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The IVSS Programme 
 
The IVSS programme was set up to stimulate research and development for the road 

safety of the future. The end result will probably be new, smart technologies and new IT 

systems that will help reduce the number of traffic-related fatalities and serious injuries.  

IVSS projects shall meet the following three criteria: road safety, economic growth and 

commercially marketable technical systems. 

 

Three interacting components - for better safety, growth and competitiveness: 

The human being 

Preventive solutions based on the vehicle‟s most important component. 

The road 

Intelligent systems designed to increase security for all road users. 

The vehicle 

Active safety through pro-active technology. 

 

• Injury prevention 

• Crash avoidance 

• Business growth 
on a global market 

• Product excellence 

• Premium requirements 

• Cost 

IVSS 
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SUMMARY 

An active safety system-, or multiple, will present warnings to the driver when the safety 

margin(s) are violated. Several active safety systems can theoretically be active 

simultaneously and warn the driver about different critical situations. This kind of 

situation could potentially result in confusing the driver which in turn can deteriorate 

his/her performance. 

 

The project‟s objective was to develop and test rules and concepts of HMI for multiple 

active safety systems where the driver will react and respond in an appropriate way to 

avoid the threat or threats in the specific situation.  

Three different safety systems were used in the project: a forward collision warning 

system, a lane departure warning system and a distraction warning system.  

A common HMI composed of a tactile seat and a visual display on top of the instrument 

panel was installed in a Saab 9-3 cockpit. All three systems delivered their warnings 

through these but with different signal characteristics. Two slightly different management 

systems for rules and warnings was developed; DiWiTSA (warnings issued according to 

safety priority), and Super-DiWiTSA (warnings issued also considering the driver‟s 

visual attention). 

Tests with 74 drivers were done in a driving simulator (VTI simulator III) on a double-

lane motorway with a speed limit of 110km/h. The drivers were informed that the vehicle 

they drove was equipped with the three active safety systems. A secondary task 

(Surrogate In Vehicle Information System, S-IVIS) was used to visually distract the 

driver from looking at the road. 

Five scenarios were used to test driver reactions and responses to warnings in three 

different warning conditions; without management system, with DiWiTSA and with 

Super-DiWiTSA. The reaction and response behavior were analyzed by order of events 

(i.e. if driver reactions and responses were taken in correct order in relation to events) and 

by time of events. 

 

In the scenarios and for the systems tested in this study, warnings did produce appropriate 

driver responses. This means braking for collision warning, steering for lane departure 

warning and looking back to the road for distraction warning, also when the warnings 

occurred simultaneously. There was no evidence found that „Warning Management‟ 

influences the drivers‟ reaction and response compared to „No Management‟ in this setup 

(no effect by issuing higher priority warnings earlier instead of a lower priority warning 

and no effect by issuing one warning instead of several). A possible explanation of the 

driver behaviour could be that drivers react on the warning by looking back to the road, 

but respond based on their own assessment of the scenario (and not on the interpretation 

of the warning). 
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SAMMANFATTNING 
 

Många system för aktiv säkerhet är konstruerade för att ge en varning till föraren då 

säkerhetsmarginalerna överskrids. Teoretiskt sett kan ett flertal system ge varning 

samtidigt för olika kritiska tillstånd. En sådan varningssituation kan möjligen förvirra 

föraren vilket i sin tur kan medföra nedsatt förmåga hos denne.  

 

Projektets syfte var att utveckla och prova principer för varningar som inkluderade flera 

aktiva säkerhetssystem (Warning Management System) i ett gemensamt gränssnitt 

(HMI), där förarens reaktion och respons visar sig vara korrekta i den aktuella kritiska 

situationen. 

 

Tre olika säkerhetssystem användes i projektet, ett kollisionsvarningssystem, ett 

varningssystem för avåkning samt ett distraktionsvarningssystem. 

