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FOREWORD 
 
 
This Malaysian Standard was developed by the Working Group on Road Studs under the 
authority of the Industry Standards Committee on Building, Construction and Civil 
Engineering. 
 
This standard has to be used in conjunction with MS 1719:2003, Specification for raised 
pavement markers (RPM).  
 
Compliance with a Malaysian Standard does not of itself confer immunity from legal 
obligations. 
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LED ENHANCED ROAD PAVEMENT MARKERS (LED RPM) - 
SPECIFICATION 

 
 
1 Scope 
 
This Malaysian Standard specifies the performance requirements and methods of testing for 
LED enhanced road pavement markers. These can be bonded to or embedded into the road 
surface, or other surfaces as appropriate for the purposes of road safety.  
 
 
2 Normative references 
 
The following normative references are indispensable for the application of this document. For 
dated references, only the edition cited applies.  For undated references, the latest edition of 
the normative reference (including any amendments) applies. 
 
MS 1216:2003, Specification for retroreflective sign face materials (first revision) 
 
MS 1719:2003, Specification for raised pavement markers (RPM) 
 
AS 3554, Adhesives - Epoxy - For raised pavement marker installations 
 
CIE 13.2, Method of measuring and specifying colour rendering - Properties of light sources 
 
IEC 62031:2008, LED modules for general lighting - Safety specifications 
 
 
3 Definitions 
 
For the purposes of this standard, the following definitions apply. 
 
3.1 Light emitting diode (LED) 
 
A light-emitting diode (LED) is a semiconductor device that emits visible light when an electric 
current passes through it. The light is not particularly bright, but in most LEDs it is 
monochromatic, occurring at a specific wavelength. The output from an LED can range from 
red (at a wavelength of approximately 700 nanometres) to blue-violet (at about 400 
nanometres). Some LEDs emit infrared (IR) energy (830 nanometres or longer); such a 
device is known as an infrared-emitting diode (IRED). 
 
3.2 Depressible RPM 
 
A road stud having one or more parts which deform under traffic load and recover to its 
original geometry after removal of the load.  
 
3.3 Non-depresible RPM 
 
A substantially rigid road stud that will not deform under traffic load.  
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3.4 LED RPM without retroreflective material 

 
RPM with LED as a sole source of light to provide guidance or warning for road users. 
 
3.5 LED RPM with retroreflective material 
 
RPM with LED as a principal proactive source of light to provide guidance or warning for road 
users and equipped with retroreflective material as a failsafe mechanism in the event of 
electronic failure. 

 
3.6 Strobing 
 
A spot of higher or lower than normal intensity in the sweep if an indicator used as a 
reference mark for determining distance. Turning on, or off as applicable, (i.e. “inverted 
strobe”) each road stud in sequence one after another will achieve the same effect as a 
reference indicator to determine distance. Therefore, moving the reference indicator (light 
from the stud) closer or further away in a fixed period of time will alter a driver’s perceived 
speed (Law of Physics: Speed = Distance/Time). 
 
3.7 Flashing 
 
A controlled on-off cycle of the light source at a pre-determined frequency. 
 
3.8 Power source 
 
Power source can be in the form of, but not limited to solar, mains, inductive, and 
rechargeable battery or in combination. 
 
3.9 Visibility 
 
The minimum intensity value of the LED RPM that can be seen by the driver from the 
distance required to enable a vehicle travelling at or near the designed speed to stop before 
reaching an object in its path. 
 
3.10 Chromaticity 
 
The color of light emitted by an LED signal conforming to the 1931 Commission Internationale 
d’Eclairage (CIE) standard observer and coordinate system.  
 
 
4 Classification 
 
4.1 General categories 
 
a) Type I: Non-flashing (optically constant) 
 
These RPM are primarily designed to be used for delineation purposes. 
 
b) Type II: Flashing 
 
Flashing RPM are primarily designed for attracting, alerting and warning purposes used in 
single at any one location. The flashing rate shall be less than 3 Hz (flashes per second) or 
more than 30 Hz. Examples of applications are, pedestrian crossings, school crossings, and 
other safety-concern areas. 
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5 General requirements 
 
5.1 Sampling and testing 
 
The sampling and testing requirements in MS 1719:2003 subclauses 5.5.1, 5.5.2, 5.5.4, 5.5.5, 
and 5.5.7 shall apply.  
 
All samples shall be taken at random. Tests shall be carried out in the sequence and 
according to the sample sizes specified in Figure 1. 

