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! "! "! "! " ####AM$$$$%! &%! &%! &%! & ####FM$$$$' ( �) *' ( �) *' ( �) *' ( �) * ����

AM� FM G H �e��	
 ¹ � � 2 � V ¥ � 2 � � ¿ 9�� 9 G H AM 

(MW� LW÷� FM ë �  (VHF)��p " %: VHF�ë � �å G H � �zº a

j Ä ë � 6 �+. ç � aÑ 7 . � ó ô %@

(1). + , -+ , -+ , -+ , -  (AM): 

# $ G H � 8 ' ë �p " � � 	 � ' � � 9 � : * ; � < � = m > � ë � 3

;% � 3;= m �p " ² ^ > � ° ' Ñ ? @ Ý� A B- � �- ê �p " % 

(2). . " / 0 1. " / 0 1. " / 0 1. " / 0 1  (RF oscillator ) (FM): 

7 × C � ë e �' Ý �½ ë e � � D � Ç � � 460 kHz�+ 460 kHz ½ ekë

�ë � %¦ ' Æ � a� �aà �ë e Ä�ê ë E F ;(RF oscillator)/ð , Ø ' Æ

� � � 460 kHz�ë � % 

(3). 2 3 12 3 12 3 12 3 1  (Mixer): 

: = û + � & = û � É �ê ë E F ; æ � 	 �p " � < �� & % * ; 7 × kë

(IF) p " � G �/7 × �kë (IF) p " � & � IF 9 � : * ;% 

(4). 4 " 5 6 14 " 5 6 14 " 5 6 14 " 5 6 1  (IF Amplifier): 

� 	 IF 7 8 9 3 17 8 9 3 17 8 9 3 17 8 9 3 1 (5)�p " � & � kë � 3;(IF Amplifier)�ú & ½ � 3;

�s� � 3 AM (Constant IF at 460 KHz) É � FM/VHF  (Constant IF at 10.7 MHz)

p " % ² Ã ��u � 01 p " Á � �ë G É �:ë 9 H I 7 × a J K � v � % 

(6). : ! 1: ! 1: ! 1: ! 1  (Demodulator): 

, ' ; G H � , kë � 3;(IF Amplifier)�p " �� AM+L�j e M � � �

, ' ;�, ' ; j � ë � ) * p "  m - � �à ë p " �t . 7 × & - ê �å -

ê q � � �p " %� FM/VHF+L� , ' ;� ¿ s�9Ã k ü AM�p " % 

(7). ; �< = > ? 1; �< = > ? 1; �< = > ? 1; �< = > ? 1 @@@@Automatic Gain ControlAAAA: 

¦ p " � X G H �Ä�j p " N ¯��ÄÅ + ° � �0/ð õ c p " 3 Þ � ö

O ° Ø �õ c p " æ � ' � P b %e� , Q 0 � � � �� � �1 � 3;�� N R

1 a 1 2 �p " ï �G H �� �ï �r à a N �p " � N ¯% 
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(8). : B 1: B 1: B 1: B 1 @@@@DecoderAAAA: 

/ G H � �� ª # Ý S � ^ � o p »� T U � É , ü �01 � 	 , U �p " /

V 	 W X /p " Y Z m ~ % 

î � ' � � % á V ¥ � � � [ � £ t �1 [ � �V ¥ �� A B\ 

(9). C " 5 6 1C " 5 6 1C " 5 6 1C " 5 6 1 @@@@LF amplifierAAAA: 

ï ¨ e û ® � 3;��: AM� FM ë � / , ' 	 < �à ë p " 1 � 3%� 	

� 3�p " / & ] = m � % 

(10). + D -+ D -+ D -+ D - @@@@Output stageAEAEAEAE  

p " : � 	 û ® � 3; æ � < /p " � & � W X Z � m n ^ � _ � �p " %?

û � ¹ � V ¥ /û ® � 3;� W X ¯ $ :� Å c e� � = m ` ` % 

F G 1F G 1F G 1F G 1 (Diplexer): 

  : a È ;k ( ) � ' Ñ ; É � choke�/p " ë e k c b � ë � �/01 ë �

k Ë � & � � ë c S ;�à ë � ¹ ; 1 ¯ $ �� < V 	 W X / S ¹ Z � m ��0

� Z � m �� S ¹ � �� ` @ W X t a d � ¹ º % 

(11).VHF tuner: 

VHF tuner � FM G H �2 AM G H � � � � e � �Ä 2 � ( ) � 9 � : * ;

(Bandpass Filter)s� A B FM�ë � �� ë � 3;
 E F ; É � % * ;%TMC 

(Traffic Message Channel) tunereG H ^ � o p �s� u � ^ � ³ f > l mn %

0 � 
 ® ½ e o � x � (Telematics) � # � % & % 

G Ê �/ 4 5 bg ¹ � G H ;k�V ¥ : 

ö PÍPbg G H �j �ò � � õ ö%bg G H ��� � h kë i | j kÎ � p "

� & H 4 l � m ;� c bg p " �� ¯ $ � G H �%2� û Î � p " G H � � � �

e � :bg G H ��ò �p " æ � 	 n o ebg p " �j k � 3P b � æ :� Î

� 2bg p " � ¯ $ %4 sbg ¹ ë : * ;� , Q : S ¹ p " � m ' e j , Q �

" � �%2 Î � G H �q � �bg G H ��` À �W ¿ t a q � Q � Þ �� � �

p ¯%q � � 4 �4 sbg � � G H ��} l Z � ; á r $ � s Ñ å l 4 H � m ;%@
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É Ê / 4 5 �ò � õ k� a� � �< � W ¿ \ 

DEQ (Digital Equalizer): 


 ® � ADP Co-processoC ��bg »� ; ( ) ? � s � � b � �»� ;s�

t # � : * ;�p " ' ¯ ] kë . i �¹ ' � . c %DEQ� É t v � . ß 3 �

ì E 7 × �é p �4 5 S ¹ � ¹ ' t � 6 � �u R % ² Ã �� V 	 A B DEQk

� : * ;�W v m � � � ¹ ¬ w ¥ �¨ © � ± _ Ã t r x j © � ë y % 

DSA (Digital Sound Adjustment)%%%% DNC (Dynamic Noise Covering): 

DSA2 DNCeMPX Co-processork� � �æ � z { %DSA� É , Ø �Þ O

É � � Æ � 6 �ë e � � %j ¦ § | � �� s H ¹ ; Þ O W X Z � m ��é p �

G � V 	 DSP� k } �¦ ~ � 6 � � ¹ ' �t /j ¹ ' � & ] 
�� ¹ � 
 ® % 

DNC� V 	 [ � � G H ; � � �Þ O � k } 
Ý¦ § + 7 × �é p ë � %0

1 é p ( ) � � � ��ò � õ × F »�:aà � AF ë � Ê j ¹ º a � �¼ ½

DNC ú & � N S ¹ �p " � � � ' � é p å õ c � v � %ú & DNC å u � � ¿

9�j S ¹ �zº � ð ¼ e
¡ �¦ - +� � H _ �zº % 

TwinCeiver: 

? û � g �bg G H �� ¯� ¯ $ � � û � ¿ 9%? û � g � � @ Ý� c *

��9Ã : ` � � � ' 3 $ � � � bg p " G H ³ ù É � � � kë (IF) � m ;�

. ¯ � � � � G ¯� t 0.28 mm%[ � �TwinCeiver � t DDA (Digital Directional 

Antenna)� É �Ä ' ¯ . p q ¼ � � ³ ù å õ c p " �ó ô % 

DAB (Digital Audio Broadcasting) receiver: 

DAB�� � � # � S ¹ � G H zº �bg ¹ � x � %ª � 4 s� � � � G H

��S ¹ �zº ð ¤ � �ñ � ¼ e � � �� = ³ ù � � ê � � � +õ c a � � H

p zº %: DAB� � " æ � 	 n k�ð Û � � ¯ �o � � �� u � è d � G H

zº %4 s Ã � É ú & Ì § ' w � A ` ¿ 9�DAB ½ � � , � V 	 x � �ò �

� � � 4 s Ã �� � % 

ö 2-3e DAB�ò x � ! � ö�p " V 	 # $ G H � � 	 ' � ; 7 × kë �

ë � � G �/p " � 	 : * É �bg � �æ � %e� � � Æ � = Äå õ c � �
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��/ � 	 bg � æ � 	 < �p " = û COFDM (Coded Orthogonal 

Frequency-Division Multiplexing)/æ � 	 < �p " � & > channel decoder% � -

�p " /ú & � Ë � COFDM ) * p " (�ò �¦ ~ � � & FFT�æ � )�� & �

m � � 4 �� /Â � ¦ ~ �p " � ( ) :0 � æ � 	 n k%G Ê � 1 � � è Æ �

	 n k�MSC�o p /ð � 	 , U ;� V 	 S ¹ � & m �%µ Ã � � & � ¦ �

� ´ / S ¹ p " Û í Ê ��1 < O �æ � %: FIC(Fast Information Channel)�p

" / V 	 4 s Ã �¨ © � ´ � 1 i �% 

 

ö 2-3  DAB receiver � Y�  

É ' å � �e% á � DAB G H �k�V ¥ �a � ¯ � DABkÁ Â ( ) D-Fire 

(Digital Fully Integrated Receiver)�Ä ¯ $ � û + � i �;�Ð Ñ � ¦ � # $��

É Û Ó :bg � ¹ � � G H + � É ð ñ : � m �µ j Ä é p å õ c �ó ô % 

��T é � ¹ � î � ¹ � á r � ¿ 9� �£ �: Ð Ñ � H � Ñ å �� N j ¿ 9

� ¹ º �[ � � ; � Ü � Ì i 
 ® ç c e2 � �� � � É � � �Ì i ¹ � 
 ® ï

� É r à 
 ÷ e % 

É Ê /É T 60 Antares radiotelephone (ö 2-4) 7 zV ¥ � 1 4 5 �¼ eÄ ¶  

å � ? û ¹ � Ñ å : 
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                     ö 2-4  T 60 Antares radiotelephone� Y�  

