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Abstract- 

Progress monitoring is one of the essential tasks 

while executing a construction project. Effective 

monitoring will lead to an accurate and timely 

analysis of the project’s progress which is required to 

make vital decisions for project control. On the other 

hand, inefficient and delayed updates regarding the 

project’s progress, which is estimated by comparing 

the as-built status with the as-planned status, will lead 

to time and cost overruns. Automated progress 

monitoring techniques are preferred over the 

conventional manual data entry method as the latter 

is time-consuming and complex, especially if the 

project scope is vast. Numerous tools and technologies 

are being used for progress monitoring of 

construction projects. Therefore, it is necessary to 

systematically classify and evaluate them based on 

their advantages and limitations for successful and 

appropriate implementation. Hence, this article 

identifies several progress monitoring methods and 

classifies them based on the technology they use to 

support progress monitoring. Then they are 

evaluated by highlighting their advantages and 

limitations. Several qualitative and quantitative 

factors affecting the selection of these technologies for 

implementation have also been identified. In future, a 

framework for objectively identifying the project-

specific technology will be developed. 
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1 Introduction 

A project life cycle in a construction industry 

involves several stages, like designing, planning, 

scheduling, execution, monitoring, controlling, and 

demolition. Monitoring and control to minimize time and 

cost overruns are crucial for a construction project. 

Accurate progress monitoring is an essential step for 

achieving quality and safety parameters. 

Progress monitoring also plays a vital role in 

avoiding unexpected circumstances and eliminating 

disputes and legal challenges among the stakeholders. 

Automating various tasks in monitoring and controlling 

will reduce the complexity involved in manual 

documentation and calculations in a project to a 

considerable extent. Hence, selecting a prompt and 

feasible automated progress monitoring technology is 

essential in the present-day construction sector [1][2]. 

Automation in progress monitoring has evolved 

over the past two decades, with several technologies with 

varying levels of automation used in projects. With 

several technologies available, there is not enough clarity 

on the type of technology that will be appropriate to be 

used for a specific case or project. 

Existing papers have focused on the specific 

technology of progress monitoring, for example, 

specifically, vision-based  [3] or IoT (sensor) based [4]. 

For a robust implementation, firstly, there is a critical 

need to identify and classify these technologies and, 

secondly, evaluate them based on their advantages and 

limitations. Hence this paper aims to: 

1. Identify, classify, and evaluate technologies

available for progress monitoring of construction

projects.

2. To list and categorize factors that enable

appropriate technology selection for the project-

specific use case.

The paper is structured as follows. The review 

methodology has been discussed in Section 2. This is 

followed by a detailed review of the technologies in 

Section 3. The factors affecting progress monitoring 

technology selection are presented in Section 4. Section 

5 is a discussion followed by conclusions in Section 6. 

2 Review methodology 

The reference literature for the review was collected 

from Scopus and Web of Science databases using a 

keyword search-based method, followed by snowballing 

technique. A total of 61 papers with 49 journal articles 

and 12 conference papers were identified from the 

databases, and an exhaustive review with analysis was 
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performed. The chronological distribution of the selected 

papers is shown in Figure 1. 

The search attributes used in the review with the 

keywords used and search scope is as shown in Table 1. 

The relevant articles for the construction domain were 

filtered after reading the abstracts. The filtered articles 

were considered for meta-analysis. 

Table 1 Search attributes 

3 Automated progress monitoring 

technologies 

The selected papers contained case studies, 

challenges, and benefits of various automated techniques. 

Based on the meta-analysis, seventeen state-of-the-art 

progress monitoring techniques were identified. As 

shown in Table 2, these techniques were classified into 

six major categories based on the technology they use to 

support progress monitoring. These are conventional 

Information & Communication Technologies (ICT), tag-

based methods, geospatial technologies, building 

information modelling and associated commercial 

software, computer vision-based approaches, and 

extended reality and are discussed below: 

 

3.1. Conventional ICT: These include handheld 

computing devices (Personal Digital Assistants or PDAs, 

handheld personal computers), Interactive Voice 

Response or IVR, multimedia tools, and e-mails. These 

are the most basic techniques, which are information 

technology-based communication tools. These 

technologies are primarily of lower cost with a limited 

level of automation but can increase the chances of 

communication between stakeholders, thereby helping in 

information tracking [2]. 

