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are also easily and accurately detected. In the apparatus for detecting
abnormality of an oxygen sensor shown in Fig. 3, the feed-back control of 5
the air/fuel ratio is performed b&IMMP3B/I out put signal sent fromthe
oxygen sensor. When the output signal of the oxygen sensor is within a
predet er mi ned out put range, the oxygen sensor is determ ned to be abnor nal
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Tabl e % Aand B denote autonobile nodels on which 20 the oxygen sensors
are mounted, and C and D denote neasurenent conditions. The conditions of C
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rpm and the air excess rate [err]=1.04. The conditions of D are as
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(Exanpl e 2)
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As clearly seen in Table 3, in the normal oxygen sensors, No. 1 and No. 2, the sensor outputs in the rich
airffuel ratio are maintained large irrespective of the engine speed. In the deterioration oxygen sensors, No.3
and No. 4, on the other hand, the sensor outputs are relatively small. With a predetermined threshold (e.g.,
700 mV), oxygen sensors are thus easily determined to be normal ones or deteriorating ones that allows an
80 increase in exhaust of CO.
Table 4 shows the preferable measurement conditions.



Vol t ages of the signals output from plural oxygen sensors In the rich
air/fuel ratio are neasured at variety 20 of engine speeds. The exhaust
anount of carbon nonoxide varies dEBAARRMBBIN t he oxygen sensor. Table 3
shows the nmeasurenent conditions and the results. In Table 3, A and B are
the sane as Exanple 1, and C and D are al so the sane except the air excess
rate [err] =0.ap1eSgpl €s No.1 and No. 2 are normal oxygen sensors and No. 3
and No. 4 ape=fletefrteratAg—9ensors—nhit-ph—therease——capomrnenoxite—jEach
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in Table 3, Tn the normal oxygen sensors, No. 1 and No. 2, the sensor
outputgsin the rich air/fuel ratio are maintained |arge irrespective of the
engi ne spgeshmpled) t he deterioration oxygen sensors, No.3 and No. 4, on the
ot her hand, the sensor outputs are relatively snmall. Wth a predeterm ned
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and t hg endi ne 5@% r Cand D are al 4o the nme as kxgnple 1. e air
excess ratd il nghthn changeover_cydl e & 8 i h Tabl e
5 and Tabl § 6. pautbesbiN® médeled No. 2 dre ndrlab3oxygehs=setsors apd Nos. 3
through No.] 5 afe deteriorating sensors.{f 25 Table_ 5 Em ssion of in
exhaust gag Sensor_out put_vollt age. T%®$ 30 =0.97 (97 mle)
C 35 no P| Aut onobi |legnodel s 2 (Hz) il erfgnl. 03 A
-1. 03 -0.9¢ {0435 MNo—A B-
2 (Hz) 1 1§®.2p7) 1] 0.49. 20 QU 130 900~ 130 910-
130 2701 0,530 1.20 830~ 250 810- 250
- 3 |o.70 1.60 870- 360 880- 350
4 1.20 3.50 900~ 740 840- 630
5 1.7% 5.10 870- 840 810~ 780 _\
45
50
55



2 0.52 1.20 830- 250 810- 250 40
3- 0.70 1.60 870- 360 880- 350 4
1. 20 3. 50 EP 04029881 740 840- 630 5

1.71 5.10 870- 840 810- 780 45 50 55 9
EP 0 402 953 B1 5 Tabl e 6 Emission of COin exhaust gas

Sensor output voltage (nmV) (g/mle) C

D 10 Aut omobi | e nodel s [err]=1.03

[err] #£1.03 TabL2& 6 -0.97 No. A B

510 a0 | Buigsipn pELC in expagit gas | spnpor ‘output voltage (V) | Lo
160 8{L0 1 9.8 6.2 c D 520+ 190
"080. 170 opoa lo/mile 85 , 40210

