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Abstract—Automatic Identification System (AIS) 
system, that is equipped with transceiver device, works by 
continuously broadcasting status and position information 
of host vessel that enables other similar equipped vessels 
in the surrounding area to receive, decode, then display 
the information to provide maritime traffic information. 
One of AIS data processor IC that can be used in AIS 
transceiver device is CMX7032. For communicating with 
other IC, CMX7032 provides C-BUS interface feature 
that is compatible with SPI interface. ATxmega128A1, 
that has SPI feature and its operating voltage 
requirement is compatible with CMX7032, can be used to 
load and activate Function ImageTM (FI) via C-BUS – SPI 
communication into CMX7032 so it can work properly. 
Method used to observe C-BUS – SPI communication 
performance is literature review and observation using 
various CMX7032 and ATxmega128A1 main clock 
frequency and C-BUS – SPI clock frequency. Observation 
results show that right checksum values and increased 
CMX7032 power consumption are successful FI loading 
indicators, while increased ATxmega128A1 power 
consumption exceeding in successful FI loading and 
activating case is unsuccessful FI activating indicator. 
Higher CMX7032 main clock frequency demands higher 
C-BUS – SPI clock frequency to support successful FI 
loading and activating process. Observation results also 
show that using same ATxmega128A1 main clock 
frequency, higher C-BUS – SPI clock frequency results 
less required time for loading and activating FI. Then, 
when using same C-BUS – SPI clock frequency, different 
CMX7032 main clock frequency does not affect 
significantly to the time required for loading and 
activating FI. 

Keywords—C-BUS, CMX7032, SPI, ATxmega128A1, 
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I. INTRODUCTION 

AIS is a system that provides identification, status, 
and position information of all other similar equipped 
vessels within the immediate area. This system becomes 
very important to the mariners and mandatory under the 
provisions of Safety of Life at Sea (SOLAS) 
Conventions, because if it is used properly, it can be 
functioned as vital awareness of the conditions that may 
affect the vessels’ navigation and safety[1][2]. 
Moreover, because of AIS system capability to detect 
large numbers of ships, AIS is used in Vessel Traffic 

System (VTS) as port traffic management that can help 
coastguard and harbour authorities to control and 
organise shipping in their immediate area[2][3]. 

As a ship and shore based broadcast system, AIS 
operates in Very High Frequency (VHF) maritime band. 
AIS transceiver works by repetitively broadcasting 
information of host vessel’s status and position that 
enables other similar equipped vessels in the vicinity to 
receive, decode, and display the information along with 
information from other navigational systems to provide 
comprehensive picture of maritime traffic in the local 
area[4]. AIS data can also be integrated with ship 
database based on its Maritime Mobile Service Identity 
(MMSI) to observe ship traffic patterns. The ship traffic 
patterns can be used for evaluating ship operation 
modes, such as maneuvering, hotelling, and cruising. 
The integrated AIS data can also be used for observing 
marine traffic density and ships distribution in the local 
area by its type and flag registered[5]. 

CMX7032 is an AIS data processor IC that is 
manufactured by CML Microcircuits and can be used in 
AIS transceiver equipment for encoding AIS data into 
AIS message[6][7]. CMX7032 has many features, such 
as: (1) it has half-duplex Gaussian Minimum Shift 
Keying (GMSK) and Frequency Shift Keying (FSK) 
modem, (2) it has flexible channel configuration (2 
simultaneous Rx and 1 Tx), (3) it can support Self 
Organising Time Division Multiple Access (SOTDMA) 
and Carrier-Sensing Channel Access (CSTDMA) 
operation, (4) it has 2 RF synthesisers, and (5) it has 2 
auxiliary system clock generators. With all those 
features, CMX7032 only needs low-power operation 
requirement (3.0 V to 3.6 V) and it can work with 
operating frequency from 9.6 MHz to 19.2 MHz[7]. 

