LPub — Building Instruction
Publishing Tool

* By Kevin Clague
« Kevin clague@yahoo.com

 http://www.users.qwest.net/~kclague

7

O OOOL

BRICKSWEST
.‘ Cartibad Catijonic “




History

Syngress Publishing (www.syngress.com)
wanted to publish LEGO building

instruction books
Had no tools to do the artwork

Multiple authors doing artwork by hand —
inconsistencies

Necessity 1s the mother of invention



Building Instructions

* A sequence of images that shares how to build
something out of a pile of bricks

e LDraw program, LDraw file format and the
LDraw parts library was created by James
Jessiman to be able to share building instruction
electronically

— Parts, lines, triangles, quads
— STEP, CLEAR
— Parts in Parts



ML Cad

Windows based design entry tool

Lets you build electronic representation of models
using graphics user interface

Combines LDraw support for building instructions
with new features provided by MLCad

— ROTATION STEP

— BUFFER EXCHANGE

— GHOST

Written by Michael Lachman



Car Steps 1-4




Car Steps 5-8




ML Cad Render




POV-Ray Render




MegaPov Render




[LPub

* Automate the process of producing book
quality building instructions

* Combines the power of pre-existing tools
— MLCad
— L3P
— POV-Ray
— MegaPov



Manual POV-Ray Process

Translate LDR to POV using L3P
— Use Step Clock to provide LDraw STEPs

— Manually modify POV file for

* Orthographic Camera
« MegaPov find edge facility
 Light Setting

Manually implement ROTATION STEP using
modified LDRs

Render Images using POV-Ray
Repeat for sub-models
Laborious for all but simplest building instructions



[.Pub Automation

 Run LPub
* Adjust Settings
— MegaPov
— Orthographic
— Others
* Create Building Instructions
— Processes all levels of sub-models

— Applies settings to all sub models

— Provides Capabilities not available through
Step Clock

— Totally automatic



[.Pub Process

Create Step LDRs — one per STEP or ROTATION
STEP

Create POV files using step LDRs and L3P
Post process POV file

Render POV files

Render Parts/Create Part List Images
Create Bill of Materials Image

Create web pages that tie 1t all together
Repeat for any sub-models



LPub Step Processing

 Read in LDR or DAT file
— Perform Step Process for any sub-models

— Create step LDR file for each STEP or
ROTATION STEP in LDR
 Rotate all parts 1f needed
» Automatically center model
» Buffer Exchanges
» Ghosted parts



LPub POV Processing

 Run L3P on each step DAT to create step POV

— User provided options: camera, lights, background,
quality

* Post process POV file
— Orthographic camera
— QGraying of parts from previous steps
— Possibly convert to black and white
— Shadow-less lights
— Ambient, Diffuse, Reflection overrides
— Common camera distance for all steps
— MegaPov settings added

