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Automated Generation of Documents Including Illustrations

as Communication Media

— A Case of Generating Assembly Manual —

INHO LEE,t MUNEKI OHYA,! SEIICHIRO DAN,tt NOBORU BABAGUCHI!
and TADAHIRO KITAHASHIt

In this paper, as a trial toward media integration in a document, we discuss the problems
that stem from generating a machine assembly manual with illustrations and explanatory
sentences. We first analyze the role of illustrations and sentences in assembly manuals. From
the study of generating an assembly manual of a machine we learn that the task requires the
assembled CAD model of the machine and some properties of parts. We propose a binary
tree expression for describing the assembling order and related matters to cope with varying
requirements from users as well as to convey information for reasonable grouping of some
parts for explaining the assembling process. Illustrations of each parts group can readily be
derived from the proposed expression, and explanatory sentences for it could be produced by
making use of prepared several templates. A prototype system is built on an EWS and a
couple of exemplified manuals are generated.
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A bly Description Frame Ta bly Description Frame
assembly Assembly-1 assembly Assembly-2
assembled_part_id Assembled_Part-1 assembled_part_id Assembled_Part-2
assembly_effect ¢ assembly_effect :
effect_type effect_type Fix
affect_parts affect_parts Part-3
affected_parts affected_parts Assembled_Part-1
bly_seq Assembly_Unit-1 bly_seq Assembly_Unit-2
A bly Unit Frame Assembly Unit Frame
assembly_unit Assembly_Unit-1 Pan.2 assembly_unit [AssemblyAUnit-2
assembly_type Insertion A bled_Part-2 } assembly_type nsertion
assembly_axis x-1 ( | Sk part assembly_axis y-1
asseu}bly _parts Shape of sssembled part Information assembly_parts
object_parts Part-1 o object_parts Part-3
target_parts Part-2 target_parts Assembled_Part-1
assembled_part Assembled_Part-1 i assembled_part Assembled_Part-2
condition condition
object_features cy-1 object_features cy-2
target_features cy_h-2 target_features cy_h-4
location_type It-1 location_type It-1
local_condition local_condition ¢
object_features cy_h-1 object_features
targe_t_features cy_h-3 target_features
location_type 1t-2 location_type

Assembled_Part-1,
p

part-3
pari_name plastic screw
part_clement screw

Part-1

pan-1
part_name  motor shaft
part_element shaft

part_id part-2
part_name  worm shaft
part_clement shaft

cy_h-2

1 #H7T RO
Fig.1 Example of assembly binary tree.
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Fig.2 Diagram for generation of an assembly manual.
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Key, Cap "HRUREELTH 5. SHICL AR S
NLET NV —THITENFN, ZMBYE—HICL 2
FEOHEIL 3 (Screw, Z), (Bearing, X),(Z)), #
BEC L B EOB B 4 ((Screw, Z), (Bearing, X),

H38 #MUT A0 H

Fig.3 Division of an assembly binary tree.
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/= FE2WTHITRADEA Dy MR HES L
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5. T4hbb, 1 OPhOBEHK, H5LBAZD
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LTHRFNL ) 2 BHRIHEBLLHV S, wHFho
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JERLOB 2717 (AL Di12Q) TEdt 2.

4.2.1 BB

HBEXRE S ISRT &9, EHSBRECLY,
e, Ban 3 KATER, 2 RTEFEEDFEIRE
Sh, FRIZZ THRER EADOEED T N R
THEERT HBMH L L4 REBT 220 FIET
BT 5. FICBRZILBOREECAEL T, B8
LZDBMR EEESEBR G DBlxHIzo
WTH—ICORENRITONTV S,

Integrated Assembly Description Frame
assembly Assembly-(1,2)
assembled_part_id  Assembled_part-2
assembly_effect
effect_type Fix
affect_parts Part-3
affected_parts Part-1,Part-2
assembly_sequence Assembly_Unit-1, Assembly_Unit-2

B4 MITLRIL-20%8
Fig.4 Integration of assembly description frame.
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RROUBIREBDOREITIL, TRIKES L DL
HABRROEREO THV LN FEXAVS. 20
FiEid NMASLRASRE 2 BT 5BICAVWTWS L
Bbhz, m#rHHETLMOTREELHCIL
Lo THRSBRR B2 HETH), FDBRTH
REOEGME L ERLCT S ZRL—EEDD
AU MEBLBLIILNTED.