Initialization routine is required to be performed 
before CMX7032 can work properly by loading and 
activating FI from external memory or microcontroller 
(µC)[8][9]. This process involves accessing (writing to 
and reading from) registers of CMX7032 through C-
BUS communication protocol[7]. C-BUS is a 
synchronous serial µC interface developed by CML 
Microcircuits[10] that is very similar to Serial 
Peripheral Interface (SPI) communication protocol and 
compatible to communicate with SPI[11]. SPI is a high-

2019 IEEE International Conference on Aerospace Electronics and Remote Sensing Technology (ICARES)

978-1-7281-3676-9/19/$31.00 ©2019 IEEE



speed synchronous data transfer interface using 3 or 4 
pins (MOSI, MISO, SCK, and /SS)[12]. 

One of Atmel µC family that has SPI feature and 
128 kB in-system self-programmable flash memory is 
ATxmega128A1[12][13]. Considering many commands 
that have to be executed in the process of loading and 
activating FI to CMX7032, flash memory capacity of 
ATxmega128A1 is expected to be sufficient. Moreover, 
the ability of ATxmega128A1 to work in operating 
frequency 0 – 32 MHz with operating voltage 
requirement from 2.7 V[13], is compatible with 
CMX7032 operating voltage requirement. 

This paper is organized as follows, first, general 
theory about AIS, CMX7032, and ATxmega128A1. 
Then, description of methodology used in this paper, 
including literature review of C-BUS and SPI 
communication and observation of C-BUS 
communication in CMX7032 with SPI communication 
in ATxmega128A1 performance using various 
CMX7032 and ATxmega128A1 main clock frequency 
and C-BUS – SPI communication clock frequency. The 
final is observasion result and discussion. 

II. METHODOLOGY 

Methods used in this paper to observe performance 
of C-BUS communication in CMX7032 with SPI 
communication in ATxmega128A1 are described as 
flowchart in Figure 1. 

 

Fig. 1. Methodology Flowchart 

A. Literature Review of C-BUS and SPI 
Communication 

C-BUS serial interface uses 5 wires to communicate, 
they are: Chip Select (CSN), Serial Clock (SCLK), 
Command Data (CDATA), Reply Data (RDATA), and 
Interrupt Request (IRQN)[14]. In CMX7032, to enable 
C-BUS serial interface, CBUSMODE (pin 57) must be 
permanently connected to digital ground (DVSS). 
Figure 2 shows pin configuration and recommended 
external components of CMX7032[7]. 

As mentioned above, SPI serial interface, that is 
developed by Motorola, uses 3 or 4 wires to 
communicate, they are: Slave Select (/SS), Serial Clock 
(SCLK), Master Output Slave Input (MOSI), and 
Master Input Slave Output (MISO)[14][15]. In 
ATxmega128A1, SPI feature can be configured in 
PORT C, D, E, and F[13]. SPI communication clock 

frequency can be obtained from ATxmega128A1 main 
clock frequency with the value of main clock frequency 
devided by 2, 4, 8, 16, 32, 64, or 128[12]. Pin 
configuration and block diagram of ATxmega128A1 is 
shown in Figure 3[13]. For connecting C-BUS interface 
to SPI interface, C-BUS and SPI wires connection must 
follow configuration shown in Table I[14]. 

 

Fig. 2. Pin Configuration and Recommended External Components 
of CMX7032 

 

Fig. 3. Pin Configuration and Block Diagram of ATxmega128A1 

TABLE I.  C-BUS AND SPI WIRES CONNECTION CONFIGURATION 

C-BUS Interface Line Corresponding SPI Interface Line 
Chip Select (CSN) Slave Select (/SS) 

Serial Clock (SCLK) Serial Clock (SCLK) 
Command Data (CDATA) Master Output Slave Input (MOSI) 

Reply Data (RDATA) Master Input Slave Output (MISO) 
Interrupt Request (IRQN) None 

Each C-BUS transaction consists of a single register 
Address/Command (A/C) byte sent by μC that can be 
followed by 1 or more data byte(s) to be written into 
CMX7032’s write only register, or read out from 
CMX7032’s read only register. The number of data 
bytes following an A/C byte depends on the word size 
of addressed register with the Most Significant Bit 
(MSB) of the address or data is sent first. Data sent from 
μC on CDATA line is clocked into CMX7032 on the 
rising edge of SCLK input. RDATA sent from 
CMX7032 to μC is valid when SCLK is high. CDATA 
and RDATA lines are never active at the same time, the 
address byte determines data direction for each C-BUS 
transfer. CSN line must be held low during data transfer 
and kept high between transfers[7]. Detailed SPI writing 
to and reading data from C-BUS timing diagrams are 
shown in Figure 4 and Figure 5[11]. 



