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ABSTRACT 

 
Handover is the key concept to achieve mobility and 
its success rate determine the subscriber satisfaction. 

It is a critical process and if performed incorrectly can 

result in the loss of calls. Therefore, reliable and 

accurate prediction of Handover Success Rate 
(HOSR) is very essential. The available models did 

not well capture the impact of selected inputs dataset 

of HOSR. The comparison between the conventional 
technique-Hammerstein-Wiener (HW) and intelligent 

technique-Adaptive Neuro-fuzzy Inference System 

models in forecasting HOSR are considered. Seven 
months log files were generated from four active 

GSM-1800 networks in Kano Metropolis with the aid 

of TEMS Pocket. The collected data were embedded 

in the construction of the trained networks. The results 
depicted that Conventional technique is superior to the 

intelligent technique for predicting HOSR. The 

performance of the linguistic models was tested using 
MAPE, where ANFIS achieved 0.3358, 0.2834, 

0.0092, 0.9519: and HW achieved 0.0000, 0.0683, 

0.1810, 0.0568 and with RMSE, ANFIS achieved 

50.5677, 39.4984, 6.8271, 139.6244: and HW 
achieved 0.0000, 9.4974, 134.4543, 45.6185 for P, Q, 

R and S respectively. Thus, the Conventional 

technique would be suitable in forecasting HOSR in 
Kano or any environment with similar network 

deployment. 
 

KEYWORDS 
Handover, ANFIS, HW, HOSR, MAPE, RMSE, FPE. 

 

1 INTRODUCTION 

 

The innovations in cellular networks are 

emerging subject to the demand of users. Global 

System for Mobile Communications (GSM) is 

one of the most popular cellular networks that 

enabled voice telephony to go wireless [1]-[2]. 

Many countries have implemented the 4th 

generation (4G) mobile network whereas others 

are still with the 2nd generation (2G) GSM 

network which is the case of Nigeria. GSM 

network still accounted for more than 70%   of the 

voice calls and other voice telephony services in 

Nigeria, with the following four fully functional 

GSM carriers. Because of the legal issues and for 

the purpose of this paper the network names are 

anonymize to P, Q, R and S. User mobility during 

call can result in a change of BTS (Base 

Transceiver Station). The effect of mobility is 

handover. Mobility needs special handling of 

Quality of Service (QoS) protocols and 

techniques [3]. Handover is a method that ensures 

retention of the ongoing call into another cell [4]. 

It is a critical process and if performed incorrectly 

can result in the loss of calls. It is often initiated 

either by a deterioration in quality of the signal in 

the current channel or crossing a cell boundary 

[4]-[5]. As in [6] explained how the average 

signal strength of base transceiver station one 

(SBS1) is decreasing as the mobile station (MS) 

is moving away from it, while the average signal 

strength of base transceiver station two (SBS2) is 

increasing as the MS is approaching it, as given in 

figure 1 below. Another problem associated with 

poor handling of handover is overloading of the 

system processor which can bring about incessant 

system breakdown which also leads to revenue 

loss. The handover process is expected to be 

successful, imperceptible and less frequent. 

Unsuccessful handover can be very annoying to 

subscribers. It terminates established connections 

forcefully leading to dropped calls and degraded 

QoS [4]. High handover requests catastrophically 

increase traffic load and will degrade QoS, 

increase call set up time and call blocking 

probabilities. Efficient Handover Success Rate 

(HOSR) techniques minimized cost and enhance 

the capacity and QoS, maintain cell borders and 

appropriate traffic balancing, and minimize 

number of handovers and global interference. A 
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precise and accurate forecast of HOSR in the 2G 

network is an essential task for a network carrier, 

as the upgrade path for network infrastructure 

needs multiple month time to be implemented [7]. 

Thus, necessitated the need of having an accurate 

and reliable tool in forecasting the behavior of 

HOSR. The major challenge of forecasting HOSR 

in cellular network is the non-linearity behavior 

of the network parameters, and HOSR 

forecasting in mobility management is a 

complicated task since the demand is affected 

directly by various factors associated with the 

QoS protocols and the system overloading. 

Therefore, this research took into consideration 

parameters that are primarily associated with 

these challenges. HOSR is the Key Performance 

Indicator connected to network Retainability [8] 

that determines the success rate of subscribers’ 

satisfaction. The possible reasons for poor HOSR 

are congestion, link connection, incorrect 

handover relations, incorrect locating parameter 

setting, bad radio coverage, high interference, co-

channel or adjacent interference etc. [8]. HOSR 

can be found using equation (4) below. The 

handover failures occur when the quality of the 

connection is less than the threshold level [6]-[9]. 

A minimum acceptable D𝑚𝑖𝑛𝑖𝑚𝑢𝑚 value 

between -85dBm to -105dBm signals is 

considered for voice quality. A stronger signal 

level, Dtℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 is used to define the threshold 

at which handover is initiated as in Figure 1. A 

differential Δℎ𝑎𝑛𝑑𝑜𝑣𝑒𝑟 is used by the Mobile 

Switching Centre (MSC) to control handover 

procedure. If Δℎ𝑎𝑛𝑑𝑜𝑣𝑒𝑟 is too large, too many 

hand-overs occur and the MSC is over engaged. 

If Δℎ𝑎𝑛𝑑𝑜𝑣𝑒𝑟 is too small, there may be 

insufficient time to complete a handover before a 

call is lost due to weak signal level [9]: 

 

    ∆ℎ𝑎𝑛𝑑𝑜𝑣𝑒𝑟 =  𝐷𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 − 𝐷𝑚𝑖𝑛𝑖𝑚𝑢𝑚        (1) 
 

 

Despite substantial existing literatures, various 

open issues remain, as in [5] analyzed handover 

using the live GSM data, different issues, 

findings, trials and improvements have been 

summarized and possible recommendations were 

listed and correlated it to the practical aspects of 

handover, but this work did not mention any 

improvements made on the existing data. In 

another work [10] designed an approach to 

maximize handover performance success rate and 

enhancement of voice quality samples for a GSM 

Cellular Network, where 93 BTS (Base 

Transceiver Station) sites in India City were 

simulated, the obtained results are very promising 

over existing system and 11% and 12% 

improvements were made in National Busy Hour 

(NBH) HOSR and during Bouncing Busy Hour 

(BBH) HOSR respectively. Henceforth voice 

quality DL and UL in BBH period were also 

improved by 17% and 14% respectively, which 

according to the authors are directly linked with 

customer satisfaction and revenue of the 

company, but much attention was not given to the 

NBH HOSR. Likewise, [4] analyzed and 

optimized intercell handover dynamics in a GSM 

Network of Airtel Kano, where three months call 

record sample data was recorded and standard 

mathematical relationships of HOSR and other 

relevant KPIs were developed and the cells were 

found performed below NCC target. An optimal 

solution was provided using dynamic cut-off 

priority channel allocation scheme on a JAVA 

Variant NETBEANS 6.1 platform. The result 

showed that handover failure rate was reduced by 

an average of 90% for varying loads and a 

coefficient correlation of 0.9122 was calculated 

using MATLAB. In [11] compared and analyzed 

ANN and ANFIS methods in forecasting HOSR, 

the models were developed using both MATLAB 

and MS Excel sheet and validated using 15% of 

actual data, ANN was concluded as a superior 

method in predicting HOSR due to it less RMSE 

compared to ANFIS method, but this work 

predicted only the load variables of Etisalat and 

performance validation of the forecasted models 

were not carried out in the research. [12] 

Presented the design and implementation of a 

Fuzzy Logic multi-criteria handoff algorithm 

based on signal strength, path-loss and traffic load 

of base stations and the received signal to 

interference ratio as to balance traffic in all the 

neighboring sites at any time, but the evaluation 

of the model is not carried out and the model is 

not compared with any other available models. 

Likewise, [13] developed a performance model 

for handover manageability in CDMA networks, 

the training and validation phase of the networks 

confirmed that the soft handover is very 

inefficient which led to the loss of calls and QoS 

degradation, according to the authors view if this 

proposed model is implemented on active 

networks, enhanced QoS will be achieved, but the 
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work is limited to only one CDMA carrier. Based 

on the available literature, and the limitations of 

the various research outlines above, as in [11] 

forecasted HOSR based on the ANN and ANFIS 

models respectively, but HW model has not been 

addressed for HOSR, this paper forecasted the 

linguistic models of HOSR using both intelligent 

and conventional techniques, and the work 

compared the performance, suitability and 

robustness of the conventional and intelligent 

techniques in forecasting HOSR in GSM 

network. The models were trained using four 

GSM carriers load variables and the comparison 

of the various models were provided, therefore 

the research validated that the conventional 

technique outperformed the intelligence 

technique. 

 

 

MS

M
in

BS BS

H

SBS1        SBS2

 
 Figure 1. Handover between two Base Transceiver Stations 

(BSs) modified in [6]. 