KIZ, 3SRTWMIZEBSNIEHHT— 7% 2 KLF
EICHE L THEBRORR 8%, EAMIRRS O X
SIcEAE BXRTN X, Y, Z@rixEL/IcW) %
LrhMICEEL, MaEr@IbYIAEIES.
HaOERBAMIL, 3ATEZMTHO X, Y, Z#WD3
WICHI LT, B490°k B L LABEOAPFIN
20k LT, ALEXRXAbDEF—-DRAAL
MiITE s @Y ORBAELZOND. RICEIND
T COM THEMAE, Insertion, Screw DFEIL,
MY TORRELRDIRVRZAERBL % 5EEERY
#R L, Hole Fitting DHEIL, MV TOHNRELSD
FBRAVRZLEEY S 2 5 KR T EEHIE
RT 5.

RIS LR L BRIV ERET 5.
I LBRB LT VOELR YL, B LROSIH
LAR, VO LT AHMBETRT M
kosrzkizkh, BRERETSH. IhbHllo20nT
DHERTTICHREATH S,

Nk

o B,

3kl

BARRSADARE

B5 #MVTHBHADER
Fig.5 Generation of assembly manual.
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1RBEBTRENTWALEBNTHS.

Y, M1 POBRMOBLTERTEMIH ST
THBERD L ED Assembly Description Frame @
assembly_effect DA T v b BET 2. ZOMEH 4T
Hr2 ki3, MITOBRERBTHILENE NI L
2RT. So-OEETBO T NERENS. kv
TTF& Assembly Unit Frame # 8B L, £X0v
MEEBIR L T1 TROMET 5 XREBICRAT
5. $hbb,

AT:insertion = # A,

OP:Part_1 = motor shaft = £— ¥ #,

TP:Part_2 = worm shaft = 7+ —4A > ¥ 7 b
T&Hb. LT {22\ Ti2 condition A1 v D loca-
tiontype * BB L ZDEEAATS. SHIZLCIC
SWTit, ¥7 local.conditon DIEX AN, ¢ DHE
BCOELERL, ¢ TRVHEIE, LCXBYE
R L local_conditon D A1 v MEZ BT HERU
AL, LCXBE2RERTS. LIz T, oD
BE, Vit-2 = 49, S:iey-h-1 = X1, OM:cy-h-3
= K3%18%. #O&KEREZ T1 XHOEHMLC IZRA
THILIED, BIXREERT L. TOHERITK
NEBYTHAS.

[E—2#W%E7+—L v 7 M (RIERLAE
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[assembly 7> 7L — }]
T1: AT(OP,TP,LT,LC, M)
(OP) % (TP) iz (LT) £T (LC) £ 52 (M) T (AT) ¥5.
T2: AT(OP,TP,LT,LC, M, E) -
(OP) % (TP) iz (LT) £T(LC) &34z (M) T (AT) L, (E).

1996

AT= assembly_type
OP= object._parts
T P= target_parts

LC = condition, local_condition

M = method
E = assembly_effect

[condition 7> 7L — b, local_condition 7> 7L — }]
LC: V(S,0M) -~ (OM) & (S) % (V) +5.

V = location_type

location_type

S = condition.object_feature,local_condition.object _feature
OM = condition.target_feature,local_condition.target_feature

[assembly_effect 7> 7L — k]

B: ET(AP,DT) - (AP) T (DT) % (ET) ¥ 4.

= effect_type
AP= affect_parts
DT= affected_parts

Be MyTHRHFTLSL—}
Fig.6 Templates of assembly explanations.

) EIEAT S

% 2 XIIBV T, assembly effect 2T v kA% ¢
TR, 2wz, T2BLUTEXRITHWAS, T2
DVTIY, BIXLEMMILT, H1 o524
SLTHBAEER D Assembly Unit Frame 7 5 B8 % ik
ET 55, T Frame TiZLCA%¢ Thh, LC XH
DRADLENZV, EXBRIIOWTY, FRAD L
# D Assembly Descrition Frame O 2 A0 v
MEDSEIREIC L TEBEREL, BRERMIZE2 X%
M. Tk X, Assembly Part-1i3 [s OE&] &
RBIMLL, T/ ORE, B2 XHFBREXLTH L/
B, XHFISIE [RiZ) 2B, Lar>T, 230t
RDEHITh B,

RIS, 7I9RATAY 22T FOWRIIBAL, 7
FAT A 2RIV TEORBEZEAET 5.