3 $ � � � � É � GSM - Ø � p x � � Ñ $ � Ò Ó x � VOCS (Voice Control 

System)�� s S ¹   í x � �/
 2 � S ¹ ¡ ! Ê ��
 2 ½ �s S ¹ � i �

ò I � ¹ � ¿ 9%& �06 
 ® �� � � �l m ¢ 9: - mk�� s/ � ³ ü �

0 w �Ì £ ¹ � 
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�� 
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           ö 2-5  MP3 Compact Drive[1] 


 ) o � x � iTelematcisk�� ² ® ¯ � u � ^ � o p �+ � �� « ¬ i ª ¹ ¬ 


� � Ê ) k
 � p i ª ° ³ 
E-mail H - k
 Û �i ª ù + i �
 0 ± ² ³ k
�

�i ª Ö ã æ � 
Õ Ö � ´ k»� ` � � � � �± ) * è µ ; n � �4 l m × ¶

· ¸ ¹ º » ¼  %É Ê /s Blaupunkt: MEMPHIS MP66(u 2-1)� 4 5 j V ¥ : 

                  u 2-1  Blaupunkt: MEMPHIS MP66 [19] 

Product Features Specification 

CD/MP3/WMA Playback  40GB USB HARD DRIVE 

First-class radio reception 
(DigiCeiver technology)  

Data Transfer Speeds USB 2.0: Max. 
480Mbps 

iPod ready: Connection for optional 
iPod interface 

Power Supply: 5.0V+/-5% 

FM, MW, LW Radio Power Consumption Max. below 250mA 

Compatible with optional Bluetooth 
interface 

Operating Temperatures 0~40°C  

FM frequency response (Hz) -3 dB 
20 – 16,000 

CD: Frequency response (Hz) -1 dB 
20 Hz – 20 kHz 

Bit rate: 8 – 320 kbit 

 

@
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º » Y Z (Satellite Radio)(ö 2-6)(u 2-2) e b g Y Z �� � �Ð ) j Ñ å �	 


¹ �  Á Á c e 2 � �É_ � e ��q a � � � � Y Z x � �º » Y Z �V 	 �

� � / p " � & ] º » �² V 	 º » / p " V 	 e ´ �k 	 
 �� & � s � + �

V 	 0 � � = � � �j � 
 � � D / � ñ e � � � � %: J �� K L ' tÉÊ<

� ¿  [2]: 

1.fgfgfgfg 3G 8 Z8 Z8 Z8 Z : 

b g Y Z x � 3 $ 3G � p � � ì � % e � � t . u � � b ê 2o p � = 


Ê ) ¿ 9� � � � - Ø ' � Ê ) , e � � P % 

2.fgfgfgfg GPS:  

� u � ' ( e öµ � � © @ � x � �' ( e öo � � ½ Ä è g % 

 
               ö 2-6  Satellite radio: Delphi XpressRC[21] 

 
             u PÍP  Satellite radio: Delphi XpressRC V ¥ � PY � @

Dimensions 4.5" x 2.5" x 0.63" 

Weight 3.2 ounces 

Audio output 3.5mm mini-stereo jack 

Antenna connector (home and car cradle) RF SMB 

External Power 5 VDC 5 V DC 

Current 2000mA 

Operating Temp -20°C to 60°C 
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2-2 h i j kh i j kh i j kh i j k  
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2. � 0 � ¹ u � ¿ 9: 
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� ¦ þ � % 



 19 

3. s t i zs t i zs t i zs t i z : 

GPS Ñ t ¼ 1 = ! ¿ 9�� É = ! s � 
¡ - m³ $ �« � 10·�� » ¦ ¯�

Ø ]9� � � � 
 î � � Ë % 

ÉÊ/ É Bosch Radio-navigation TravelPilot RNS 149/150 (ö 2-7)(ö 2-8) e �

( � 4 5 @¼ x � � % á V ¥ : 

 

 ö 2-7  Bosch Radio-navigation TravelPilot RNS 149/150 [1] 

Ä�� @ 2	 
 ¹ � ¯ $ �@¼ x � 
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 ö 2-8  Bosch Radio-navigation TravelPilot RNS 149/150 3 � � * ö[1] 
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� Þ � Ê ç �< 6 � b : 
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s@¼ x � � ë O ; � k e ÉÊ � � : 

1. Ý ' � / ¼ e ë O ; (Piezoelectric tuning-fork yaw-rate sensor): 

e �9Ã ± b g î ³ ö�o p 9Ã   í :@¼ x � �o � k�k Û ' w Q �/

ë O ; �o � �� ? û 
¡ �¦ - Æ B � 1 g � � u � < O �o p % 

¦ : � 3 æ Ä �Ý ' � / ¼ e ë O ; (Piezoelectric tuning-fork yaw-rate sensor)

� + 
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¡ : � 3 Ä �) l �

(Corliolis) � , �7 × 2 E F tr É � s:Þ O� Q � ' % � Ø �Ø Þ õ c ' �

�Ý � ë O ; ü ý / ³ E F O ´ [+ 7 × ^ � ' Ý�@¼ x � k Û ' w GH ½ '

Ý%' Ý p " � N ¯/ ð � � / ¼ e ë O ; 2 E F �, ¯+ ° % 

2. 1 � ' � / ¼ e ë O ; (Micromechanical yaw-rate sensor) 

k� ��
 @ � ð � 
 ESP (Electronic Stability Program)�� � - 
�� � �

:� � � Á � �³ ´ k - mÄ �ABS2 TCS � 9 u � £ 0 ô 
2� , Ä � Á �

��+ ESP�7 × $� e �� m � : n 0 � Á � �%ESP � É� � 
¡ : � 0

' � Á � ¯� Û Ü : | á - m� 0 1 ' %: ESP� ë O ; k�4s 1 � ' � /

¼ e ë O ; �íO � 3 � ( ¯�Äç Z s�§ e 
s@¼ x � � Ò Ó È ¶ �u �

? û 
¡ � g ®% 

1 � ' � / ¼ e ë O ; �� � X | � o ³ � i � x � �� s p ( Æ �` À� i

� g � k Û � h � � � E F ` À%e �ð ñ 	 ¯�× F �¯� ë O ; Á Q �: �

�ÊÌ § % 
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h i j k { | 
 }h i j k { | 
 }h i j k { | 
 }h i j k { | 
 } XXXX����

@@@@@@@@@u PÍ\@ Delphi NAV300(�) � PY � &Garmin nuvi760(Ê) � PP� V ¥  @

 

Dimensions 4.6" x 3.1" x 1.1" (116 x 79 x 28 mm) 

DC Power 12V 

Battery Rechargeable Lithium-Ion / 2100mAh 

Flash/RAM 32MB Flash/64MB RAM 

SD Supports up to 2GB 

Storage Temp Range -4°F to 148°F (-20°C to 70°C) 

Operating Temp 32°F to 140°F (0°C to 60°C) 

 
Dimensions 4.8" x 2.9" x .8" (12.17 x 7.52 x 1.95 cm) 

DC Power 12V 

Battery Rechargeable Lithium-Ion / 2100mAh 

Flash/RAM 2G NAND Flash 

Storage Temp Range -4°F to 148°F (-20°C to 70°C) 

Operating Temp 32°F to 140°F (0°C to 60°C) 
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� a � � �� 7 z V ¥ �<  � � 	 
s' ( �7 z �����ª�® ¯
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2-3 ����uuuu~ 8 j k~ 8 j k~ 8 j k~ 8 j k (Telematics) 

Telematics�3 $ � p (Telecommunication)2o p (Informatics) * � � ± 	 
 �

² �� � 2 \ ü w �� Å �Ä�í : Ð Å 
� �l � Ã 2� 8 x y � z { %

Telematcis � � 8 Ã V 	 	 
@¼ x � u �½ Ä g | 
Ô â 
 ^ � o p 
 I � "

>
y } 
e ö
~ � o p 
� ¹ 
� � 
� p 
º » Y Z 
b g ' � 
LAN/WLAN

» � ��ç¼ e Telematics�� Ü �u � 	 
@¼ x � �  � À ° � �4j 2j

ì GPS ä å µ e ö � t 5 � � ü % 

Ê/ É Bosch OnlinePilot GPRS 82 (ö 2-9) e �� 4 5 j V ¥ : 

 

ö 2-9  Bosch OnlinePilot GPRS 82[1] 

    � b g GH � �� � � ¹ �  

    � ñ � Ü � v 9 GSM a ë � p x � É� GPRS 

    �GPS W ¿  

    � - & � p � 
 ® 

    � � ¹ º uR� CD Z � ;  
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 Telematics: ä å �V ¥ Q � ' (u 2-4)�Á Q �9Ã ¶ å GPS
GSM a 0 ! $

� p x � 
 � ¹ � ° � �
É� � � » ¿ 9%       

u 2-4  Telematics V ¥ [4] 

Á å 
 ® × � � s A B � Ñ å  

a 0 � =  ( û � - Ø ' �  
¯ $ � - Ø ' �  

� g x �  

 

� S º » � g GH �  
- Ø ' � � g  

o � x � ¦ ~ O �  ( û � �� � Ô � x �  
� � 2 Y Z � x � ¯ $  
� � 2@¼ x � ¯ $  
« ¬ x �  


¡ æ Ox �  
, Ø � i ¿ 9 
, Ø Ô Õ íO 
� � � p x �  
4s Ã � ¹ � ´  
� � µ � ­ � @¼ 
 ® 

