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ABSTRACT	

Construction	 design	 is	 a	 complex	 process	with	multiple	 actors	 and	 often	 crosses	multiple	 disciplines	 and	 organizational	
boundaries.	The	process	of	coordinating,	sharing	of	information	and	knowledge	between	the	involved	actors	is	crucial	for	the	
success	of	a	project.	Such	coordinating	task	of	construction	site	is	carried	out	by	Visual	Management	system	which	in	turn	will	
aid	communication,	decision‐making	and	day	to	day	planning	of	activities.	Its	focus	lies	in	the	simplification,	visualisation	and	
measurement	of	work	on	a	daily	basis	to	ensure	target	milestones	are	met,	quality	is	improved	and	construction	workers	are	
actively	 involved.	The	main	objective	of	the	research	 is	to	 improve	the	performance	of	the	visual	system	 in	construction	site	
using	3D	model.	In	this,	the	use	of	large	collections	of	high	quality	3D	models	is	a	central	point	as	representation	of	existing	
artifacts	and	as	metaphors	 for	navigation	 inside	 other	 types	 of	data	 (text,	 images,	photographs,	drawings,…).	As	a	 large,	
ordered	database	of	spatial	information,	a	3D	model	can	be	added	to	and	altered	over	time.	The	purpose	of	this	master	thesis	
is	 to	provide	a	broader	and	deeper	understanding	of	and	 insight	 into	what	Visual	Planning	 is	and	how	 it	 can	be	used	 to	
enhance	efficiency	in	the	construction	industry.	The	product	development	industry	and	the	construction	industry	may	have	lot	
in	common,	but	also	several	conditions	and	prerequisites	that	differ.	With	this	in	mind,	how	a	method	forged	in	the	product	
development	 industry	can	be	used	 in	another	 industry,	 like	that	of	construction,	 is	of	 interest.	The	research	seeks	therefore	
answer	to	the	question.	

1. INTRODUCTION	

Construction	 site	 management	 mainly	 involves	 rational	
layout	 of	 site	 facilities,	 optimum	 usage	 of	 space	 and	
dynamic	 management	 of	 plants.	 It	 directly	 influences	
security,	 machine	 running,	 material	 supply,	 power	
distribution	 as	 well	 as	 construction	 progress	 and	 cost.	
Constructing	 sites	 is	 a	 complex	 process	 with	 multiple	
actors	 and	 often	 crosses	 multiple	 disciplines	 and	
organizational	 boundaries.	 The	 process	 of	 coordinating,	
sharing	 of	 information	 and	 knowledge	 between	 the	
involved	 actors	 is	 crucial	 for	 the	 success	 of	 a	 project.	
Applying	 computers	 to	 make	 visual	 site	 layout	 has	
become	 a	 hot	 spot	 attracting	 many	 researchers.	 The	
construction	 industry	 has	 for	 a	 longer	 time	 turned	 its	
head	to	the	manufacturing	industry	as	well	as	the	product	
development	 industry.	Many	of	 the	 attempts	 to	 improve	
the	internal	efficiency	have	been	focused	on	technology	as	
a	 solution,	 such	 as	 CAD,	 FEM	 and	 most	 recently	 BIM,	
Building	 Information	 Model/	 Modeling.	 Visual	
management	 is	 not	 well	 known	within	 the	 construction	
industry	however;	the	importance	of	visualization	is	well	
recognized.	 There	 is	 a	 method,	 however,	 called	 Visual	
Planning	originating	from	behavioral	science,	focusing	on	
the	 human	 instead	 of	 technology.	 Visual	 Planning	 was	
introduced	to	the	construction	industry	in	Sweden	for	the	
first	 time.	 It	 was	 tested	 and	 claimed	 to	 be	 successfully	
used	 in	 the	 design	 phase	 of	 construction	 projects	 it	 is	
claimed	 to	 provide	 higher	 quality,	 which	 lead	 to	 less	
changes	needed	to	be	done	during	construction.		

