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SUMMARY

I. Title

Development of Autonomous Operation Technology for Agricultural Machinery

Based on CAN (Controller Area Network)

II. Objectives and Necessity

Decreasing number and quality of farm labor make it getting hard to
operate the agricultural machinery developed already. In addition, the trend of
avoiding some dangerous work results in the decrease of agricultural
productivity. Many agricultural engineers and scientists now start to pay
attention to R&D about agricultural product system with new paradigm to
convert the production system of agriculture into a kind of industrial
production system. Initiating to develope an agricultural robot is one of
typical examples of such an effort. Contrary to other industry, it is more
difficult to succeed the implementation of autonomous technology because the
agricultural work in a field is performed in very limited and in homogeneous
working condition.

However, the possibilities of developing the agricultural robot is getting
increased as the electronic technology of sensors and computers is rapidly
developed even no matter how the environmental condition is irregular. The
central control system with only single computer system for the control of
agricultural machinery has some limitations because new agricultural machine
uses many types of sensors and actuators to be automatically controlled. It is
needed to adopt a distributed control system equipped with many computers
for the agricultural machinery to perform efficiently some autonomous
operations. CAN is one of distributed control system to be used in the
sophisticated automobile electronics and its applicability is getting expanded

to various areas including the agricultural machinery. John Deere has



equipped CAN bus on their large—scale tractors since 1992 and the efficiency
fo CAN bus is now well recognized, therefore, it is easily expected that CAN
bus may be equipped as a standard for high-power agricultural machinery.
Thus, this project was initiated to investigate the applicability of adopting
CAN in the domestic agricultural machinery and to secure the fundamental
and original technology, if applicable, by constructing a distributed control
system with microprocessors interfaced with many types of sensors and

actuators and applying that to a fully autonomous orchard sprayer.

III. Content and Scope of Research

Content and scope of research and development are as following:
1. Development of autonomous actuators in a crawler type travel equipment

- Proper hydraulic cylinders as actuators for steering clutches and main
clutch/brake are selected; analysis and design of hydraulic systems will be
carried out.

- Throttle lever actuator, automatic spraying controller and ground speed
sensor are developed.
2. Travel path determining sensor

- Electrically-operated trolley, Dual-axes tilting angle of a lever and
Wire-wound device are developed with overhead guidance rail.

- Measurement algorithm for lateral offset and heading angle is also
developed.
3. Analysis and Design of CAN bus system

- Principles of CAN are studied and analyzed.

- CAN bus system will be constructed.

- H/W and S/W to drive CAN are developed.
4. Development of microprocessor interface with sensors/actuators

- Interface circuits for sensors/actuators with driver are developed.

- CAN bus is constructed to implement the control of autonomous orchard
sprayer.

- Remote controller and Virtual terminal using ARM board are developed.



5. Development of autonomous driving/chemical application algorithm
- Mathematical model is developed for the computer simulation.
- Fuzzy controller is developed based on rule-based control.
- Nozzle on/off controller for chemical applicator is developed
6. Development of chemical application control system
- tank level sensor and tree row start/end sensor are developed.
7. Evaluation of system performance

- autonomous guidance and chemical application are evaluated.

IV. Results and Suggestion
1. R & D results

A technology to automate the orchard sprayer was developed through the
distributed control system consisted of CAN bus, where many ECUs were
interfaced with wvarious sensors and actuators. The evaluation of system
performance in a orchard showed that the orchard sprayer could travel
smoothly and securely by tracking the overhead guidance rail over the
straight path, where the chemical was expected to be sprayed as well as over
the turning path, where the orchard sprayer turned around to move to next

tree row.

Following shows summary of results obtained from this research.

1) For automation of crawler type orchard sprayer, proper size of hydraulic
cylinders were selected as the autonomous actuators. Design technology for
the hydraulic system was obtained by thorough analysis of the system. In
addition, the throttle lever actuator using a electrically operated cylinder and a
linear potentiometer, the chemical application on/off controller and ground
speed measuring device were developed.

2) Travel path determining sensor, a mechanical type sensor, was developed
with the measurement algorithm to measure the attitude of sprayer in terms
of lateral offset and heading angle. Overhead guidance rail system was

devised and fabricated in the lab and the orchard farm. The electrically



operated trolley system was developed as well. The wire-winding device was
developed in this research for the wire to be automatically adjusted by the
distance between the trolley and the travel path determining sensor.
Dual-axes tilting angle sensor was also developed to measure the angle the
wire makes.

3) By thorough study about CAN principles the program for CAN
communication over the microprocessors with CAN function was developed.
Thus, ECUs based on T89C51CCO1 and PIC 18F448 were designed and
constructed with PCB.

4) Interface circuits for actuators and ensors such as analog voltage, pulse
counter and digital switch were developed and the distributed control system
was implemented with 16 ECUs.

5) Chemical application controller was developed using tree row start/end
detecting sensor, tank liquid level sensor and ground speed sensor.

6) Mathematical model for the motion of orchard sprayer was developed, and
the computer simulation program was written with MFC. Fuzzy logic

controller was developed based on the autonomous travel control algorithm.

2. Suggestion

CAN bus system developed in this research could enable the agricultural
machinery control system or agricultural robot to use as many sensors and
actuators as needed. Specially, where control and wiring are too complicated,
its efficiency is expected to be dramatically increased. Further research is,
therefore, needed for the development of commercialization level. Since the
know-how about the autonomous operation of orchard sprayer using CAN
bus technology was obtained, the further research toward the
commercialization is also needed. After that, a model project is necessary to
be launched with the aid of local government, which will result in the
improvement of farmer’s welfare. As another example, CAN bus could replace
some part of complicated wiring where the maintenance and repair service is

hard to be done. Corporation research with a company will enhance the



performance of combine harvester. Also it is suggested that a simple sensor
or actuator system with CAN function is developed to be used in the
conventional system to improve its performance. Then this kind of technology
could be applied in the partial automation of agricultural machinery or
industrial machinery.

A patent for travel path determining sensor and control algorithm for
autonomous orchard sprayer is needed to be applied and this technology is
better be transferred to a company to make it realize in the real world. CAN
related technology is specially needed to be provided for them to obtain the

high—tech technology.
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CANH 2 7|52 1983 5ol A
Tl 5o A, AEd FA 5 %&111017} 493 JZ—Oﬂ ‘»%01 olg&a gle

M G714 okl & v (Reid, 2002; Zhang, 2002) 2 3 SelA 01y E

de) R Frkolel AP Azw L A7 Aol Asdel HgHw gk 3] M
~ 2 e B3 CANBl~ FoFel SAE®] J1949¢} 317 ¢4 =EdE e A4
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Oo® U AlAEe] 2 2
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Az FE9 wol DGPS &8l Aol gla =3 Adg 7AAE AHEE &
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s, Zddista A" (Kim et al, 1999) Z5oAA2 24 EE 75
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(£ 9m, A=8 FIFA)S +60mm < AHI=
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i 311 FFE X9 W

A H=9 FEYA Fo A =9 FEYHA Feo

H 9] (deg) H 9] (deg) H 9] (deg) H 9] (deg)
0 0 10 6.178917913
1 0.635576324 11 6.76838392
2 1.267971117 12 7.350873623
3 1.897070145 13 7.925831809
4 2.522536725 14 8.49266731
5 3.144034777 15 9.050751592
6 3.761214311 16 9.599417316
7 4.373703876 17 10.13795686
8 4981106337 18 10.66562078
9 5.582996238 19 11.18161629

o] ol ZRETH HA F4 g8 FHo| BAAE AHE waste G

A =7t A% 10degdl A o] ZAE

AL &

stz Aolg As

F2#x9¢ %<& 0deg~10deg7tA AojsioF & AL &t
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2 Fark wA o7l AlFtete] A sz g7k =
o] F7H26deg)l T THE & Frdoole obFd IS 7 AA ok A
W=7t &2Fo)7] AlZEste] % 10deg’t 2 W FHo] #oJAE=Z dead band
26degE o171l vistd A HA7t HE 36degeAE W B A FIH
SAlY FEo] FAA drt.
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312 #F= =3y A9

A 239 FEZ2FIH ¢ R FEz2FHH Y

H 9] (deg) H 9] (deg) H 9] (deg) H 9] (deg)
1 0.420727435 19 6.479131902
2 0.833156456 20 6.726112967
3 1.237256745 21 6.963230147
4 1.632873314 22 7.19043408
5 2.019874595 23 7.40767731
6 2.398142951 24 7.614914058
t 27167570053 25 7.812099978
3 3.128054574 26 7.999191927
9 3.479501004 27 8.17614773
10 3.821818983 28 8.342925951
11 4.154922897 29 8.499485664
12 4478731574 30 8.645786229
13 4.793168037 31 8.781787065
14 5.098159281 32 8.907447441
15 5.393636047 33 9.022726253
16 5.679532604 34 9.127581819
17 5.955786524 35 9.221971673
18 6.222338458 36 9.305852364

3 312014 R whep o] A FA7F Hx 36degEotd W FHO| Fof

Auz2 a7A e ZFH8lE 9.3degZ7tA 7 A3 FHH.
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a7F JFHR FAll FHol BojAA Hrh tA TE FHF
36deg7tA GRS W FHo| BAAE AFH} HANAZE ¢
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¥ 313 %5 =T W
R ST H 9 RS $E2FHH Y
H 91 (deg) H 91 (deg) H 91 (deg) H 9] (deg)
1 0.352734636 19 5.298217282
2 0.697706756 20 5.490290652
3 1.034900314 21 5.673242887
4 1.364193405 22 5.847018626
5 1.68548241 23 6.011563224
6 1.998674023 24 6.166822595
7 2.303681359 25 6.312743069
8 2.600422028 26 6.449271234
9 2.888817146 27 6.576353787
10 3.168790798 28 6.693937391
11 3.440269706 29 6.801968524
12 3703183011 30 6.900393337
13 3.957462088 31 6.989157512
14 4.203040387 32 7.068206125
15 4.439853281 33 7.137483505
16 4.66783792 34 7.196933109
17 4.886933079 35 7.246497384
18 5.097079007 36 7.286117646

Hle 3.1.394 BE upg FZo] A JA7F HX 36deg Eotd o F8o

BAAEZ J7tAe $EZ2FHHE 7.3deg7t AT AAY FHEH.

2= Y= 93deg7t A Aol E sk WA 55 W= 7.3deg Aol
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2] wie] 2ol i 2

27 A=

= =4S

1}, Clutch ¥ )

1) Clutch€¢ f¢2dd

Sl A Fopld upep o] FZH A FHE& 10deg o1 HolE F AE FA
B FFYA Fo s EAE oAY £ e ¥ /N HdAdE AAsd
At

EAE gotwy] sl FFA Fol 05m¥ = 999 barg AZEe 1 &
& §4AAES el 22 93 48 WAxe A e A
A3} 676kg) S AANFAT wetd F2A Fo] A= Ay £3 TE G
3} o,

T =F = L = (6.76%9.8)x0.5 = 33.124 Nm

dUYE AHE A= F2YA F9 THCEFH 02mE = A ER
1 Al A EojFH ok & P2

E A7} 46.37NmY

F = 02 = 33124

olm& F = 165.62N o]t}

uwpe}A] 165.62N o]l &
Adre Pgdols F

g A4H/ 2 dgch

T3
10degeol’d HolFojof =2 oF 35mmo] vt
SaFZ A o= FA9 4= Prl 10kg/em® ¥ wl WA o] 20mmel 2@
= 3L e 2

HE Apgsithd oo Adgs @ 5 gl

F =P * A = 10kg/cm® * 10’7 = 31.4kg = 307.72N
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uetr FEHXE A= WA o] 20mmeol

3, A Zo]7l 35mmo] A 9]
He 489 E AAFH.

2) 2% 22§ FAA

2% F#A Fo dogs Eal FEFYA Fo] Al Eadg ZA 33
= At
gA o] Aol z3 Yu F9o FAORRE AdUfE e

= A e1A 36degold WolFolok st 173mmol 4

HH #HY. o dead
band7} EAtEE A 173mmETE 22 PAS /M AAdYE AEEE T
et FEHXE AdGe 23 FHX L JHAGYE 25 L2 7|9 2

PR 20 717 AoE HAA A

i o

79 318 AAS Ady 24

il pul T
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A2 Aogs & = dojof 7] wiiteol 4port 3way Solenoid
Fom o FEYA WMBE bAS fal Also] A AHe A=
P FHA7F ZEA oA KIEE neutrald Wolx® RE XEVE 93 Q)
= 7xE2 A4 sta, % ISR WEE AEo] A A E neutrald o

2gdne 3719 9AAA Belolas Fe & UES AB ¥£E/} =99 7

¥ 3.1.9& Solenoid Valve?] T+%5 el Aot

s :

I 2k Valve 3k Valve

i

Clutch Vave

19 3.1.9 Solenoid Valved %
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Table3.1.4

53 EES L Aol
6.497966756 5.60554 0.892427
6.692589 5.95041 0.742179
T 53} 6.683804 5.714285 0.969519
6.903759 5.480769 1.42299
6.664413 5.311475 1.352938
o 6.688506 5.6124958 1.076011
6.289143973 5.392156 0.896988
6.655389 5.331325 1.324064
S5kg load 6.721902 57096774 1.012225
6.705845673 5.64263 1.063216
6.676437 5.49689 1.179547
SRy 6.609744 5.51453568 1.095208
6.720672 6.0251 0.695572
6.536763 5.60439 0.932373
10kg load 6.578281 5.742188 0.836093
6.665561 6.244344 0.421217
6.664039 5.793 0.871039
iRy 6.633063 5.881804 0.751259
6.592715 5.576208 1.016507
6.694025 5.976095 0.71793
15kg load 6.652691 5.55066 1.102031
6.716218 5707317 1.008901
6.635016 5.675676 0.95934
SRy 6.658133 5.697191 0.960942
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z_angle = —0.0183 - AD+ 36.487 | [deg] (3.2.3)
o]7]A, AD ; AD¥$d tjx& Fholw 12bit A/D ¥W&7|= Wk Zlojt},
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_?_
2 =ge Ay Ud 4%, y
y_angle = 0.0188 - AD — 40.224 | [deg]

o] Hm, ol MF3| A2 = 099910t} y_anglee] -

AA e vlstel AAAQE FEE Ve Aot

st Aol &9 o], z lengthel st Sx A A

z length = 0.32 « AD+0.802 |, [cm]

olul A3 74 o] AP A4 r'= 0.99910] At

ot} AA el Ao s AALZFE A (Inclinometer) =4 3 BA
AWl AAEE ZAHsl7] Ysle] 23 ZHAAA(DM-1, DAS Technology,
AAE wEl B8 2 9o ik opFE et

> AT F Atk FE HA

2A4e A/D W3 7)5L
wae 77t 4 (32603 4 (3277 2.

Korea)& A3tk o] A2
= EY3tEE mlolag=
Ay Z9 3 T Aol gk

(3.2.6)

roll = 0.0348 - AD —70.922 | [deg]
(3.2.7)

pitch = 0.036 - AD — 74.273 | [deg]

Y= 09977 09991 olth. &, -9 7+ A7t 7 kak)
7he AT e 7

o1 AHE elman], -7 2

Mo
O:

olwj, Z}z+e] r
et HFF5o2 TE
HE v
Inclinometer= #|™ 9] AL} 3
0°= AAZG. ey, S
n2 XHe HAAE |l

=0l
Hadyd AUFAr=S @3

U

3

e
LU
)

o

AN 4

7]

A\
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B o)A Aottt aHA & @3] =@ A Inclinometerel] &3 =437 3k
© 2 Inclinometer?® Sz} =072 7]¢ = 2}
5

o FaEAe HZ 9N w-—%ﬁ%@%Lthzﬂgi epe] 9]

oy
o
|
N
lo
HH
f
%0
O
£
1

=

a=¢c¢—0 (3.2.8)
71 A, & ; AAAAIEREA - A7} 920w 7] AL on ),

AbEE 2% AAMAE £30°9 WHWelA 23 wWEor AAE =Ho] 75
229 g wAZE 0°, -20°, +20°9 Wil 22 2500 mV, 1800 mV 2 3200
mVE &3 =9 %9

Lo & Z+ZF 2501 mV, 1801 mV 2 3200 mVE 93
m

T =4 R e B =1 =]

SHFALE g . FelA 7 AlelEe @A Aol z lengthe} th 9
A AAE e SFHEFAZE x_angle®] HAGXE o]&dte] 24 (32.1DEHF
B e 5 gt

Wakzke 2] (32.2)014 R npel o] Ant zpEFol 11101?71 Bt APt a
b Fo] Aike] bsdlth Fol A7 Fote] olF A FH$S FEEe A
SIAEEZRE Ak AHEEE St A AR &, o5 AL, D&

D=wv, - At
= Rw - At (3.2.8)
At
RGO NlOOO

G714, R ; A% TEE 2xede] w74, & [mml, N i Axe Idsw
[rpm], 4t ; Ao} F7] [ms]e]t}.
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ZA437)7F olgl 7] Wil 12V DC dY§ 428 RHEZ EFgE Fote A
EEYE /MLt s

Ezgs Ao FEHE} Frlste] o)Fsfof stum Aol FAE Ae
T AFeA ofop st Aol oS A e FelA 7=

Inclinometer?] Zt%= =% W7} AF 3 Wako] tiste] HEZo =z A|AXA 7]

off

N,
B
3
it
(27
ol
il
32

=3

1Y 32118 o] Aolre Frmolw, REHS AAHE FAR FPstEE
LMD 18200 DC ®H & 5 <& AHEstlth. LMD 182002 3A H-HSlA
2 AAENeH 379 Aol AE(AA, AL, 3HEE)E DCRE 9 97
g EEAlE & F gk & AdlAE LMD 18200 F ¢ HE WER dA
ato] A% o2 6A7HA DCEE HF 3wl 7Festes sqirh 19 3212
T EEY 7% ZHY Ao dugFe] s5EE e Zleth
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CAR DATA

“dF roliey angel ==dacd hergl-
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2. L= Thold A Y

oA sfold fAe FA 2 keol EBUW AW FRazZ A
A AA TR 4+ A A7 25 mmAY HLagaE Ho|mE Aga
eI E stelds AUS Ao AE FREA AAHI) Astel 19 3,
o4 i wsh Zol % 70 mm, ol 200 mm, 7] 1 mme] AAL sholw
Aol §xstel ZUSA) wheh ESelt A9E Mo AFT & 9
=5 Agsen A9 dane wds

[e)
o
gahgom A9 webd A Pee Ao 101d 4Ye A

o ol

[>

2 AZA AREHE 718 AlEs A

e
o
t
oy
o,
=
X
S~
-
B o

% 3
BoREng waEde] enss slold s fug
o Aol o 40 m olv], H5Y B HI T
o[ 29 A Tol= 4 mrel b ddstel PATAL steld
AU e PR AAY] Askel wdske oA g FEstol
AANE Aol $8F F TR ngsgch A AEAAA) g5 G}
& 9lste] 5 230l Jholhs UL A FH, T P2 4
SRR 1E FREC QU] Wi oY A9 AFUE 2AR F I

AT telds dUe n4etg

o
)
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a9 3214 A@Ael A W= Tholda #d

o] AA.
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9 3215 st 7 gl AAF eH=

Zhold 2 el (A4 +-3h).