440- 180 25 Ammhllly modedsi n Tabl e|3 4n@83Tabl e 82 ™ %he nor il
oxygen sensprs, |[No. 1 and No. 2, the diffierencggafg t he sengopzout puts
between in the llean.air/lfyel _ratio and | ; ; | ar ge

i rrespecti ve wf, {the engi ne speed. | n thejdeteri (Hati on by dg&A)sensofs, No.3

t hr ougly No. po—ar—t-he—othEer—hand—ttre—drffference of . TIe,_Sen outppts is
relatively srial 1] 54 th tw?ptedeternined thr@éhol’d%o (e. 300" égé ahd 700

nV), oxygen[SENSors,are thys easily determ Ne@oLOLge NOajed 188€s or|

deteriorati pgQ hcreas 7

shows the pyeferfabl® neaspéahent conditidns. S‘J!ablta?ﬂ? 355@3'nd-'7pi on 1

Condi t goon 2 COTTafTT.0m 3 ENgrne” 4pee ""'509 E ,000 to

1,500 1, 50 t oft3: 00 40]® (rpm reqf} Rcy~10 %“8 to {4

17 to 1.8 t6—~rU—22— (25 ATTTeNn [err]0.97

[err]0.97 [err]0.96 | ean [err]1. 03

[err]1.03 err]1l. 04 50 (Exanple 4) In Exanple 4, the output

si gnal % s ne%?s"lf?@tfeﬂb'!‘ Tql %PW%&‘M’P&BWQ&“@HW%‘ Béwfmﬂt‘??ﬂ of

the air/f&® ip theean °l’ﬂ@ ?"Egﬁh%ﬁ"ih/"f’ﬂ@l’a °af? @f the

maxi mum (| ?P"leﬁ‘?ﬁd H'%?F'P q‘;‘?.'i'@ Hqﬁt ?1% é"‘S "‘ "ﬁ?ﬂ'fput
7%?8 é al h od'éc?{:h sg the
s Qs °e“°’n"éa%“l??8’ Bﬂ&‘l"f LTERYe RbayL gl

from vari
ai r/fu I
f or an aﬁ@%fﬁw@th’i'ﬁ 'ﬁ%i&:refn%to%étmlm@ TabI es 8 and 9, C and D denote

rreasurerrent condi ti ons, aut o e nodel A is driven at a constant
speed. Sanples No. 1 and No 2 are normal oxygen sensors and No. 3 and No.
4 are deteri gpgisnp sensors. 10

35
Condition 1 Condition 2 Condition 3
Engine speed 500 to 1,000 | 1,000 to 1,500 | 1,500 to 2,000
. pr {(rpm)} .
el Frequency 0.8 to 1.4 1.2 to 1.8 1.6 to 2.2
(Hz)
- A lrieh &0.97 | =0.97 &0.96
lean £1.03 £1.03 1 S1.04
50
{Example 4)

- In Example 4, the output signal is measured not in open loop control but in the feed-back control of the

airffuel ratio. The minimum (in the lean air/fuel ratio) and the maximum (in the rich air/fuel ratio) of the voltages

55  of signals output from various oxygen sensors is measured during the feed-back control of the air/fuel ratio.

Table 8 shows the measurement conditions and the resuits for NOx, and Table 9 shows those for CO. In Tables

8 and 9, C and D denote measurement conditions; that is, automobile model A is driven at a constant speed.
Samples No. 1 and No. 2 are normal oxygen sensors and No. 3 and No. 4 are deteriorating sensors.

10
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Tabl e 8 Em ssion of NOx in exhaust gas

Sensor‘out put voltage (nmV) (g/mle C

D 10 Driving conditions E)"°4°2°53B1 80 knt hr

40 km hr 8 ps 2 ps Autonobil e nodels 15 No . A

B rich - lean rich - lean 1 0. 20

0. 40 900- 120 910- 110 2 0.52

1.20 850- 200 860- 190 20 3 1.20
3.50 & _Table 8 840- 300 840- 280 4 1.71

5. 10 Emission of Nox 320sxNfidt gas SeR4or o’&@eue&o—ﬁ&hbe 30 Em ssion
of Co in exhaust gas Sensor pedttput—yvott-age—(m)—{grnrte)

