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Abstract

The effect of unstable temperature in operating @mwment on server systems
and other information technology equipment operat@ efficiency and durability is
adverse. This research paper examines the compfexitsustaining server operating
room temperature automatically without human intezmtion, irrespective of the
changing environmental temperature that depends afimate. Due to in-depth
literature review, a fuzzy logic based automatednperature control system that
ensures the sustenance of server operating room perature and enhances the
durability of information technology equipments wakesigned and implemented. The
system consists of an Atmel328 microcontroller, DHI humidity and temperature
sensor, a five keypad, and standard relay for aimdition system interface. The data
collected and analysed during the system implem&atashows the system efficiency
in controlling and sustaining operating environmetémperature for server system, as
well as work stations and power bank room. The posepd system operation is
primarily concerned with specifying the desired aptng temperature range.

Key words: Microcontroller, fuzzy logic, fuzzy controller, Terarature control System, Server room, Operating
environment.

1.0 Introduction

The cost associated with setting up informatiomebogy infrastructure, maintenance and operasoch as server room,
remains undoubtedly high. Hence, prompting the gemee of cloud computing infrastructure as a sersictor. Although
the emergence of cloud computing infrastructureaaservice removed the burden of infrastructure psetast and
maintenance/upgrade of failed hardware/software,iseues surrounding hardware failure still pegsisiThere are many
factors accountable for hardware failure and onethef most commonis instability of temperature oé tbperating
environment. Although hardware firmware can alsorégponsible but the vast majority are results ldp doursts and
electronic components burst due to unsteadinesparfiting temperature.

Information technology equipment such as server@cgssors contains components that conduct eliggtrichich is
dissipated in the form of heat while in operatidmis heat further affects their overall operatirapacity, due to the
expansion and contraction they undergo during teatpee fluctuation of the operating environmentth&lgh, air
conditioning systems has proven to be a commontrésoregulating temperature of servers operaéingironment, it lacks
the capability to monitor and sustain a fixed terapge as a result of the impairment from outs@wironment
temperature. Furthermore, the cost associated mvihual control of an air-condition system to enssuetainability of
server operating environment temperature in terfnenergy efficiency and manpower is marred withctaacy and
inefficiency. Therefore, the task of ensuring theatility of servers goes beyond providing air dtinding system but
requires an automatic intelligent temperature sydteat monitors and regulates server operating éeatpre. In response to
this problem, numerous researchers have devel@mperature control systems with respect to eneffiprescy, cost and
durability.

Thus, this paper delves into the design of a furased automated server operating environment tetypercontrol with the
capability to sustain the durability of other infaation technology equipments.
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2.0 Related Work

In [1], a smart automated fan controllerfor enhagcitemperature control at the comfort of users waseloped.
Unfortunately, it was based on conventional constohtegythat it was improved in [2]. Furthermdreprder to resolve a
temperature control problem,many advance techniguel as artificial neural network has been emmdyd. Thus, in
continuation of temperature control using smartdaran economic alternative for cooling, a fuzzgeoafan speed control
system was developed in [4]. Their design emplayeabre efficient technique for temperature controkddition, a vehicle
cabintemperature control system based on fuzzyg loging temperature and humidity as parameterstiwgasdeveloped in
[5]. Their model was more generic, making it sugator any vehicle cabin.Another temperature cdnggstem based on
fuzzy logic was designed in[6].While most resedlitdrature are centre on temperature control duthé importance of
sustaining a fixed temperature,a fuzzy based testyper control and sustenance modelthat sustaixed temperature was
designed in [7] and was successfully implementecimrembedded system, consisting of a 4*4 keypadnfmut of fixed
temperature, and LM39 temperature controller.Thigleh allows the heating up to any level and susttie temperature at
any specified fixed level, but,requires provisidnpooper operating environment temperature andagability to prevent
expansion and contraction of its electronic compsievhich mostly leads to failure.

3.0 Automated Fuzzy Logic Temperature Control Model (AFLTCM)

Theproposed AFLTCM fuzzy model takes input datanfrPHT11 temperature and humidity sensor. These diaahen
acted upon by the fuzzyfication scheme of fuzzy eldd map these data into a fuzzy linguistics tzat be processed by the
fuzzy rule based for further decision inferencee Tecision inference will further be defuzzyfiedoira value suitable for
controlling the airconditions in the server room.
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AFLTCM Fuzzification considers the vast range obgting temperature requirements for server opgragnvironment
from varying manufacturers which ranges fronf@Go 29°C. In addition to the complexity involved in tempemre control
and sustainability in server rooms, AFLTCM fuzzy lssguistic for fuzzyfication of sensor input iefihed as:

Let X = (B, S1, S2, S3, S4, R, AS, AR) Q)