The	VMM	provides	a	framework	for	applying	a	number	of	
visual	tools	simultaneously	to	a	construction	project	with	
the	 objective	 of	 improving	 transparency,	 which	 in	 turn	

will	 aid	communication,	decision‐making	and	day	 to	day	
planning	 of	 activities.	 Its	 focus	 lies	 in	 the	 simplification,	
visualization	and	measurement	of	work	on	a	daily	basis	to	
ensure	target	milestones	are	met,	quality	is	improved	and	
construction	 workers	 are	 actively	 involved.	 The	 VMM	
seeks	 to	 provide	 a	 broader	 solution	 for	 implementing	
Visual	management	mainly	 considered	 the	 future.	Visual	
Management	has	emerged	during	the	past	decades	within	
manufacturing	and	service	organizations,	as	a	system	that	
through	 visualization	 enables	 the	 employees	 to	 better	
understand	their	role	and	contribution	in	relation	to	both	
their	own	organizational	values	and	costumer	needs.		

In	 construction	 design,	 two	 types	 of	 visual	 means	 are	
frequently	 applied,	 i.e.,	 3D	 models	 and	 visual	 planning.	
These	 visual	means	 support	 communication	 and	mutual	
understanding	during	design,	but	do	however	not	address	
the	management	of	 the	project.	The	aim	of	 this	article	 is	
to	explore	how	visual	means	support	the	design	in	terms	
of	 coordination	 and	 how	 they	 utilize	 the	 potential	 that	
exists	 in	 a	multi‐disciplinary	 design	 team.	 Based	 on	 our	
findings	 we	 contribute	 with	 the	 following:	 (1)	 by	 using	
multiple	visual	means,	i.e.,	visual	management,	the	design	
teams	 become	 more	 self‐going.	 (2)	 However,	 the	 self‐
going	 supported	 by	 visual	 management	 is	 primarily	
related	 to	 a	 collocated	 setting	 and	 active	 engagement	 of	
all	 actors	 involved.	 The	 focus	 point	 of	 the	 VMM	 is	 the	
construction	 board	 (Figure	 1),	 which	 is	 situated	 in	 a	
central	 area	 of	 the	 building	 site.	 The	 function	 of	 the	
construction	board	 is	 to	display	the	daily	work	packages	
and	 to	 act	 as	 a	 physical	 central	 point	 of	 meeting	 and	
discussion	 for	 all	 involved	 in	 the	 construction	 project.	
Visual	and	planning	indicate	it	refers	to	a	method	of	how	
to	visualize	planning.	By	e.g.	3D	CAD	the	planned	outcome	
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or	result	of	a	project	can	be	visualized,	such	as	a	building.	
Visual	 Planning	 aims	 to	 visualize	 the	 process	 of	 getting	
there.	The	 term	Visible	Planning	 is	 sometimes	 also	used	
as	 a	 name	 for	 this	 method.	 This	 report	 uses	 the	 term	
Visual	Planning.	Visual	Planning	is	often	referred	to	as	VP.	

1.1	VISUAL	MANAGEMENT	IN	CONSTRUCTION	

Visual	 means	 are	 already	 applied	 in	 the	 construction	
industry	 in	 terms	 of	 visual	 representations	 as	 well	 as	
visual	planning	methods.	Many	of	these	visual	means	are	
enabled	 by	 physical	 presence,	 i.e.,	 collocation.	 Especially	
in	construction	design,	the	use	of	collocated	design	teams	
in	which	 all	 actors	 including	 the	 client	 are	 participating	
has	become	more	popular.	The	 collocation	of	 the	design	
team	(either	in	a	hybrid	form	or	full‐time)	supports	face‐
to‐face	 interaction,	 facilitating	 both	 formal	 and	 informal	
communication	 and	 increases	 the	 chances	 to	 discover	
problems	 and	 solutions	 in	 line	 with	 the	 client’s	
requirement.	 The	 physical	 presence	 supports	 the	 use	 of	
the	following	visual	means	as	representations.		