 

Fig. 4. SPI Writing to C-BUS Timing Diagram 

 

Fig. 5. SPI Reading Data from C-BUS Timing Diagram 

In this observation of C-BUS – SPI communication 
performance, C-BUS is set as slave while SPI is 
configured as master[15], using SPI Mode 0[11]. There 
are 4 modes of SPI with different Clock Polarity 
(CPOL) and Clock Phase (CPHA) values settings as 
described in Table II, while Figure 6 shows relative 
timing diagram for all SPI modes[15]. 

TABLE II.  SPI MODES 

CPOL CPHA SPI Mode 
0 0 0 
0 1 1 
1 0 2 
1 1 3 

 

 

Fig. 6. Relative Timing Diagram for All SPI Modes 

Successful loading FI process that results right 
checksum values can be one of indicators that C-BUS – 
SPI communication works properly. Detailed FI loading 
and activating from host μC process flowchart is shown 
in Figure 7[7]. FI used in this C-BUS – SPI 
communication performance observation is 
7032/7042FI-1.x that is aimed for full AIS Class B 
operation[16]. Class B Marine AIS is usually used in 
light commercial and leisure markets. The units are 
smaller, more power efficient, and available at cheaper 
cost compared to Class A Marine AIS. Class A Marine 
AIS is targeted at large commercial vessels with full 
specification equipment that results in a large, heavy, 
and power-hungry unit. The units are also expensive, 
but capable to operate in extreme conditions[2]. 

B. Observation of C-BUS - SPI Communication 
Performance using CMX7032 Main Clock 
Frequency 19.2 MHz and ATxmega128A1 Main 
Clock Frequency 16 MHz 

First observation uses CMX7032 main clock 
frequency 19.2 MHz and ATxmega128A1 main clock 
frequency 16 MHz, while C-BUS – SPI communication 
clock frequency varies from 500 kHz to 8 MHz. Figure 

8 shows FI loading and activating process when 
CMX7032 main clock frequency is 19.2 MHz, 
ATxmega128A1 main clock frequency is 16 MHz, and 
C-BUS – SPI communication clock frequency is 8 
MHz. In Figure 8, channel 1 in yellow color shows CSN 
signal, channel 2 in blue color shows SCLK signal, 
channel 3 in purple color shows CDATA signal, and 
channel 4 in green color shows RDATA signal. C-BUS 
– SPI communication wires signals capture in Figure 8 
is in accordance with SPI writing to and reading data 
from C-BUS timing diagram in Figure 4 and Figure 5 
and resulting right checksum values. It means that C-
BUS – SPI communication works properly. 

 

Fig. 7. FI Loading and Activating from Host μC Process Flowchart 

 

Fig. 8. FI Loading and Activating Process when CMX7032 Main 
Clock Frequency is 19.2 MHz, ATxmega128A1 Main Clock 
Frequency is 16 MHz, and C-BUS – SPI Communication Clock 
Frequency is 8 MHz 



Observation result of C-BUS – SPI communication 
performance using CMX7032 main clock frequency 
19.2 MHz and ATxmega128A1 main clock frequency 
16 MHz, while C-BUS – SPI communication clock 
frequency varies from 500 kHz to 8 MHz, is shown in 
Table III. C-BUS – SPI communication clock frequency 
is obtained by deviding ATxmega128A1 main clock 
frequency (as master) by 2, 4, 8, 16, or 32. 

