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ABSTRACT

In connection with the developments in the automobile sector, the number of
in-automobile components, the amount of cable used for providing in-automobile
communication between these components and costs are increased gradually. In
this study, a method is presented in which asynchronous serial connection is used
for decreasing the initial and maintenance costs by means of decreasing the
amount of cables used in middle and lower class automobiles. The electronic
circuits required to establish asynchronous serial connection type and
communication protocol has been developed and the differences between the types
of cables and the standards of serial communication are investigated in order to
show their advantages and disadvantages.
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OTOMOBIL ICi BILESENLER ARASI TEK KABLOLU ASENKRON SERI ILETISIM
UZERINDE BiR CALISMA

OZET

Otomobil sektdriiniin gelismesine bagli olarak, otomobil i¢i bilesen sayisi ve bu
bilesenlerle yapilan iletisim i¢in kullanilan kablo miktari ve maliyetleri artmistir. Bu
caligmada, otomobil i¢i bilegsenleri arasinda asenkron seri iletisim kurularak, orta ve
daha disiik sinif (segment) otomobillerde kullanilan kablo miktarinin azaltilmasi ve
buna bagli baslangic ve bakim onarim maliyetlerinin disiiriilmesi igin
kullanilabilecek bir yontem sunulmustur. Bilesenler aras1 asenkron tipi seri iletigim
kurulabilmesi i¢in gerekli elektronik devreler ve iletisim protokolii gelistirilmis ve
bu iletisim i¢in kullanilabilecek kablo tipleri ve seri iletisim standartlar1 arasindaki
farklar incelenerek avantajlar1 ve dezavantajlari sunulmustur.

Anahtar Kelimeler: Otomobil, seri iletisim, kablo, bilesen

1. GIiRiS

Teknolojinin gelismesine bagli olarak otomobil
sektoriinde ileri teknoloji triinlerinin kullanimi ve bu
tiriinlerin kullanimiyla, yolcu konforunun
artirilmasindan — yakit tasarrufuna kadar bir ¢ok yenilik
yapilmistir. Bu yeniliklerden biriside, otomobil iginde
kullanilmak {izere gelistirilen bilesenlerin bir ¢ogunun
elektrikle c¢aligmasidir.  Elektrikli  koltuklardan —
elektrikli aktarim elemanlarina, elektronik klimadan —
geligmis miizik sistemlerine kadar bir ¢ok bilesenin
kullanimi, bu bilesenlerin kumanda edilmesi i¢in, basit
acma kapama sistemi yerine yeni bir iletigim sistemi
kullanilmasin1 zorunlu hale getirmistir.

Birbirleriyle iliskili olarak c¢alisan bilesenlerin
kumanda edilmesi ve uyumlu bir iligkisel diizen iginde
iletisimin elde edilebilmesi, kumanda sisteminin etkin
bir sekilde calismasma baglidir. Iliskisel bilesenlerin
veya bilesen kiimelerinin  birbirleriyle uyumlu
calisabilmesi aralarindaki baglanti semas1 ile de

1. INTRODUCTION

In connection with the developments in technology and
by means of using high-tech products, a series of
innovations, from increasing passenger comfort to the
economy in fuel consumption have been introduced in the
automobile sector. Among those innovations is the
operation of many of the in-automobile components with
electricity. Using various components operating with
electricity  including  electricity  seats, electronic
conditioners, electricity transferring units and hi-tech sound
systems, have made it necessary to use new
communications systems instead of simple systems for
opening and closing.

Commanding the components working in connection
with each other and obtaining a connection in a harmonious
relational environment is dependent on the effective
operation of the command system. The harmonious
operation of the relational components and component sets
is also related to the connection scheme. Figure 1.1 is
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ilgilidir. Sekil 1.1 de iligkisel bilesen sayisiyla orantili
olarak, muhtemel baglanti sayilar1 gosterilmistir.
Sekilde goriilebilecegi gibi iligskisel bilesen sayisinin
artmasiyla olusan muhtemel baglant1 sayis1 artmakta ve
bu baglantilar i¢in kullanilacak kablo miktar1 da artig
gostermektedir. Giiniimiizde, iretilen otomobillerde
biriyle iligkili bilesen sayisinin kullanimin arttig1
diistiniildiigiinde, ortaya c¢ikan baglanti ve kablo
maliyeti buna bagl olarak artmaktadir. Bu yiiksek
maliyetin diisiirilmesi ve daha kullanigh bir iletisim
i¢in bir ¢ok arastirma yapilmistir (1).

Gliniimiizde, otomobil i¢i artik bir bilgisayar gibi
diisiiniilmeye baslanmis ve bir ag yapisi olusturularak,
otomobil i¢inde bulunan bilesenlerin birbirleriyle yada
ana kumanda paneliyle iletisimi igin bu alt yapinin
kullanilmasi yayginlasmaya baglamigtir. Boylelikle bir
ag yapist altinda sayisal iletisim kurularak bilesenlerin
daha saglikli c¢alismasi, ileriye doniik bilesen ekleme
esnekligi ve karmagsikligin  ortadan kaldirilmasi
hedeflenmistir (2).

Diger bir yandan, otomobil iireticilerden bazilari
gerilimi artirarak kablo iginden gecen akimin azalmasi
ve kullanilan kablonun kesitinin diismesi prensibinden
yola ¢ikarak gelencksel 12 volt ara¢ i¢i elektrik
kullanimi yerine 42 volt kullanimin1 uygulamaya
calismuslardir (3,4,5). Baz1 ¢alismalarda ise, kullanilan
bilesen kiimelerine gore degisik kablo kullanimini ile,
kablo miktar1 azaltilmaya calisilmistir (6). Bunlara ek
olarak otomobil yan sanayi iireticilerinden bazilari,
otomobil i¢i iletisim igin optik iletisim ve kablosuz
iletisim lizerinde ¢aligsmalar yapmuslardir (7).
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showing the number of possible connections proportionally
related to the number of relational components. As it can
be seen from the figure; according to the increase in the
number of relational components, the number of possible
connections increases together with the amount of cable
used for these connections. Considering the increase in the
usage of components connected with each other, it can be
seen that the cost of cables and connections are also
increasing accordingly. Several researches have been
conducted in order to decrease this cost and to provide a
more efficient communication (1).

Nowadays, regarding the in-automobile environment as
a computer and a network structure is established which
becomes prevailing to use this network structure in the
communication of in-automobile devices between each
other and with main control panel. Thus, it was aimed to
provide more efficient operation of components under a
network structure with using digital communication. This
was also planned to eliminate the complexity and provide
flexibility for adding new components in the future (2).

On the other hand, some automobile producers tried to
use 42 volt for in-vehicle electricity instead of traditional
12 volt. This was primarily derived from the idea of the
decrease of the current and the cable cross-section by
increasing the voltage (3, 4, and 5). In some other studies,
the amount of cable used were tried to be decreased by
using different types of cable according to the component
sets (6). In addition, some of the automobile subsidiary
industrialists carried out some studies on optical and
wireless communication for in-automobile communication

).

a) 4 Components 6 Connections b) 8 Components 28 Connections ¢)16 Components 120 Connections
a) 4 Bilesen 6 Baglanti b) 8 Bilesen 28 Baglanti ¢) 16 Bilesen 120 Baglanti

Figure 1.1. Possible connection counts according to component count in an automobile
Sekil 1.1. Otomobil i¢inde kullanilan bilesen sayisina gére muhtemel i¢ baglant1 semalari

Otomobil icinin bir bilgisayar gibi diisiiniilmesi ve
bilesenlerin, bilgisayar sistemlerinin birbirleri arasinda
iletisim kurmak i¢in kullandiklar1 ag topolojilerinin
(token-ring) otomobillerde kullanimini biiylik kolaylik
saglamistir. Bdylelikle, tek bir kablonun bilesenleri
birbirlerine baglayarak iletisim kurulmas: saglanmaya
calisilmistir. Bu ¢alismanin sonucu olarak da kullanilan
kablo miktarinda biiyiik bir diisiis bu diisiise bagli olarak
kablo maliyetinde biiyiik bir azalma hedeflenmistir.

