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Foreword 

I SO (the I nternation al  Organization  for Stan dard ization ) is a world wid e federation of nation al  stan dards bod ies 
(I SO m em ber bodies).  The work of preparing  I ntern ational  Stan dards is normall y carried  ou t throug h I SO 
technical  comm ittees.  Each m em ber bod y interested  in  a subject for which  a technical  comm ittee has been  
establ ished  has the right to be represented on  that committee.  I ntern ati on al  org anizations,  g overnm ental  an d  
non-governm ental,  in  l i aison with  I SO,  also take part in  the work.  I SO col laborates closel y with  the 
I nternational  Electrotechnical  Comm ission  (I EC) on  al l  m atters of electrotechnical  standard ization.  

I nternational  Stan dards are drafted  in  accordance with  the ru les g iven in  the I SO/I EC Directi ves,  Part 2.  

The m ain  task of technical  comm ittees is  to prepare I nternational  Standards.  Draft I nternational  Stan dards 
adopted by the tech nical  comm ittees are circulated  to the m em ber bodies for voting .  Pu bl ication  as an 
I nternational  Stan dard  requ ires approval  by at least 75 % of the m em ber bodies casting  a vote.  

Attenti on  is drawn to th e possibi l ity that som e of the elem ents of this docum ent m ay be th e subject of patent 
rights.  I SO shal l  not be held  responsible for identifying  an y or al l  such  patent righ ts.  

I SO 1 7386 was prepared  by Techn ical  Comm ittee I SO/TC 204,  Intelligent transport systems.  

This second edition cancels an d replaces the first edition  (I SO 1 7386: 2004),  which  has been techn ical ly 
revised.  

http://dx.doi.org/10.3403/03266321U
http://dx.doi.org/10.3403/03266321
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Introduction 

Today's aerod yn am ical ly-shaped veh icles often  result in  restricted  rear an d  front visibi l i ty.  Manoeuvring  ai ds 
for low-speed operation  (MALSO) en hance security and driver con ven ience d uring parking  or m anoeu vring  
situations at very low speed,  e. g.  in  n arrow passag es.  Drivers can avoid  col l ision s with  obstacles that cannot 
be seen but can be d etected  by th e system  and  they can m ake m ore effective use of l im ited  parking space.  

MALSO system s are detection  d evices with  non-con tact sensors wh ich  assist the driver during  low speed 
m anoeuvrin g.  M ALSO system s indicate to the driver the presence of front,  rear or corner objects when 
squeezing into sm all  parking  spaces or m anoeu vri ng  through  n arrow passages.  They are reg arded  as an  ai d 
to drivers for use at speeds of up to 0, 5 m /s,  and  they do n ot rel ieve drivers of their responsibi l i ty wh en driving  
the vehicle.  
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Transport information and control  systems — Manoeuvring 
Aids for Low Speed Operation (MALSO) — Performance 
requirements and test procedures 

1  Scope 

This I nternational  Standard  ad dresses l igh t-duty vehicles,  e. g.  passeng er cars,  pick-up trucks,  l ight vans an d  
sport uti l ity veh icles (m otorcycles excluded) eq uipped with  M ALSO system s.  I t specifies m inim um  functionality 
requirem ents which  the driver can gen eral l y expect of the device,  i . e.  d etection  of and inform ation  on  th e 
presence of relevant obstacles with in  a defined  (short) detection  rang e.  I t d efines m inim um requirem ents for 
fai lure ind ication  as wel l  as perform ance test procedures;  i t includ es rul es for the general  inform ation  strategy 
but d oes n ot restrict the kin d  of inform ation or d isplay system .  

MALSO system s use object-detection  devices (sensors) for ranging  in  ord er to provid e the driver with  
inform ation  based on  the distance to obstacles.  The sensin g tech nol og y is  not ad dressed;  however,  
technolog y affects the perform ance-test procedures set up in  th is I nternation al  Stand ard  (see Clause 7).  The 
current test objects are defined  based on  system s using ultrasonic sensors,  which  reflect the m ost comm only 
used  technolog y at th e time of publ ishing  th is I n ternation al  Stand ard.  For other sensin g technolog ies possibl y 
com ing up in  the future,  these test objects shal l  be ch ecked and ch ang ed if required.  

Visibi l ity-en hancem ent systems l ike vid eo-cam era aids with out distance ran gin g and  warnin g are not covered 
by this I nternational  Stan dard.  

Reversing  aids and  obstacle-detection  d evices on  h eavy comm ercial  veh icles are not addressed by this 
I nternational  Stan dard;  req uirem ents for those systems are defined in  I SO/TR 1 21 55.  

2 Normative references 

The fol lowing referenced docum ents are in dispensable for th e appl ication  of this d ocum ent.  For dated 
references,  only the ed ition cited  applies.  For und ated references,  the latest edition  of the referenced 
docum ent (inclu din g  an y am endm ents) appl ies.  

I SO 2575,  Road vehicles — Symbols for controls,  indicators and tell-tales 

I SO 1 5006,  Road vehicles — Ergonomic aspects of transport information and control systems — 
Specifications and compliance procedures for in-vehicle auditory presentation  

I SO 1 5008,  Road vehicles — Ergonomic aspects of transport information and control systems — 
Specifications and test procedures for in-vehicle visual presentation  

I SO 1 6750 (al l  parts),  Road vehicles — Environmental conditions and testing for electrical and electronic 
equipment 

http://dx.doi.org/10.3403/02972263U
http://dx.doi.org/10.3403/03144963U
http://dx.doi.org/10.3403/02785011U
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3 Terms and definitions 

For the purpose of this d ocum ent,  the fol l owing term s and  definitions appl y.  