 

2 HOSR AFFECTED PARAMETERS 

 

2.1 Traffic Channels (TCH): these are logical 

channels over which user information are 

exchanged between mobile users during a 

connection. TCH Congestion Rate provides the 

percentage of attempts to allocate a TCH call 

setup that was blocked in a cell [14]. In a properly 

dimensioned network, the value of this statistics 

should not be more than 2% [8]. The reasons for 

this block are high increase in traffic demand, bad 

dimensioning, high mean holding time, low hand 

over activity and high antenna position etc. This 

index can be deduced using [8]:  

 

TCH Cong. =
(𝐶𝐶11)

(𝐶𝐶12)
 × 100%             (2) 

 

Where CC11 counts number of assignment 

failures when no TCH available, and CC12 counts 

number of normal assignment requests for TCH 

establishment.    

2.2 Standalone Dedicated Control Channel 

(SDCCH): This channel is always used when a 

traffic channel has not been assigned and is 

allocated to a mobile station only as long as 

control information is being transmitted. It 

measures the ease with which a call can be setup, 

the ease to recharge an account, send SMS, 

location update, paging etc. Reasons for poor 

SDCCH were too high timing advance, 

congestion, low signal strength on downlink or 

uplink, false accesses due to high noise floor, it is 

given by [8]: 

 

𝑆𝐷𝐶𝐶𝐻 𝐶𝑜𝑛𝑔. 𝑟𝑎𝑡𝑒 =
1−𝐶𝑆𝑆𝑅

𝐶𝐶12
 × 100%  (3) 

 

Where CSSR is the call setup success rate and 

CC12 is the TCH assignment rate. 

2.3 Hand over Success Rate (HOSR): This 

metric can be obtained by taking into account 

percentage of successful handovers over 

handover attempts [14]. The possible reasons for 

poor HOSR are congestion, link connection, 

incorrect handover relations, incorrect locating 

parameter setting, bad radio coverage, high 

interference, co-channel or adjacent etc. This can 

be found using [8]: 

 

              𝐻𝑂𝑆𝑅 =
[(𝐶𝐶7+𝐶𝐶8)]

  [(𝐶𝐶9+𝐶𝐶10)]
 × 100%  (4)     

 

Where CC7 counts number of incoming 

successful handovers, and CC8 counts number of 

outgoing successful handovers. CC9 counts 

number of outgoing HO requests while CC10 

counts number of incoming HO requests. 

2.4 Handover Success Rate (Intra_HSR): this 

happen during ongoing call, the Mobile Station 

(MS) needs to change the frequency or time slot 

being used due to interference or some other 

reasons, the MS remains attached to the same BS, 

but changes the frequency or timeslot [8]-[14]. 

2.5 Root Mean Square Error (RMSE): This is 

obtained by calculating the average of the square 

root of forecast errors, it however measures how 
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well the response of the model fits the estimation 

data and determine the size of the error [15]-[16]; 

 

𝑅𝑀𝑆𝐸 = √
∑(𝑥𝑖−𝑦𝑖)2

𝑁
                              (5) 

 

2.6 Mean Absolute Percentage Error (MAPE): 

This determine the effect of the magnitude of the 

actual values, however it measures how accurate 

the forecast system is and assessed the size of the 

error [15]-[16]; 

 

  𝑀𝐴𝑃𝐸 =  
100%

𝑁
∗ ∑ |

𝑥𝑖−𝑦𝑖

𝑥𝑖
|𝑁

𝑖=1               (6) 

 

Where 𝑥𝑖 is the measured value, 𝑦𝑖  is the forecast 

value and 𝑁 gives the number of samples. 

For a highly accurate model the value of MAPE 

should be less than 10% and for good forecast 

should be 11% to 20%, while for inaccurate 

forecast this value started from 51% to above 

[16]. 

2.7 Loss Function (Loss fcn or V): This compare 

the predicted output with the measured output. 

The closer the predicted and the measured outputs 

are, the smaller the criterion V, therefore the more 

accurate the model will be. This value need to be 

lowest for highly accurate model [17]. 

 

𝑉 =
1

𝑁
∑ 𝜀2𝑁

𝑘=1 (𝑘, 𝜃, 𝜂)                (7) 

 

where N is the number of measurements, 

𝜀 (𝑘, 𝜃, 𝜂) is the prediction error. 

 

2.8 Final Prediction Error (FPE): This provides 

a measure of model quality by simulating the 

condition where the model is tested on a different 

data set and it is given by [17]-[19]: 

 

𝐹𝑃𝐸 = 𝑉 [
1+𝜀

𝑁⁄

1−𝜀
𝑁⁄

]                (8) 

 

2.9 Percentage Best Fit (Fit %): This can be 

obtained from the comparison between the 

estimated data and the validation data, thus it is 

given by [17]-[18]; 

 

𝐹𝑖𝑡 % = 100 × (1 −
𝑛𝑜𝑟𝑚(𝑦∗−𝑥𝑖)

𝑛𝑜𝑟𝑚(𝑥𝑖−𝓍)
)      (9) 

 

where 𝑦∗ is the simulated output, 𝑥𝑖 is the 

estimated data and 𝓍 is the mean of the output. 

 

3 MATERIALS AND METHODS 

 

Neuro-Fuzzy is developed out of the linguistic 

combination of neural network and fuzzy logic to 

solve the inherent limitations of the individual 

method. Adaptive Neuro-Fuzzy Inference System 

(ANFIS) is one of the classified hybrids neuro-

fuzzy technique with universal acceptability since 

development. The technique yields an effective 

result for non-linear mapping [20]-[19]. ANFIS 

incorporate nodes and five layers. As depicted in 

Fig. 2 [22] the circular nodes are fixed while the 

square nodes are adaptive with built-in variables 

to be updated while supervised learning. 

Hammerstein-Wiener (HW) model is developed 

out of the linguistic combination of Wiener model 

and Hammerstein model to form one block of 

model. HW is a block-structured nonlinear model, 

that consists of static nonlinear model with linear 

time invariant (dynamic) block system [17]-[21]. 

HW finds application in digital communication 

systems, control engineering etc. 

The general structure of the HW model is given 

by Figure 3, where u (t) is the inputs to the 

nonlinear block of the system, w (t) is the outputs 

from the nonlinear block of the system, x (t) is an 

internal variable that defines the input and output 

of the linear block, y (t) is the output of the 

system, f is the nonlinear function that transforms 

input data as w (t), n is the total number of inputs, 

B/F is the linear transfer function that transforms 

w (t) as x (t), h is the nonlinear function that maps 

the output of the linear block x (t) to the system 

output y (t). B and F are the numerator and 

denominator similar to polynomials in a linear 

output-error model. Henceforth, nu and ny  are 

the inputs and ouputs, therefore with this function, 

the linear block is a transfer function matrix 

containing the following entries [17]-[21]: 

Bj,i(q)Fj,i(q)
 

where j = 1,2,...,ny and i = 1,2,...,nu. 

Using Figure 3 above, the following equations 

were generated as the HW general equations: 

 

𝑤(𝑡) = 𝑓(𝑢(𝑡))                 (10) 

 

𝑥(𝑡) = ∑
𝐵𝑖(𝑞)

𝐹𝑖(𝑞)
𝑛
𝑖  w(𝑡 − 𝑛𝑦)    (11) 

 

𝑦(𝑡) = ℎ(𝑥(𝑡))                     (12) 
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Figure 2. The ANFIS Structure with 2 Ruled Sugeno Type 

 

 

 

 
 

Figure 3. The general structure of the HW [21]. 

 

 

 

 
 

 

 

Figure 4. Data generation/Experimental setup 

 

Where BTS: Base Transceiver Station, TP: W995 

TEMS Pocket, XML: extensible markup 

language. 

 

3.1 Data Extraction and Model Constructions 

 

The data was generated using W995 Ericson Test 

Phone with built-in (Terrestrial/Transmission Eco 

mobile System, TP). TP is a convenient and 

powerful product for verification, monitoring and 

troubleshooting of mobile networks and also for 

basic cell-planning tasks [23]. TP collects 

measurements and event data for immediate 

monitoring or for processing by other tools at a 

later time. It can capture data in areas that are 

difficult to cover during traditional drive-testing. 

The tool provides options to perform indoor-

environment measurements quickly and easily 

and it has an added powerful scanner that places 

extensive data-gathering capabilities in the palm 

of the user’s hand [23]-[24]. The log files 

generated were written in XML files which was 

later computed and converted into an Excel files, 

as depicted in figure 4, these files may likely 

contain corrupted or missing values, outliers etc. 

which was impossible to reprogram a live system, 

due to reliability and security reasons. The 

weighted average of the selected GSM load 

variables was considered, due to it gives more 

representative and stable values. Therefore 90% 

of the data were fed into the training process at 

random, while 10% was selected for testing 

phase. The Intelligent technique model was 

developed based on Adaptive Neuro-fuzzy 

Inference System (ANFIS) using MATLAB 

(R2013b) command “genfis1”. The construction 

was set three trapezoidal membership function 

(mf) to each input and generated eighty-one fuzzy 

rules with first-order Sugeno FIS, as shown in 

Figures 5 and 6. The developed structure through 

the hybrid learning algorithm stipulated inputs-

output relationship. The Conventional technique 

was also constructed based on Hammerstein 

Wiener using MATLAB (R2013b) command 

“ident” and “nlhw”, as depicted in Figures 7, 8 

and 9 respectively. The construction was set to 

estimate inputs-output relationship using 

piecewise linear and sigmoid basis function 

algorithm [17]. The construction was employed 

the uniformly time-domain inputs-output data to 

estimate the HW. Each model is trained with 

combination of hidden layer, as given in Figure 7.  