 

Det gemensamma HMI:t som bestod av ett taktilt säte samt en display placerad ovanpå 

instrumentbrädan installerades i en Saab 9-3. De tre varningssystemen använde samma 

HMI men med olika karaktär på varningssignalerna. Två olika principer för 

varningshantering provades: DiWiTSA (ge varningarna med hänsyn till 

säkerhetsprioritering) och Super-DiWiTSA (ge varningarna även med hänsyn taget till 

förarens aktuella uppmärksamhet).  

Prov med 74 förare gjordes i en körsimulator (VTI Simulator III) på en dubbelfilig 

motorväg med hastighetsbegränsning 110 km/h. Förarna var informerade om att bilen de 

körde var utrustad med tre aktiva säkerhetssystem. En sekundäruppgift (Surrogate In-

Vehicle Information System, S-IVIS) användes för att få förarna att titta bort från vägen. 

Fem scenarios användes för att undersöka förarnas reaktion och respons under tre olika 

varningssituationer; utan varningshantering, med DiWiTSA samt med Super-DiWiTSA.  

Reaktion och respons på varningarna analyserades genom att se på i vilken ordning 

händelser inträffade (om förarreaktion och respons ansågs vara korrekta i den aktuella 

trafiksituationen) samt vid vilka tidpunkter dessa inträffade.  

 

I de använda scenarierna och för de testade systemen kunde man i denna studie observera 

korrekt förarrespons, d.v.s. bromsning vid kollisionsvarning, styrning vid varning för 

avåkning och titta tillbaks på vägen vid distraktionsvarning, även när varningarna var 

samtidiga.   

 

Inga belägg fanns för att ett Warning Management System påverkar förarens reaktion och 

respons i denna studie (ingen effekt av att ge varningar med högre prioritet tidigare och 

ingen effekt av att ge en varning istället för flera). En förklaring till förarens beteende kan 

vara den att föraren reagerar på varningssignalen men agerar först då denne har tolkat 

körsituationen (och inte på tolkningen av varningssignalen). 
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1. Introduction 

An active safety system, or multiple, will present warnings to the driver when the safety 

margin(s) are violated. Several active safety systems, such as collision warning and lane 

departure warning, can theoretically be active simultaneously and warn the driver about 

different critical situations, i.e. a lead vehicle is braking strongly and the driver will 

change lane to avoid it, if then another vehicle is coming on the other lane, the driver will 

be warned both for collision and for lane departure at the same time. 

 

This type of time and safety critical situation, where several warnings are delivered 

simultaneously to the driver, could potentially result in confusing the driver which in turn 

can deteriorate his/her safety. This raises the issue of integration in-between systems both 

in time and in use of interface and actuators.  

 

The problem is how to design the Driver-Vehicle Interface to support quick and effective 

distinguishable driver responses to both stand-alone and multiple active safety systems 

(which may trigger alerts in close time proximity).  

 

 

 

2. Project objective 

The project aims to study the effect on driver behaviour of active safety system warnings 

given simultaneously. The focus is on situations that are time and safety critical.  

 

The project will develop rules and concepts of HMI for multiple active safety systems 

where the driver will react and respond in an appropriate way (e.g. braking or steering) to 

avoid the threat or threats in the specific situation.  

 

For design, test, evaluation and demonstration, driving simulators at Saab and VTI 

(Swedish Nationa Road and Transport Research Institute) will be used. 

 

 

3. Active safety systems and warning 

management  

In the present project, three different active safety systems were selected: forward 

collision warning system (FCA), lane departure warning system (LDW) and distraction 
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warning system (AttenD). For each of these systems a test scenario was developed (Table 

1).  

 

Table 1: Active safety systems, driving situations and desired driver reactions and 
responses in the simulator test. 