3.1  
audible information and warning 
acoustical  sig nal  that is used  to present inform ation  about relevant obstacles,  to th e driver 

EXAMPLE Pulses,  speech.  

N OTE Acoustical  pulses can be cod ed  mainly by carrier frequency,  repetition  rate and position  of sound  generator.  

See Fig ure 1 .  

3.2 
evaluation for information and advice 
inform ation abou t detected  obstacles that,  wh en th e system is activated,  wi l l  be evalu ated  to warn  and  advise 
the driver in  order to h elp with  the curren t l ow speed manoeuvre 

See Fig ure 1 .  

 

Figure 1  — Block diagram of the potential  sub-functions of a manoeuvring aid  for low-speed operation 

3.3 
manoeuvring aid  for low-speed operation 

system  that,  at low speeds (<  0, 5 m /s),  is capable of inform ing the driver of the presence of station ary 
obstacles in  particul ar areas in  close proxim ity to th e subject vehicle,  m ainl y durin g  parking an d m anoeuvring  
in  n arrow passages 

3.4 
monitoring range 
m.r.  
specific three-dim ension al  space aroun d th e vehicle,  which  is  divided  into rear and  front corner m . r. ,  front,  
rear-1  and  rear-2 m . r.  

N OTE The covered  monitoring  ranges d epend on  the intended  use of the system (see Clause 4).  

See Fig ure 2.  
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Key 

1  front 

2  front corner 

3 rear corner 

4 rear-1  

5 rear-2 

Figure 2 — Monitoring ranges (plan  view) 

 

3.5 
reversing detection system 
system  that gives an  indication  to the driver,  wh en  the reverse g ear is selected,  whether there are objects in  
the m onitoring  range 

3.6 
sensor 
com ponent that detects obj ects in  the m onitoring  rang e 

N OTE There are a variety of sensor principles l isted  below which  could  be used .  

The most common principle is  the fl ight time measurement (e. g.  radar,  l idar,  sonar).  Active sensor elements create a 
pulsed or continuously mod ulated  field  of microwaves,  (infrared) l ight,  or ultrasonic sound.  The reflected  energy d ue to an 
object in  the d etection  area is received,  and  the d istance to the object is measured.  The lateral  position  of the object is 
estimated  based on the beam or field  directional  characteristics,  or based  on  the timing relationships between sensors 
with  overlapping  coverage areas.  

Alternative principles include d istance measurement by triangulation  principle and  passive sensor systems using  image 
processing.  

3.7 
system activation 
action  of transition in g  th e system  operation from  a quiescent m ode to an active on e in  wh ich the system is 
m onitoring  the m onitoring ranges,  evaluating  th e objects detected  an d  g enerating  appropriate feedback to 
assist the driver 

3.8 
test object 
object with  a specific m aterial ,  geom etry an d  surface for testing  the m onitorin g  ran ge 

N OTE This test object should  give comparable results for the relevant sensor types.  
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3.9 
visual  information and warning 
optical  signal  wh ich  is used  to present i nform ation about relevant obstacl es to the driver 

EXAMPLE Tel l tale,  d isplay.  

N OTE Visual  information can  be coded ,  e. g.  by colour,  repetition  rate,  symbols or text.  The d river can  be warned by 
continuous or pulsating  signal l ing  of possibly coloured  tel ltales.  I nformation  can  be graphical  or alphanumeric.  

3.1 0 
warning levels 
progressive critical  levels of audible/visual/tacti le/kinaesthetic inform ation or feed back to the dri ver regard in g 
the h azard  environm ent 

4 Classification 

The MALSO system  classification reflects the d iversity of driving  beh aviour and  m arket dem and in  different 
regions of the worl d.  For exam ple,  in  certain  coun tries,  drivers m anoeuvre wi thin  a very tigh t area and  have 
com e to rel y on  warnings g iven at very short range.  I n  other reg ions,  drivers expect warn in gs to be given at a 
relativel y lon ger range.  A m anufacturer m ay select th e m ost suitable system  param eters based on  th e driving 
style an d  expectations of th e target driver population.  

The m anoeuvring  aids for low-speed operation  are classified  accordin g  to th eir capabil ity of covering  th e 
different m onitorin g  ran ges.  Each  m onitoring  range corresponds to a  particular part of the veh icle bound ary to 
prevent col l iding  wi th  an  obstacle.  See Figure 2.  The class of the system  is indicated  by an abbreviation  
corresponding to th e m onitoring ranges covered.  

Table 1  — Classification of manoeuvring aids for low-speed operation — 
Abbreviations of monitoring ranges 

Monitoring range Abbreviation  Detection 
distance 

m 

Maximum driving 
speed 

m/s 

Rear-1  R1  0, 6 0, 3 

Rear-2 R2 1 , 0 0, 5 

Rear corner d river side Rcd  0, 5 0, 3 

Rear corner passenger side Rcp 0, 5 0, 3 

Front F 0, 6 0, 3 

Front corner driver side Fcd  0, 5 0, 3 

Front corner passenger sid e Fcp 0, 5 0, 3 

 

An y com bination  of m onitoring  ranges m ay be used ,  if i t is beneficial  for the intend ed use of the system .  

The corner type system s have m onitorin g  rang es restricted to particul ar corners of the vehicle and  are m ainl y 
intended to assist th e dri ver whi le drivin g through  narrow passages.  

For convenience and m ost efficient use of the m anoeu vrin g  aid  th e driver shal l  be inform ed about th e type of 
system  the veh icle is equi pped with ,  according to th e classification  above.  



BS ISO 17386:2010

ISO 1 7386:201 0(E) 

© I SO 201 0 – Al l  rights reserved   5
 

5 Functional  and performance requirements 

5.1  System activation 

5.1 .1  Systems with  manual  activation 

The system  is turned  ON  and OFF by th e driver with  a switch  or push-button.  After activation,  th e system  m ay 
ind icate read iness for service acoustical ly or visual l y.  This indication  shal l  be clearl y d istin gu ishable from 
distance inform ation about obstacles.  