* Render images using POV-Ray



LPub Part Images

Count part types and number used 1n each
step

Render each part if needed
Gather part images together for each step

— Sort by 1image size for decent packing

Save part list image for step



LPub Bill of Materials Image

* Count types and number of parts used in
entire model

* Sort images by
— Part description

— Image size of part

» Produce image of all parts used



LPub Web Pages

» Create web page for each step 1n each LDR
file

— Link to next step and previous step

* Display web page using browser



Car Revisited




Car Steps 1-3




Car Steps 4-5




Car Steps 6-7
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Active Model
Type | Calor | Poston | Fuotalicn [ Partnr. | Descrpb 1 =l
FsTER
= T Light., =324 6354010020 000 1.000,0.000,0.000 0.000,0,000.1 500 0 000,41 00,0 600 2008 AT Technic Lifisrm 1311 % Daubila Bant
= PART Blnack 9530609010000 £.000.0.000.1.000 0.000.1 000,0 500 -1 0000 6000 660 445A AT Technic Fin with Fricion
= PART Black  15.306-0.101-10000 £1.000.0.000.1.000 0.000.1 00,0500 -1 0000 6000 660 5L OAT Technic Fin with Fricion
FSTER - — —
aaall Light.,  25.306.-0.099-20.000 00001 000,2.000 1,000,0,000,0,000 0,000.0.000.1.090 WADAT Technic Brick 1x Zwith Hale
SCOMMENT - — — PLIST BEGIN SUB switch Idr
S PART Light.,  57.306.-0.098-20.000 1.009,0.000,0.000 0,000,1,000.0.000 0.009,0.000,1,000 pswichdet  Technic pneumatc: switch
= EART Light.  64.606.-0.687 20 000 0521, 391,0.000 0.341,0.921.0.000 0.000.0 0001 600 poswicldal  Technic pneumate switch lever
¥ COMMENT PLISTEND
= PART Light_. 105307010020 000 0.000.-1.000.2.000 1.000.0.000.0.000 0.000.0 0001 000 FTOADAT Techme Brick 1x 2 with Hale
¥ STEP
el Light..  105.564.-42.000.-20.000 052,039, 0.000 0.391,0.921,0.000 0.000.0.000.1 000 orfiondlelds  Preunate OF gate handie
¥ COMMENT PLST BEGINIGN
@ COMMENT SYNTH BEGIN FUBEER_BAND 15
SCOMMENT = —_ — — SYNTH HOE
S PART Light, 134552137 30615 000 09130 356,0.080 0392091540 032 -0 038,016,099 4ZESCDAT  Technic Bush 1/2 Smoath
S PART Light . 95.330-93 1577 3% 09130 356,0.080 0.392.0.915.-0 032 -0 0390 116,099 42ESCOAT  Tochnic Bush 1/2 Smoath
FCOMMENT - — — — SYNTHEND
SCOMMENT - — — — SYNTH BEGIN RUBBER_BAND 15
SCOMMENT - — — — SYNTHHOE
Light-., 1345521 37.906,1 2000 09130 355.0.091 0,393,091 40,105 0.043-0.1 32.0.990 4Z6SCDAT  Technic Bush 1/2 Smoath
Light.  95.420-43 261 3.667 05180 355 0,001 0353090 40,108 0.043-01 20,990 426SCOAT  Technic Bush 1/2 Smoath
=9 comdENT = _ —_ — SYMTHEND
¥ COMMENT PLISTEND
[ ROT-STERP 0.000,180.000.0.000 START REL
= RART Light.. 9319724 472.25.000 0521,-40.391,0.000 0.341,0.921.0.000 0.000.0.000.1.000 handle-strop. . Preunate Gete Stap
FSTEP