Active safety 

system 

Warning 

type 

Driving 

situation 

Tactile 

signal 

Visual 

signal 

Driver reaction and 

response desired 

Forward 

collision 

warning  

FCA Lead car 

suddenly 

braking  

5 pulses, 2 

front 

vibrators 

FCA icon + 

all parking 

diodes 

Look forward and brake 

and steer to avoid threat 

Lane 

departure  

warning 

LDW Distracted 

driver drifting 

out of the lane 

3 pulses, 1 

side vibrator 

LDW icon Look forward and steer 

back to the lane 

Distraction 

warning  

AttenD Driver visually 

distracted 

looking off the 

road  

2 pulses, 2 

side 

vibrators  

Two parking 

diodes  

Look forward and take 

appropriate measures 

 

A common interface was also selected for all three systems and was composed of a tactile 

seat and a visual display on the top of the instrument panel. All three systems delivered 

their warning through the tactile seat and the visual display but with different signal 

characteristics (for the tactile seat: number of motors active, frequency, number of pulses 

and for the visual display: icons and number of flashes) (Table 2).   

 

Table 2: Characteristics of the warnings for the three systems  

Active safety 

system 

Tactile 

signal 

Visual signal 

Forward 

collision  

5 pulses, 2 

front 

vibrators 

 
Lane 

departure  

3 pulses, 1 

side vibrator 
 

 
Distraction 

systems  

2 pulses, 2 

side 

vibrators  

 

 
The tactile seat was composed of four vibrators according to product specifications 

(Figure 1).  

 



8 

 

Figure 1: Tactile seat from above composed of 4 vibrators, two in the front and 2 on the 
side.  

Two slightly different management systems for rules and warnings were developed and 

tested; DiWiTSA and Super-DiWiTSA. These are described below:  

 

DiWiTSA: 

a. When several active safety systems warn at the same time, the higher 

priority only will warn the driver.  

b. The priority chosen between the three systems tested is the following one: 

FCA>LDW>AttenD. 

c. When a higher priority warning starts before a lower priority it will inhibit 

the lower priority warning, i.e. no lower priority warning will be presented 

d. When a lower priority warning starts before a higher it will be cut-off by 

the higher priority warning when this one is issued, i.e. the lower priority 

warning is cut-off by the higher priority warning  

e. A window of inhibition is defined for each system where no more 

activation is possible, i.e. the same warning can not be delivered two times 

within x seconds (system specific).  

 

 

Super-DiWiTSA: 

Uses the same rules as DiWiTSA above with the addition of: 

FRONT 

 

BACK 
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a. Super-DiWiTSA checks if a higher priority warning soon will reach a 

critical value and if so, the higher priority warning will be issued instead.  

 

 

 

4. Simulator studies 

The VTI driving simulator used was a high-end moving base simulator with lateral, 

longitudinal and rotation motions (Figure2, www.vti.se/templates/Page____3257.aspx). 

The cabin in the simulator was the front part of a Saab 9-3. The viewing angle for 

visualising the traffic environment was 120° horizontally. Three rear-view mirrors were 

available. 

 

 

Figure 2: VTI simulator III (green arrows indicate possible movements of the cabin). 

The cock-pit used was from a Saab 9-3. The equipment used for the study was the 

following: A Driver Monitoring System (DMS) from Smart Eye AB using three cameras 

to record the eye and head movements, a touch screen placed in the middle stack panel 

for the distraction task (S-IVIS) and the display (AVID) placed on top of the instrument 

panel to display the warning (Error! Reference source not found.3).  

 

http://www.vti.se/templates/Page____3257.aspx
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DMS 

Cameras

AVID

S-IVIS

 

Figure 3: Cock-pit used for the test in the simulator. 

Participants in the simulator tests were told to drive as they usually do on a double-lane 

motorway with a speed limit of 110km/h and to respect traffic rules as in normal traffic. 

They were informed that the vehicle they drove was equipped with three active safety 

systems. A secondary task (Surrogate In Vehicle Information System, S-IVIS) was used 

to visually distract the driver from looking at the road. 

 

Five scenarios were used to test driver reactions to warnings in the three different 

warning conditions; without management system, with DiWiTSA and with Super-

DiWiTSA. The scenarios were reality based and selected for their probability to happen 

and to induce a traffic conflict. 