Ck%f i}#hg conditions . 80 K hr D 40 km hr{ 8 ps
2ps Auto € _noder s '

rich -" ea ] - ?éig%nf gﬁhdﬂgﬁsns 80 kp/he 40 km/hz

900- 130 910- 1 7.2 48 1ps 2 ps

850- 200 880- 160 4 9.B 6.2

760- 350 Autnmobi e nlf"ﬁ"'“'_m 8 8.9

600- 400 [yo. |580- 350 b@ As clearly seenﬂﬂE Tahlkgn® anNdnTablgnd.| in the
nor mal oxygen densars N 1.and No_ 21 t L 8Ost b BmeS SISO I

out puts beffueen a.2® | eanj @i.88fuel rati p and9edre L2bch|ai PADuelld atijo (i.e
the differ et ween  the TTExT mumnT and tne I arge n tlhe

det eri or at { Aig_dx3/dén sensgl‘ ._No.3 and H}‘&O%B’he tﬁgl?ghja%o tihe

di fferance|gf tihe agensorj @usputs Is re atIVQQOL5$W0|| Whaish-t 3en

predeterm Hir-e Sl t-a st =——erre—f-e++1— - 250 v -amre—856—m¥}, oxygen
séfhsors ar ¢4t hyst-ddsily HétdPnmined to he nofrt 36Res|or 848re?§%r atl ng ones,
i n ot her —tirosTT e reaseextrarst o NOor—CeS—Processes—uf~fift h

t hrough seventh enbodi nents for controlling the air/fuel ratio executed by
the EC¥® 3 are now expl ai ned based on the corresponding flowharts. Devices
of the fifth through seventh enbodi ments have a substantially identical

construction as shown In the schematic view of Fig. 8. EP 0 402 953 B1

q

J

p_ |
I's naggat abged

b1 gneiSq°eRPY of.
edet g 4g¢

600- 400

dnlthe output
ngs t'han & pf

The fifth enbodi nentwil| be discussed with reference to Fig. 4. Processing
for mejntai AFPL the air/fuel ratio |ean and then rich, measuri ng t he

out put ¥ On $Emfla IACoP IR, SEEY 385 | SeABoR Satbhe vortabeSm

determnin e nmedian of t eoutput Si it he fl ow
chart of Fig. 1&/!\1“1915 proceSS| ng star s afterc 5 rmbup of thejengine 2.
At step 50fertire—fee K—c Ot fre 7 :llTU STOpS and open

| oop cgntr@l st 1y - foud ,t"f’?l% R r/% /F'ét i of 140 kmfh ’{Jo ledn (e.qg.,
the air exgess rate =1.02) In the}opengl pconirql py driving and
regul atingjthe fuel ejecti | ve 25 gnd Is mai nt ai hed a cerflain tine
peri od. AnfoutiutenebiimimoBelef t pen sensor 36 for the lean dtate Is
detected a NS F 520 1€ Hem—at—s e afT7foet—Tariolls set to
righ (9. |MPef=0.08) liR the open Io iFAGR Y 2698 1 ¢o-
ulfating thexf u=|5 ej ecti qa. gal ve 25 and fgqb-algfzrtal time
peri od. Anfettput—s+egred tate Is
detected aj?stpd-840. WWé 88fe 8/ gen gensor 36
in the“l eafyst plgegl S not 750~ 280

4 [11.8

8.9 580- 350

As clearly seen in Table 8 and Table 9, in the normal oxygen sensors, No. 1 and No. 2, the difference of
the sensor outputs between the lean air/fuel ratio and the rich air/fuel ratio (i.e., the difference between the
maximum and the minimum) is large. In the deteriorating oxygen sensors, No.3 and No. 4, on the other hand,
the difference of the sensor outputs Is relatively small. With two predetermined thresholds V; and V4 (e.g.,
250 mV and 850 mV), oxygen sensors are thus easily determined to be normal ones or deteriorating ones, in
other words, those increase exhaust of NOx or CO.

