4.CAU TRUC KHUNG DU LIEU VA KHUNG YEU CAU
4.1. Cac loai khung truyén ciia giao thirc CAN

Giao thac CAN sir dung 4 loai khung (frame) khac nhau dé truyén tai dir liéu va

diéu khién. Bon loai khung nay gom:

e Khung dir liéu (Data frame) 1a khung mang dit liéu tir mot bo truyén dén cac bo
nhan. Khung nay c6 ving dé mang céc byte dir liéu.

e Khung yéu cau hay khung diéu khién (Remote frame) 1a khung dugc truyén tir mot
Node dé yéu cau Node khéc truyén khung dix liéu c6 1D (IDENTIFIER) trung véi
khung yéu cau.

e Khung bao 15i (Error frame) 1a khung duoc truyén bai bat ky Node nao khi Node
d6 phat hién 13i bus.

e Khung béo qué tai (Overload frame) duoc sir dung dé tao thém do tré giira giita
cac khung dir liéu hodc khung yéu cau. Mai Node trong bus CAN c6 thé truyén bat
ky khi nao néu phat hién bus ranh, néu mét Node nhan qua nhiéu dit liéu, né co

thé dung khung nay dé ngin sy truyén tiép theo.

Chi ¢6 khung dit liéu va khung yéu cau 1a c¢6 ID, co ché phan xir s& ap dung cho

hai loai khung nay khi chung duoc truyén trén bus.

Khung dit liéu va khung yéu cau c6 hai dinh dang khac nhau 1a dinh dang chuan

(Standard) va dinh dang mé rong (Extended).

e Dinh dang khung chuan st dung ID c6 d6 dai 11 bit
e Dinh dang khung m¢é rong st dung ID ¢6 d6 dai 29 bit

Chuan CAN Specification 2.0-Part A (goi tat 2.0A) chi quy dinh st dung loai
khung chuan. Chuan CAN Specification 2.0-Part B (goi tat 2.0B) st dung ca loai khung
chuan va khung mé rong. Nhu vay, khi sir dung CAN controller, ban nén quan tim dén

viéc n6 tuong thich chuan nao.



Ngoai ra, chuain CAN con mot loai dinh dang thit 5 1 khoang lién khung

(Interframe Spacing). N6 c6 vai trd tao khoang ngin cach gita cac khung truyén trén bus

CAN.

4.2. Khung dir li¢u (Data frame)

M6t khung dir liéu bao gdm bay viing bit khac nhau theo thir tir 1:

Vuing bit dau khung (Start of frame — SOF)
Vung phan xtr (Arbitration field)

Vung diéu khién (Control field)

Vung da liéu (Data field)

Vung kiém tra (CRC field)

Vung bao nhan (ACK field)

Vung két thic khung (End of frame — EOF)

MJi viing ¢6 chirc nang nhiém vy khéc nhau, s6 lugng bit khac nhau va c¢6 quy dinh

cu thé vé muc logic va y nghia céc bit. Trong hinh minh hoa ¢ chu thich rd sé luong bit

tirng vung.
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Hinh 1. Binh dang khung dix liéu chuan (Standard Data frame)
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Hinh 2. Binh dang khung dit liéu mo rong (Extended Data Frame)

4.2.1 VUng bt ddu khung SOF (Start of frame)
SOF danh dau sy bat dau caa mét khung dit liéu hoiac khung yéu cau. N6 chi bao

gom mét bit dominant (logic 0).

Mot Node chi dugc cho phép truyén khi bus ranh, van dé khi nao bus ranh s& dugc
trinh bay sau. Khi bus ranh thi trang thai trén bus dang 1a recessive (logic 1). Luc nay,
néu c6 mot Node bat dau truyén thi nd sé truyén SOF trudc. Ngay khi xuat hién canh
xuéng (chuyén tir recessive thanh dominant) cia SOF thi tat ca cac Node trén bus duoc
ddng bo theo canh nay. Nghia 13, cac Node bat dau tinh toan tinh toan thoi gian dé lay

mau cac bit trén bus CAN.