Visual	Planning	is	a	method	with	the	objective	of	making	
communication	 within	 a	 team	more	 efficient.	 It	 aims	 to	
create	 a	 common	 overall	 picture	 by	 making	 the	
commitments	 and	 obligations	 of	 the	 team	visible.	 Visual	
Planning	 consists	 of	 matrix	 structured	 boards,	 where	
post‐its	 representing	 activities,	 deliverables	 and	
problems	 are	 placed,	 after	 individual	 and	 time,	 and	 a	
particular	 type	 of	 short	 meetings,	 usually	 only	 15	
minutes,	 using	 the	boards	 as	 a	 basis.	 This	 description	 is	
based	 on	 its	 use	 in	 the	 product	 development	 industry.	
The	term	does	not	refer	to	BIM	or	visualization	tools	such	
as	3D	CAD.	As	the	combination	of	the	two	words		

As	has	happened	to	many	other	production	management	
core	 ideas,	 the	 principle	 of	 increasing	 process	
transparency	 has	 largely	 been	 developed	 in	 a	 long	
process	of	trial	and	error	(Koskela,	1992).	Formoso	et	al.	
(2002)	 conducted	 research	 investigating	 the	
transparency	 principles	 proposed	 by	 Koskela	 (1992)	
through	 the	 brick	 laying	 process.	 It	 was	 found	 that	 the	
nature	 of	 production	 units	 (mobility),	 lack	 of	 awareness	
and	the	construction	end	‐product	itself	partially	hinders	
increased	transparency	efforts.	In	order	to	shed	a	light	on	
the	application	of	VM	in	construction,	an	exploratory	field	
research	was	conducted	targeting	the	VM	practices.	As	it	
reported	 that	 some	 companies	 located	 in	 these	 regions	
have	 considerably	 advanced	 in	 VM	 in	 their	 construction	
management	efforts.	Nine	different	building	construction	
sites	 (generally	 with	 a	 reinforced	 concrete	 (RC)	 load	
bearing	 structure	 and	 brick	 partitions)	 from	 nine	
different	construction	companies	were	visited.		

1.2	VISUALISATION	OF	DAILY	WORK	

The	 focus	 point	 of	 the	 VMM	 is	 the	 construction	 board	
which	is	situated	in	a	central	area	of	the	building	site.	The	
function	of	 the	construction	board	 is	 to	display	 the	daily	
work	 packages	 and	 to	 act	 as	 a	 physical	 central	 point	 of	
meeting	 and	 discussion	 for	 all	 involved	 in	 the	
construction	project.	

Initially,	 construction	 cards	 or	 work	 packages	 were	
defined,	planned	and	prepared	by	the	researcher	together	
with	 the	 foreman	 and	 contractors	 in	 advance.	 This	

involved	 a	 thorough	 analysis	 of	 the	 main	 construction	
processes	 on	 the	 master	 plan	 so	 that	 work	 could	 be	
broken	down	to	a	monthly,	weekly	and	then	finally	daily	
level.	 In	 a	 similar	 way,	 the	 Last	 Planner	 system	 breaks	
work	 down	 into	 assignments	 of	 weekly	 activities.	
However	 in	 the	 VMM,	 the	 work	 packages	 take	 on	 a	
physical	 form	 of	 a	 construction	 card	 which	 has	 its	 own	
individual	 identity	 and	 is	 used	 to	 indicate	 status	 of	
completion.	Each	construction	card	represented	1	unit	of	
work	 for	 one	 company	 for	 any	 given	day.	 It	 showed	 the	
worker	capacity	needed	for	this	unit	of	work,	the	material	
needed,	where	the	work	would	be	carried	out,	when,	and	
by	 whom.	 Individual	 cards	 would	 be	 collected	 by	 the	
responsible	worker	each	morning	and	taken	with	them	to	
the	area	of	work	where	it	would	be	displayed	to	indicate	
work‐in‐progress.	 This	 encouraged	 the	 active	
involvement	 of	 the	 worker	 and	 provided	 him	 with	 a	
physical	platform	to	communicate	problems	and	propose	
solutions.	