216 At v4 A5 AXF T T

3
oW Tholda Hda A A,
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A 3 A CAN H2A A2 FxEA 1 A7
1. CAN 54 % &5 g

7} 54

CANE Azt o & g salatAels Hd 1 M
bit/sece] == s 9tk CANS AHEabe] 224 of
Nosgl Bopo A F@e ECUS ANFE EgHo

Har717] Sjste] Hde] W E B3 GmbH Abell ofsf 7iad z1oz dAd

= ISO 11898(&EA1g) % ISO 11519(A&E4A 8o 2 AF43 5o At}
DAL B A E 299 MMEILE Ao]7]7d ol2 Tgd tupel~E
dA&ate Aoz diknode)o HEol golate] Alz®l T WAL fAGH
Hese= & S A 5 9tk = CANS HAbA|o] Al =8 0 2 A

(broadcasting mode), 3 =ZoA 5AHo w29 Holy AFS EE I

oM v o dHelHE 23std AYsds oA HolHE dAFdl F=

a0z dglolg FAlo] o]FofRY. ZF kbl 242 wagkle EHdE B
£ =E=%52 CAN protocolel 9] wzofe] oM 27F ZAE =4, o8] 79 =
S A FA "HelHE dEstaxt st b SAHAEVE =& =57 WA o

foi3

Alzzoll gk 44 delE Ztom ymA REEe O =27 AES 9R3
w7k ZlgsEerl o delgE AldEstA @ =

message-oriented protocolZ24 HWA|X|E WS =9 FA4AE HolHE AFste
ol oty dFH= viA#e] Message Identifierol] ol =3 =47 4%

oA WolEdA BA S AAs= WA ol

U Ze e
D wAA FA

CAN B2 7EH o2 “wired-AND” W o2 2Hgstuz 2ol oV($
Al HIE)eE 5V(EA HE)ZF SAel YR 0VZE "k 5 2% 3310049
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m
£
w
=
lo,
b

oA sAle] W zo ofAlA~E A= gthA bit-wise arbitration®l]

ol A HEES ”LO] Hstal e WAA HFHor MaE A
AsHA Aok & HAAES W27 freestAl He AE AE ZAEHE =2
39] doly HdFo] ghx5Ha &+ 5 Ar57ele AAdd s mpzbrbA Ao
2 w2l opazshl Bk Wil A4 WEZ 114 o4 A% tehtbE free
3 A E dellE Aold. welA, CAN protocololl & WA | 7} v}a] 5% oF

Tiart of Przs [
- _I..l:l_-ﬁ-:l'nlt I u.-a-mfu g

Mode 1 TxIx
MNode 2 TxD __ i iB
Mode X TxDy __
CAN Hus

Hadal il Toa L, W Hadal Hete |

weindiviy kv irtrmi Lo B | ] i

2% 331 CANollA o wiAlA] T4 .
2) ZH <) X

CAN protocol®| A & Frameo]gl st= ®HlolH g F+29] Message ID9} o] 8
byte Z71¢] ©lolH & Ao Wz otAxstAl drh. 19 33294 3ol
Z P & bite] AHIE(Start Of Frame)Z AlZE o] 12 7 T 32709 F
A4 bit, FEFE deolHe AVE dHFE= 6 /M9 control bite] Fo2 T4
Hm, 2 Fo Byt gt dolH 7t weketh dlolE 99 theos o =
Aol dHolHAA oty HE xto HolHE &
RTR bite} A8 WAX7F 4HRJAAE Aad 5= A= 1

A FoA FRlRE Rl FE ACK 99, e &5 &8s 7

B
o] dAHIEZ FAHE EOF 993 3 7 o]ty dMHEZ FAH Intermission

B3 AAAE BAHE

,9],



2z el 11709 bit® IDE T43h= Base EW(CAN 2.0A)3 29709 bit=
idE FA3le Extended X (CAN 2.0B)°] o™ CAN 20AcA &= EF 2048
ANE@Mel IDE A8tk CAN 20Bell A= 2%719] id(536,870912 7)& Hof & 4
At V20AR HAdste= A9ol= @A CAN 20A FUivho] Apg7}s st
V20BZ HALT w= F 7HA WS I A" FAel AR7Hs s
CAN 20A ¥Wo] 497t =
] T 47FA ge7t dEdl, Data Frames 3hube] $417]
(transmitter) 2 -5 3t} = = 79 F217](receiver) & Hlo|HE Hul=d] A}
€%t} Remote Frame g 21717} th& =9 Data Frame® dA&S 8%
g w] Al&-¥r}l Error Frames W2 wXof 93] A" oAz s HulAY
z S 3= AMEEY, Overload Frame A3 2 3 dlo]E 7t &=
Remote Request Frame Ztell F714<Q1 AAS AFstALY FAAQ o8 A%
S Wl Hul=d AEETh Error Frame®} Overload Frame< 1% 3329+ tf
E TxE Hol dom FA A dert HASAY 4 T AAT davt o=
Data Frameg I}¥ gtc},

Bl aamrmmaros | eme HATE R E E B gor | m
CAN VIDA E IMENTIFIER E i i nLe AT
AN VINE 8| mevvoen (5|8 | B INEMTIFER B z Bl wax BATA
i ] B [ =

19 332 dolE % 4. mAA e Zel xvl.
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3) BasicCAN TJr FullCAN

CANOIA &, F41& 93] 5olex vrbe doleE Agste W2l uet
BasicCANE’.EQ‘r FullCANE =2 y¥o] ) BasicCANS CAN A A A4
I FAS AP sty Yste] EAE cpus 2 E 51 10 byte 27]9] Fa18 T
shubel 22 A7 Fal Wy Syers Zhieth AWM S FIFO ol dlsled
AEf-24 BoX=d, gty 94X A 5] WA AT host processord]
AXNA "t 53] FAHHE dEe 7hal ¥ (“shadow buffer”) & Fo] Z=

AAZE FAW s 2RE 3 NS 91 Qe £F Solot WAAE A
2 AGHA Bk F ZRANE A F e WAA dolE 4l sHsahm,
A WA WAAE S8 Aol Hag shte] SAE wAAE loloki A

HA WAl A o] F=alo] Thsabw 1A REskW data’l overrun® ol HIAAE
AlstA] B3tA gl FullCAN RE=s 5, F2l0 Bl fA4, S48 Hos)
F71 flste]l Bo B2 o & A #EE tE F e How 1459
CAN ZEZg oA Addn. d&EW, T8CHICCO1# 2& CAN ZE

20 byte® A% 157§9] channel2 Receiver, Transmitter ¥ Receiver buffer=
AAste] AFE 7Hssty, Ald 1709 8 byte2] cyclic data shift registere} 4
byte®] ID Tag register, 4 byte®] ID Mask register 2 byte9] Status/ Control
register, 2 byte®] Time Stamp register 59 % 20 byte®Z T & o] BT} &0]
shal @& o HelH e & o] JhsdhA %“jr. 53], wAA AE, WAA
FA a8 Ho 1670 WAAES AFS CAN controllerd] RO 2A cpus
ArEA e Y-S AT 7 AdokeE FES et cpus ARV o o

A<
T
CAN controllerE Zz3bd

4) WAA] 4l

YESS] 7t =252 busdol = Zedel ko] Arle Al e
Ao ARE ZAlgte] WAIAE FAE Y Ee gt BRE wAAE F
Woo] AFs7] del F2lD¥E (acceptance filtering) & S dalof d+ch Al
rrolA AAHZ dYH S g wAAITE FAEHA He dgolth whebA,
Z2AAM7E A FE7] Aol 2789 WA 2~E (Acceptance Code =+ ID Tag,
Acceptance Mask T+ ID Mask)7F ¥t=A] A& ojof gt} CAN controllerm}
o wIAAL Alell w3k gt o] B2 AR Atmel AI9= CAN 2.0A Base ¥
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ZL bitsh FAlE wAIA] idell A ] bit g

HdH = AE AAsked, =

1
rlo

=4 QR stelol @) o714 #AD btk 0oz AYH THdd A5
st9)

T=Z AgEd. 23S vA A ide] ¢ 8 712] bitell 9] o] Fo] =]
M bit (ID2-ID0)E #AA7F glormz ZEZHE= dhibe] wA| X 2 olyg

AbEEE A e, old WAX7E 41 ThsetE W WEE=A] 11 bite] #A]A]
MSB HIEE(IDI10 - ID3)¢] Acceptance Code register®] do]g <}t
) x)3}oJofF 3kl Acceptance Mask registers= oW bit7} AAZ wA A ZE

2]

O!

2=

R oo

&3t idE Zre 879 WAIXE FAlsHAl "ok A, Y 5 acceptance
register7} =% 0= zt=thd, id 05-E id 77k 9] HAIA 7 Z2EZH 9 41 1
¥ o] HaHAct A, Acceptance Mask registerd ID3 bitE 12 AW, =
D37} F#sttta A= w IDOFE IDISZHA o] wA X7 ST} = o]¢} 7+
o] @A 2~E7F AEE™ 0b00000000000 - 0b000000011117+4] 167H< =2 ID7F &
At WA A= Fale] ZhsekAl "ok (19 3.3.3).

ID10 1ID3
Acceptance Code Register 0 0 0 0 0 0 0 0
Acceptance Mask Register = 0 0 0 0 0 0 0 1

1IDO

Received Identifier 0 0 0 0 0 0 0 X X X X

19 3.3.3 BasicCAN =41 g & A& (o).
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5 &4 oy
CAN ¥z X = th53} o] 5744 dejd& wAYSFe] At
@ Message F=°l A
i) CRC (Cyclic Redundancy Checks): A4t o wpe} FAlSo] F313l datad
A Ze A sl sle] 4241 dataoll SF7F A Bl Sh
ii) Frame Checks :
iii) Acknowledgment Error Checks : FAl50] $4138F WA X7} B} =9 Q14
HA ks A, o2 A g
b HE FFolA
R3] Ay Sl o] o] WAg 7% ERRORE A gttt

iv) Bit Monitoring

v) Bit Stuffing : 9&H o2 57) bit o]Ao] FL3 oz HAE u 6HA bit
of ko]l Wil stuffing bitS F7F 218 wl F520 Al FAYSE o HE A
=3

FA Foll olg7t 2, 1 317t Error Countsoll A3 s =d|, w7]of &
= 7teA 1, Bu7] oy 7R 82 dA~H A 3 oy R
o3 2ol FFEE =L

i) Normal Mode @ °ll21¢] Al57F 031 A-¢-24 A -S4 Aot

ii) Error Active Mode : ®FeFol]l o ele] 7|47} 0Kt} = nodex Error Active
ModeZ Eo{3tt}. Error Active Modet™ 73] Full Function® 2 Z}& % 2| gt
BAZAN Ut thy Eol& wAAo oyt gl AS oY I E @A ~H
o] ko] ‘I FolEth. vbefol]l A& o7t TASA] o o] JhEE HA =
Bl 2] Fko] 0°] ¥ il Error Active node = Normal ModeZ w®}¥it},

iii) Bus-Off Mode : oll&] 7}&E #A2=H 9| o] 25565 X34 4% “Bus-Off
mode” 2 EO]7MHA Y === AER xepdlo] Hof ‘/‘r‘ﬂxl CAN &5
obA3HA 3 Ft} Bus-Off Mode?] ==i= A %7]3} 348 AA Error Active
modeZ Eo} € 4 Ut} 29 334% TRICHICCO1IANA 9 o E=9 2F ¢
2 & veERd Aot o8 count7} 1283 o382l 4 -+ Error Active Mode®Z A
active error frames X 33gt HE Ly dS B = Ut} count’t 128 %738}
o] 256¢] E W= Error Passive Mode”} &=t o]uji= active error frames Al
9l RE ZHdS B $ Ak count’t 256& % 33EH Bus-Off Mode?l

,95,



oY == W25 g " (Off-Line).

Comenun lcatson

'-_ Communication actwe suspenoed

‘Waming at >86

REC<128 I
A= - Inftializatian onky

¥ 334 CAN B oMo E41 o8 X7 #A.

t}. Higher Layer Protocol

CANS oy E4l¢9 7jEmdel 7-Layer ISO/OSI Reference Modelol 4]
7|12H o7 He A Z< Physical Layer®t Data Link LayerE JFA st ¢t
=, Foste HolE B4 Alxgo] EyAolal Ao w AMEETH o] F
FolAToRE FEd] UWESNA 74 H FTAlo] Jbedty e Aelrlete] &
S A= A AS w2zt e nsAbE Ak 3 (SAE) O A A 9
gk J1939(Serial Control and Communications Vehicle network)yt ISO
11783(Serial Control and Communications Tractors and machinery for
agriculture equipment Network)¥} 728 ¢ A=A AHol¥E protocold A
&3k Zlo] npgA sttt ARy om AEsteE dEl= CAN9 54 % A5 o
gl e vel Fdat dolge] Fx FWoelA Aozt dvh. whebA, 3
% ISO 117835 FFsto] Wt dutdow FFAQ A teks AH&str] ¢st
of Al&AQ] A7t dasi

D WAA el
ISO 11783 X+ J 19390412l WAlA] g g2 CAN 20Be &g xUl& 7|E2o
2 st afel WAoo ID 49 FRekel AgHTHaY 335). datd =
At AwaEe] 39 5 B WA T 2H78 AHgstEd, o

vl

= el ghelshs Alo] felshy] Wl



- Arhilretion Feald[31) -
11 b ID¥ | 14 hi 11 |
1 1
Py R Py PF i {I.:u ¥ GE ar DA 54 i
m omm an  (SEem @ ® B

FIDUL lorman PF @ 00 - )

POU Farmat || Dustinatios Adds.  Seusee Adds.
& ) )
.......................... .
PI¥U2 farmatiPF 1 10 - Fe) e PG
........................... .l'_-___
PO Farmal Eroup Elblﬂliuﬂ; Beurea Addr.
1] L1 i1}

719 335 ISO11783 1= SAE J1939.914 CAN 4#zte] 2,

o] wWlAlRe] FZ+= ZA WAAY Priority(3]& 3 bit), Parameter Group
Number(18 bit), & Source Address(8 bit)E = o] Ut} 1@ 335004 HE= v}
o} #o] Process Data Unit 2% Z=(PF) %ol w2} PDUL X% PDU2 X
o® FEste] AT F ded ARdE 54 == dHolHE dAFse U
(node-oriented transmission)o]™ F2= #HEsh= A Zo] dhpe] wmEof A

iy

BE w2 YAXE AFstu #AHA

it
b
[
2
2
l-'Ei
my e
rlo
+
2
ol
rlr

(message-oriented transmission)©] %t}

2 Aol E CAN 20A° Base ¥%3 CAN 20Be| Extended & ©]
&3t ID Fol WS 2F AESSA 53 2 AgelA CAN 7w 7&s
Agatela sfs AEwaAlve] A4 obd ®E b4l AE ol A &S ®
obyel Abgd D] F77F BA 971 wWol CAN 20A¢ <Aste] ID7F &
ojgon, FF FEEAHY Fukdl 5 CAN A0 o] Fojzl A oo A &S
tirjstel  pgAoR  IDE Fojdke Weke AESSH. old IDe
ISO11783/J1939 7t el SAstazl stglot QosA gL F2& do= Fo

&ttt

,97,



2. A% CAN9 HH

CAN controller= 3FaAIS] wlAlA] A% 87 Agdt= S 2 host
controller®} $H7| AlgxojoF st=d, dA A& = CAN controller= =
Al 97438 (Stand-alone CAN  Controllers)@} W73 (Microcontrollers ~ with
Integrated CAN Controllers)e. 2 J&Hrth ¢/%434 CAN controllerd 72-$+
host controller ¢} TE|H o] ~8te] Abg-aljof stu= Y ggGol| Hlste] 3|22 A
7%= AAL EHSE Ho] Ho] At # 331 FAME CAN controllerge] 54
= UE Aotk