5.1 .2  Systems with  automatic activation 

The system  is activated/d eactivated  autom aticall y accordin g  to the driving situati on.  The possible m onitori n g 
ranges (see Clause 4) m ay be activated  separatel y in  ord er to avoid  nuisance sign als.  After autom atic 
activation,  read in ess for service m ay be in dicated  to the driver.  There m ay be an  on/off switch  or push-button  
to overrid e autom atic (de)activation.  

Activation  criteria are Reverse gear selected  on  the one hand  and  speed below a specified limit  von  on  th e 
other h and .  Deactivation  criteria m ay be Gear other than reverse is selected,  speed beyond a specified 
l imit  voff or distance moved since last system activation greater than  xoff.  The speed  l im its,  von  an d voff,  
and  the distance l im it,  xoff,  m ay be defin ed  appropriately to the sensor tech nolog y and  the i nten ded  use of th e 
system ;  however,  von  and  voff shal l  be W  0, 5 m /s or W  0, 3 m /s,  depend ing on  the m onitorin g ran ge u nd er 
consideration (see Table 1 ),  since these are the m aximum  velocities supported  by the system .  

Table 2 shows how the different existin g  m onitorin g  ranges should  be activated.  

Table 2 — System activation/deactivation criteria 

Gear other than reverse is selected Monitoring range Reverse gear selected 

v <  von  v W  voff or x  >  xoff 

Front o +  −  

Front corners o +  −  

Rear +  o  −  

Rear corners +  o  −  

“o” indicates optional.  

“+” indicates active.  

“−” indicates inactive.  

 

On  vehicles with  autom atic transm ission  th e M ALSO system  m ay be deactivated  if the P (parking) g ear 
position  is  selected.  I t is also possible to d eactivate the system  whi le the parking  brake is engag ed.  

5.2 Driver interface and information strategy 

5.2.1  General  information presentation 

For the driver interface,  at least the aud ible inform ation chann el  sh al l  be used.  Visual  inform ation  and warning 
m ay be used as a supplem ent.  A standard ized  inform ation  strateg y wil l  be the basis for the developm ent of 
both  types of inform ation  com ponents,  as this m akes the use in  d ifferent vehicles easier and  safer.  The m ost 
relevant inform ation for the driver is th e distance,  i . e.  the clearance,  between the vehicle boun dary and  an  
obstacle.  The location  of th e obstacle relative to the vehicle m ay be ind icated  as additional  inform ation.  

Failures shal l  be ind icated  to the driver as wel l .  
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A general  inform ation  strateg y cann ot be establ ished  because of the fol lowing reasons:  

⎯ there are m an y different ways of codin g th e inform ation ;  

⎯ each car m anufacturer wil l  integrate the m anoeu vrin g  aids into i ts driver-inform ation  system  with  i ts 
specific driver interface.  

Subclauses 5. 2. 2 to 5. 2. 5 m ay be regard ed as guidan ce in  the im plem entation  of an  inform ation  strateg y.  

5.2.2 Audible information 

The audible inform ation sh al l  be presented  in  accord ance with  I SO 1 5006.  

The fol lowing basic code is recommended for the aud ible inform ation channel:  

a) Distance should  be cod ed into at least two levels.  These zon es m ay be represented  by different repetition 
rates,  with  the basic rule th at a high  repetition  rate or a conti nuous sound corresponds to sh ort distances.  
I f a d ifferent or an  add ition al  code is used it shou ld  not interfere with  the basic rule.  

b) The different areas m ay be represented  by d ifferent carrier frequencies (e. g.  h ig h  frequency for the front,  
low frequ ency for the back of the vehicle).  I n  th is  case,  not m ore than two different areas/carrier 
frequencies should  be used .  Synth esised  or recorded voice m essages m ay also be used.  

c) The activation/d eacti vation  of the system  and  the in dication  of fai lure/d isturbance m ay be presen ted by an  
aud ible sig nal,  clearl y d istin guish abl e from  the other signals.  

5.2.3 Visual  information 

The visual  inform ation  sh al l  be presented  in  accordance with  I SO 1 5008.  

I f the visual  inform ation channel  is used  as a supplem ent to the audible chann el,  th e fol lowing basic code is 
recommended:  

a) The inform ation  sh ould  be codified  into at least two levels,  represen ted  by m ultiple colours:  for exam ple,  
red  for l evel  1  (imm inent col l ision  level)  an d yellow or green  for level  2  (attention  level).  I f a d ifferent cod e 
or an  add ition al  ad visory l evel  is used,  i t shou ld  n ot interfere with  these basic code elem ents.  The two 
levels m ay be subd ivid ed by using  m ore than one d isplay elem ent with  the sam e colour,  e. g.  a bar graph 
with  three red  and three yell ow bars,  al lowing  for six sub-levels.  I f a m onochrom atic elem ent is used  
instead  of m ultiple colours,  the two levels m ay be represented  by a com bination  of continuous and  
flashing  i l lum ination,  or a di splay consisting of increm ental  bars.  

Figure 3 shows the warning  levels for the rear m onitoring ran ge.  