Where, each Xi corresponds to a range of temperatuvwn in Tablel. Also four specified temperatargyes, to reduce the
length between manufacturers specified operatimpégature was also introduced as depicted in Tablel

Figure 1. AFLTCM Software Architecture
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Tablel: AFLTCM range of temperature from varying manufaetsr

Temperature Fuzzyfied input

<=9°C Below specified(B)

10°C1 - 13C specified range1(S1)

14°C - 17°C specified range2(S2)
18°C - 21°C specified range3(S3)
22°C -25°C specified range4(S4)

26°C -29°C Recommended (R)
>=30°C above specified range(AS)
>=38°C above recommended(AR)

AFLTCM FUZZY RULE BASED depends on the server systanmanufacturesoperating environment temperature
specification, and the chosen specified range by dantre operator/designer, thefuzzy rule baserihirtes the state of the
cooling system. Hence AFLTCM fuzzy rule is defireedla set Y, Where

Y={HIGH,LOW} (2)

Table2: AFLTCM fuzzy rule

FUZZYFIED INPUTINSIDE

IF TEMPERATURE IS Below specified LOW
IF TEMPERATURE IS equal specified rangel LOW
IF TEMPERATURE IS equal specified range2 LOW
IF TEMPERATURE IS equal specified range3 LOW
IF TEMPERATURE IS equal specified range4 LOW
IF TEMPERATURE IS equal Recommended LOW
IF TEMPERATURE IS above specified range HIGH
IF TEMPERATURE IS equal above recommended HIGH

Following the fuzzy rule in eq.2, we define AFLTCiukzzy set membership set as follows
U={x<0<z} )
Where x is the set of all negative integers, hésdet of all positive integers

Figure 2: AFLTCM fuzzy set membership

Journal of the Nigerian Association of Mathematic&hysics Volume 34, (March, 2016), 233 — 240
235



An Automated Fuzzy Logic... Akazue J of NAMP

3.1  AFLTCM Fuzzy Inference Model

The Inference model of our fuzzy controller consia set of corresponding action/decision to lkerigbased on the fuzzy
rule as defined in Table2. For example, if the emospecified operating environment temperaturamngel, then for that
server room, the cooling system will be LOW whea thmperatureis within the rangel, HIGH when abamgel, and
LOW when below rangel. Similarly, when any of thib-group specified servers’ operating environmempgerature is
chosen by the data centre operator/designer, \@mgfarence is implemented as shown in Table3.

Table3: Chosen specified server operating environnmé temperature sub

Chosen specified server operating environment INPUT TEMPERATURE
temperature sub

< > ==
specified range1(S1) LOW HIGH LOW
specified range2(S2) LOW HIGH LOW
specified range3(S3) LOW HIGH LOW
specified range4(S4) LOW HIGH LOW

3.2 AFLTCSMHardware Architecture

The fuzzy model implementation as depicted by FgBris an integration of hardware and software eoging into an
embedded system solution.

/ AUTOMATED FUZZY LOGIC TEMPERATURE CONTROLLER SYSTEM (AFLTCM) \

m evronmene | MICROCONTRO | Coolingsystem
> LLER control output from
W temperature pulse width Relay
Input from sensof '(Processes the modulator [/
input based on 4
fuzzy controller

K 4 key pad designed) /

Cooling svstem|state low/high

A 4

Cooling
System

Figure 3: AFLTCM Hardware Architecture
3.3 AFLTCM Components
Figure3 shows that the system consists of four mapoponents, an Atmel328 microcontroller, an ira¢ed humidity, a
5key pad and a temperature sensor module commeféyred to as DHT11 and a relay driver module. hEemmponent
plays a special role in the overall system openatihile being connected to and controlled by therocontroller that acts
as the system processor.

The choice of 16bit atmel328 microcontroller forsegm development was influenced by its ease offadimg, cost
effectiveness and processing efficiency. The mal@ of the microcontroller in AFLTCM system inclugleeceiving key pad
input as data, processing these inputsto deterrtinecurrent server operating environment tempegatand further
implements a reduction on the current flow to tslay, which directlychanges the operating speatetooling system.
The function of the sensor unit is to serve as tingevice to the system as a whole and primarilythi® embedded
microcontroller. Due to the energy efficiency arabtceffectiveness of this DHT11 sensor module,eitame the choice
component for AFLTCM.
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Relay driver module is necessary to bridge therobsystem and cooling system.

The keypad gives operation scalability to datareeoperators/designers as they have the choicedoting the movement
within a small fixed range group of operating tengpeare that improves the durability of server syste

The cooling systemis an air condition system thdéft to run at a fixed temperature, irrespectif¢he outer environment
temperature. This is undoubted energy inefficient highly expensive solution for server room terapse control.