EoAFo| = Atmel AFY] T8IC51CCO012F MicrochipAte]l PICISFXX8 wlo]

azzRAN 5 F FRE 4982

¥ 331 A#53 9= F2 CAN controller

Vendor Model Type Remarks
SJA 1000 2.0B, Stand-alone, BasicCAN
Philips
XA-C3 2.0B, Integrated
Intel 82527 2.0B, Stand-alone, FullCAN
nte
87C196CA/CB Integrated 16 bit version
PIC18FXX8& 2.0B, Integrated, FullCAN
Microchip
MCP2510 2.0B, Stand-alone, FullCAN SPI interface
Infineon 82C900 2.0B, Stand-alone, FullCAN twin CAN
Atmel T8IC51CCO1 2.0B, Integrated, FullCAN 8 bit
MC68HC05XX 2.0A, Integrated 8 bit
Motorola
MC68376 2.0B, Integrated 32 bit

¥ 33104 yeErt wiel o] TRICHICCO1E WA CAN controllerZ A,
cpu® Intel® 8051 coreE AF&35}7] wliEo] 8051 % 80196 AE 9 vlo|maZEE
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95 wol Al 2 ATFEANA cpud] 71FE FEI FEFT F AW Wi
olt}, L3k PIC 1848l 2= CAN 7]%5< €A5le] A2 EA|3 nlo|a g2 A
MZA FEE golBE] AP0 ARGV 7F &oldtthi= Aol itk 2
o A Aol AA 1AdEZolE T8IC5ICCO1 FA ez 2xdZdE PIC
18F448 FA oz AF7F 3= Ak

7}, Atmel 89C51CCO01
89C51CCO1S 34719 Special Function Register®] FelZ 80519 WHF w®

1
k2t
S

2l Mool 15709 S-ARD WAA ME () AbEol ThestH, A7
CAN 20A E& CAN 20B ZEZ F2AE, $243 2 SaugaAd 5oz

AbgE 4 9tk 1 KB9 on—chip XRAM, 32 KB9 on-chip FLASH, 2 KB
on-chip FLASH for boot loader, 2 KB on-chip EEPROM, 14-source 4-level
interrupts, 21-bit watchdog timer, 8-channel A/D converter with 10 bit
resolution ¢]°| 3 702 Timer/Counter, th2] <4t /O XEE zt1 Ut} 9%
FE02E 12 MHzE AME8h

TE 2EZES = Keilrhe] PKSL C H3dH 2 A5 ANSI CE #52

2 Agetn Zzogol golst,

s

L}, Microchip PIC18F448

PIC 18FXX8 Al#]=+= 16 KByte] W% v E2], 768 Byte] Hol¥ &z
2 ztu glow 21709 SIHHE A9 4709 timerE: WAsm Ui
Capture/Compare/PWM EES zta gtk T 8719 AD zjde] dom 2749
opg = var|7h Slnh 9 SHo®= 20 MHzE ARSI T

CAN controller24] 671¢] full (standard/extended identifier) acceptance
filters 2ztom o] F 270 A7 =3 UrA s SASH7F ¥
Ae o]t 271 €] full acceptance mask 7} Slom Z}zbe] M9 7F Eepdh
A9 AR AL sl A= 349 FAMHA A

75 AZEJol= CCS-C AL E ol&sto] AAgdstn F5-3F gho]lB e

Lo Eeage W goldhA gk gl Ak

K

,99,



3. CAN 7]¥+e] ECU(Electronic Control Unit) A A 2 Az}

7}. T&IC51CCO1
1) A13-§ ECUS AAQAE =
7F) CPU%F CAN driver, RS232C E41& 918 Qe o]~ 32 AH7A
CAN controllerS CAN busol 237 934 CAN EHAH o] Has|
o 2 AFo s agFAale]l ke Phillips AFel 82C250 S AMESIATH Z
Zagle] gRE 9 RS232 AlEld B41S 915te] MAX232E A}ﬁé}@ AlEd
EEZ

ZEE AAst. &5 AEE SHoR 4709 A/D AEel W x
719 Adddaz v w Few Ak /O ¥EC 4719 LEDE Tiﬁ‘*‘s}&l
ECU9 #gdHE 7Id ez ved 5 == 33t (1™ 3.36).

2

=

e

Ein

% 3.3.6 TRIC5ICCO1 7I¥F ECUY 3| ZZ(HAES).

- 100 -



1) CAN bus
CAN_H % CAN_LEZ 98] 2 7} twisted pairdl& CAN bus® AF43H9]

o bus® ¢ EdelE 120Q 9 HuldlolH & A2st it

th =g
ECU #s Z2afe] 5555 1% 337¢ Yetdidlen CAolz A
Aodez HAadd F FeholH(LT32,

z2a9s KEIL AR PK-51

Advantech, Taiwan)E Abg&sto] vio]aRZEE2 9] EEPROMe| T2 =310

T — =

ZRI9S APz
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TAH irlempl
Fdrali®

Sarv [he Current CANFAGSE
[ w4 St vl DG Sadal

Indi Serial Iviarfacs:
il Timer 5

. Rasel AR Messag:

=t sl Sl Figistir

+
| T |
:

|0 PesctPiting moce) o e
]
|ﬁ“’“5"‘“""“'“""’“| 5ot CAN Mipssage Dejpct Conval &

OLC Regisier in Channo! 2

ReadSiriagiRaad CAN mies sads
rocarad im vt

[ ]

SesdSlingiSend CAN faiiads
saved in ooy oufer)

lmﬂi Dl imio Temooiary B.l'he"l

| Faroin Frama is theme | Pt i D) CAMPAGE Pisingd
[ fior peoding moded

'

1% 337 CAN 75 &5 %=(T89C51CCO1).
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2h) B4l 4% B3t

4719 ECUE Al Zste] CAN ¥ z=d AZg $ 7bzbe] ECU 9]¢ IDE
Folgk & 999 data packetS W R 3t} wEoia EH g AP
dte R dHolE @3sle] v mm 5 CANOA S dolE 4 WS vy
A gsto] ECUZF 9&3tA Assts 2S FAssd

AdFAd A Ae Wrke fstel 7 il ECUCl §1ele] IDE st
polling mode, interrupt mode, request remote mode 52| 3714 #HOo 2 10ms
F712 1000070 9] HolHE dFstle Wl CAN ZREZIAM ] errorql Stuff
error, CRC error Frame error, Bit error, Acknowledgement errorg ZA}gt 2
I}5 # 3329 YeEHRATE interrupt mode?l A& error’b W3 gllod
polling mode®} Request remote modeol A= 2F7+e] error’} #ZFH Yoy CAN
o] A5 544 error7b WAHWE AAES sHA HEE FAIE dHely 10,0007
5 100% Ak Aoz et AAZ CAN M2 Aol A doly H441%E
o error’} YEtE &S A9 glth(Etschberger, 2001)x & 4= Sl

¥ 332 &4l Foll HAst= ool FH F
Mode No. of data S C F B A
Transmit | Receive error error error error | error
Polling 10,000 10,000 18.6 24.6 3 0 0
Interrupt 10,000 10,000 0 0 0 0 0
Request remote 10,000 9,999 20 30 1 7 15

5)) CAN WE9 e 74

4 4 o] ECUE Al#ste] AA, 2342 227], 7MdEuY Toz 1
2 3380049 o] CAN WIEYS FAsAY. ECU 12 2&FA] 28472 %
FFH S Aojsts Aol F EH oz CAN HAS £ 2o o3 Aus
T2l e T FHAUGE Aojse Aofr)(ay 337E Had HoHE 9
sttt =, ECU 1o] FAlshs WAIAE & 3elAeh 2on T3 7Md gHud %
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Nel A AT 2457 AF ANE
2 CAN W 2=27ge] %—N%}ﬂl HAt} BECU 4= 714 EHulds 534 Algd),
THEEAE S Alo] A"l Ao Hash AR & UESY A FAlubol Ho
FAY EE AA /‘1i%ﬂ94 A2y 28 = 9% A5E CAN HEAN &
AstA Ak 7PgErdel 9HEdFE(ARM)E ECU4SH RS232 410
Ad,

A Aol zEe Ans AFHel A¥e TS Aoz

ALAol71E AEAA 2 ECUS Aol FFHW 2 BCU S 247

et

[‘

o AL
N5 2A 5 AES 2715 PEET A Aol Axglel A WE
g FEoRA CAN Marh A5Hm Axge Aojws] Az,

Hh) w A A ID

i CAN U EYA AL&s wa]x] B 7} ECUA WAIA ] & FA41 A
5 ¥ 333° YErddth ECUIS ECU2EHEH x-, y- 4% g&(x Offset,
Y_Offset), ECU3ZFE ZS3 A <23 9= Azl #E(L_Distance,
R-Distance), ECU4Z ¥ Start, Stop A HE Tttt o 9 2] 9
A5 AEE F Q3 ECUANA F4 7538t=

h
T
ofy
td
[
fru
ofy
>,
_?L
A

ECLD &

ECu 3 T, FCL 4

T 3 1 -

T e 3 1 P e

¥ 338 CANS FA43sl& 4719 ECU.
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3% 3.3.3 List of messages used in the proposed CAN system

Data Channel Remarks
ECU TX/RX
(or Message) No. (Trans. rep. rate)
X_Offset receiver 0
Y_Offset receiver 1
L_Distance receiver 2
R_Distance receiver 3
ECU1
Start receiver 4
Stop receiver 5
L_Clutch status | transmitter 6 500ms
R_Clutch status | transmitter 7 500ms
X_Offset transmitter 0 100ms
ECU2
Y_Offset transmitter 1 100ms
L_Distance transmitter 0 150ms
ECU3
R_Distance transmitter 1 150ms
Start transmitter 2 on change of Start sw
Stop transmitter 3 on change of Stop sw
ECU4
L_Clutch status receiver 0
R_Clutch status receiver 1

olF g &, FAE 9Jste] 1570 #AIA H#H(Channel)E $41 3 Al &%

shoh, a3y, ok g3 wkel 7o), Higher Layer Protocol?l ISO11783 E+
SAE J19399] Ffofel w2 waoz wAlx] IDE FASH AFES wAl =9 5
s A =Y |

T Atk dRbA o2 CANOA = gtbe] wlA]A]dl 8 byteo] d
olEE o] ®Y dEEo] ECU29 Ztm= 374 wWAA
X_Offset ¥ Y_Offsets 3shvfe] wWAIA] offseto.Z dte F WA Ao QE o]
HE Uz FojA 48 & gl wehA, HEHoz 7h mAAe] FoJsti=
IDE 3 33404k o] AAT 4 AU

&
%0
~
)
M
=2
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¥ 334 WA A9 Fzo DO 9

Message
Offset Distance Start/Stop |Clutch_status
Transmission on change of
100ms 150ms 500ms
repetition rate s/w state
Default priority 3 6 0 6
Data length 8 byte 8 byte 8 byte 8 byte
P | Data page 0 0 0 0
G | PDU format 241 241 203 241
N PDU specific 100 102 128 103
PGN F164:6 F16616 C68016 F167
Source address 208 209 38 210
1D CF164D0ss | 18F166D11s C6802616 18F167D26
Bytel,2 x_offset |_distance | not defined | 1_/r_clutch
Data Byte3,4 y_offset r_distance | not defined | not defined
Byte5,6 | not defined | not defined start/stop | not defined
Byte7,8 | not defined | not defined | not defined | not defined

19 339% AlFE ECUEC] CAN ¥Wzo] AZH e Bgoz 7HE
98 ECU4l Agd sAlo® A% o] glth ECU2 ¢ ECU3CNA 7Hde] A
dolH & Folx F7|& HAsta ECULAAME 7 z3dZe % Ad dold
Z F$A8A @ 5, ECU 10|42 ECU4ol A 218 deole & vlwg 23} CAN

W agol o] S e ol rp EAyskA] ekok
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19 339 ©Ed CAN B2~ Al 2~®l A

2) T8IC51CCO1 71k ECUS AA 9 A= dx)

AP Ee] A4 AdE nigom A 7)o A 83 T8IC51CC01 717k
ECUE A7, pcbz AZatgth 29 331004 BE npel o] Alg Wlw7} =
S AR dAEHE JEY dAES HF HUYEE 2E ol&ste] oy}
Aol =" F ALF AAGAT AF2 FA7ANA 7422 12V DC
HE 2 & 28822 ECUR 8= AYS 78055 T3 5VE wreEdlen =
g T8ICHICC018] AD W7o A ALE 7hsgh Hf Aol 3V olm& 11175
ARg3te] 25VE the-ste] AD WS 2 jed AA Fo VEHdeR ALEd
T AEE Stk 4709 "AE g PC84T ETEAZYE T ANZ 7} vlol
ARITIZAMZ JHHEE 2E HASIAT. 879 EFHTe 5V AZYe
SPDT #H#o|(NAIS, Japan)& &3 259 HFstot d4°E + J=s sioH
Al s & oRE 1 £ A% E Z7td LEDE F-2shith MAX232

2 o] g3l NYLFEE(D-SUBY, F)E 170 AX3star 82C250 CAN =glolH =

i

mlo

23 CAN Bj2o] 29 = Id%E2 CAN ZE(D-SUB9, M)E 17 A=A a4t
TP dE = gF 2359 Fia¢ 54 59 EXHOZ timer 09 timerl ¥
JE AL AA E3Fetaic

3% 335% ECU A& 283 FEHAA o 17 33112 Z¥o] ¢5¥
BFolth PCBE dWoz AAsdon Hyolse 7|3 $ufe Fasr
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DMF m{’;‘——ch e
= rn
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T =0 g O o
g

5
R
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1ot
oty
Hemt
e (||
il =GN 4k
’l/‘ﬂ**’gﬂ
G
)
]
fuiiy
S AL fun)
L S
E*%mru o
iy =
pE
el
w2 ]
;[ primpt
a7 0
T bl o =G
o
4
[ ot GND
[ W
¢
j [
RESET
it
LGN
A=

Y

ca3

[y
10F

g T

120F

Cno

3.3.10 T8IC51CCO1 717k ECU®] AAE(ZZEELS])
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3 335 ECU A&l A% H3F HAA(T8IC51CCO1)

K

i

A=)
5

T

7N

A=

=

H]

2
ECU 89C51CCO1CA-IM 1 .
ATuF 1 C3
104F 5 C9,C10,C11,C13
e 2l 224F 1 C7
1004F 1 C5
2204F 1 C6
PESERYS 1 ’ .
104 1 .
- 1kQ 6 1K
10kQ 1 10K
47%Q - 9% 1 47K
ol g o] A 3 47kQ - 53 1 47K
3.3kQ - 99 1 330
ERIFENSS 12Miz 1 XTAL
ULN2803A 1 2803A
PCA82C250 1 82C250
= o) PC817 - 169 1 PC847
PC817 - 49 2 U18,U19
MAX232 1 DS232A
AEEXE 971 DUB(RS-232) 2 .
=} 229 2 o
o] DSIE-M-DC5V 8 RELAY
A L7805CV 1 78705
LED . 8 D1,2,3,4,5,6,7,8
TR . 1 U5
DIP2= 9] %] 4= 1 DIPSWA4P
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¢ 33.11 T8CHICCO1 719k ECU9 ¥ RF(ZEZEEY).

L. PIC 18F448 71w+ ECU2] A A 2 A=z}

PIC 7]¥+ ECUE 19 33120014 ®i= ulel 3ol AA o] PCBZ A 2HE <)
ok A vpolARZ AN BE JEE dAE 959 IE o] ATt Sols)
TE B3 HuEES 215 AMESlY @A E wEQlow Ao AT o

&olgt=5 CAN X ES AMYAdRXES &5 Wi A3
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(b) CAN X E
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FELERTITE

Hen +H ] i M
He= o | = | &
. — | - | ey WY
H= N | e H J 5 | "1
I I "y 1 ] R ——rn
= o | Fa " H | =
- I Bl = 8 i ]
i e il B o ‘| ey -1
= i 4 L1} = 4!
TEN b
=]
£

(d d=gdAg 2@ DC-DCH EH7]
% 3.3.12 PIC 18F448 7]14¥F ECU9 AA(ZZEEY)

TEL

=
-

H.
i

e 5 -
+ 8 ¥

E
-

¥ 3313 PIC 18F448 7|¥t ECUY ¢4 ®E EH(Z=
EE).
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3 336 ECU AlZel] sa¥ H35 WA (PIC 18F448)

5 % 04 T+ A N 21—
CPU PIC18F448 1 .
A ZdlA 104F 5 C4,C5,C7,C8,C9,C10
104 2 C3,C6
A g 2 gl A
30 2 C1,C2
100kQ 1 R1
;q )
330Q 1 R2
tole = IN4001 1 D1
LED . 1 D3
EIEN 20MH 1 X1
RESET 2 9] | . 1 S1
MAX232 1 U3
A=
82C250 1 U2
2} 223 2 U7,U8
NEdTE 99 DUB(RS-232) 2 P1,P2
Ry 78T05( < #3x 3}) 1 U4

th. CAN ® = A
CAN W 2= CAN_H ¥ CAN_L9 % 7}=te] TP(twisted pair) Aoz F+4
Ao} g7 A}E"E EAAL UTPAHMOoZ 5 %9 TP Aol 9o 3 %= CAN

EAgoR wASy U 3 2= AY TFAHoR AESAY. w22 RE 7
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E2 A4 E T8 AYHE wE57] 9] Wixe PCBE A 23te] D-SUBY
AdE 3/0E AXstIvH(2Y 33.14). CAN ¥ =9F ECU 2o Hadk dojgt
= d4d AlES At CAN H2E FASAT. 19 33.15% 3719 ECU
5 CAN W22 4% o AolE ude BES RojFErh IgdA (95 &
ol 120QAE] FEA o] AatE AvEoln o8& Fddes Ad ¥u 4

& ¢/ A,

1% 3314 TH AVH.