 

Scenario Description     

A  FCA and AttenD simultaneously 

B  LDW and AttenD simultaneously 

C  FCA, LDW and AttenD simultaneously 

D  AttenD only 

E  FCA only     
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Figure 4: View in the simulator of a typical FCA scenario. There is traffic in the left lane 
and the yellow van will suddenly start braking. The route is a 2-lane motorway, 43 km 
long. 
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Scenarios No DiWiTSA

Warnings issued:

DiWiTSA

Warnings issued:

Super DiWiTSA

A AttenD/FCA AttenD + FCA AttenD interrupted +  FCA earlier FCA 

B AttenD/LDW AttenD + LDW AttenD interrupted + LDW earlier LDW

C AttenD/LDW/FCA AttenD + LDW + 

FCA

AttenD interrupted + LDW 

interrupted + FCA

earlier FCA

D FCA FCA

E AttenD AttenD

FCA
AttenD AttenD

FCA

100ms 100ms 100ms

FCAFCA

 
Figure 5: Study design. Each warning was tested by itself (except LDW) and 

simultaneous with others. In the No DiWiTSA condition the warnings are given in 

parallel. In the DiWiTSA condition a higher priority warning will inhibit a lower priority 

warning. In the Super DiWiTSA condition the system checks if a higher priority warning 

soon reaches a critical value and if so, the higher priority warning will be issued instead 

of a lower priority warning. Data was collected on braking, steering and visual 

behaviour (reaction and response). 

 

 

5. Results 

74 drivers in total participated in the study. The number of collisions was 12 in total,  all 

in scenario C (3 in DiWiTSA, 6 in No DiWiTSA and 3 in Super DiWiTSA). Mean 

driving time was 31 minutes and mean speed 100kph (no differences between groups). 

 

The reaction and response behavior were analyzed by order of events (i.e. if driver 

reactions and responses were taken in correct order in relation to the events) and by time 

of events. 

 

Scenario A (AttenD + FCA): 

The scenario did not work properly for DiWiTSA and No DiWiTSA, requirements were 

too high on the scenario (to have the driver to look off the road and be close to another 

car at the same time). 

For the Super DiWiTSA condition (where the AttenD warning is substituted with FCA), 

the set up was modified and worked as planned. 
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Table 3: Driver behaviour for 28 participants, analyzed by order of events for Scenario 
A.  

Order of events:
(warning/reaction/response)

Super DiWiTSA
Number of 

drivers 
( % )

FCA Ҧ eyes on road Ҧ braking 80

FCA Ҧ braking 10

FCA Ҧ eyes on road Ҧ όƴƻ braking) 3

No warning 7

Expected

and  

favourable

 
In most cases (80%) an expected and favorable behavior could be seen. (By that not said 

the other drivers behaved unfavorable). No steering response was observed. 

 

Scenario B (AttenD + LDW): 

Table 4: Driver behaviour analyzed by order of events for Scenario B.( 20 participants in 
No DiWiTSA, 19 in DiWiTSA and 30 in Super DiWiTSA)  

Expected

and  

favourable

Order of events:
(warning/reaction/response)

No DiWiTSA
Number of 
drivers ( % )

DiWiTSA
Number of 
drivers ( % )

Super DiWiTSA
Number of 
drivers ( % )

!ǘǘŜƴ5 Ҧ [5² ҦŜȅŜǎ ƻƴ ǊƻŀŘ Ҧ ǎǘŜŜǊƛƴƎ68 45

!ǘǘŜƴ5 Ҧ [5² ҦǎǘŜŜǊƛƴƎ Ҧ ŜȅŜǎ ƻƴ ǊƻŀŘ11 20

!ǘǘŜƴ5 Ҧ [5² ҦǎǘŜŜǊƛƴƎ 11 20

!ǘǘŜƴ5 Ҧ ŜȅŜǎ ƻƴ ǊƻŀŘ Ҧ[5² Ҧ ǎǘŜŜǊƛƴƎ11 15

[5² ҦŜȅŜǎ ƻƴ ǊƻŀŘ Ҧ ǎǘŜŜǊƛƴƎ 90

[5² Ҧ ǎǘŜŜǊƛƴƎ 10
 

In most cases (79% in No DiWiTSA, 60% in DiWiTSA and 90% in Super-DiWiTSA) an 

expected and favorable behavior could be seen. No braking response was observed. 