  : 

Delphi e ? û T ´ ' Telematics � 3 � OEV�ÉÊ/ sj 7 z 1 V ¥ � 4 5 « 

 
� 2-10  Delphi DS301 High-value Telematics System[21] 
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         u 2-5  Delphi DS301 High-value Telematics System V ¥ � PY �  

Dimension 203×130×38 mm 

RF Connectors GPS: FAKRA SMB C Code key, 50Ω 

VHF: FAKRA SMB C Code key 

Orbcomm Modem Transmit Frequency: 148 to 150.05 MHz 
Transmit Power: 5 Watts 
Receive Frequency: 137 to 138 MHz 
Dynamic: Range 40 dB minimum 
Sensitivity: Minimum BER: E-5 @ -120.0 dBm; Typical BER: 
E-5 @ -121.5 dBm 
VSWR: Detect antenna connection status 

GPS Receiver Selectable low-power operating and sleep modes 
Cold Start: TTFF < 45 seconds 
Accuracy: 2.5m CEP and 5.0m SEP 

Application 
Architecture 

Supports multiple configurations (operation and I/O) 
Offers configurable connections to bay compartment 
Compatible with multi-thread application architectures 

Application 
Interfaces 

Main Serial: RS232 (4-wire: Tx, Rx, CD, GND) 
App RS232 Serial: (2-wire: Tx, Rx) – GND Shared with main 
Power Out: Switch able output, battery voltage level, 1A max 
General I/O: 8 configurable 
Analog/digital inputs: 0-3.3 V DC, 0-12 V DC or 0-24 V DC 
or Digital outputs: 0-3.3 V DC  
General I/O: 2 configurable digital input/output 

Power External Power: 9 to 32 V DC, current-limited to 1.3A or 3A, 
J1455 24V compliant 
Battery Power: 8 to 16 V DC 
Modem Transmit: 2.0A max @ 12 V DC 
Modem Receive: 45 mA max @ 12 V DC (with LEDs off) 
GPS: 20 ma nominal @ 12 V DC 
GPS Sleep: 100 uA nominal @ 12 V DC 
Application Operation: dependent on operation requirements 
Application Sleep (program dependant): achievable: 25 uA 
nominal @ 12 V DC 

Standards Shock and Vibration: SAE J1455 
Pressure Wash: SAE J1455 and IP67 
Radiated Emissions: EN 301 721, EN 301 489 
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Telematics�+ , - . t � � � [�! $ � p * � �� 
¡ � 4 �Telematics

� � s � D tÉÊ< � ¿  2 K L : 

- Ø � p ° ³ x � e Telematics:
�2' � 8 Ã � � �� � z { �? ��s

�¯ $ � � � Î � � p x � �ª@¼ 

s ¹ � � b g 
 ®%É	 
' ( ¾ ¿ À

� õ � Bosch e ��:� � � � Ý e @0 � - Ø 
 ®k�¯ $ GSM (9.6 kbit/s for 

Uplink)2 DMB (1.5 Mbit/s for Downlink )%É½ � p ° ³ § e � � �l m ¢ � �

� � É � ñ � ' � 8 Ã u ��� ° � �%ù + íO� â � x � $�/ ? û 
¡ �

¦ § Æ f � � > ' � 8 Ã �, 4
¡ :k � � � �
¡ k�@¼ x � ð / 
( �

å : g ® � � > ' � 8 Ã �' � 8 Ã / ð e 
 2 ò ó ��æ � %: J �� K L

k�3 $ 2 GPS ! $ � p * � (3G/GPRS
WiMAX)�
 2 �å : g ®�j ¨ ©

o p 9 , Ø � u � > � ��' � 8 Ã �+ ' � 8 Ã � ÉV 	 � L µ - & � ¾ p �

� ¡ > 
 2  ; � ^ � 
I � �Ø ] ( ) , Ø H Ê 
ù + â � 
ò ó � Õ 
Û á

k � »� ° � �%3 $ � , ° ³ �l mn � n G¥ D å : e  ; �q r o p ��

è g § 8 x � ¿ 9[1]% 

� � ! $ * � e Telematics:
� 24s Ã � � �� � z { �	 
 � � � s 2

� � Ü 
 ®��ª � � e ! $ ° ³ � î �
 ) x � V 	 � � U � � ö G�² ö û

�ò ! $ ° ³ % 

; < =� DSRC (5.85~5.925GHz)� � p * � 4�
¡ 2
¡ µ 2 î ³ � �'

( < ; Å � É � q �� 1 p � �� � %V 	 ½ � � p * � �:� � �ïl � �


¡ 2
¡ Å � É n G^ m  ; � ^ � o p �� Q V 	 ¿ � � � � 8 Ã %� 	 ½ �

� p * � Á Â �: � � � � � Å �
¡ � É � q � & � 9- � j � 3 � v s% 

Telematics �! $ * � �& # $ 
êë U% ë å ¿ c%É # $ � 4 �� � �!

$ * � Q � � s � � � # $ Î © �É - Ø � p 3G� 4 É PIFA
 ` @ # $

(Monopole) � e Ç � %:êë 0 � � Ç � � s � � �ë � �:� ë Ä �' * p "

� ½ Å Ñ 7 õ có ô �¼ ½ : ä �Ä Á Â � Þ � :t ¯ �� Å kª 9 ~ V ú �'

³ � ç %:0� k EMC
EMI� � � Á Â �t� � � � � � � %: % ë �ë � �
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Ç � � 1 " �/ � � 
 - Ø � p 
 GPS»! $ * � � % ë ¿ 9¯ $ : � Ë �W

¿ k�+? û � / 0 / 01 ¿ 9�W ¿ ¯ $ :q � �æ � ; ¦ kÉ p « x � �

�%:û � �� K L ' � D �Telematics 3 $ l m Ò Ó x � e j � s K L �É ë

O � � e ��Ä¯ $ �ml
 î � ¡ 
Æ ´ � Õ � ¡ � � y ì X %: - 
Ä 9 �

Ä � 
 î 

¡ 
 - n [- íO��4: � Å ç9[- � �(ö 2-11)�� u �


2 è � � � - 
¨ © [5]%& Telematics � � m��� z �O ´ � � ; �c e � �

�� ¨ �Ä�9 u � � ° � � ¹ � - 
o p » ¿ 9%; < =:� � ; N ' �î �

¿ 9� ` � É��è n �� � � ´ � � J �� K L �+ � i � ´ � N ' � " $9

� � �t Ó � l m Ã : - 
Ä 9Ã è ß 7 �Ì § [6]% 

            

           ö 2-11  Telematics 3 $ l m Ò Ó x �  o � � N :ST 
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����������������� � 
 � �� � 
 � �� � 
 � �� � 
 � �  

 

3-1 �� ��� ��� ��� � ����� � i j k� � i j k� � i j k� � i j k (Adaptive Cruise Control) � �� �� �� �  

�³ � ê ¼ i � x � (Adaptive Cruise Control system, ACC)�Ä� 2 � ¿ 9��

s
û � ë Ox � �ª ì X ë Ox � (ö3-1)�íO � � 
 î ' û 
�ïl2q �

, ¯%� � å 4s� ê ¼ i � x � � 9 i � � z �45 
( \ Ü :� � , ¯ -

m�Ð �³ � ê ¼ i � x � � Ð � i � � z �ç9 i � ô 
�å É ¦ 
( 2û 


ïl � ; Ä �ð �Ä { Ø ô 
 
 ®(ö3-2)�¼ ½ �   Ó l mn ¡ ¢ � £ �� ] �

¼ � Ä ¤ Ï �� � ïl�+ - × 
 ÷ %Ð &� ³ f ° � � + �ª � 3 ¯ 	 3 �í

Ox � � 9! " ¦ § �µ 4 O� j ì
 î ' �
( % 

 

                       ö 3-1  ACC x � Ñ ®ö[7] 

e ��íOû 
�, ¯2ïl�ACCQ �� � ¯ $ � �ïlë O ; �É Î Ï e

��ACCë O ; ¯ $ 1 * ì X 2 i � ` ` (ö2-3)[8]�ú &½ x � � s� ' ¯2

i � 
¡ � - 
, ¯ e � ¦ Û ACC¦ - � � p ¯�ESP u �� Ì § �Ø B � b �

1 Ò Ó %e �� u � l m9Ã è � � ��Ì i 
¡ �Á Â � Ñ $ , Ø � Ø � ¥ �

¦ / � Ø � � Ø � � = & Ä � m � 0 µ �° m � , � s% 
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                 ö �	� � � 
 � � ¦ § | � � 
 �  

 

ö 3-3  ACC x � ¦ § � n  
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��������� � � � � � �� � � � � � �� � � � � � �� � � � � � ��\ � � � x 1�\ � � � x 1�\ � � � x 1�\ � � � x 1 � � 	� � 	� � 	� � 	 ����


s ì X ë O ; k Î � § f ¨OÞ � º � � �� / 
s ì X k e ÷S * ì X 


¤ � ì X 
ì ê ì X É� 1 * ì X %1 * ì X ü Oïlù 
¦ - � p 
OÞ �9

ñ # y »� 8 ¼ P � � � a « �� É ú 5 2 
2 ? � 
¡ Å ïl
q � , ¯
t

1 ì X £ � ú 5 q � � g � U q � � , ¯»p � �Ð À ¥ � a © ª %¨OÞ | �

� � � � k e « ¬ ' ë iPulse Frequency Modulation�PFMkU ' ë ö O *

iFrequency Modulation Continuous Wave�FMCWk% ¦ û � 1 * ì X �4s

ë e 2 � � k: 23À24
60À61
76À77 GHz 3 � ë � � * d : e ­ ® � �ç

¨ 1 * ì X e ­ ® * ì X %:01 ¿ & ë � ' �1 * � D ê9Þ : 3 y k¶ t e

3 � ¯ p ¿ �%24 GHz ì X � " : 3 y k� Z � ¯ p � b f e 0.2dB/km�60 GHz

f e 15 dB/km�77 GHz f e 0.4 dB/km%¯ Ý ' �� ë e � ª � +' ª �Ð : '