The sigmoid basis function used was based on the 

Neural Network, which consists of input layer, 

hidden layer and output layer as given by Figure 

7. 

The following three conditions were controlled 

the training: (1) maximum epoch (2) minimum 

error and (3) early stopping condition. The 

developed models were statistically analyzed 

using Mean Absolute Percentage Error (MAPE) 

and Root Mean Square Error (RMSE) as given in 

equations (5) and (6), to compare the performance 

of the forecasting techniques and to consider the 

effect of the magnitude of the actual values and to 

judge the models. To add more weight in terms of 

accuracy and perfections to the outperformed 

model, the prediction criterion in equations (7), 

(8) and (9) were used. These quantifiers observed 

the differences between the measured values and 

the forecasted values from the model. Both are 

measured in the same units with the actual data. 

The actual and predicted values of the considered 

parameters were plotted using Microsoft Excel 

Package 2016. The SDCCH, TCH Cong. And 

Intra_HSR were used as the input parameters and 

one output parameter, HOSR respectively to the 

construction of the models. 

BTS Counters TP 
XML 

files 
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SDCCH and TCH channels are the most affected 

channels during congestion. These channels are 

used to locate the exact congestion on the logical 

channels. 

 
Figure 5. ANFIS trapezoidal mf with first-order Sugeno 

FIS. 

 

 
Figure 6. ANFIS Plot with loaded variables 

 

 
Figure 7. HW nonlinear estimator with adopted Sigmoid 

activation function structure 

 
Figure 8. HW workspace with estimated load variables 

 

 
Figure 9. HW Plot of load variables 

 

4 RESULTS AND DISCUSSIONS 

 

The representations in Figures 10 through 13 

shows the performances of the trained data, and 

clearly indicates that conventional method (HW) 

is superior to intelligent techniques in forecasting 

HOSR. Tables 1 and 2 are the corresponding 

prediction tests of the developed models, it is 

apparent that conventional technique tracked the 

mapping of HOSR, but there were rare cases 

where the intelligent technique is superior to the 

conventional technique that was at S-network 

data during training. 

 
Table1. The Performance of the Models during the 

Training Phase 

Carriers Forecasting 

Techniques 

Evaluation Tools 

MAPE RMSE 

P ANFIS 0.0014540 0.00001866 

HW 0.0000 0.0000 

Q ANFIS 0.0000002026 0.00002444 

HW 0.0000 0.0000 

R ANFIS 0.0000001656 0.00001924 

HW 0.0000 0.0000 

S ANFIS 0.0000003055 0.00003651 

HW 0.00070208 0.083893 
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Figure 10. Performance of the P-network data during 

Training Phase 

 

 

Figure 11. Performance of the Q-network data during 
Training Phase. 

 

 
 

Figure 12. Performance of the R-network data during 

Training Phase. 

 

 
Figure 13. Performance of the S-network data during 

Training Phase. 

4.1 Validation of the Models 

The Figures 14 through 17 represent the testing 

phase, all the predictors were globally and 

individually significant without any serious 

violation. The result of the test is tabulated below 

in Table2. The work in [8] evaluated their 

developed models using RMSE and achieved the 

accuracy more around less than 5 % of the 

considered mobile carrier, but this work achieved 

RMSE for that considered mobile carriers of 0.00 

which is hundred percent perfect, followed by 6 

%, 9 % and 45 % respectively of the other carriers 
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considered in the study. Furthermore, to put more 

weight on the accuracy and justification and 

reliability to the developed models, the work 

adopted MAPE error criteria to build additional 

confidence to the models, thus it achieved very 

significant results with less than 10% upon all the 

four networks, which is acceptable and highly 

accurate. It is readily identified during test that, 

ANFIS outperformed HW at the R-network. 

Henceforth, the evaluation of the outperformed 

model is also done using goodness of fit criteria, 

final prediction error and loss function as 

tabulated in Table3, this will add more weight to 

the model. These techniques provide valuable 

tools in forecasting HOSR in the case study area. 

Finally, the data analysis revealed that the carriers 

failed at some levels to achieved, Nigeria 

Communication Commission, NCC threshold of 

98 % for HOSR and <= 0.2% for SDCCH Cong. 

[25]. 

 
 
Table 2. The Performance of the Models during Testing 

Phase 

Carriers Techniques Evaluation Tools 

MAPE RMSE 

P-network ANFIS 0.3358 50.5677 

HW 0.0000 0.0000 

Q-network ANFIS 0.2834 39.4984 

HW 0.0683 9.4974 

R-network ANFIS 0.0092 6.8271 

HW 0.1810 134.4543 

S-network ANFIS 0.9519 139.6244 

HW 0.0568 45.6185 

 

 
Figure 14. Performance of the P-network data during 

Testing Phase 

 

 

 

 

 
Figure 15. Performance of the Q-network data during 

Testing Phase. 

 

 
Figure 16. Performance of the R-network data during 

Testing Phase. 
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Figure 17. Performance of the S-network data during 

Testing Phase. 

 

Table 3. Properties of HW Model 

Mobile Carriers Fit 

(%) 

FPE Loss fcn 

P-network 100 3.357×10−25 3.993×10−26 

R-network 100 3.672×10−26 4.368×10−27 

Q-network 99.97 7.334×10−5 1.092×10−5 

S-network 89.34 6.312×10−3 2.012×10−4 

 

5 CONCLUSIONS 

 

The work contributed on the development and 

construction of precise and reliable techniques 

for forecasting HOSR on live cellular networks 

within the case study area, it is applicable not 

only in forecasting HOSR but also for 

forecasting other problems. The HOSR is 

forecasted using HW as conventional technique 

and ANFIS as intelligent technique. Moreover, 

the paper performs multiple evaluations of the 

proposed models, using RMSE and MAPE. The 

HW and ANFIS techniques lead to major 

reductions in the ranges of variation of handover 

operating parameters. Evaluation results reflect 

that the HW performed better than the ANFIS in 

predicting the behavior of HOSR. But at R-

network and S-Network during testing and 

training phases the ANFIS outperformed the 

HW. Hence, the results shows that the 

improvement using the HW can vary 

considerably depending on the nature of the 

carrier’s data. Among the two models tested, HW 

as an outperformed model with piecewise linear 

and sigmoid network estimators, produced 

highest percentage of best fit, with the lowest 

value for FPE and loss function. The work further 

considers that through numerous combinations 

of HW properties and appropriate handover 

value parameters, the best forecasting technique 

can be determined. The two models could serve 

as valuable tools in forecasting HOSR, since the 

RMSE values would be accepted. The paper also 

provides insight at the rate at which these four 

mobile carriers are maintaining their handover 

parameters’ setting. Our investigation shows 

that; the carriers were unable at most levels to 

meet the threshold metrics of NCC for the 

SDCCH Cong. and HOSR parameters 

considered in the paper, this will provide insight 

to the authorities concerned to take the right 

decisions. Proper optimization of the above 

parameters before executing handover process 

can save time during handover and lead to a 

generic handover management scheme. 

 There are still many open issues beckoning 

further investigations, such as QoS protocols 

and system traffic etc. that will improve 

handover in cellular network. 
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ABSTRACT 
Under an environment of praise for renewable 

energy, photovoltaic power generations (PVG) have 

been applied generally and spread broadly. Various 

power conditioning systems (PCS) used in those have 

been also studied by many researchers. In addition to 

usual utilization, such PVG is often considered for the 

time of disaster. Usually such PVG systems having 

limited power are almost installed in limited area such 

as on top of the roof of the building. Some medical 

institutions have fairly desire to install such PVG 

since they must avoid the medical service interruption. 

The generating power in such case is fairly limited, so 

the system construction should balance the reduced 

power. Thus, it is necessary to improve the 

construction toward simple one.  In usual PCS, 

power is converted by two stages, that is boost 

converter and normal inverter. In first stage, the dc 

power is adjusted to appropriate voltage level. The 

conversion methods are considered in many strategies. 

In this paper, in order to pursue an ideal one, simple 

and concise power converter, especially novel boost 

chopper is proposed. Considering fair reduced power 

and narrow space of installation, the system 

constructions should be compact. The circuit that 

gratifies their operating characteristic is presented and 

analytically discussed about circuit construction as a 

novel boost converter. The circuit operation is 

confirmed by using the circuit software and a few 

experiments. 

KEYWORDS: Power Conditioners, PCS, Solar 

cell, Boost chopper, Photovoltaic power generation, 

PVG , Power delivery flowchart 

1 INTRODUCTION 

In modern medical care, the development of 

the structural function in the operating room is 

remarkable. The endoscopic surgery including 

surgical robot and the catheter intervention has 

been applied, so that such remarkable operating 

technics have been developed with robotic 

operating room and hybrid operating room. For 

almost electrical equipment using in such 

medical facilities, even instantaneous 

interruption could not be permitted.  