 

3.2. Tag-based techniques: These involve using tags 

and codes that can be attached to various resources on-

site and are primarily used for material tracking and 

inventory, employee badge scanning, and equipment 

tracking. These include barcodes, quick-response or QR 

codes, radio-frequency identification or RFID tags, and 

ultra-wideband or UWB tags. Each tag has its working 

principle based on Automatic Identification and Data 

Capture (AIDC). It must be noted that a tag-based 

technology cannot directly extract spatial element 

information, visually represent the site changes, and 

collaborate with other vision-based techniques [5][6][7]. 

 

3.3 Geospatial techniques: These include fundamental 

technologies based on location-based sensors like 

Geographic Information System (GIS) and Global 

Positioning System (GPS). These techniques are used for 

geo-referenced data capture, analysis, and modelling. 

GIS can be used in large infrastructure projects where 

there is a need to store and handle huge amounts of data. 

It can be a useful geospatial tool, which uses location as 

the primary focus in database management, whereas GPS 

aids in the spatial analysis and navigation of different 

activities on the site [8]. 

 

3.4. Building Information Modelling (BIM) Based: 

BIM is a process involving different tools, technologies, 

and contracts, which aids in better visualization of 

construction sites for accurate project management. BIM 

also aids in stakeholder management practices of the 

construction industry for different aspects of 

communication, collaboration, engagement, and 

satisfaction. This can be used along with commercial 

scheduling software like MS Project so that progress 

monitoring can be done efficiently [9]. 

 

3.5. Computer Vision-Based Construction Progress 

Monitoring (CV-CPM): It is an emerging field that 

focuses on information retrieval through visual inputs  [3]. 

These inputs can be digital images, videos, thermal 

images, as-built point clouds, panoramas, and photo-

spheres. These techniques involve fixed surveillance, 

photogrammetry, videogrammetry, range imaging, and 

3D laser scanning. Computer vision sub-domains include 

learning, 3D scene modelling, video tracking, 3D pose 

estimation, object recognition, scene reconstruction, 

object detection, and event detection, which can be used 

for progress monitoring [3][10][11]. For this, digital twin 

technology are also being explored for effective real time 

monitoring of projects [12]. 
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r 
sa
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d
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g
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o

rk
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te
 c

o
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d

er
at

io
n
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•
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n
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n

d
o
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H

o
w
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 t
h

er
e 

h
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u
d
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h
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d
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 b
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W
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F
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o
T
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B
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et

o
o
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, 

U
W

B
) 
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d
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n
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ed
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n

al
s 
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k

e 
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ar
k

er
s/

Q
R

 c
o

d
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t 
w

it
h
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b
ta

in
in

g
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h
e 

g
eo
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at
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l 

d
at
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•
A

cc
u

ra
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 c
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n
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d
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g
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b
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o
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o
n
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y
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G

P
S
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•
D

if
fi

cu
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o
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n
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n
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o

o
rs

. 

•
T

ag
g

in
g
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er
al

 c
o

n
st

ru
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io
n
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n

g
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P
S

 t
ag

s 
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v
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x
p
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v
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 BIM and commercial software 
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n
- 

cl
as

h
 d

et
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n
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n
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rm
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n

 m
an
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en
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•
S

ch
ed

u
le

 u
p
d
at
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- 
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 c
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at
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. 
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d
 c
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g
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•
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g
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p
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 c
h
ai

n
 f

o
r 
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 d
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r 
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y
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n
. 

•
K

n
o

w
le

d
g
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b
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y
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ct
iv
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g
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h
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u
s 
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m

u
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o
n
s 
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 c

o
n
tr
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u
te
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o
 d

at
a 
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al

y
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s.
 

•
C

h
o
o
si

n
g
 i

n
p

u
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 u
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n
g
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 h
y
b
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d
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n
d
 l
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er
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n
s,
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b
u
il

t 
B

IM
 c

an
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e 
g
en
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ed
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u
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•
L
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it
o
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n
g
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h
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u
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n
g
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an

d
 d
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o

m
m
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o
n
in

g
 

p
h
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. 