Bu calismada, ag yapist olusturularak tek kablo
kullanimin getirdigi yenilikler ve kullanilan kablo cinsine

Regarding the in-automobile environment as a
computer and the usage of network topologies (token-
ring) that computer systems use to communicate between
each other have provided a real easiness for in-
automobile communication. Thus, communication is
tried to be established by connecting the components of a
single cable to each other. As a result of this study, a
great reduction is aimed in the cable expenses due to the
decrease in amount of cable used.

In this study, the innovations brought by the usage of
single cable by establishing a network structure and
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gore ortaya ¢ikan sorunlar incelenmis ve bu sorunlara
Oneriler getirilmeye caligilmistir. Bunlara ek olarak, alt-
orta ve orta sinif otomobillerde tek kablo {izerinden
iletisim kurabilmek i¢in kullanilabilecek basit, ucuz bir
iletisim semast ve protokolil 6nerilmistir.

2. OTOMOBIL iCi ILETiSIM

Otomobil i¢i iletisim, otomobillerin iiretim siirecinde
bir ¢ok degisime ugramis ve son teknolojiyle, arag iginde
basit aygit kumanda (agma/kapama) mantigindan
uzaklasarak, yol tutus Ozelliklerinden — frenlemeye,
klimadan — yagmur duyarl sileceklere kadar bir ¢ok
bilesenlerden anlamli verilerin elde edildigi ve bu verileri
degerlendirerek duruma gdre yapilmasi gereklerin
belirlendigi bir hal almistir. Bunlara ek olarak, otomobil
icinde sitk¢a kullanilmaya baslayan ¢oklu ortam aygitlari
(DVD, TV, Navigasyon sistemleri vs.) arasinda da yeni
bir iletisim seklinin gelistirilmesi ve bu aygitlarla siiriicii
ve yolcu arasindaki ara ylizlerin bir bilgisayar gibi
calistirilmas1  ortaya  cikmustir.  Bdylece, bilesen
kiimelerine goére ag olusturma ve kablo kullanimi en
uygun ¢dziim olarak sunulmustur.

Table 2.1. In-Automobile hardware groups
Cizelge 2.1. Otomobil i¢i donanim gruplari

problems arise due to the type of cable used are
investigated and some recommendations are tried to be
made for preventing those problems. In addition, a
simple and cheap communication scheme and protocol,
which can be used in low-middle and middle-class
automobiles, are also recommended.

2. IN-AUTOMOBILE COMMUNICATION

In-automobile communication has undergone great
changes in the course of automobile production. It has
gone away from the simple device command
understanding (open/close) and turned into something in
which meaningful data that is gathered from various
components including conditioners, breakings and
sensitive windshield wipers, is evaluated and then the
necessary operation is decided accordingly. In addition to
them, a new communication form appeared between the
multimedia devices as DVDs, TVs and navigation
systems, which have reached widespread usage. The
interaction between these devices and driver is also
provided via an interface between the driver and devices
as it is in computers. As a consequence, the usage of
different cables according to the component sets is
proposed as the best solution for cable use.

In-Automobile hardware groups (component sets)/Otomobil i¢ci donanim (bilesen kiimeleri) gruplari

Security/Giivenlik donamimlari

Motor/Motor donanimlari

Comfort/Konfor donanimlari

ABS and Breaking systems/ Motor actions sensors/

Multimedia devices (Radio, TV, DVD, Navigation,
etc.)/

ABS ve Fren sistemi Motor hareket duyargalari Coklu ortam aygitlart (Radyo, TV, DVD,
Navigasyon, vs.)

Air bags/ High temperature components/ Inside lighting/

Hava yastiklari Yiiksek 1s1 elemanlart I¢ aydinlatma

Seat belt/ Fuel economy systems/ Electricity seats/

Emniyet kemerleri Yakit tasarruf sistemleri Elektrikli koltuklar

Cruise control components/ Transmission equipments/ Hareket | Control panel/

Hiz kontrol bilesenleri aktarma organlari Kumanda paneli

Steering, path controls/ Direksiyon, Tire Pressure Control/

ara¢ yon kumandalari

Lastik basing duyargalari

Air condition, air freshener/
Klima ve havalandirma

Outside Lighting/
Dis aydinlatma

Motor security sensors/
Motor giivenlik duyargalari

Electricity door, window and ring/
Elektrikli Kapi, cam ve aynalar

Others (ESR, ASC, etc)/ Suspension system/ Siispansiyon Sunroof/
Diger (ESR, ASC, vs) sistemi Acilir tavan
Other/Diger Other/Diger
Otomobil i¢inde  kullanilan  iletisim,  bilesen The communication system and the component sets
kiimeleriyle birlikte, otomobilin ait oldugu smifa, used in automobile should be grouped according to the
kullanilan ~ donanimmmn  yerine ve amacma  goére class of the automobile and to the location and the aim
gruplandirilmali,  kullanilacak  iletisim  bi¢imi  bu of the hardware that is used. The communication form to

gruplandirmaya goére yapilmalidir.

Cizelge 2.1. de yer alan otomobil i¢i donanim gruplari
verilmistir. Bu gruplarda kullanilacak iletisim yontemleri
donanimin amacina gére belirlenmelidir. Eger giivenlikle
ilgili bir donanim kiimesi (fren sistemi, hava yastiklari, vs)
iletisimi  s6z konusu ise, mutlaka iletisimin hizli
yapilabilecegi ve dis etkenlerden en az etkilenen bir
yontem segilmelidir. Ayn1 zamanda, tek bir iletigim
protokolii iizerinden hem giivenlik donanimlart hem de
konfor donanimlarinin iletisiminin, giivenligi tehlikeye yol
acabilecek gecikmeler olasilig1 yliziinden
gergeklestirilmemesine dikkat edilmelidir. Her bilesen

be used should also be arranged according to these
groupings.

The hardware groupings that are used in automobile
are shown in Table 2.1. The methods of communication
to be used should be determined according to the aim the
hardware is designed for. If the hardware set to be
considered is related to a security issue (as break system,
airbags, etc.) then a method by means of which the
communication can be carried out faster which also do
not interferes with external factors should be chosen. At
the same time, because of possible delays that could be
caused by interferences, it should be avoided to carry out
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kiimesi i¢in ayrt bir iletisim protokolii yada iletisim
tekniginin kullanilmasi en uygun yontem olacaktir.