Pé dé hinh dung, ban c6 thé lién tudng dén hoat dong cia UART, UART ciing bat
dau truyén mot khung cua né bang 1 bit START ¢ mic logic 0. B&n nhan phéat hién canh

xuéng cua bit START s& bat dau tinh toan dé ldy mau cac gia tri bit cua khung truyén.
Viéc dong bo theo canh goi 1a ddng bo cang (Hard Synchronization).

4.2.2 Vung phan x& (Arbitration field)
Dinh dang ving phan xu 1a khac nhau dbi voi dang khung chuan va dang khung

mé rong.

e Pinh dang chuan: viing phan xu c¢6 do dai 12 bit, bao gom 11 bit IDENTIFIER va
1 bit RTR. Ving nay c6 quy dinh khac nhau dbi véi chuan 2.0A va 2.0B.



e Pinh dang mo rong: viing phan xa c6 do dai 32 bit, bao gom c¢é 29 bit 1D, 1 bit
SRR, 1 bit IDE va 1 bit RTR

IDENTIFIER (ID)

e Dbi voi 2.0A, chi c6 dinh dang chuén, 11 bit ID duoc danh thi ty tir 1D-10 dén
ID-0, ID-0 la bit LSB. 7 bit MSB, tir ID-10 dén 1D-4 khong duogc cing la recessive
(logic 1).

e Ddivéi 2.0B:

O

o

Dinh dang chuan: 11 bit ID duoc danh sb tht ty tir ID-28 dén ID-18. Viéc
quy dinh thir ty nay 1a vi ban 2.0B c6 thém khung mo rong dugc thém vao
18 bit ID tir ID-17 dén ID-0. 7 bit MSB, tir ID-28 dén ID-22 khong duogc
cung la recessive (logic 1).

binh dang mé rong: chia 29 bit ID lam 2 vung

e Base ID (ID co s6): 11 bit tir ID-28 dén ID-18, twong ting véi Vi tri cia 11 bit ID &

khung chuan)

O

o

O

Extended ID (ID mé rong): 18 bit tir ID-17 dén 1D-0

Bit RTR (Remote Transmission Request)

Pay 1a bit dung dé phan biét khung dir liéu va khung yéu cau

Bit nay ludn bang 0 (bit dominant) di véi khung di liéu

Bit nay ludn bang 1 (bit recessive) ddi véi khung yéu cau

Vi tri bit nay ludn ngay sau ID. Cha y, bit RTR la nam sau bit 1D-18 voi

khung chuan va sau 1D-0 vgi khung mé rong

e Bit SRR (Substitute Remote Request)

o

O

o

Bit nay chi cd ¢ khung mé rong

Day la bit recessive (bit 1)

So sanh véi khung chuan, vi tri caa bit ndy tring véi vi tri cia bit RTR nén
c6 tén goi 12 bit thay thé (Subsitute) cho bit RTR & khung chuan

Giai sir c6 hai Node cung truyén, mot Node truyén khung di liéu chuan,

mot Node truyén khung dit liéu ma rong cé 1D gidng nhau thi Node truyén



khung chuan s& thang phan xt vi dén vi tri sau Base ID, khung chuan la bit
RTR = 0, con khung mé rong 1a bit SRR = 1. Nhu vay, khung chuan chiém
wu thé hon so voi khung mé rong khi c6 Base ID nhu nhau.
Bit IDE (IDentifier Extension)
o Day chinh 1a bit phan biét gitra loai khung chuan va khung mé rong.
o IDE =0 (dominant) thi la khung chuan
o IDE =1 (recessive) thi la khung m¢o rong
Bit nay thudc:
o Vung phan xt néu 12 khung mé rong
o Ving diéu khién néu 1a khung chuan
Dit liéu trén bus CAN dugc truyén ndi tiép, cac Node nhan tung bit, khi mot
Node nhan xong Base 1D thi s& nhan tiép bit tiép theo, bit ndy c6 thé 1a SRR (néu
la khung mé rong) hoic RTR (néu 1a khung chuan) vi dén day Node chwa xac dinh
duoc loai khung. Node sé xac dinh nhu sau:
o Néu bit ngay sau Base ID 1a bit dominant (bit 0) thi day chac chan la khung
dir liéu dinh dang chuan
o Néu bit ngay sau Base ID 13 bit recessive (bit 1) thi day 1a khung Remote
dinh dang chuan hoic khung mé rong (khung dix liéu hoic khung yéu cau).
Node s& nhan tiép bit tiép theo 1a bit IDE dé phan biét
= Néu IDE = 0 thi bit truc do 1a bit RTR va ddy 13 khung yéu ciu
dang chuan
= Néu bit IDE = 1 thi bit truéc d6 12 bit SRR va day Ia khung mo rong
nhung chua biét 13 khung dit liéu hay khung yéu cau. Node s& nhan
tiép Extended ID va dén bit RTR méi phan biét duoc.