 
 

30 new markers

Compressive 
strength -
5 markers

Intensity test
30 markers

Impact 
resistance -
5 markers

Water 
absorption -
5 marketrs

Heat test -
5 markers

UV exposure test
5 markers

Adhesive bond 
strength -

10 markers

Intensity test

 
Figure 1. Testing sequence and sample sizes 

 
 

5.1.1 Additional tests required for LED RPM are: 
 
a) reliability test shall be performed as per described in Table 3; and 
 
b) intensity test shall be performed as per Annex A. 
 
5.2 General physical requirements 
 
5.2.1 Water absorption 
 
When a sample of five markers is tested in accordance with Annex B markers shall show no 
visible signs of water ingression. For any one marker, the reduction in the intensity shall not 
be more than 15 %.  
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5.2.2 Heat test 
 
When a sample of five markers is tested in accordance with Annex C, the markers shall show 
no distortion, softening or other physical deterioration, and visible colour change. For any one 
marker, the reduction in the intensity shall not be more than 15 %.  
 
5.2.3 Impact resistance 
 
When a sample of five markers, which have previously successfully undergone the UV 
exposure test, is tested in accordance with Appendix G of MS 1719:2003, the markers shall 
exhibit no permanent damage detrimental to their designed use. In particular, all markers 
shall not exhibit: 
 
a) fracture of the shell extending more than 10 mm from the centre of the point of impact 

of the hammer, in any direction; or 
 
b) failure of electronic components. 
 
5.2.4 Compressive strength 
 
Requirements of 5.5.5 and Appendix H in MS 1719:2003 shall apply. 
 
When a sample of five markers is tested in accordance with Appendix H of MS 1719:2003, 
the compressive strength shall be not less than the value given in Table 1 for the 
corresponding deformation at failure. 
 
 

Table 1.  Variation of allowable minimum compressive strength with deformation at 
failure 

 
Deformation at failure 

(mm) 
Allowable minimum compressive strength 

(kN) 
 

<1 

> 1 and < 3 

> 3* 

 

7 

6 

5 

* If failure has not occurred at 5 mm deformation, the load at 5 mm deformation shall be taken as the 
compressive strength. 

 
5.2.5 Adhesive bond strength 
 
When determined in accordance with Annex K of MS 1719:2003, the bond strength of 
markers which is not designed to be inset into the pavement shall be not less than 2.0 MPa 
for the 10 samples tested. 
 
5.3 Dimensions and shape 
 
The requirements in 5.2 of MS 1719:2003 shall apply. For round RPM, the diameter shall not 
be more than 130 mm. 
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5.4 Reliability 
 
The manufacturer shall ensure that the reliability of LED displays comply with Table 2. 

 
Table 2. Reliability test for LED displays 

 
Classification Test item Description and test condition Reference standard 

Operation life Evaluates resistance of the device when operated 
at electrical stress 
Ta = under room temperature 
IF = 12 mA ∼ 25 mA per segment or 
lp = 80 mA/duty = 1/8, PW = 1.25 ms 
lp = 160 mA/duty = 1/16; PW = 1 ms (DOT) 
Test time = 1 000 hr (-24 hr, +72 hr) 
 

MIL-STD-750:1026 
MIL-STD-883:1005 

JIS C 7021:B-1 

High 
temperature 
high humidity 
storage 

Evaluates moisture resistance of the device when 
stored for a long term at high temperature and 
humidity 
Ta = 65 ± 5 oC 
RH = 90 ∼ 95 %             
Test time = 240 hr ± 2 hr 
 

MIL-STD-202:103B 
JIS C 7021:B-11 

High 
temperature 
high humidity 
reverse bias 
(H3TRB) 

Evaluates resistance of leakage current against 
long term thermal, humidity and electrical stresses 
Ta = 65 ± 5 oC 
RH = 90 ∼ 95 %                 VR = 5 V 
Test time = 500 hr (-24 hr, +72 hr)  
 

JIS C 7021:B-11 

High 
temperature 
storage 

Evaluates device durability for long term storage in 
high temperature 
Ta = 85 ± 5 oC (Cob: Ta = 65 ± 5 oC) 
Test time = 1 000 hr (-24 hr, +72 hr) 
 

MIL-STD-883:1008 
JIS C 7021:B-10 

 
Endurance 
test 

Low 
temperature 
storage 

Evaluates device durability for long term storage in 
low temperature 
Ta = -35 ± 5 oC  
Test time = 1 000 hr (-24 hr, +72 hr) 
 