By	 visualizing	 these	 work	 packages,	 a	 daily	 operational	
planning	 was	 not	 only	 enabled,	 but	 also	 it	 was	 clear	 to	
“see”	what	work	was	carried	out	where	and	which	areas	
were	currently	vacant.	 It	highlighted	further	possibilities	
of	 eventually	 reducing	 overall	 lead	 time	 by	 planning	
additional	work	in	vacant	areas.	It	was	also	clear	to	see	at	
just	one	glance	at	the	board,	which	work	was	completed,	
which	 was	 in	 progress	 and	 which	 was	 delayed.	 During	
this	case	study,	it	was	found	that	the	board	simplified	and	
improved	communication	onsite.	 Individual	 cards	would	
be	collected	by	the	responsible	worker	each	morning	and	
taken	with	 them	 to	 the	 area	 of	work	where	 it	would	be	
displayed	 to	 indicate	 work‐in‐progress	 (Figure	 2).	 This	
encouraged	 the	 active	 involvement	 of	 the	 worker	 and	
provided	 him	 with	 a	 physical	 platform	 to	 communicate	
problems	 and	 propose	 solutions.	 By	 visualizing	 these	
work	packages,	a	daily	operational	planning	was	not	only	
enabled,	 but	 also	 it	 was	 clear	 to	 “see”	 what	 work	 was	
carried	out	where	and	which	areas	were	currently	vacant.	
It	highlighted	 further	possibilities	of	eventually	reducing	
overall	 lead	 time	 by	 planning	 additional	work	 in	 vacant	
areas.	 It	 was	 also	 clear	 to	 see	 at	 just	 one	 glance	 at	 the	
board,	which	work	was	completed,	which	was	in	progress	
and	 which	 was	 delayed.	 During	 this	 case	 study,	 it	 was	
found	 that	 the	 board	 simplified	 and	 improved	
communication	onsite.	

1.3	3D	VISUALIZATION	FOR	QUALITY	IMPROVEMENT	

Different	 visual	 aids	 were	 combined	 to	 support	
continuous	 improvement	of	quality	within	 the	VMM.	For	
example	 color	 coded	 cards	 (visualized	 on	 the	
construction	board),	the	action	plan	displaying	identified	
improvement	 actions	 and	 the	 3D	 model	 were	 used	
together	 to	 improve	 quality.	 Through	 establishing	
realistic	 3D	 visual	 models,	 3D	 visualization	 techniques	
represent	clear	and	distinct	building	facilities	around	the	
whole	 field	and	 the	 relations	between	 them,	providing	a	
scientific	and	intuitive	visual	analysis	method.	

2. 3D	 VISUAL	 MODEL	 DESIGN	 FOR	 SITE	
CONSTRUCTION		

2.1	DESIGN	OF	FUNCTION	FRAME	
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Combined	 the	 requirement	 and	 our	 concepts,	 the	
functions	 of	 3D	 information	 model	 are	 shown	 in	 the	
figure	 1,	 in	 which	 there	 are	 four	 layers	 from	 top	 to	
bottom.	 Data	 acquisition	 layer	 is	 used	 to	 get	 data	 in	
different	 ways;	 integrated	 service	 layer	 is	 employed	 to	
fulfill	 the	 integrated	services	 in	 the	server	and	the	client	
or	the	browser;	3D	engine	and	Data	visualization.	

2.2		DESIGN	OF	THE	3D	INFORMATIZATION	MODEL	

The	 3D	 Informatization	 model	 adopts	 four	 layer	
architecture:	 UI	 layer,	 the	 data	 layer,	 logic	 layer	 and	
business	application	layer,	shown	in	the	figure	2.	

1)		Data	layer	

The	Data	layer	is	the	base	layer	of	the	whole	system.	It	is	
responsible	for	database	storage	organization	and	access	
control,	 including	 the	 3d	 model	 database,	 OA	 business	
database	 and	 file	 database,	 etc.	 The	 3d	 model	 database	
mainly	 stores	 the	3D	model	 and	associated	 attributes	 in	
the	 underground	 pipe	 network,	 which	 is	 divided	 into	
several	 layers	 according	 to	 the	 logic,	 and	 each	 layer	
contains	 several	 attributes.	 The	 OA	 business	 database	
refers	 to	 the	 business	 flow	 data	 information.	 The	 File	
database	is	the	family	library	in	the	Design	subsystem.	

2)		Logic	layer	

The	logic	layer,	based	on	the	data	layer,	provides	a	series	
of	 standard	 service	 interface	 for	 the	 various	 application	
systems	 in	 the	 Application	 layer.	 According	 to	 the	
common	demand	of	different	system,	 it	could	realize	the	
unified	 management	 of	 public	 services	 and	 integration,	
and	 provide	 the	 application	 service	 through	 different	
ways	 of	 calling.	 The	 Logic	 layer	 between	 the	 Data	 layer	
and	 the	 Application	 layer	 mainly	 includes	 the	 Collision	
detection,	3D	engine	and	3D	spatial	analysis,	OA	business	
flow	control,	User	right,	and	so	on.	

