassis housing the user-programmable 

FPGA, hot-swappable I/O modules, and graphical LabVIEW software for rapid 

real-time, Windows, and FPGA programming. The Compact RIO is said to be 

embedded because it has no user interface like a keyboard, monitor or mouse 

and like other embedded systems is usually restricted to the amount of RAM 

and resources they can access. The task of designing our oven to the required 

specifications was carried out using the Compact RIO and LabVIEW VI, also 

using I/O components 

 

 
Fig 1.0 Compact RIO showing slots        Fig 1.1 NI9211 24-bit thermocouple 

input module 

 

METHODOLOGY 

The methodology employed in this paper is an embedded implementation of the 

Oven system with emphasis on the cRIO standalone microcontroller using 

LabVIEW as the programming platform. 

The method used is based on design procedures on the Compact RIO (cRIO) 

and LabVIEW for this particular task, and is effected below by the program 

description and block diagram implementation on LabVIEW. A flowchart was 

also used to describe the system process as required.  

 

➢ Required Components 

This section lists the software and hardware that were used in the 

implementation of this task. It also shows resources that were used while 

completing the task. 
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➢ Required Software 

The following list shows the required software components for each type of 

hardware system you can use with this task. 

 

1. PC: 

    Windows 8 

2. LabVIEW Full or Professional Development System version 8.6 or later 

 

 

➢ Required Hardware 

The following list shows the required hardware components for each type of 

hardware system you can use with this tutorial. 

1. PC 

2. Compact RIO Reconfigurable Embedded system: 

3. Potentiometer 

4. Thermocouple 

 

 

➢ Creating the Project On LabVIEW 

LabVIEW programs are called Virtual Instruments (VI) because of their 

appearance and the way their operation replicate real life instruments. It 

contains a collection of tools that are used for acquiring, analysing, displaying 

and storing data. To implement this project on LabVIEW, we followed the 

procedure below; 

1. Clicked on Select File» Create Project to display the Create Project 

dialog box. The Create Project dialog box includes a list of templates 

and sample projects you can use to ensure that the project you create uses 

reliable designs and programming practices. For this task, we clicked on 

Blank VI to create a New project, as shown below; 
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Fig. 2.0 LabVIEW “Getting Started window” of showing the Blank VI option 

2. When you open a Blank VI, the front panel or user interface and block 

diagram windows are displayed. These are used to build the Virtual 

Instrument (VI), displaying different components required for the project 

like, knobs for control, dials, push buttons, graphs, LED’s and several 

other input devices. 

3. Right clicking on the front panel displays the control palette where you 

have a list of controls and indicators with drop down menus for more 

options. 

 

➢ Connecting the Components 

To create the project for our task, the Compact RIO was connected to a power 

source and an Ethernet connection to a Laptop to enable the LabVIEW virtual 

environment. With the power source off, the thermocouple was then connected 

to the Green terminal 1 and White terminal 2 of the Push-release terminals of 

NI9211. The potentiometer, Heater and Door lock were then connected to the 

Digital Output module NI9474 of the Compact RIO. The set temperature 
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connection is done on the Analog input module NI9215, and lastly the switches 

were connected to the Digital input module NI9435. The power was then turned 

on. The temperature is set within a range that is tenable in the Lab, between 0 

and 75 (simulating the specified temperature range). 

 

PROBLEM ANALYSIS AND RESULTS 

The analysis and results for the design are described below based on the design 

requirements, implementation of the program and successful simulation on 

LabVIEW VI. The outputs from the LEDs also met the requirements for the 

design conditions. 

 

➢ Program Description 

LabVIEW Programming: 

Oven design using Compact RIO and LabVIEW 

1.  Start the oven by switching it ON at the box. 

2. Door closed would be switch ON at the box 

3. Since the value read by the analogue input module is between 0 to 5v, 

we multiply the read value by 15 to have a final temp range of 0 – 75 degree 

centigrade. The temp value of 75 is a safe maximum value for the oven. 

4. The modified temp reading from the demand potentiometer is going to 

be used as the set-point for the PID (Proportional – Integral – Derivative) 

controller in order to match with the actual oven temp. The PWM (Pulse Width 

Modulation) output of the PID controller is going to be connected to the heater 

input on the oven in order to drive the heater.  

 

The PID controller was tuned manually by first setting all the gains 

(Proportional  Integral – Derivative) to 0. 

Then the proportional gain was increased until the response of the system was 

fairly satisfactory. 
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Fig 3.0 Block diagram of Oven Design on LabVIEW VI 

 

The derivative and integral gains were later increased to increase the response 

time of the system and eliminate steady state error. 

The overall tuning of the PID controller resulted in perfect system response with 

no overshoot and no steady state error. 

5.  Heater ON step …. To be completed. 

6.  If the read temp is 40 degree centigrade or above, the solenoid gets 

activated and the oven door locks, also the “Door lock LED” goes ON at the 

oven, and in the “Front Panel” of the LabVIEW program.  

 

CONCLUSION/RECOMMENDATION 

The aim and objectives of the task highlighted in this paper were achieved as 

specified by design requirements. The system behaviour conformed to the 

desired system response. This paper underline the need for simple and effective 

control systems that can also be used for more complicated tasks requiring some 

form of embedded implementation on production lines. 

Implementing this embedded system requires some knowledge of LabVIEW 

virtual instrument programming and an understanding of the Compact 

Reconfigurable input/output system.  
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Abstract 

A die is a tool intended to cut or shape sheet metal or similar materials. 

Basically, the die proper consists of the die block and the punch. The die block 

is the part of the die that contains a hole that has the same outline as the piece 

that is to be punched. The punch fits into the hole in the die block. It is the part 

to which power is applied for performing the cutting operation.  This paper 

discuses the production of a punch and a die block where Computer Numerical 

Control (CNC) program was generated for both the punch and the die block, 

3mm end mill cutter was used as cutting tool. The program was run on B555 

CNC Training Mill, the die block and the punch perfectly matched with a very 

close clearance fit, which is not obtainable with on conventional milling 

machine. The sample punched was neat and accurate. 

 

Keywords: Production; Program; Computer Numerical Control; Die. 

