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 This paper apprehend the application of tribotronics in roadmarker for car-

infrastructure connectivity. The method using imprint roll to roll method 

was workable and tribological properties were tested. The prototype of 

tribotronic road marker is still a long way to be formed as the sensory need 

to be imprinted and designed properly for the said purpose. 

 

1.  Introduction 

Development of technological and 

disruptive business models might be a crucial 

factor on the logistic of people and goods 

moving around Malaysia in the future decades 

due to a profound changes to people 

preferences, goods design and services 

provided globally. This is driven by 

extraordinary quantum leap in innovation in 

engineering, technology and business models 

especially with the IR4.0, big data, IoT and AI 

emerging in this new era. 

The Malaysia’s road and rail network could 

dramatically; engaged with the help of 

government policies, have to reduce carbon 

emissions and other pollutants, traffic 

congestion could be lessened through higher-

density use of road space enabled by automated 

vehicles, and mobility could be available for 

anyone, anywhere and anyhow. The 

opportunities to improve customers’ 

experience, logistic efficiency and people to 

move around freely can be created. Amongst; 

the current great challenges in transportation, 

the reduction of renewable material 

consumption, the limitation of greenhouse gas 

emissions, the scaling down of maintenance 

cost and frequency and, for mechanical 

transmissions, the extension of their life and 

their efficiency. Other drivers of change and 

need for innovative tribological solutions area 

are automotives (driverless cars/trucks, trains, 

UAVs, ships etc), predictive condition based 

maintenance (PCBM), mobility of an ageing 

population and extending asset use. Challenges 

areas such as human mobility and automotive, 

rail, sea, air transportation, lubricants and smart 

machines (tribotronics) are to be addressed in 

near future. Tribotronics refers to the combined 

use of tribology and electronics to control 

tribological systems [1]. In contradictory to 

traditional tribological and mechatronic 

systems, where losses are seen as a function of 

system inputs rather than desired output. A 

particular emphasis on the control of 

tribological losses [2], it is increasingly useful 

to describe an active system that combines 

tribological and electronic components, 

irrespective of the process variables and set-

points of the control loop.  

 

 
 

Figure 1: Tribotronic = Triboelectricity ∩ 

Semiconductor [3]. 

 

Tribotronic has been used in many 

applications due to its flexibility and smart 

sensory devices with simple apps and 
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mechanism and low cost in long run. A search 

in Sciencedirect.com using keyword of 

tribotronic, globally only 35 papers were 

published so far.  Hence, it gives a good 

opportunity for our nanofabrication and 

functional material (NFM) research group in 

School of Mechanical Engineering, USM to 

have the facility to explore this matter further. 

In designing tribotronic systems is simply using 

control around passive machine to 

build loops to create active machine elements. 

Process variables for examples; flow rates of 

lubricants or other pressurized fluids, physical 

properties of lubricants and pressurized fluids, 

the molecular composition and ordering of 

lubricants and pressurized fluids, both in the 

bulk fluid as well as close to contacting 

surfaces, dynamics of the mechanical system, 

mechanical properties of the contact bodies, 

properties of contacting surface are common 

[3]. This is illustrated in Figure 1. Many 

researchers [4] have already came up with new 

methodology to recreate the tribotronic with 

different applications worldwide and the mainly 

usage of magnet with nano-generators has been 

the idea behind the fabrication. In our facilities, 

we are trying the new method using 

nanoimprint lithography (NIL) method which is 

equivalent to MEMS fabrication. Low cost and 

flexi-NIL has made it a leading edge for the 

future nanomanufacturing. An overview, 

development and advances of NIL in 

nanomanufacturing with emphasising  

concepts, tools, molds/stamps material, imprint 

resists and processes over other patterning 

methods has been explored as shown in Figures 

2-5. There are a number of variant of NIL being 

developed with huge potential for particular 

device nanomanufacturing applications [5].  

 

 
Figure 2: R2R printing for preform. 

 

2. Methodology 

Roller-based NIL processes, particularly 

the R2R NIL process (Figure 2) has showed a 

highly promising future to be implemented as a 

full-scale production process due to their high 

throughput and wide-area patterning capability. 

However process and stability control, is still 

limited as there are still many challenges and 

issues to be solved in the R2R NIL process. 