Processes of fifth through seventh embodiments for controlling the air/fusl ratio executed by the ECU 3
are now explained based on the corresponding flow charts. Devices of the fifth through seventh embodiments
have a substantially identical construction as shown in the schematic view of Fig. 8.
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threshold [err] (e.g., 400nV), the oxygen sensor is determned to be
abnormal at step 550 and t he check IanB 15 40 is then lit at step 560. On
the other hand, when the output siEEPARMRBI the oxygen sensor 36 in the
rich state I's not greater than a predeterm ned threshold VR (e.g., 700nV),

t he oxygen sthasitth embodicierit @il be disedssbdwitheeferbive toffig! 4. Processigyior mataiking tHelaHfuelhﬂb Kk

| anp 40 i deahéreithenrith, meéasgring the 5@t sighatufithe tiygemesrgende daas and rigiGstates, ahd determiningd t O
be abnor mifie regdiap pt theoutput waﬁs&pbmed;l@w ahle flawnbartrefdigatB. Teis prpcesding stasts eflerput
si gnal sDL wermn-ypefthesngine2.and DR In rich state Is determ ned at step 580. The
progr am pr octelar 5Q0athe feed-tack consal of the airjfun! retlo steps apd-apealaon coptrd starts. Atstep £10, the

t hr eshol daE’QP'lfﬁt@'ﬂ%VeF n {egy. the; alf @xqeps rata AT 1:07) Indha pramigopgoptrel by frying-and sgylating 5 c
c o nt r o I %WP&;?‘?W“FU% 5 ﬁ“&l‘l"lﬂ'“&f\‘ﬂz‘;’ foranertain "P’spef'?dom qQutput signg) Pe?é'?‘r?éygeﬁ?“gﬂ own

he t er S
hF G, L : 5# ) #ﬁg{} b ﬁ@fﬁved
soo v eﬁﬂgr* i' ittt B
f eed- back CGH

t h
oxygen se _Eﬁaﬁﬁ‘% Maeeus%& Ehaﬁ'a%% lneh e

H thé
virtuald y 4 ha;.mt t'é ﬁ\ @ wh G&m&aﬁﬁﬁ% heto %& i?'&a&ﬁ'
Thus | ean s@fGs ot grbutet trah ssreeétermed megﬁoiml(ea afobHV)a{hS &\réam 18 bi&brihined to be
di scri m nabmend aampgmdq{ewokﬁnﬂ 4@rseheﬁqmg‘5,s [nto bi nar y signals of 0V
and 5V as s honen tHeoxygedisendod BB is ddisrmiad folbb BBrioiaP& BiHePlstip550 Biistep G20) tHdiniagia W t he
out put si gfaé oudfut sighal D) Xryigen statecdnd Ok indioh state RIHPleMINYA Gt R6pDBE. Thébrogam Proteetis 0
OXY genaes e stap590abwHich tiemmddanvy,dd sethsaititteshbld (sticsliguel] for dischlnigatingledh, and Hoh in theseedind
ri.ch st at dackaontrolf thp air/tiél ratie mhdthehodxitscftoacth@proketding. ai r/ fuel ratio is
pr r'ef er abl y dreshowolin Kigl 14A, whentike voltdge bf thendutpdt sigpal D, inas1eR ing00iniViand fhat dfithe outpng e n
sensor 36 sigral Beindzq.98ds 909 mYy, ths median Virisreaeal to 780 mUdhé inpdian \by is used ag thedhreshold
embodi nenin thedeer:hackeoniel akthe sigfyal tatie. Evencif the eutpuppignalal thle oxygeinsensar B epcillates at a
abnor n#l i f"?h%f"’“? e ﬁ tagayyistyplly thegentenohihp pecillation becemest equgl & the§hreghold, ghus

fourth enisd b\m ﬁlgmoép ?'@&Bﬁ:ep appropeately discrimiapted i Aseh othgr and am copverjed into

d bed 5. f trol| th [ f uel
e ht o b e h’a é?ceﬁﬁs-és‘?' °r B rsgg%'” aiped ghope.
oxygen seﬁ u%‘d Iﬁg 'ét"'f'ISSW "?f%“’%&m%t ep
600, 11 esf’e’qf . rné %ngré&&f;é‘ nﬁ?ﬂeal A%

bet ween rig ﬁ,ﬁg thdde ° ﬁbf g‘g Jn g gn nyegkﬁa%ﬁ%

the fuel i nJﬁsLmaansﬁtﬁ Iso ZF& 4. b aﬁyﬂ.%enu%m sa.?n@eul n

rich agd @By Ssingtidminidurd Eﬁcﬁﬁécﬁﬂm%? th8 bﬁﬁnéienau ST24b oxydaR sdhisdli3B HidleXpiaindd Bidad

