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Abstract

Pavement distress det.ection and analysis is an import,ant component
of pavement management systems. Convent.ional visual- and manual
pavement distress analysís techniques are very costly, time-
consuming, dangerous, labor-intensive, tedious, and subjective,
have a high degree of variability, are unable to provide
meaningful quant.it.at.ive information, and al,most always leading to
inconsist,encies in dist.ress det.ail over space and across
eval-uations. In this project, a novel system for multipurpose
automated real-time pavement distress analysis based on CVPRIP
(Computer Vision, PatLern Recognition & Image Processing)
t,echnologies is present,ed.

The preliminary results have demonstrat.ed that the proposed system
can detect & classify cracks correctly and effect.ively. The main
advant.ages of the proposed method are:
i. Correctly ident.ify thin cracks even from very noisy images,
ii. Distinguish cracks from shadows,
iii. Necessary parameters can be determined automatically,
iv. Efficiency and accuracy of the proposed algorithm are
superior,
v. Detect/classify cracks taken under variable 1ight. condit,ions.

The proposed system can provide high data acquisition rates,'
effectively and accurately ident.ify t,he type, severity and extent
of surface distress; improve the safety and efficiency of data
collection; offer an objective st.andard of analysis and
classification of dist.ress; help identify cost effective
maintenance and repair plans; provide images and examples through
information highway to other user/researchers; and provide
image/sample bank for training or as the benchmark for testing new
algorithms. The proposed system can also contribute to other
research in pavement maintenance, repair and rehabilitation.





I. IIITRODUCTION

Statistics published by the Federal- Highway Administration
indicates that maintenance and rehabil-itation of highway pavements
in the Unit.ed States requires over $17 billion dollars a year.
Currently, maintenance and repairs account for nearly one-third of
all federal-, sLate, and local government road expenditures.
According to the U.S. Department of Transportation (DOT), more
than $ 315 billion dollars will be needed through the year 2000 to
mainLain currenL road condit.ions tll .

The collect.ion of pavement surface condition data is usually
performed by conventional visual and manuaf pavement crack
analysis approaches, which are very costly, t.ime-consuming,
dangerous, labor-intensive and subjective. These approaches have
high degree of variability, are unable to provide meaningful
quantitative information, and almost. always lead t.o
inconsistencies in dist.ress cracking details over space and across
evaluations l2l.

Pavement monitoring and evaluation are essenLj-al requirements for
effective pavement management. An automated crack det.ection system
should ideally detect all types of cracking, and other surface
dist.ress, of all sizes and at. any col1ection speed. It should be
affordable, easy to operate, and capable of daylight operation.
Pavement management programs would benefit from devices that
provide meaningful, repeat.able distress ratings to sections of
pavement, and provide critical informat.ion for maintenance
decisions [3-6]. Many researchers have focused t.heir at.tentions
on automated pavement cracking det.ection/classification [7-I1] "

Problems with the existing automated distress det.ection
systems/methods are:

1. Special equipment is required (special lights, 1aser, etc.)
increasing cosL and limiting the application of t.he
systems/met,hods .

2. Exist.ing systems have very low processing speed/Iow accuracy.

3 . Only can identify/process certain crack cat,egories. If
additional crack categories or tlpes are desired, the
complexity of the system would increases greatly or become
unacceptable.



4.Existing Systems cannoL achieve reaf-time processing. Some

systems only perform real-time recording (on film or VCR

tape), then perform off-1ine processing and analysis. In some
cases, many recorded tapes were stored, but never processed.

II. OBiIECTMS ÀND ldA,JOR TASKS

An ideal automated crack detection system should detect. An ideal
automated crack detection system should detect all t)rpes of
cracks, and other surf ace dist.ress , of a1l- sizes and at any l

collection speed. This automated crack detection system should be
affordable, easy to operat.e, and capable of operation in variable l

daylight conditions. Pavement management programs would benefit l

greatly from devíces or systems which give meaningful, repeatable
distress ratings to sections of pavement, and provide criLical
information for maintenance decisions [1-3, ]-2].

2.1 Objective

The main objective of this st.udy is t.o develop an automated real-
time pavement detection/classification system that. can:

l-. Provide high data acquisitíon raLes;

2. Improve the saf et.y and ef f icíency of dat.a collection;

3. Offer objective, accurate and effective analysis and
classification of cracks;

4. Help ident.ify cost effective maintenance and repair plans;

5. Provide image/sample bank for training or as the benchmark for l

testíng new algorithmsr 
]

6. Provide images and examples t.hrough information highway to l

other user/researchers; i

7. Provide pavement conditions of both highways and l-ocal roads;



B. Greatly reduce the cosL for maj-ntenance/repair;

9. Contribute to other research in pavement maintenance, repair
and rehabilitation;

10. Become integrated into the pavement management system.

2.2 l$ajor TaEks

Investigate the exist.ing approaches and systems, and
modify/develop the main procedures of the proposed system.