 In general, by means of large capacity 

uninterruptible power supply installed by 

generator and batteries, the medical service may 

be kept and provided. In such system, however, 

the installed scale becomes large accompanied 

by extremely high cost. 
The power conditioners-PCS including boost 

converter have been presented in various systems 

so far [1,2].  However, it is necessary to reduce 

the cost even more. It is said that the system is 

approaching to an ideal one with respect to 

efficiency and construction strategy, but that cost 

would prevent widespread. In such discussions, 

there are many subjects to be resolved to utilize 

the PV power effectively. Even more, various 

safeguard equipment required according to 

regulations make the cost increase. Thus, it is 

required to obtain even lower cost PCS. In fair 

reduced power PCS as mentioned, the equipment 

are installed in limited facilities. In such case of 

reduced generating power, that is, in such PV 

power generation systems, there are so many 

subjects to be resolved [3]. 

The authors have been pursuing an ideal PCS 

in a series of the small power PV system [4,5]. In 

this paper, some simple PCS systems, especially 

the boost chopper is presented and discussed 

toward simple construction with some 

experiments. The whole result is analytically 

performed and discussed.

2 DISCUSSIONS ON VARIOUS  

UNIQUE BOOST CHOPPERS 

2.1 Prologue of Boost Chopper 

In the early years, the usual interconnected PCS 

is provided through the bulky transformer which 

cuts off the dc component from the output power 

system. As shown in Fig.1 of the conventional 

system, the transformer is necessary. However, 

such construction prevents the low cost and size 

reduction. In recent methods, by means of high 

performance and high reliability, dc power can be 
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Figure 1. General PCS in early times. 

Figure 2. General PCS in recent years. 

Converter Inverter 

easily removed as shown 

in Fig.2. Just mentioned 

PCS without transformer 

is superior with respect to 

low cost, downsizing and 

lightening in weight. 

However, with respect to 

the conversion efficiency 

even in such PCS using 

transformer-less converter, 

there is some room to 

improve that efficiency of 

conversion by means of 

varying combination of 

circuit component.  In 

this section, some original 

circuit configurations are 

presented, which are 

compared with some 

conventional schemes. 

Fig.3 shows various 

converters which includes 

original ones in Fig.3(b), 

(c) and (f), those  are 

proposed by one of the   

authors [5,6]. 

 (e)  Cuk Converter 

(a) Boost Chopper (b)  Original Boost Chopper 

(d) Buck boost Chopper 

(e) Cuk Converter (f) O    

(c)  Boost Chopper with transformer 

Figure 3. Various DC-DC Converters. 

 (e) Conventional Cuk Converter. (f) Modified Cuk Converter. 
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2.2 Operation of Conventional 

Boost Chopper 

 The boost chopper is to boost the input dc 

voltage, which is often used for general power 

conditioners-PCS under discussion about 

photovoltaic power generation. As the output 

voltage becomes higher than the input solar panel 

voltage, so the diode D prevents the reverse 

current flow. The output capacitor voltage Eo is 

smooth and constant due to the large capacitance 

C. The equivalent circuit at switch S turning on or 

off are represented by Fig.4(a) and (b), 

respectively. Analytical operation can be obtained 

as follows; 

When switch S is turned on, the diode D in 

Fig.4(a) is reverse-biased.  The input voltage is 

applied across the inductor L as shown in the 

figure. In the boost chopper operating in the 

current continuous mode, inductor voltage and its 

current can be obtained as following expressions; 

i

L

L
dt

di
v EL ==  (1) 

（０）
L

i

L
iti +=

L

E
  (2) 

At t =Toff when S is turned off, the reversed 

voltage across L is added to the supply voltage 

and the current is flowing into the load. The 

stored energy in the inductor is delivered 

towards the load. The relationship is given by 

oi

L

L
dt

di
v EEL −==

(3) 
Because of  Ei≤Eo,   

）　（　）（ onon   TT
L

EE

LL ii oi +−
−

= t
   (4) 

From these equations, 

(5) 

3  PROPOSAL OF NOVEL BOOST 

CHOPPER 

Fig.5 shows the original boost chopper. As compared with the circuit in Fig.4, instead of the 
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Figure 4. Operating Circuits of Usual Boost Chopper.
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smoothing capacitor, that capacitor connection 

is moved to the terminals between input supply 

and output load as shown. The circuit operation is 

a little different. However, the principle of the 

intrinsic operation is the same compared to just 

mentioned mechanism. The most important 

difference is to make possible to reduce the 

smoothing capacitor voltage. 

4  POWER FLOWCHART OF ORIGINAL 

BOOST CHOPPER 

The power transmission flowchart for original 

one is presented in Fig.7. In order to compare the 

operational mechanism with usual one, the power 

delivery flow chart for conventional boost 

chopper is described in Fig.6 at first. In the figure, 

d is on-duty cycle and d’ is off- duty one. Ii is 

input current  and Io  is output current. As S is 

turned on with duty cycle d, the power EiIi d and 

EoIo d are delivered from Ei to L and C to Eo, 

respectively. When S is turned off with off-duty 

cycle d’, the power EoIod’ and (Eo-Ei)Iid’ are 

delivered from Ei to Eo and L to C, respectively 

The power delivered process becomes different, 

and efficiency may be deteriorated accordingly. 

In comparing between Fig.6 and Fig.7, the 

difference of delivery mechanism can be 

confirmed.   

 

In Fig.7, when S is turned on in duty cycle d, the 

power EiIL d and (Eo-Ei)ICd are delivered from Ei to 

L and C to Eo, respectively. At the same time, the 

is delivered from Ei to Eo as EiIod. 

During period of d, C is discharged as shown 

in Fig.5.(a) as IC’. When S is turned off, C is 

charged as IC. The relationship of capacitor 

discharge current IC and charge current IC’ can be 

given by following equations; 

During charge period of d’, the capacitor is 

charged by IC’×d’. On the other hand, during 

discharge period, C is discharged to IC×d by 

inductor L. During discharge period, IC = IO.  

Total electric charge q’ for d’ is 

q’ = IC’d’               (6). 

For discharge period when S is turned on, 

electric discharge q is 

q = IC d = IO d             (7). 

As q = q’, relationship of 

 IC’d’ = IO d               (8) 

can be obtained as  

IC’ = IO×d’.            (9) 

When S is turned off with off-duty cycle d’, the 

power EoIod’ and (Eo-Ei)Iid’ are delivered from Ei to 

Eo and L to C, respectively In comparison of 

these figures, the following description will 

be confirmed. For example, direct trans- 

mission from power supply to the load,  
EoIod’  =  EiIid’  

=  EiIod  +  EiIod’  =  EiIo      (10) 

Since  Iid’  =  Io               (11) 

 this equation is confirmed by following 

establishment. 

The significant difference is the input 

current flowing situation. For the usual 

boost chopper, the input current value is 

constant because of large value of inductor. 

On the other hand, for the proposed boost 

chopper, during S turned on period, the 

current is flowing towards load. As a result, 

The input current is  
 Ii  =  Io  +  IL               (12) 

During S turning off 

Ii  =  IL  -  IC                                   (13) 
From these equation, the average input 

current,  

Iavi  =  (IL d  +  IC d’  )              (14) 

The withstanding capacitor voltage is given as 

shown. 

For conventional one, 

 VCwith = EO                              (15), 
For the original one, 

EiIid 

EoIod’ Ei Eo 

L C 

Figure 6. Power Flowchart of Conventional Boost Chopper. 

(Eo-Ei)Iid’ 

EoIod 

EiILd 

EiIod’ Ei Eo 

L C 

Figure7. Power Flowchart of Original Boost Chopper. 

(Eo-Ei)IC’d’ 

EiIod 

(Eo-Ei)ICd

’

power 
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Ii 

IL 

  Io

S OFF 

VCwith = EO× d                  (16) 

It is said that the capacitor price is increasing 

according to the applied voltage. So, this 

characteristic may be favorable construction. 

5  EXPERIMENTS 

  Fig.9 shows the experimental results for 

various choppers to boost the input dc voltage. 

The results for original boost chopper is favorable 

one, whose results is almost the same compared 

to conventional boost chopper even by reduced 

voltage of capacitor. The results for converter 

having the transformer is showing the next 

favorable result. If on the design procedure, the 

transformer is taken for larger size, the efficiency 

will be given for the best one. With respect to the 

Cuk ones, the conversion efficiency is going to a 

little worse. The reason is due to the many stage 

for power conversion. Finally, we can say that the 

buck boost type is the worst result. The reason is 

there is no direct power transmittal operation.   

Figure 9. Experimental Results for Various Boost Choppers. 
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That is, once the whole power is stored in the 

inductor, after that, the whole power is delivered to 

the load. That operation needs the bulky inductor 

and creates large energy loss. 