•
E
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o
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u

lt
in

g
 f
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m

 t
h
e 

m
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u
al
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n
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f 

B
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 m
o

d
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d
 n
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d
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o
r 

co
n
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t 
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m
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p
d
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y
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r 
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 p
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n
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n
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•
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m
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o
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k
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S
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o

t 
p
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e 
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 d
ra
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n
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n
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Computer Vision (CV-

CPM) 

F
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su
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ei
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a
n
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(c
ra

n
e 

ca
m

er
a

s,
 

cl
o
se

d
 c

ir
cu

it
 

te
le

v
is

io
n

 

ca
m

er
a

s,
 e

tc
) 

•
S

af
e,

 c
o
st

-e
ff

ec
ti

v
e,

 f
u

ll
y

 a
u
to

m
at

ed
 t

ec
h

n
iq

u
es

, 
w

it
h

 l
o

w
 

la
b
o

u
r 

re
q

u
ir

em
en

ts
 t

h
at

 c
an

 b
e 

d
ep

lo
y
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n
 m

u
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b
u
il

d
in

g
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-b

u
il

t 
p
o
in
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o
u
d
 e

x
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o
n
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n
 c

o
n
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n
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h
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. 

 

•
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 c
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 b
e 
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y
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h
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y
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t 
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f 
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 c
ra
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e 
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 d
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e 
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n
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n
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•
T

h
e 

d
at

a 
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q
u

ir
ed
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m
 t

h
e 

C
C

T
V
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m

ag
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 c
an

 b
e 

d
ir

ec
tl

y
 

tr
an

sf
er

re
d
 t

o
 t

h
e 

h
ea

d
 o

ff
ic

e 
fr

o
m

 t
h
e 

si
te

 t
h
ro

u
g
h
 t

h
e 

in
te

rn
et

. 

•
C

ra
n
e 

ca
m

er
a 

im
ag

es
 m

ay
 r

es
u
lt

 i
n
 n

o
is

y
 a

s-
b
u
il

t 
p
o
in

t 

cl
o

u
d

s 
an

d
 m

ay
 g

et
 a

ff
ec

te
d

 b
y
 h

ea
v

y
 w

in
d

s.
 M

o
u

n
ti

n
g
 

th
e 

ca
m

er
a 

m
ay

 r
eq

u
ir

e 
ex

tr
a 

ef
fo

rt
, 

an
d
 t

h
er

e 
is

 l
im

it
ed

 

fl
ex

ib
il

it
y

 d
u

e 
to

 t
h

e 
m

o
ti

o
n

 r
an

g
e 

o
f 

th
e 

cr
an

es
. 

•
3
-D

 p
o

in
t 

cl
o

u
d

s 
m

ay
 b

e 
fr

ag
m

en
te

d
 i

f 
th

er
e 
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 i

n
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m
p
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te

 

si
te

 c
o
v
er

ag
e.

 

•
A

s 
th

e 
p

o
si

ti
o

n
 o

f 
ca

m
er

as
 i

s 
fi

x
ed

, 
th

er
e 

is
 a

 l
im

it
at

io
n

 i
n

 

th
e 

ap
p
li

ca
ti

o
n
 o

f 
C

C
T

V
 c

am
er

as
 i

n
 h

u
g
e 

p
ro

je
ct

s.
 T

h
er

e 

is
 a

 n
ee

d
 t

o
 a

rr
an

g
e 

se
v
er

al
 c

am
er

as
, 
an

d
 t

h
e 

d
at

a 
cl

as
h
es

 

b
et

w
ee

n
 d

if
fe

re
n
t 

ca
m

er
as

 h
av

e 
to

 b
e 

fi
x
ed

. 
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Computer Vision (CV-CPM) 

 

P
h

o
to

g
ra

m
m

et
ry

 

 

•
A

u
to

m
at
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 i

d
en

ti
fi

ca
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o
n
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f 

o
b

je
ct

s 
u

si
n

g
 c
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er
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n
d

 

im
ag

e 
p
ro
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ss

in
g
 a
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o
ri

th
m

s 
b
y
 i

n
te

g
ra

ti
o
n
 w

it
h
 n

-D
 B

IM
. 
 