Successful FI loading and activating process is 
indicated by right checksum values read from 
CMX7032’s registers and all steps in FI loading and 
activating from host μC process flowchart described in 
Figure 7 are successfully executed. Meanwhile, in failed 
FI activation case, FI loading process is successful and 
resulting right checksum values, but FI activation steps 
process is not successfully executed. 

TABLE III.  OBSERVATION RESULT OF C-BUS – SPI COMMUNICATION PERFORMANCE USING CMX7032 MAIN CLOCK FREQUENCY 19.2 MHZ 
AND ATXMEGA128A1 MAIN CLOCK FREQUENCY 16 MHZ 

CMX7032 
Main Clock 
Freq (MHz) 

ATxmega128A1 
Main Clock 
Freq (MHz) 

C-BUS – SPI 
Clock Freq 

(MHz) 

Before FI 
Loading and 
Activating 

Process 

Success FI 
Loading and 
Activating 
Process? 

(Y/N) 

After FI Loading and 
Activating Process Time to 

Load and 
Activate FI 

(ms) 
CMX7032 

power 
consumption 

(mW) 

CMX7032 
power 

consumption 
(mW) 

ATxmega128A1 
power 

consumption 
(mW) 

19.2 16 8 21.5 Y 214.8 128.0 592 
19.2 16 4 21.4 Y 214.8 127.5 671 
19.2 16 2 21.4 Y 214.8 129.0 847 

19.2 16 1 21.5 
N (Activation 

Failed) 
214.8 145.0 - 

19.2 16 0.5 21.4 
N (Activation 

Failed) 
215.8 147.0 - 

C. Observation of C-BUS - SPI Communication 
Performance using CMX7032 Main Clock 
Frequency 19.2 MHz and ATxmega128A1 Main 
Clock Frequency 12 MHz 

 

Table IV shows second observation result that uses 
CMX7032 main clock frequency 19.2 MHz and 
ATxmega128A1 main clock frequency 12 MHz, while 
C-BUS – SPI communication clock frequency varies 
from 375 kHz to 6 MHz. 

TABLE IV.  OBSERVATION RESULT OF C-BUS – SPI COMMUNICATION PERFORMANCE USING CMX7032 MAIN CLOCK FREQUENCY 19.2 MHZ 
AND ATXMEGA128A1 MAIN CLOCK FREQUENCY 12 MHZ

CMX7032 
Main Clock 
Freq (MHz) 

ATxmega128A1 
Main Clock 
Freq (MHz) 

C-BUS – SPI 
Clock Freq 

(MHz) 

Before FI 
Loading and 
Activating 

Process 

Success FI 
Loading and 
Activating 
Process? 

(Y/N) 

After FI Loading and 
Activating Process Time to 

Load and 
Activate FI 

(ms) 
CMX7032 

power 
consumption 

(mW) 

CMX7032 
power 

consumption 
(mW) 

ATxmega128A1 
power 

consumption 
(mW) 

19.2 12 6 21.5 Y 215.8 113.0 719 
19.2 12 3 21.4 Y 215.2 113.0 848 
19.2 12 1.5 21.5 Y 214.8 112.0 1,088 

19.2 12 0.75 21.5 
N (Activation 

Failed) 
214.8 126.0 - 

19.2 12 0.375 21.5 
N (Activation 

Failed) 
214.8 125.5 - 

D. Observation of C-BUS - SPI Communication 
Performance using CMX7032 Main Clock 
Frequency 9.6 MHz and ATxmega128A1 Main 
Clock Frequency 16 MHz 

 

Third observation uses CMX7032 main clock 
frequency 9.6 MHz and ATxmega128A1 main clock 
frequency 16 MHz, while C-BUS – SPI communication 
clock frequency varies from 500 kHz to 8 MHz, and the 
result is shown in Table V. 

TABLE V.  OBSERVATION RESULT OF C-BUS – SPI COMMUNICATION PERFORMANCE USING CMX7032 MAIN CLOCK FREQUENCY 9.6 MHZ AND 
ATXMEGA128A1 MAIN CLOCK FREQUENCY 16 MHZ 

CMX7032 
Main Clock 
Freq (MHz) 

ATxmega128A1 
Main Clock 
Freq (MHz) 

C-BUS – SPI 
Clock Freq 

(MHz) 

Before FI 
Loading and 
Activating 

Process 

Success FI 
Loading and 
Activating 
Process? 