maxi mum [ ok thp fied cHaitef Fig/usut signal are then determned at step 630. Wen

even one of tA16ted800] thid!fGbdobadkeontiol 6htRY aifiibEratid Stdpe bndsdp@i1adp doftroVétdrtsi At sp 610, the

pr edet er maifael ratio igpstiodicallygRangéd tatvasly Gehrand RASIH the DPeri IGopEORLRI byidivtl dnd rdaﬂaung

abnor nal e fust injpctiGnhalve 28] Thdvatpatisigaal of theygh sensor Bbia FicH dndl leari statésigdetediad at\élop N

t.he ox4pge A20s Theaminim@t Vinsand etaximum Vg ofttite dutputsiignal larethenalbtesnineyd atstdp,630. Meherma@dh an
bet we ene of the minimuimor maximuoiv¥ the eutpit signal iswithin romeddtearmingd quipetrahge,dhertygenisensor st ep

660. The P isdetermined toche abnorma)atstep §405and thetcheokjamp 40 jsdhenditatptepifs@n [err] is set

as a t hr eshdVhentheoxygprsensonGigdetenpinpda be abnermel at sten ﬁ‘rotthﬂéﬂﬁfd!%éhwamﬂttbﬂminbl of

t he a| r/ f (um Mla’t“?"é“‘d'i'ﬂ!f'“‘t"ﬁ‘é/mxe!ﬁdf‘ rmined;gt 419p 560, T1 MWW togtep BR0 atwhich
16A, en |“"6‘F'°'f‘ ﬂédwwmgé%ne rich i the.fepd-hagk gagtrol of the gifuel

gl gher thﬁ'?f’t err t en sensor 36 15 |

tﬁtee:r?“nf"fgf “4'9'?" e ﬁ”mm%m h:évérf Dg;w E.E N

Si gnal 40 o) i ra t he
bﬂo m&g@ﬁnﬁu E?& g Eﬁgn ertdd’i t&'ﬁ ar{; Hag | r]tand 5V as

ai r/fuel
appropri agﬁ,{,,){, igS 468, m nate om eac er an are conver 0 binary

signal s of G¥e aﬁiﬁlulﬁ\tﬁrébﬁoléﬁ StBcdoRing todhe 011% sighf18f the&iyen Sbrisbr 38 26 QlpfinbF abdfe.

accor di NgThu, dvbrowtah thalokygsn &R&dr 30 cdntihinatell 8 lts SBPR SKifts 16 a AigheP Sikbwiak VoRehe ROV €
Thus, sV eainfob edlio islpreferablydontrofisansor 36 i s contam nated and its out put shifts

to a hi gher Thé sdventiesmbodimbra @it alsé bedxpidined With fefersnte tb .| 40AM diterfdtioé srocakding for con-
cont r ol | etiol udiiigthewmediant\iy, o tHe@dipuraighal vfithd oxpden @eriaar 36 bided bihel flow éhart bEFigNENCE t O
Fig. 4. An Mheeabnatmality ofthexmypgen sengorfad is detected dt sty 700 fi thsami evammeciasdiie fiéfhior thé t he
out put si 8ixthpmbsdiments explaingdabovezthe medi@/riia determined stistep 7100The plognan prbeeds &g stefl 7.
Wien abnornality of the oxygen sensor .36 is detected at step 700 in the
same manner as the fifth or the sixth enbodi nents expl ai ned above, the

medi an VIH I's determ ned at step 710. The program proceeds to step 12 EP
0 402 953 Bl 720 atwhich the voltages of the signals outputfromthe oxygen
sensor36 in the feed-back control of the air/fuel



ratio are proportionally converted based on the value of the nedian [err],
thus al lkFowi ng the output signal to be converted into a normal signal with a
| arge variation in anplitude, and t FBO#P2¥8®h t hen exits fromthe proc- 5
essing. The voltage generated as an output signal of the oxygen sensor is
converted 20 atvaienths Volthged of tA&sighas outilbfrdn théoxyddh sensor 36 thak féed i ckéahtiobdd the air/fuel
measur ed  (ratid)are proportionally converléd bisad)én th@vahaiof the medidf) Vi, @kls allowing the output signal to be