4.0 Results of Finding

The system implementation was carried out usindtbéa State University electronic centre servemmoDuring which, the
server room, power bank room and personal compaten operating temperature was monitored and clbedrto ascertain
the efficiency of our temperature controller

4.1 Server Room

TheFigure 4 displays the analysis of the data Idgijem the temperature sensor during the test furecommended
temperature (R).The temperature data are represbgtehe red lines while humidity data, although considered as input
to the system, is indicated by the blue lines.

Clearly, it can be inferred that the controller sistency in ensuring the operating temperaturee@gRgvas maintained
throughout the test, despite the increase in timbeu of persons entering the server room and fleetadf the door opening
and closing irregularly. This test on operating isrvment condition is only favourable to serverteyss if the current
environmental temperature range is sustained WghAFLTCM small fixed range, which will not lead éarly damage of
the systems.

From the Figure4 chart, the server room temperatalge was consistently at Z8and the relative humidity at 0.77%. This
temperature, although within the recommended raisfigyourable to the durability of serversystemsause of the fuzzy
component, considering the losses and cost incuvhexh the electronics fail.
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Figure 4: Chart of the relative humidity with temperature safrver room operating environment of delta stateeusity
electronic centre

Power bank rooms a vital component in server operation becausedtdurability enhancer through prevention cgurlar
server shutdown resulting from power outage. Therajng temperature of the power bank room of tredteD State
University electronic centre was considered duringplementation. Data collected as depicted in F&gér indicates
fluctuation in operating environment temperaturd #ris validates our system temperature controliagability as it falls
within the range of pre-specified operating temperarange in accordance with the fuzzy controBmilarly the Figure5
chart indicatesthe consistencyvalue of the powak baom temperature between’@8at relative humidity of 0.76%, 0.78%
and 29C at relative humidity of 0.76%, 0.74% respectively
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Power Bank Room
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Figure 5:Chart of the relative humidity with temperaturepofver bank room operating environment of delteestaiversity
electronic centre
Personal computer (PC) hall: Although temperature control for personal compuigngl workstations are not strictly
enforced.lt is necessary for a corporate orgawisdtiat is investing into information technologyrastructure to harness the
full potential of our proposed model for durableeation. Also, server without client is of no u3&is prompted the test
operation on personal computer operating enviromntemperature control. During the test experiméhg operating
environment temperature of personal computer hab first monitored.Then, the cooling system wasrfated with our
controller. From the Figure 6 chart, the servemrdemperature value was consistently &(C28nd the relative humidity at
0.77%. This temperature is sustained within themsoended range and so favourable to electronicbdity.
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Figure 6: Chart of the relative humidity with temperatufecomputer hall of Delta State University digitardre
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5.0 Discussion

The development of a temperature control systeakisoadly based effort to achieve appropriate cbutrthe temperature
in a server room irrespective of the weather. Tasearch workshowed the impact of temperature cbsyistem on servers
and the necessary solution towards preventing tthioeservers. In this proposed system, less orrrar @re gotten due to
thefact that instructions are written for executionthe IDE of the microcontrollers that is used dacision making.
Development of a temperature control system pravitie means of reducing the intervention of netwadkninistrators
towards constant monitoring of the temperaturdénderver room.

In other words, after server room operating envitent of the temperature test run, the graph shdhetdthe temperature
was sustained at s4 specified temperature rangaceii€ulfilling theAFLTCM overall objective, by staning the
temperature, That notwithstanding, the use ofeeifil, S2 or S3 specified temperature ranges amaended for better
cooling that guarantees proper functioning of eteit components and overall server computer syslignability.

6.0 Conclusion

Ensuring the efficiency and durability of servessaf vital importance since servers continue toy acrucial role in
information technology. To combat this issue, agerature control system was developed using fuzgig lto eliminate the
complication in temperature control task which isan-linear task. In an effort to implement the ARLM, Delta State
University (DelSU) electroniccentre server roomwpo bank room, and personal computer hall/room usesl because the
existing system in DelSU is operating at althougbcified temperature range,but is not favourabléhéodurability of the
electronic systems. Hence, the use of either S82&SL is recommended. In addition, the result ofLREM
implementation indicates effectiveness of the psagosystem capability to ensure the sustainahdftyixed range of
operating environment temperature as evident irptheer bank room, server room and PC hall. Theethoems showeda
temperature within 28 to 29 consistently. The u$duazy logic greatly enhance the effectivenessthed temperature
controller and the durability of server systemptigh elimination of the complexities involved inreerature control, and
re-categorizing the manufacturers specified opsgatinvironment temperature requirements for seraedsequipment, due
to the large inconsistencies between the minimuch maximum, which is unfavourable to electronic comgnts. This
system promises to improve the overall durabilitgervers and information technology infrastructimeugh sustaining the
environment temperature. Further analysis on S3ar@ S1would be carried out to attain if the pregbmodel is fully
robust.
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