 

Key 

1  level  1  3  ad visory level  

2  level  2 4  rear monitoring  range 

Figure 3 — Warning levels for rear monitoring range 

http://dx.doi.org/10.3403/03144963U
http://dx.doi.org/10.3403/02785011U
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b)  The display should  be located  so as to m inim ize the l ikel ihood of ind ucin g drivers to change th eir d irection 
of vision .  For exam ple,  it is recomm ended to place the display for the rear m onitoring  range in  the rear 
part of the passenger com partm ent,  because this al lows drivers to watch the d ispl ay whi le sim ultaneousl y 
looking throug h th e rear m irror or over their shou ld er directly throu gh the rear wind ow.  For the sam e 
reason i t is recomm ended to locate the d isplay for th e front m onitorin g range in  the dashboard.  

c) I t is recomm ended to in dicate the activation/deactivation  and  m alfunction  of the system  by a tel ltale or a 
sym bol  in  al l  active displays of the system .  These sym bols shal l  be in  accordance with  I SO 2575.  

5.2.4 Combination of visual  and audible information 

A com bination  of visual  an d  au dible i nform ation m ay be used  to im prove the system  perform ance or to redu ce 
the possibi l ity of annoyi ng  the driver an d passen gers,  taking  into accou nt th e specific advantages of both 
inform ation  chann els.  

Level  1  (imm inent col l ision  level) inform ation shall  be given  audibl y an d m ay additional l y be given visual ly;  
level  2  (attention  level) inform ation  m ay,  however,  be g iven  by th e visual  or the aud ible channel  onl y.  

I f the intensity of the aud ible inform ation  presentation  can be reduced  by the driver,  e. g.  from  a m enu of the 
onboard hum an-m achine interface (H MI ) system ,  there shou ld  be a n ote i n  the user m anual  or a m essage in  
the d ialog  with  th e H M I  system ,  stating th at warnin gs may not be perceived in  tim e if the volum e is set too low.  

5.2.5 Duration of signall ing 

I n  general,  the signal l in g of an  obstacle shal l  be m aintained  as lon g as the obstacle is detected  an d shall  
cease wh en  th e obstacle is  no long er d etected or th e system  is deactivated.  For activation/d eactivation  criteria 
of the system  and  specific m onitoring  ranges refer to 5. 1 .  

I n  order to red uce an noyance of the driver,  th e system m ay autom atical l y switch  off the audi ble sign al  
tem porari ly after a certain  tim e (to be defined  by the m anufacturer).  The system ,  however,  sh al l  rem ain  in  the 
active state.  

As soon as the d istance to the obstacle decreases,  the aud ible signal  shall  be switched on  au tom atical l y agai n.  
I n  th e case of an  increasing  distance to the obstacle th e au dible sign al  m ay rem ain switched off.  

I f a visual  d isplay supplements the aud ible inform ation  chann el,  the system  m ay autom atical ly switch  off the 
aud ible sign al  tem porari ly as described i n  the paragraph above.  The visu al  sig nal l ing,  h owever,  shou ld  be 
m aintained.  

The driver m ay select tem porary suppression  of th e aud ible sign al  m anuall y.  I n  th is case th e aud ible sign al  
shall  rem ain  suppressed  unti l  the dri ver switches it on  again;  however,  the audible sig nal  shall  be 
autom atical ly reinstated  wh en the system  is activated  the next tim e.  For activation  con ditions refer to section 
5. 1 .  

5.3 Dynamic performance of object detection 

5.3.1  Relative velocity of objects 

The system  shal l  be able to detect station ary objects whi le the veh icle i tself is either stationary or m oving at a 
speed up to 0, 3 m /s.  Systems classified  R2 (see Clause 4) shal l  be able to d etect stationary objects in  the 
rear-2 m onitoring  rang e whi le m ovin g at a speed up to 0, 5 m /s.  

5.3.2 Start-up detection delay 

The start-up detection  d elay is defin ed  as th e tim e interval  between the activation of the MALSO system  and  
the m om ent the MALSO system  presents to the driver the correct inform ation  about a rel evant obstacle 
alread y present in  the m onitoring  rang e u nder consideration.  

http://dx.doi.org/10.3403/02972263U
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N OTE 1  The activation  criteria can  be d ifferent for the d ifferent monitoring  ranges and  are defined  by the system 
d esigner.  For possible options see 5. 1 .  When measuring the start-up detection  d elay,  care must be taken  that the 
activation  criteria for the monitoring  range und er consideration  are fulfi l led .  

I f the MALSO system  does not provid e a readiness-for-service ind ication,  th e start-up detection  d el ay is 
m easured  from  the m om ent the ig nition  is set to ON  and  th e engine is runn ing .  

N OTE 2  The engine is regarded  as running  as soon as the battery charging voltage has reached 90 % of the typical  
battery voltage after the break-in  during cranking.  

Background:  on  an  increasing num ber of vehicles an  electron ic power m anagement system  switches off the 
power su ppl y of the M ALSO system  if the eng ine is n ot runn in g.  On these vehicles the start-u p d etection  delay 
can onl y be m easured  from  the m om ent the en gin e is ru nn ing.  On  m an y oth er veh icles,  includ ing  h ybrid  
electric vehicl es,  the M ALSO system  is ful ly operation al,  regard less if the en gin e is runn ing or not.  On th ose 
veh icles,  the com pli ance with  the fol lowing  requ irem ent can option al ly be proven  with out startin g th e eng ine.  
I n  th is case th e m easurem ent of the start-up d etection  delay shall  start at the m om ent the battery voltage 
reaches 90 % of the station ary voltag e level  after turni ng  the start-up switch  to ON .  

The start-up detection delay shal l  not exceed 1 , 5 s.  The tim e needed to settle system  operation and  to 
accom plish  intern al  system  and sensor tests is inclu ded in  the start-up detection  d elay.  

I f the MALSO system  provi des a read iness-for-service indication  – either aud ibl e or visual  or both  – th e start-
up detection  delay is m easured  from  the m om ent the read iness-for-service ind ication  ends.  The averag e start-
up d etection  delay shall  not exceed  600 m s.  This al lows for a period  of si lence between the aud ible sound  of 
the readiness-for-service tone and  the aud ible sou nd  of the MALSO inform ation tone.  