JIS C 7021:B-12 

Temperature 
cycling 

Evaluates resistance of device at thermal stresses 
or expansion and contraction 
85 oC ∼ 25 oC ∼ -35 oC ∼ 25 oC 
30 min, 5 min, 30 min, 5 min 
30 cycles (Cob: Thot = 65 oC Tcold = -25 oC 
 

MIL-STD-202:107D 
MIL-STD-750:1051 
MIL-STD-883:1010 

JIS C 7021:A-4 

Solder 
resistance 

Evaluates resistance to thermal stress caused by 
soldering 
Tsol = 260 ± 5 oC 
Dwell time = 5 ± 1  
 

MIL-STD-202:210A 
MIL-STD-750:2031 

JIS C 7021:A-1 

 
Environmental 
test 

Solderability Evaluates solderability on leads of device 
Tsol = 230 ± 5 oC 
Dwell time = 5 ± 1  
 
 

MIL-STD-202:218D 
MIL-STD-750:2026 
MIL-STD-883:2003 

JIS C 7021:A-2 

 
5.5 Reflective properties 
 
The minimum terminal CIL values for the retroreflective material of LED enhanced RPM that 
incorporate retro-reflective materials shall conform to Table 3. 
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Table 3.  Minimum CIL values for clean new markers 
 

 
Minimum CIL values mcd/lx  

Entrance angle,  
β (degree) 

 
Observation angle,  

  α (degree) White Yellow Red Green 
 

0 

20 

0 

 

0.2 

0.2 

1.0 

 

300 

130 

16 

 

240 

105 

10 

 
120 

50 

4 

 

60 

26 

3 

 
5.6 Luminous intensity 
 
The luminous intensity in candela of a sample of new markers shall comply with Table 4. 
Intensity level shall not be lower within 5 years. 
 

Table 4.  Luminous intensity for clean new markers 
 

Colour Luminous intensity (minimum) 
White 

Yellow 

Red 

Green 

Blue 

0.1 mcd 

0.04 mcd 

0.05 mcd 

0.001 mcd 

0.3 mcd 

 
5.7 Cone angle 
 
Manufacturer shall determine the LED RPM output light cone angle based on actual 
application for optimum performance.  
 
5.8 Electronic/electrical components 
 
The electrical and electronic components shall not affect the effective performance of LED 
RPM as per the requirements of Clause 5. 
 
5.9 Chromaticity and wavelength 
 
The measured chromaticity coordinates of LED signal modules shall be between 470 nm and 
650 nm, conforming to the chromaticity requirements of Figure 2. For Infrared, the wavelength 
shall be between 850 nm to 940 nm. 
 
The wavelength accuracy shall be within 1.0 nm. The wavelength accuracy is the difference 
between the wavelength actually being measured and the indicated wavelength. Wavelength 
repeatability shall be within 0.5 nm. 
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Figure 2. Chromaticity diagram according to 1931 CIE International Standard observer 

and coordinate system 
 
5.10 Field Conditioning 
 
For all markers, field conditioning for 12 months is required as specified in Clause 4.3.1 and 
4.3.2 of MS 1719:2003. 
 
5.11 Product safety 
 
The following requirements from 7.1 of IEC 62031:2008 shall apply: 
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6 Marking and packaging 
 
Individual markers shall be durably labelled with the manufacturer’s name or trademark. 
 
The markers shall be packed in such a manner that they will not be subject to scratching in 
transit.  Packages containing markers shall be durably marked with the following information: 
 
a) the manufacturer's name or trademark; 
 
b) product designation, i.e. type, size and colour; 
 
c)  production batch number; and 
 
d)  date of manufacture. 
 
NOTE.  Manufacturers making a statement of compliance with this Malaysian Standard on a product, packaging, or 
promotional material related to that product are advised to ensure that such compliance is capable of being verified. 
 
 
7 Installation recommendation 
 
For a guideline on the installation of RPM, refer to Appendix L of MS 1719:2003. 

Mandatory marking for built-in or independent modules 
 
a) Mark of origin (trade mark, manufacturer’s name or name of the responsible 

vendor/supplier). 
 
b) Model number or type reference of the manufacturer. 
 
c) Either the: 
 

● rated supply voltage(s), or voltage range, supply frequency or/and 
 
● rated supply current(s) or current range, supply frequency (the supply current may be 

given in the manufacturer’s literature) or/and 
 
● rated input power, or power range. 
 

d) Nominal power. 
 
e) Indication of position and purpose of the connections where it is necessary for safety. In 

case of connecting wires, a clear indication shall be given in a wiring diagram. 
 
f) Value of tc. If this relates to a certain place on the LED module, this place shall be 

indicated or specified in the manufacturer’s literature. 
 
g) For eye protection, see requirements of IEC 62471. 
 
h) Built-in modules shall be marked in order to separate them from independent modules. 