3)	The	application	layer	

The	application	layer	covers	the	application	subsystem	of	
this	project,	and	finishes	all	functions.	

4)	UI	layer	

The	 UI	 layer	 is	 responsible	 for	 the	 interaction	 with	 the	
user,	 and	 sends	 the	 user's	 behavior	 instruction	 to	
Application	 layer.	 And	 it	 provides	 the	 different	 user	
interfaces	 including	UI	 in	 client	or	browser,	UI	 in	 server	
and	UI	in	the	mobile	device.	

3. 3D	DIGITAL	MODEL	

3.1	AGENT	MODEL	AND	ITS	AUXILIARY	MODEL	

Modeling	includes	geometric	modeling,	physical	modeling	
and	 scene	 aided	 modeling.	 Taking	 the	 certain	 modeling	
tools	 into	 consideration,	 the	 geometric	 modeling	 of	 the	
simulated	 object	 can	 be	 created	 by	 the	 graphics	 library.	
The	easiest	way	is	to	apply	traditional	CAD	software,	like	
using	 AutoCAD	 and	 3ds	 max	 interactively	 to	 build	 the	
object	model,	model	coupling	capacity	between	the	three‐
dimensional	 graphical	modeling	 software	 and	 animation	
software	 can	 be	 used	 to	 improve	 the	 quality	 and	
efficiency	 of	 the	modeling.	 The	 physical	modeling	 of	 the	

simulated	 objects	 includes	 the	 definition	 of	 the	 physical	
properties,	such	as	mass,	volume,	density,	inertia,	surface	
texture,	 smoothness	 or	 roughness,	 hardness,	 elasticity,	
shape	 change	 pattern,	 then	 a	 more	 authentic	 physical	
model	 can	 be	 formed.	 Scene	 auxiliary	 model	 mainly	
includes	 the	weather	model	 and	 camera	model,	 etc.	 The	
Agent	models	include	the	terrain,	dam	and	water	models,	
which	 can	 be	 created	 by	 CAD	 and	 Rhino	 software	 and	
imported	into	3dsmax.	The	physical	characteristics	can	be	
assigned	to	the	corresponding	objects	via	the	MAX	Script	
program,	 and	 the	 mechanical	 parameters	 of	 the	 objects	
can	 be	 set,	 such	 as	 friction	 coefficient,	 elasticity	
coefficient.	Procedures	of	assigning	quality	to	objects	are	
read	as	follows:	

‐‐Get	the	data	 file	path	and	file	name	(usually	wrriten	as	
txt,	

dat	or	xls)	via	the	dialog	box.	

fname	=	GetOpenFileName	\	

types:"Txt(*.txt)|*.txt|Data(*.dat)|*.dat	

|Excel(*.xls)|*.xls|All|*.*|"	

‐‐Open	the	data	file	

f	=	openFile	fname	

‐‐Read	the	data	file	until	the	end	

while	not	eof	f	do	

(	s_no	=	read	value	f	‐‐Read	the	block	

number	

‐‐read	the	quality	of	block	and	give	the	"Mass"	property	to	

the	corresponding	block	number	

setUserProp	s_no	"Mass"	(readvalue	f)	)	