N OTE 3 I n  case other vehicle systems (such  as a navigation  display) are used  to display MALSO information,  the 
appearance of the start-up screen  on  the d isplay system is treated  as the MALSO readiness-for-service ind ication.  

5.3.3 Detection latency 

As lon g as the system  is active the tim e delay between appearance of a relevant obstacle an d  presen tation  of 
the correct inform ation to th e driver shal l  not exceed 500 m s in  al l  m onitorin g  ran ges.  This capabi l ity is proved  
by a suitable test proced ure with  an  accuracy better th an one tenth  of the m easured tim e delay.  

For reference,  exam ples of test proced ures are g iven in  An nex A.  

The delay is calculated  as the arithm etic m ean of at least 1 0 tests.  The m ean d elay to ind ication within  th ese 
tests shal l  not exceed  500 ms and  no sing le value sh al l  exceed 600 m s.  

5.4 Monitoring range coverage 

5.4.1  Sections of the monitoring range 

Accordin g to Clause 3,  the total  m onitorin g  ran ge is divided  in to seven  m onitorin g  ranges (see Figure 2).  Each 
m onitoring range is characterized  by horizontal  an d vertical  areas of relevance.  

5.4.2 Horizontal  areas of relevance 

The horizontal  areas of relevance are th e two-d im ensional  projections of the m onitoring  ranges on to the 
driveway.  The m inim um  detection  distances as m easured  from  the vehicle bou ndary are defined in  Table 1 .  

The first 0, 2 m  starting  from  the vehicle boun dary (see Figure 4) shall  not be tested,  because state-of-the-art 
sensing techn olog y cann ot guaran tee detection  in  th is close proxim ity.  

I n  ord er to perform  the operation al  test described  in  Clause 7,  the relevant m onitoring range shall  be scanned 
horizontal ly with  test object H,  verticall y with  test object V.  Each  detected  grid  position  is  represen ted  by a 

covered sq uare with  edge lengths of dx  and  dy  (dx  =  0, 1  m ,  dy  =  0, 1  m  for testing  the horizontal  coverag e) an d  
its centre at th e position of the long itudinal  axis of the stand ard  obstacle.  



BS ISO 17386:2010

ISO 1 7386:201 0(E) 

© I SO 201 0 – Al l  rights reserved   9
 

 

Key 

1  test object 

2  d etected  

3 not d etected  

Figure 4 — Determination  of the rear horizontal  coverage ratio in  the sub-areas A1  and A2  

The coverag e ratio is  defin ed as the ratio of the covered area over the total  area of relevance.  

EXAMPLE For a total  area of relevance of 96 cel ls with  a covered  area of 88 cells,  the average coverage ratio is 
91 , 7%.  The area of a single d etection hole is d efined  as the square dx2  correspond ing  to a “not d etected ” stand ard 
obstacle.  

N OTE The smal l  error d ue to the overestimation  of the area by the integer number of cel ls can  be neglected.  

For the evalu ation  of the perform ance tests,  the m onitoring range is divi ded  into a near rang e,  A1 ,  that 
extends from  the vehicle bound ary u p to 0, 6 m ,  and A2 wh ich  covers the range beyond 0, 6 m .  These sub-
areas are n ot related to the warnin g-level  ran ges.  An  exam ple is shown in  Figure 4 for the rear horizontal  area 
of relevance.  The coverag e ratio shal l  be determ ined  separatel y for each of the two sub-areas.  

5.4.3 Rear horizontal  area 

I n  order to sim plify th e perform ance test procedure,  th e rear hori zontal  area of relevance is represented  by a 
rectangle that begins 0, 2 m  off the rear vehicle bou ndary an d extends to the m axim um  detection  d istan ce,  
which  is 0, 6 m  for R1  and  1 , 0 m  for R2.  

The width  of th e rectangl e,  w_r,  is  eq ual  to th e veh icle wi dth,  m easured  along th e rear axle.  The d im ensions 
shall  be round ed up to the nearest 0, 1  m .  

The grid  positions of the centre of test object H  within  this rectang le are sh own in  Figure 5.  The grid  i s 
arranged sym m etricall y to the veh icle centre l in e.  
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Figure 5 — Grid  positions for testing the horizontal  coverage of the rear monitoring range 

 

5.4.4 Front horizontal  area 

The front horizontal  area of relevance is represented  by an  area that begins 0, 2 m  off the front veh icle 
boun dary an d extends to th e m axim um  detection distance,  wh ich  is 0, 6 m .  The width  of th is area,  w_f,  is  equ al  
to th e veh icle width,  m easured along  the front axle.  The dim ensions shall  be roun ded up to th e nearest 0, 1  m.  

I n  contrast to the rear h ori zon tal  area of relevance,  which is sim ply a rectan gle,  the test grid  positions of the 
front horizon tal  area are located  on  an  area that fol lows the contour of th e front bu m per which  has a distinctive 
convex shape on m an y vehicles.  There are two different m ethods to constru ct the test grid  which  g ive 
com parable test results.  The test eng ineer responsible for con ducting  the test m ay choose the m ethod  that 
suits best the capabi l ities of the avai lable test eq uipment.  I n  either case the grid  is arran ged  sym m etricall y to 
the veh icle centre l ine.  