=

19 3315 CAN H& TY ddd 9 9 Aol dAd d2dd
4. CAN ¥ 35 Z=a9 7§

CANS Fd83l7] Yaire vlolmazzZ 2 A AoA CAN controller®s CAN

driverg Sl & - 5Ale AgdEas sFdstolof . =, violamZmAlA
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oA CAN ® o et 2g § Q= F& Z2ado] WA sfits|ofof g},
G vlolma R ZR2AIA FFEolM el CAN % T2yl ofz oA syt

A Ayt om HgHo = A2 ofyr] wie] 7]Ee] Hukde A ZAbl
A AgEE 7 gelreEy AE Jil%*% AT8kaL who] AR R A4 9
CAN g4lel #d¥ BE HA2E & t¥ste] CAN 348 783 + e
Zeads AAH o2 st

CANE ZA| 37H4 RE=R vy §41E& b A= polling == A%
e AoR o]AL dAAZuT CAN HAE B8 $=4ld dolgrt E9 =
HHE polling WA o® AadrtEA] F21s & we 54 Atk WAIAE
TA3te] CAN driverg 53 $418t= W ol o] W22 FHote] A9 go
o] overrune @ Qg AIE HAAE X £ Fm 9l oyl WA H]§|
interrupt 2=+ CANS 2 HolBHE FAAY F4d uf JAHHEZL A
gto] JIEHE S5 % F dHelHE &
Aol A et o] dHolgrt fadve A9e 2AsA &

= Q

shite] ECUCA & ECU9 54 WA A&

e ECUL AdWolA fshs WAAE $asts gaom dgson il

Fsd eldn @ 4 9

o

7F. Atmel AFe] T89C05CCO1
golugg] #Y2 WA CAN &4l #d HAZELE Agdth o3 F
15719 Ade 87t 943+= E polling BXE, interrupt &=, remote request
g8 4 Atk 538 Ad S AEE "= ID WS F2Fdow &
QA FAEAA, o BRE®R ZEste A, H ol

dol 52 A AdS AP o FAol viAAdE = AosjoF sh=t

Ao $A89 A5 FEE Ox3fffht A4} O%tﬂ Do} wAA = F2
== 4

N
it
)
O,
oo
rlo
@
>
Z

offl
>,
=2
o
lo,

f
>
b
=
il

of te3 22 5o XéPJ-‘?lDP
TE 07 CanlnitOo] A9, polling FE=& Z%EdE=  CanSend() 9+
CanRead()7} A ¥ o, interrupt =2 2Z5317] 938+ interruptE 2 A

FE  Canlnterrupt() 2 interrupt service routine?l CanSendlsr()$;
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CanReadlsr() 59 TFE skt X3+ remote request REE $3

CanRegRemote() ¢} CanGetRemote()S 2+ 8 <d o}

1}, Microchip AF2] PIC18F448

CAN gL F1d A4 vlo]az AEZ#H F83 FAFdoz e
A =9 PICISF4482 PCA82C250 =
T 9tk CCS-CollA= CAN-18xxxx.he}
g5 ATt o)A PICI8F4480l A Al-&

1w RS
gtolvlE  Fal CANel #-82

g 5 A dA=EHE AJo g

PIC18F448> CANS. = 27§¢] Receive Buffer ¢ 3712 Transmit Buffer |
&3t 5 Receive Bufferol= 270¢] ID Mask$}t 6702 ID filterS 7FAaL gt}
ID¥= Standard/Extended® T/ 5™ Mask®} filterZ2 HQ3 IDE 41 & &
gk ZzadolA F A} Masks} filters 42 dto] Ab&3sT
Buffere] 742 ths vheloj gz 2ot

| | | s
(- i
1 - i
I I = 1Exie Saquer .

St ZolPHY e FEHCE oy o] g5 A 3t
can_init() - Configures the PIC18xxx8 CAN peripheral

can_set_baud() - Sets the baud rate control registers
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can_set_mode() - Sets the CAN module into a specific mode
can_set_id() - Sets the standard and extended ID

can_get_id() - Gets the standard and extended ID

can_putd() - Sends a message/request with specified ID

can_getd() — Returns specifid message/request and ID

can_kbhit() - Returns true if there is data in one of the receive buffers

can_tbe() - Returns true if the transmit buffer is ready to send more data

[

718 A0l ZAL poling mode$}t Interrupt modeZ} L™ Interrupt mode:
WA A 7} Receive Bufferoll 41 H$<S u] 2AE = AEHAE X 2o <3
JEHE 47t &3t =1 o] uf can_kbhit()7} &3} =il can_getd() ¥
2 g Ao efe W] mAAE A poling modes YA I AlZFo|ut
Data®l Z 8ol 3] can_kbhitO7} &435 &Qlg §F can_getdOE &3 WAl
A& w=vh Transmite get_putd) 3= CANAOl Load %™ Interrupt

modet™ AF&3}A] &Fodkt)
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Al 42 A/ 227 -epol AR Z R A M 9] IE o] A

1 frAdd(z2g/53) Aol7]

A9 2ol @ FIYA/BAClAE FBRE KAUAU AT
H

£
offt
>
N
N
d
ol
2L
Q2
i)
=
o
E
[N}
wn
g
)
@
—
DN
=<
Z
>
—
@
il
o,
o
QL
o
i)
&,
o,

(]
o
AHUHE ASA7IA {1 Low Aol ofs) #ebddvs o] A= 59
= *

ol 29142 ol §dte] £EOR Y FALANE AF AAAL HolnE
ogste] AT Y AANE 54 AN 4FT 5 AT At

Ao FAE gstel HerdAY AE A% BAYS AEed e 2 g
DEed RES AdE 5 Qi Ao aE AL drH1Y 344)
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19 343 FHAHEY A7) IEHel s 3=,
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& x43at7] §lste]l SPDT delol& ol &3k Qg uolx 3=

T8IC5ICCO1S] 4% tAE 58 A4S 8w 992 A%s 5 Jeoln

2 glol 58 T e vlolmz X ANE ol gdtel Aolshs HAL A

gov, 17 346 B W, = 57 wZol @ AEAels AE

oW TBIC5ICCOIS] Zol Walol: Faifonz tlAd %9 WA= High

NEE ZYsW 89 deolsl LEDZ AEstn ago A e selaye] U
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/\]X‘ﬂ }\}‘ \ %‘ Pe) ._1_1__}\]_9_
HE = dE0] ADWEY] ICE &3 A= AolE Holg FAse XrAL
HE e 382 H3 PIC 18F488¢9] A/D ¥o] d#HE == 3tk PIC 18 Algl=

o A5 v AMEel ADWES 3T wf kA Ao]#] XF Ao=w yE miola
2E2AM A8 ADF o= Jdd LTCI1298(Linear Technology)S A&3litt.
AL 12bite] FaleS zkow, 2 Ade] AD Wdto] 7hsskH, 5VE A5 7t
Fi 60pse] W3 AJ7E 111 ksps AZHES 2t 9tr. £33 PIC mlola=
Z2AA A FEAFS Microchlp/‘}oﬂfﬁ CgolHE AT 7] wito] T2
5ol At Aol Ak 17 3479 dEHolx FEmo| ek dE A
Zo]l LTC12989] #24(Dout)> serial data linkE E3] vlo]aZ2Z2 M Z2 ¢
Sy, vfo]AZZZAANZHES AD WHE AZ Moo} 25 AFE FEUE
= o]

Tk ’\V\E“Oﬂ’H—J 7% 54 U] s WHele oF £30°% A7
Lol xRIA vy F=Hwe] Mt Wt AA Fokvh wepA, 4 &
False T7HA 7171 918ke] Op. Amp(LM393P)E ©]§3te Fozl 25 w9 ol
A FEAIWE ] AYEHo] 0 ~ 5V HEE A
S § F LTCI2080] §lesws sgich

off 9
ol
&:}

S|

.‘_4

fol

7} (signal conditioning)
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A 7% ANZFeZ ms 2 YERAT
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271 ., timer_value

travel_distance = R (== )( ) X 60
60 t'500 l , [eml] (3.4.7)
imer_value
= R, (2m)(——=55—)
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19 3417 =eEdlay Qo] 3w,
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P& A, IW R ERE 9N A, F 1% AANAY H9E 75 suw
Ao A 249 JHAEEE F 3410 YRS
£ 341 FY&% A4 dely

throttle slow middle fast

shift Left Right Left Right Left Right

Low -1 28 28 34 34 48 48

Low - 2 59 59 67 67 9 9

High - 1 47 47 54 54 80 80

High - 2 94 94 114 114 164 164
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Mol ~Ee A Ho2 eho] MEHEHE Aol 4 AELon 9% g
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¥ 342 BEE 7] 2F o] wE dolg I3
P2 : On/Off
. Off 0010 0000 R5/R4 L ¥ 3}
MainClutch On 0011 0000 R4/R5 L =g 4
Stop 0000 0000 R =¥ 3}
Speednfo Slgw 0000 0100 R2/R3 "
Middle 0000 1000 R3/R2 "
Fast 0000 1100 R2R3/ R 4
Left 0000 0010 R6/R7 Lx¥¢ 3
SteeringInfo No action 0000 0011 /R6R7 Lx¥g =
Right 0000 0001 R7/R6 L= %
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A 557l dAZEE 278 AAFL golBegd A AdHE 3t
Agsto] Zrade st "k A" RIS ADS A3 H(F 7
W& ol&ste] HAAHS dt olm A U (xrom =2 xbin)o] B HIL BA
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TX : $M<mode>S<speed>:*checksum<cr><If>
1714, mode = 0 ; Auto, 1 ; Remote

Speed = 1 ; slow, 2 ; medium, 3 ; fast

checksum ; XOR ?

2 Yekd 4 93, ECUA displayE Y3 4lsts

o

B

U}H

flo

RX : $O<offset>H<heading angle>G<ground speed>L<left nozzles>R<right

nozzles>T<tank empty>*checksum<cr><If>

o] 7] A, offset =50 to 50 (35)
heading angle = -20.0 to 20.0 (&< 1#8])
ground speed = 10.0 - 70.0 (25 1#F])
left nozzles = xxx11111 (2%14= 8#2] : 1 - nozzle on
0 - nozzle off
right nozzles = xxx11111 (2744 848 : 1 - nozzle on

0 - nozzle off
tank empty? = 1 QAF 1248 == Y or N)
1 - yes

0 - no

checksum : XOR

.

s

o2 uehd
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ECU #12 CAN H2E T3] o WA X (joysticksig)ol Al FaA|o] AR ZA
FEYA/BHeola F ALE AY wol T FFAUHE 2Zsto] S

WA sAY GAAI . 7 mA A (Outtime) & FAleFo] 280l AR =
S
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il
N
2
%
offt

10. ECU #62 : %5 ofejax Ao]7]

9= ddax Ao}yl ECUE ECU #HEHEH Iedol Ay
(Row_start)?} #F-<do] k= "W AIA(Row_end), ECU #3822 5-E olFz Az =
48 5 Zd 1 WAIA(R_ground_dist) & FA18ke] o] ECUo| Q¥ H o] 2~ 5] o

A1A]
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(ObstaclSens)eoll Ao} CAN Bl zo] &3t} wal v AR 29 X2 =3 o
£ glste] AR s 1jﬂ/\]X](Emergency)oﬂ 2ol CAN W 2o £2135
A = ol vl 50 ms il 2ERERE SAECH

¢

12. ECU #14 : I REZEE ZA7|(YEZ FAH)

HREFZEE XZ7] ECUv R

22 7] Foll t$3stE dHolEE Bluetooth(F-A4 Alg]d 41 Av)E T3 Alg
= Hdgel FIF R &, 2 EA0 7] 22, 2FFelA] 22t He AR
=2 8 hitY AFE dHolHE wEo] HA X (joysticksig)E Z2Y X =E 50 msPtrh
CAN H] 20| FA3c}

13. ECU #14_1 : S| REZEE Z27|(HEE 5415
oA A AL

o7 7t 7] ZFo] g FFHA 2
2 22t ARE g byte 27|19 HolHE whEo] Fd A EEAS

8l ECU #14=2 7 23ht},

14. ECU #12 : A12]2-CANEAl W7

AN Ld-CAN T4 ¥3l7] ECUE CAN W AE 7FE v (Virtual terminal)
of AZst7] st AFEEHAT. FPFHEE A FAFAS AT AT HARE
of g4 e 4 FIPLHLE HAY ARE AYLAdS Edl g ol 1 byte
o dolHZE THEo] u1]/\]741(SessionControl)E WEY Y HE=Z
CAN W22 FAlgt}, E=gt FA58 Aojr]e] sz BA T+ HAHES
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CAN Wl22%8 aste] A2QENL Fa 4] vy ZUee] 29
HE% sHevk

15. ECU #14 : =25 %%
=25 Z#7] ECUE ECU #1229 WA A (SessionControl), ECU #142] ™ A|
A (joysticksig) S CAN B AZRE FA3le] =25 2779 By Fi&n
A AERS FE3 F 2 ECUS JIH#Fo]2Ho e AsHAHAGE Aofs)
= B

ECU®| QlEjslo] o] A3 PB =914 25l o4

i

16. ECU #11 @ A A7) AlA

A27] AA ECUE &% A7 A 23 E ] do]HE o &3te] BT} 94
Al AolE &8ty fste] @s] wakz deoly s Fxetr] 9ste] CAN
v 2o F7Fslgdvh. A A7) A (TCM2  Electronic  sensor module, PNI Co.,
USA)E A EEas &3l 53 22 EUoR wolamxaAxe Z4 4

oHE FAB

fis

$C<compass>P<pitch>R<roll>X<Bx>Y <By>Z<Bz>T<temp>E<error>*chec

ksum<cr><lIf>

A 271 A ECU= $19] dHlolHE Y8 wol compass AHETS &2 3Fo] 2byte
a719] "HolHE zZte= WA A (GeoSens)E HE9] 50 msvitt 2P R=2 CAN

Bl o] FAgk
F 36100 & ATl Abgsks wAA By 54 & Adste] YEh
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3% 3.6.1 Message Map

Bit
ECU Message Signal ngiirt Lengt|{Unit |Range
h
TravelPath X_Offset 50ms 16 |mm
(0x030) Heading_angle 16 |deg
TiltSens Roll 16 |deg
(0x033) Pitch 16 |deg
ObstaclSens
1 Obstacl_flag
PIC RX ](EOXO22)
mergency
(0x020) Emerge_flag
RemoteControl Remote_MainClutch 16 On/Off
(0x050) Remote_SteeringInfo 16 Left/Right
2 TravelPath Y_angle 16 |deg |Trolley motor
pic | % |0x030) Z_length S0ms | 16 |mm |control
Heading_angle 16 |deg
3 TravelPath X_Offset 16 |mm .
PIC RS (0x030) Y_angle S0ms 16 |deg Inclinometer
7 _length 16 |mm
4 TiltSens Roll 16 |deg .
pic | T 0x033) Pitch B0ms |16 | geg |THIL sensor
Row_end Row_End 8
5 (0x025) Prox. s/w
? X Row_start Row_start S0ms 8 (tree row)
(0x027)
Row_end Row_End
(0x025)
Row_start Row_start
61 RX (0x27) Left Nozzle
Atmel GroundDistance .
(0x65) L_ground_dist
TankLevel Tank level
TX (0x036) TankEmpty 50ms 1 sensor
Row_end
(0x025 : First H) |Row_End
6.2 Row_start Row_start Right Nozzle
RX
Atmel control
GroundDistance .
(0x65) R_ground_dist
ObstaclSens Obstacle
(0x022) Obstacl_flag S0ms 1 sensor(U_sonic)
7 | TX i
mergency
(0x020) Emerge_PbSW on event| 1 PB s/w
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L_ground_dist
(0x065) on event 16 Prox. sw
8 R_ground_dist 16 on sprocket
Atmel | T ](0x067)
(EngineSpeed) .
(0x062) (Engine_spd) 100ms 8 E/G keybox
SessionControl
(0x010)
9 RX RemoteControl SpeedSetup throttle control
PIC (serial)
RemoteControl
TX (0x050) Remote_SpeedInfo on event| 16
11 GeoSens
PIC TX (0x85) compass 50ms 16
SessionControl SessionStart 1 control signal
TX (0x010) SessionEnd on event| 1 from Armboard
12 SpeedSetup 2 (touch screen)
PIC i
RX Ground_Speed Spd_Encoder_L ilfrlﬁlj(})laiz
(0x060) Spd_Encoder_R (Monitor)
u RemoteControl Remote_lY[amClutch 2
TX . Remote_SpeedInfo on event| 2 Remocon
Atmel (serial) .
Remote_SteeringInfo 2
15 Ground_Speed Spd_Encoder_L 8
Atmel AR (0x060) Spd_Encoder_R 50 ms 8 Rotary encoder
a9 3512 ZF ECUEC| #H5wAl7]o F2Eo] YELS FA4% Z5s
=T},
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of A 84 wole AVoRE FPLL AvE Ao Ax=FS WE F
V& Ao ddsAn. F, A5 A D 234 1005 &7 Akl T3
&b 2149 - 283 mse FEAIZto]l st F4e A9 430 ms, A
o] 7% 638 ms7F RIER ol o] 1889 235 3 T Hu =
FHA Y AeE 15 FA9 273 ms9 FFEAgto]l Hady F5H9 HA9 454
ms, A% 729 598 ms7t oEEE ol 1&e] 17uel 2201 & F9 H
ct.
3) #HAA Aoy7]