(Y/N) 

After FI Loading and 
Activating Process 

Time to 
Load and 

Activate FI 
(ms) CMX7032 

power 
CMX7032 

power 
ATxmega128A1 

power 



consumption 
(mW) 

consumption 
(mW) 

consumption 
(mW) 

9.6 16 8 11.9 Y 190.4 128.0 592 
9.6 16 4 11.9 Y 190.7 129.0 687 
9.6 16 2 11.9 Y 190.7 129.0 848 
9.6 16 1 11.9 Y 190.7 127.5 1,231 

9.6 16 0.5 11.9 
N (Activation 

Failed) 
191.4 146.5 - 

E. Observation of C-BUS - SPI Communication 
Performance using CMX7032 Main Clock 
Frequency 9.6 MHz and ATxmega128A1 Main 
Clock Frequency 12 MHz 

 

Table VI shows fourth observation result that uses 
CMX7032 main clock frequency 9.6 MHz and 
ATxmega128A1 main clock frequency 12 MHz, while 
C-BUS – SPI communication clock frequency varies 
from 375 kHz to 6 MHz. 

TABLE VI.  OBSERVATION RESULT OF C-BUS – SPI COMMUNICATION PERFORMANCE USING CMX7032 MAIN CLOCK FREQUENCY 9.6 MHZ AND 
ATXMEGA128A1 MAIN CLOCK FREQUENCY 12 MHZ 

CMX7032 
Main Clock 
Freq (MHz) 

ATxmega128A1 
Main Clock 
Freq (MHz) 

C-BUS – SPI 
Clock Freq 

(MHz) 

Before FI 
Loading and 
Activating 

Process 

Success FI 
Loading and 
Activating 
Process? 

(Y/N) 

After FI Loading and 
Activating Process Time to 

Load and 
Activate FI 

(ms) 
CMX7032 

power 
consumption 

(mW) 

CMX7032 
power 

consumption 
(mW) 

ATxmega128A1 
power 

consumption 
(mW) 

9.6 12 6 11.9 Y 191.7 113.0 736 
9.6 12 3 11.9 Y 190.7 113.0 848 
9.6 12 1.5 11.9 Y 190.7 112.0 1,072 
9.6 12 0.75 11.9 Y 190.4 112.0 1,584 

9.6 12 0.375 11.9 
N (Activation 

Failed) 
190.7 125.5 - 

III. RESULT AND DISCUSSION 

Result and discussion of observasion result of C-
BUS – SPI communication performance will be 
described more detail in 7 points below. 

A. Correlation of IC Main Clock Frequency to IC 
Power Consumption 

According to observation results shown above, 
comparation of each average CMX7032 and 
ATxmega128A1 power consumption when using 
different main clock frequency can be pictured as in 
Figure 9. Figure 9 shows that average CMX7032 power 
consumption when using main clock frequency 19.2 
MHz (215 mW) is higher than when using main clock 
frequency 9.6 MHz (190.8 mW). Average 
ATxmega128A1 power consumption when using main 
clock frequency 16 MHz (128.3 mW) is also higher 
than when using main clock frequency 12 MHz (112.6 
mW). It means that the use of higher main clok 
frequency demands higher power consumption and it 
applies to both CMX7032 and ATxmega128A1. 

B. Successful FI Loading Indicator 

Considering overall results of observation, it can be 
stated that in all observation cases, FI loading process is 
always successful and resulting right checksum values. 
This is also followed by risen CMX7032 power 
consumption compared to before FI loading process as 
pictured in Figure 10. When using main clock frequency 
19.2 MHz, average CMX7032 power consumption rises 

from 21.5 mW to 215 mW after successful FI loading 
process and when using main clock frequency 9.6 MHz, 
average CMX7032 power consumption rises from 11.9 
mW to 190.8 mW after successful FI loading process. It 
means that rising CMX7032 power consumption from 
before to after FI loading process can be an indicator of 
successful FI loading process. 