Study and develop high-speed algorithms for crack
detection/classification, feature extraction, Hough
transformation, morphology, etc.

Test. and examine different t.1pes of classifiers, and propose
new classifier-based experiments .

Verify and validate the algorithms and the proposed system
and conduct road experíments. The experimental result,s will
be used for adjusting/modifying the design, and for
developing the prot.otlpe.

III. ACCOPLISHI{E¡flTS A¡ID SIGNIFICA¡{¡:T FI¡IDINGS

Wit,h the support f rom TRB and IIDOT, the PI and f our graduate
students have conducted this st.udy closely with the engineers of
UDOT. The above objectives were achieved and the major were
finished.

3.1 UnÍversaL Críteria Àre Needed

An important goal for this sysLem is to est.ablish an objective,
accurate and effect.ive criterion/standard. We have tried to find
universal/unified criteria from related publicaLions including the



civil engineeri'ng publications, and we found that different groups
use different crit.erion for crack quantification and 

;

classif ication. For instance, when det.ermining the severit.y of
longitudinal cracks, one group used a mean width [18], one another
group used the area of the crack, and another used the ratio of
the crack area over the area of the entire image.

Anot.her problem is t.hat how smal-I t.he cracks should be handled.
What is the minimum threshold at. which a crack is included in t.he

' analysis? In [18], for t.he longitudinal cracks, the severity is
measured as Fig. 1. This method gives only t.he upper bound for low
severity cracks (g mm) and does not indicat.e the lower bound for
detection. This problem occurs with other types of cracks as well.
Fig. 2 shows the met.hodology for measuring the severity of
transversal cracks

One group used 3 mm for the minj-mum threshold, and another group
used 5 mm for t.he minimum threshold size. Currently, our system
uses 2 mm as the criterj-on. We will work with the engineers of
UDOT to acquire more pavement images with a much wider range of
crack widt.hs.

3.2 Fast & Accurate Processing Àlgorithm
l

Development. of very fast. and accurate algorithms based on CVPRIP
(computer vision, pattern recognition 6¿ image processing) l

techniques is t.he key goal for this study. V'le have processed over
20,000 crack images and compared the results with human
observations. Of interest is a field test conducted on a segment
pavement, and compared the results of the system with t.hose
obtained by the engineers of IIDOT. The results conf irmed that t.he
proposed system accuracy is over 972. If one considers human error 

I

and subjectivity, the accuracy could be considered even higher.
The proposed system can be used to establish objective criteria i

for pavement crack detection/classification. l

l

3.3 Adaptability and Robustness



The algorithms of a good automated real- - t.ime pavement crack
detection/classification system have to have t.he adaptability and
robustness since pavemenL images are inherently very noisy, fuzzy
an¿ blurry. Images may be taken at different speeds, of different
tlpes of pavements, and under different light.ing conditions.

pavement images have been analyzed with the vehicle speeds ranging
from 35 mph to 75 mPh, at 10am and 4pm (shadows), on sunny and
cloudy days. The high accuracy demonsLrates the adaptability and
robustness of the proposed system.

3.4 Update-Capabitity

The proposed system works under different environmental conditions
and can be adjusted for any pavement tlpe (including future
development). Due to the rapidly increasing computat.ional poh¡er of
PC, s, the developed syst.em and accompanying data should be
transferable to new operating systems and hard\^/are easily.

We have processed images from different sources, and the system
works very well. The system has the flexibility to be adjusLed to
the users' special specifications as wel1.

I XPERIMEMIAL RESI'I,TS

We have tested more than 20,000 images (Figures 3-13) , and show
some results (note: The image size is 640 X 480) as below.

Fig. 3 (a) very bright image asphalt pavement
value = 206.I, and (b) resulting image
Fig. 4 (a) dark image of a concrete pavement
value = 125.8, (b) Lhe resulting ímage.
Fig. 5 (a) concrete pavement s1ight.1y brighter
+(a) , with mean intensity = 136.5, and (b) t,he
Fig. 6 (a) very noisy image of an asphalt
j-ntensity value = 163.5, and (b) the resulting

wit.h mean intensity

wit,h mean intensity

than the one in Fig.
resulting Ímage.
pavement with mean
image.



Fig. 7 (a)
with mean
image.
Fig. B (a) is a very dark image
intensity value = Ir7.6 and (b)
Fig. 9(a) is another dark image
and (b) is t.he resulting image.
Fig. l-0 (a) bright image (mean intensíty value = 1'74 .7)
alligat.or cracking, and (b) is the resulting image'
Fig. f 1 (a) dark image (mean int.ensity value = I2L .6)
alligator cracking, and (b) is the resulting image.
Fig. l-2 (a) is an extremely dark image (mean intensity value =

64 .7) , and (b) is the resulting image.
Fig. f3 (a) is an image with shadow, and (b) is the resul-t.