AF A WAVE AeEA o A AAFe] AAREE o9A 23S
ok at= Aol Wik HEES Fdste] aAel 723 HA Aoy E ALaslnt

eAAE A% A%e ZUgdd WPLe nuA 2FL A o oAs
S WA Aelrle] QAMEE ALsAT WA FAFAe Fq AZA B
of #Fo2 50 cm, $F22 + 50 cm OoJHelA HEE S HEZ St
pere Mgt FAIEN WFE FHOR 93 TV U + 207, FES
o 2002 &4 F A% AdA + Y= WPow ww WA A W

AojH42  offset_left_large(OLL), offset_left_small
(OLS), offset_zero(OZ), offset_right_small(ORS), 18] 1L offset_right_large(ORL)
T 57HA o, A7E A S AlttE g Wng dE RS A
sttt whzbA R 19 36.4(b)ell A 9k 3Eo] Wzt heading_left_large(HLL),
heading_left_small ~ (HLS), heading_zero(HZ), heading_right_small(HRS),
heading_right_large(HRL) &< 57FA dow, 772 4H7E =2 Ajrhe] &9
A4 s Z2Es AYsiddd. #HA Alore ¥ AP E w4
YA B0 F FAHE AE UEWES sl A4 29 Was 0%
Aok 0b5x9  FHA  #FEF Azl disle]  steering_left_large(SLL),
steering_left_medium(SLM), steering_left_small(SLS), steering_zer(SZE),
steering_right_small(SRS), steering_right_ medium(SRM), steering_right_large
(SRL) &¢ 7/He] dof W= Ao Helow zZhzhe Aa=w W4 g2 o
FolA ok A% =& Ao A8 If - Then A9 AA A F2E 7
T skdth 3 3.6.12 # A Ale] qFES UEbd Aotk Sugeno® HA FEWA

- 157 -
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—
[ START )

o
| Init Timer2 (A)
Inberiget enahle \-I
l YES e e HO
Timer2 Intermpt —im L
Inferval time = 30 m= et
1
| Imbesrugpd Ensgble Drirection_flog | | Direction_flng

=R =
I —— e

" "

- _;_:f' i ec:-:mﬁl]ag ::-_

{@tﬂrqﬂ BeEvice Ru:nuhlg:," h“"“-a_ .;-'
Bend CAN messame T
(offset, hending)
Fight Chutch - Left Clabely !
200mes ;. disengnge 150 | disengage
Ot - inadidalin Chnettame: - maindain
Logic Function 200ks | fe-enghee 130m= | re-engage
Chutpait @ ot thine
T YE
.--"”ﬂ—-- E':r -
= Out_time = i} 7
—
HO
] | Interrupt Enable |
e
L
| Fehuits |
a9 361 @Al daglFe =A%
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Steering angle(deg)

Steering angle(deg)

35.0
y =0.0262x - 1.2744 y =0.0147x + 0.7559
30.0 | 29.7 4297
y = 0.0447x - 2.6537 f 2% P
/

25.0 56

20.0

15.0

10.0

5.0

0.0 1. L L L L

0 500 1000 1500 2000 2500
Clutch activating time (ms)
= o) = = =
a9 362 #5 =¥ 29A e 54
35.0
y=0.0149x + 1.0897
= - 1.

00 | y =0.0499x — 3.6392 4 31.3 ¥ = 0.0249x — 1.3061 500
25.0
20.0
15.0
10.0

50

0.0

0 500 1000 1500 2000 2500
Clutch activating time(ms)
O = = > =
a4 363 5 =% 294 As 54
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—&— Low—-1: middle
—&— Low-2 : slow
—&— Low—2 : fast

- = =M% (Low-1: middle)
— — % (Low-2: slow)
— - M8 (Low-2: fast)

——Low-1 : middle
—&—Low-2 : slow
—n—Low-2 : fast




OLL aLs 02 ORE ORL

-50 -3 -20 -5 5 20 35 50 {em)
(a) lateral offzet
HLL HLS HZ HRZ HEL
20 14 75 11 75 14 20 (deq)
b} headmng angle

SLL SLM SLE SZE SRS SRM SRL

R A5 0 15 55 20 (ms)
{c) clutch time

a9 364 HA A g (a),b) 2 9™, (o - =8,
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=]

36.1 517 Aol 72

Rule #1 If[X_offset(Inputl)=OLL] and [Degree(Input2)=HLL] Then [Output=SRL]
Rule #2 If[X_offset(Inputl)=OLL] and [Degree(Input2)=HLS] Then [Output=SRM]
Rule #3 I[X_offset(Inputl)=OLL] and [Degree(Input2)=HZ] Then [Output=SRM]
Rule #4 If[X_offset(Inputl)=OLL] and [Degree(Input2)=HRS] Then [Output=SZE]
Rule #5 If[X_offset(Inputl)=OLL] and [Degree(Input2)=HRL] Then [Output=SZE]
Rule #6 If[X _offset(Input1)=OLS] and [Degree(Input2)=HLL] Then [Output=SRS]
Rule #7 If[X_offset(Inputl)=OLS] and [Degree(Input2)=HLS] Then [Output=SRS]
Rule #8 If[X_offset(Input1)=OLS] and [Degree(Input2)=HZ] Then [Output=SRS]
Rule #9 If[X_offset(Inputl)=OLS] and [Degree(Input2)=HRS] Then [Output=SZE]
Rule #10 If[X_offset(Inputl)=OLS] and [Degree(Input2)=HRL] Then [Output=SLS]
Rule #11 If[X_offset(Inputl)=0Z] and [Degree(Input2)=HLL] Then [Output=SZE]
Rule #12 If[X_offset(Inputl)=0Z] and [Degree(Input2)=HLS] Then [Output=SZE]
Rule #13 If[X_offset(Inputl)=0Z] and [Degree(Input2)=HZ] Then [Output=SZE]

Rule #14 If[X_offset(Inputl)=0Z] and [Degree(Input2)=HRS] Then [Output=SZE]
Rule #15 If[X_offset(Inputl)=0Z] and [Degree(Input2)=HRL] Then [Output=SZE]
Rule #16 I[X_offset(Inputl)=ORL] and [Degree(Input2)=HLL] Then [Output=SRS]
Rule #17 If[X_offset(Inputl)=ORL] and [Degree(Input2)=HLS] Then [Output=SZE]
Rule #18 If[X_offset(Inputl)=ORL] and [Degree(Input2)=HZ] Then [Output=SLS]
Rule #19 If[ X _offset(Inputl)=ORL] and [Degree(Input2)=HRS] Then [Output=SLS]
Rule #20 If[X_offset(Inputl)=ORL] and [Degree(Input2)=HRL] Then [Output=SLS]
Rule #21 I[X_offset(Inputl)=ORS] and [Degree(Input2)=HLL] Then [Output=SZE]
Rule #22 I[X_offset(Inputl)=ORS] and [Degree(Input2)=HLS] Then [Output=SZE]
Rule #23 If[X_offset(Inputl)=ORS] and [Degree(Input2)=HZ] Then [Output=SLM]
Rule #24 If[X_offset(Inputl)=ORS] and [Degree(Input2)=HRS] Then [Output=SLM]
Rule #25 If[X_offset(Inputl)=ORS] and [Degree(Input2)=HRL] Then [Output=SLL]
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File Edi ‘igw Opians

19 365 HA A7) Al el At
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-2
-6
-6

-2
-6
-6

-2
-6
-6

-2
-6
-6

-2
-6
-6

-2
-6
-6

-9|-12-114-11-11|-11|-11

0 0[]0 0]0O0
0 0] 0|10]O0
01 0] 0|10]0
-2

-6
-6

1

1

1
-2
-6
-6
-9

-6
-6
-9

2| -2
-6
-6
-9

21212
-2
-6
-6
-9
- 164 -

-81-11-11{-10 -11 -1 -13 -14-14 -14|-14 | -14
-9|1-14-14-14 -14-14-16 -1§ -2(f 20| -20 | -20
-9|-14-14-14-14-14-16 -1§ -20 -20| -20 | -20
-91-14-14-14-14-14-16 -1§ -2(0 -20 | -20 | -20
-9|-14-14-14-14-14-16-1§ -20 -20| -20| -20

2
-2
-4
-4
-7

-5
-5
-5
-5
-5
-5

212
-1 -2
-1 -2
-1 -2
-3
-3
-2
-2
-2
-2

213 4| 56| 78] 9]|10f11| 12| 13| 14| 15| 16| 17| 18 | 19 | 20

2121222

1

2

0y o0jo0f0|0l0O[O|0O]O]O)0O]O]O[O]O1O0]O]O0|O
0y ojofojO0l0[O|O]O]O|0O]O]O[O]O|O0]O]O|O
0y ojofojo0f0[0|j0[0O[O0)0jO]O[O]OO0]O0]O0|O

6|/ 6|6|6|6|6]6|6|6|6|6|4|2
6| 6|6|6|6|6]6|6|]6|6|6|4|2

00| 00|01 0]O0
00| 0l0]0|l0]O
00| 00|01 0]O0
00| 00|01 0]O0
0 0] 00|01 0]O0
00| 0l0]0|10]O0
00| 0l0]0|10]O
0 0] 0[0]0|10]O0

11 11| 11 11| 11| 11| 9| 8] 9| 8| 8| 6| 4| 3| 0| 0| O] O| O
00| 00|01 0]O0

20 20| 20| 20| 17| 16| 14| 13| 13| 13| 13| 8| 5| 2| 0| 0| O| O| O
20| 20| 20| 20| 17| 16| 14| 13| 13| 13{ 13| 8| 5| 2| 0] 0| 0| O] O
20| 20| 20| 20| 17| 16| 14| 13| 13| 13{ 13| 8| 5| 2| 0] 0| O| O] O
20] 20| 20| 20| 17| 16| 14| 13| 13| 13| 13| 8| 5| 2| 0| 0| O| O| O
14| 14| 14| 14| 14| 13| 11| 10| 10| 10| 10| 8| 5| 3| 0| 0] O] O] O

3.6.2 H=A| Ao]7] look-up table

i

;L

=

0
1
2
3
4
5
10
11
12
13
14
15
16
17
18
19
20

* all data were evenly divided by 4 to be stored in a microprocessor
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z(t) = —sin(0(t)) - CG2Inc + offset

y(t) = (36.2)
o 71M offset> Aol FHVIEA VEorm HZFo S W () FIE FAE
th. CG2Inc &= CGOlA Inclinometer7k#1 9] A== 161 cmelth. g(f) & 714
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offset = x(t) + sin(0(t)) - CG2Inc (36.3)

of e xF 2HAL @S FARE AMSE WFARL = AHS

A3 Ashed AAA0 e Gdedow A
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=
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ekt s G213 A ARAGA HEw zpko] TAEAS 2A(36.4)00 A9 o] T
?_l_’ ‘)l: 9)\1—4' o O:] ] 1 1i] Z‘I]—%}\]Z_]_—t_ E‘:Hxlvé‘ dlsengage /\]7]% E]] ._é §l.
AlZke] #rth

x(t+1)\ _ [ x(D sin (6(1)) .

(y(t-i— 1)) (y(t)) +[ cos (6 t))]* Vel* IntervalTime (3.6.4)

o(t+1) = 0(d)
A7IM Vel & AMelA el AFEHEZOIA IntervalTime <= AAF7] 52 <
HYE F7](=50ms)°] t}.

YA s2e= 7 A dACdAM = Aol 23S AR FEEY

@A e Edent ddo] 5] wiEe] Ede] upg FAHAN CGREE
2 2

o

A8 wAEA A4 Ede] BN 3ol Dojur), ol maolast Aelg)
= sde A4 Fdol doluAl HIL CGe EF Awe] 5ztel W

(=GO [mGh] =

Cx(D\ _ [ x(d) — cos (0(1)], SSWidih
( Cy( l‘)) N (y( t)) + sin (4(%)) 2 (3.6.6)

Hom G & A% @0 Aoju: ool 3

Aol (Cu(D), Cy(H) & &
A7t g e 2ol AxtHe .

- 166 -



_ _Vel* IntervalTime
SSWidth (3.6.7)

S

o M u CGel PegAsh warte A(366)3 2ol 3
(Cx(H), Cy (D) o 71%3ke] Alxko] wofzint,

B D)=L ond s 1001 St et il (o)

o(t+ 1) =0+ ¢ (3.6.8)
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1. T89C51CCO1 driver 3¢

//****************************************************************************
// Module On-Chip CAN Interface

// Filename Can_drv.C

// Controller  AtmelWM 89C51CCO01
//****************************************************************************
#include <t89c5lcc01.h>

#include <string.h>

#include "can_drv.h”  // define user CAN id

// Macros for CAN Message Object Control and DLC register (CANCONCH)

#define CanTX 0x40 // Transmit

#define CanRX 0x80 // Receive

#define CanRXB 0xCO0 // Receive in buffered mode

#define CanCONCH 0xCO0 // Mask for the CONCH field

#define CanRPLV 0x20 // Remote Transmission Reply ready & valid
#define CanlIDE 0x10 // ID extended (29-bit)

#define CanNOIDE 0x00 // ID extended (11-bit)

// Macros for CAN General Control register (CANGCON)

#define CanABRQ 0x80 // Abort request

#define CanOVRQ 0x40 // Overload frame request

#define CanTTC 0x20 // Network in Timer Trigger communication
#define CanSYNCTTC 0x10 // Synchronisation of TTC

#define CanAUTOBAUD 0x08 // autobaud mode

#define CanENA 0x02 // enable CAN controller

#define CanGRES 0x01 // general reset

// Macros for CAN General Interrupt Enable register (CANGIE)

#define CanENRX 0x20 // Enable receive interrupt

#define CanENTX 0x10 // Enable transmit interrupt

#define CanENERCH  0x08 // Enable message object error interrupt
#define CanENBUF 0x04 // Enable BUF interrupt

#define CanENERG 0x02 // Enable general error interrupt

// Macros for CAN General Interrupt register (CANGIT)

#define CanCANIT 0x80 // General Interrupt Flag

#define CanOVRTIM  0x20 // Overrun CAN Timer

#define CanOVRBUF  0x10 // Overrun Buffer

#define CanSERG 0x08 // Stuff error General

#define CanCERG 0x04 // CRC error General

#define CanFERG 0x02 // Form error General

#define CanAERG 0x01 // Acknowledgement error General
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// Macros for CAN Message Object Status register (CANSTCH)
#define CanDLCW 0x80 // Data length code warning
#define CanTXOK 0x40 // Transmit OK

#define CanRXOK 0x20 // Receive OK

#define CanBERR 0x10 // Bit error

#define CanSERR 0x08 // Stuff error

#define CanCERR 0x04 // CRC error

#define CanFERR 0x02 // Form error

#define CanAERR 0x01 // Acknowledgement error

// Macros for ID initilisiation in CANIDTx, CANIDMX registers

#define CanID29(v) (((unsigned long)(v))<<3)

#define CanlID11(v) (((unsigned long)(v))<<21)//22

#define CanIDEMSK  0x01 // enable comparison in CANIDM register

#define  CanRTRMSK 0x04 // enable Remote Transmission request in
CANIDM register

// Set value in CANIDTx registers

#define CanSetIDT(v) CANIDTI1=((unsigned char)((v)>>24)); \
CANIDT2=((unsigned char)((v)>>16)); \
CANIDT3=((unsigned char)((v)>> 8)); \
CANIDT4=((unsigned char)(v)) ~ conf;

// Set value in CANIDMx registers

#define CanSetIDM(v) CANIDMI1=((unsigned char)((v)>>24)); \
CANIDM2=((unsigned char)((v)>>16)); \
CANIDM3=((unsigned char)((v)>> 8)); \
CANIDM4=((unsigned char)(v));

// Convert Channel No. for CANPAGE register
#define CanChannel(v) ((v)<<4)

bit InterruptReadFlag=0;

#define IDO (CanID11(0x025))  // transmitter of left distance in polling mode
#define ID1 (CanID11(0x097))  // receiver of right distance in polling mode
#define ID2 (CanID11(0x099))

#define ID3 (CanID11(0x072))
#define 1D4 (CanID11(0x072))

#define ID5 (CanID11(0x0c1))
#define ID6 (CanID11(0x0d1))

#define ID7 (CanID11(0x061))  // transmitter of right distance in polling mode
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// Define Channel 0 Object Identifiers (handled in polling mode)

#define IDOMSK (CanID11(0x3ff) | CanIDEMSK)

#define IDOTYP (CanTX | CanNOIDE | 2) // Transmit, ID extended (29-bit),
// 1 Byte message length

// Define Channel 1 Object Identifiers (handled in polling mode)

#define IDIMSK (CanID11(0x0f0) | CanIDEMSK)

#define IDITYP (CanRX | CanNOIDE | 2) // Receive, ID extended (29-bit),
// 1 Byte message length

// Define Channel 2 Object Identifiers (handled in interrupt mode)

#define ID2MSK (CanID11(0x3ff) | CanIDEMSK)

#define ID2TYP (CanTX | CanNOIDE | 2) // Transmit, ID extended (29-bit),
// 8 Byte message length
#define ID2IntChk (CANSIT2 & 0x04) // Interrupt Status for Message Object 2

// Define Channel 3 Object Identifiers (handled in interrupt mode)

#define ID3MSK (CanID11(0x0f0) | CanIDEMSK)