 

INTRODUCTION 

A die is a tool intended to cut or shape sheet metal or similar materials. The 

hardened and tempered die block does the actual cutting. (Miller, 2004) 

The terms blanking and stamping have been used interchangeably to describe 

the shearing of planar blanks out of a metal sheet, mostly for their subsequent 

forming into three-dimensional objects via other forming operations. Typically, 

the sheet metal is secured and a punch/die combination is utilized to shear a 

desired cross-sectional geometry. Although the outcome of shearing is a blank 

with not-so-smooth edges, if necessary a fine blanking operation, developed in 
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the 1960s, can be utilized to obtain smooth and vertical edges, for products that 

will not be further plastically deformed. However, if the part is intended to be 

used with no further forming, the punch should be either flat or symmetical 

(with a groove, pointed end, or hollow face). Fig. 1, (Benhabib, 2003) The plain 

(or blanking) die is the most frequently used type of die. Depending on the shape 

of the punch, the blank can have any shape. (Miller, 2004) 

In blanking and piercing operations the work material, placed in the press tool, 

is cut by a shearing action between the adjacent sharp edges of the punch and 

the die. As the punch descends on to the material, there is an initial deformation 

of the surface of the material followed by the start of fracture on both sides, Fig. 

2. As the tensile strength of the material is reached, fracture progresses and 

complete failure occurs. (Black, 2004) 

 

   
Fig. 1: Flat Punch 

 
Fig. 2:   Shearing action of punch and die 

The major variables in blanking and punching are the punching force, F, the 

speed of the punch, the surface condition and material of the punch and die, the 

condition of the blade edges of the punch and die, the type of lubricant, and the 

amount of clearance between the punch and die. (Bojanovic, 2004) 

Punch and Die with Parallel Cut Edges 

The force for a punch and die with parallel cut edges is estimated from the 

following equation; 
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F=LTτm=0.7LT(UTS)   (1) 

 Where 

L= the total length sheared (perimeter) 

 T= the thickness of material 

 UTS= the ultimate tensile strength of the material.  

Such variables as unequal thickness of the material friction between the punch 

and the workpiece, or poorly sharpened edges, can increase the necessary force 

by 30%, so these variables must be considered in selecting the power 

requirements of the press. That is the force requirement of the press, Fp are;  

(Bojanovic, 2004) 

 

Fp=1.3F    (2) 

 

RESEARCH METHODOLOGY 

Program Reference Zero (PRZ) Selection 

The choice of PRZ is usually a relatively easy decision even though it’s critical. 

In some cases, PRZ selection is based on temporary surfaces aimed at 

machining the higher priority functions and features as soon as possible. Some 

of the PRZ choices involve work and/or axis orientation. (Fitzpatrick, 2005)  

For this work the PRZ is located at center of both the punch and the die block. 

Note also the following operations are required to complete the component, 

namely:  

1. The punch 

2. Die Block 

Each was produced out of rectangular block of 64x90x15mm, stepped down to 

30x65x5mm for the mating portion of the punch. 

 
For Punch 

Cutting tool 

PRZ 

Punch 
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For Die Block 

Fig. 3: PRZ Setup  

 

Computer Numerical Control (CNC) Programming 

For this work the Electronics Industries Association (EIA) codes overseen by 

International Standard Organization (ISO) were used, and the program was run 

on “VSC 990 M” Milling Machine. 

The program can be written in two ways, and the program is divided into three 

parts 

▪ Comments 

▪ Initial Setting 

▪ Main Program 

▪ Sub-program (Electron, 2004) 

 

Punch Programming 

Programming for 30x65x8 stepped down portion of the punch 

 
Fig. 4:   Blank Origin 

 
Top View 

Cutting tool 

PRZ 

Die Block 

Origin 
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Wire Frame  

 
  Solid 

Fig. 5: The Punch Design 

 

Punch Coordinates (point 1-12) 

Below are the coordinates X and Y of twelve (12) points representing the edges 

of the punch and die block as shown in fig. 5 and 6.   

1(X-32.5 Y-14.3) 2(X-32.5 Y10.7) 

3(X-22.5 Y14.3) 4(X-7.5 Y10.3)  

5(X7.5 Y14.3)  6(X22.5 Y10.7) 

7(X32.5 Y14.3) 8(X32.5 Y-10.7) 

9(X22.5 Y-14.3) 10(X7.5 Y-10.3) 

11(X-7.5 Y-14.7) 12(X-22.5 Y-10.7)  

 

Let the two end mills to be used be: T1=12mm and T2=4mm 

i. Using T1 12mm End mill for rectangular step down 

The following program is required to mill the rectangular step down of 

65mm×30mm×8mm out of 82mm ×66mm×12mm rectangular block of the 

punch material.  

G54 O1 M6 T1 F200 S2000 M3 M8 

G48 

 FOR 5 

G47 Z-1 Z0 R20 
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GOSUB 200 

FOR 2 

G47 Z0 Z0 R-10 

GOSUB 200 

NEXT 

NEXT 

G48 

M30 

N200 G43 A90 G0 X-32.5 Y17 G41 

G1 Z0 G23 

X35 

Y-17 

X-35 

Y17 

G43 A90 G1 X35 G40 G22 

G0 Z5 

RETURN 

ii. Using T2 4mm End mill for the punch profile 

To complete the male part of the punch considering the 24 coordinates of 12 

points. Using G41 (Let compensate) using T2, 4mm end mill. 

 

G54 O1 M6 T2 F100 S3000 M3 M8 

G48 

FOR 5 

G47 Z-1 Z0 R6 

GOSUB 300 

FOR 3 

G47 Z0 Z0 R-2 

GOSUB 300 

NEXT 

NEXT 

G48 

M30 

,, 
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,, 

N300 G43 A90, G0 X-32.5 Y14 G41 Z5 

G1 Z0 G23 

Y10.7 

X-7.5 Y14.3 

X7.5 Y10.3 

X7.5 Y14.7 

X22.5 Y10.7 

X32 Y14.3 

Y-10.7 

X22.5 Y-14.3 

X7.5 Y-10.3 

X-7.5 Y-14.7 

X-22.5 Y-10.7 

X-32.5 Y-114.3 

G43 A90 G1 Y10.7 G40 G22 

G0 Z20 

RETURN 

 

Programming Die Block 

The letters A-L used to label die block in fig. 6 below represent the same points 

1-12 used to label the punch in fig. 5.  

    
Top View 

  
   Wire Frame    



 

 

          International Journal of Engineering and Technology Research  

                     Published by Cambridge Research and Publications 

 

                                                                  IJETR ISSN-2329-7309 (Print) 

 

 

111 

Vol. 16 No.2 

March, 2019. 