Method 1 :  

The distance l in es perpend icular to th e dri ving direction  are replaced by a curve that fol lows th e shape of th e 
front bum per.  The curve is paral lel l y d isplaced in  th e driving  direction  by m ultiples of 0, 1  m .  By usin g  this 
curve instead  of straight l ines,  the distance to obstacles in  the drivi ng  d irection  is  always referred to th e 
veh icle surface,  even in  cases with  extrem ely roun d  or arrow-shaped front bu m pers.  The curve fol lows the 
shape of th e front bum per (vertical  projection  on  the ground as shown in  Figure 6) between  the two 
“constructed veh icle corners”.  For th e construction of the corners see Figure 7.  Left and  right of th e corn ers,  
the curve is com pleted  by straight sections perpend icular to th e driving  direction  to cover th e whole vehicl e 
width,  w_f.  
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N OTE The positions of the test object centre are shown only in  the upper part of the figure (right sid e of vehicle).  

Figure 6 — Grid positions for testing the horizontal  coverage of the front monitoring range 
following method 1  

Method 2:  

The underl ying grid  is sti l l  rectangu lar sim ilar to th e rear horizontal  area.  H owever,  the tested grid  position s 
are cut out of the rectang le by two curves that fol low the shape of the front bum per (vertical  projection on  th e 
ground  as shown in  Fig ure 7) between  the two “constructed  vehicle corners”.  For the construction  of the 
corners see Figure 8.  Left and  rig ht of the corners,  th e curve is com pleted  by straig ht sections perpendicu lar 
to th e driving  direction  to cover th e wh ole veh icle width,  w_f.  

The first curve has a d istance of 0, 2 m  to the bum per,  m easured on the veh icle centre l ine;  the second curve 
has a d istance of 0, 6 m .  

 

 



BS ISO 17386:2010

ISO 1 7386:201 0(E) 

1 2  © I SO 201 0 – Al l  rights reserved

 

 

Figure 7 — Grid positions for testing the horizontal  coverage of the front monitoring 
range following method 2 

 

5.4.5 Corner horizontal  areas 

For the d efinition  of the corner horizontal  areas of rel evance,  th e fol lowing “brick definition” m ethod shall  be 
used:  

1 ) Draw a rectangu lar box close around th e veh icle outl in e.  

2) Draw l ines from  each box corner to the vehicle at an  angle of 45° .  

3) The intersecti ons of these l ines an d  th e veh icle bou ndary are the vehicle corners.  

4) The el l iptical  areas at each  corner ind icate th e hori zontal  areas of relevance to be evalu ated  in  the 

test procedure using seven  square grid  positions with  dx  =  dy  =  0, 1  m  (refer to Figure 8),  the centres 
of wh ich  correspon d to the positions of th e long itu din al  axis of the standard  test obstacle.  

5) The incl ination of the el l ipses to th e straig ht forward/backward d irection  is 30°  for the rear corners 
and  45°  for th e front corners.  
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Figure 8 — “Brick definition”  of vehicle corners and minimum corner detection ranges 

 

5.4.6 Minimum coverage ratios 

The m inim um  required  coverage ratios for the front an d rear h orizontal  areas of relevance are as fol lows:  

⎯ 90 % in  A1 ;  

⎯ 87 % in  the rear-2 area of A2.  

The m inim um  coverage rati os for corner areas of relevance shall  be 1 00 % .  

Within  the whole m onitorin g  ran ge,  th ere shal l  be no m ore than two contigu ous detection  holes in  a  straigh t 
l in e,  eith er horizontall y,  vertical l y or diagonall y in  th e h orizontal  plane.  

5.4.7 Vertical  areas of relevance 

I n  ord er to sim plify the perform ance test procedure,  the vertical  areas of rel evance are represented  by 
rectangles th at begin  0, 2 m  off the vehicle boundary and exten d  to the m aximum  detection  distance in  the 
particu lar m onitorin g  ran ge (see Clause 4).  I n  the front and  the rear m onitoring  ran ge,  th e test sh al l  be carried  
out usin g test object V pl aced in  a vertical  plan e coin cidin g  with  the lon gitudi nal  axis of the veh icle.  Refer to 
the hori zontal  m onitoring  ranges,  sh own  in  Figure 8,  for the inclination  of th e corn er vertical  areas of relevan ce 
with  respect to the vehicle boun dary.  

For testin g  th e vertical  coverage,  it is sufficient to use a 0, 2 m  grid  (dx  =  dy  =  0, 2 m ),  since the capabil ity of 
coveri ng  the wh ole area without excessive h oles is alread y proven  by the test of the horizontal  areas.  The 
height of the rectan gles is  0, 6 m ,  correspondin g to three l in es of grid  sq uares,  the centres of wh ich  correspon d 
to th e positions of the longitudinal  axis of the stand ard  test obstacle.  

An  exam ple for the rear m onitoring rang e is d epicted in  Figure 9.  

The centre of the lower l ine shall  be 0, 30 m  above groun d.  I n  order to al low for the angular detection 
characteristics an d d ifferent install ation  height of comm on sensors,  at least on e cell  in  colum n A (n earest to 
the bum per) shall  be covered.  
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Dimensions in  centimetres 

 

Key 

1  rear vertical  area of relevance 

2  column 

3 test object grid  position  

Figure 9 — Determination  of the rear vertical  area coverage ratio by the test procedure 

The m inim um coverage sh all  be as defin ed  in  Table 3.  See Table 1  for the d etection distances with in  th e 
different m onitoring  rang es.  

Table 3 — Vertical  coverage (minimum number of covered cells)  

Column 
Monitoring ranges 

A B C D 

Rear-2 1  2  2  1  

Rear-1  and  front 1  2  0  0  

Rear and  front corner 1  1  0  0  

 

5.5 Self-test capabil ities and failure indication 

The system  shal l  provid e th e fol lowin g self-test functions (at least after each  system  activation):  

a) electron ic circuit an d  wiring  The self-test unit shal l  check the function  of the electronic com ponents of 
the system .  

b) sensor com ponents The self-test unit shall  check wh ether there is an y dam age to th e sensor 
elem ents which  would  lead  to a m alfunction  of the system .  