 

Table 5: Driver behaviour analyzed by time for scenario B.  

Indicator No DiWiTSA DiWiTSA Super DiWiTSA ANOVA

Steering response time from LDW warning onset 

(seconds) 1,28 1,41 1,29

df(2)
F=1,071; p=0,870

Visual reaction time from AttenD warning onset 

(seconds) 0,37 0,40 0,35
df(2)

F=0,159; p=0,853 
 

There was no significant difference between the conditions regarding steering response or 

visual reaction in this scenario. 
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Scenario C (AttenD + LDW+FCA): 

 

Table 6: Driver behaviour analyzed by order of events for Scenario C. ( 12 participants 
in No DiWiTSA, 16 in DiWiTSA and 30 in Super DiWiTSA)   

Order of events:
(warning/reaction/response)

No DiWiTSA
Number of 

drivers ( % )

DiWiTSA
Number of 

drivers ( % )

Super DiWiTSA
Number of 

drivers ( % )

AttenDҦ [5² ҦC/! Ҧ eyes ƻƴ ǊƻŀŘ Ҧ steering
Ҧ braking 38 33

!ǘǘŜƴ5 Ҧ [5² Ҧ C/! ҦǎǘŜŜǊƛƴƎ Ҧ ŜȅŜǎ ƻƴ ǊƻŀŘ 
Ҧ ōǊŀƪƛƴƎ 6 17

!ǘǘŜƴ5 Ҧ [5² Ҧ ŜȅŜǎ ƻƴ ǊƻŀŘ ҦC/! Ҧ ǎǘŜŜǊƛƴƎ 
Ҧ ōǊŀƪƛƴƎ 25 8

!ǘǘŜƴ5 Ҧ [5² Ҧ ǎǘŜŜǊƛƴƎ Ҧ C/! Ҧ ŜȅŜǎ ƻƴ ǊƻŀŘ 
Ҧ ōǊŀƪƛƴƎ 6 8

!ǘǘŜƴ5 Ҧ ŜȅŜǎ ƻƴ ǊƻŀŘ Ҧ [5² Ҧ C/! ҦǎǘŜŜǊƛƴƎ 
Ҧ  ōǊŀƪƛƴƎ 6 17

!ǘǘŜƴ5 Ҧ [5² Ҧ C/! Ҧ ōǊŀƪƛƴƎ19 17

C/! Ҧ ŜȅŜǎ ƻƴ ǊƻŀŘ Ҧ ǎǘŜŜǊƛƴƎ Ҧ  ōǊŀƪƛƴƎ 83

C/! Ҧ ǎǘŜŜǊƛƴƎ Ҧ ŜȅŜǎ ƻƴ ǊƻŀŘ Ҧ ōǊŀƪƛƴƎ 10

C/! Ҧ ōǊŀƪƛƴƎ Ҧ ǎǘŜŜǊƛƴƎ 3

C/! Ҧ ŜȅŜǎ ƻƴ ǊƻŀŘ Ҧ ōǊŀƪƛƴƎ Ҧ  ǎǘŜŜǊƛƴƎ 3

Expected

and  

favourable

 
In many cases (38% in No DiWiTSA, 33% in DiWiTSA and 83% in Super-DiWiTSA) 

an expected and favourable behavior could be seen. 

 

Table 7: Driver behaviour analyzed by time for scenario C.  

Indicator No DiWiTSA DiWiTSA Super DiWiTSA ANOVA

Steering response time from LDW warning onset 

(seconds) 1,18 0,98 1,24

Df(2)
F=1,098; p=0,341

Brake response time from FCA warning 
onset(seconds) 2,30 2,50 2,99

Df(2)
F=0,893; p=0,415 

Visual reaction time from AttenD warning onset 

(seconds) 0,36 0,38 0,35

Df(2)
F=0,054: p=0,948 

 
There was no significant difference between the conditions regarding steering response, 

braking response or visual reaction in this scenario. 
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Scenario D (AttenD): 

All three conditions are analyzed together since the warning management was not 

involved. 