8T Lighs . 9469292 18235 000 092,01 390,000 0.397,0.921,0.000 0 0000 0007 000 AEECOAT  Technic Bush 12 Smoath
FsTER —
=
* 0000808
20 0000080000000
|
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_Butter Exchange/PLIST Ignore
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= Hrick Acive Wodet [6523 sobor =
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& Electic | Color | Pasition | Fuotation | Fartor. Desciption
$ Technic CCOMMENT - — —_ —_ Parme, 6923 _rabutlr
4 Train @ COMMENT - — — — Aulhar Willy Tschacgoen
~ COMMENT - —_— — — COfficial Model
White  0.000.0.000.10.000 1.000.0.000.0.000 0.000.1.000.0.000 0.000.0.000.1.000 794 DAT Flate 1x 2with | Stud
White  0.000,0,000.-10.000 1.000.0.000,0.000 0.000.1.000,0,000 0.000,0.000,1.000 ITMDAT Flate 1% 2with 1 Stud
STORE A
‘White  0.000.-24.000.0.000 0.000.0.000.-1.000 0.000.1.000.0.000 1.000.0.000.0.000 1937 DAT Hinge 1x 2 Daze
Dlack  0.000.-57.000.0.000 0.000.0.000.-1.000 0.000.1.000.0.000 1.000.,0.000.0.000 J910.DAT Hinge 1x 2 Top
©Qundriltersl  Black  (0,-44,1) (0.-44.1) (0,-24,7) (0.-24-1) Quadrilateral
“Triangle Block  (,-28.5) (0.-26.5) (0.-18,0) Triongle
FRTER - — — —
PAUFEMCHG - — — — EETRIEVE &
~ COMMENT - —_— — —_— FLIST BEGINIGH
WEART Black  0.000,-24.000,0.000 0.000,0.000,-1.000 0.000,1,000.0.000 1.000,0,000,0.000 3933 DAT Hinge 1x 2 Top
WEART White  0.000,-24.000,0.000 0.000,0.000,-1.000 0.000,1,000.0.000 1.000,0,000,0.000 3937 DAT Hinge 1x 2 Baze
sl Biack 000037 0000000 LI 11 C11 30 0630, 300 N0 Y 0600 061,03 00 T Spac: Contol Banil
YCOMMENT - — — — FLIST EHD
" STEF - —_— — —_—
WEART White  0.000,-56.000,-13.000 0.000,0.000,-1.000 -1.000,0.000,0.000 0.000,1.000,0.000 4073 DAT Flate 1 1 Fiound
—j— WEART White  0.000,-56.000,18.000 0.000,0.000,-1.000 1.000,0,000.0.000 0.000.-1.000,0.000 4073 DAT Flate 1 1 Fiound
Brick sl While B 7107227003 O 34310 939 (10006, 9390 343 -1 000.-0 005.0 030 ADBIBOAT Bt 1 1wt Chip Light - Typee 2
=] | sTer - — — —
SRART ‘White  0.000-56.000.34.000 -0.500.0.000.-0.666 0.066.0.000.-0.500 0.000-1.000.0.000 4715.DAT Space RobotAm
BEART White  0.000.-56.000.-34.000 0.800.0.000.-0.865 -0.265.0.000.-0.500 0.000.1.000.0.000 4TISDAT Space Robot A
WEART Black. 13.000,-72.000,-12.000 0.707.0.000,-0.707 -0.707,0.000,-0.707 0.000,1.000,0.000 20B0AT Lewver Emoll Baze
el Bimck <13 00078 00071 000 07070 000.0 207 -1 207,0 0000 707 00001 000,0 000 2496 DAT Lirvirr Small Base
SEART Litght- 000,76 000,13 400 0070706120 354 -0 7070 £12,0.354 0 000,40 5000 &6A 4583 DT Lirairr Sinall
ﬁ ﬁ ﬁ SRART Light- =12.000-76.000.-14.000 0.707.0612-0.254-0.707.0,612-0.354 0.000.0.500.0.066 459).DAT Lewver Small
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Ghost/PLIST Ignore