� 3 � ë � � &� 3 y kÙ ° 	 
± k ( � ² H U ] ê§ s7 × m ¯ p ³ q �4

5 ì X � " �� Z Z ¯ � :� � a ¾ � � D � � �j+� É ´ Þ r à� j ì
¡

ì X µ ! $ ' ä å � � � � t p q � s D n Ý � D ê% 

ÉÊ/ ÉBosch radar units(ö3-4)(u3-1) e �( :  

� � � � ACC ì X W ¿ � µ � Ä Á Q �# $ ÉÊ���: 

u 3-1  ACC Radar Module Specification[8] 

Range 2~120m 
Detectable relative speed -50~+50m/s 
Angular range ±4° 
Resolution 0.85m;1.7m/s 
Scanning rate 10Hz 
Frequency range 76~77 GHz 
Mean transmission power Approximation 1mW 
Bandwidth Approximation 200MHz 
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1. � ® ¯� ¶ ñ � D :-40°C...~125°C 

2.�9Ã c Ù � c Ý �  

3. � 	 
 E Ø � ¶ ñ �  

4.àcá �  

5. 7 z V ¥ � � � ISO/ TC204/WG14 

6. Ý È � � � ½ «  

�

�

� � � � � � � � � � � � � � � � � � � � �ö \Í{� � Bosch radar units[8] 

î ½ � ��:
( - [¦ k� ì X W ¿ �9Ã t9� » ¦ � ' ¯ì X * · % 

Bosch ACC ' ( x � W ¿ ¯ $ �ì X ë O ; 2
¡ , ¯ i � x � %½ W ¿ � Â

��G ¸ �� $ ³ �V 	 
¡ á r �o � � = x � (CAN)� 1 i � 2� � % 


s ì X W ¿ � 3 « % á ' �& � � ¹ � Þ � Q � � # $ ���2V ¹ � �

ï%: C � �ë e Ê�V ¹ � n ù & * · � � kæ � Q � %¯� V ¹ : � c ' �

: ¿ � �® ¯� º [ � ^ º +c�: ¿ � � Q � ' �� :V ¹ ' � 
 � Ç ; � ð

ñ :à® Ä ¹ ´ 3 » µ Z ¼ ½ 
 +õ c ì X � ë � � c % 
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3-3  ACC > ? � �> ? � �> ? � �> ? � � (ö 3-5) 

                   ö 3-5  ACC i � ` ` � % á ! � [8] 

Level 1: 

M � �2 ��: 1 p " É�q r �¹ � Þ ��ªp " ë e 
� ¹ �Ä Å »%V

	 ì X íOx � É�j Äë O ; å íO� �p " � É ¾ �̄:/ p " � & � Ê�

�% 

Level 2: 

/ M � � � & 	 ��¹ � p " � 	 � �c
¡ q r � b �
¡ k Û i � x �

� É , ¿ �p " %$ì X x � � 4 �:0� �� �� / ì X ë O ; �p " , ¿ m

ïl
2û 
� q � , 
� n 0 g ³ »§ e < O � æ � � � b %î ½ � ��j

ESP ë O ; �p " ç:½ �� � 1 æ � �É , ¿ m
¡ ³ ù k / ³ � ª e % 

Level 3: 

� 	 M 2� � � 	 < �p " �: M 3�� / ð 1 � < ¦ 
 �Ø § %½ �� ð /

¦ 
 < �p " k c 2 �< � ¹ À�01 ¹ À/ ð ¼ e 
¡ ¦ - 0 1 � � � +tå

� ° �¼ ½ �:½ �� Á Â �9 � ¦ ��æ � 01 ¹ ÀÉ u � ACCk Û i � x
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� �� 
¡ 1 t v �³ ù N OÉ� ² ³ % 

Level 4: 

� 	 û ´ < � d �p " æ � � < �:½ � d 2 �� 1 p " ' ° �/ ' ° 	 < �

p " 1 e 
¡ å Q � � , ¯�¦ ~%� � ê ¼ i � É�
¡ � 3 ( ¯�íOç:

½ �� [- % 

Level 5: 

/ M 4�� ¦ ~ 	 < �p " :½ �� 1 = m%: = m û Á Â � A B ð � � � ,

¯� h Ø x � �0/ ð �� Ø x � � g � � , µ p , � F ê %* +�� � � À Á

! " t v �X � p , � v � �A B �� h Ø x � / ð 2 Ø � � û ô 
x � �7 ×

p , ¯� v � % 

Level 6: 

½ 	 n e ACC æ � 	 n � � < � � �� �:½ �� ú & � � A B �� h Ø x

� �7 × 2 i � 
 � � � %M � � h Ø x � e � Ø x � �s� i � 2 �� � � ­

� x � �M ? � h Ø x � ( ) y Ý µ Ü Ý � � ô 
x � ��§ e 2 � p , � 
 ®% 

� � ACC i � ` ` Á Â �¯ $ ÉÊ< � Á å � ¿ 9: 

1. � i > ?� i > ?� i > ?� i > ? : 

l mn � É , - ä � - ��, %̄G � i � ` ` � �~ å Q ' ¯ , ¯� ( ¯�

X � å ä � �, ¯%ACCG � � Ò Ó l m� \ Ü : � - �, ¯% 

2. 
 � �� � � � � � �
 � �� � � � � � �
 � �� � � � � � �
 � �� � � � � � � : 

: Û Ü � � , ¯� < �GÊ��O � 2û 
� ïl�� síO ì X / íO� 2

û 
� ïl2 ACC N O� ³ ù 1 � � %+ � � � < �3 � ��ªq � ïl2q

� , ¯/ ð § e ACC � , µ p , � F ê % 
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3. � � � � � � � x 
 � y � > ?� � � � � � � x 
 � y � > ?� � � � � � � x 
 � y � > ?� � � � � � � x 
 � y � > ? : 

� ü ý ACC:�þ � 
¡ : n $ ¦ - Ä å ä ���ñ � íO ì X �íO � D

¯ � �ACC � Æ �: � 3 æ Ä Â þ �� , ¯�½ ��: � 3 æ Ä �íO ì X !

" íO� û 
�o p �¼ ½ ð Z x � � 
 e û 
 ù l+1 m± 
¡ � , � " á �

: ä � ª e íO ; Ä �Á Â �/ ½ ¼ P � É > � Æ % 

? û � ACC ë O ; : n $ ' tíOïl 40·�� ¯ � �½ �: � T î ³ � 3

æ Ä ! " t v � » ¦ OÞ % e � � � 06 ¯ � ACC x � �, ¯ ¯ � � 30~50 

km/hr�2006= Bosch  - u� g � ë O ; �/ , ¯ ' � ¯ � u ª � 160~200 

km/hr% 

 

3-4  ACC � � � � � 
 � �� � � � � 
 � �� � � � � 
 � �� � � � � 
 � �  

ë O ; e ACC x � � � û + ç� � � ��ò I � J �/ � s: « © 
É��

. � ! n l m� � Ú k�¼ ½ : ë O ; � ä � ' Á Â � / 0 ÉÊ Â � ò I : 

1. � x 1 � � �   ¡ ¢ £ ¤ ¥ ¦ § ¨ © ª 6 « � ¬ {� x 1 � � �   ¡ ¢ £ ¤ ¥ ¦ § ¨ © ª 6 « � ¬ {� x 1 � � �   ¡ ¢ £ ¤ ¥ ¦ § ¨ © ª 6 « � ¬ {� x 1 � � �   ¡ ¢ £ ¤ ¥ ¦ § ¨ © ª 6 « � ¬ { : 

¿ Ë �� � � ë ì X ë O ; �� ? û e ß �01 ` À� À ¥ £ �q ¦ � © ª �

� 1 a � ��
 @ � ð ¶ å %e �± � � � � � 9 � ñ ½ x � �Á Â �9Ã ´ Þ

� r à À ¥ % 

2. ­ ® � x 1 % > ? � � � ¯ °­ ® � x 1 % > ? � � � ¯ °­ ® � x 1 % > ? � � � ¯ °­ ® � x 1 % > ? � � � ¯ ° : 

V 	 � ¯¯ $ �W ¿ �¯� ë O ; � Ý È Á Â �9Ã e RtÝ È �� � �$ �

� 
 � 
¡ �û Ã �t� Ä �Ý È 9� � 
Ý � � 
 � ä å % 

3. < � � x �< � � x �< � � x �< � � x � � ±� ±� ±� ± : 

e �9Ã t v �íO� î ³ � 3 �ò I � ì X �íO � ¯�9Ã � � � 16°�

� V 	 p « V ¹ µ � � ì X � * · b ? �& ? û � Â � � ]Ù µ s � %* +:�

� íO � ¯Ä �9Þ ð ¼ ½ +k ] �� � G ñ � P b ¯%¼ ½ : ä �q r ' ³ Ä

Á Â �9Ã ¦ Û � " � � ¯�É \ Ü q � �GH Ù � % 
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e �9Ã 4s: ^ � � Å � � T k9Ã - � ACC � v s�î �Rt� ¿ 9

��Á Q �� � Â � ¿ 9: 

1. ² �³ ´ µ² �³ ´ µ² �³ ´ µ² �³ ´ µ : 

ë O ; Á Â �9Ã t v �íO� û 
�� Æ û � 
Ý Å ß �ACC x � �9Ã

¦ Û 
¡ � ð ² 0 û - [� t 2û 
 Û Ü :� � �ïl9 ô 
]Å ß % 

2. ¶ C y · ¸ ¹¶ C y · ¸ ¹¶ C y · ¸ ¹¶ C y · ¸ ¹ : 