 

Table 8: Driver behaviour analyzed by time for scenario D.  

Indicator All conditions ANOVA

Visual reaction time from AttenD warning onset 

(seconds) 0,35
df(2)

F=0,856; p=0,431 

 
No braking or steering response was observed in this scenario, drivers reacted by looking 

back to the road when the warning was issued. 

 

 

Scenario E (FCA): 

All three conditions were analysed together since the warning management was not 

involved. 

Table 9: Driver behaviour analyzed by time for scenario E.  

Indicator All conditions ANOVA

Brake response time from FCA warning 
onset(seconds) 2,54

df(2)
F=1,945; p=0,152

 
No steering response was observed in this scenario. Drivers reacted by braking to the 

FCA warning. 

 

 

Summary of results from the questionnaire. 

The test participants had a positive attitude towards active safety systems (76%) and were 

willing to have them in their car (70%). They think they are easy to understand (90%) 

and think that they are well justified (81%). They do think that the warning signals in 

general are easy to understand and well motivated when they are issued. 

 

6. Fulfillment of IVSS objectives 

Road safety: Regarding the total warning system performance (active safety systems, 

warning management and HMI) there are indications on positive results. The warnings 

did produce appropriate driver responses and no inappropriate driver behaviour was 

observed.  
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The systems tested shows good potential for user acceptance. Most drivers were positive 

to the system and the experience of using it. This shows a good potential for high usage 

when these systems are put on the market. 

 

Economic growth: As both partners were actively engaged in the project work it has 

resulted in continued development and planning within each organisation respectively. 

Also, a number of new joint projects that build from the result of this project has been 

identified and started at Swedish competence centres and research programs (ViP-

VisualEyes and FFI-Driver Drowsiness and Distraction Detection by Sensor Fusion.) 

 

Commercially marketable technical systems: A criterion when selecting active safety 

systems and HMI solutions in this project was that these should already be a part of the 

products or in development at the project partners. Thus, the solutions tested can easily be 

implemented in the vehicle designs in a near future. The commercial contribution from 

this project is to promote the penetration on the market by increased effectiveness and 

customer acceptance of active safety systems. 

 

 

7. Conclusions and recommendations 

Conclusions: 

In the scenarios and for the systems tested in this study, warnings did produce 

appropriate drivers responses. This means braking for FCA, steering for LDW and 

looking back to the road for AttenD, also when the warnings occurred simultaneously. 

There was no evidence found that „Warning Management‟ influences the drivers‟ 

reaction and response compared to „No Management‟ in this setup (no effect by issuing 

higher priority warnings earlier instead of a lower priority warning and no effect by 

issuing one warning instead of several).  

A possible explanation of the driver behaviour could be that drivers react on the warning 

by looking back to the road, but respond based on their own assessment of the scenario 

(and not on the interpretation of the warning). 

 

Recommendations: 

It is recommended also to include “warning adaptation to threat level” in the management 

system. By this the warnings should be experienced as more relevant to the driver. It is 

also recommended, as a next step in the development of an extended warning 

management system, to do on-road testing and evaluation in order to study warning 

management together with real active safety systems. It is then possible to study real on-

road performance and long term effects. 
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10. Other project deliverables: 

Simulator cockpit at VTI. (VTI and Saab). The cockpit consists of a Saab 9-3 driver 

environment. The Saab CAN bus (information system) is kept intact and an interface to 

the VTI simulator SW is developed. A torque motor is attached to the steering column to 

provide feedback and a separate actuator is mounted to support the vehicles HVAC 

system. Additional HMI actuators installed are a “haptic seat” (vibrations in the seat to 

provide information) and a “high head-down display” mounted on top of the instrument 

panel. 
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