 
 Solid 

Fig. 6:  The Die Block Design 

For the female part, using G42 (Right tool ray compensation) 

G54 O1 M6 T2 F100 S3000 M8 M3 

G48 

FOR 16 

G47 Z-1 Z0 R0 

GOSUB 400 

NEXT 

G48 

M30 

,, 

,, 

N400 G43 A90 G42 G0 X-32.5 Y14.3 Z5 

G1 Z0 G23 

X22.5 Y10.7 

X-7.5 Y14.7 

X7.5 Y10.3 

X22,5 Y14.3 

X32.5 Y1014.3 

X22.5 Y-10.7 

X7.5 Y-14.7 

X-7.5 Y-10.3 

X-22.5 Y-14.3 

X-32.5 Y-10.7 

Y14.3 

G43 A90 G1 X-22.5 G40 G22 

G0 Z20 

RETURN 
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Machined Parts 

Plate 1a shows the machined punch, 1b shows the Die Block, 1c shows the 

punched sample out of factory remnant flip flop foam, which when produce in 

mass can be arrange assembled and stitched to form a flip flop mat as shown in 

plate 1d. 

     

   
(a)           (b)   (c)   

 (d) 

Plate 1: Machined Parts   

 

Conclusion  

Even though Aluminium Alloy was used as Punch and Die Block material for 

this work, this is because the  B5555 CNC Machine used is a Training Mill. For 

mass production, medium or high carbon steel can be used as punch and die 

block material on typical production CNC machine like Vertical Milling Centre 

(VMC). The production of flip flop mat as shown in plate 1d, can be a source 

of employment for the unemployed, including some disable persons of the 

society. 
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ABSTRACT 

Home automation can be very useful in maximizing the benefits of domestic 

devices. Automating the operation of devices at home can be beneficial in terms 

of defining the time the devices should be off or when it should be operational. 

Some very important benefits of this could be in terms of energy bill reduction 

and prolonged life span of the devices. Through automation, user can determine 

the time and period of operation of the device as well as control the devices 

remotely. To develop this system a wireless network based on Bluetooth 

technology is developed, which connects several devices to a master node for 

centralized control. The network master node runs a C# application on a PC 

and other nodes are implemented using Arduino.  A bi-directional 

communication exists between the master and slave nodes which facilitates re-

configuration of operations of nodes and at the same time enables a feedback 

from the slave to master node.  Communication between the nodes is based on 

the Bluetooth Serial Port Profile (SPP) which simplifies the Bluetooth 

communication by emulating RS 232 serial standard. 

 

 

INTRODUCTION 

Bluetooth has been a technology of choice envisioned to enable cordless 

connectivity of devices.  A common wireless application of Bluetooth has been 

in connections of computer peripherals which enables devices such as printers, 

keyboards, mouse, scanners etc to be connected to the computer through 

Bluetooth without the use of the usual ports such as the serial or parallel ports.  
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Another wireless application of Bluetooth is the streaming of music to home 

theatre speakers, enabling speakers to be moved to various parts of the home 

and still remain connected to the home theater system.  This is besides its 

original intended use for connection of computer to mobile phones which 

actually was the reason for development of the technology. Some researchers 

have sought other possible uses of the Bluetooth wireless technology in recent 

years.  Chanana eta al (2012) and Singh et al (2011) have identified Bluetooth 

as good option for adhoc networks.  In both papers, the piconet topology and 

possible interconnection of more than one of these to form scatternet were 

suggested.   

Most existing wireless networks such as that done by Jinhui et al (2015) and  

Ghayvat et al (2015) used ZigBee.  However this work will be based on 

Bluetooth because the control node is intended to run at home on a PC 

(preferably since it is immobile instead of a laptop) and ZigBee is just emerging 

and has not yet gained ground in shipping with PCs and mobiles.  Secondly, 

many manufacturers are integrating this technology into their products; ranging 

from mobile phones, TVs, cars just to name a few (Ndie, 2011). 

This work will cover the task of design, implementation and test of a wireless 

network for control of devices using Bluetooth.  The system will have a central 

control node that will be implemented on a Personal Computer (PC) or Laptop 

and will link the interfaced nodes wirelessly.  Aside sending instruction to the 

nodes, it will also be able to receive and process their responses.   

 

Literature Review 

The Bluetooth technology was invented by Ericsson in 1994 to enable 

connectivity between phones and computers.  Bluetooth which uses the 2.4 GHz 

Industrial Scientific and Medical (ISM) band originally was based on the IEEE 

802.15.1 standard but is no longer maintained under this as it is now under the 

control of Bluetooth Special Interest Group (SIG).   

Based initially on Gaussian Frequency Shift Keying(GFSK) modulation 

scheme, Bluetooth modules could support 1Mbit/s but later versions, 2.0+EDR 

(Enhanced Data Rate) and 2.1+EDR  used more efficient modulation schemes, 

8 Differential Phase Shift Keying (8-DPSK) and π/4-Differential Quadrature 

Phase Shift Keying (π/4-DQPSK) to achieve better data transfer rates of 2Mbit/s 
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and 3Mbit/s respectively (Chandha et al, 2013).  This Bluetooth high throughput 

has made it a good option for replacement of wires in connection of devices at 

home.  Example is the streaming of the Smartphone or tablet music to home 

theater speakers. 

The Frequency-Hopping Spread Spectrum technology is used by Bluetooth to 

minimize interference of transmitted data from different nodes.  The data to be 

transmitted if large is divided into smaller packets and then transmitted through 

one of the 79 available channels bandwidth each separated by 1MHz (Chandha 

et al, 2013).    

In response to the emergence of Internet of Things, Bluetooth Low Energy 

(BLE) has been developed.  Though it has low bandwidth (but enough to handle 

sensor data) when compared with the classic Bluetooth, it consumes less energy 

and with such efficiency that it can operate on coin cell battery for years.   

Bluetooth can be very useful in home automation as it can connect many devices 

in a distance of between 10 and 100 meters depending on the class (class 2 

connects to devices 10m away while class 1 connects to about 100m away) to a 

central point through which they can access the Internet.   

 

Frequency bands for Wireless Networks 

The use of frequency bands are regulated world over.  Different countries have 

different bodies that enforce the use of frequency bands by assigning them for 

specific use to ensure sanity in the communication industry.  Some of these 

frequency bands are quite expensive; a good example is that allotted to cellular 

communication. 