‐‐End	

3.2	REALISTIC	GRAPH	FACTURE	

Facture	 of	 realistic	 graph	 can	 make	 the	 display	 of	 3D	
model	 more	 realistic,	 detailed,	 vivid,	 and	 appropriate	
mainly	 by	 using	 the	 function	 of	 powerful	 3D	 image	
processing.	During	the	3D	visual	simulation,	the	color	and	
brightness	of	the	surface	must	be	considered,	so	that	the	
geometry,	 spatial	 position	 and	 the	 surface	 composing	
materials	 of	 objects	 can	 be	 shown.	 Thus	 light	 size,	
strength,	 and	 its	 color	 composition	 can	 be	 achieved	 by	
setting	 the	 material,	 light	 source,	 background	 and	
environment.	 The	 materials	 of	 the	 objects	 include	 the	
selection	 of	 the	 basic	 material	 model	 and	 surface	
properties	 such	 as	 color,	 opacity,	 high	 gloss,	 reflection.	
Mapping	can	be	applied	 to	 improve	 the	expressive	 force	
and	realism	of	the	graph.	In	this	paper,	green	mapping	is	
used	for	the	ground	to	display	its	vegetation	cover.	Water	
material	 is	 relatively	 complex,	 which	 needs	 to	 set	 the	
color,	high	gloss,	transparency	and	reflection	parameters.	
Dam	material	 is	applied	by	rock,	sod	revetment,	etc.	The	
types	 of	 light	 include	 floodlights,	 spotlights,	 and	 point	
source.	 The	 right	 type	 of	 light	 can	be	 chosen	 as	 needed,	
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and	the	color,	light	intensity	and	illumination	zone	can	be	
adjusted.	A	3D	spotlight	 is	arranged	as	the	primary	 light	
source,	 a	 floodlight	 as	 the	 secondary	 light	 source.	 The	
intensity	 of	 spotlight	 is	 enough	 to	 illuminate	 the	 scene,	
the	 intensity	 of	 floodlight	 is	 weaker	 and	 only	 plays	 a	
supplementary	on	the	back	of	the	light.	The	settings	of	the	
background	 include	 the	 selections	 of	 background	 color,	
background	 texture	 pattern	 and	 background	 brightness.	
The	settings	of	the	environment	include	the	choices	of	air	
turbidity	in	the	atmosphere	and	the	concentration	of	fog,	
etc.	

4. DESIGN	 OF	 DATA	 MODEL	 FOR	 SITE	
CONSTRUCTION	

4.1	THE	DESIGN	OF	DATABASE	

Considering	of	 the	 limitation	of	 the	 length	 for	 the	paper,	
we	 only	 take	 3D	model	 data	 as	 the	 example.	 3D	model	
database	 mainly	 includes	 the	 3D	 model	 for	 the	 site	
construction	 and	 associated	 attribute	 data.	 According	 to	
the	 logic,	 3D	model	 data	 are	divided	 into	 several	 layers,	
each	 layer	 contains	 several	 attributes	 like	 site	 space,	
location	etc.		

4.2	 THE	 DESIGN	 OF	 FAMILY	 LIBRARY	 BASED	 ON	
PARAMETRIC	MODELING		

In	a	model,	the	parameter	is	represented	by	the	attribute	
"size",	 which	 is	 the	 core	 concept	 in	 the	 technology	 of	
parameterized	 modeling	 technology.	 Its	 prominent	
advantage	 lies	 in	 that	 the	 design	 intent	 can	 be	
conveniently	 and	 quickly	 modified	 by	 altering	 the	
parameters.		

Therefore,	 the	 Family	 File,	model	 component,	 is	 created	
and	 used	 for	 standardized	 management	 in	 the	 system.	
The	 Family	 Library	 is	 used	 to	 concentrated	 store,	 share	
and	 call	 the	 Family	 File,	 and	 implementation	 the	
standardized	 management	 of	 the	 files	 in	 the	 Family	
Library.	 In	 addition,	 it	 makes	 the	 design	 personnel	 can	
use	 different	 existing	 Family	 Files	 according	 to	 different	
access	 weight,	 in	 turn,	 the	 design	 efficiency	 will	 be	
improved,	 the	 standardization	 and	 integrity	 of	 the	
deliverables	will	be	guarantee	d	as	well.		

4.3	THE	APPLICATION	OF	DATA	WAREHOUSE		

In	 the	meantime,	 the	data	warehouse	 is	used	 to	process	
the	multi‐source	data	as	 following.	 spatial	data:	2D	data,	
3D	 data	 	 object	 data:	 pipeline	 data,	 construction	 data,	
equipment	 data	 	 attribute	 data:	 material	 data,	
specification	data,	maintenance	data		historical	data:	state	
change	data,	maintenance	data,	state	data		operation	data:	
log	data,	called	data.	It	is	helpful	to	the	implementation	of	
some	 functions	 in	 the	 system,	 such	 as	 the	 data	
management	 for	 2D	 data	 and	 3D	 data,	 the	 3D	 spatial	
analysis,	 rapid	 edit,	 emergency	 management,	 auxiliary	
construction,	auxiliary	operations,	and	etc.	