#define ID3TYP (CanRXB | CanNOIDE | 2) // Receive, ID extended (29-bit),
// 8 Byte message length
#define ID3IntChk (CANSIT2 & 0x08) // Interrupt Status for Message Object 3

// Define Channel 4 Object Identifiers (handled in interrupt mode)

#define IDAMSK (CanID11(0x0f0) | CanIDEMSK)

#define ID4TYP (CanRXB | CanNOIDE | 2) // Receive, ID extended (29-bit),
// 8 Byte message length

#define ID4IntChk (CANSIT2 & 0x10) // Interrupt Status for Message Object 4

// Define Channel 4 Object Identifiers ('client’ for remote frame mode)

#define IDSMSK (CanID11(0x3ff) | CanIDEMSK)
#define IDSTYP (CanTX | CanNOIDE | 2) // Transmit, ID extended (29-bit),
// 8 Byte message length

// Define Channel 5 Object Identifiers ('server’ for remote frame mode)
#define IDEMSK (CanID11(0x3ff) | CanIDEMSK)

#define ID6TYP (CanRX | CanNOIDE | 2) // Receive, ID extended (29-bit),
// 8 Byte message length

#define IDEMSK (CanID11(0x3ff) | CanIDEMSK)
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#define ID6TYP (CanRX | CanNOIDE | 2) // Receive, ID extended (29-bit),
// 8 Byte message length
L1111111017101717171717171717171717771 7771777177717 1 7777117777717 717771177171777 17

// IDXTYP table for all used message objects
unsigned char code id_typ[] = {

IDOTYP,

IDITYP,

ID2TYP,

ID3TYP,

ID4TYP,

ID5TYP,

IDETYP

// ===== CAN Baudrate Calculation ======================
// Tscl = (1+BRP)/(XTAL) // for X2 Mode = ON
// Tscl = 2x(1+BRP)/(XTAL) // for X2 Mode = OFF
// Thit = (1 + (PRS+1) + (PHS1+1) + (PHS2+1)) * Tscl

// Examples:

// 500KHz CAN Baudrate, X2 Mode = OFF, XTAL=12MHz

// BRP = 0, PRS = 2, PHS1 = 3, PHS2 = 3

// Tscl = 2/12.0MHz = 0.167 Zec

// Thit = (1 + (2+1)+(3+1)+(3+1)) = Tscl = 12 = 0.167uSec = 2 Zec -> 500KHz
Baudrate

// Examples:

// IMHz CAN Baudrate, X2 Mode = ON, XTAL=20MHz

// BRP =1, PRS = 1, PHS1 = 3, PHS2 = 2

// Tscl = 2/20.0MHz = 0.100 Zec

// Thit = (1 + (A+D+(3+1)+(2+1)) * Tscl = 10 * 0.100uSec = 1 Zec -> 1MHz
Baudrate

#define BRP
#define SJW
#define PRS
#define PHS1
#define PHS2

wwho o

/%
* CAN Initialization:
* - reset CAN controller
* - initialize CAN message object (ID, MSK, control)
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* - clear message object status register

* - clear unused message object (ID, MSK, control, status)
® - enable CAN controller
*/

void Canlnit (unsigned char conf) {
unsigned char i,

CANGCON |= CanGRES; // Reset CAN controller
ECAN = 0; // disable CAN interupt
ETIM = 0; // disable CAN timer overrun interrupt

// Init CAN Message Object 0 (Transmit)
CANPAGE = CanChannel (0);
CanSetIDT(IDO0);
CanSetIDM(IDOMSK);
CANCONCH = 0; // mark no information for transmit objects
CANSTCH = 0;

// Init CAN Message Object 1 (Receive)
CANPAGE = CanChannel (1);
CanSetIDT(ID1);
CanSetIDM(ID1IMSK);
CANCONCH = IDITYP; // Object waits for data
CANSTCH = 0;

// Init CAN Message Object 2 (Transmit)
CANPAGE = CanChannel (2);
CanSetIDT(ID2);
CanSetIDM(ID2MSK);
CANCONCH = 0; // mark no information for transmit objects
CANSTCH = 0;

// Init CAN Message Object 3 (Receive)
CANPAGE = CanChannel (3);
CanSetIDT(ID3);
CanSetIDM(ID3MSK);
CANCONCH = ID3TYP; // Object waits for data
CANSTCH = 0;

// Init CAN Message Object 4 (Receive)
CANPAGE = CanChannel (4);
CanSetIDT(ID4);
CanSetIDM(ID4MSK);
CANCONCH = IDATYP; // Object waits for data
CANSTCH = 0;
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// Init CAN Message Object 5 (for Remote Requests)

CANPAGE = CanChannel (5);

CanSetIDT(ID5);

CanSetIDM(ID5MSK);

CANCONCH = 0; // mark no information for remote request
objects

CANSTCH = 0;

// Init CAN Message Object 6 (for Remote Transmits)

CANPAGE = CanChannel (6);

CanSetIDT(ID6);

CanSetIDM(ID6MSK);

CANCONCH = ID6TYP; // mark no information for remote transmit
objects

CANSTCH = 0;

// Clear unused Message Object Buffers

for (i = CanChannel (7); i <= CanChannel(14); i += CanChannel(1)) {
CANPAGE = i,
CanSetIDT(0); // Clear Object Buffer
CanSetIDM(0);
CANCONCH = 0;
CANSTCH = 0;

}

// Set CAN Baudrate

CANBTI1 = ((BRP)<<1); // set CANBT]1 register (BRP timing)

CANBT2 = ((PRS)<<1) | ((SJW)<<5); // set CANBT2 register (PRS & SJW
timing)

CANBT3 = ((PHS1)<<1)| ((PHS2)<<4); // set CANBT3 register (PHS1 & PHSI
timing)

CANGCON |= CanENA; // enable CAN controller

// If you are using interrupt driven CAN I/O enable interrupts

CANGIE |= CanENRX | CanENTX; // enable TX and RX interrupt
CANIE2 |= 0x0C; // enable TX and RX interrupt
ECAN = 1; // enable general CAN interupt

}

/#% CAN I/O Routines for Polling Mode #sss oo skttt stttk stotokorok /

/%
* CanSend:
*  Input Parameter: ch := message object channel (0 .. 14)
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*

p = Pointer to data

Return Value: 0 message transferred to buffer, transmission started
-1 message object not defined for transmission
-2 previous message not yet transferred

check if CAN message object is defined for transmit
- check if a previous message is transmitted OK

- copy new message to message object buffer

- set message object for transmission

S SR SRS B R R

*/

char CanSend (unsigned char ch, unsigned char *p) {
unsigned char i,
static unsigned char typ;

// check if CAN message object is defined for transmit
if (ch >= sizeof (id_typ)) return (-1);
typ = id_typlchl];
if ((typ & CanCONCH) != CanTX) return (-1);

1= typ & OxF; // message length
CANPAGE = CanChannel(ch); // select CAN message object

if ((CANCONCH & CanCONCH)) { // CAN channel used before?
if ((CANSTCH & CanTXOK)) {

return (-2); // previous message not yet send!
}
}
CANCONCH = 0; // reset previous status
CANSTCH = 0;
while (i) { // copy information to message buffer

CANMSG = #p++;

1-

}
CANCONCH = typ; // send information
return (0); // message object copied to buffer
}
/%
* CanRead:
*  Input Parameter: ch := message object channel (0 .. 14)
® p = pointer to data buffer
3
*  Return Value: 0 n bytes of message transferred to data buffer
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-1 message object not defined for receiving
-2 no message available
-3 messsage data length differs from definition

- check if CAN message object is defined for receiving
- check if a message is received

- copy received message to data buffer

- set message object for receiving

I R SR R R N S

*/
char CanRead (unsigned char ch, unsigned char #*p, unsigned char *address)
unsigned char i, typ;

// check if CAN message object is defined for reception
if (ch >= sizeof (id_typ)) return (-1);
typ = id_typlchl;
if ((typ & CanCONCH) != CanRX) return (-1);

i=typ & OxF; // message length
CANPAGE = CanChannel(ch); // select CAN message object

if ((CANSTCH & CanRXOK)) {
return (-2); // no message available

}

if (CANSTCH & CanDLCW) {

return (-2); // incoming message does not have expected length

}

LI 7077777777777 7777777 17777777777777177777777177777 77

if(CANCONCH & CanIDE)
{
//pt_st_can_rx->id.tab[0] = CANIDT1 >> 3;
//pt_st_can_rx->id.tab[1] = (CANIDT1 << 5) | (CANIDT2 >> 3);
//pt_st_can_rx->id.tab[2] = (CANIDT2 << 5) | (CANIDT3 >> 3);
//pt_st_can_rx->id.tab[3] = (CANIDT3 << 5) | (CANIDT4 >> 3);
xaddress=(CANIDT3 << 5) | (CANIDT4 >> 3);
}
else
{
//pt_st_can_rx->id.std = (CANIDT1 << 3) | (CANIDT2 >> 5);
*address=(CANIDT1 << 3) | (CANIDT2 >> 5);
}

LT 1177777777777 7177717117771 777777777777
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CANCONCH = 0; // reset previous status
CANSTCH = 0;
while (1) { // copy information to message buffer
xpt+ = CANMSG;
1-—

}
CANCONCH = typ; // set channel for new receiving
return (0); // message object copied to buffer

[rxxexrxxCAN I/O Routines for Remote Frame Handling sk /

CanReqRemote:  Request Remote Frame
Input Parameter: ch := message object channel (0 .. 14)

-1 message object not defined for transmission

3
%
k
*  Return Value: 0 n bytes of message transferred to data buffer
%
3

® - check if CAN message object is defined for transmission

* - set message object for remote frame request
char CanReqRemote (unsigned char ch) {

unsigned char typ;

// check if CAN message object is defined for transmission
if (ch >= sizeof (id_typ)) return (-1);
typ = id_typlchl;
if ((typ & CanCONCH) != CanTX) return (-1);

CANPAGE = CanChannel(ch); // select CAN message object

CANCONCH = 0; // reset previous status

CANSTCH = 0;

CANIDT4 |= CanRTRMSK; // Set Remote transmission request value

CANCONCH = typ; // set channel for transmission

return (0);
}
Ve

* CanGetRemote:  Get Data from Remote Frame Request

*  Input Parameter: ch := message object channel (0 .. 14)

® p = pointer to data buffer

3

*  Return Value: 0 n bytes of message transferred to data buffer
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*

S S S SR S

*/

-1 message object not defined for transmission
-2 incoming message does not have expected length
-3 no remote message received

- check if CAN message object is defined for transmission
- check if a message is received
- copy received message to data buffer

char CanGetRemote (unsigned char ch, unsigned char #p) {
unsigned char 1, typ;

// check if CAN message object is defined for transmission
if (ch >= sizeof (id_typ)) return (-1);
typ = id_typlchl;
if ((typ & CanCONCH) != CanTX) return (-1);

1= typ & OxF; // message length
CANPAGE = CanChannel(ch); // select CAN message object
if ({(CANSTCH & CanRXOK)) {
return (-3); // no CAN message received
}
if (CANSTCH & CanDLCW) {
return (-2); // incoming message does not have expected length
}
CANCONCH = 0; // reset previous status
CANSTCH = 0;
while (i) { // copy information to message buffer

*p++ = CANMSG;
i

}

return (0); // message object copied to buffer
)
#pragma NOAREGS // function called from interrupt, no ARx
symbols!
/%

* CanSetRemote:

*  Input Parameter: ch := message object channel (0 .. 14)

* p = pointer to data buffer

%k

* - check if CAN message object is defined for remote reply
* - Fil data buffer with data

*/

char CanSetRemote (unsigned char ch, unsigned char *p) {
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unsigned char i, typ;
unsigned char save_canpage;

// check if CAN message object is defined for reception
if (ch >= sizeof (id_typ)) return (-1);
typ = id_typlchl;
if ((typ & CanCONCH) != CanRX) return (-1);

1= typ & OxF; // message length

save_canpage = CANPAGE; // Save the current CANPAGE (to work in
parallel with polling mode)

CANPAGE = CanChannel(ch); // select CAN message object

CANCONCH &= ~CanRPLV; // reset information valid

while (i) { // copy information to message buffer

CANMSG = #p++;
i--;

}

CANCONCH |= CanRPLV; // set information valid

CANPAGE = save_canpage; // restore the old CAN page (required for polling
mode)

return (0); // message object copied to buffer

}
#pragma AREGS
/#xxxx Interrupt Driven CAN I/O Routines stttk stk ot ok ol ok ol ok sk ok /

// definitions for transmit (output) buffer (CAN Message Object 2)

#define OLEN 16 // number of buffers in outbuf
unsigned char ostart = 0; // transmission buffer start index
unsigned char oend = 0; // transmission buffer end index
unsigned char xdata outbuf[OLEN][8]; // transmission buffer

bit tx_error; // set when transmit error occur

// definitions for receive (input) buffer (CAN Message Object 3)

#define ILEN 16 // number of buffers in inbuf
unsigned char istart = 0; // receive buffer start index
unsigned char iend = 0; // receive buffer end index
unsigned char xdata inbuf[ILEN][8]; // receive buffer

unsigned char xdata idArr[ILEN]; //changed 4.30.2005

bit IX_error, // set when receive error occur
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#pragma REGISTERBANK (1) // function called from Register Bank 1

/%
* Read Data into inbuf (for CAN channels handled by Interrupt
«/

static void ReadToInBuf (void) {
unsigned char i;
unsigned char xdata *p;

unsigned char xdata *address;
//unsigned int AddressInt;

if ((CANSTCH & CanRXOK)) {
rx_error = 1; // not a receive OK interrupt
}
LI 1771777777777
if(CANCONCH & CanIDE)

{
*address=(CANIDT3 << 5) | (CANIDT4 >> 3);

*address=(CANIDT1 << 3) | (CANIDT2 >> 5);
}

L1777 777777777777 777777 7777777711777 7771177777 77

CANCONCH = 0; // reset previous status
CANSTCH = 0;

p = inbuflistart & (ILEN-1)];

address = idArr[istart]; //changed 4.30.2005
istart++;
for (i = sizeof (inbuf[0]); i != 0; i--) { // copy information to message buffer
*p = CANMSG;
Pt
}
InterruptReadFlag=1; // For LED
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CANCONCH = ID3TYP; // set channel for new receiving
}

/%
* CanlInterrupt:
* - called by hardware when a CAN message is send or received
* - checks if Channel 2 interrupt (transmission) occured
® - if new transmit data, copy new data to Channel 2 object buffers
*  — checks if Channel 3 interrupt (receiving) occured
* - copy received data, copy data from Channel 3 object buffers
*/

void Canlnt(void)
{

unsigned char i;

unsigned char typ;

unsigned char save_canpage;
unsigned char xdata *p;

save_canpage = CANPAGE; // Save the current CANPAGE (to work in
parallel with polling mode)

// Handle Interrupt for Transmit Channel 2
if (ID2IntChk) // Check Channel 2 Interrupt (transmit buffer)
CANPAGE = CanChannel(2);
if ((CANSTCH & CanTXOK)) {
tx_error = 1; // not a transmit OK interrupt

}

CANCONCH = 0; // reset previous status
CANSTCH = 0;
if (ostart != oend) {

p = outbufloend & (OLEN-1)];

oend++;

typ = id_typl2];

i=typ & OxF; // message length

while (i) { // copy information to message buffer
CANMSG = =*p;
p++;
i

)

CANCONCH = typ; // send information

}
}
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// Handle Interrupt for Receive Channel 3/4

if ID4IntChk) { // Check if data are available in Channel 4
CANPAGE = CanChannel (4);
ReadToInBuf (); // Read Data into inbuf

}

if (ID3IntChk) { // Check if data are available in Channel 4
CANPAGE = CanChannel (3);
ReadToInBuf (); // Read Data into inbuf

}

CANPAGE = save_canpage; // restore the old CAN page (required for

polling mode)
}

#pragma REGISTERBANK (0) // use Register Bank 0 for following code

CanSendlsr:
Input Parameter: ch := message object channel (0 .. 14)
p = pointer to data buffer

%k

%

3

3

*  Return Value: 0 n bytes of message transferred to data buffer
® -1 message object not defined for transmission
* -2 no message available

* -3 messsage data length differs from definition
%
3
3
%k
%k

- check if CAN message object is defined for receiving
- check if a message is received

- copy received message to data buffer

- set message object for receiving

char CanSendIsr (unsigned char ch, unsigned char *p) {
unsigned char 1, typ;

// check if CAN message object is defined for transmit
if (ch >= sizeof (id_typ)) return (-1);
typ = id_typlchl;
if ((typ & CanCONCH) !'= CanTX) return (-1);

1= typ & OxF; // message length
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ECAN = 0; // disable CAN interupt

CANPAGE = CanChannel(ch); // select CAN message object
if ((CANCONCH & CanCONCH)) { // CAN channel busy?