Bunlara ek olarak, otomobilin ait oldugu smf da
(segment) kullanilacak iletisim yontemi i¢in Snemlidir.
Otomobilin ait oldugu sinifa gore kullanilan malzeme,
iscilik kalitesi, maliyet ve konfor onceligi degisiklik
gosterdigi i¢in kullanilabilecek iletisim sistemi ve kablo
cinsi de degisiklik gostermektedir. Sekil 2.1 de
otomobillerin ait olduklart smiflara gére yaklasik
maliyetlerini gosterir grafik verilmistir. Bu grafikte
gosterilen maliyetin artmasi, otomobile ait kullanilan
malzeme, iscilik kalitesi ve otomobil iginde bulunan
bilesenlerin  sayistyla  ilgilidir.  Yiiksek  simiflarda
kullanilabilecek iletisim ile orta siniflarda kullanilacak
iletisim sekli bir ok degisiklik gosterebilmektedir. Ornek
olarak, iist sinif otomobillerde kalite ve konfor, maliyetten
daha oncelikli oldugu ve iletisim maliyetinin ¢ok dnem arz
etmemesi nedeniyle, pahali bir yontem olan optik kablo
kullanimi veya kablosuz iletisim yontemlerinden birinin
kullanimi maliyet agisindan sorun olmayacaktir.

Orta ve daha diisiik siniflara ait otomobillerde bu
maliyet Oncelikli olarak ele alinacak bir durum oldugu
icin, kullanilacak iletisimde buna gore segilmelidir. Orta
ve daha diisiik sinif otomobiller igin, optik kablo ile
yapilabilecek bir iletisim segenegi yerine ¢ok daha ucuz
olan bakir kablo kullanimu ile seri (serial communication)
iletisim kullanilmalidir.

450 T
400 +
350 T+
300 T
250 T+
200 +
150 +
100 +
50 T+

0 \ 1 f 1

Avarage Cost (Billion TL)
Ortalama Maliyet (Milyar TL)
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the communication with a single communication
protocol used both for security hardware and hardware
for convenience. The most appropriate way would be to
use a different communication protocol or
communication technique for each set of components.

In addition, the class that the car is belonging is also
important for the selection of communication method.
Since the material used for the automobile, the quality of
workmanship, the priority among the cost and the
comfort changes according to the class the automobile is
belonging to, then the communication system and the
type of cable to be used also changes accordingly.
Approximate costs for the automobiles according to the
class they belong are shown with a graph in Figure 2.1.
Increasing of the costs showing in the graph is related to
the material used for the automobile, the quality of the
workmanship and the number of components in
automobile. There could be significant differences
between the communication systems that are used in
middle-class automobiles and the systems that are used
in high-class automobiles. For instance, because of the
priority of comfort and quality in high-class cars,
expensive methods of communications like using optic
cable and wireless communication techniques will create
no problem in these automobiles.

On the other hand, because of the importance of the
cost in middle and lower class automobiles, the
communication to be used should be chose accordingly.
For the middle and lower class automobiles, Instead of
the communication that will be carried out by optic
cable, serial communication with cheaper copper cable
should be chose for the communication system.

Mini/
M Kigik Alt/Orta  Orta

Lower/ Low-Mid/ Middle/ High-Mid/ MPV
Ust-Orta

T T T T 1
High/ Spott/ SUV
Ust Spor

Class / Simif (Segment)

Figure 2.1. Approximate automobile costs according to its class

Sekil 2.1. Smiflarina gére otomobil yaklasik maliyetleri
2.1 Geleneksel Orta ve Daha Diisiik Simif Otomobil
Ici Tletisim
Gelencksel otomobil ig¢i iletisim, ara¢ iginde

kullanilan aygitlar yerel yada ana kumanda arasindaki
baglantilarin ayr1 kablo kullanilarak yapildig: iletisim

2.1 Traditional In-Automobile Communication For
Middle And Lower Class Automobiles

Traditional in-automobile = communication is a
communication form in which the connection between in-
automobile devices or between these devices and the main
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seklidir. Sekil 2.2. de basit bir otomobil aydinlatma
semas1 goriilmektedir. Sekilde, sadece aydinlatma
elemanlar i¢in bile bir ¢ok baglantinin, ayr1 kablo ile
yapildig1 goriilmektedir. Bu semanin sadece aydinlatma
gibi basit bir sistem i¢in oldugu disiiniiliirse, fren
sistemi, otomatik klima, hava yastigi ve yol tutus
sistemi gibi bazi gelismis teknolojik bilesenler igin
kullanilacak baglantilarin otomobil i¢inde ne kadar
biiyiik bir kablo karmasasi yaratacagi daha kolay
anlasilacaktir.

Kullanilan  kablo yogunlugunu artmasi, hem
maliyet, hem iiretim hem de bakim ve onarim
stirecinde bir ¢ok olumsuz durum ortaya
cikarmaktadir. Ozellikle, bakim onarim sirasinda kablo
ve kablo baglanti elemanlarinin arizalarinimn tespitinde
bir ¢ok zorlukla karsilagilmaktadir. Kimi durumlarda
yanlis yapilan bir baglanti ile istenmeyen ve hayati
durumlar ortaya c¢ikabilmektedir. Buna karsin,
geleneksel yontemle uygulanan iiretilmis araglarm
onarimi, kii¢iik isletmelerce ¢ogu kez halledilebilmekte
ve onarim maliyeti kiiciik boyutlarda kalmaktadir.
Ancak asil amacin, teknolojinin gelismesine uygun
olarak otomobil {iretmek oldugu disiiniiliirse,
teknolojinin getirdigi bu tip baz1 dezavantajlart da goze
almak gerekliligi ortaya ¢ikmaktadir.

To starter  Kontaga Side lamp swtich/

control power is carried out by means of separate cables. A
simple automobile illumination can be seen from the Figure
2.2. From the figure it can be seen that even for the
illumination equipment there used various separate cables
for connections. When we consider that this schema is just
for a simple system like illumination then it would be easier
for us to understand the complexity of cables that would be
created by high-tech components as breaking system,
automatic conditioner, air bags and suspension system.

The increase in the intensity of the cables used increases
the cost and have a negative impact on maintenance
process. Especially during the maintenance period, many
difficulties could be encountered in the determination of
defects of cables and cable connection equipments. In some
cases an incorrect connection could be resulted in serious
unwanted situations. On the contrary, the cars produced
with traditional methods could be repaired by small
enterprises for small prices. However, since the real aim is
to produce automobiles in which the latest technological
developments are used then it arises the fact that we have to
venture some disadvantages brought by technology itself.

Relay / Réle
Fusei

Yan lamba anahtan
Head lamp switch/
Starter solenoidf Far anahtan

Kontak anahtari

Front fog switch/
On sis anahtar |

L_— Sigorta Front fog - left! Sol &n sis

Front fog - right/ $ag &n sis
Side - left/ Sol yan

Fusible link/
Sigortal hat

Ignition switch/
Atesleme anahtan

Rear - left/ Sol arka
Side - right/ Sag yan
Rear - right { Sag arka

Park lambalan
anahtan

|
Auxiliary driving '
lamp switch /

Number plate / Plaka
Augiliary - left{ Sol park

Auxiliary - rightr ! Sag park

A
Sifiin] EET | : I@—* Headlamp - left / Seol far
T mﬂana Sl Main beam warning /
Battery! Batarya Headlamp flash sw} di;;a_ﬁ__ < Ana gk uyan
! Uzun far anahtarn

To ignition coill
Atesleme bobinine

Rear fog guard swif
Arka sis anahtari

Headlamp - right f Sag far

Rear fog - left/ Sol arka sis
Rear fog - right { Sag arka sis

Fog warning ! Sis uyarisi

Figure 2.2. Sample traditional in-automobile outside lighting scheme (8)
Sekil 2.2. Geleneksel otomobil i¢i aydinlatma semasi1 6rnegi (8)

2.2 Otomobil i¢i Tek Kablolu Seri iletisim

Otomobil i¢i tek kablolu seri iletisim, otomobil iginde
kullanilan bilesenlerin, kiimesel kumandalar yada bir ana
kumanda tarafindan bir ¢ift (veri alimi ve génderimi igin)
kablo ile birbirleriyle haberlestikleri iletisim seklidir.
Bilesenlerin tek ve kaliteli bir kablo ile (fiber, bakir yada
degerli metal kablolar) birbirlerine ve kumanda
panellerine baglant1 yapildig: bu tip iletisim yontemi, hem
iiretim stirecini kisaltmakta, hem maliyeti azaltmakta hem
de bakim onarim siirecinde arizanin c¢ok kolay tespit
edilerek kaynaga ¢ok ¢abuk ulagilmasini saglamaktadir.