The International Telecommunication Union Radio communication sector has 

however made some frequency bands that require no license for use available 

for Industrial Scientific and Medical (ISM) applications.  These bands 

according to Reiter (2014) could vary across countries but some are quite 

popular in most countries; these are 433MHz, 868MHz, 915 MHz and 2.4GHz 

and are used for wireless communication applications.  The 2.4GHz is the most 

popular of these as it is unlicensed in all regions.  Reiter (2014) further noted 

that the choice of which of these frequencies may depend on the use, as higher 

frequency bands are suitable for more bandwidth and more channel use while 
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lower frequency bands propagate better, achieve better range and therefore are 

more suitable inside buildings. 

 

The Bluetooth Network 

Bluetooth has been at the forefront providing solution for Personal Area 

Network (PAN). It has remained the solution of choice for ad hoc networks that 

can be put in place for spontaneous device interaction and collapsed when done 

with.  Bluetooth connectivity is enhanced by service discovery feature which it 

provides.  By this feature, connections are initiated and the user can decide to 

approve or discard it.  In order to make Bluetooth a very effective technology 

for replacing cables in linking  phones to accessories, Ericsson Mobile 

Company the initiator of the Bluetooth idea chose to develop the technology 

based on radio link since the radio link is non directional and does not require 

line of sight(Mohammad, 2003).   The name "Bluetooth" according to Singh et 

al (2011) was decided in honour of a Danish leader, King Harald Blaatand 

(Danish word for Bluetooth) who united Denmark and Norway, since the 

intention was to use the technology to unite telecommunication and computing 

industries. 

Bluetooth network is named piconet (meaning small network) and can  have a 

master and a slave (point-to-point) or a master and more than one slaves (point-

to-multipoint) topology.  The piconet usually has a master and not more than 7 

active slaves (Alam, 2012) in a star network topology and can in addition 

connect 255 inactive nodes (ie "parked" nodes).  A combination of more than a 

piconet in a Bluetooth network forms the scatternet.  Figure 1 illustrates these 

networks. 
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 Fig. 1 Bluetooth network 

The Bluetooth communication model uses client server architecture where the 

call is initiated by the client and the server completes it. 

 

Bluetooth Protocol 

The Bluetooth stack is made up of different layers and components that are used 

by different application developers to adapt the Bluetooth to different use.  

Chandha et al ( 2013) and Alcorn(2011) clearly explained the roles of these 

layers and how they relate with one another.  Figure 2 is a Bluetooth protocol 

stack. 

Of these components, the Bluetooth SIG has identified seven to qualify any 

device as a Bluetooth device (Chandha et al  2013). These are  

Bluetooth Radio:  Responsible for transmitting and receiving radio signals 

between Bluetooth devices.  Digital signal modulation is done here.   

Baseband : Processes all the signals that are transmitted and received by the 

Bluetooth.  It also manages all data error control, piconets radio links and 

packets flow control.   

The Link Management Protocol (LMP): Manages the link between Bluetooth 

devices such as link setup and configuration as well as authentication and 

encryption.   

 
Fig. 2 The Bluetooth protocol stack architecture 
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The Host Controller Interface (HCI): Enables communication between the 

lower stack implementations (i.e. the Bluetooth Controller such as a Bluetooth 

dongle) and the upper stack implementation (the Host e.g. computer).  It has 

some drivers that transport data, events and packets between the two stack 

groupings.  

Logical Link Control and Adaptation Protocol (L2CAP): This provides 

interface between upper and lower stack layers through the HCI.  It resizes 

packets into parts suitable for transmission and reassembles them at the 

receiver's L2CAP layer. 

Service Discovery Protocol (SDP): Used to advertise Bluetooth service 

availability.  It lets a device announce its presence within a piconet reach so it 

could be integrated into the network if necessary. 

Radio Frequency Communication (RFCOMM): Provides COM port emulation 

to enable serial devices communicate by Bluetooth.  The COM port emulation 

support by RFCOMM enables applications to communicate serially via 

Bluetooth stack without having to work out the details of Bluetooth 

communication requirements.  The RFCOMM handles attention (AT) 

commands.   

 

Home Automation Network 

The system is a wireless network meant to interact with appliances at home.  It 

consists of a control node implemented on a personal computer (PC) using c# 

and having a graphical user interface (GUI) to make it user friendly.  The control 

node interacts with other devices on the network through Bluetooth.   
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Fig. 3 Wireless connected home appliances. 

The network control node has a Bluetooth dongle which functions as the master 

and the participating devices use HC 05 Bluetooth on their circuits that function 

as slaves.  The HC 05 Bluetooth module has the capacity to function as both 

master and slave which gives them the ability to both receive and transmit data, 

however despite this potential, they are only used as slaves on this network.  

Each device node has two way communication capability with the control node.  

The control node broadcasts command to all the devices which would receive 

and interpret it.  The node the message is meant for would act on it while others 

would ignore it. Figure 3 below shows the application of this wireless network 

in a building for control of different devices wirelessly connected to a computer 

that runs the master node software.  

The Master Control Node provides a comprehensive display of real time 

information about the state of various devices being monitored. It also provides 

the interface to enable a flexible reconfiguration of the operation specifications 

of the system by the user. 

 

A block diagram of the control node is shown in Figure 4 below: 

 
Fig 4 PC connects to devices through Bluetooth dongle 

 

The slave nodes controlled by the master node are, the security light and the 

room temperature (through heater and air conditioner). Other domestic devices 

such as the refrigerator and television can further be incorporated.  The Security 

light control node was assigned the responsibility of controlling the security 

lights in the building.   

The automation system can operate in manual mode by responding to on/off 

switch signal from the control node or in auto mode by depending on the 

illumination level on the photo transistor to switch on or off.  The auto mode 

feature of the security light control helps in reduction of energy consumption.  

This is because the light will only turn on/off depending on whether it is night 
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or day and not rely on the ability of the owner to remember to switch it to an 

appropriate state at the right time.  In the case of room lights, the switching 

could be made to rely on motion sensing.  However this was not incorporated 

in this design.  A block diagram of the security light control node is as shown 

in Figure 5: 

 
 Fig. 5 Security light control node  

 

The room temperature control node regulates the bedroom temperature by 

maintaining a temperature range specified in the control node.  This node can 

operate either in manual or auto mode.   
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 Fig. 6 Temperature monitor block diagram 

 

When in manual mode, the air conditioner and room heater can be turned on/off 

by direct switching from the control node.  In auto mode, the temperature range 

for turning on the heater or air conditioner are set in the control node and 

transmitted to the temperature control node to reconfigure it to operate in the 

set range.  A DHT11 module with a capacity to measure both the temperature 

and humidity is used in this unit.  However only the temperature reading is 

utilized and the read values work with the Arduino to automate the switching 

of the air conditioner and room warmer.  This DHT11module is well adapted to 

work with Arduino modules.  The block diagram in Figure 6 shows the 

components that make up this unit.All the controlled nodes are connected to the 

master node through HC-05 Bluetooth serial module which adapts serial data to 

Bluetooth format for effective communication between the nodes, maintaining 

in the process the usual serial transmitter (Tx) and receiver (Rx) port interface 

standard.   