6  CONCLUSIONS 

A few proposed circuit strategies are proposed 

and confirmed in theoretical and experimental 

procedures. Various ideas are applied to power 

conditioners for the photovoltaic power 

generation systems, whose idea is obtained from 

the usual PCS, which is constructed by chopper 

and inverter circuit. So far, various PCS have 

been devised and applied by many researchers. In 

this paper, about boost chopper of first stage, a 

few circuit strategies having novel ideas are 

presented and discussed. With respect to 

trans-less combination, a few boost chopper is 

treated and analyzed satisfactorily. In such a case, 

the high cost and high voltage smoothing 

capacitor could be avoided. In addition, the rest 

of the other choppers can also present its superior 

feature.  
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APPENDIX 

A. Buck Boost Chopper 

This converter is presented in Fig.3(d) as the 

most well-known converter.  The obtained 

characteristic is the worst one. The reason 

is explained with using original power 

flowchart as following description; 

 In this converter in Fig.3(d), in order 

to prevent direct short current from the 

input to output load, reverse direction 

diode is connected. As the switch S is 

turned on, input inductor current iL is 

given by 
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The output voltage Eo can be expressed 

shown as 
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When duty cycle can be given from 0 to 

infinity, the obtained voltage region of buck 

boost chopper can be also given from 0 to 

infinity. For example, as above experimental 

result, in order to obtain double output 

voltage, 200 V compared to the input voltage, 

100 V, d = 2/3 is given as duty cycle. As 

explained, if adequate value of duty cycle 

is given as setting value, the boosted 

output voltage can be obtained as 

desired value. According to mentioned 

procedure, the power flowchart of buck 

boost chopper is presented in Fig.A. In the 

figure, as it can be seen, all energy of 

delivering is temporarily stored in the 

inductor L, then those energy is delivered to 

each component and the load. From this 

reason of the operation, efficiency becomes 

deteriorated. As shown in the experimental 

results, this deterioration due to such 

operation mechanism is described clearly.

B. Boost Converter Having Auxiliary 

Transformer 

Fig.B shows the original boost converter 

having the auxiliary transformer. The 

auxiliary transformer is added in the 

circuit configuration. In the figure, the 

primary winding inductor is L1，and the 

secondary winding is given by L2. In the 

auxiliary transformer circuit, another 

inductor is connected as L3. Let the turn 

ratio of winding of L1 and L2 be N1  and N2, 

respectively. In the transformer, if the 

relationship of turn ratio is, N1：N2 ＝1 : 2, 

the output voltage of L2  becomes double                

with respect to that of L1. The operation 

circuits for turn-on and turn-off are 

represented in Figs.B(a) and B(b), 

respectively. One cycle operation is 

obtained as follows; Firstly, in Fig.B(a), 

when S is turned on, the supply voltage is 

applied across the inductor L1. As a result, 

the output L2 voltage is generated as 

double voltage in this case. In the load, the 

current i 2  is flowing whose energy is stored 

into L 3. On the other hand, the operation 

circuit for S turned off is shown in Figs.B(b). 

During this period, the analogous operation 

compared to usual boost chopper is 

executed. At the same time, the stored 

energy of L3 in the last period is delivered 

to the load. The operation circuits for 

turn-on and turn-off are represented in 

Figs.B(a) and B(b), respectively. Thus, we 

can say that both during turn-on and 

turn-off period, the output current i4 is 

kept flowing in this boost converter having 

auxiliary transformer. As the  voltage 

polarity of primary and secondary sides of 

transformer is opposite direction, the 

EoIod’ 
Ei Eo 

C2 
EoIod 

EoIid’ 

Figure A. Power Flowchart of Buck boost Chopper. 

EiIid 
L 

C1 
EiIid’ 

EiIod’’ 
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direction of vL1 andvL2 is shown in opposite ones each other. 

(a)  S ON 

Ei 

vL1 

vL2 vL3 
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L3 L2 

R 

i1 

i2 

(b)  S OFF 

Ei 

vL1 

vL3 

L1 

L3 
D4 

R 

i1 

i3 

Figure B. Boost Chopper Having Auxiliary Transformer. 
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ABSTRACT 
The spider robot is a device used in monitoring 

surroundings wirelessly. This review work will assist 

in solving the weak adaptive ability of ordinary 

existing robots. The spider robots function without 

interfacing, it can easily adapt to the new situation or 

obstacles due to its legs of locomotion on like the 

ordinary two legs robots. A spider robotic system 

will help in monitoring of toxic or nuclear 

environments and moving in an environment that 

ordinary robots cannot do like; climbing of walls, 

rough surfaces, trace and locating of missing items. 

The user of this spider robotic system poses a perfect 

resolution to such problems, eradicating the demand 

for humankind to access such places and regularly 

providing information on the state of such 

environment that would not otherwise be available 

for humanity. 
KEYWORDS: , Microcontroller, National 

Instrument, Sensor, Spider robot, Toxic enviroment 

1. INTRODUCTION

In the second half of the 20th century, 

humankind obtained the rewards of several far-

reaching scientific discoveries that normally took 

place in the first half, amongst which was the 

control of the nuclear chain reaction for 

generating electricity [1]. Due to its high energy 

density and thus relatively small requirement for 

fuel, nuclear power has been exploited. In 

addition, it has authorized enhancements in the 

toughness of materials that were used in the 

nuclear facilities, and this has led to prolonged 

achievements and improved safety margins. As 

results to this, improvements in engineering and 

materials science have been enforced to a wide 

of nuclear-connected projects, which stretch 

from the framework of a rector and additional 

buildings through to the processes by which they 

are disbanded [2]. For instance, static and 

monorail-type teleoperated machines have been 

in usage since the beginning of nuclear energy to 

handlebar activities carefully in zones of life-

threatening radiation disclosure and to 

accomplish polluted constituents (Hamel and 

Martin, 1983; Wehe et al., 1989); while a 

number of mobile samples were existing during 

the1960s (Clark,1961; Huffman,1962)[3]. With 

the help of microprocessor technology booming 

in the mid-70s, researchers proposed different 

but possible robotic designs that could replace 

human on a wider range of work jobs in 

radiation surroundings; this may include 

inspection, maintenance, and repair in such 

environments [4]. Also at the same time, civil 

nuclear power plants were established in Europe 

and North America on a scale never repeated 

since, and hence it made sense to design and 

build embracing robotic technology for these 

purposes [5]. In 1979, the necessity for 

progressive robotic proficiency became a vital 

because of the reactor disintegration that took 

place in Unit 2 at Three Mile Island meant that 

several jobs had to been commenced remotely, 

accompanying the use of long-handled tools and 

what were then novel vision systems [6]. At this 

time the first ever radiation inspection robot, for 

this objective, used in the basement of the unit 

four years later regarded as a landmark in the 

nuclear industry [7]. About seven years after the 

Three Mile Island accident, the tragic accident 

that took place in Chernobyl caused in a policy 

to entomb the damaged plant in sand and clay to 

restraint the magnitude of the ongoing 

radioactive secretions, and reformed the interest 

in the idea of using mobile robots in place of 

individuals for nuclear accident response 

applications [8]. The technological 

enhancements over the next two eras have driven 

the design and execution of highly refined 

systems, with robotics gaining more and more 

popularity in majority commercial fields, such as 

entertainment, transport, and medicine [9]. Most 

of the robots that we are familiar with uses 

wheels for their movement [10]. They can 

accomplish high speed and relatively small 

control complication but, even with complex 

suspension systems, they present many 

limitations in irregular and rough environments 

(e.g., hazardous environments and uneven 

ground) with the help of legged spider robotic 

systems, and most of these difficulties were 
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overcome, thanks to its litheness and ground 

adaptation [11]. Definitely, the opportunity to 

choose between different available solutions and 

to adapt and control the position of the center of 

mass of the system allows dodging slippage and 

downturns due to environment irregularities 

[12]. The costs that have to be paid are the lower 

speed of locomotion and higher complexity of 

the controller with respect to wheeled systems. 

Also, due to the fact that the legs are self-reliant 

controlled, legged systems have a large number 

of degrees of freedom (DOF) to be coordinated 

in order to control the position, balance the 

forces (e.g., load, external forces) and consume 

as little energy as possible [13]. Since the task of 

finding an optimal force allocation was made in 

real time, fast processes and control functions 

have to be used, as likewise when a body force 

command solution is not reachable and a new 

plan has to be formulated [15]. Spider legged 

robots have a body and a number of articulated 

legs that start from it. Each of these kinematic 

chains can also be view as a manipulator that 

acts like a limb and adds to the overall position 

and equilibrium of the spider robot structure. In 

order to estimate and produce an operative 

legged spider robot, the awareness is to draw 

motivation from nature [16]. In nature, different 

legged systems can be able to walk and climb 

different surfaces with low energetic 

consumption and high autonomy was been 

found. Indeed, safe attachment to and easy 

detachment from smooth substrates is a major 

feature of a diverse range of animal species. 