C. Unsuccessful FI Activating Indicator 

According to observation results above, in some 
cases, FI loading process is successful and resulting 
right checksum values, but FI activating process is 
unsuccessful. According to FI loading and activating 
from host μC process flowchart in Figure 7, after 
sending activation code to register 0xC8, the next step is 
to wait for ACT flag to go high. In unsuccessful FI 
activating cases, ACT flag does not go high after 
activation code is sent, so ATxmega128A1 does infinite 
looping to check ACT flag status. It causes 
ATxmega128A1 power consumption to rise more than 
in successful FI loading and activating proses cases. 
Figure 11 shows that when using ATxmega128A1 main 
clock frequency 16 MHz, average ATxmega128A1 
power consumption is 128.3 mW in successful FI 
loading and activating process case, but in unsuccessful 
FI activating process case, it rises to 146.2 mW. While, 
when using ATxmega128A1 main clock frequency 12 
MHz, average ATxmega128A1 power consumption is 
112.6 mW in successful FI loading and activating 
process case, but in unsuccessful FI activating process 
case, it rises to 125.7 mW. 



 

Fig. 9. Comparation of CMX7032 and ATxmega128A1 Power 
Consumption using Different Main Clock Frequency 

 

Fig. 10. Comparation of CMX7032 Power Consumption Before and 
After FI Loading Process 

 

Fig. 11. Comparation of ATxmega128A1 Power Consumption After 
Successful and Unsuccessful FI Loading and Activating Process 

D. Correlation of CMX7032 Main Clock Frequency 
and C-BUS – SPI Clock Frequency to the Success 
of FI Loading and Activating Process 

Observation results above show that when using 
same CMX7032 main clock frequency, FI loading and 
activating process can still be successful, although C-
BUS – SPI clock frequency used is different. The result 
also shows that using same C-BUS – SPI clock 
frequency does not ensure successful FI loading and 
activating process if CMX7032 main clock frequency 
used is different. This can be noticed from observation 
results that show when using C-BUS – SPI clock 
frequency 1 MHz or 750 kHz and CMX7032 main 
clock frequency 19.2 MHz, FI activating process is 
unsuccessful. But, when CMX7032 main clock 
frequency is changed to 9.6 MHz, FI loading and 
activating process becomes successful. This also means 
that using higher CMX7032 main clock frequency 
demands higher C-BUS – SPI clock frequency to 
support successful FI loading and activating process. 

E. Correlation of ATxmega128A1 Main Clock 
Frequency and C-BUS – SPI Clock Frequency to 
the Time Required for Loading and Activating FI 

According to observation results shown above, when 
using same ATxmega128A1 main clock frequency, 
higher C-BUS – SPI clock frequency results less 
required time for loading and activating FI. But, when 

using different ATxmega128A1 main clock frequency, 
higher C-BUS – SPI clock frequency does not always 
result less required time for FI loading and activating 
process. This can be caused by lower ATxmega128A1 
main clock frequency requires more time for executing 
all commands for loading and activating FI that affect 
total required time for FI loading and activating process. 
Comparation of C-BUS – SPI clock frequency 
correlation to the time required for loading and 
activating FI using ATxmega128A1 main clock 
frequency 16 MHz and 12 MHz is shown in Figure 12. 

 

Fig. 12. Comparation of C-BUS – SPI Clock Frequency Correlation 
to the Time Required for Loading and Activating FI Using 
ATxmega128A1 Main Clock Frequency 16 MHz and 12 MHz 

F. Correlation of CMX7032 Main Clock Frequency to 
the Time Required for Loading and Activating FI 

Observation result shows that using same C-BUS – SPI 
clock frequency, different CMX7032 main clock 
frequency does not affect significantly to the time 
required for loading and activating FI. Observation 
result of CMX7032 main clock frequency correlation to 
the time required for loading and activating FI shown in 
Table VII shows that highest time difference is 17 ms. 