4.3 ik £
NEWHOZER - 8, 274 7ORR - BW &
RDI-HOM#ERH T, MITZFROGE, #T
TEABDKE, BRALTRLVOKE, 7o 7L — iz
SHOERBPXDERFEEX EFNFNILELR DML & b
WKT—=2AF—Say FICEEL, YTe=aT
DERERA 7. MEL AFATIE, T 9AL
BARERBDOER /ST A — % % 2 —FAFERICA
H¥5.
MEZAFLOBDBIE LT, BT IZRTERKD
M7 T2HAMRE L THEXBEAOHBER & HBEX
DEBFEE 8 (ZRT. M8 X, ERNIFA - D

7T HITHEEK

Fig.7 A machine for assembly.

BAHBENEE 4, T/-H9 13FUHBHRIH LE
B/87 A — 7 ORKHARME 212 LIHEnEieE
RTHAH. 28, VAT LDIAT7OERIZIZCE
i, TITTAIN  2—HF - L 5T 24 ADEKIS
{3 xtpanel, B§4RIZIZIRIT 2F) B L.

5. & ¥ U

Fald, AP ELAEEZTNVFATFAT7 F¥a
AYPELTEDLZ, TDE) LXEIBITALAT S
TORETELGAEERL DS, ChIET, FO
1Oo0MBE L THBBETI T2 7 VOBRL L
ICHEMERE VO MBEYEEL T AETIE, &
OBBREBELTHLI I ko8BI T2 7
WKBITAREBHENHERIZEHFHEMLI T2 S U
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m.mm Mdl-ns

[§ brz2 B

— LAy t3 L27, 307 MOMRZ TR, BT, €
o, DEMI -):%5;5!: L. yx7bE 3
zEJ!.SEtg:g * WAL vx7hEdR EPRB R, L7 FLENEETL

@ Matructions j

(#AYFM 3) (airFm4)
F TS LT RR SRR | ONSUSIREORN S 3 & SCHA G TRA I TSR ENBIOGEL. BONRCANE DL ILENEEY

527 hs cnmmbek EOBBIADNE TEbiAY, T2 TR TS [k SR8 1. 82 83, 84 65, 8ENKIEENRBIALLOL. BE
S8 s S L T IS T 1 T Vi &

B8 #MvTw=a7VERRIL

Fig.8 An example of generated assembly manuals.

[w

E\fé 7-22_1

\ géc 3
<A | 2
L,

(€2 ) ($AFM 2]

%ﬁt'7§ {)9;7 OIS TXMHAY, BT, fmaﬂ AR TH I TR EBIOSEC. MONLANE > SCENRET
,,,5&2 S ,,h S@wAY. © Xl 1,82 83, 84 85 8ENXIEETNRRBILALLEDL. BF

N RSP R SRR atAy, v 7 P EEREEEL P ARSI i & P € &

BT Rl Sy SO R R

i

'gr‘rw

L27, i} : )
b Lol i BEEG AR (g T PNe

z

CFar |

B9 #MvTw=a7ARMN?2
Fig.9 Another example of generated assembly manuals.
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FRICETHHBEERTLLEDLIL, ThbickD
W AT A TR ZABHROGERERLREL, =
DEBRDPOHBLERT A7 DILEL 2508 L
T, AEHEROTH, HEXEHAILOERICET 3
FEERELA. 72, SITTHRL—FTH2
R aTMMERENG A ERNNTA—FICETESH
R EHBEXEERTH AT LAEREL .
REDY AT LTI, RSN HHERDRELD X
T, XEPTOMNBIIL—FIGENIHETE
AV T2 —ARMT DL LT, ThHHHHA
HOZREHZAr—N, BROA®LIZTETV A
V. FFRaXY PEROBRA»SIZID LD 22mm
L ERLAHANLHBEIOL A 7Y b ABYL
VR L TV LEYHS., SHICREBREL LT,
WA BBHLUNOET T (7)) - AOBRHERLWRADEBE
ZE) T AHREX T RAOERR, EXOSH
RUCX 2 HBERICL 2HHE, BEKBDO-DODTRE
FHEDRBAL EOHNRDOULBIER N D,

ME AFRO I CREREFAERMEISIZ L
5., BLTRHELFT.
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