The mark shall be located on the packaging or on the module itself. 
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Annex A 
(normative) 

 
Measurement of luminous intensity of LED RPM 

 
 

A1 General 
 
Colour is a characteristic of light, which is determined by the light’s spectral composition and 
the interaction with the human eye. Each colour has its own individual characteristics, such as 
wavelength. For example, the wavelength of white colour is much shorter than the red colour 
and it has more quantum properties. Colours with shorter wavelengths have much more 
energy per photon to excite silicon photodiode, which is the colour receptor. This also applies 
to refraction where shorter wavelength refracts more than longer wavelength. Since the 
application of LED is expanding widely, high intensity LED of wide range of colours has been 
introduced. Examples of applications are colour displays on the advertisement board, traffic 
signals, airport lighting and many more. LED stands for light emitting diode, which is made of 
semiconductor device. It emits monochromatic visible light range from red (700 nm) to violet-
blue (400 nm). It has peculiar light source and much different from other kinds of light sources 
such as its physical size, flux level, spectrum and spatial intensity distribution. 
 
A 1.1 The measurement of luminous intensity in LED RPM is based on two particular 
aspects. These two aspects play an important role on safety of the road user including 
pedestrians.  
 
 
A2 Method of measurement 
 
A2.1 Firstly, the output, which is emitted by the LED is quantified in luminous intensity in 
unit of millicandela (mcd). The output is measured on the same axis as the photometer on a 
three-meter photometric bench. These measurements need to be done in control environment 
dark room to prevent stray light.  
 
A2.2 The position of the LED RPM, which is attached to the sample holder, is then moved 
along the photometric bench at specified distance between LED RPM sample and 
photometer. LED RPM sample shall also be positioned exactly in the middle of the axis as 
shown in Figure A2. The distances are 0.25 m, 0.50 m, 0.75 m, 1.00 m, 1.25 m, 1.50 m,    
1.75 m, 2.00 m, 2.25 m, 2.50 m and 2.75 m.  
 
A2.3 Luminous intensity measurement is taken at each of the said distances. Then, the 
linearity results of the LED RPM are based on graph of luminous intensity, mcd versus 
distance, m. The definition of luminous intensity and the unit candela, cd, is given below; 
 

I = E/d2 
 
where, 
 
I  is the luminous intensity; 
 
E  is the illuminance; and 
 
d  is the distance between source and detector. 
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A2.4 Secondly, the distribution of light radiation will need to be determined; still using the 
same apparatus and technique but the position of LED RPM is located 10° from the reference 
axis through the centre of the photometer as shown in Figure A3. As such, the spatial 
distribution can be expressed. 
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Figure A1.  LED Enhanced Road Pavement Marker (LED RPM) sample holder 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

Figure A2.  Geometry layout for direct measurement of LED RPM 
 

Photometer 

 
distance, d

Sample holder 

Sample, 
LED RPM 
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Figure A3. Geometry layout for direct measurement of LED RPM 
 
 

LED RPM 2nd position at 10o from  axis LED RPM 1st position at 0o from  axis

Distance, 2.75 m

10 o

Photometer

LED RPM second position at 10o from axis LED RPM first position at 10o from axis 

Distance, 2.7 m 
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Annex B 
(normative) 

 
Methodology for water absorption test 

 
 
B1  Scope 
 
This appendix sets out the method for determining whether water absorption may occur in an 
LED RPM in actual field conditions and its effect on output intensity. 
 
 
B2 Apparatus and materials 
 
The following apparatus and materials are required: 
 
a) glass beaker such that the marker under test will be totally immersed; 
 
b) bunsen burner or any other suitable heating device; and 
 
c) distilled water. 
 
 
B3  Test sample 
 
Five markers from each manufacturer, selected at random, shall be tested.  All markers shall 
be fully charged and working normally. 
 