4.4	THE	DESIGN	OF	VISUALIZATION	

4.4.1	Standardizing	 the	data	object	with	 the	different	
color		

The	 technology	of	data	visualization	 is	used	 to	show	the	
need	 data	 object	 while	 its	 relative	 space	 position	 is	

analyzing	 and	 measuring,	 which	 can	 be	 shown	 in	 the	
unified	 color,	 form,	 attributes	 obeyed	 the	 unified	
standard.	 Therefore,	 some	 data	 standard	 in	 the	 system	
has	been	established	with	different	colors.		

4.4.2	Linkage	shows	in	2D	and	3D	data	with	3D	Gis	

In	order	to	show	the	2D	CAD	data,	3D	pipe	network	data,	
construct	data	and	some	other	data	about	lines	and	sites,	
we	have	done	the	secondary	development	on	the	basis	of	
ArcGIS	 Engine,	 which	 visualizes	 the	 spatial	 position	
relation	 very	 well,	 and	 it	 is	 the	 foundation	 for	 spatial	
analysis,	profile	analysis,	parameter	modeling,	and	etc._	

4.4.3	3D	Construct	Monitoring	with	point	cloud	

3D	 construction	 monitoring	 is	 used	 in	 the	 construction	
phase.	 We	 scan	 the	 track	 construction	 site,	 acquire	 the	
construction	 information	 and	 the	 point	 cloud	 model	 of	
the	 construction	 site	with	3D	 laser	 scan.	 Then	 the	 point	
cloud	 model	 will	 be	 compared	 with	 the	 corresponding	
design	 model	 to	 check	 whether	 the	 construct	 is	 in	
accordance	 with	 the	 design	 model,	 so	 that	 we	 could	
discover	 and	 correct	 the	 construction	 error	 as	 early	 as	
possible,	reduce	construction	rework.	And	it	is	helpful	to	
supervise	the	construction.	

The	flow	chart	of	3D	construct	monitoring	is	shown	in	the	
figure	1.	

5. IMPLEMENTATION	OF	THE	3D	INFORMATION	
MODEL	

5.1	SOFTWARE	PLATFORM	

The	 model,	 based	 on	 our	 Alatu	 Earth	 3D	 platform,	 has	
been	developed	in	B/S	using	asp.net	with	the	help	of	the	
Autodesk	Revit	platform.	

5.1.1	 The	 abstracted	 and	 established	 information	
model	show		

During	the	whole	construct	of	Ningbo	Rail	Transit,	 there	
are	 four	 kinds	 of	 information:	 building	 design	
information,	 building	 structure	 information,	 building	
equipment	 information	 and	 some	 professional	
information.	

	

Figure	1	
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Figure	2	

6. CONCLUSION	AND	FUTURE	WORK	

Based	on	our	 findings	we	 contribute	with	 the	 following:	
(1)	 by	 using	 multiple	 visual	 means,	 i.e.,	 visual	
management,	 the	 design	 teams	 become	more	 self‐going.	
(2)	 However,	 the	 self‐going	 with	 the	 help	 of	 visual	
management	 is	 primarily	 related	 to	 a	 collocated	 setting	
and	 active	 engagement	 of	 all	 actors	 involved.	 Since	 this	
study	 has	 only	 been	 based	 on	 two	 case	 studies,	 future	
research	 will	 focus	 more	 on	 the	 implications	 of	 visual	
means,	 visual	 management	 as	 well	 as	 on	 the	 impact	 of	
self‐going	 in	 design	 teams.	 Furthermore,	 the	
consequences	 of	 a	 more	 self‐going	 design	 team	 for	
traditional	 routines,	 roles	 and	 structures	 is	 another	
theme	 that	 becomes	 important	 to	 lift	 up.	 Finally,	 the	
findings	 lift	 up	 that	 it	 is	 important	 in	 what	 way	 visual	
information	 is	 shared	within	 the	 team,	 either	 collocated	
or	in	a	digital	version.	
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