Software Design 



 

 

          International Journal of Engineering and Technology Research  

                     Published by Cambridge Research and Publications 

 

                                                                  IJETR ISSN-2329-7309 (Print) 

 

 

123 

Vol. 16 No.2 

March, 2019. 

The system consists of three nodes (a master and two other nodes) and each 

node has software that runs on it.  The functions of each of these nodes and their 

interactions with other nodes are separately identified and designed.   A 

flowchart of the operations of each of these units are shown as follows: 

The Control Node Flowchart 

The flowchart for the control node identifies the system's important functions 

and their interaction with other nodes. This is shown in Figure 7. In the 

flowchart above, the "Restore Saved Settings" is used to retrieve the status of 

the master node at every computer startup. 

While developing the system, it was 

discovered that when the user closes the 

application after setting the operation mode of 

each unit on the main node GUI, when next 

the application is restarted, those settings are 

not retained.  The implication is that each time 

the application is restarted after a shutdown, 

the system would not be able to keep track of 

the previous state of the nodes before the 

computer was shutdown. This definitely 

would be a minus for the application.  A better 

system would have the previous settings 

available at the start of the application so that 

the user would be in total control of the system 

always. The approach adopted at solving this 

problem was to save its configurations in the 

system registry so that it could be restored at a 

start of the application in the future. The 

"Display Node Options" shows the window 

form that represents the user configuration 

settings.  It shows the state in which each node 

is operating and also displays various status 

reports from each node. The "Update Status Variables" is responsible for 

sending an update of byte-sized variables that are modified each time the user 

changes the node configurations.   
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Fig. 7 Control node flowchart 

When the user changes the checkbox and radio button options, or when new 

operation values are entered in text boxes, these byte-sized variables are 

updated.  When the variables are sent to the devices, the devices are able to act 

on them and respond as desired.  The byte-size variables and what each of the 

bits in the variables for the security light and bedroom temperature control 

nodes represent are shown below.  

Security Light Control byte-size variable 

B7 B6 B5 B4 B3 B2 B1 B0 

 

Each of the bits represent the following switching tasks 

 

B0 Auto Mode selection 

B1 Manual Mode selection 

B2 Kitchen side security light 

B3 Bedroom side security light 

B4 Front Security Light Switching 

B5 Rear side security light 

B6 Not used 

B7 Not used 

  

Bedroom temperature Control byte-size variable 

B7 B6 B5 B4 B3 B2 B1 B0 

 

Each of the bytes represent the following switching tasks 

B0 Manual mode selection 

B1 Air conditioner switching 

B2 Room heater switching 

B3 Auto mode selection 

B4 Not used 

B5 Not used 
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B6 Not used 

B7 Not used 

 

The "Send Nodes Updates" is responsible for transferring the new settings made 

to the other nodes when the update control button is clicked. Before sending 

configuration details, the COM ports of the computer through which the nodes 

are communicated are opened.  The configurations for various nodes are 

formatted for easy node identification through inclusion of node ID to each.  

Besides using the main control GUI to communicate nodes on configuration 

changes, the main control GUI also displays all the status reports sent back from 

the nodes to the PC. All the nodes that connect to the master node run on 

Arduino.  

 

Software Implementation 

As earlier stated, there is the need to save the application state each time the 

system shuts down so that the application configurations can be restored at the 

next startup.  Different application items ranging from check boxes, combo 

boxes and text boxes used to specify user settings such as auto or manual 

operation modes, device switch states, device switching temperature range, 

assigned COM ports  and email address  are saved. These functions  for saving 

and retrieving the values on the master node GUI uses the 

HKEY_CURRENT_USER to identify the user logged on to the computer so 

that the saved settings are associated with the user and also to have unique 

setting for each user.  The subkey identifies the application and the access key 

is the string variable that the user will require to read back the value.  All these 

are combined to create a path for recovering the saved value.  The 

Registry.SetValue code is used to write the value to registry. 

The function that retrieves the registry value uses  Registry.GetValue to read 

the saved value.   

 

Bluetooth Communication  

The Bluetooth uses SPP for communication on the network. This enables it 

emulate RS 232 communication mode and simplifies the development of the 

Bluetooth code.  It is required that the Bluetooth baud be defined and a COM 
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port assigned before use in the communication.  Since the required data 

transmitted for communicating between the nodes is not much, the minimum 

baud rate 0f 9600 is used.  In the case of COM port assignment, user selects a 

port from a displayed list. The application tries to open the port for 

communication and reports any encountered error. Once connected, the 

application then sends configuration information message to the nodes.  The 

message is structured to have ID that identifies the destination node the message 

is meant for.   

The ability to detect and respond to signals coming from the nodes is also very 

critical in Bluetooth communication.  In order to accomplish this, an event 

handler for received serial data is created.  The code is structured to avoid too 

much influx of data from these nodes so that the buffer doesn't get filled, 

triggering exceptions in the process.  

 

Result 

The security light node operated as desired. In manual mode, the light state 

responded to the switch state appropriately.  In auto mode, the table below 

represents the response of the light security light based on the lighting or 

darkening of the environment. 

 

Table 1.0 The security node auto mode operation table 

Light unit Check 

button state 

Output (After update button click) 

  LDR reading < 

20 (i.e. when  

dark, output  

follows   check  

button state) 

LDR reading  

> 200 (i.e. 

when  not dark.  

All light off) 

Front Security Light checked ON OFF 

Rear Security Light checked ON OFF 

Kitchen Side Security 

Light 

unchecked OFF OFF 

Bedroom Side Security 

Light 

unchecked OFF OFF 
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The table above shows the light responding to the state of the switch when the 

LDR reading represents dark state and the light remaining off irrespective of 

the switch state when the sun comes up and it is bright. This confirms the node 

works fine. 