Eile Edit Nevigste Miew Mulipan Egras  Jetlinge  Help
DEEG
LR R ey d Emzad s
= Bnck mmmdu =l

SRS ER S VA 000820 s[RI AR M WAL QY FSEEE L e D  BREEELEE LS

T it Tope [Color | Posion [Fitoton TPonm. 1D ] |
& Tachnic S FART Black  71.000-31.000.30.000 ~1.000.0.000.0.000 0.000.1.000.0.000 0.000.0.000.1.000 3701.DAT Technic Brick. 1x 4with Holes
§ Tachme = EART Black  ~43.000-31.000.30.000 -1.000.0.000.0.000 0.000.1.000.0.000 0.600.0.000.-1.000 3701.0AT Technic Brick 1x 4with Holes
# Treun S EART Ligght- -69.000.-2 000,20 000 ~1.000,0000.0.000 0 600,1.000.0.000 0.600,0 000.-1 600 3020 DAT Plate 2x 4
B Piate (S EAET Lagghl- 91.000,-7 000.20.000 =1.000.0000.0.000 0 000,7 000,000 0.000,0 0001000 3020 DAT Flate 2x 4
& Ciher Parts S T Loght-, «79,000,1.000,20.000 <1.000,00000,0.000 0.000,7.000,0.000 0.000,0,000,-1 000 F021.0AT Plate 2x 3
= Modals :I’NH Light- 107.000,1.000.20.000 1,000, 00000.0.000 0.000,7.000,0.000 0.000,0,000,-1.000 3021.0AT Plote 2x 3
) STEP
F"'“"“""I < FART Light-..  11.000.-23.000.0.000 ~1.000.0.000.0.000 0.000.1.000.0.000 0.000.0.000.1.000 TI4Z7COD.  Electic Technic Minotor v
Dracurmen S PART Light-..  -39.000.1.000.20.000 0.000.0.000.-1.000 0.000.1.000.0.000 1.000.0.000.0.000 J2ZBOAT  Plate 1x 2with Door Rl
S EART Ligght- 61.000,1.000,20 000 0.000,0 600,1.000 000010000 000-1 6000 000.0 000 32028 DAT Plate 1x 2 with Door Fad
= EAET Ligght=. 41.000,-31.000,-20 000 0.000,0 6001 000 0 600,1.000.0000 1.600,0.000.0 000 3023 DAT Plete 1x 2
S T Loght-, <19,000.-31.000.-20.000 0.000,0.000.-1.000 0.000,7.000,0,000 1.000,0,000,0.000 F023.0AT Plate 1x 2
P COMMENT SYNTHBEGIN ELECTRIC_CASLE 0
2 PART Black  11.000-23.000.20.000 0.000.0.000.1.000 0.000.1.000.0.000 -1.000.0.000.0.000 SI0EaDAT  Ghost
2 PART Black  11.000.-19.000.20.000 0.000.0.000.1.000 1.000.0.000.0.000 0.000.1.000.0.000 LS00 dat Ghast
2 FART Black  11.000-19.000.-50.000 0.000.0.000.1.000 1.000.0.000.0.000 0.000.1.000.0.000 LS00 dat Ghast
2 PART Black 11.000,37 000,-165 000 0.000,0 000,1.000 1.000.0.000,0. 000 0.000.1.000,0 000 LS00 dat Ghost
SRART Black 11.000,37 000,235 100 0.000,0 00,1000 1.000.0.000,0. 000 0.000.1.000,0 000 LS00 dat Ghost
CpaRT Black 11.000.33 000230100 0.000.0 0001 000 0 000.7.000.0.000 1.000.0.000.0 000 5306a DAT Ghost
P COMMENT SYNTHEND
FSTEP
@pART Black  11.000-31.000.20.000 1.000.0.000,0.000 0.000.1.000.0.000 0.000.0.000.-1.000 3022DAT Plate 2x 2
B 2 |ersnt Light-..  11.000.-103.000.0.000 ~1.000.0.000.0.000 0.000.1.000.0.000 0.000.0.000.1.000 TI427C0.D.  Electic Technic Minator v
2l |=rarT Ligght-. =64 000.-39 000,20 000 =1.000,0.000.0.000 0 6:00,1.000.0.000 0.000,0.000.-1 600 3020 DAT Plate 2x 4
S EART Ligght- 91.000,-39.000,20 000 ~1.000,0000.0.000 0 600,1.000.0.000 0.600,0 000.-1 600 3020 DAT Plate 2x 4
= FAET Lagghie. <39 .000.-47 000.20 000 0.000.0 0001 000 0 000.7.000.0.000 1.000.0.000.0 000 3202BDAT Plate 1 x 2 with Door Red
S T Loght-, «79.000,-47 000,20.000 <1.000,00000,0.000 0.000,7.000,0.000 0.000,0,000,-1 000 F021.0AT Plate 2x 3
8 EapT Light- £1.000,-47.000,20.000 0.000,0.000,7.000 00000.1.000,0.000 -1.000,0,000,0.000 IOZBDAT Plate 1x 2 with Door Fed
@ PART Light-—  101.000.-47.000.20.000 1.000.0.000.0.000 0.000.1.000.0.000 0.000.0.000.-1.000 3021 DAT Plate 2% 3
* STEP - — — —
[ CACT 1 st &1 00071 M 10 A ~1 0000 000 00 a0 3000 AN A G0 A A0 .1 00 L6441 DAT Tarhnic Frick 1w 1 with Hola :l
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Advanced Features