2.2 In-automobile Serial Communication With A
Single Cable

In-automobile serial communication with a single
cable, is a type of communication in which the in-
automobile components are communicated with each
other through a couple of cables (for data exchange) or
by command sets. This type of communication in which
the components are connected to each other with a
single and qualified cable (fiber copper or precious
metal cables), makes it so easy to determine the location
of defects and decreases the cost by decreasing the
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Uygulanacak asenkron (asynchronous) seri iletisim igin
kullanilabilecek iki kablo tiirii vardir. Bunlardan birisi
fiber optik, digeri ise metal (bakir) kablodur. Bu iki tiir
kablo kullanimi arasindaki se¢im, iletisim igin
kullanilacak diger ekipmanlari, maliyeti ve iletisim hizini
etkileyecegi i¢in, otomobilin ait oldugu sinif ve donanim
sekli de gdze Oniine alinmali, se¢im tiim bu bilgilere gore
yapilmalidir.

2.3. Otomobil igi iletisim i¢in fiber optik kablo ve bakir
kablo karsilastirmasi

Fiber optik kablo ve bakir kablo kullanimi kullanim
amacina gore bazi avantajlar ve dezavantajlara sahiptir. Bu
avantaj ve dezavantajlar asagidaki gibi siralanabilir.

o Fiber optik kablo ile yapilacak iletisim 10 GB/s gibi
son derece hizli iletisimdir. Buna ragmen bakir
kablo iletisim hizi1 10 KB/s — 10 MB/s arasindan
fiber optik kabloya gore diisiik bir hizdir (9).

e Fiber optik kablo ile yapilacak baglanti sinyal
mesafesi bakir kablo iletisimine goére ¢ok daha
uzundur (Fiber:2000 metre, Bakir:100 Metre).

e Bakir kablolar, basit ek yontemleri ile birbirlerine
baglanabilmesine ragmen, fiber optik kablolar,
geligmis  cihazlarla ve baglanti  elemanlar
kullanilarak ek yapilma ve  sonlandirilma
zorunluluguna sahiptir.

o Fiber optik kablolar, kiigiik kaza durumlarinda bile
kirllma ve iletisimin kopmast gibi tehlikelere
sahiptir. Buna ragmen bakir kablolarda kirilma s6z
konusu degildir.

o Fiber optik kablo kendi maliyeti bakir kabloya gore
¢ok daha fazladir.

e Fiber optik kablo iletisimi icin kullanilacak
ekipmanlarin maliyeti, bakir kablo ile yapilacak
iletisimdeki ekipmanlara gore yiiksek maliyete
sahiptir.

o Fiber optik kablo is¢iligi uzmanlik gerektiren bir ig
oldugu i¢in, kiiciik iletisim kopukluklar1 i¢in bile,
biiyiik onarim gereglerine ihtiya¢ duyarlar. Bakir
kabloda olusabilecek kesintiler, basit sekilde
halledilebilecektir. Boylelikle bakim ve onarim igin
gereli maliyet bakir kabloda fiber optik kabloya
oranla daha disiiktiir.

Yukarida siralanan 6zellikler dikkate alindiginda, orta
ve daha diisiik sinif otomobillerde arag ici iletisim igin,
bakir kablolarin kullanimi ile biiyiik tasarruf saglanacaktir.
Bakir kablo kullanarak, uygulanabilecek otomobil igi seri
iletisim hem kablo karisikligini ortadan kaldiracak hem
maliyeti azaltacak hem de gelismis teknolojinin kullanimi
ile otomobil iletisimini modern bir hale getirecektir.
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period of time required for production.

There are two types of cables that can be used for
asynchronous serial communication. One of them is
fiber optical cable and the other is copper cable. The
selection between two types of cables should be made
according to the class that the automobile is belonging
and to the hardware used in the automobile since it
would effect the other equipments, the connection speed
and the cost.

2.3. Comparison Between Fiber Optical Cables And
Copper Cables For In-automobile Communication

Both fiber optic cables and copper cables provide
some advantages as well as some disadvantages
regarding the goal they are used for. These advantages
and disadvantages could be listed as follow:

e The signal transmission to e done by fiber optic
cable is a very high speed communication as 10
GB/s. On the other hand the speed of
communication is as low as between 10 KB/s — 10
MB/s in copper cables when compared with fiber
optic cables (9).

e The connection signal span is much longer with
fiber optic cables when it is compared with the
signal transmission with copper cable (For fiber
cable: 2000 meters, for copper cable: 100 meters).

o Although copper cables can be connected to each
other with simple methods, high-tech devices and
connection equipments are needed for connecting
fiber optic cables to each other.

e Fiber optic cables are vulnerable to breaking and
connection cuts in small accidental situations. On
the other hand copper cables are not easily
broken.

e Fiber optic cables costs far more than copper
cables.

e Costs of the equipment using for the
communication with fiber optic cables are more
than those using for communication with copper
cables.

o Since, fiber optic cables requires high profession
and requires large equipments for repairing them,
it costs more to maintain even in small connection
cuts. Connection cuts that can be encountered in

copper cables can be maintained easily.
Therefore, copper cable costs much less to
maintain.

When the specifications listed above were taken into
consideration, employing copper cables will contribute
to economy in middle and lower class automobiles. By
means of copper cables the cable disorders would be
eliminated  with  using  in-automobile  serial
communication. This also in turn would decrease the
cost and in automobile would become modern with
using high technology.
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3. OTOMOBIL iCi TOKEN RING TiPi
ASENKRON SERIi iLETIiSiM

Token ring tipi asenkron seri iletisim, bilgisayar
sistemleri i¢in gelistirilmis ve bu sistemler disinda da bir
cok degisik alanda kullanilmistir. Bu béliimde, orta ve
daha diisiik sinif otomobiller i¢inde kullanilabilecek basit
ancak ucuz ve etkin bir seri iletisim yontemi sunulmustur.