Procedures a) an d b) shal l :  

⎯ be executed autom atical ly to detect faults leadin g to a fail ure of the system  function;  

⎯ generate a warning  sign al  [see 5. 2. 2 c) an d  5. 2. 3 c)]  whenever a fault cond ition is detected.  
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5.6 Operation with trailers 

5.6.1  Trailer hitch  handling 

A trai ler hitch  m ounted on the host veh icle m ay affect the proper function  of the sensors on  the one hand  an d  
m ay extend  the rear bou nd ary of the vehicle on  th e other.  

Especial l y if a detachable trailer hitch  is used,  particular care shal l  be taken th at the m ountin g  of the hitch  wi l l  
not resu lt in  poor coverag e of the rear m onitoring  ran ge.  I t shal l  be taken into account that the hitch wi l l  m ost 
probabl y protru de beyon d the bum per and wi l l  thus determ ine the veh icle bou ndary.  

I f proper function in g  with  th e hitch  m ounted can not be effected,  eith er the system  shal l  au tom atical l y shu t off 
when  a hitch  is  m ounted  or the dri ver sh al l  be abl e to deactivate the system  m anual ly.  The user m anual  of the 
veh icle shal l  d escribe the appropriate operation  in  th ese cases.  

5.6.2 System operation with  trailer 

For system s that cannot be deactivated  m anuall y,  the electrical  circuit of th e vehi cle shall  be designed in  su ch 
a way that th e reversing  detection  system  wil l  au tom atical l y be suspend ed  as soon as th e electrical  
connection  between towin g  and  trail ing  veh icle is in  operation.  H owever,  if the trailer is  fitted  with  com patibl e 
sensors,  these should  now inform  the driver of obstacles whi lst reversing .  

6 Requirements and tests components 

The system  com ponents shal l  be d esig ned  according to specific autom otive requirem ents.  This shall  be 
proved by stan dardi zed  tests defined  by the car m anufacturer.  As an  alternative to car m anufacturers'  specific 
test proced ures,  I SO 1 6750 (al l  parts) m ay be the basis for com ponent test procedures.  

7 Operational  test of obstacle detection 

7.1  Test object 

7.1 .1  Standard test object definition 

The purpose of 7. 1  is to define the req uirem ents of the standard  test objects to be used  when testing  a 
system 's obstacle detection  capabil ity.  

N OTE I f certain  sensing technologies require a d ifferent standard,  this must be investigated  and  evaluated.  The 
plastic pipe for ultrasonic-based  systems was chosen  because i t is commercially avai lable,  inexpensive,  easi ly replaced in  
case of loss or d amage,  and easily transportable.  For the same reasons the metal  pipe for rad ar-based  systems was 
chosen.  Furthermore,  i t provides a wel l-d efined  radar cross-section  (RCS) signature for any given  frequency.  

I t is recognised  that th ese test objects wi l l  represent d ifferent echo characteristics to different sensors,  but this 
is true for an y object chosen.  The intent is  to keep a constant test object that is representative of at least some 
of the expected  real  world  appl ication  obj ects (i . e.  a round  wood en,  m etal  or concrete pole).  

The geom etry,  reflection and absorption  properties of the test object sh ould  lead  to easy testabil ity an d  good 
representation of a  real  obstacle.  The stand ard obstacle should  n ot favour one of the ph ysical  principles and  
should  represent th e m ost relevant objects in  real  m anoeu vring situ ations.  The intent of standardizing  the test 
object is so that em bodiments (system s) from  various suppl iers can be d esig ned and  m anufactured with  
com parable perform ance to ensure that the m inim um  perform ance expectations of the driver are fulfi l led.  
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7.1 .2  Ultrasonic-based systems 

Reflectivity m easurem ents on  relevant objects have been con ducted .  Experim ents have sh own that the 
reflection  of ultrasou nd does not sig nificantl y chan ge for different m aterials,  as long as the surface is sm ooth 
and “h ard” for soun d.  For in stance,  m etal  and wooden  poles exhibit the sam e sonic reflectivity as plastic poles 
of the sam e diam eter.  I t should  be n oted  that for use as a test object,  m etal  poles are m ore rigid  an d  can be 
m ore accurately m anufactured .  

Table 4 — Test objects for ultrasonic-based systems 

Monitoring range Material  Diameter Length 

All  horizontal  areas 

Test object H  

Wood ,  metal  or 

hard  plastic 
75 mm 

0
0, 21 m

+
 

Rear-1 ,  rear-2,  front  
Wood ,  metal  or 

hard  plastic 
75 mm 

Length  equal  to wid th  of test vehicle 
bumper plus 20 % to 40 % 

Vertical  
areas 

Test 
object V Corners  

Wood ,  metal  or 
hard  plastic 

75 mm 
0

0, 21 m
+

 

 

7.1 .3 Radar-based systems 

Reflectivity m easurem ents on  relevan t obj ects have been  cond ucted.  The results of this testing proved  th at 
the fol lowing  tu bular test obj ects are su itable as representations of real  objects that were detectable by 
system s using  radar-based  sensors.  

Table 5 — Test objects for radar-based systems 

Monitoring range Material  Diameter Length 

All  horizontal  areas 

Test object H  
Metal  25 mm 

0
0, 21 m

+
 

Rear-1 ,  rear-2,  front  Metal  25 mm 
Length  equal  to wid th  of test vehicle 

bumper plus 20 % to 40 % 
Vertical  

areas 

Test 
object V 

Corners Metal  25 mm 
0

0, 21 m
+

 

 

7.2 General  ambient conditions 

During  testing,  the win d  speed sh al l  not exceed  5, 4 m /s (win d  force 3).  Tem perature shall  be between  5 °C 
and 30 ° C un der n on-preci pitatin g  con ditions (n ot raining,  sleeting,  snowing,  etc. ).  The test location  shal l  be on  
a flat,  dry,  asph alt or concrete surface.  The tests shal l  not be affected  by reflections,  neith er of sonic nor of 
electrom agnetic waves from  walls i n  th e environm ent,  auxi l iary test equ ipm ent or other obj ects.  