Basic multilayer nanogap and bonding/ 

demolding imprint was also used (Figure 3).  

 

 
Figure 3: Multilayer (a) nanogap and (b) 

bonding/demolding imprint. 

 

Car-to-infrastructure communication is 

critical for enabling autonomous driving [6]. 

The autonomous car system must navigate the 

vehicle on a close track with road markings, 

based on the information from an optical 

camera with lane detection capabilities [7]. One 

of such necessary conditions is the quality of the 

road markings. The navigation system typically 

cannot discern faded, or missing road markings. 

Without proper navigation, the autonomous car 

will fail to detect the lane resulting in 

undesirable accidents. Therefore, the road 

markings quality and its performances are of 

significant importance and must be investigated 

to develop road markings which are more 

durable, leading to reduced road infrastructure 

maintenance costs. 

The wear and friction of road making 

material influence the road markings durability 

and it has a direct impact on the maintenance 

cost and user safety. In our vicinity, the wear 

and friction was studied using pin-on-disc 

testing rig.  Reaching at wear stability under a 

set of varying applied load, and sliding velocity 

remains as an unsolved research field in 

tribology study. This summons the needs to 

modifying the wear characteristics of the road 

marking materials would be critical to improve 

the longevity of the road marking.  The 

durability of the road markings depends greatly 

on the physical properties and composition of 

their constituents such as binder, anti-skid 

aggregates and glass beads. For instance, if the 

binder content is too low, it renders early 

fracturing of the road markings [8].To achieve 

road markings with superior performance and 

durability, each constituents of the road 

marking materials must be in correct 

proportions. The thickness of paint also 

influences the durability of road markings. It is 

believed that thicker layer of paint lasts longer. 

One of the work on tribotronic-sensory marker 
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for JKR to ensure there are autonomous-to-

infrastructure connectivity is undisruptive at all 

time. Hence, this work is worth to be explore to 

cater for unmanned autonomous vehicle (UAV) 

for future apps.  

 

3. Result and discussion 

Initial study on the wear and frictional 

coefficient has been conducted. It seems the 

wear is averaging in negative 9 microns with 

COF ranging from 0.01 to 0.07 averaging at 

0.05 after 500m sliding run. Upon 1600 second 

run, the average of COF measured was 0.6 for 

test 1 conducted as in Figure 8. Hence, from the 

mobility of logistic standard, the COF is within 

the specification i.e. lesser than 0.6 while the 

wear resistance is somehow below that specify 

by the JKR specification which comply with the 

requirements of BS EN 1471, and shall 

demonstrate compliance with the relevant 

performance of BS EN 1436 and for the 

compositional elemental as specified was 

conform using EDAX test as shown in Table 1 

and Figure 9. The prototype of tribotronic road 

marker is still a long way to be formed as the 

sensory need to be imprinted and designed 

properly for the said purpose.  

 

 
Figure 6: Wear of roadmarker paint with 

sliding speed 0.3 m/s for 500m sliding. 

 

 
Figure 7: COF of roadmarker paint with sliding 

speed 0.3 m/s for 500m sliding. 

 

 
(a) 

 
(b) 

Figure 8: Specific COF measurement for (a) 

run road marker up to 1600 second as (b) plotted 

in boxplot. 

  

Table 1: Composition allowed for roadmarker. 

Components Weightage 

Binder contents 18% min. 

Glass beads 30% min. 

Titanium Dioxide 10.5% min. 

CaCos and inert fillers Less than 42% 

 

 

 
Figure 9: SEM and EDAX results for 

roadmarker as received. 

 

4. Conclusion 

There are a huge oppotunity for tribotronic 

applications especially in medical, sports and 

recreational, housing, mobility and ecetera to 

cater for future challenges and contribution to 

manufacturing in Malaysia and global. Hence, 

small contribution could lead a long way for the 

flowerishing the research in tribotronic in 

Malaysia. In summary, a R2R  tribotronic 

photoresist fabrication was feasible on 

roadmarker and further enhancement with 

sensory can be materialised. By introducing 2D 

material-based photoelectronics into the new 

fields of tribotronics, a novel and effective way 

could be developed to improve the device, 

which may has important prospects in human–

computer interaction, touching triboelectronics 

and internet of things. 
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