•
L

es
se

r 
eq

u
ip

m
en

t 
co

st
 a

n
d
 t

ec
h
n
ic

al
 r

eq
u
ir

em
en

t,
 a

lo
n
g
 

w
it

h
 p

o
rt

ab
il

it
y

 f
o

r 
th

e 
im

ag
e 

ca
p

tu
ri

n
g

 d
ev

ic
es

 a
n

d
 

im
p
ro

v
ed

 f
le

x
ib

il
it

y
. 

•
H

ig
h

 r
es

o
lu

ti
o
n
 c

o
m

p
ar

ed
 t

o
 s

at
el

li
te

 i
m

ag
in

g
, 
fo

r 

re
p

re
se

n
ti

n
g

 t
h

e 
g

eo
m

et
ri

c 
at

tr
ib

u
te

s 
an

d
 h

ig
h

 t
ex

tu
re

 

re
p
re

se
n
ta

ti
o
n
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•
T

h
e 

re
co

rd
ed

 i
m

ag
es

 c
an

 b
e 

an
al

y
ze

d
 u

si
n

g
 s

o
ft

w
ar

e 

p
ac

k
ag

es
 w

it
h
 c

o
m

p
u
te

r 
v
is

io
n
 t

ec
h
n
iq

u
es

 a
n
d
 m

ac
h
in

e 

le
ar

n
in

g
 a

lg
o
ri

th
m

s 
fo

r 
au

to
m

at
ic

 u
p

d
at

es
 w

it
h
 a

s-
b
u
il

t 
-3

D
 

m
o
d
el

s 
b
y
 r

ec
o
n
st

ru
ct

io
n

. 

•
T

h
er

e 
is

 a
 l

im
it

at
io

n
 d

u
e 

to
 d

if
fe

re
n

ce
 i

n
 l

ig
h

ti
n

g
 

co
n

d
it

io
n

s,
 w

h
ic

h
 m

ay
 a

ff
ec

t 
th

e 
re

so
lu

ti
o

n
. 

T
h

er
m

al
 

im
ag

es
 a

lo
n
g

 w
it

h
 w

ir
el

es
s 

se
n
so

rs
 a

n
d
 B

IM
 c

an
 b

e 
u
se

d
 

to
 o

v
er

co
m

e 
th

is
 p

ro
b
le

m
. 

•
O

b
je

ct
 e

d
g

e 
d

et
ec

ti
o

n
 m

ig
h

t 
n
o
t 

b
e 

p
ro

p
er

, 
o
cc

lu
si

o
n
s,

 

n
o
is

y
 i

m
ag

es
 a

n
d
 p

re
se

n
ce

 o
f 

sh
ad

o
w

s 
w

il
l 

af
fe

ct
 t

h
e 

ac
cu

ra
cy

 o
f 

p
ro

g
re

ss
 e

st
im

at
io

n
. 

 

•
T

h
e 

lo
ca

ti
o

n
 f

ro
m

 w
h

ic
h

 t
h

e 
p

h
o

to
s 

ar
e 

ta
k

en
 h

as
 t

o
 b

e 

m
at

ch
ed

 w
it

h
 t

h
e 

ch
ec

k
-p

o
in

ts
 i

n
 t

h
e 

d
ra

w
in

g
s,

 w
h
ic

h
 c

an
 

b
e 

a 
d
if

fi
cu

lt
 p

ro
b
le

m
. 
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V
id

eo
g
ra

m
m

et
ry

 

•
C

an
 b

e 
u
se

d
 f

o
r 

b
o
th

 i
n
d
o
o
r 

an
d
 o

u
td

o
o
r 

p
ro

g
re

ss
 t

ra
ck

in
g
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•
M

o
v
in

g
 e

q
u
ip

m
en

t 
ca

n
 b

e 
tr

ac
k
ed

. 