Sekil 3.1 de token ring tipi asenkron iletisim igin
kullanilabilecek aydinlatma semas1 blok diyagrami
goriilmektedir. Sekilde goriildiigi tizere, tiim aygitlar
birbirine paralel olarak baglanmis ve iletisim derleyici
birimi (compiler) tarafindan organize edilmektedir.
Sistemin ¢alisma prensibi oldukc¢a basittir: Sisteme baglt
tim aygitlar, birbirleriyle yada ana derleyici ile sayisal
olarak veri alma ve gonderme (receive "RX” ve transmit
“TX”) islemini bir ¢ift kablo iizerinden gergeklestirirler.
Omegin aydinlatma devresinde bulanan 6n farlar1 agmak
icin, far agma kapama diigmesi tarafindan derleyiciye
sinyal gonderilir, bu sinyal derleyici tarafindan ¢oziilerek
gelis yeri ve gidis yeri bilgileri belirlenerek ilgili birim
olan on farlara ulastirilarak yanmalarini saglanir (10).

3. TOKEN RING TYPE ASYNCHRONOUS
SERIAL COMMUNICATION IN
AUTOMOBILE

Token Ring type asynchronous serial communication
has been developed for computer systems and has also
been used in various fields other than computer systems.
In this section of this paper, a cheap and simple
communication method is presented, which can be used
in middle and lower class automobiles.

In figure 3.1 a block diagram can be seen showing an
illumination scheme that can be used in token ring type
asynchronous communication. As it can be seen from
the figure all devices were connected to each other with
parallel connection and organized by a communication
compiler unit. The operation principle of the system is
so simple: all devices that are connected to the system,
conduct the operation of data exchange (receive “RX”
and transmit “TX”’) between each other or between them
and main compiler via a couple of cable digitally. For
example, in order to open the headlight, which lies
within the illumination circuit, a signal is transmitting
from the opening button to the compiler; this signal after
being decoded by signal compiler is transmitting to the
headlight, which is here the target unit (10).
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Figure 3.1. Sample in-automobile outside lighting scheme with Single (copper) cable
Sekil 3.1. Tek kablo ile otomobil aydinlatma seri iletisim semas: ornegi

Sistem iki ana parcadan olugsmaktadir. Bunlardan
birincisi, derleyici digeri ise veri génderme ve alma islemi
icin kullanilan RS422 yada RS232 standartlarina uygun
seri ¢oziiclidiir. Her bilesen kiimesi i¢in (aydinlatma,
koltuk ayarlari, 6n panel bilesenleri, vs.) ayri derleyici
kullanilabilecegi gibi bir adet ana derleyici ile de bu islem

The system is composed of two main sections. One
of them is the compiler and the other is serial decoder
which fit to RS422 and RS232 standards and which is
used for data exchange. As a separate compile could be
used for each component set (illumination, seat
adjustments, front panel components, etc.), one main
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gergeklestirilebilmektedir. Bununla birlikte sistem iginde
kullanilan tiim bilesenlere bir adet seri ¢Oziicii devre
baglanmalidir. Oldukga kiigiik boyutlardaki seri ¢oziiciiler,
amaca gore iclerinde ek ekipmanlar (Ornegin aydimlatma
icin role, duyargalar icin algilayici parcalar) sayesinde
acma kapama islemi yada anlaml bilgileri elde etmek igin
kullanilabilirler.

Sistemde kullanilacak iletisim standardinin se¢imi,
otomobil i¢inde kullanilacak bilesen sayisi ve bu
bilesenler i¢in kullanilacak kablo uzunlugu ile ilgilidir.
Burada en biiyiik sorunlardan birisi RS-232C standardinin
yiiksek hizlarda kullanilamaz olmas1 (250 kbit/s den ¢ok) ,
orta hizlarda ise (9,6 — 64 kbit/s) iletisimin yapilabilecegi
azami mesafenin kisa olmasidir. Seri iletisim igin
kullanilacak standart bu durumlar goze Oniine alinarak
se¢ilmelidir.
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compiler can conduct the whole operation by itself.
Moreover, one unit of serial decoder circuit should be
connected to the all components operating within the
system. Serial decoders of very small sizes (e.g. relay for
illumination, perceptive pieces for antennas) could be
used for operations of opening or closing and to obtain
meaningful data by means of some additional
components added to them.

Selection of the communication standard to be used
in the system, it is necessary to consider the number of
components and the cable length that would be used for
connecting those components. One of the biggest
problems encountered here is that RS-232C standard
cannot be used in high speed (i.e. more than 250 kbit/s)
and the maximum distance that the connection can be
conducted is short (9, 6 — 64 kbit/s) at middle speeds.
The standard that will be used for serial communication
should be selected by considering those problematic
situations.

Table 3.1. Maximum cable lengths according to serial communication standards (11)
Cizelge 3.1. Seri iletisim standartlarinda hiza gére azami kablo mesafeleri (11)

DTE Data Speed/DTE Maximum cable length (meter)/ Azami Kablo uzunlugu (metre)
Veri Hiz1 [kbit/s] RS232C V.35 RS449/422 RS530/422
56 - 64 4 1200 1200 1200
224 - 256 None 1050 510 510
896 - 1024 None 510 105 105

Not : RS232C can not be used higher than 64 kbit/s / RS232 64 kbit/s den fazla hizda kullanilamaz

Cizelge 3.1 de seri iletisim igin kullanilabilecek azami
kablo mesafeleri verilmistir. Bu sekilde de goriilebilecegi
gibi RS422 standardi RS232C standardina gore ¢ok daha
yiiksek hizlarda ve uzun mesafelerde kullanilabilecek bir
standarttir. Bunlara ek olarak EIA RS-423A standardi da
bu islem igin kullanilabilmektedir. Ancak RS423A
standardi ile 100 kbit/s hizda 10 metre ile sinirhi iletisim
kurulabilirken, aym1 hizda RS422 standardi ile 1 200
metre mesafe ile iletisim kurulabilmektedir. Otomobil
iginde kullanilacak bilesen ve bu bilesenlerin tiimiine
ulagabilecek kablo uzunlugu hesaplandiktan sonra
kullanilabilecek hiz ve mesafe ¢cok daha belirgin olacaktir
(11,12).

3.1. lletisim ProtoKolii

Birbirine paralel baglanmis aygitlarin, seri iletigim ile
haberlegsmesi temeline dayanan otomobil i¢i tek kablolu
iletisimin  gerceklestirilebilmesi igin, baglanacak her
aygitin seri iletisime uyum saglayabilmesi gerekmektedir.
Sekil 3.1 de herhangi bir aydinlatma elamani igin
kullanilabilecek bir seri ¢oziicii goriilmektedir. Temel
olarak verilerin  ¢6ziilmesi ve kodlanmasi igin
kullanilacak genel bir seri iletisim devresi de bu isi
halledebilecektir.

Derleyiciye gonderilen yada oradan gelen verilerin
kime ait oldugu ve ne yapilmasi gerektiginin bilinmesi
icin gonderilen verilerin belirli bir diizende olmasi
zorunludur. Bu diizenin saglanmasi i¢in Cizelge 3.2. de
iletisim protokolii i¢in kullanilacak veri yapis1 kodlamasi
verilmistir. Bu ¢izelgede, bir veride olmasi gereken tim

Maximum distances for cables will be used in serial
communication are given on Table 3.1. As it can be seen
from the table RS422 standard when compared with
RS232C standard could be used for very long distances.
In addition to these, the standard of EIA RS-423A could
also be used for those operations. However, while a
connection of 100 kbit/s can be transmitted with RS423A
standard only between 10 meters, RS422 standard can
transmit between 1200 meters with on the same speed.
The connection and the distance will be more accurate
after the components to be used within automobile are
fixed and the distances between them are measured (11,
12).