The room temperature control node also worked well in both auto and manual 

modes. A constraint was set which prohibits both the air conditioner and room 

heater operating simultaneously and this worked fine. In manual mode one of 

the air conditioner or room heater could be operational when desired. In auto 

mode the unit operated well in maintaining the temperature range set for the 

heater or air conditioner  operation. 

The auto mode test involves entering of room heater switch on temperature (T0) 

and switch off temperature (T1) and air conditioner switch on temperature (T3) 

and switch off temperature (T2) and sending these values to reconfigure the 

node operation.  A temperature range between T1 and T2 is available at which 

both devices are off.  The room temperature regulator operation in auto mode 

was tested and certified to work well and the summary of its operation is shown 

in table 5.3 below. 

 

Table 2.0 Auto Mode Operation of Room Temperature Regulation node 

Temperature Range Device Switching 

temp≤ T1 Heater on 

temp≥T2 AC on 

T1 ≤temp≤T2 Both off 

  

Conclusion 

This work focused on developing a system that connects nodes wirelessly to a 

control node through Bluetooth, for the purpose of automating home devices. 

Two nodes were developed, one for control of security lights at home and the 

other for regulating the room temperature. These nodes were successfully 

controlled from the central node, the light points were controlled separately 

through a node and another node was used for regulating the room temperature 

as intended. The temperature control could be done manually whereby user 

could switch the air-conditioner or the room heater manually or could be 
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automated, a state in which a temperature range could be set for the room and 

the sensors would provide the right feedback to the control node to switch the 

room heater and air conditioner appropriately. 
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Room temperature control node 
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ABSTRACT 

This study investigates the usefulness of rice husk as an alternative fuel for 

household energy. The effect on environment by agricultural waste is on 

increase and causing a lot of problem. Adequate means of disposing these waste 

are lacking, hence, converting them to other useful products such as briquettes 

for domestic fuel is desirable. Much attention is being focused on identifying 

suitable alternative and renewable energy sources, which can provide high-

energy outputs, to replace fuel wood energy sources. The total energy stored in 

terrestrial biomass is not only enormous but is also highly available and 

renewable. Biomass if properly harnessed can form a substantial part of future 

energy sources which will reduce the pressures on the global energy crises. The 

type of biomass required is largely determined by the energy conversion process 

and the form in which the energy is required. This paper was given an overview 

of the different types of energy generation using biomass sources, focusing on 

the challenges and implications of rice husk for the Nigerian society. 

 

Keywords:  Rice, briquette, fuel, biomass, and rice husk. 

 

INTRODUCTION 

The role of energy as a basic element of any economic development is well 

establishes and Electric energy is an important index of a country's economical 

and technological progress. 

With poor fossil fuel reserves, which is finite in nature Nigeria depends heavily 

on fossil fuel for energy requirements. In the wake of the dwindling of fossil 

fuel reserves, rising costs of this 
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Types of fuel and the negative environmental impacts such as air pollution, acid 

rain and Greenhouse effects associated with it, renewable energy have gained 

great importance. 

Renewable energy resources have some advantages over fossil fuels; they are 

domestic, clean, free and inexhaustible. In this regard more work and effort have 

been put in developing waste to energy and related energy resources [1]. 

Nigeria is the most populous country in Africa, with a population of over 160 

million people. Its domestic economy is dominated by agriculture, which 

accounts for about 40% of the Gross Domestic Product (GDP) and two-thirds 

of the labour force. Agriculture supplies food, raw materials and generates 

household income for the majority of the people. The external sector is 

dominated by petroleum, which generates about 95% of Nigeria’s foreign 

exchange earnings while agriculture contributes less than 5%. Trade imports are 

dominated by capital foods, raw materials and food. Nigeria is currently 

preoccupied with the challenge of diversifying the structure of its economy. The 

food sub-sector of Nigerian agriculture parades a large array of staple crops, 

made possible by the diversity of agro-ecological production systems. The 

major food crops are: 

➢ Cereals - sorghum, maize, millet, rice, wheat. 

➢ Tubers - yam, cassava. 

➢ Legumes - groundnut, cowpeas. 

➢ Others – vegetables. 

 

These are the commodities that are of considerable importance for food 

security, expenditures and incomes of households. Of all the staple crops, rice 

has risen to a position of preheminence. Since the mid-1970s, rice consumption 

in Nigeria has risen tremendously, at about 10% per annum due to changing 

consumer preferences. Domestic production has never been able to meet the 

demand, leading to considerable imports which today stand at about 1,000,000 

metric tons yearly. The imports are procured on the world market with Nigeria 

spending annually over US$300 million on rice imports alone (Tunji, 2012). 

The demand for rice has been increasing at a much faster rate in Nigeria than in 

other West African countries since the mid 1970s up to date.  For example, 

during the 1960’s Nigeria had the lowest per-capita annual consumption of rice 
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in the sub-region (average of 3 kg). Since then, Nigerian per-capita consumption 

levels have grown significantly at 7.3% per annum. Consequently, per-capita 

consumption during the 1980’s averaged 18 kg and reached 22 kg in 1995-1999. 

Despite the catching up of per-capita consumption with the rest of West Africa, 

Nigerian consumption levels still lag the rest of the sub region (34 kg in 1995-

1999). Consequently, above average growth rates in Nigerian per capita rice 

consumption are likely to continue for some time. 

 

MATERIALS AND METHODS 

The agro-residue selected for briquetting was rice husk from rice (Paddy rice). 

This is because; in Nigeria, rice is annually cultivated in about 5.33 million 

hectares of land yielding about 7.5 million tons of rice (FOS, 2006). Most often, 

the residues from rice are dumped or flared resulting in wide spread fire hazards 

and environmental pollution, which means rice husk would always be available 

for briquette production. The initial moisture content and bulk density of raw 

and treated rice husk from the two species were determined. Particle sizes were 

determined using the procedure highlighted in ASAE 424.1(2003). The particle 

size 2.40 mm which represented medium series was chosen. For the 

experimental aspect of the work, a briquetting machine was designed and 

fabricated.  Material used for the construction of the briquetting machine was 

mild steel. Mild steel was preferred because, it is widely available, strong, cheap 

and easy to fabricate. The machine consists of four hollow rectangular moulds 

(where biomass feedstock was placed), which were welded together. These 

moulds were placed upon a base plate, which moves up and down in vertical 

guide. This plate is also capable of horizontal movement by sliding on a 

pair of rails made from angle bars. The vertical motion of the plate along with 

the moulds is made possible through a manually mechanical pedal, while their 

horizontal motion is achieved by manual pulling or pushing. The design of the 

machine was based practically on hydraulic principle, although the loading of 

the biomass feedstock was purely a manual process. 