 Consistent Scale

— Examine POVs

» L3P perfect framing
* Maximum Camera distance

* Good across steps 1n LDR

— Minimum Camera Distance

« Option to keep scale constant across sub-models



Advanced Features

 Surface/lighting model control
— Ambient override — light from all directions
— Diffuse override — light from specific direction

— Reflection override — light that bounces off
surface back to our eyes

* Shadow-less lights

* Orthographic — no perspective



Advanced Features

* Print vs. Screen resolution
— Default 1image sizes larger for print
— Font sizes larger for print

— Default format 1s bitmap for print (loss-less),
JPEG (lossy, but compact) for screen

 Black and White

— Convert all colors to grayscale
— Annotate colors 1n part lists



Advanced Features

* Previous Step Color Scaling

— Highlight parts new to a step, by drawing old
parts in different color

« Mix part color with color scaling color to get new
color

* Proportional mix

 Disable by using 100% part color, 0% scaling color



Part Caches

POV Rendering 1s slow

Save port/color images once they are
rendered

Tremendous speed up of part list images

Caches for screen resolutiontMegaPov,
Print resolution+MegaPov+Black/White

Erase Part Image Cache



Published Works

¢

1 YEAR UPGRADE )NE]AH'

BUYER FROTECTION PLAN 2

Mindstorms

DARK SIDE ROBOTS,
TRANSPORTS, AND CREATURES

Amazing Projects You Can Build in Under an Hour

= Easy-to-Follow Instructions Make You an Instant Mindstorms Success
= Totally Original Robots from 4 World-Class Mindstorms Creators

+ Download a FREE E-Book and an Extra Robot
by LP. Brown from www.syngress.com/solutions

Kevin Clague
Seren Rolighed
Miguel Agullo
Hideaki Yabuki

3% £Go

Mindstorms

1 YEAR UPGRADE

BUYEN PROTECTION PLAN

RoBOTICS INVENTION
SYSTEM 2"PROJECTS

Amazing Projects You Can Build in Under an Hour

= Easy-to-Follow Instructions Make You an Instant Mindstorms Success

+ Download Additional Building Instructions and Programs Available

a  from wwwsyngress.com/solutions

Tenya L. Witherspoon

Jefi Elliott Technical Reviewers:
Dean Hystad Mario Ferrari

Luke Ma Giulia Ferrari

Dr. C5 Soh

Rob Stehlik
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LEGO
indstorms

ULTIMATE BUILDERS PROJECTS

Amazing Projects You Can Build in Under an Hour
» Build 10 Cool Robots Using the Liltimate Builders Set and Robotics Invention System 2.0 \

= Step-by-Step Instructions Make You an Instant Mindstorms Success

= Download a FREE Extra Robot by Jennifer Clark from \‘ “
\'\'\'\WS)‘HRF!“SS{DP\ISO'UNMH . -~ - |
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Published Works

SYNBRESS®

Software
Power Tools

With LDraw, MLCad, and LPub

Virtual 3D LEGO Models! ,_SYN$RE59
¥

+ Includes LDraw, MLCad, LSynth, L3P, POV-Ray, and LPub 6.?&“"”5
- Bonus AT-ST Biped Building Instructions A
IN ONE
_ Efﬁfr’o-Uss
Kevin Clague &35 Miguel Agullo &5 Lars C. Hassing Y CD.ROM

Technical Reviewer



Summary

» LDraw/MLCad paradigm for building instructions
very powerful, yet easy to master

* LPub 1s a logical extension of the paradigm into
the world of photo-realistic rendering using L3P

and POV-Ray

» LPub takes the drudgery out of creating building
instruction 1images, and lets you focus on building
instruction as a form of communication