•
L

es
s 

ac
cu

ra
te

 t
h

an
 l

as
er

 s
ca

n
n
in

g
 a

n
d
 p

h
o
to

g
ra

m
m

et
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, 

m
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 g
et
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ec
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d
 d

u
e 
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 o
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lu

si
o
n
s.
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R
a

n
g

e 
o

r 
d

ep
th

 

ca
m

er
a
s 

•
E

as
ie

r 
as

-b
u
il

t 
p
o
in

t 
cl

o
u
d
 g

en
er
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io

n
 d

ir
ec
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y
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 i
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n
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s 

d
ep
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 i

n
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rm
at

io
n

. 

•
H

ig
h

er
 r
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o

lu
ti

o
n

 c
o

m
p

ar
ed

 t
o

 n
o
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al

 d
ig

it
al

 c
am

er
as

, 
an

d
 

h
ig

h
er

 p
o
rt

ab
il

it
y
 w

it
h
 l

o
w

er
 t
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h
n
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al
 p

re
-r

eq
u
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it
e.

 

•
C

o
st

 i
s 

lo
w

er
 t

h
an

 t
h

at
 f

o
r 
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se

r 
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an
n
er

s 
b
u
t 

w
il

l 
b

e 

g
en

er
al

ly
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h
er
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h
an
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h
at

 o
f 

n
o
rm
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 d

ig
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an
g
e 

o
f 
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o
o
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n
g
 i

s 
li

m
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n
d
 i
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m
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 i
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ed
 i

n
d
o
o
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co
n
st

ru
ct

io
n
 p

ro
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it
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a
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r 
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s 

•
H
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h
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o
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o
n
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p
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se
, 

an
d
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cc
u

ra
te

 p
ro

g
re

ss
 m

o
n
it

o
ri

n
g
 

te
ch

n
o
lo

g
y
 u

n
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y
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u
m
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n
, 
an

d
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u
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d
 f

o
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q
u
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 c
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n
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o
l,

 s
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u
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h
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o
n
it
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n
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n
d
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m

en
t 

o
f 
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ru
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u
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s,
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n
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ra
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in
g
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w
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 t
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u
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b
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n
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ed
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o
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o
u
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h
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 p
ro
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 d
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o
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as
ie

r,
 a

n
d
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h
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h
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u
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u
p
d
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H

ig
h
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 e

x
p
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ip

m
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w

it
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 l
o

w
 p
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m
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ed
 

te
x
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n
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in

g
 d
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q
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ra
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o
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n
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d
 f
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n
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r 
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b
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o
n
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re
g

u
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g
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at

er
 w
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m

-u
p
 t
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e.
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p
er

at
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n
 r
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u
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 l
ar

g
er
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h
n

ic
al

 k
n
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w

le
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g
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d
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h
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o
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b
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su
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le

 f
o
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p
ro

g
re
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o
n
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o
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n
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 c

o
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u
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3.6. Extended Reality (XR) Based: The relatively 

newer technology allows a combined real and virtual 

environment, supporting human-machine interactions. 

These techniques can be further classified into 

augmented reality (AR), virtual reality (VR), and mixed 

reality (MR), based on the difference in visualization. 

These techniques can be employed for the collection of 

digital data and can handle computing and network 

technologies in progress monitoring [13]. 

Each of these technologies has its unique 

advantages and limitations in construction site 

monitoring. Hence, there is a need for a detailed analysis 

to identify these to be used effectively. It is also to be 

noted that efficient integration of suitable technologies in 

sites has been done in various case studies, and it was 

found that time and cost overruns have been reduced to a 

great extent. A detailed and systematic review of each of 

the above-mentioned technologies is presented in Table 

2, along with the relevant references. 

4 Factors affecting progress monitoring 

technology selection 

As shown in Table 2, each technology is 

characterized by its advantages and limitations. Apart 

from these, some key factors should be considered before 

choosing the appropriate technology for progress 

monitoring in a construction project. Some of these 

parameters have been identified by several authors 

through their research [1][14]. 

In our recent study [3], we conducted a systematic 

literature survey using PRISMA methodology and 

identified factors which affect progress monitoring 

technologies in construction. 