 

PROPERTIES OF RICE HUSK 

Rice husk is a potential material, which is amenable for value addition. The 

usage of rice husk either in its raw form or in ash form is many. Most of the 
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husk from the milling is either burnt or dumped as waste in open fields and 

small amount is used as fuel for boilers, electricity generation, bulking agents 

for composting of animal manure, etc (Bronzeoak, 2003; Asavapisit and 

Ruengri, 2005). The exterior of rice husk are composed of dentate rectangular 

elements, which themselves are composed mostly of silica coated with a thick 

cuticle and surface hairs. The mid region and inner epidermis contain little silica 

(Bronzeoak, 2003). Jauberthie et al, (2000) confirmed that the presence of 

amorphous silica is concentrated at the surface of the rice husk and not within 

the husk itself. 

The chemical composition of rice husk is similar to that of many common 

organic fibers and it contains of cellulose 40-50 percent, lignin 25-30 percent, 

ash 15-20 percent and moisture 8-15 percent (Hwang and Chandra, 1997). After 

burning, most evaporable components are slowly lost and the silicates are left. 

The typical properties of rice husk are indicated in Table 1.0 below. No other 

plant except paddy husk is able to retain such a huge proportion of silica in it. 

Plant absorbed various minerals and silicates from earth into the body. 

Inorganic materials, especially silicate are found in higher proportion in 

annually grown plants, such as rice, wheat, sunflower, etc. than in long- lived 

trees. Inorganic materials are found in the form of free salts and particles of 

cationic groups combined with the anionic groups of fibers into the plants 

(Basha et al, 2005). 

 

Table 1.0: Typical Rice Husk Analysis 

S/NO              PROPERTIES        RANGE 

       1           Bulk density (kg/m3          96-160 

       2          Length of rice husk (m)         0.002-0.005 

       3         Hardness(Mohr’s Scale)             5.0-6.0 

       4             Ash Content (%)             22.0-29.0 

       5              Fixed Carbon (%)                 35.0 

       6               Hydrogen (%)              4.0-5.0 

       7              Oxygen (%)          31.0-37.0 

       8              Nitrogen (%)           0.23-0.32 

       9              Sulphur (%)            0.04-0.08 

     10              Moisture content (%)             8.0- 9.0 
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   Source: Bronzeoak, 2003 

 

THERMAL DECOMPOSITION OF RICE HUSK 

There are two distinct stages in the decomposition of rice husk-Carbonization 

and Decarbonization. Carbonization is the decomposition of volatile matter in 

rice husk at temperature greater than 300⁰C and releases combustible gas and 

tar. Decarbonization is the combustion of fixed carbon in the rice husk char at 

higher temperature in the presence of oxygen. Fig 1.0 (Maeda et al, 2001). The 

melting temperature of RHA is estimated at 1440⁰ C, that is, the temperature at 

which silica melts. (Bronzeoak, 2003) 

 

 

 

 

 

 

 

 

 

 

 

 

   Combustible gas & Tar  Heat CO2 

 

 

    Carbonization                                Decarbonization 

 

Fig1.0        Thermal Decomposition Process of Rice Husk 

Source: Maeda et al, 2001 

           

APPLICATION OF RICE HUSK 

Suitability of RH to be used for different applications depends upon the physical 

and chemical properties of the husk, such as ash content, silica content. Etc. 

Rice Husk Char Rice Husk Ash 

Heat O2 
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Direct use of rice husk as a fuel has been seen in power plants. Apart from its 

use as fuel, RH finds its use as source of raw material for synthesis and 

development of new phases and compounds. A detailed description related to 

application of rice husk in industrial sectors as well as other fields has been 

given below. 

 

A Fuel in Power Plant 

Rice husk is mostly used as fuel in boiler for processing paddy and generation 

of process steam. Heat energy is produced through direct combustion, small 

sector process industries use fixed low capacity boiler, which are manually fired 

using rice husk as a fuel. Partial and uneven fuel combustion leads to smoke 

emission and decrease the fuel efficiency. As husks are available virtually for 

free, the boiler efficiency and the degree of combustion were the issues of 

receiving the latest attention. Plants with capacity 2-10 MW range can become 

commercial viable and this biomass resource can be utilized to a much greater 

extent than at present.  It has been seen that to produce 1 MWh, approximately 

1 tons of rice husk is required. So, the technical and economic factors decide 

the effective use of rice husk as fuel for power generation. Also, rice husk has 

been used as a useful fuel and alternatives fuel for household energy, rice husk 

is also used as fuel in brick kilns in furnaces. ( Shabbir, H. 2009) 

 

Formation of Activated Carbon 

Due to presence of large amount of hydrocarbon such as cellulose and lignin 

content, rice husk can be used as a raw material to prepare activated carbons 

which are complex porous structures. They are obtained by two difference 

processes: “physical” or “thermal” activation and the “chemical” activation. In 

the former carbonization is followed by char activation; in the second one, 

carbonization and activation are performed in a single step, using a chemical 

agent. Physical activation of rice husk produces activated carbon that exhibits 

very low specific area. Activated carbons are effective adsorbent due to their 

microporous structure. 

 

A Source of Silica and Silicon Compounds 

Apart from organic component, presence of up to 20% silica makes rice husk a 

promising raw material source for a number of silicon compounds such as 

silicon carbide, silicon nitride, silicon tetrachloride, zeolite, silica and pure 
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silicon. The applications of such materials derived from rice husk are very 

comprehensive. The above compounds prepared in powder form are 

characterized by high purity and fine disparity. (Nayaki, J.P. 2008) 

 

Porous Sio2/C Composite from Rice Husk (RH) 

During heat treatment of rice husk in inert tmosphere, organic compounds 

decompose and partly change to H2O, CO, CO2 and volatile compound, 

remaining carbon and SiO2 . (Seiji Kumagai, 2009). The porous SiO2/C 

composite with high surface area have been fabricated by heating the pellets in 

inert atmosphere. Porous SiO2/C composite was able to be fabricated through a 

simple one-step firing process. The pore characteristics of the product could be 

controlled by changing the molding pressure, raw rice husk particle size, and 

heating treatment temperature. Heating at 1000⁰ C displayed the optimal 

properties such as 87% porosity and 450m2/g specific surface area. Larger rice 

husk particles resulted in products with higher strength. (Takamoril et al, 2006) 

         

Insulating Fire Brick Using Rice Husk 

Bricks made using rice husk develop plenty of pores during heat treatment due 

to burning out of organic material, the more the percentage of rice husk in a 

brick the better the insulation. Presence of entrapped air in pores have thermal 

insulating characteristic and thus make the porous fire brick structure suitable 

for back up insulation.  