0 15 convertedlifito a normal signal with a large variation in amplitude, and the prédeen thexexits from the proc-
500 6005 essing. 250 20 800
750 26 FEhe veltegegsineratedascan outpet sigos! ofdlipeoxygfen sdneor isicbnyeitedsas ghowvh iniFiy. 18 apt Table

than a pred@ ermined threshold [err], a signal of 500 nV in the | ean
airffuel ratio ( [err]=1 .02) is converted into that of 0 V, and a signal
of 900 mV in the rich air/fuel ratio ([err]=0.98) Into that of 1V. The
center & theTalds iXoude of the abnormal S|gnal out putfromthe oxygen sensor

| df 3 T ¢ D
Vol tage of - apVERATe e REN LAt (RIE o o EVPRkRe

normal signa vvltjnoa | ar ge varl ation fn. In thloS enbodl ment, when X 30
denot es ol t pge-r ed—are—Y—geroted rot-tage—converted; orversi on i S
performed baged dwq he foI - |O\M ng eq ationlerDIO conversion. Y = 2.5X |- 1250
Si nce an out a1 s conpensated}in € GROVe nmanner, even en |t he
signal is sh fte?ihl Q. a higher voltagelor a | r..voltage or hayve only a
smal | anplitpde, goge air/fuel ratio ig adequaz,tsely detected u5| ng the 35

pr edet egom ne f-eft—art—t-hts—ts—preferabty—cont+ottet—As
desc)| bed abpve, qqq the apparatus for control?®ng the air/fuel ratiolof the
I nvention, t -S81—18aR—Ot—tteh—by—open—-oep—contrdl , and

t he nedlan of an output signal of the oxygen sensor In the lean or rich
state is determ ned. When the oxygen sensor is determ-ned to be abnornmal,

t he nmed#an i sFosexample, whep theeroltage of thecqutpdt signalds higherthar medewtmwthrestmldVa.mtighﬂan
of the airpPf39@mViinthedean girfualratiodds1.02) dskcooverted it thaT iV, and/asignahaf 00 ¢ indive/siph n
sensor 40 aifielsatio§r=na8)intthatashY.The genter ofthe amplituda ofitherabnosmal slorrbeutaut from thexai/gen
the feed-b “dt)??t%?d tefhewedatstm'tee&rwg'ﬂ Vo580 mVdtamelyih opeaefobamuormetstsnﬂs

45 1. Ay a it “ @gﬁ% t"rt@a'e#wﬁgt'tbﬁ'ﬁme variaian mPOdBPNy

froman”in él" red Andodanpies valiaga copvertady the&??}’@@ﬁ“ §€H rrgd Pasgden R/f°t

M6, M11, °M' g°§W§F°5’f‘1 ng an oxygen concentration si gnal i ndi - catl ng

the concent §| Cofin BREE5E mah et W Qt g@;;

engi ne (M \ 'T ! M

7 M 1235 Jrolta er al Ita mhﬁveonyﬁi E.lffl 0 ae?rél equ é' 'Pq ﬁel

e g1
h

val ue det e&tdbteﬁulmalsl%niﬂm&)geﬁ &nsdgﬂfde@ﬁﬂimﬁd%%ﬁ&m The thediadl emmﬁ'i'lﬁﬁ

oXygen coneérinatiigbetween rich &ridieaf o tife agiel ratid e e foddtbadd cBr‘hfoU'ﬁJus e wRentRd dxidal sdiBA NS
changest hdetarbotatel bybntiniiiation da@butpais n dbasrhalaighkl, tfieGdbd-badk BONr Bl thel el mudkads slplefaRibl
means (M 4perfotrd. M 13, M 16) for deternining that the oxygen sensor is aB
normal when at | east one of the mni mum and nmaxi num val ues detected by the
limt value detecting neans is within a predeterm ned range, characterized
by nmedi an EWes| ation rreans (M 18) for calculating a nedian (VTH) of the
m ni rrurﬁs(Vm (%Iand max- EP 0 402 953 B1 720 atwhich the vol tages of
the signal & “J?Bfrf'f"%ﬁ\' ’P%“B%?g emission of prhaunbggs dischaged frarmariptetnalcombustidn engines o