 
B4  Procedure 
 
The procedure shall be as follows: 
 
a) Pre-condition the markers by keeping them at a temperature of (23 ± 2) °C and 

approximately 70 % relative humidity for 24 h before testing. 
 
b)  Measure the intensity value at observation angle of 0°. 
 
c)  Fill the beaker with distilled water to a level such that the markers will be totally 

immersed. 
 
d)  Place the markers in the beaker with distilled water which is then brought to            

(50 ± 2) °C. 
 
e)  Maintain this temperature for a period of 2 h. 
 
f)  After 2 h, cool with the markers still immersed in the water, for a period of 24 h. 
 
g)  After 24 h cooling, remove the markers from the water and dry the surfaces with a 

towel. 
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h)  Examine the markers for any visible signs of water ingression. 
 
i)  Re-measure the intensity value at observation angle of 0°. 
 
 
B5 Report 
 
For each of the markers tested, the following shall be reported: 
 
a) for all marker types - any water ingression; and 
 
b) for all markers  -  the change in intensity values. 
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Annex C 
(normative) 

 
Methodology for heat test 

 
 

C1 Scope 
 
This appendix sets out the method for determining the ability of LEDRPM to withstand hot 
tropical conditions when placed on road surfaces and the effect of such conditions on 
intensity output. 
 
 
C2  Apparatus 
 
A laboratory oven capable of maintaining a temperature to 60 °C. 
 
 
C3  Test sample 
 
Five markers from each manufacturer, selected at random, shall be tested.   All markers shall 
be fully charged and working normally. 
 
 
C4  Procedure 
 
The procedure shall be as follows: 
 
a)  Measure the intensity value at observation angle of 0°. 
 
b)  Set the oven to a temperature of 0

2 60 +
−  oC.  

 
c)  Place the marker centrally in the oven and leave for a period of 5 h. 
 
d)  After a suitable cooling period, examine the marker for distortion and intensity 

change. 
 
e)  Re-measure the intensity value at observation angle of 0°. 
 
 
C5  Report 
 
For all markers tested, the following shall be reported: 
 
a) the change in intensity value; and 
 
b) any visible colour change. 
 



 

© STANDARDS MALAYSIA 2009 - All rights reserved 

 
 
 
 
Acknowledgements 
 
 
Members of Technical Committee on Roads and Highways 
 
Ms Dang Anom Md. Zin (Chairman) 
Ms Nadiah Mohamed (Secretary) 
Ir A Letchumanan 
Ir Winnie Ng Guat Poh 
Haji Yahya Haji Ariffin 
PgB Abu Bakar Katain 
Mr Mahdan Haji Ahmad 
Ar Ong Chong Jing 
Mr Chong Choo Ling/ 
Mr Chin Chi Haw 
Hajjah Norbayati Haji Manap 
Assoc Prof Ir Adnan Zulkiple 
Dr Michael William King 
 

Jabatan Kerja Raya Malaysia 
SIRIM Berhad 
Associated Concrete Products (M) Sdn Bhd 
Association of Consulting Engineers Malaysia 
IKRAM QA Services Sdn Bhd 
Jabatan Bomba dan Penyelamat Malaysia 
Lembaga Lebuhraya Malaysia 
Malaysian Institute of Architects 
OPUS International (M) Berhad 
 
Projek Lebuhraya Utara Selatan Berhad 
The Institution of Engineers, Malaysia 
UEM Builders Berhad 
 

 
Members of Working Group on Road Studs  
 
Haji Abu Harith Haji Shamsuddin (Chairman) 
Ms Salbiah Yaakop (Secretary) 
Mr Samsul Jaharudin  
Mr Abdul Latif Rahmad 
Mr Sazali Harun 
Mr Hamdan Kamaludin 
Mr Abdul Rashid Zainal Abidin 
 
Ms Seri Banun Sujangi 
 
 
Dr Saad Mekhllef 
Assoc Prof Dr Meor Othman Hamzah 
 
Mr Basir Saibon 

Jabatan Kerja Raya Malaysia 
SIRIM Berhad 
3M Malaysia Sdn Bhd 
Dewan Bandaraya Kuala Lumpur 
Lembaga Lebuhraya Malaysia 
Projek Lebuhraya Utara Selatan Berhad 
SIRIM Berhad (National Metrology 
Laboratory) 
SIRIM QAS International Sdn Bhd 
(Construction and Building Materials Testing 
Section) 
Universiti Malaya 
Universiti Sains Malaysia (School of Civil 
Engineering) 
Universiti Sains Malaysia (School of Electrical 
and Electronics Engineering) 

 
Co-opted members 
 
Mr Michael Goh ACP-DMT Sdn Bhd 
Mr David Lancaster Nusa Technology Services Sdn Bhd 
 