4.2.3 Ving diéu khién (Control Field)

- - CONTROL FIELD L

Hinh 3. Binh dang ving diéu khién
Dinh dang ving nay ¢ khung chuan va mé rong 1a khac nhau.

e Khung chuan gom IDE, r0 va DLC (Data Length Code).
e Khung mé rong gdm ri, r0 va DLC.

Bit IDE da trinh bay & trén.
Bitrl varO:

e Day la hai bit du trir.

e Tuy hai bit nay phai dugc truyén la bit recessive (bit 1) bai bo truyén nhung bo
nhan khong qua tam dén gia tri 2 bit ndy. B nhan c6 thé nhan duoc céc to hop 00,
01, 10 hozc 11 cua rl va r0 nhung khong coi d6 1a 16i ma bo qua va nhan théng
di€p binh thuong.

Ma d6 dai dir liéu DLC (Data Length Code)

e (Co d0 dai 4 bit quy dinh s6 byte ciia ving dix liéu cua khung dix lidu

e Chi duoc mang gié tri tir 0 dén 8 twong tng véi viing dit liéu co tir 0 dén 8 byte dir
licu. Nhu vay, khung dit liéu c6 thé khong co byte dit liéu nao khi DLC = 0.

e Giatri Ion hon 8 khong dugc phép st dung



Number of Data Data Length Code

Bytes _
) DLC3 DLC2 DLC1 DLCD

d d d d

1 d d d r

2 d d r d

3 d d r r

4 d f d d

9 d r d r

i d r r d

7 [j ' ¢ .

8 d d d

Hinh 4. Bang gia tri cua DLC (r = recessive = 1, d = dominant = 0)

4.2.4 Vung da ligu (Data field)
Ving ndy c6 d6 dai tir 0 dén 8 byte tly vao gia tri cia DLC ¢ vung diéu khién.
MJi byte c6 8 bit dit liéu véi bit MSB dugc truyén trudc.

4.2.5Vung CRC
Vung kiém tra hay viing CRC gom 16 bit va duoc chia lam hai phan 1a chudi CRC
(CRC Sequence) va phan phan cach CRC (CRC Delimiter).
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Hinh 5. Vung CRC

CRC Sequence gdm 15 bit CRC tuan tw. Moi tinh todn cho CRC sequence thuc
chat 1a phép chia da thuc (hay chia bang céc bit nhi phan) va déu ding modulo-2. Ta thuc

hién tinh todn cho CRC sequence nhu sau:
Da thtrc sinh (da thac chia) la:
H(X) = X215 + X"14 + X0 + XM8 + XA + XM + X3+ 1

Pa thtc cia chudi bit duoc kiém tra CRC (da thuc bi chia) nam tir ving SOF dén
viing dit liéu, da thirc chia khong tinh dén cac bit dugc chén thém (quy luat chén thém bit
sé duoc trinh bay sau). Goi da thurc bi chia la: Z(X)

Dich trai da thac bi chia 15 bit, tac la thuc hién phép nhan da thirc sau:
XM5.Z(X)

L4y da thirc bj chia d& duogc dich tréi chia cho da thic sinh:
XM5.Z(X)/H(X)

Goi s6 du caa phép chia trén 1a R(X), R(X) chinh Ia 15 bit tuan ty chta trong
chudi CRC.