:à, Ê¦ - 9Ã ý 2 
2û 
: ^ � � Å � î ³ k9Ã \ Ü :� � �ï

l%¼ ½ ë OO � à�íOïl�9Ã :� ·�É� % 

3. Stop-and-go: 

: ^ � � Å � � T k�
¡ Ç Ç Å Å �ç õ c ? û ACC x � ü - ' 2 � � P

b � e � %:Ä , 0~60 km/hr - [k�x � �9Ã k � q r � È q r íO�¹

À%q a � :� , - m�:à,Ä2
Ýq;�Éß¹ÝçÁÂ��É�Ö��

� 4 Å :³ H � � � ^ � �
¡ %¼ ½ ¶ Ý Stop-and-go � ACC ë O ;ÁÂ (

) í O d ï l (10~120 · � )
k ï l (5~50 · � )� ¾ ï l (0.5~10 · � )�í O x

��* + 0 1 í O ;:í O ï l 't � q� � �ò I �¼ ½ � ½ � ÅÁÂ�9 Â

þ � � � � p ¯% 
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����������������� � �� � �� � �� � ������ � �� � � � � � � � �� � �� � � � � � � � �� � �� � � � � � � � �� � �� � � � � � � � �  

R Ê ^ � � Þ � Á � ��̂ � Æ f � � � � Ê �l mn å Q ��� a { � -

m%&� R Ê ' ( ) * �- X �4 �' ( 7 z 9 Ã e 
s � �� ä � �� \ � l

mn ¢ �� �% 2 Ø � �� � Ò Ó x���ª:ABS (Antilock Braking System)


TCS (Traction Control System)U ESP (Electronic stability program)�� És � N Ô

Ö ã�- × %ÉÊ / � Ë ABS
TCS
ESP 0 1 V ¥ : 

4-1 ABS (Antilock Braking System) [9] 

Ñ ® t ABSx��
¡ � V 	 
 � ,¯ ë O ;(Wheel-speed sensor)�s � æ

O 
 � � Ì - × Ü Í � Æ f %� Æ 
 � - × Ü Í Ä�ABS ð � û ô 
x�k �

' ¯ ô 
Ü Ý �± 
 � � Z � � Ü Í �Î Ï Ð Ø � Æ B%j ¿ 9 :� ± 
¡ 9 æ

� ô 

 Ð Ø �§ s � Å� ± 
¡ 9 Ñ Ü :Ì i �9 �� r à Ö ã�- × % 

� � � ABS i � x� ( ) ÉÊ Ù � ò I : 

1.�ºy��x1�ºy��x1�ºy��x1�ºy��x1(Wheel-speed sensor): 


 � ,¯ ë O ; / ä O � �p " � > ' ( i � ; � � ~ ? û 
 � �,¯% 

2. » ¼ > ? 1» ¼ > ? 1» ¼ > ? 1» ¼ > ? 1(ECU): 

&
 � ,¯ ë O ; / ä O � �p " § ¦ ~ æ � �i � û � 
 � � ô 
Ü Ý �%

¦ô 
� 	 3 � - 
 � Ü Í Æ f Ä�ECU � ð - & p " � ABS�æ � ;�r à

ô 
 � Ý ��Þ �½ / Z å Í � � Ù Z ô 
 � ü � <�� Î Ï � � û � Ò e �% 

3. ½ ¾ ¿ ! & 1½ ¾ ¿ ! & 1½ ¾ ¿ ! & 1½ ¾ ¿ ! & 1(Hydraulic modulator): 

� Ý � ' ( ;� 
 ® � � ECU2 ô 
 Ó � Å�j ECU � & 	 � �p "�� &

� Ý � ' ( ;�æ � �i � t ' ¯ ]� 6 � ô 
Ü Ý ��½ 4 : ò ó � Ô f Ê ç

9 + ,�� ' ¯ % 

�H�H�H�H �º² �j k�º² �j k�º² �j k�º² �j k ####Wheel brakes system $ X$ X$ X$ X����

GH � , � Ý � ' ( ;�p "�s � ð ñ ô 
� Ü Í %@
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¸ ¹ À Á¸ ¹ À Á¸ ¹ À Á¸ ¹ À Á (ö 4-1): 

¦ l m ¢ / ô 
Õ � K ;� Ü Í � Æ f Ä�ABS i � ô 
 Ý �� � s : ¯ �

ô 
x�%V 	 b g ' ( ' ³� Ò Ó �9 Ã / b é � 	 n �É p � �t 9 t v �

½ ¾ � � �ÄÅ%0 � � ¯ Ö � �x� � É � s � 	 � Æ +¯ $ : R t� ô 
x

�k %¦
( - Ø Ä�: Ù � � Ù'�
 � ,¯ ë O ;(Wheel-speed sensor) 7 ×

p " � & > ' ( i � ; s � � ~ 
 � �, %̄¦ ' ( i � ;í O � J × � ô 
p

"�� { Ø Ü Ý W ¿ 2' Ð Ø %� � û � &' Ð Ø � i � �e t # �¦ § %+<

� �ò I y ÁÂ ± 
 � 2 e ´ Û Ü � à� � Ø � b �Ù * ð � � ô 
 ï l �� 	

Ñ � � �j Á � ¯% 

    ABS i � � � n ÁÂ ( ) � Ê < � ò I : 

1. > ? j k> ? j k> ? j k> ? j k : 

( ) ô 


 � É�³´2
 � � Å� � Ø x b % 

2. Â Ã Ä ÅÂ Ã Ä ÅÂ Ã Ä ÅÂ Ã Ä Å : 

³´ Ô f 
 ô 
 Æ f 
 î ³
 � Þ Æ f 
l mÌ £ �* � É�
 � � Æ f (�

ª:ÙÝ ) 

3. > ? Æ Ç % È É Æ Ç> ? Æ Ç % È É Æ Ç> ? Æ Ç % È É Æ Ç> ? Æ Ç % È É Æ Ç : 

� Ù � �,¯2 p ,¯�ô 
 � Ø � b �ô 
 Ú � Ý ��É' � � b o � &


� � ,¯  5 % 
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ö 4-1  ABS i � o ³[9] 

 

4-2 TCS (Traction Control System) [9] 

: R × �¨ © k �³´ � � � - � Æ B Ê R Û O Á �:0 � Ô ¸ � Ê �Ú 
¡

� Ü Ý 
 � 2 S Ý 
 � å æ �³´ Æ f � � �å 9 ú 5 � Ò e �ï � � �:�,

� Ô ¸ Ê �� � 9 õ c Ò e �a à�
 � Þ � �h Ø � r à�+ Æ f a 6 �³´

Ò e �a 6 �h Ø �a 3 �± 
¡ 0 Ò e �a à� � 0 / l | t�³ $ %���

� � � � � 	 
 � � 
 � � � �� � � � � � � � � �� � � 	 �� � � �  ! " # $

� � � � � % & ' ( ) � * + , - . 

¯ � TCSx�� ABSx�� � � � Ä � 2 �� ¿ 9 :�¦ ABSx�§ s �

<�9 Ã ± 
¡ :�,Ä \ Ü : � Ì i � Ô f %̄ � TCSx�� V ¥ 2 ABSx

�V ¥ � � � �å ÉG Ê � � � Ë 2 ABSx�V ¥ t � � �ò I  

1. » ¼ > ? 1» ¼ > ? 1» ¼ > ? 1» ¼ > ? 1(ECU): 

2 ABSx�� � � � æ :�¦� Ù Þ � � n ¯ 	 3 Ä�TCSx�/ ð � û �

V 	 � � O - ¦ § � 1 æ � i � ;É�' Ð Ø �/ p " � � > � Ý � ' ( ; � �

� P Ã �Ü Ý �É \ Ü ô 
 ß �� ± 
¡ 9 Û Ü : � Ì i �� D % 
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2. ½ ¾ ¿ ! & 1½ ¾ ¿ ! & 1½ ¾ ¿ ! & 1½ ¾ ¿ ! & 1(Hydraulic modulator): 

2 H S A x�� � � � æ :�: � } Í � = m + �3 } A � V 	 ' Ð Ø / p " � X >

� Ý � ' ( ;�4 � 7 × 2 H S A � � �Ü Ý �k Ë � æ � � � Î ` �x��0 �

� 9 - � 3 } A x�� ¿ 9 %@

Ê ¹ À ÁÊ ¹ À ÁÊ ¹ À ÁÊ ¹ À Á : 

¦
 � à 0 � � Ø Ä�TCS i � X [ �� î �0 1 �� &
 � � Ø ��,2 p

,� Q � %TCS ¶ å t2 ABS ô 
x� ¯ $ � ¿ 9 %¦
¡ ü ý Å Ø Ä�: Ù

� � Ù'�
 � ,¯ ë O ; 7 × p " � & > ' ( i � ;(ECU)%¦ � Ø 
 ® � ß

� ÷ 	 N ä ° + 4 5 j k � � � Ù� � ,� �+õ c , h �å 7 × � á � �� î

/ ð 4 
¡ 0 ~ n 0 @ � �9 �%¦ ½ Ô f - × Ä�TCS / ð � û i � Ì £ 
 �

� � Ø 
 ® �4 
 � � ² - × , h � Û Ü : Á � � Æ B% 

$ i h Ø x�(drive-by-wire) � s �  ] É� Ø � � � i � �, Ú � 2 â ê �

� � Å� ö 3 %�, Ú � ë O ; / Ú � � g ® � m c' y p "�/ ½ p "2j Ä

qr ¾ ¿ À � p " � � � m ]$ i h Ø x��' ( i � k { (ö 4-2) 