Attachment without using fluids, so-called dry 

adhesion, were exploit by geckos and Evarcha 

arcuata spiders by means of fibrillar elements 

[17]. The adhesion force seems to be related to 

the approaching angle between the attaching 

elements and the surface: the maximum adhesion 

condition reached when the angle is around 30°; 

a sliding condition occurs when the angle is 

smaller, and detachment occurs when the angle 

is bigger [18,19]. Currently, there are some 

certain conditions in which human beings are 

incapable to complete a certain mission in this 

real life, such mission include locating a lost 

object or items or finding a missing individual in 

a jungle for more than a day and also discovering 

a pothole with lack of oxygen and also working 

in a toxic environments [20]. In order to achieve 

such problematic tasks, the human being will 

have to rely on mobile robots [21]. Scientists 

nowadays show emphasis on the new design of a 

self-adaptive robotic system, which includes 

path tracing [22]. In the year 2011, Pratihar, Roy 

and Singh estimated the optimal bases forces and 

joint torques in the real-time process for the 

monitoring of the six-legged robot [23]. This 

researcher concentrated on finding the best point 

in the circulations of the bases forces and values 

of the joint torques of the six-legged robot online 

[24]. The minimization of the standard of the 

joint torques and the base forces was been 

simulated in their study. Roy conducted another 

research in the same year with Pratihar 

discovered that unlike duty features will lead to 

many energy intakes. This duties factors can also 

differ among 2/3 and 1/3 whereas energy intake 

will change in the range of 2% and 35% [25]. In 

the subsequent year, both Pratihar and Roy 

conduct another research on the legged robot and 

simulated the technique of attaining extreme 

steadiness with the minimum energy intake 

steps. Menon, Henry, and Boscariol, in the year 

2013, examined on resolving the unsuitable 

relocation of forces in the reloading of the legs in 

the climbing robots which may likely lead to the 

irreversible dispassion of the spider robots from 

its upright facades [26]. This researchers finally 

concluded that it is likely to save 35% of the 

whole charges of this spider robot if the designed 

step is well-organized. In this study work, the 

National Instrument (NI) protocol was been 

nominated to relate with the suggested well-

designed robotic supervisor for interfacing and 

processor [27]. The suggested smart system 

gathers data about the environments particularly 

in available areas and aids the robot to choose 

the finest route course to be taken. The National 

Instrument (NI) implanted field programmable 

gate array (FPGA) board has been selected to 

merge with spider robot for the tenacity of high 

enactment adeptness as well as being user-

friendly and compatibility. The categorization of 

leg actions is predefined in this study for 

persistent walking. With the help and 

combination of several sensors on its frame 

construction, this suggested six-legged flexible 

smart spider robot is fit to be employed in 

ambiguous environments [27].  
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Figure 1: Spider robot 

2. Materials and Method

2.1 The method used to produce a spider 

robot 

The recommended spider robotic system is 

divided into (3) three subsystems, which may 

likely include; the body structure of the spider 

robot, its sensor, and control algorithm. The 

configuration of the spider robot is made of 

aluminum; this is because of the strength of 

aluminum in resisting the tensile and pressure 

stress on its exterior. Stalemate bolts were used 

to protect the position of the National Instrument 

(NI) board on the framework. Several sensors 

are applied in the spider robotic body [19-22]. 

The body of this spider robot must be tough 

enough to support the heaviness of the National 

Instrument (NI) board in vigorous 

circumstances. Henceforward, the consideration 

that has been taken during the blueprint stage of 

the spider robot of the main body of the robot 

this include compression and tensile stress 

alongside the axis of the movement of this 

moving parts of the spider robot caused by the 

burden carried. The six-leg pairs of the spider 

robot will be attached on a frame of the spider at 

certain angles that will enable it to maintain the 

stability and the whole spider robot will be 

controlled remotely. In order to help keep this 

spider design steady to avoid it from losing 

balance or sloping over you will need to 

assemble the leg pairs and the structure at an 

angle from the conservative straight ahead. 

Because the pairs of legs will be pointing at 

different angles than straight ahead then their 

directional vectors do not point in the direction 

of movement, rather at the exact angle from the 

90-degree line down the middle of design 

signifies straight ahead from an outside 

perspective. This result in two vector quantities 

chain together and gives magnitude and force in 

precisely the same path. A servo bracket is fixed 

to the joint of the legs, each of these different 

legs of the spider robot has (3) three degree of 

freedom (DOF). Among the degree of freedom 

(DOF), one of this degree of freedom is 

alongside the z-axis and also function as the 

shoulder and the turning of this shoulder will 

serve as a controller to the other two joints. This 

shoulder will be master and the location of it will 

vigor the other two to take their spot. The 

National Instrument (NI) board helps in the 

control of the movement of these joints. Each of 

these joints uses a servo bracket to a joint to each 

other. The whole project of the spider robotic 

system is carried out using feedback loop 

graphic NI LabVIEW interfacing with an 

insolent controller and also with the help of the 

company of smoke sensor, LM35 temperature 

sensor, and GH-311 ultrasonic sensor. This 

GH311 ultrasonic sensor produces an exact and 

non-contact space dimension. When there is a 

difficulty as far as like 31cm away from this 

spider robot, with the help of the GH311 sensor 

it will transfer a high indication to the National 

Instrument (NI) board to specify the position of 

the problem and implement the suitable moving 

algorithm to dodge such hitch. The GH-312 

sensor was applied in the spider robot 

construction to identify hydrogen, smoke, 

alcohol, liquefied gas, butane, and propane. 

Figure 2: Block diagram of the spider robots 

2.2. The principle operation of the spider 

robot 

With the help of the Arduino receiver or 

microcontroller, it takes the signal from the 

transmitter and aid in sending it to both the servo 

and the speed controller. It is this device that 

synchronizes to the controller and is what allows 

the spider robot to receive radio signals as results 
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of the built-in aerial in the robot. The speed of 

this controller is the central piece of the research 

and is what helps in controlling both the servo 

and the electric motors by regulating their 

rotation proportional to the amount forced upon 

it by the transmitter. It is connected to the 

battery; all of the four motors are in parallel, to 

the Arduino receiver and a switch. All of the 

four electric motors are wired in parallel, with 

two being reverse. This is because there will be 

two electric motors at either end of the research 

and when one pair of the leg is walking forward 

then the other leg needs to be walking backward. 

By wiring, the motor so current flows in the 

opposite direction this effect is achieved. With 

the objective of the spider robot moving forward 

or backward and avoiding the obstacles on the 

robot’s path. The Arduino board is pre-

programmed and waits for the user to input a 

certain task to be performed. The National 

Instrument (NI) board helps in collecting 

feedback information from this sensor embedded 

on the spider robot frame and processes the 

information; henceforth, implementing the given 

job. For instance, if this ultrasonic sensor used 

senses an item hindering the spider robotic 

movement route, this sensor will automatically 

convey the response information to the 

programmed National Instrument (NI) board. 

With the help of this board, it will then process 

the information consequently and evaluates the 

information to gives a suitable outcome such as 

enrichment for the location of the spider robot to 

escape the hitch that leads to self-localization. 

The spider robot will then start moving onward 

again till the robot reaches its target or facing 

another problem on its movement route. The 

spider robotic program consists of three Digital 

input and output ports; this includes an ultrasonic 

sensor, smoke sensor, and temperature sensor. It 

also consists of four types of walking processes 

ready to perform singly when this ultrasonic 

sensor identifies any difficulty in frontage of the 

spider robot. When there is no difficulty on the 

spider robot’s route, the remaining three of the 

walking algorithms would not implement. In this 

case, the only walking algorithm performed is 

the algorithm for the spider robot moving 

onward. If this ultrasonic sensor notices a hitch 

in front of the spider robot, the spider robot will 

dismiss the walking forward process and then 

trigger either walking left right or backward 

walking process. The feedback information that 

is from the sensor will be performed 

consequently; henceforth, calling the information 

that has been made in the memory block to the 

pulse-width modulated (PWM) generator for 

each of the servo motors. In this case, when you 

implement the forward walking procedure, the 

spider robot limb moves step-by-step. With the 

six legs of the spider robots taking its respective 

location, the spider robot will then be able to 

push its body forward. This procedure will be 

repeated in order to make a forward movement 

for the spider robot. The smoke and temperature 

sensor will perform individually without 

touching the walking process of the robot. The 

information that you obtained from both the 

smoke and temperature sensor is display on your 

front panel of your monitor. The wireless 

watching system is an interface on your laptop. 

On your observing system interface, you can 

assign a green light emitting diode indicator to 

represent the direct route taken by the spider 

robot when the walking process is executed. If in 

the process the spider robot detects smoke, the 

red light emitting diode that you assigned to the 

sensor indicator will light up to signal possible 

menace. Your surrounding temperature is 

monitor and updated with the help of indicator 

thermometer on your laptop or desktop 

monitoring system. 

2.3. Application of the spider robot 

1. We can use this spider robot in

discovering dangerous or rough areas in which 

humankind can have full access easily. For 

example, searching for survivors after a terrible 

nuclear tragedy, also exploring in war zones, for 

inspecting unstable buildings after a natural 

tragedy such as earthquake, tsunami or a 

volcanic eruption.  