TABLE VII.  OBSERVATION RESULT OF CMX7032 MAIN CLOCK 
FREQUENCY CORRELATION TO THE TIME REQUIRED FOR LOADING 

AND ACTIVATING FI 

C-BUS – 
SPI Clock 

Freq 
(MHz) 

Time to Load and Activate 
FI (ms) 

Time 
Difference 

(ms) 

CMX7032 
main clock 
freq 19.2 

MHz 

CMX7032 
main clock 

freq 9.6 
MHz 

8 592 592 0 
6 719 736 17 
4 671 687 16 
3 848 848 0 
2 847 848 1 

1.5 1,088 1,072 16 

G. Comparation with I2C – SPI Communication 

Other most used serial communication protocol is 
I2C (Inter-Interface Circuit). Communication between 
master and slave in I2C protocol begins with START 
condition followed by slave address to be reached, one 
read/write bit, a bit of recognition that can be ACK (if 
the communication was successful) or NACK (if the 
communication was unsuccessful or the end of the 
message is set by master), 8 bits of data to send or to 
receive, the ACK or NACK bit, and finishes with a 
STOP condition or a condition Repeated START[17]. 
Compared to I2C that only needs 2 wires (SDA and 



SCL), C-BUS needs more wires for CSN, SCLK, 
CDATA, RDATA, and IRQN. But, C-BUS usage 
advantages are in its data transfer protocol. C-BUS does 
not need START/STOP condition, read/write bit, and 
ACK/NACK bit as in I2C. C-BUS transaction can be 
started when CSN signal is held low and stopped when 
CSN signal is high, address byte in C-BUS transaction 
determines data direction for each transfer, and to check 
CMX7032 readiness for next register writing process, 
we just need to wait for ACT flag to go high as decribed 
in Figure 7. Moreover, when C-BUS interface lines are 
connected to SPI interface lines, there is no need for 
additional device. But, when I2C interface lines are 
about to be connected to SPI interface lines, there has to 
be additional SPI to I2C bridge device. Figure 13 shows 
SPI to I2C bridge architecture[18]. 

 

Fig. 13. SPI to I2C Bridge Architecture 

IV. CONCLUSION AND FUTURE WORKS 

Literature review and observation of C-BUS 
communication in CMX7032 with SPI communication 
in ATxmega128A1 performance are successfully 
performed. Observation results show that C-BUS – SPI 
communication performance using various CMX7032 
and ATxmega128A1 main clock frequency and C-BUS 
– SPI clock frequency affect to CMX7032 and 
ATxmega128A1 power consumption, success of FI 
loading and activating process, and time for loading and 
activating FI. Considering observation results above, the 
use of CMX7032 and ATxmega128A1 main clock 
frequency and C-BUS – SPI clock frequency can be 
adjusted to be complied with design needs. 

Future works for this project is an AIS transceiver 
module using CMX7032 and ATxmega128A1 that can 
be used as an alternative design, but can still meet the 
requirements. Future observation also needs to be 
performed to find a solution for reducing noise ripple in 
C-BUS – SPI communication wires. 

ACKNOWLEDGMENT 

The authors would like to thank Mr. Mujtahid, as 
Director of Satellite Technology Center of LAPAN, and 
Mr. Wahyudi Hasbi, as Head of Dissemination Division 
of Satellite Technology Center of LAPAN, for their 
support so that this research can be well completed. 

REFERENCES 
[1] M. Fiorini and J. C. Lin, “Clean Mobility and Intelligent 

Transport Systems”, Ch. 12-13, ISBN 978-1-84919-895-0, The 

Institution of Engineering and Technology, London, January 
2015, Book DOI: 10.1049/PBTR001E. 

[2] CML Microcircuits. Marine AIS, White Paper, June 2008, 
Available: https://www.cmlmicro.com/wp-
content/uploads/2017/06/WP_AIS.pdf. 

[3] H. Saputra, A. Budi K. A., D. Istardi, and S. Wiratno S., 
“Penggunaan Data Automatic Identification System (AIS) 
untuk Mengetahui Pergerakan Kapal (Studi Kasus pada Lalu 
Lintas Kapal di Selat Singapura dan Perairan Batam)”, Jurnal 
Integrasi, October 2016, p-ISSN: 2085-3858, pp. 139-143. 