// yes copy to interrupt buffer
memcpy (outbuflostart & (OLEN-1)], p, sizeof(outbuf[0]));

ostart++;
}
else { // not, transfer to message object
CANCONCH = 0; // reset previous status
CANSTCH = 0;
while (i) { // copy information to message buffer
CANMSG = *p++;
i
}
CANCONCH = typ; // send information
}
ECAN = 1; // enable CAN interupt
return (0);
}
/%
* CanReadlsr:
* Input Parameter: ch := message object channel (0 .. 14)
* p = pointer to data buffer
k
*  Return Value: 0 n bytes of message transferred to data buffer
* -1 message object not defined for receiving
* -2 no data available
%k
* - check if CAN message object is defined for receiving
® - check if a message is received
* - copy received message to data buffer
* - set message object for receiving
*/

char CanReadlsr (unsigned char ch, unsigned char *p , unsigned char *address)
unsigned char 1, typ;

// check if CAN message object is defined for transmit
if (ch >= sizeof (id_typ)) return (-1);
typ = id_typlchl;
if ((typ & CanCONCH) != CanTX) return (-1);
1= typ & OxF; // message length

if (istart == iend) return (-2);
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memcpy (p, inbufliend & (ILEN-1)], i);
*address=idArr[iend];

iend++;
return (0);
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2.
/*

PIC 18F448 driver 3+
CAN Library routines for Microchip’s PIC18Cxx8 and 18Fxx8 line */

#include <can-18xxx8.h>

#if CAN_DO_DEBUG
#define can_debug printf
#else

#define can_debug
#endif

//macros

#define can_kbhit() (RXBOCON.rxful || RXB1CON.rxful)

#define can_tbe() (ITXBOCON.txreq || !TXB1CON.txreq ||
I'TXB2CON.txreq)

#define can_abort() (CANCON.abat=1)

// can_init()
void can_init(void) {

be

can_set_mode(CAN_OP_CONFIQ®); //must be in config mode before params can
set
can_set_baud();

RXBOCON=0;

RXBOCON.rxm=CAN_RX_VALID;
RXBOCON.rxbO0dben=CAN_USE_RX_DOUBLE_BUFFER;
RXB1CON=RXBOCON;

CIOCON.endrhi=CAN_ENABLE_DRIVE_HIGH;
CIOCON.cancap=CAN_ENABLE_CAN_CAPTURE;

can_set_id(RXOMASK, RX0_MASK, CAN_USE_EXTENDED_ID); //set mask 0
can_set_id(RXOFILTERO, RX0_FILTERO, CAN_USE_EXTENDED_ID); //set filter 0

of mask 0

can_set_id(RXOFILTER1, RXO_FILTERI, CAN_USE_EXTENDED_ID); //set filter 1

of mask 0

can_set_id(RXIMASK, RX1_MASK, CAN_USE_EXTENDED_ID); //set mask 1
can_set_id(RXIFILTERZ2, RX1_FILTER2, CAN_USE_EXTENDED_ID); //set filter 0

of mask 1

can_set_id(RX1FILTER3, RX1_FILTER3, CAN_USE_EXTENDED_ID); //set filter 1

of mask 1

can_set_id(RXI1FILTER4, RX1_FILTER4, CAN_USE_EXTENDED_ID); //set filter 2

of mask 1

can_set_id(RXIFILTERS, RX1_FILTER5, CAN_USE_EXTENDED_ID); //set filter 3
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of mask 1
set_tris_b((*0xF93 & 0xFB ) | 0x08); //b3 is out, b2 is in

can_set_mode(CAN_OP_NORMAL);

// can_set_baud()

void can_set_baud(void) {
BRGCON1.brp=CAN_BRG_PRESCALAR;
BRGCONI1.sjw=CAN_BRG_SYNCH_JUMP_WIDTH;

BRGCONZ.prseg=CAN_BRG_PROPAGATION_TIME;
BRGCONZ.seglph=CAN_BRG_PHASE_SEGMENT_1;
BRGCONZ2.sam=CAN_BRG_SAM;
BRGCONZ2.seg2phts=CAN_BRG_SEG_2_PHASE_TS;

BRGCONS.seg2ph=CAN_BRG_PHASE_SEGMENT_2;
BRGCONS.wakfil=CAN_BRG_WAKE_FILTER;
}

void can_set_mode(CAN_OP_MODE mode) {
CANCON.reqop=mode;
while( (CANSTAT.opmode) !'= mode );

}

// can_set_id()

//

// Configures the xxxxEIDL, xxxxEIDH, xxxxSIDL and xxxxSIDH registers to
// configure the defined buffer to use the specified ID

//

// Paramaters:

// addr - pointer to first byte of ID register, starting with xxxxEIDL.

// For example, a pointer to RXMI1EIDL

// id - ID to set buffer to

// ext - Set to TRUE if this buffer uses an extended ID, FALSE if not

void can_set_id(int* addr, int32 id, intl ext) {
int *ptr;

ptr=addr;
if (ext) { //extended

//eidl
*ptr=make8(id,0); //0:7
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//eidh
ptr——;
sptr=make8(id,1); //8:15

//sidl

ptr——;

*ptr=make8(id,2) & 0x03; //16:17
xptr|=(make8(id,2) << 3) & 0xE0; //18:20
*ptr|=0x08;

//sidh

ptr——;

xptr=((make8(id,2) >> 5) & 0x07 ); //21:23

xptr|=((make8(id,3) << 3) & 0xF8);//24:28
}
else { //standard

//eidl

#ptr=0;

//eidh
ptr——;
#ptr=0;

//sidl
ptr——;
#ptr=(make8(id,0) << 5) & 0xEO0;

//sidh
ptr——;
#*ptr=(make8(id,0) >> 3) & 0x1F;
#ptrl=(make8(id,1) << 5) & 0xEO0;

}

// can_get_id()

//

// Returns the ID of the specified buffer. (The opposite of can_set_id())

// This is used after receiving a message, to see which ID sent the message.
//

// Paramaters:

// addr - pointer to first byte of ID register, starting with xxxxEIDL.

// For example, a pointer to RXMI1EIDL

// ext - Set to TRUE if this buffer uses an extended ID, FALSE if not
//

// Returns:
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// The ID of the buffer

//
int32 can_get_id(int * addr, intl ext) {
int32 ret;
int * ptr;
ret=0;
ptr=addr;
if (ext) {
ret=#ptr; //eidl
ptr——; //eidh
ret|=((int32)*ptr << &);
ptr——; //sidl
ret|=((int32)*ptr & 0x03) << 16;
ret|=((int32)*ptr & 0xE0) << 13;
ptr—-; //sidh
ret|=((int32)*ptr << 21);
}
else {
ptr-=2;  //sidl
ret=((int32)*ptr & O0xE0) >> 5;
ptr——; //sidh
ret|=((int32)*ptr << 3);
}
return(ret);
}

// can_putd()

//

// Puts data on a transmit buffer, at which time the CAN peripheral will
// send when the CAN bus becomes available.

//

// Paramaters:

// id - ID to transmit data as

// data - pointer to data to send

// len - length of data to send

// priority - priority of message. The higher the number, the
// sooner the CAN peripheral will send the message.
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// Numbers 0 through 3 are valid.
// ext - TRUE to use an extended ID, FALSE if not
// rtr — TRUE to set the RTR (request) bit in the ID, false if NOT

// Returns:
// If successful, it will return TRUE
// If un-successful, will return FALSE

intl can_putd(int32 id, int * data, int len, int priority, intl ext, intl rtr) {
int 1;
int * txd0;
int port;
//2005.7.28 =7 by Park Daesoon
// txd0=&TXRXBaD0;
txd0=&TXB0DO0;
// find emtpy transmitter
//map access bank addresses to empty transmitter
if ('TXBOCON.txreq) {
CANCON.win=CAN_WIN_TXO0;
port=0;
)
else if ('TXB1CON.txreq) {
CANCON.win=CAN_WIN_TX1;
port=1;
}
else if (/' TXB2CON.txreq) {
CANCON.win=CAN_WIN_TX2;
port=2;
}
else {
#f CAN_DO_DEBUG
can_debug("\r\nCAN_PUTD() FAIL: NO OPEN TX BUFFERS\r\n");
#endif
return(0);

}

//set priority.
TXBaCON.txpri=priority;

//set tx mask
can_set_id(TXRXBalD, id, ext);

//set tx data count
TXBaDLC=len,
TXBaDLC.rtr=rtr;

for (i=0; i<len; i++) {

- 204 -



xtxdO=*data;
txdO++;
data++;

}

//enable transmission
TXBaCON.txreq=1;

CANCON.win=CAN_WIN_RXO0;

#f CAN_DO_DEBUG
can_debug("\r\nCAN_PUTD(): BUFF=%U ID=%LX LEN=%U PRI=%U

EXT=%U RTR=%U\r\n", port, id, len, priority, ext, rtr);

}

if ((en)&&(Irtr)) {

data—=len;

can_debug(” DATA =");

for (i=0;i<len;i++) {
can_debug("%X " *data);
data++;

)

can_debug("\r\n");

#endif

return(1);

// can_getd()

/!

// Gets data from a receive buffer, if the data exists

//
//
//
//
/!
//

Returns:
id - ID who sent message
data — pointer to array of data
len - length of received data
stat - structure holding some information (such as which buffer
recieved it, ext or standard, etc)

Returns:
Function call returns a TRUE if there was data in a RX buffer, FALSE
if there was none.

intl can_getd(int32 & id, int * data, int & len, struct rx_stat & stat)

{

int 1
int * ptr;
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if (RXBOCON.rxful) {
CANCON.win=CAN_WIN_RXO;
stat.buffer=0;

CAN_INT_RXBOIF=0;

stat.err_ovfl=COMSTAT .rxOovfl;
COMSTAT .rx0ovfl=0;

if (RXBOCON.rxbOdben) {
stat.filthit=RXBOCON.filthit0;
}

}

else if ( RXBICON.rxful )

{
CANCON.win=CAN_WIN_RX1,
stat.buffer=1;

CAN_INT_RXBI1IF=0;

stat.err_ovfl=COMSTAT rxlovfl;
COMSTAT .rxlovfl=0;

stat.filthit=RXB1CON filthit;
}
else {
#if CAN_DO_DEBUG
can_debug("\r\nFAIL ON CAN_GETD(: NO MESSAGE IN BUFFER\r\n");
#endif
return (0);

}

len = RXBaDLC.dlc;
stat.rtr=RXBaDLC.rtr;

stat.ext=TXRXBaSIDL.ext;
id=can_get_id(TXRXBalD,stat.ext);
//2005.7.28 =3 by Park Daesoon
// ptr = &TXRXBaDO0;
ptr = &RXB0DO;
for (i=0;1< len; i++ ) {
xdata = *ptr;
data++;
ptr++;

}

// return to default addressing
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CANCON.win=CAN_WIN_RXO0;

stat.inv=CAN_INT_IRXIF;
CAN_INT_IRXIF = 0;

if (stat.buffer) {
RXB1CON.rxful=0;

}

else {
RXBOCON.rxful=0;

}

#if CAN_DO_DEBUG
can_debug("\r\nCAN_GETD(): BUFF=%U ID=%LX LEN=%U OVF=%U "
stat.buffer, id, len, stat.err_ovfl);
can_debug("FILT=%U RTR=%U EXT=%U INV=%U", statfilthit, stat.rtr,
stat.ext, stat.inv);
if ((len)&&(!stat.rtr)) {
data—=len;
can_debug("\r\n  DATA =");
for (i=0;i<len;i++) {
can_debug("%X " *xdata);
data++;

}

)

}
can_debug("\r\n");
#endif

return(1);

- 207 -



3. ECU #1 : =&/F8 ZF&{x Ao)7]

/*****************************************************************
ECU 1 : main controller
auto_mode ; receiving "out_time” through CAN
"ground speed”
"remote_signal”

remote_mode ; receiving key values from remocon
$*****************************************************************/

#include <18F448.h>

#use delay(clock=20000000)

#fuses NOWDT,WDT128 HS, NOPROTECT, NOOSCSEN, NOBROWNOUT, BORV20,
NOPUT, NOCPD, NOSTVREN, NODEBUG, NOLVP, NOWRT, NOWRTD, NOWRTRB,
NOCPB, NOWRTC, NOEBTR, NOEBTRB

#use rs232(baud=57600,parity=N,xmit=PIN_C6,rcv=PIN_C7,bits=8)

//port setting

#byte porte = 0xF&4
#byte portd = OxF&83
#byte portc = 0xF82

#bit main_clutch = portd.5
#bit r_clutch = portd.6
#bit 1_clutch = portd.7

#bit main_led = porte.0
#bit r_led= porte.l
#bit 1_led = porte.2

//baud 500k seting

#define CAN_DO_DEBUG FALSE

#define CAN_USE_EXTENDED_ID 0

#define CAN_BRG_SYNCH_JUMP_WIDTH 0
#define CAN_BRG_PRESCALAR 1

#define CAN_BRG_SEG_2_PHASE_TS TRUE
#define CAN_BRG_SAM 0

#define CAN_BRG_PHASE_SEGMENT_1 2
#define CAN_BRG_PROPAGATION_TIME 2
#define CAN_BRG_WAKE_FILTER FALSE
#define CAN_BRG_PHASE_SEGMENT_2 2
#define CAN_USE_RX_DOUBLE_BUFFER 0

//mask & filter define

#define RX0_MASK 0x0ff//set mask 0
#define RXO_FILTERO  0x050//set filter 0 of mask 0
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#define RXO_FILTERI  0x035//set filter 1 of mask 0
#define RX1_MASK O0xOff //set mask 1

#define RX1_FILTER2  0x035//set filter 0 of mask 1
#define RX1_FILTER3  0x050//set filter 1 of mask 1
#define RX1_FILTER4  0x000//set filter 2 of mask 1
#define RX1_FILTER5  0x000//set filter 3 of mask 1
//ID Define

#define Outtime 0x035

#define joysticksig 0x050

#define Ground_speed 0x060

#include <can-18xxx8.c>

#define disenage_time_left 200 // 180 ms
#define disenage_time_right 150 // 150 ms
//#define reenage_time 150 // 150 ms

intl6 reenage_time;

//timer?2 variable
intl6 ms=0;
intl6 cnt=0;

//CAN_Variable
struct rx_stat rxstat;

int32 rx_id;
intl6 in_datal2];
int rx_len;

intl6 out_datal2];
int tx_len=4;

//main variable

int mode_flag=0;

intl6 main_clutch_state=0x0000;

intl6 steering_state=0x0000;

intl6 temp=0;

signed intl6 out_time=0; // 16 bit (-32,768 ... +32767)
intl6 acting_time;

int out_time_flag=0;

int8 direction_flag; // if(direction_flag ==0) left else right

void key_check()//mode check

{
if(bit_test(portd,0)==0) //19 auto mode button
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}

{
mode_flag=1;
)

if(bit_test(portd,1)==0) //20 remote mode button

{
mode_flag=0;
}

void remote_activation()

{

I11117777777717777717777777 /- 1E 8 2] on/off
if(main_clutch_state==0x0030) //19 main cluch Start button

}

2] off

{
main_clutch = 1;
main_led=0;
}
if(main_clutch_state==0x0020) //20 main cluch stop button
{
main_clutch = 0;
main_led=1;
}
if(steering_state==0x0001) //21 &% w3 Z %] on
{
r_clutch = 1,
I_clutch = 0;
r_led = 0;
Lled = 0;
}
if(steering_state==0x0002) //22 9% "3 Z22] on
{
r_clutch = 0;
I_clutch = 1;
r_led = 1;
Lled = 0;
}
if(steering_state==0x0003) //27 L &% & Wk F¢
{
r_clutch = 0;
I_clutch = 0;
r_led=1;
1_led=1;

void activate_clutch(intl6 acting_time)
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cnt = 05
while(cnt < acting_time)

{

if(direction_flag == 1) // turn right
{
_clutch=0;
r_clutch=1;
I_led=1;
r_led=0;
}
else // turn left
{
I_clutch=1;
r_clutch=0;
1_led=0;
r_led=1;
}

} // end of while(cnt < out_time)
// re-engage clutches
cnt = 05
while(cnt < reenage_time)
{
_clutch=0;
r_clutch=0;
1_led=0;
r_led=0;

void display_data()
{

printf("\r\n  outtime:%ld  acting_time:%lu  direct:%d
direction_flag);

}

void CAN_VARIABLE_CLEAR()
{

//CAN_VARIABLE_CLEAR

int 1=0;

for(i=0;1<2;i++)

{

out_datali]=0;
}
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for (1=0;1<2;i++)
{

in_datali]=0;
}

}
void CAN_SELECT_DATA()
{
Switch(rx_id)
{
case Outtime:

{
out_time=in_datal0];
temp=in_data[1];
out_time_flag = 1;
break;

}

case joysticksig:

{
main_clutch_state=in_datal0];
steering_state=in_data[1];
break;

}

/%

case Ground_speed:

{
left_rpm=in_datal0];
right_rpm=in_datal1];

}

*/

)
CAN_VARIABLE_CLEAR();
}
#int_TIMER2
TIMERZ_isr()
{
ms++;
cnt++;
}
//intruppt mode receiver
#int_CANRX1
CANRXI1_isr()
{
if(can_kbhit())
{
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if(can_getd(rx_id, &in_datal0], rx_len, rxstat))
CAN_SELECT_DATAQQ;

}

#int_CANRXO
CANRXO_isr()
{
if(can_kbhit())
{
if(can_getd(rx_id, &in_datal0], rx_len, rxstat))
CAN_SELECT_DATAQ;

void main()

{
signed intl6 out_time_temp; // 16 bit (-32,768 ... +32767)
set_tris_d(0x1f);
set_tris_e(0x00);

setup_timer_2(T2_DIV_BY_16,33,10);//1ms
//initialize

main_led=1;

r_led=1;

I_led=1;
// initialize clutches

main_clutch = 0; // main_cluch is disengaged

r_clutch = 0; // r_cluch is engaged
L_clutch = 0; // Lcluch is engaged
can_init();

enable_interrupts(INT_TIMER2);
enable_interrupts(INT_CANRX1);
enable_interrupts(INT_CANRXO);
enable_interrupts(GLOBAL);