2. We can also use spider robots in defusing

bombs such as land mines. 

3. We can also equip the spider robots with

sensors and weapons; such robot is used in a 

crisis or war to avoid risking human lives on the 

battlefield. 

4. We can also use this spider robot in

guarding our properties or areas of high 

importance. 

3. Conclusions

In conclusion, this paper reviewed some studies 

relating to spider robots, highlighted its principle 
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of operation, it also summarizes how it is made 

or constructed and the areas of applications in 

real life in this world. With the help of 

advancement in technology, the spider robot 

system will be able to monitor every important 

environment also analyzes the situation of such 

environment in which one can have full access 

due to the complication of such places and 

implement the proper action needs to be 

executed in such areas. 
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ABSTRACT

Plant factories with artificial light (PFAL) are at-
tracting worldwide attention as a technology for
stably producing crops. One of the problems of
PFAL is tipburn which is a physiological disorder
of crops. Tipburn is a phenomenon in which plant
growth point cells are necrotized. Lettuce culti-
vated in PFAL in particular has a high frequency of
tipburn. When tipburn occurs, its identification is
done by human eye observation, and tipburn leaves
are trimmed by hand or tipburn lettuce is removed
from products. These operations require much la-
bor and cost. If tipburn identification can automati-
cally be done using machine learning, the economic
effect will be great and it will be a driving force
for spreading PFAL. In this study, we aim to per-
form binary discrimination of tipburn occurrence
and its non-occurrence about lettuce cultivated in
PFAL using machine learning with convolutional
neural networks. In particular, we aim to recog-
nize the symptom of tipburn which means the early
stages of tipburn immediately before leaf tips dis-
color blackly and the commercial value as the veg-
etables is damaged. The results of the experiments
indicate that the recognition of the symptom of tip-
burn can be performed with high accuracy.

KEYWORDS

machine learning, convolutional neural network,
diagnostic imaging, plant factory, plant physiologi-
cal disorder, tipburn

1 INTRODUCTION

In recent years, smart agriculture, which is a new
agriculture that promotes labor-saving and high-
quality production by utilizing robot technology,
information and communication technology (ICT),
and artificial intelligence (AI) technogogy, is re-
garded as important, because farmers are rapidly
aging and labor shortages are becoming serious in
Japan’s agricultural field. By utilizing smart agri-

culture, labor saving and lightening can be pro-
moted in farm work, and it is expected to se-
cure new farmers and inherit cultivation technol-
ogy. In particular, plant factories with artificial light
(PFAL) which is one of key technologies for smart
agriculture are paid much attention not only in hor-
ticuture but also in engineering. PFAL enable to
stably produce crops in a closed space where envi-
ronmental conditions are highly controlled[1].

One of the problems of PFAL is tipburn which is
a physiological disorder of crops. In PFAL, the
growth of crops is promoted by creating the condi-
tion suitable for crops and the period from seeding
to harvesting can be reduced, whereas PFAL tends
to cause tipburn. Tipburn is a phenomenon in which
plant growth point cells are necrotized[2][3][4]. Es-
pecially, lettuce cultivated in PFAL has a high fre-
quency of tipburn. When tipburn occurs, leaf tips
discolor blackly and the commercial value as veg-
etables is damaged. Identification of tipburn is done
by human eye observation, and tipburn leaves are
trimmed by hand or that lettuce is removed from
products. These operations require much labor and
cost. If tipburn identification can automatically be
done using machine learning, economic effect is
great and it will be a driving force for spreading
PFAL.

Tipburn can be classified into two types, A and B,
in case of frill lettuce. Type A tipburn occurs at
central leaves, whereas type B tipburn occurs at pe-
ripheral ones. Image diagnosis by machine learn-
ing using convolutional neural networks (CNNs),
which have excellent performance in image recog-
nition, is effective for automatic identification of
the occurrence of type A or type B tipburn. We
have performed binary discrimination of type B tip-
burn occurrence and its non-occurrence with accu-
racy 0.929[5], and binary discrimination of type A
tipburn occurrence and its non-occurrence with ac-
curacy 0.986[6] using machine learing with CNNs.
The accuracy exceeds target yield (90%) of farm
products of PFAL.
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In this study, we aim to perform binary discrimina-
tion of the symptom of type A tipburn occurrence
and its non-occurrence about lettuce cultivated in
PFAL using machine learing with CNNs[?]. The
symptom of tipburn means the early stages of tip-
burn immediately before leaf tips discolor blackly
and the commercial value as vegetables is dam-
aged. Lettuce irreversibly transits from normal to
tipburn through a stage of symptom. It is impor-
tant to detect the symptom of tipburn because let-
tuce has commercial value and can be sold at the
stage of symptom. In addition, we adopt support
vector machine (SVM)[7], which is a representa-
tive binary discrimination method, as a compari-
son method, and conduct comparison experiments
among various CNN models and SVM. The results
of the experiments show that CNNs are effective
for binary discrimination of the symptom of type A
tipburn occurrence and its non-occurrence.

2 TRAINING DATA

Machine learning requires a large number of train-
ing data which include normal lettuce images,
symptom ones, and tipburn ones. To obtain the
training data, we cultivate normal lettuce, symptom
one and tipburn one on purpose. Data labels ob-
tained in this manner are considered highly accu-
rate.

2.1 Test crop and cultivation method

Frill lettuce is one of the crops with the biggest pro-
duction in PFAL and its economic effect is big. Be-
sides frill lettuce is known as one of crops which
have a high frequency of tipburn. Frill ice (Snow
Brand Seed Co. LTD.) which is one of frill lettuce
is adopted as a test crop.
We adopt two type of PFAL as cultivation systems.
One is showcase-type PFAL for normal lettuce, and
another is house-type PFAL for symptom one and
tipburn one. Both type of PFAL are located at cen-
ter for environment, health and field sciences in
Chiba University. Showcase-type PFAL (HM-PF-
DC-AL01, Hanmo Co.) is compact size and easy to
control cultivation condition because it installed in
an interior and doesnot undergo influence of an out-
door weather fluctuation. House-type PFAL is also
easy to control cultivation condition such as tem-
perater and CO2 level. Temperature and CO2 level
are very imporadant factors to create the clutivation
conditions which promote tipburn.

Table 1. System specification (showcase-type FPAL).
♯cultural shelves 3 (seed bed:1, cultivation:2)
controller lighting cycle, fan control
lighting white LED (18W) 6
ventilator 8 fans
nutrient solution
dispenser

circulator, tank, water level sen-
sor

Table 2. System specification (house-type FPAL).
♯cultural shelves 4
controller lighting cycle, air conditioner,

CO2 control
lighting RGB LED (14.5W) 10
nutrient solution
dispenser

deep float technique, aeration

Hydroponic culture is adopted as a cultivation
method. White LED light in showcase-type FPAL
and RGB LED light in house-type FPAL are
adopted as artificial lights, because both LED
lights contaion wave length which is suitable for
photosynthesis, and are low heat generation. In
showcase-type PFAL, lighting heat is removed with
room air using ventilation fans. In house-type
PFAL, air conditoner is used to remove lighting
heat and control room air temperature. In addition,
CO2 level is raised in house-type PFAL in order to
promote the growth of lettuce and induce tipburn.
Table 1 and 2 show the system specification of
showcase-type FPAL and that of house-type FPAL
respectively.

2.2 Cultivation condition

In general, tipburn is caused by (1) high tempera-
ture, (2) low humidity, (3) high light intensity, (4)
long day length, and (5) high nutrient concentra-
tion. Parameters for cultivating tipburn lettuce are
estimated and tuned in consideration of these fac-
tors.

Table 3. Cultivation conditions.
normal lettuce tipburn lettuce

cultivation
system

showcase-type house-type

temperature [◦C] 18 24
humidity [%] 65∼75 65∼75
day length [h] L15-D9 (15h) L20-D4 (20h)
light intensity
[µmol/m2/s]

PPFD200 PPFD200∼250

nutrient concen-
tration [dS/m]

EC1.5 EC2.4
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In both type of FPAL, enshi formula nutrient solu-
tion which is the most commonly used for hydro-
ponic culture is adopted as nutrient solution.
In showcase-type FPAL, nutrient solution is circu-
lated by a pump from a tank to culture racks 24
hours a day. The flow of nutrient solution is 10
L/min for each culture rack. Ventilation fans op-
erate 18 hous a day. Other conditions are shown in
Table 3.
In house-type FPAL, deep float technique with 24-
hours aeration is adopted as nutrient solution dis-
penser. CO2 level is raised in order to increase pho-
tosynthesis and promote growth of lettuce. Lique-
fied CO2 gas cylinder is installed in the house-type
PFAL, and CO2 level is controlled to be 2,000 ppm
using CO2 sensor. Other conditions are shown in
Table 3.
In Table 3, light intensity is meared with photosyn-
thetic photon flux density (PPFD [µmol/m2/s]), and
nutrient concentration is measured with electrical
conductivity (EC [dS/m]).