Sau day la doan ma gia minh hoa céch tinh toan chudi CRC

CRC_RG = 0; /I initialize shift registerREPEAT CRCNXT = NXTBIT EXOR
CRC_RG(14);

CRC_RG(14:1) = CRC_RG(13:0); // shift left by
CRC_RG(0) =0; // 1 position
IF CRCNXT THEN
CRC_RG(14:0) = CRC_RG(14:0) EXOR (4599hex);
ENDIF
UNTIL (CRC SEQUENCE starts or there is an ERROR condition)

M4 kiém tra CRC phu hop nhit cho céc khung ma chudi bit duoc kiém tra c6
chiéu dai duéi 127 bit, md nay thich hop cho viéc phét hién cac truong hop sai nhom
(burst error). O day, tong bit tir ving SOF dén ving dix liéu ti da 1a 83 bit (khung dinh
dang chuan) va 103 bit (khung dinh dang mé rong).

B6 nhan ciing sé& tinh toan CRC nhu b6 truyén khi d nhan di liéu va so sanh két
qua d6 voi CRC sequence ma nd da nhan dugc, néu khac nhau tac 1a da co 18i, néu gidng

nhau térc 13 dd nhan dang tir ving SOF dén viing dit liéu.

CRC delimiter: theo ngay sau CRC sequence, nd la mot bit recessive lam nhiém

vu phén cach vung CRC vai ving ACK.

4.2.6 Vung ACK
Ving b&o nhan hay ving ACK c6 d6 dai 2 bit va bao géom hai phan 1a ‘khe ACK’
(ACK slot) va phan phan cach ACK (ACK delimiter)



CRC - ACKFIELD —p-4— End of
Field Frame
ACK Delimiter
ACK Slot

Hinh 6. Vung ACK

ACK slot: co @6 dai 1 bit, mot Node truyén dir liéu sé thiét 1ap bit nay 1a recessive.
Khi mot hodc nhiéu Node nhan chinh xac gia tri thong diép (khdng 16i va so sanh CRC
sequence trung khép) thi nd s& bao lai cho bd truyén bang cach truyén ra mot bit

dominant ngay vi tri ACK slot dé ghi d¢ 1én bit recessive ciia bo truyén.

ACK delimiter: c6 do dai 1 bit, nd ludn 1a mot bit recessive. Nhu vy, ta thay rang

ACK slot luén dugc dat gitra hai bit recessive la CRC delimiter va ACK delimiter.

4.2.7 Ving két thic khung EOF (End Of Frame)
Ving EOF la ving thdng bao két thic mot khung dir liéu hay khung yéu cau.

Ving nay gom 7 bit recessive.

4.3. Khung yéu cau (Remote frame)

Mot Node hoat déng nhu mot bo nhan dang mong mudn maot dir lidu, dé nhan dir
licu nay tir mot Node ngudn thi b nhan s& giri mot khung yéu cau (con goi 1a khung diéu
khién). Khung yéu cau c6 tac dung thong bao cho Node nguon biét ¢é Node nay truyén

dir ligu.

M6t khung yéu cau cé thé 1a dinh dang chuan hay dinh dang mé rong. DU thudc

dinh dang nao thi khung yéu cau ciing gdm sau ving bit khac nhau la: Ving bat dau



khung (Start Of Frame), viing phan xu (Arbitration Field), ving diéu khién (Control
Field), ving kiém tra (CRC Field), ving ACK (ACK Field), viing két thic khung (End

Of Frame).
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Hinh 8. Khung yéu cau dang mé rong
CAu tao va y nghia cac vung trong khung diéu khién giéng nhu ¢ khung dit liéu
ngoai trir mot s6 diém sau day 1a khac so véi khung dit liu:
e Khung yéu cau khdng c6 ving dit liéu (Data Field). Chinh vi vay, khung yéu cau
khdng phu thudc vao gié tri caa ma chi d6 dai di liéu DLC, DLC ¢ thé nhan bat
ky gié tri ndo tir 0 dén 8. Nhung gia tri DLC cua khung yéu cau lai chi ra d6 dai di
licu trong khung dit liéu twong @ng s& tra vé, tec DLC cua khung dit liéu tra vé



gidng DLC cua khung yéu cau da giri. Va khung dix liéu tra vé c6 sé byte bang véi
gia tri DLC nay.
e Bit RTR (thudc viing phan xir) cua khung yéu cau 12 bit recessive. N6 khéc véi

Khung dix liéu vi ¢ khung dir liéu né 1a mot bit dominant.