3.1. Communication Protocol

In order to carry out in-automobile communication
with a single cable among the devices, which have
parallel connection between each other, all devices to be
connected should be appropriate for  serial
communication. Figure 3.1 shows a serial decoder that
can be used for any illumination element. Basically, a
general serial communication circuit, which can be used
to encode and decode the data, would also carry out this
task.

Transmitted data must have a certain order to
determine which component sends the data coming to
compiler and what shall be done with that. In order to
provide a certain order, the necessary data structure code
which will be used for communication protocol is given
in Table 3.2. It should be provided that this table contains
any information that should be carried within any data.



A Study On Asynchronous Serial Communicaton.../ Otomobil I¢i Bilesenler Arasi Tek Kablolu....

bilgilerin yer almas1 saglanmalidir.

Table 3.2. Data structure for communication protocol
Cizelge 3.2. Iletisim protokolil i¢in kullanilacak veri yapisi

3::? ll:z:::(:erleri Description / Agiklama

0-5 Code for starting of communication / Haberlesme baslangi¢ kodu

6 Type of device (Sensor, Button, Lamp, ...) / Aygit cinsi (Sensor, Buton, Lamba, ...)
7-8 Data received device / Veri gelen aygit numarasi

9-10 Device number for data transmit / Veri ulastirilacak hedef aygit numarasi

11-74 Data / Veri

75 Error checking (Checksum) / Hata denetimi (Checksum)

76 Acknowledgement / I tamaland1 m1?

77-82 Code for end of communication / Haberlesme bitis kodu

Cizelge 3.2. de verilen veri yapisi gerekli gorildiigi
olciide degistirilebilir ve dylece uygulanabilir. Onerilen
protokolde iletisim haberlesme baslangi¢ kodu ile
baslatilir ve iginde barindirdigi bilgilerle hangi aygittan
hangi aygita ne verisi gonderilecegi ana derleyiciye
ulastirilir. Ana derleyici tarafindan aygittan gelen veri
islenerek hedef olarak belirtilmis aygita derlenmis veri
gonderilir. Boylelikle aygitlar arasinda sinyalin gelis ve
gidis noktas: ile ilgili olast bir karisiklik ortadan
kaldirilmis olacaktir. Buna ek olarak hata denetimi ve
sinyalin ulagmasi gereken noktaya ulasip ulagmadigi,
islemin tamamlanip tamamlanmadig1 ayni protokol i¢inde
yer alan bilgilerle denetlenebilir olacaktir.

Tiim bilesenlerin  haberlesmesinin  saglanabilmesi
biiyiik 6nem arz etmektedir. Bu haberlesmenin saglikli
olarak saglanabilmesi iletisimin hizi, bilesen kiimeleri
icinde bulunan bilesen sayist ve derleyici tarafindan
derlenecek veri boyutu ile ilgilidir. Buna gore, her iletisim
bilgisi 82 byte (656 bit) biiyiikliikte oldugu ve her bilesen
icin gidis donilis olmak iizere iki adet veri gonderildigi
diistiniiliirse, toplam veri biiytikligii 164 byte (1 312 bit)
olacaktir. 64 kbit/s hizinda bir iletisimle yaklagik olarak
saniyede ( 65 536 / 1 312 = 50) 50 adet bilesenle iletisim
kurulabilecektir. Saniyede 50 adet iletisim otomobil iginde
yer alan konfor donanimlari i¢in olduk¢a yeterli bir
sayidir. Ancak bu iletisim hiz1 giivenlik ekipmanlar igin
ornegin hava yastigiin refleksi i¢in ¢ok diisiik bir hizdur.
Giivenlik donanimlar1 i¢in ¢ok daha yiiksek hizlarda
iletisim kurulmasi zorunludur.

3.2. Ornek veri iletisimi senaryosu

Orta sinif bir otomobilde artik standart hale gelmis
otomatik bir klimada, 1s1 degerlerinin degistirilmesi igin
yapilabilecek bir iletisim senaryosu i¢in;

:25C
:20C

Klima 1s1 degeri
Istenen 1s1 degeri

Klimanin 1s1 degerinin 25 C dereceden 20 C dereceye
diisiiriilmesi i¢in klima kontrol panelinde bulunan (-) eksi
diigmesine basildiginda, bu panel tarafindan bir veri
iretilecektir. Bu veri i¢inde yer alan bilgiler ve verinin
derleyiciden ¢dziilerek klima motoruna ulasmasindan
sonra klima motoru tarafindan iretilen veri sekil 3.2. de
gortiilebilir. Bu islemde oncelikli olarak, basilan (-) eksi
tusu veri blogu i¢ine haberlesme baslatma bilgisi, hangi tip
kaynak oldugu, klima kumanda panelinden klima
motoruna bilgi gonderildigi ve klima motorunun hangi

The data structure given in Table 3.2 could be
changed when necessary or could be used as it is. In the
recommended protocol, communication is initiating with
a starting code. With the information it contains, which
data will be sent through which devices is determined
and transmitted to the main compiler. Thus, a possible
confusion regarding which point is sending the data and
which receives is avoided in this way. In addition to this,
the error control and controlling whether the signal has
reached to its target or not and whether the operation has
been completed or not would become controllable with
the information in the same protocol.

It is very important to provide the ground for
communication of every component. Providing a healthy
communication is depended upon the speed of
transmission, number of components in the component
sets and the size of the data to be compiled by the
compiler. According to this, when it is considered that
each communication information is 82 byte (656 bit) and
for each component the data sent for two times, one
from the device and one into it, the total size of the data
will be 164 byte (1312 bit). With a communication of 64
kbit/s speed, communication with 50 (65 53 / 1312 = 50)
components could be provided per second. This number
of 50 components per second is quite enough for the
number of comfort hardware in automobile. However,
this speed of communication is very low for the reflexes
of security equipments such as the reflexes of airbags. It
is necessary to establish far higher speeds of
communication for security hardware.

3.2. Sample Data Exchange Scenario

For a scenario of communication with a conditioner
which became standardized in a middle class automobile
to change the heat value;

Condition temperature value : 25 C
Desired temperature value :20 C

Data will be produced when the (-) minus button in
the control panel of the conditioner has been pushed in
order to decrease the temperature value from 25C to
20C. When the previous data is reached to the
conditioner engine after being decoded by the compiler,
the data produced by the conditioner engine could be
seen from the figure 3.2. In this operation the
information located can be listed as; first of all the
information of the communication initiation from the
pushed (-) button, and the type of source sending the
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derecede ve hangi hizda ¢aligmasi gerektigi bilgilerini
yerlestirmektedir. Derleyici 7-8 nolu byte bakarak bilginin
klima kontrol panelinden geldigini 9-10 byte bakarak
klima motoruna gitmesi gerektigini belirleyerek bilgiyi
klima motoruna ydnlendirir. Daha sonra klima motoru, 9-
10 nolu byte bakarak gelen bilginin kendisine ait oldugunu
belirleyerek kimden geldigini belirler. Bu islemi takiben
11-74 arasi bytelara bakarak ne yapmasi gerektigini
cozerek islemi gerceklestirir. Ayni veri iginde hedef ve
cikis adresini degistirerek, hata yoksa 75 nolu byte hata
yok bilgisi, 76 nolu byte islem tamamland: bilgisi ve son
olarak 77-82 haberlesme bitti bilgisi ylikleyerek
derleyiciye gonderiri. Son olarak derleyici islemin
tamamlandigini klima kontrol paneline bildirerek islemin
tamamlanmasini gergeklestirir.
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information, the information telling that it is sent by the
conditioner control panel to the conditioner engine, at
which temperature the conditioner is going to work at.
Checking the bytes numbered 7-8 the compiler can
understand the information is coming from the
conditioner control panel and it can transmit the
information to the climate engine determining the
information should be sent to engine by checking the
information on bytes numbered 9-10. Afterwards,
checking the bytes numbered 9 and 10 the conditioner
engine then determines that the information has been
sent to it and then determines the sender. After this
operation, it starts carrying out its task determining it by
looking at the bytes numbered between 11 and 74.
Changing the target and output address within the same
data, the engine transmits the information to the
compiler by loading the no error information (byte
numbered 75)--when there is no error--, operation
completed information (byte numbered 76) and at last
the communication over information (bytes numbered
between 77 and 82. Finally, compiler completes the
operation by transmitting the information telling that the
operation is completed to the conditioner control panel.