[4] CML Microcircuits. DE70322T Marine AIS Class B 
CSTDMA/SOTDMA Demonstrator/Reference Design, 
Information Pack, June 2018, Available: 
https://www.cmlmicro.com/wp-
content/uploads/2018/06/DE70322TInformationPack-1.pdf. 

[5] J. Koto, M. Rashidi, and A. Maimun, “Tracking of Ships 
Navigation in the Strait of Malacca using Automatic 
Identification System”, Developments in Maritime 
Transportation and Exploitation of Sea Resources, London, 
2014, ISBN: 978-1-138-00124-4, pp. 721-725. 

[6] M. Agus, S. W. Widyanto, Ma’muri, S. Wisnugroho, and S. 
Asuhadi, “Automatic Identification System (AIS) Berbasis 
Mikrokontroler untuk Pengawasan Nelayan di Wakatobi”, 
Seminar Nasional Sains dan Teknologi, Jakarta, 2018, p-ISSN: 
2407-1846, e-ISSN: 2460-8416, pp. 1-7. 

[7] CML Microcircuits. CMX7032 CMX7042 AIS Data Processor, 
Datasheet, March 2018, Available: 
https://www.cmlmicro.com/wp-
content/uploads/2018/03/CMX7032_42_FI1_ds.pdf. 

[8] CML Microcircuits. Writing a Function ImageTM to Serial 
Memory, Application Note, January 2007, Available: 
https://www.cmlmicro.com/wp-
content/uploads/2017/09/CMX703xCMX704x-Writing-a-
Function-Image-File-to-Serial-Memory.pdf. 

[9] CML Microcircuits. DE70322T Demonstration Kit, User 
Manual, June 2018, Available: https://www.cmlmicro.com/wp-
content/uploads/2018/06/DE70322T_UM.pdf. 

[10] CML Microcircuits. C-BUS Microcontroller Interface, 
Application Note, December 2002, Available: 
http://www.g1sle.com/files/downloads/cbus_2.pdf. 

[11] CML Microcircuits. C Code For C-BUS, Application Note, 
March 2011, Available: www.cmlmicro.com. 

[12] Atmel. 8-bit Atmel XMEGA A Microcontroller, Manual, 
November 2012, Available: 
http://ww1.microchip.com/downloads/en/DeviceDoc/doc8077.p
df. 

[13] Atmel. 8/16-bit XMEGA A1 Microcontroller ATxmega128A1 / 
ATxmega64A1, Datasheet, June 2013, Available: 
http://ww1.microchip.com/downloads/en/DeviceDoc/Atmel-
8067-8-and-16-bit-AVR-Microcontrollers-ATxmega64A1-
ATxmega128A1_Datasheet.pdf. 

[14] CML Microcircuits. C-BUS Coding Example using the 
CMX868A, Application Note, April 2007, Available: 
https://www.cmlmicro.com/wp-
content/uploads/2017/06/AN_Gen_CBUS_868ACode_2.pdf. 

[15] CML Microcircuits. C-BUS to SPI Interfacing, Application 
Note, December 2007, Available: www.cmlmicro.com. 

[16] CML Microcircuits. DE70322T Marine AIS Class B 
Demonstration Kit AIS Class B CSTDMA/SOTDMA, Product 
Preview, June 2018, Available: https://www.cmlmicro.com/wp-
content/uploads/2018/06/DE70322TProductPreviewMay2018_
5.pdf. 

[17] T. L. Río, G. Juarez-Gracia, and L. N. Oliva-Moreno, 
“Implementation of the Communication Protocols SPI and I2C 
Using a FPGA by the HDL-Verilog language”, Research in 
Computing Science 75, 2014, pp. 31–41 

[18] S. Larson, SPI to I2C Bridge (VHDL), May 2019, Available: 
https://www.digikey.com/eewiki/pages/viewpage.action?pageId
=11042934 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