 

Other Uses of Rice Husk 

Rice husk is used as a raw material for production of Xylitol, ethanol, acetic 

acid, lingo sulponic acid. It is used as cleaning or polishing agent in metal and 

machine industry, in manufacturing of building material. etc.(Mehta, P.K. 

2008). Rice husk has been used as an industrial raw material e.g. as an insulating 

board material, fillers in plastics, filling material, building materials. For 

making panel board, activated carbon etc. (Faroquea et al, 2010). 

Little effort has been made to manufacture composite products based on two 

surface structure of rice husk. Despite so many well established uses, little 

portion of rice husk produced is utilize in a meaningful way, remaining part is 

allowed to burn in open field or dumped as a solid waste. Some people use rice 
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husk directly for cooking, rice husk is also burnt for bitumen melting in road 

construction work. Furthermore, some non-energy uses of rice husk were found 

in the poultry bed and as reinforce material in low mud-house construction. 

 

BRIQUETTE PRODUCTION 

For the production of briquettes, the biomass feedstock was mixed with cassava 

starch gel which acted as a binding agent. The mixture was stirred vigorously 

to ensure a proper mix. The resulting mix was fed into the moulds of the 

briquetting machine and compressed. The briquettes (Figures 2 and 3) were late 

ejected after the dwell [holding] time of 120 seconds was observed. This was 

followed by immediate measurement of briquette dimensions and densities. The 

ejected briquettes were later sun-dried. 

 

RICE HUSK BRIQUETTE AS ALTERNATIVE SOURCE OF FUEL 

Recently, Federal Government has approved ten (10) rice milling across the six 

(6) geo-political zone to boost rice production in Nigeria to the existing one, it 

implies that our agro-waste (rice husk) will also increase which lead to 

environmental problems such as pollution resulting to refuse heap in our streets, 

drainage system and water ways, which has resulted to flooding during rainy 

season due to blockage of waterways. There is need to evacuate the heap as an 

alternative to energy sources for domestic cooking and heating. Also a private 

company has invested heavily in rice production to boost food stuff in Nigeria 

which include, Dangote’s Group of company has invested $ 1billion in rice 

production and Wems Agro-companies has pledged to invest about #2.2 billion 

in cultivating about 25,000 hectares of land at Akotogbo in Ondo State with a 

promise to create 2,500 jobs. (PUNCH NEWSPAPER, 2014)   

Briquetting this agro-waste (rice husk obtained from this massive rice 

production) can be considered for its economics, reliability and ease of 

operation. Hence briquetting of rice husk for solid fuel is used for domestic, 

heating in cooking stove, fireplace and furnace. They also have the advantage 

of cleanliness, ease of handling and igniting, and produce a small volume of 

smoke and ash content is rich in potash and phosphate. This ash can is used as 

fertilizer on an unfertile soil. . Rice husk are residue produced in significant 

quantities, it burning generates rice husk ash (RHA) which is rich in silica and 
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can be economically valuable.  With briquetting of rice husk a new fuel source 

is found which help in reducing wild dumping of rice husk in the rice growing 

regions in Nigeria in general.   This will go a long way in reducing cutting of 

trees for fuel wood which in the long run will cause desertification and 

deforestation.  

Fung and Perkins (2003) reported that rice husk is abundant biomass resources 

in Philippines, offering much potential for energy generation and biomass to 

energy projects which could create sustainable enterprises, protect the 

environment and reduce poverty and improved the quality of life for the rural 

communities. Numerous agricultural residues and wastes are generated in the 

country, but they are poorly utilized and badly managed, since most of these 

wastes are left to decompose or they are burned in the field resulting in 

environmental pollution and degradation. (Jekayinfa and Omisakin, 2005) 

However, scientific studies have concluded that a lot of potential energy 

abounds in these residues. (Fapetu, 2000a). In Nigeria, large quantity of rice 

husk is produced annually and these residues are left to rot or they are burned 

like other agricultural wastes. These residues could however be used to generate 

heat for domestic and industrial cottage application. (Fapetu, 2000b)   among 

several kinds of most promise choices. Some agricultural wastes such as wood 

can be directly utilized as fuels. Nevertheless, a majority of them are not suitable 

apparently because they are bulky, uneven, and low energy density. All these 

characteristic makes them difficult to handle, store, transport and utilized in 

their raw form. Hence, there is need to subject them to conversion processes in 

other to mitigate these problems in our society. This study investigates the 

usefulness of rice husk as an alternative fuel for household energy. 

 

HOW BRIQUETTES ARE MADE 

Briquetting is carried out on raw biomass to improve the density, burn time and 

other energy characteristics and to turn it into a size and shape to suit its purpose. 

Raw materials are sometimes carbonized first to produce char, which can then 

be compacted into briquette. If the feedstock is not already in powder form, 

there is need to ground it in powder form by using miller hammer prior to 

briquetting. The pressure and the speed of compaction and binder such as 
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cassava starch were needed to bind the matter together. Briquettes are produce 

in small scale for domestic cooking and heating.  

 

 
 

CONCLUSION 

From the results and finding of this study, the following conclusions could be 

drawn: 

(i) The briquette produced from rice husk residue from this work is good 

biomass energy. 

(ii) The briquette produced make good substitutes as well as good 

supplement to firewood. 

(iii) The briquette produced with cassava starch as a binder perform less 

smoke and readily available, cheap and have binding effect and burn 

effectively 

 

RECOMMENDATIONS 

For further work, the following recommendations are made: 

1. Government should establish a research briquette technology in higher 

institution of learning across the country, there by boast the orientation 

of the students about briquette production technology. 
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2. Briquette production using rice husk should be given a new face in our 

rural area, so that fallen down of trees for firewood should be minimized. 

3. Attention should be given to small-scale rural based on bio-energy 

technology, such as briquette and bio-gas, these technologies must be 

propagated on a larger scle and across the country, if the issue is to be 

significantly addressed. 
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