\i—n' RxrTx | Compiler/ | R«+Tx| Air cond.motor/
gg] S| Comphert |2oTy) Al
= erleyici Klima motoru
* = Bno:48
Bno:27
Byte/ Value/ Description/
Karak Deger Agiklama
0-5 77 Start communication/
Haberlesme basat
5 Button / Diigme
7-8 27 Device number for air conditioner
control panel /
Klima kontrol panel bilesen
numarast
9-10 48 Device number for air conditioner
motor /
Klima motoru bilesen numarasi
11-74 20-NH 20 Degree normal speed /
20 Derece, normal hiz
75 0 No Error / Hata yok
76 0 Not completed yet /
Is heniiz tamamlanmad:
77-82 0 Comm. Not completed /
Haberlesme bitmedi

3.3 Geleneksel ve Asenkron Seri iletisim Avantaj ve
Dezavantajlar

Her yeni teknolojik {irliniin ortaya ¢tkmasi bir ¢ok
avantaji, beraberinde de bazi dezavantajlarda
getirmektedir. Buna bagl olarak tek kablo kullanimi
sirasinda ortaya ¢ikabilecek avantajlar ve dezavantajlar
asagida siralanmistir.

Tek kablo avantajlari

e Arnza tespit kolaylig
e  Tek birimden idare ile kontrol kolaylig1

3.3 Advantages And Disadvantages Of Traditional And
Asynchronous Serial Communications

Invention of each technological product brings some
advantages as well as some disadvantages with it. The
advantages and disadvantages that could arise regarding the
usage of single cable are listed below.

Advantages of single cable
e  FEasiness in defect determination
e  Facility in control via a single unit
e Orderly appearance
e  Low cable costs
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Diizenli bir goriinim
Az kablo maliyeti
Elektrik aksamui i¢in az is¢ilik gerektirmesi
Kablo direnglerinin azalmasindan kaynaklanan
enerji kaybinin oniine gegilmesi
e  Enerjinin  gerektigi yerde
kaynaklanan verim artmast
o Tleri teknoloji kullanimi ile ekipmanlarin sayisal
olarak test edilebilmesi imkan1
Kablo karmasasini ortadan kaldirmasi
e  Ekipmanlar icin kullanilan rolelerin,
ekipmanlarin iistiine montaj1 ile elde edilen ses
konforu

kullanilmasindan

Tek kablo dezavantajlari

e  Teknolojik ekipmanlara gerek duymasi
Kablonun  zarar  goérmesiyle olusabilecek
ckipmanlarla iletigimin kesilmesi riski

e lletisim igin kullanilacak ileri
driinlerinin ~ geleneksel  yonteme
maliyetinin nispeten fazla olmast

o Illetisimi igin kullanilacak devrelerin ekipmanlar
lizerinde bulunmasindan kaynaklanan boyut
biiylimesi

e Onarim i¢in detayl ve ince is¢ilik zorunlulugu

teknoloji
oranla

e Kullanilacak  ekipmanlarin  sayisal  olma
zorunlulugu
e Bakim onarim islemlerinde ileri teknoloji

kullanilma zorunlulugu

3.4 Geleneksel ve Asenkron Seri Iletisim Maliyet ve
Siire Analizi

Bu bolimde disiik-orta simf otomobil (Renault
Clio) aydinlatma diizeneginin geleneksel yoOntemle
yapilandirilmig  bir iletisim sekliyle, asenkron seri

iletisim  yontemiyle yapilandirilmis  bir  iletisim
arasindaki ~ maliyet ve siire  degerlendirmesi
sunulmustur.

Cizelge 3.3 de Geleneksel iletisim ile arag igi
aydinlatma sistemi kurulumu igin gerekli malzeme
listesi, is¢ilik siireleri ve maliyetleri, Cizelge 3.4.
Asenkron seri iletisim ile ara¢ i¢i aydinlatma sistemi
kurulumu i¢in gerekli malzeme listesi, iscilik siireleri
ve maliyetleri verilmistir. Bu ¢izelgelerde iscilik
fiyatlandirmalart igin haftalik calisma saati 40 saat ve
isci toplam maliyeti aylik 700 USD (365 USD net
maas+ 335 USD vergi, vs) olarak alinmistir. Iscilik igin
gerekli saatlik maliyet, aylik 160 saat baz alinarak (700
USD / 160 saat) yaklasik 4,38 USD olarak
hesaplanmustir (13, 14, 15).

e  Low workmanship for electrical portions

e Avoiding the energy loss resulted from the decrease
in cable resistances

e  Productive usage of energy through using it only
when necessary

e  Possibility of digital determination of equipments by
means of high technology usage

e  Avoiding cable disorders

e Sound comfort resulted from the assembling the
relays over the equipments they are used for

Disadvantages of single cable

e  Need for technological equipments

e The risk of connection cut that can arise because of
damage on cable

e A comparative high cost because of using high-tech
products instead of traditional methods

e A comparative increase in size due to the circuits, to
be used for communication, being mounted on
equipments

e Necessity of using a detailed workmanship for
maintenance

e  Necessity of using digital equipment

e  Necessity of using high technology in maintenance
tasks

3.4. Cost And Time Analysis For Traditional And
Asynchronous Serial Communication

In this section, an evaluation on the comparison between
a traditionally structured communication system and a
communication system structured by an asynchronous
serial communication method for the illumination
mechanism of a lower-middle class automobile (Renault
Clio) is presented.