From the above experiments, it can demonst.rated t.hat the proposed
system can process images of different t)T)es of pavements, under
varying light conditions, and can handle shadows i.e., the system
has the adaptability and robustness required.

V. FI'RTHER DEVEI,OPMEIIT

Col1ect. more pavement images with greater variability of
resolution, speeds and lighting.

o Integration of the system with a GPS device.

Use digital video camera, (currently, w€ are using a SVGA

camera bought more than l-O years ago), new PC with higher
processing speed (currently, a L GHz nC) I and I¡/e hope to
improve the accuracy by developing even a more robust
processi-ng algorithm.

Articl-es related to this project will be published.

Establ-ish objective and universal criteria for crack
detection/classification by collaborat,ing with other
researchers and engineers.

Install a vehicle with the proposed system, conduct field
tests to verify the performance of the proposed system, and
make the system available for the users.

showÈ another very noisy image of an asphalt pavement
int.ensity value = L52.6, and (b) corresponding resulting

of an asphalt pavement with mean
is the resulting image.
with mean int.ensitY value = 116.9

with

with



VI CONCLUSIONS

lVe have studied a novel system f or aut.omated real -time pavement
distress detecLion based on CVPRTP technol-ogies. The experimental
result.s have shown the efficiency and effectiveness of the
proposed syst.em. This sYstem can:

. provide high data acquisition raLes; effectively and
accurately id.entify the tlpe; severity and extent of surface
distress

. Improve the safety and efficiency of data collection
o Offer an objective standard of analysis and classification of

distress
. Help ident.ify cost effective maintenance and repair plans
o provide images and examples through information highway to

other user/researchers
o provide image/sample bank for training workers, or other

devices, or as the benchmark for tesLing new algorithms.

The proposed system will be useful for pavement management.
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4. TONGI¡ UÞINAI CRACXING

Dccripticn

Crachs predominantll'parallrl to pavrment cenrr¡line. Loc¿¡ion within thc lent
(whecl path versur non-whrel path) is rignificanr.

Scvcrity l¡vcl¡
row
.A'cracl *vith-e.mcan'widrh*.b'mm-{û;}t in.j; or a sealed crack *ith scalant
ma¡erid in good condirion and with a width. rlrar c¿nnol bc dercrmincd.

râODIRAT¡
A*f**¡¡clr¡¡'irl¡ ¿.nrr+".,*'idth à.-l¿fsn¡ {0.25 in.} and I I9 rnm {0.75 in.h or Í¡nv
creck wirh â mcãn width 3 I g mm (0.75 in.i and adjaccnt low scve¡ity random
crackinp..

HICH
,¿g)!c¡åù]1'¡llli-¡¡rrår'w¡drh.¡.J.9.¡nm.(0.7å þ.); ar any creck with ¡ mcan
wid¡h S l9 rnm {0.75 in.i and adiaccnr modercre to high srvcriry random
cracking,

Fig. 1. Longitudinal cracks and their severities
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.I R,ANSVTRSE CR.ACKING

Þeecripdon
Cracks that art prcdominenrly pcrpcrldiculal to pavfmenr ccnrerlinc' and erc fiot

located ovcr portland cement ccrncrctc joints'

Scvcrity Lcvcls

lc'w
An unsealcd cracl< wi¡h a mctn width 5 er mm (O'25 in'); or a sealed crack with
scalant o.r,.ri"iì., g""a condirian and r¡'ill¡ a wiclth ther cannor bcderermincd'

moDtnAlt
Àry..r".k ,*,irh a nìcen r¡,idth > ó mrn (o.25 in.) and 5 l9 mm $-75 in.); or anv

crack wirh a rr¡een widrh S I I mrn {0'7} in') and adjaccnt low srvcriry r¡ndom
'cracking.

HI(}H
Any crack u¡ith a rncan width > ]9 mm (0.75 in.); of any creck with a meat¡ width
;";þ;; $.75 in.) and adjacenr modcr:¡e ro high *n'criry randorn cracking'

Fig. 2. Transverse cracks and their severities

æ3m)-<*^
\Q9 -.T..'es-r

llÕ: nrbrnr.ttßr.l lÚlfËlbYl|-----' 
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Fíg. 3 (a) À bríghter image (b) The result

Fíg. 4(a) À darker image. (b) The resul-t
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Fig. 5(a) An image slíghtly brighter than the one in Fí9. 4(a) '(b) The reEuLt

Fig. 6(a) À very noisy ímage, (b) The reeuLÈ
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Fig. 7(a) Ànother noiey image, (b) The result

Fig. 8(a) À darker image, (b) The result,

t6



Fí9. 9(a) À darker image, (b) The resuLt

Fig. 10(a) À brighter image with alJ.igator crack, (b) The result
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Fig. 11(a) À darker image with alligator crack, (b) The result

ímage, (b) The result
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Fig. 12(a) An extremely dark



Fig. 13(a) The ímage wit,h shadow, (b) The reeult
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