(drive-by-wire ECU)�: � m c' ( Ò Ó � �' Ý p "%� Æ ' ( i � k { �í

O � 
 � � ,¯2 � - ° t¤ � / � Ä�$ i h Ø x��' ( i � k { V 	 ' (

� � Æ � Ø � r à� Ä �� Ø ß �� t i � 
 � � Ø ° � � 6 � (ö 4-2)% 

� �	 � � � j � Ø ß �& $ i h Ø x��' ( i � k { � i � �+Æ � Ø 


  ã x�
 � � â ê x�0 Â � ¼ P / ð � � TCS� i � x�% ä � � � j �

Ø 
 ® � ß � � V 	 ó ô â ê   ï �p q â ê � � �Þ � ' ¯ %TCS� ¿ 9 � V

	 � � á � ß å (MSR) i � � 1 Ò Ó �¦- � e ´Û � �³´Ä�
¡ Ã * p

,�� � � ô 
 v � ð õ c 	 Þ � � Ø �½ Ä� � á � ß å (MSR) ð � �j � �

�,¯É� ß å � � t v � r à ô 
 v � t Û Ü 
¡ � Á � � % 
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                       ö 4-2  TCS control loop [9] 

 

4-3 ESP (Electronic stability program) [9] 

:� � � Á � �³´k - mÄ�ABS2 TCS � 9 u � £ 0 ô 
2�,Ä� Á

� � �+ ESP�7 × $ � e � � m � ¦
¡ - m:Û � �³´Ä n 0 � Á � �

É�Ô ß
¡ Ý � %ESP � É� �
¡ : � 0 '� Á � ¯�Û Ü : | á - m� 0

1 '(ö 4-3)%:³ f � d � e � � É� �
¡ � Á � � �¦ò ó ô 
Äç9 ±


¡ Û Ü : | � - ù � 0 1 '% 

     
¡ Ì i � Á � ¯  Q �
¡ � Ì 9 Ã » � �: ¿ � � î ³' F æ � 
 �

� � ¯+- [ %ESP i � � / ç e �,¯É�
¡ / l ¼ î � � ¯% 

 



 43 

 

                    ö 4-3  
¡ � 
 ESP� - m 0 1 [9] 

¯ � EPSx��x�V ¥ 2 ABS U TCSx�� � Ë ':�� � 
 � ë O

;�/ k Ë � Ë ªÊ : 

1.�º� Ë Ì ��x1�º� Ë Ì ��x1�º� Ë Ì ��x1�º� Ë Ì ��x1(Steering-wheel angle sensor): 

æ O û � 
 � � � 3 � ¯É ¦ � 
¡ - m � 0 � Ì Æ ¦  

2. Í Ë � y��x1Í Ë � y��x1Í Ë � y��x1Í Ë � y��x1(Lateral-acceleration sensor): 

O Þ 	 3 Ä� l { �,¯É ¦ � 	 
� Ì : 	 3 Ä 0 ~ Ò e � 

3. ² �Î ¾ �x1² �Î ¾ �x1² �Î ¾ �x1² �Î ¾ �x1(Brake-pressure sensor): 

æ O 
¡ : p ,Äj t! u � � ¦�Ü Ý  

4.�Ï Ð Ñ � �x1�Ï Ð Ñ � �x1�Ï Ð Ñ � �x1�Ï Ð Ñ � �x1(Yaw sensor): 

æ O � 0 w � Ø � ¯É ¦ � 
¡ - 
 � 0 � Ì Æ ¦  

¸ ¹ À Á¸ ¹ À Á¸ ¹ À Á¸ ¹ À Á : 

j ¦ § | � 2 ABS� TCSq ` �:t ¯ � Ô f Ê �� s o ³ i � � K c Ã ª

j � ��,� v � %0 � § � � �# $ l m ¢ � × è %e � Û Ü 0 1 ¿ 9 �ÁÂ

�9 p q � - ° 2 × � ° � � � %ô 
2 á � �� k Ë § s : � Ë �
 � '�9

Ã # $ × Ì £ � Q � % 
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ë O ;: ESP i � o ³k u � j å Q � ~ �Þ �+ 0 1 p " / :' ( i � ;

(ECU) � m c u � > Ü Ý � ' ° ;É� � � ­ � � i � ô 
2� Ø ß �% 

å é � � - Æ f � " �9 t v �æ � jë O ; å 5 � �p "�É�
 � 2³´�

Å� � Ø � b %0 1 p " / j
 � ,¯ ë O ;
n 0 �,¯É�
 r / ç e ë O

;+ � %
 r / ç e �Ø Þ � s � ' ¯ × � Æ f � ° b K ;� � - � Æ f %e �

7 × 
 r / ç e �Ø Þ �ESP � ~ : � - 
 � � Ø Æ B Ê � � ° Þ �G � ABS

2 TCS
Ü Ý ' ° ;É� � � ­ � � Ø ; s � ' ¯ � s :
¡ � Ø Ä ô 
2 á �

å Q �° � %0 ½ 	 n k � i � ;: û � � Ù'� ° j n 0 2 £ 0 ��% 

ECU 
 }
 }
 }
 } : 

� [ �ü r i � x�� e � X � ¤ ¥ � ¿ 9 
� ��¨ © ��� % V 	 � } Í

+ ,� � m � , ë O ; å í O � �¹ � Þ ° c' ³ � g �' � p "%k � � �


¡ � ð 
 ® t b � � } Í ��ª�� � ­ � 
H S A
� A E »%: � } Í � = û + � É�

Î �
 b g � « ¬ %u {ÍY e � � 
s � } Í � V ¥ «@

@@@@@@@@@@@@@@@@@@u {ÍY@@� � 
s � } Í � V ¥ � Y� @

General Specifications 

Temperature range -40°C to 125°C 

Operating Voltage 5~25 Volts 

Driver Peak Current 4.4 amps 

CPU clock frequencies 40-150 MHz 

F = û p "� © B� � � �ECUt � � � = û V ¥ : 

1. Ç w Z Ò + ,Ç w Z Ò + ,Ç w Z Ò + ,Ç w Z Ò + , :  

= r ü r � g � µ b g ë O ;�p " 

Ì § ' Ý :q� �' U g � 0V 

2. Ó Ô Z Ò + ,Ó Ô Z Ò + ,Ó Ô Z Ò + ,Ó Ô Z Ò + , : 

æ � Î � ë O ;�p "( Ý � ë O ;÷ 

Ì § ' Ý :< 7 M ] ] @ M  
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� H� H� H� H Õ Ö � ¿ Z Ò + ,Õ Ö � ¿ Z Ò + ,Õ Ö � ¿ Z Ò + ,Õ Ö � ¿ Z Ò + , XXXX����

æ � ë � � C < 7 ë O ;�p "@

Ì § ' Ý :0.5 V~100 V 

4. Z Ò ×  Z Ò ×  Z Ò ×  Z Ò ×   XXXX����

Û � ' ³� s � ¯ � � G ñ �' Ý p "�ú & : * ; � ³ î 3 ò I �é p �G

� Z � 3 � & ]1 æ � ;� = û + 1 p " æ � %@

Ì § ' Ý «Q @ M ß ] @ M @

5. Z Ò + DZ Ò + DZ Ò + DZ Ò + D : 

¿ e ü r É� ¿ e � T ' ³ � 3 � , ECU � ò 1 æ � ;� = m % 

Ì § ' Ý :0 V~5 V 

V 	 © � '� 
 Ó � É ¦ Û ¯ � ECU W ¿ Û Ü ¿ 9 �� ���� %�ª�:

¿ 9 ��� '�¦¯ � § 8 m R � � Ä�9 �Ä� 0 
 2 - m � ¡ %:� �� �

´�¦
¡ :¦ - Ä�: ABS�§ s Ê �9 Ã ð ñ 
 � Z Ü Í %ECU: � 	 ¤

¥ � 
 Ó < � 9 Z 
 ® :
¡ k %� 1 
 Ó �V �2 �tÉÊ Â Ã [24]: 

1. Cenelec EN 50128-B.30 

2. DO 178B 

3. IEC 61508 

 

 

 

 

 

 

 

 

 

@

@
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² �Ø Ù 
² �Ø Ù 
² �Ø Ù 
² �Ø Ù 
 ����� P ] � «@

@

Yh _ � � � � � «@

Ü Ý ô 
x� � � � j V M AA@YQ ] j 2 �� Ñ � J � É_ � , Ø � � È n ê � ð

õAH � ÷å X . � × � Ì § e % & � � � %@


¡ ô 
x� ô 
 v 9 � &: � � È § Æ f Ê � ô 
 ï l O � %� � �È § Æ

f ( � ô 
 J ë $ 
ô 
 ë $ 
ò I = ) µ O ) É� � � 
,»%�ª�ò I

= ) È § Æ f �
¡ &
, �[ ; 7 4 ~ ô 
�ÁÂ9 : [ Q · � ï l � Å 
% * +

j V M AA@YQ ] 2 � � P � J V � 
¡ :à ë ì ³´� ô 
x��� 9 �� É� e �

�� Á � ¿ � %@

tr í � « � YQ Z Q Q Q î �
¡ , P Q Q Q = �ï YYÅ É j V M AA@Y\ ] _ ] j V M AA@

YQ ] %: � � ô 
È § Æ f Ê Q �¤ ¥ � Á � � 9 � j V M AA@Y\ ] :0 � ´2 Î Ï

� � � � tq ` � æ %� � �� Á � � � 9 �� � : � 9 = ) È § Æ f É�< a

å t � � ð ì � b ³´'� � Â þ < � ô 
�û � � Ü Í %@

j V M AAYP Y V � ¶ y Ý ô 
x�� ) ñ 
¡ � 3 � 
�� ��� �:àU � ð ì

� b ³´'� � 
, - mÄ Å ßï l �ï V � ô 
 ò - ô 
ÄÅU , î ô 
Ä

Å%@

P h Î Ï � � � � «@

� } � @Y\ � � V � ( � ð ì �� s e µ ô 
 v e :� � Ú ó � � �� � u � �

1 b � r � � s É� ~ ð ì �� s e �t u m � � Ù³´ ð ì � b e Q h P ] Q h R

� ÅÄ� % á Q � �û � ÁÂ�< � � Ü Í %@
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����������������Ø Ù Ú ÛØ Ù Ú ÛØ Ù Ú ÛØ Ù Ú Û � Ü  � Ü  � Ü  � Ü  ����

� Ý Ø Ù Ú Û� Ý Ø Ù Ú Û� Ý Ø Ù Ú Û� Ý Ø Ù Ú Û EEEE����

û ® � � y ó�§ s :�¦ 	 
:Ä, 3 � ô õ ; 7 4 ~ Õ '¹Ýµ � 
� Õ

Ä�9 Ã t v � Û � û Ý � � � Ã ò � ö ò %: ÷ ­ �Õ Ö � Ê �î � � � 9 �

Û � � � � Ã ��! " Û � � � � Ã ò ð ñ Õ Ö � 0 w %� � y ó å ø 3 � n ¯

Á Q F ù ¦Ä
¡ Õ Ö � n ¯� 1 � ° � � 9 t v � Û � û � � � � %@

¦ § | � \@

¦ 	 
ñ � N ­ �Õ Ö Ä�e � u � l m2û Ý � � � 9 Ã ñ � � � y ó� Û

��ú &� � y ó � ² H Ã ò 2 ö ò Õ Ö � 0 w �� î %� � y ó: {Q @7 M � �

ú ø Ä� û û � � 3 g ³ e YP h ] @L 7 �¦ ú ø ÷ 	 R Q ß YQ Q @7 M � < � � y ó ð ü

ü � � m y Ý%j ý y � � y � 	 n � 9 ÷ 	 Q h Yýõö {Í{÷%@

@

@

@

@@@@@@@@@@@@@@@@@@@@@ö@{Í{@� � y ó ¦ § | � � �� @

Ö Þ � xÖ Þ � xÖ Þ � xÖ Þ � x\@

e � ± Û � � � � 
 ® 9 Ã X � � 3 � v s �' ( i � k { Á Q �9 Ã : @ ¾

�ÄÅ� � õ{Q @ 7 M ÷ u � p "> 0 1 Û � 
 ® ��ª� � y ó%� s � � �, ë

O ;�' ( i � k { O Þ ¼ e 
¡ ñ � Õ Ö +p , t ú &½ p " � � ~ ,¯'�

� ° %² Ã �� � y ó � 9 ¼ e 
¡ �× F + 7 × ý y � R } - × �¼ ½ 0 1 ×

F � b ÁÂ: ä � Ä $ Á Q ��Ö%e � X � 0 � ? ��ë O ;�p " æ � 	 n

k Á Q �/ � ë � � � b �Õ Ö O � � � b � & þ � �� ~ " �É � 6 � %@

�,¯ ª $ / 1 e 0 1 � ë � � b � ' ¯ � F ê �û ò 
¡ ¼ e � 4 µ Ñ å �

� � +t � � ��,¯ ª $ �¼ ½ 
¡ : m �Ä � Á Q �þ � û ¡ 
 � � ¿ � �

1 ' ¯ %F ê � Ë � � õ � å m 7 �� z �' ( i � k { ÁÂ/ � Ë �� �o �

�É n � � �:Á�Ä9 Ã h Ø � � y ó � Û � l m� � � �� �%@
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ß à Ø Ù Ú Ûß à Ø Ù Ú Ûß à Ø Ù Ú Ûß à Ø Ù Ú Û EEEE����

é ê �� �
¡ ¼ Ý ´Õ Ö + 7 × � ^ � Ö ã Ç � P Q i %¼ ½ � � � � �
¡

� � 
 � Ý H � � y ó� Ñ $ � � 9 É�û ® � � y ó 5 É 3 ( u ª � � ��

�%Ý H � � y óZ Ñ ® :
 � � H I 

 z µ Ã � � ! � e � �ú & � Æ � [

y x�� u � Ý H � � y óý y �j § s :� Û � � � � Ã ò 2' � r %@

Ì § | � «@

&�
Ý9 � s � � Åt ¯ �Ý H � � y ó� Ñ ® �É� � � ÄÅ $ c e : ä

� ' å 2 � � b � %
¡ Ý H ¬ Õ í O �ÄÅÁÂ: \ @ 7 M � � �½ � �� � Ñ

Èe YP � �� � y óÁÂ�: YQ @7 M � ý y � � %tú �½ �	 
' ( ¾ ¿ À 3

� S � A} Ë u m � � � � � ��x�«@

Yh V 	 ¯ $ � ' ( i � k { � æ � 
¡ s H �, ë O ; å í O � � Ý H Õ Ö �

î �p "�ú &½ p " � { Ø û ® � � y ó
' ( � i � � � 9 É� Ý H � � y

ó%@

P h Ý H � � y ó t # � ' ( i � k { �� ñ � û ® � � y ó�' ( i � � � � 9

� ' ( i � k { � Å ¦ § �� ¨ e t # � ë � ` ` �s � í O Ý H �Õ Ö � î %@

G Ê � / 4 5 É' � � ' ( � � k { � ¿ 9 «@

á g ¿ » ¼ > ? 4 âá g ¿ » ¼ > ? 4 âá g ¿ » ¼ > ? 4 âá g ¿ » ¼ > ? 4 â XXXX����

¯ $ � ' ( i � k { Z � 
 :
¡ û Ã k Û � e � % Ä ¯ $ � � � s � í O

£ 0 2 n 0 ��,� ë O ;%ë O ; Z � 
 :û 
 z < � � Ô � õ S Í < K J J D C ÷µ �

� 
 :û 
 z < � � Ô � õ S Í < K J J D C ÷�<
 � ' Ô � 
 � � Ô � õ} Í < K J J D C ÷'

� Ù � �, ë O ;%0 1 ë O ; s � í O 
þ � n 0 �,¯�p "�/ ½ p " �

& � ' ( i � k { %' ( i � k { � Æ H � p " � ð { Ø û ® � � y ó
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ß à Ø Ù Ú Û ã ä ¿ » ¼ > ? 4 âß à Ø Ù Ú Û ã ä ¿ » ¼ > ? 4 âß à Ø Ù Ú Û ã ä ¿ » ¼ > ? 4 âß à Ø Ù Ú Û ã ä ¿ » ¼ > ? 4 â XXXX����

Ý H � � y ó t # � ' ( i � k { �� & b � Ý H � � y ó ' ( i � k { å ¿

c�Ä � Á V 	 æ � û ® � � y ó
' ( � i � � � 9 �' ( i � k { %0 1 Ý

H � � y ó t # � ' ( i � k { Z � 
 : Ü S � H û 
 z < � � Ô �

õ S Í < K J J D C ÷� � É� i � � Ë � � y ó y Ý�7 × %@

Ú ¯ { ¬ 1Ú ¯ { ¬ 1Ú ¯ { ¬ 1Ú ¯ { ¬ 1XXXX����

V 	 ' ( 
 ® { Ø � � Ø � X [ ;õ < G C Ï B E L ~ I K L D J @ < C Ï < E J J D I B ÷ � s � 7 ×

� � y ó: ý y Äå Q � y Ý%: { Ø � <�l m Ý �� � y óõÑÈ \ Q ß [ g Y@

� ÷�: \ Q @7 M � � É � y ý y � � %+ g �l m Ý � �û Ý � � �j � � y óõÑ

È g Q ß Y] Q @ � ÷�ÁÂ: {Q ß ] Q @ 7 M � � ý y � � %+ û Ý � � ¼ ï l ® ¹ ¦ � e

� a ù �¼ ½ å Q � ý y ÄÅa d �½ � �å ú ø � ( ¯ç��l m Ý � � � y

ó � � 3 %@

    É BOSCH�� � y ó V ¥ (u 4-2) � 1 � �: 

                           u 4-2 � � y ó V ¥ [9] 

�
Driver’s airbag Front-passenger 

airbag 
Side airbag 

Volume 35~67L 70~150L 12L 

Inflated time <30ms  � �    40~50ms <10ms 
Standards ASTM D1779-96, ASTM D3775-98, ASTM D3776,  

ASTM D5034-95, ASTM D2261-96, ASTM D737, ASTM D4032 

ASTM D3882-90, FMV J912, ES116, SAE J912 

� � y ó:V ¥ '��� ÁÂ�9 Ã # $ ÉÊ <  «@

Yh N ¯@

P h C Ç � @

\ h C Ô Õ � @

{h � � � � � 2 	 
 ¯@

] h È � � @
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4-5 å ¾ æ xj kå ¾ æ xj kå ¾ æ xj kå ¾ æ xj k [10] 

TPMS� 
 ® :	 
 � Ù' � j [ - , Ø æ � � ä å %¦ 	 
:� , - m� Æ

B Ê �� b N Ô ç� Ã - � � Ö ã e � Ùãä%é ê �� �� , · ³'� ^ � Ö

ãt 70% Å ¼ � Ø Ùuª½ �Ú 9 Û Ü � � �
Ùy Ý U�Ä- R 
ÙÞ y � Ô

ßØ Ù�r à �[ + 9 4 ^ � Ö ã�- × p à%¼ ½ �: g � ] �
s ¾ À k �

� � � 6 á n â ? � g ã ä å �	 
ÙÝ æ � x�%_ � · ³ ^ � � � ç �� �

2007=�å t:_ � è é�	 
 � ÁÂ Ñ å tÙÝ æ � x�(ö 4-5)% 

 