2.3 Cultivation of lettuce

Lettuce is cultivated as follws. (1) Urethane sheet
soaked in tap water is installed in a container de-
signed for raising of seedling, and lettuce seeds are
sown there. (2) Lettuce checked on root is trans-
planted to growing racks three days after sprouting.
(3) Lettuce is settled planting in culture racks two
weeks after transplant, and cultivated.

2.4 Acquisition of image data

Images of all 24 lettuces are obtaind daily from 35th
day after seeding. Indivisual lettuce is checked oc-
currence or non-occurrence of tipburn by human
eye observation, and captured (F/4.0) from above
under white lighting and white backgraound with
digital camera. Fig. 1 shows an example of nor-
mal lettuce, Fig. 2 shows that of symptom of type
A tipburn one, and Fig. 3 shows that of type A tip-
burn one. In Fig. 3, the central leaf tips discolored
blackly are tipburn.

3 EXPERIMENTS

We examine binary discrimination of the symp-
tom of type A tipburn occurrence and its non-
occurrence about lettuce cultivated in PFAL using
machine learning with CNNs. CNNs are suitable
for these experiments because CNNs are effective
in processing of two-dimensional images.

Figure 1. An example of normal lettuce.

Figure 2. An example of symptom of type A tipburn
lettuce.

Figure 3. An example of type A tipburn lettuce.

VGGNet[8], GoogLeNet[9], ResNet[10], and
WideResNet[11] are adopted as CNN models. VG-
GNet is a simple CNN model composed of con-
volution layers and pooling layers. In VGGNet,
a small-scale convolution layer is stacked between
the input layer or pooling layers to reduce the num-
ber of parameters. Table 4 shows the network struc-
ture of VGGNet. GoogLeNet is a CNN model that
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Figure 4. Inception module.

Figure 5. Residual module.

constitutes one large CNN by introducing inception
modules in which multiple convolution layers and
pooling layers are arranged in parallel, and stack-
ing them like a normal convolution layer. Fig. 4
shows the inception module, and Table 5 shows the
network structure of GoogLeNet. ResNet is a CNN
model that introduces residual modules. In resid-
ual modules, instead of simply passing the trans-
formationF (x) by a processing block to the next
layer, the inputx to that processing block is short-
cut andH(x) = F (x) + x are passed to the next
layer. Fig. 5 shows the residual module, and Table 6
shows the network structure of ResNet. WideRes-
Net is a CNN model that increases the input chan-
nels of the convolution layer in each residual mod-
ule instead of deepening the layer in ResNet. Table
7 shows the network structure of WideResNet.
We also examine the same binary discrimination
with classical networks in order to exhibit the diffi-
culty of discriminating tipburn lettuce from normal
one. Support vector machine (SVM)[7] with his-
togram of oriented gradients (HOG)[12] is adopted
as one of classical networks. SVM is a classifier
used in machine learning for the purpose of classi-
fication and regression, and HOG is a feature de-
scriptor used in computer vision and image pro-

Table 4. The network structure of VGGNet17
layer filter stride output
input (224, 224, 3)

convolution×2 (3, 3) (1, 1) (224, 224, 64)
max pooling (2, 2) (2, 2) (112, 112, 64)

convolution×2 (3, 3) (1, 1) (112, 112, 128)
max pooling (2, 2) (2, 2) (56, 56, 256)

convolution×3 (3, 3) (1, 1) (56, 56, 512)
max pooling (2, 2) (2, 2) (28, 28, 512)

convolution×3 (3, 3) (1, 1) (28, 28, 512)
max pooling (2, 2) (2, 2) (14, 14, 512)

convolution×3 (3, 3) (1, 1) (14, 14, 512)
max pooling (2, 2) (2, 2) (7, 7, 512)

full connected 4096
full connected 4096
full connected 1000
full connected 2

Table 5. The network structure of GoogLeNet22
layer filter stride output
input (224, 224, 3)

convolution (7, 7) (2, 2) (112, 112, 64)
max pooling (3, 3) (2, 2) (56, 56, 64)
convolution (3, 3) (1, 1) (56, 56, 192)
max pooling (3, 3) (2, 2) (28, 28, 192)
inception×2 (28, 28, 480)
max pooling (3, 3) (2, 2) (14, 14, 480)
inception×5 (14, 14, 832)
max pooling (3, 3) (2, 2) (7, 7, 832)
inception×2 (7, 7, 1024)
avg. pooling (7, 7) (1, 1) (1, 1, 1024)

full connected 256
full connected 2

cessing for the purpose of object detection. SVM
is suitable for our experiments because SVM is ef-
fective in binary discrimination.

3.1 Condition

The size of image is 100KB. The number of nor-
mal lettuce images, that of symptom ones, and that
of tipburn ones are 1200, 1500 and 1100 respec-
tively. GoogLeNet is traind using Adam[13], and
the number of training epoch is 50. 90% of image
data are used for training, and rest for validation.

3.2 Results

Experimental results are indicated in Table 8 and
Fig. 6∼8. Table 8 shows the comparison of vari-
ous CNN models with SVM in terms of accuacy of
test data in case of binary discrimination of normal
and tipburn, that of normal and symptom, and that
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Table 6. The network structure of ResNet50
layer filter stride output
input (224, 224, 3)

convolution (3, 3) (1, 1) (224, 224, 17)

residual

[
1× 1, 17
3× 3, 4
1× 1, 17

]
×3 (1, 1) (224, 224, 17)

residual

[
1× 1, 17
3× 3, 8
1× 1, 32

]
×4 (2, 2) (112, 112, 32)

residual

[
1× 1, 32
3× 3, 17
1× 1, 64

]
×6 (2, 2) (56, 56, 64)

residual

[
1× 1, 64
3× 3, 32
1× 1, 128

]
×3 (2, 2) (28, 28, 128)

avg. pooling (28, 28) (1, 1) (1, 1, 128)
full connected 2

Table 7. The network structure of WideResNet10
layer filter stride output
input (224, 224, 3)

convolution (3, 3) (1, 1) (224, 224, 17)

residual
[

3× 3, 17
3× 3, 48

]
(1, 1) (224, 224, 48)

residual
[

3× 3, 48
3× 3, 96

]
(2, 2) (112, 112, 96)

residual
[

3× 3, 96
3× 3, 192

]
(2, 2) (56, 56, 192)

residual
[

3× 3, 192
3× 3, 384

]
(2, 2) (28, 28, 384)

avg. pooling (28, 28) (1, 1) (1, 1, 384)
full connected 2

Table 8. Comparison of test accuracy.
WRN RN GN VGG SVM

nor.-tipb. 1.000 0.993 0.986 0.977 0.734
nor.-symp. 0.990 0.981 0.977 0.978 0.536
symp.-tipb. 1.000 0.995 0.970 0.870 0.647

of symptom and tipburn respectivly. Fig.6∼8 are
examples of learning curves of various CNN mod-
els.x-axis indicates learning epochs andy-axis in-
dicates test accuracy.
CNNs are better than SVM in all cases, and test ac-
curacy of CNNs exceeds target yield (90%) of farm
products of PFAL in almost all of the cases. Type
A tipbarn and its symptom can be recognized with
a high degree of accuracy sufficiently using various
CNNs.

3.3 Discussion

The results in Table 8 indicate the difficulty of dis-
criminating tipburn lettuce from normal one. The
classical network such as SVM cannot distinguish
tipburn lettuce from normal one with high degree
of accuracy because SVM cannot accurately cap-
ture the features of tipburn in the image data.

Figure 6. Accuracy (normal-tipburn).

Figure 7. Accuracy (normal-symptom).

Figure 8. Accuracy (symptom-tipburn).

The results of CNNs indicate binary discrimination
of symptom and tipburn is the most difficult, that
of normal and symptom is the second most diffi-
cult, and that of normal and tipburn is the easyest.
The performance of WideResNet is the best, that of
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ResNet is the second best, that of GoogLeNet is the
third best and VGGNet is the worst.
The reasons of the high degree of accuracy of
CNNs are the quality of training image data and
the correctness of data labels which indicate nor-
mal, symptom, and tipburn. The features of tipburn
sufficiently appear in the image data to be captured
by CNNs.
The reasons of false recognition of CNNs are de-
scribed as follows. In case of normal lettuce is
falsely recognized with tipburn one, the shadowed
area of leaves is falsely recognized with tipburn. On
the other hand, in case of tipburn lettuce is falsely
recognized with normal one, the features of tipburn
in the image data is so slight that CNNs cannot
recognise tipburn correctly.

4 CONCLUSION

Binary discrimination of the symptom of type A
tipburn occurrence and its non-occurrence could
be done by machine learning using CNNs by the
high precision as accuracy more than 0.9 about let-
tuce cultivated in PFAL. It would be commercially
meaningful if we could harvest lettuce at the symp-
tom stage of tipburn because lettuce has the com-
mercial value as vegetables at this stage. To test
other training algorithms can be future works. Be-
sides in the real PFAL environment, noise on the
image, the camera angle and the value of illumi-
nance when the taking a sample photo to recognize
should be considered.
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