7.3 Test procedure 

7.3.1  Test setup 

Perform  the operation al  test on  a veh icle or test structure that al lows the installation cond itions of the selected  
veh icle m odel  or selected  vehicl e rang e to be reproduced.  I n  case a vehicle is used  to perform  the test,  i t shal l  

have kerb weight.  A toleran ce of +5 % m ay be al lowed .  I f the ride heig ht is  adjustable,  it shall  be set to normal  
driving  cond iti on  on  paved roads.  

Sensor surfaces shal l  be visibl y clean and free of contam ination.  
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Dependi ng on  the class of the m anoeuvring aid  (see Clause 4),  the detection perform ance shall  be tested  in  
the rear m onitoring  range,  the front m onitorin g range and  th e corner m onitoring  ranges.  

7.3.2 Test 1  — Coverage of horizontal  areas of relevance 

7.3.2.1  Test 

Position  test object H  perpend icularl y on  the grou nd in  the m onitoring  range in  such a way th at i ts l ong itu dinal  
axis is position ed  rig idl y in  the grid  positions in  accordance with  5. 4. 2.  I f the h orizontal  area of relevance 
depends on  th e steerin g angle,  the test shal l  be perform ed with  th e steeri ng  in  a neutral  (straigh t-ahead ) 
position.  

7.3.2.2 Evaluation 

Check the coverage ratio for each  sub-area of the h orizontal  area of relevance.  Detection  shal l  take place 
unam biguously wi th  an u ninterrupted  seq uence of the signal  correspon ding to the warning level.  The m inim um 
coverag e ratio as defined  in  5. 4. 2 shall  be attain ed  in  each sub-area.  

7.3.3 Test 2 — Coverage of vertical  areas of relevance 

7.3.3.1  Test 

Secure the test object V in  a rig id  hori zontal  position  in  the m onitoring  rang e with  i ts three-d im ensional  centre 
located  on the appropriate grid  positi ons (th e grid  has to cover the vertical  area of relevance in  accordance 
with  5. 4. 7).  

7.3.3.2 Evaluation 

See 7. 3. 2. 2.  
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Annex A 
(informative) 

 
Test methods 

This I nternation al  Standard  does n ot specify the test m ethod for the evalu ation  of the system  reaction time 
(see 5. 3. 3),  bu t a sufficient m easuring  accuracy (on e-tenth  of the m easured  tim e) shal l  be guaranteed.  

For reference,  on e test m ethod proposal  is described in  a) to g).  

a) Prepare a video cam era.  

b) I nput th e outpu t sig nal  from  a m icrophone that is attached to col lect th e sou nd  of the aud ible warnin g,  to 
the sou nd input of a video cam era.  

c) The video cam era is fixed  to record  a vid eo of the test target that is dropping from  a reasonable h eight 
into the m onitoring  range.  The distance of the test object to the vehicle bound ary shall  correspond to 
approxim atel y 80 % of the specified  m axim um  detection distance in  the respective m onitoring  range.  The 
approxim ate test object d istance is  0, 4 m  in  the corn er m onitoring ranges,  0, 5 m  in  F and  R1  an d  0, 8 m  in  
R2.  I f the vehicle or system m anufacturer specifies a m axim um  detection  d istance larger than 1 , 2 m  in  R2 
the test object shal l  be positioned  at a distance of 1 , 0  m  in  this test case.  Ch oose the exact posi tion  so 
that the test obj ect is detected faultlessl y after bein g  dropped.  

d) Power ON  the video cam era an d start to record.  

e) Lower the test target very slowl y i nto the m onitoring  area.  Stop the target at th e position  y0  wh en the 
system  begins to warn.  Record  this position with  th e video cam era.  

f) Drop the targ et from  a reasonable heig ht,  e. g .  1 , 0 m ,  into the m onitoring  area and  record both the 
m ovem ent of the test target and  the sound  of aud ible warnin g  with  the video cam era.  

g) The system  reaction  tim e is equal  to the tim e elapsed  from  the m om ent the targ et passes point y0  to th e 
beg inn ing  of the warning.  
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Dimensions in  metres 

 

Key 

1  test target 

2  view of the video camera 

3 aud ible warning  emitter 

4  microphone 

5 sound  input 

6 vid eo camera 

Figure A.1  — Example of test setup for system reaction time 

 

 

Key 

1  test target 

2  sound  of audible warning  

a  1  frame = 33 ms.  

b  8  frames = 264 ms.  

NOTE The time d elay is 264 ms with  an  accuracy of approximately 33 ms.  

Figure A.2 — Example of a test result 
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Another version  of th is test m ethod with  reasonable cost an d  high  accuracy uses a sim ilar test setup,  but an 
electron ic stopwatch,  instead  of the video cam era,  is used.  

The stopwatch  is  triggered  by a l ight barrier to start the m easurem ent.  The l ig ht barrier is install ed  at th e 
height position,  y0,  in  ord er to start the m easurement when the test target enters the detection  zone.  A 
m icrophone,  which  is  placed at the driver's position  in  the car or in  close proxim ity to the sou nd  em itter of th e 
MALSO system ,  is used  to stop th e stopwatch as soon as the system  starts the acoustical  alert.  Care shou ld  
be taken that no other sounds that would  stop the watch are picked up by the m icrophone,  e. g.  wh en the 
object slam s on to th e grou nd.  
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