CAN_VARIABLE_CLEARO();
ms=0;
cnt=0;

while(TRUE)

{
key_check();
if(mode_flag==0)
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cnt=0;
remote_activation();
)
else if(out_time_flag==1)
{

out_time_flag=0;
if(main_clutch_state==0x0030) //19 main cluch Start button
{

main_clutch = 1;

main_led=0;
}
if(main_clutch_state==0x0020) //20 main cluch stop button
{

main_clutch = 0;

main_led=1;
}
if(out_time !=0)
{
if(out_time < 0 )
{
direction_flag = 0; // turn left — disengage left
out_time = - out_time;
reenage_time=200;
)
else
{
direction_flag = 1; // turn right
reenage_time=150;
)
out_time_temp=(int16)out_time*2;
if(direction_flag==0)
{
acting_time = disenage_time_left + out_time_temp;
Jelse
{
acting_time = disenage_time_right + out_time_temp;
)
activate_clutch(acting_time);
)
else
{
//nothing
)
)
if(ms>50)
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ms=0;
display_data();
}

- 215 -



4. ECU #3 : FAAZ A AA

#include <18F448.h>

#device ADC=10

#use delay(clock=20000000)

#fuses NOWDT WDT128 HS, NOPROTECT, NOOSCSEN, NOBROWNOUT, BORV20,
NOPUT, NOCPD, NOSTVREN, NODEBUG, NOLVP, NOWRT, NOWRTD, NOWRTB,
NOCPB, NOWRTC, NOEBTR, NOEBTRB

#use rs232(baud=57600,parity =N,xmit=PIN_C6,rcv=PIN_C7,bits=8)

//baud 500k seting

#define CAN_DO_DEBUG FALSE

#define CAN_USE_EXTENDED_ID 0

#define CAN_BRG_SYNCH_JUMP_WIDTH 0
#define CAN_BRG_PRESCALAR 1

#define CAN_BRG_SEG_2_PHASE_TS TRUE
#define CAN_BRG_SAM 0

#define CAN_BRG_PHASE_SEGMENT_1 2
#define CAN_BRG_PROPAGATION_TIME 2
#define CAN_BRG_WAKE_FILTER FALSE
#define CAN_BRG_PHASE_SEGMENT _2 2
#define CAN_USE_RX_DOUBLE_BUFFER 0

//mask & filter define

#define RXO_MASK 0x0ff//set mask 0

#define RXO_FILTERO  0x033//set filter 0 of mask 0
#define RXO_FILTERI  0x060//set filter 1 of mask 0
#define RX1_MASK O0xOff //set mask 1

#define RX1_FILTER2  0x033//set filter 0 of mask 1
#define RX1_FILTER3  0x060//set filter 1 of mask 1
#define RXI1_FILTER4  0x000//set filter 2 of mask 1
#define RXI_FILTER5  0x000//set filter 3 of mask 1
//ID Define

#define TravelPath 0x030 //headingangle & x-offset
#define TrollyPath 0x031

#define TiltSense 0x033

#define Ground_speed 0x060

#include <can-18xxx8.c>
#include <ltc1298.c>
#include <math.h>

#define sprocket_r 85 // radius of driving sprocket in a track [mml]
#define t_interval 50 // time interval for heading angle calculation [ms]

//timer2 variable

intl6 ms=0;
intl6 heading_cnt=0;
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//CAN_Variable
struct rx_stat rxstat;

int32 rx_id;
intl6 in_datal2];
int rx_len;

intl6 out_datal2];
int tx_len=4;

//main variable
signed intl6 pitch=0;
signed intl6 roll=0;
intl6 left_rpm=0;
intl6 right_rpm=0;
float x_angle=0;

float y_angle=0;

float z_length=0;

float heading_angle=0;
float x_offset=0;

float x_offset_temp=0;
float angle_temp;

intl6 x_value,y_value,x_data,y_data;
//char chO_volt_string[6];

//char chl_volt_string[6];

intl6 z_value;

int tx_flag=0;

void heading_math()

{
if(left_rpm==0 && right_rpm==0){heading_angle=0;}
else
{
/* if(x_offset<0)
{
heading_angle=asin((x_offset_temp-x_offset)/((float)(left_rpm+right_rpm)*0.5)*sprocket_r

*t_interval*P1/3000.);
heading_angle=heading_angle*180/PI;

x_offset_temp=x_offset;

out_data[0]=(signed int16)(heading_angle*10);
out_datal[1]=(signed int16)(x_offset/10);

can_putd(TravelPath, out_data, tx_len, 0, 0, 0);
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}

void read_ad()

{
x_data = read_analog(0);
delay_us(50);
y_data = read_analog(1);
delay_us(50);
//convert_to_volts(x_data,chO_volt_string );
//delay_us(100);
//convert_to_volts(y_data,chl_volt_string );
//delay_us(100);
x_value=((x_data>>4)&(0x0fff));
y_value=((y_data>>4)&(0x0fff));

)

void display_data()

{

printf("\r\n hd_angle:%f x_offset:%f z_length:%f” heading_angle,x_offset,z_length);
printf(” x_angle:%f y_angle:%f” x_angle,y_angle);

}

void CAN_VARIABLE_CLEAR()
{

//CAN_VARIABLE_CLEAR

int 1=0;

for(i=0;1<2;1++)

{

out_datali]=0;
}

for (i=0;i<2;i++)
{

in_datali]=0;
}

}

void CAN_SELECT_DATA()
{
Switch(rx_id)
{
case TiltSense:
{
roll=in_datal0];
pitch=in_datal1];
break;
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}

case Ground_speed:

{
left_rpm=in_datal0];
right_rpm=in_datal1];
break;

CAN_VARIABLE_CLEAR();
}
#int_TIMER2
TIMER2_isr()
{
if(heading_cnt>50)
{
heading_cnt=0;
heading_math();
}

heading_cnt++;
ms++;
}
//intruppt mode receiver
#int_CANRX1
CANRX1_isr()
{
if(can_kbhit())
{
if(can_getd(rx_id, &in_datal0], rx_len, rxstat))
CAN_SELECT_DATAQ;

}

#int_CANRXO
CANRXO_isr()
{
if(can_kbhit())
{
if(can_getd(rx_id, &in_datal0], rx_len, rxstat))
CAN_SELECT_DATAQ;
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void main()

{
setup_timer_2(T2_DIV_BY_16,33,10);//1ms
setup_adc_ports(RAO_ANALOG);
setup_adc(ADC_CLOCK_DIV_32);
set_adc_channel(0);

can_init();
adc_init();//1tc1298 init

enable_interrupts(INT_TIMER2);
enable_interrupts(INT_CANRX1);
enable_interrupts(INT_CANRXO0);
enable_interrupts(GLOBAL);

CAN_VARIABLE_CLEAR();
heading_cnt=0;
ms=0;

while(TRUE)
{
/% if(can_tbe() && can_cnt>25)
{
can_cnt=0;
if(tx_flag==0)
{
tx_flag=1;
out_datal0]=heading_ang]le;
out_datall]=x_offset;

can_putd(TravelPath, out_data, tx_len, 0, 0, 0);
// id data len pri ext rtr
else if(tx_flag==1)
{
tx_flag=0;
out_datal0]=y_angle;
out_datall]=z_length;

can_putd(TrollyPath, out_data, tx_len, 0, 0, 0);
// id data len pri ext rtr
}
)

if(ms>50)

{
ms=0;
read_ad();
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z_value=read_adc();
x_angle=((-0.0183x*(float)x_value)+36.487)+(float)roll/10;
yv_angle=((0.0188+(float)y_value)-40.224)+(float)pitch/10;
z_length=((4.138%z_value)+34.5);//mm result out

out_datal0]=(signed int16)y_angle*10;
out_datal[1]=(signed int16)z_length;

can_putd(TrollyPath, out_data, tx_len, 0, 0, 0);
angle_temp=((x_angle)*P1/180.);
x_offset=z_length#*sin(angle_temp);

//x_offset=sin(angle_temp)/cos(angle_temp)*(float)129;

display_data();
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5. ECU #6.1 : 3% ok} aralof 7] sh ol 5] 41
/***********************************************************
ECU 6_1 : for Chemical Applicator Control
- receiving 1st half of Message 0x27(1 byte) from ECU 8
- 0x25(1 byte) from ECU 5 : Row_end sensor
- DO’s for solenoid valves on left hand side
- tank water level(0x36) is sensed
and transmitted when empty only
Input O(pin 3) <-- sensor ——> 5V(pin 21)
>:<*****************>'r<**>'r<**>'r<**>'r<**>'r<**>'r<*************************/
//#include <absacc.h>
#include <string.h>
#include <stdio.h>
#include <compiler.h>
#include <t89cb5lcc01.h>
//#include <REG51CCO01.H>

#include "can_drv.h” // Interface to the CAN Functions
unsigned char buffer[8]; // buffer for receiving objects
unsigned char addr[1];

unsigned short analog [4]; // voltage on analog Pins ANO .. AN3

// type definition //////////////////1///11//111//11/

// char %bd
// int %d
// long %l1d
// unsigned char %bu

// unsigned int %u

// unsigned long %lu

// float %
Vi

#define RLYO P2.0
#define RLY1 P2_1
#define RLY2 P22
#define RLY3 P23
#define RLY4 P24
#define RLY5 P25
#define RLY6 P26
#define RLY7 P27

#define Input0 PO_O
#define Inputl PO_1
#define Input2 PO_2
#define Input3  P0O_3
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#define IDO P0_4

#define ID1 PO_5
#define ID2 P0_6
#define ID3 PO_7
#define IDVal0 0x10
#define IDVall 0x20
#define IDVal2 0x40
#define IDVal3 0x80
#define  ADO P1.0
#define ADI1 P1_1
#define AD2 P12
#define AD3 P1_3

static unsigned char level[2];

unsigned char Flagl00, Flag500;
unsigned int FlagCount=0;
unsigned char flag;

bit PollingReadFlag=0,RemoteReadFlag=0;
extern bit InterruptReadFlag;

/*********************************************************************/

/* Timer O interrupt service function */
/% executes each 1lms @ 12 MHz Crystal Clock */
/*********************************************************************/
#define INT_CLOCK 0.01 // timer interval 0.001Sec

#define XTAL 12000000

#define X2 0 // set to 1 if in X2 Mode

#define _CLOCKVAL ((unsigned int) ((XTAL/(12/(X2+1))) * INT_CLOCK))
#define TO_CLOCK ((-_CLOCKVAL)+13)

/* Timer 2 interrupt service function */
/* executes each 1lms @ 12 MHz Crystal Clock */

/*********************************************************************/

#define TIMER2_2ms  (OxFFFF - 2000)
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void uart_init (void)

{

SCON = 0x50;

TMOD = TMOD | 0x20 ; /* Timerl in mode 2 & not gated */
TH1 = 0xF3; /* 4800 bauds at 12 MHZ =/

TL1 = O0xF3;

PCON |= 0X80; //double baud rate 24002 SMOD = 1
TCON [|= 0x40;
TI=1;

void init_timerO(void)
{
/* setup the timer O interrupt */
TLO = (unsigned char) (TO_CLOCK);
THO = (unsigned char) (TO_CLOCK >> 8);

TMOD = TMOD | 0x01; /% select mode 1 */
TRO = 1; /% start timer O */
ETO =1; /* enable timer O interrupt */
}
Interrupt(timerO(void), 1)  //Ims57] SJEHE
{
unsigned char i,
unsigned int v,
TRO = 0; // stop timer
v = TLO | (THO>>8);
v += (unsigned int) (TO_CLOCK);
TLO = (unsigned char) v;
THO = (unsigned char) (v >> 8);
TRO = 1, // start timer
for G = 0; 1 !=4; i++) | // loop for 4 A/D inputs
ADCON = (0x28 | 1); // select A/D input
while ({(ADCON & 0x10)); // wait for A/D result
analog[i] = (ADDH<<2) | (ADDL); // result of A/D process
}
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CanSetRemote(6, (void *) analog); // update remote message with new A/D values

}

void init_timer2(void)

{
/* 16 bit auto reload mode */

T2CON = 0;

TH2 = 0;

TL2 = 0;

RCAP2L = LOW(TIMER2_2ms);
RCAP2H = HIGH(TIMERZ2_2ms);

/* enable timer 2 interrupt. */

S %/
TR2 = 1;
)
Interrupt(fet_timer2_it(void), 5) //2msT7] JIHHE
{

TF2 = 0; /* raz flag interrupt. */
FlagCount++;

if(FlagCount%50==0) {Flag100=1;}
if(FlagCount%250==0) {Flag500=1;FlagCount=0;}

/*
* Send a string via the Can Interface
*/

static void SendString (char *s) {
unsigned char len, i;

len = strlen (s) + 1; // length of the string to send
while (len) {
if len > 8 i = sizeof (buffer); // split the message into CAN
size-compatible strings (8 Bytes) if bigger
else 1= len;
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memcpy (buffer, s, 1); // copy to send buffer

len —= 1;
s +=14
if (CanSendlsr (2, buffer) < 0) return; // send message
}
}
/%
* Read a string from the Can Interface
*/

static void ReadString (void) {
unsigned char i,

if (CanReadlsr (2, buffer) < 0) return; // no new message received by interrupt
for G =0;1<8; i++) |
if (‘buffer[i]) return; // no more info in receive buffer
putchar (buffer[il); // buffer out on serial port
}
}

/**>:<**>:<**>:<**>:<*****************************
for nozzle control
>%<****************************************/
#define all_on OxI1f

#define all_off 0x00

#define app_delay 42 // distance between sensor and nozzle , number of wheel counts
// 5em x 20 = 1m delay

unsigned int trig, cycle, count, stopcount, stop;
unsigned char outword_L;

unsigned char out_stack_Llapp_delay];
unsigned char left_distance;

void SET_UP(void)

{

unsigned char i;

for(i=0; i<app_delay; i++)

{

out_stack_LI[i] = all_off;

}

outword_L = all_off;

P2 = outword_L;

printf("P2 in setup = %bu\n”, P2);
}
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unsigned char TRIGGER(void)

{
if (CanRead (1, buffer,addr) == 0) // check whether triggered
{ PollingReadFlag=1; //polling mode
// printf("CAN Read= %bu ,address= %bu\n”, =buffer,*addr);

} // end of if(CanRead( ))

if( *addr == 0x65)
{

printf("CAN Read from 0x65= %bu , address = %bu\n”, *buffer,*addr);

RLY5 = 1;

return 0;
}
else
{

RLY5 = 0;

return 1;

}

void nozzle_control_left(void)

{
if(left_distance < 100 & left_distance >10) outword_L = all_on;
else outword_L = all_off;

}

void UPDATE(void)

{ unsigned char i;
for(i = 0; i<app_delay—1; i++)
{ out_stack_L[i]=out_stack_L[i+1];
iut_stack_L[app_delay - 1] = outword_L;

outword_L=all_off;

}

// sensing the lowest level in a chemical tank
unsigned char read_tank_level(void)  {
if(Input0 != 0) {
RLY6 = 1;
return(1);
}
else
return(0);
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}
LI 771777777777777 777

1/ main function

L7777 77777777777777 777

void main (void)

{
bit CanMessageReq = 0; // Remote Frame Requested

bit LedFlag=0;

// init serial interface
uart_init();

// init TimerO, Timer?2 interrupt
init_timer0();
init_timer2();

/% setup ADC #/
ADCF = 0xOF; /# open ports for the ADC (P1.0 - P1.3) =/
ADCLK = 20/4; // set ADCLK

Canlnit (1);//(DipSwitch & 0x01) << 3);

EA = 1;
RLY5=RLY6=RLY7 = 0; // level sensor arlam initialize

// enable interrupts
SET_UP();// initialize solenoid valves

while(1)
{
while(TRIGGER() == 0)
{
if (CanRead (1, buffer,addr) == 0)
{ PollingReadFlag=1; //polling mode
// printf("CAN Read= %bu ,address= %bu\n”, *buffer,*addr);
if(xaddr == 0x25)
{
left_distance = *buffer;
printf("CAN Read from 0x25= %bu\n”, left_distance);
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// count++;

}

P2 = out_stack_L[0];

printf("P2 in first main()= %bu\n”, P2);//  P2=xbuffer;
nozzle_control_left();
UPDATEQ);

} // end of while(TRIGGER() == 0);

/%
if (CanMessageReq) { // CAN remote frame requested before?
if (CanGetRemote (5, buffer) == 0) { //check & read requested remote
//frame
RemoteReadFlag=1;
CanMessageReq = 0; // remote frame is there
/1) PrintAnalogValues ((unsigned short *) buffer);
}
}//end of if (CanMessageReq)
*/
ReadString(); // read CAN message received in interrupt
if (Flagh00==1)
{  Flagh00=0;
// if (CanReqgRemote (5) == 0) { // request CAN remote frame
// CanMessageReq = 1;// set marker
// }
// SendString("This is a string send via CAN interrupt\n”);

if( read_tank_level())
{
if (CanSend (0, &level) == 0)
{//polling mode
//printf("CAN Send= %bd\n”,CntInfo);
level = InputO;
}

}//end of if (Flagb00==1)
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LI 1117777777777 777777777
////1/// CAN Commwunication Status //////////////////1///1///1///11/1111//1///

if(Flag100)
{ Flag100=0;

if(LedFlag){LedFlag=0;
RLY7=0;
}

else
{LedFlag=1;
RLY7=1,
}
} // end of if(Flagl100)

} //end of while(1)
P2 = all_off;
)

Interrupt(CanlInterrupt(void), 7)
{

Canlnt();
}
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