                    ö 4-5   
¡ � ' ( Ñ å 
 ® ö[11] 

 

                   ö 4-6  ÙÝ æ O x� ! � ö[6] 

F ù ¿ c ! � � � � � 3 � '� k e � s � Ù,¯�ÅG � ÙÝ ä O ;

iWSBS TPMS k �É�� s Ý �p " § e ë O ;� n G � ÙÝ ä O ;iPSB 

TPMS k � � 	 2 � ¾   � ! " : � � ÄÅ� 2 � É'�	 
 � Ù[ - æ O �Ø

] 	 
 ³ Ø ,¯ û « Ä ÷ 	 100 · ? Ä�e Ñ 7 7 × � g p "%0 ¦ k � É n G
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� ÙÝ ä O ;: � s ¿ 9 µ 4 s � 9 ' o f �j Ä Î © �ÙÝ ä O 7 z �2 ��

¼ e n G � ÙÝ ä O x�� � s � 
 :	 
 � Ù k �' U § e 2 �' N �t É Ý

�
® ¯ ë O ; n G Þ O � Ù� y Ý 2® ¯�² V 	 RF ! $ ê ë - ê ; / p "

� = � � 
 :l m Ý '�� � � B '(ö 4-6)�l m Ã � 9 � Ä� * � 4 � � Ù

� y Ý 
® ¯� ½ Äo p �� Æ � Ùy Ý 	 à
	 � 
Þ y �µ Ã ® ¯ 	 � Ä�

x�� ð , Ø 7 × � � § s % 

            

                   ö 4-7  Ý � ë O ; 

                   u 4-3 ÙÝ í O ; V ¥ �� [6]       

@

@

` À A B @

� � � ® ¯: -40°C~+125°C 
� A s b $ � � � ( Ý �
® ¯

MCU
Tx & Rx) 
½ « ÝÈ
 Æ } ¿ ¬ 
� N ¿ 9  
�ESD Û �>4kV 

@

} ' 2 � } @

� È § ÄÅ: 3~5= 
�:	 
 
 J - Ø û 9 Û Ü : � � Æ

B 

@

ÙÝ 2® ¯@

�ÙÝ : 
  210 Kpa( Ù n Ý ) 
  240 Kpa(�~ð n Ý ) 
� ® ¯<80°C 
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   e � u � x��GH 9 �Uc ó ô 9 ��� �j V ¥ t<6 �� (u 4-3&u

4-4) 

u 4-4  TMPS V ¥ [18] 

Transceiver Specifications 

Battery Life At least 10 years 

Storage Temperature -40°C~+125°C 

Operating Temperature -30°C~-105°C 

Operating Humidity Max 95% 

Operating Frequency 433.92 MHz 

Monitoring Pressure Range 0~76psi 

Pressure Accuracy ±1psi 

Temperature Accuracy  ±4°C 

Power Max 5 dBm 

Power Supply 3.6V 

Sensor Weight 36g 

 

Receiver Specifications 

Operating Voltage 12V DC 

Operating Current 200 mA 

Operating Temperature -30°C~-105°C 

;<=�� � � 
¡ � �� ��� � � � � �4 5 
�ÁÂ:� � Ñ å 'tå

� [ %ú &' ( i � x�� Ò Ó �ABS2 ESP � ;<=�  � 
 � 
¡ � 7 z %

+ � � çÈ @ �� X Ø � � � 
¡ � �� �� � �É_ � 2 Î Ï � � e ��� �

u � o _ � Ò Ó 
�� ü - � �� 7 z �Ô Õ ì X � j k � 6 � �7 z % 

* + � % á �� �� Þ � Ñ 7 Z � � å � � �ÙÝ � j k � Ñ 7 Z � � �%Ù

Ý � Ý �: 100%2 70% � s � ¤ k � � m � ��ç¼ e ª½ �� � ç � ð \ Ü

ä ¥ ÙÝ � c d � � %é ê _ � � � ��� �t 85%�� � � :
¡ Û � Ä � ð

ä ¥ ÙÝ �+:� , · ³'t 70%� Ö ã� ¼ e ÙÝ � P +õ c%ÙÝ � P î �

ð õ c Ö ã�- × � �çð � �
( �s � Þ �ÙÝ û p q 0.02 MPa $ ð � �

1%� ¬ � Þ % 
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% �'� � | ¼ �Î Ï � � �_ � � � � r DOT(Department of Transportation)

ü ý � � 
¡ � 
 TPMS�qr " V (u 4-5)%:_ � NHTSA(National Highway 

Traffic Safety Administration)� Ô Õ æ Ó Ê �2 ��" V Ë � FMVSS138� 2001

= 11 ï: TREAD(Transportation Recall Enhancement, Accountability, and 

Documentation) 5 ¦ � � � %:½ Ë � k V � ¦ 	 
 � Ù j k � � q �Æ Ç ° �

20%Ä�TPMS�9 Ã � l m- m � ¢ %ÙÝ ï ð ñ � ® ¯� � � �¼ ½ TPMS

�9 Ã � � : Â Ç � ° �¨ © k �çÁÂ� ð ñ :� ® ÄÙÝ í O ;tr | � R

} - × �¼ ½ TPMS�9 Ã Ì § :-40°C~+125°C � Å%½ � �	 
:¬ ­ � ô


Ä�� Ù i � �ò I ð 7 × � X 900°C�� ® �¼ ½ � C TPMS�9 Ã : 170°C

Ä û 3~5ýÄ- m � ¢ [16]% 

                       u 4-5 TPMS Ò Ó V ¥ [17] 

Regulation FMVSS138 SAE 2567  ISO/FDIS 
21750 

Costumers 
Required 

Pressure 
Warning 

<75% CIP for 
any tire 

Significantly 
under-inflated 

Requires 
corrective 
action 

<90% CIP for 
any tire 

Response 
Time 

20 minutes 10 minutes 3 minutes 1 minute 

Min Operate 
Speed 

50 km/hr 24 km/hr 25 km/hr 20km/hr 

Operate Temp. 
Range 

None -40°C~+85°C -40°C ~+85°C -40°C~+125°C 

Pressure 
Accuracy 

None None ±10kPa ±10kPa 

Module Life None None 6yr/100k km 10yr/150k km 

Phase in Date 2005.10 2004.12 2006  

Spare 
Monitoring 

Not required None Optional Yes 

Malfunction 
Warning  

Yes Yes Yes Yes 

ju 4-5 k � É D m j V �� � � '2�� å ü m ��� t � � � � e � �.

× 7 TPMS��� ÁÂ� � 	 � � � µ �V � ä O � 9 / j 7 z � T ´' �
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é�� �j Ò Ó �cá 2ÄÅ%¼ ½ � C � µ : � � 7 z �V �Ä�9 Ã 2��

� æ � � þ C m � � � s � � á % 

� � � © � TPMS ( ) Â � 2 ��ò I :Transmitter, Receiver, Display system% 

Transmitter �Ì § ë e � : ISM�ë � �_ V (315MHz)� Î V (434MHz)�� �

j qr " V � ` g k Ë e _ � � FCC2 Î Ï � ETSI�j " V k t 5 ¦ V �

TPMS � 3 �� = 2GH ¿ e %ë O ;� { Ø Â�t�,¯� � � Å É� � � W

� � \ Ü U � V W % * +� ë O ; å É ¬ ' �� � ø � ¯ Ý� É ¬ ' �É ¦ Û

transceiver2 receiver � Å9 Ã \ Ü � � �� = Ù � % é ê �� �� � l m: -

� Ä� t 5%�ÄÅ� æ �: Å ß� Æ B�0 � ð 4 5 TPMS 3 ò I �ÄÅ � æ

:¦ § � Ô f Ê ��+ ' �� / ¬ % % �'� � | ¼ �u´ S *

(surface-acoustic-wave)�* � � É ½ « ? û ë O ;�ÝÈ�ta ù �� = ï l �

� t i � ä å � ! $ H - x�Â�9 N � s �  ] ' U h Ø � TPMS%u´ S *

ë O ;�Ì § ë e � ÉÌ § � 50~950MHz� � É# $ Ì § � ISM ë � � Q � % 

: J � � K L '�
�/ / 0 2.4GHz�ë � � ü - �� s RF � u � ë O ;

' 9 �Ð j ë O ;:� , - mÄta � �G ñ 9 �
� Ù y a � ë . ü - �cá

a � �0 1 � � ? û � , Q � � � [16]% 

$ n G � �ÙÝ æ � x� [ Ý+ L �# $ ä � � � 3 r à �� c � D ê U © ð

¤ � � � GH � D 
	 

 r �  ! ð 4 5 p " p 2 % é ê [10] Q R ¯ � m # $

� ¿ � � ç � g ® � 1 ý 	 % 

¦� Ù � Ø � � Ä�< � � Ù / t� � É'� � 9 � GH � � � 9 p "�¦Ù

Ý � :¦ § Ä�¼ e � Ù � Ø + 4 5 # $ U © tå ° � �+@ � p "ÄtÄ! µ

Ã t � p � � 9 í :%& × Ò 3 � � � �receiver 4 s å ¸ 1 9 # $ �Ì § � 315 

MHz t 
 ® �
 � �j � T � " @ # $ � m þ � . ð ta d �GH 3 � �¦

transceiver 4 s å ¸ 1 9 # $ ç � : � Ù' � 9 g ® Ä� � 9 Ã t v �GH � p
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"(ö 4-8)%qa �� � 4 s " @ # $ µ j ì � � � # $ �j � 3 � f   � 9 Ã

tq¦ 3 �G e ´É�à # B� � � 
Ý3 � % 

 

           ö {ÍR @@ # $ k Ë ç � �û � � < � 2< � � û � � YQ � @
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