Figure 2 shows the key factors to be considered while 

selecting the appropriate technology for progress 

monitoring. These factors are categorized into 

quantitative and qualitative factors based on how they 

will be evaluated for consideration. The context of these 

factors for selection is described as follows: 

 

A - Quantitative Factors 

1. Time efficiency: The speed of data acquisitions as 

well as data processing. 

2. Operating range: The distance up to which the 

employed technology works. 

3. Accuracy: The reliability of the collected data 

along with precision. 

4. Cost: The amount of financial cost as well as the 

computational cost incurred to adopt and implement 

the technology. 

 

B - Qualitative Factors 

 

1. Utility: Adaptability of the technology to be used 

both in interior and exterior construction progress 

monitoring. In other words, whether the technology 

is a general case solution. 

2. Level of Automation: The extent of manual effort 

required while using the technique. 

3. Preparation required: The level of preparation 

required while setting up the equipment or process 

at the deployment stage. 

4. Training required: The amount of training or 

knowledge a user requires prior to using a particular 

technique. 

5. Susceptibility in adverse weather: The extent of 

use of the technology in harsh environmental 

conditions like low visibility. 

6. Compatibility for use: The level by which a 

particular technology can be integrated with other 

technologies or the existing Enterprise Resource 

Figure 2 Factors affecting selection of technology: Quantitative (in green) and Qualitative factors (in blue) 
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Management (ERP) system. 

7. Statutory requirements: The legal codes and 

procedures to be followed while using a technique 

enforced by the authorities. 

8. Mobility: The ease, flexibility, and portability of 

the related equipment. 

9. Project type & characteristics: The type and 

characteristics of a particular construction project 

where the technology can be used. 

 

Utilization of these factors for technology selection 

 

To utilize these factors for appropriate technology 

selection, it is recommended to provide weightage to 

factors based on the project’s constraints on cost, quality, 

and time. The qualitative and quantitative evaluation of 

categorized factors should be performed. All the six 

technologies mentioned in  Table 2 can then be evaluated 

based on these factors for appropriate selection. This 

demonstration is not in the scope of this paper but will be 

part of future research. 

5 Discussions 

Progress monitoring is crucial for accurate project 

control. Choosing the appropriate automated technology 

based on required parameters is vital in the monitoring 

stage of a project. Automated technologies can be 

integrated based on the requirements and can be highly 

efficient in reducing project overruns compared to 

manual methods. The technology must be chosen without 

overselling, such that the investment returns from the 

project can be made higher. 

An idealized situation would enable a higher 

efficiency in all these parameters, which is not practically 

possible in a single technology. Therefore, selecting a 

suitable technology that produces the maximum output 

based on these parameters would be the goal in the 

monitoring phase of a construction project. 

Another important consideration is that newer 

technologies might face challenges about their 

widespread acceptance, as the construction companies 

might tend to reject the pilot integrated automation 

technology proposals. This happens mainly due to a lack 

of technical knowledge of automated technologies and 

the tendency to continue adopting conventional 

techniques. So integrated proposals through research 

should be added with proper inspection and maintenance 

guidelines, followed by proper incentives to the 

enterprises, so that widespread adoption can be facilitated. 

Moreover, data collection by a single resource tracking is 

never sufficient for accurate progress monitoring. Hence, 

applying data fusion techniques is vital to tracking 

multiple resources on a construction site. 

6 Conclusions 

This paper provides a systematic review of various 

automated progress monitoring technologies from 61 

relevant publications to understand the state-of-the-art to 

guide future research. The paper also identifies the 

benefits and limitations associated with each technology 

(in Table 2), along with the factors affecting their 

selection (in section 4). It is to be noted that each 

construction project is unique and has its specific 

characteristics. As all the technologies have their 

advantages and shortcomings, selecting a technology that 

suits a particular project is extremely important. The 

technologies can be combined and integrated to minimize 

cost overruns. This review provides a basis for this 

selection, as it systematically identifies the scope for each 

automated technology. In addition, more review efforts 

are recommended to identify suitable mounting methods 

that can be used in combination with the techniques. 

Digital twin based progress monitoring is a potential area 

of future research [12]. 
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