In Table 3.3 the list of equipments, costs and the time
required for workmanship which are necessary for
assembling  in-automobile illumination system for
traditional communication is given. On the other hand in
Table 3.4 the equipments, costs and the time required for
workmanship that are necessary for asynchronous serial
communication and in-automobile illumination system is
given as a list. For the pricing of the workmanship, the
working hours of a worker are taken as 40 hours/week and
workmanship cost is taken as US$700 (US$365 take home
pay + US$335 as tax, etc.). The required cost for
workmanship per hour was calculated as 160 hour/month
and as US$ 4, 38 (13, 14, and 15).
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Table 3.3. Necessary devices and their approximate costs for traditional in-automobile outside lighting (16, 17)
Cizelge 3.3. Geleneksel iletisim ile arag i¢i aydinlatma sistemi kurulumu i¢in gerekli malzeme listesi, is¢ilik siireleri ve maliyetleri (16,

17)
Approximate Cost
Description / Agiklama Quantity / Miktar (USD) / Yaklasik
Maliyet ($)

Component count in outside lighting / 15 lamps and sensors / 300.00
Aydinlatma diizenegi iizerinde bulunan eleman sayisi Adet lamba ve duyarga ’
Switch count for on-off / 7 high current switches/ 105.00
Acma kapama islemi i¢in kullanilan anahtar sayis1 Adet yiiksek akim anahtar ’
High current cable (2mm-4mm) length from relays and components
8)/
Roleler ile elemanlar arasi yiiksek akimli (2mm-4mm) bakir kablo 33 meters/metre 44,00
miktar1 (8)
Low cable (min. 1 mm) length from relays and switches (8)/
Roleler ile anahtarlar arasi diisiik akimli (en az 1mm) bakir kablo 15 meters/metre 4,50
miktar1 (8)
Cable and switch eﬁtabhshl.pg tllme period/ 3 hours/saat 13,14
Kablo ve anahtar doseme siiresi
Connection time / 1 hour/saat 438
Baglanti1 yapma siiresi
Control panel and front table compiler / 1 90.00
Kumanda paneli ve gosterge tablosu derleyicisi i

TOTAL/TOPLAM 561,02

Table 3.4. Necessary devices and their approximate costs for in-automobile outside lighting with asynchronous communication (16,

17)
Cizelge 3.4. Asenkron seri iletisim ile arag i¢i aydinlatma sistemi kurulumu i¢in gerekli malzeme listesi, is¢ilik siireleri ve maliyetleri
(16, 17)
Approximate Cost
Description / A¢iklama Quantity / Miktar (USD) / Yaklasik
Maliyet ($)
Component count in outside lighting / 15 lamps and sensors/ 300.00
Aydinlatma diizenegi iizerinde bulunan eleman sayisi Adet lamba ve duyarga ’
Switch count for on-off / 7 low current soft buttons / 7,00
Ac¢ma kapama islemi i¢in kullanilan anahtar sayisi Adet diisiik akim buton ’
Serial decoders for each components / 7 pieces RS232 type / 21.00
Elemanlar i¢in seri ¢oziicli devresi Adet RS232 tipi i
Low cable (0,5 mm) length from compiler and components/
Derleyici ile elemanlar arasi diisiik akimli (0,5mm) bakir kablo 12 meters/metre 2,40
miktar1
Low cable (0,5 mm) length from compiler and control panel/
Derleyici ile kumanda tablosu aras1 diisiik akimli (0,5mm) bakir 3 meters/metre 0,60
kablo miktar1
Cable and switch eﬁtabllshlflg t}me period/ 1 hour/saat 438
Kablo ve anahtar dogeme siiresi
Connection time/ Baglant1 yapma siiresi 1 hour/saat 4,38
Main compiler (Integrated control panel and front table compiler) /
Derleyici (Kumanda paneli ve gosterge tablosu derleyicisi, bu 1 200,00
derleyici ile tiimlesiktir)
TOTAL/TOPLAM 539,76

Cizelgede verilen malzemeler ve siireler temel
gerekli olan malzemeler ve siirelerdir. Montaj
asamasindaki izolasyon, kaynak, iiretim band1 geregleri
vb. gibi donanim {iriinleri goéz ard1 edilebilecek
maliyetler ve/veya her iki yontem icin de maliyet
acisindan ayni degerlere sahip olduklart i¢in bu
degerlendirmeye  dahil  edilmemistir.  Cizelge
toplamlarina bakildiginda asenkron seri iletisim ile
yapilandirilacak bir aydinlatma maliyet, geleneksel
yontem ile yapilandirilmis aydinlatmaya oranla (1-
(539,76 / 561,02) = 0,0378 ) yaklasik % 4 oraninda
daha diisiik olacaktir. Buna ek olarak iiretim bandi
cikigt (4 saat — 2 saat = 2 saat) 2 saat daha erken
olacaktir.

The list of equipments and time given in the tables are
the time and the equipments which are basic requirements.
The hardware products for isolation, source, and assembly
line are not included in the evaluation because since they
have the same value for each method. When both tables are
considered together in comparison, then it can be seen that
the cost for illumination system with asynchronous serial
communication is by 4 per cent (1-(539, 76 / 561, 02) = 0,
0378) less expensive than the illumination system with
traditional methods. In addition to this difference, the
output from the assembly line would be two hours (4 hours
— 2 hours = 2 hours) earlier for asynchronous serial
communication than the traditional methods.

An additional economy in time keeping would be
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Uretimin aydinlatma diizenegi icin 2 saat daha erken
yapilmasina ve % 4 oraninda bir maliyet diisiisiine ek
olarak, bakim-onarim agsamasinda zaman tasarrufu elde
edilecek ve kablo karmasasi da ortadan kaldirilmis
olacaktir. Ayrica sistemin diger donanim seceneklerine
de (aktarma organlari vb.) uygulanmasi durumunda, tek
derleyici birimi kullanilacak ve ek derleyici birimlerine
ihtiya¢ duyulmayacak boylece maliyet daha da
diisecektir. Tiim bu getiriler ele alindiginda asenkron
seri iletisim yontemiyle ile yapilandirilacak iletisim
diizeneginin  geleneksel yontemle yapilandirilan
iletisim diizenegine goére maliyet ve zaman agisindan
daha uygun oldugu gériilecektir.

4. SONUC ve ONERILER

Teknolojinin insanlik hizmetine sundugu bir ¢ok
olanakla birlikte gelisen otomobil sektorii, bu yeni
teknolojilerin kullanimindan dolay: ortaya ¢ikan bazi
olumsuz durumla karsilasmistir.  Ancak  yine
teknolojinin saglamis oldugu olanaklarla, bu olumsuz
durumlarin stesinden gelmek igin bir ¢ok calisma
yapilmistir. Bu sorunlarmm en Onemlilerinden birisi
maliyettir. Maliyetin azaltilmasi i¢in bir ¢ok degisik
yontem uygulanmaya calisilmistir. Bu yontemlerden
birisi de otomobil i¢i iletisimde yapilacak
degisikliklerle kullanilan kablonun azaltilmasi ve hem
baslangic hem de bakim onarim maliyetlerinin
azaltilmas1 hedeflenmistir.

Arag icinde kullanilan iletisim i¢in 6ngoriilen token
ring tipi tek kablo asenkron seri iletisim ve bu iletigim
icin kullanilan iletisim protokolil sayesinde ara¢ iginde
kullanilacak kablo miktar1 dnemli 6lgiide azaltilmig ve
kablo maliyeti ile Dbirlikte iretim siirecinin
kisaltilmasindan ~ kaynaklanan iscilik  maliyeti
disiiriilmiis olacaktir. Bu ¢alismada Onerilen iletisim,
orta ve diisiik smnif otomobillerde giivenlik ve motor
donanimlarmm  bir kismu  haricinde  kolaylikla
kullanilabilecek ve maliyetleri diisiik seviyelere
indirebilecek bir sistemdir.

Bu sistemin kullanilabilirliginin  artirilmas1  ve
giivenlik donanimlarinda da kullanilabilmesi igin
hizinin ve etkinliginin artirilmas1 amaciyla bagka
caligmalarda yapilmasi miimkiindiir. Bunlara ek olarak
getirmis oldugu avantajlarla ragmen bazi1 dezavantajlart
sahip olmasi nedeniyle bu dezavantajlarin asgari seviye

indirilmesi i¢in ayr1 bir c¢aligma yapilmasi da
miimkiindiir.
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