air/fuel oxygen sensing means (M 2, M 6, M 11, M 15) for generating an oxygen concentration signal indi-
cating the concentration of exhaust gas discharged from an internal combustion engine (M 1, M 5, M 10,
50 M 14);
air/fuel ratio setting means (M 3, M 7, M 12, M 17) for setting the air/fuel ratio of air to fuel in an
air/fuel mixture supplied to the internal combustion engine based on a predetermined threshold value and
the value of the oxygen concentration signal;
¥ limit value detecting means (M 8) for detecting the minimum and maximum of the oxygen concen-
56 tration signal when the air/fuel ratio setting means changes the air/fuel ratio between lean and rich,
abnormality detection means (M 4, M 9, M 13, M 16) for determining that the oxygen sensor is ab-
normal when at least one of the minimum and maximum values detected by the limit value detecting
means is within a predetermined range, characterized by
median calculation means (M 18) for calculating a median (VTH) of the minimum (Vmin) and max-

13



ratio are proportional Iy converted based on the val ue of rredr an [err
thus allow ng the output signal to be converted Into a nc} qu”m a
large variation in anplitude, and®PR4H¥BGam then exits

essing. The voltage generated as an out put signal of the oxygen senso‘r i*s
conver t ed 72rat wiikhile voltagés ofthe dighata batput frdm the dxygen Eéhsor 36 in thbdded-backGonitfollof thejair/fuel
measur ed ¢atidare proportionally convertedbhsed grethe vatueas the chediar\Vr, B8 allowing the output signal to be

0 15 converted into »@Pmal signal with a large variation in amplitude, and the programith@a3its/fpm the proc-
500 606  essing. 250 20 800 )
750 25 The voltagegepsirated ap Arqutpul igngl of the.qxvgen pensar s contyertadias showmia Fig; 18 apd Tghle

than a prd®etermned threshold [err], a signal of 500 nV in the |ean
air/fuel ratio ([err]=1.02) is converted into that of 0 V, and a signal of
98¢' MV in the rich air/fuel ratio ([err]=0.98) Intothatof 1V. The center of
the anffl i t udeakde &fe abnornal signal output fromthe oxygen sensor_is
corrected tp, e Qrﬁgiestugw “Thres wlqaigr onv8F e QulY; nanely, tlhe
vol tage of RpN"a 0 MBS Pgnal i s pr.dport qac_']|¥,ggm‘g”ed -I-ﬁt-e-t—h-a-t-- of a
normal signpl wisbh a |arge variatiorf in. In this enbodi nent, when X 30

denot eg; vol t-age-ﬁﬁeas-u-ﬁed—a-nd—‘f—d'emtw‘vufragg_wnﬁer €d, tne conv 'é}rsi on Is
per f or med bpsed%ﬁ the fol- |ow ng equatibno r _conversion. Y. = 2. 3X - 1250
Si nce an oufput 7?lbgnal IS conpensatgd in thggbove manner, even whegn the

e

signal is spiif to a higher voltade or OWer-\olt-age-—or—have—ad vy a
smal | anpli udesonhe ar r/fuel ratiolis adeq@fx el y detected using the 35

. e—tr-esthotd-ferri—amd—tTus TS H} I"eraply controlled. Aj
described a ove 8%n the apparatus far cont r o1 Fﬁrng the air/fuel ratifo of the
i nVent i on, -t —F-Bt -t 3—S et —tearror—rrcirby—oper—toop-Ttomtrol , and
t he nedran of an output signal of the oxygen sensor in the lean or rich
state is determ ned. When the oxygen sensor is determned to be abnormal,

t he med an iFRor exampla,vhan the valtage of the pyiput gignal is B'E'T"MhﬂMP “6‘@'!‘996‘ '}°|dé’l°r aéﬁ'ﬂa'l ean
of the ai f§09@Vip H‘Pr"@“ F'H’“?'ﬁ%“t( é’éc?zb'&E?{“’

Foba- ook SRR oGS fe‘g" e %“qr "°' e g,rgm “the
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t hr eshol d 1gaabrsien ydpentiddp contidl,lafd th médidn ol EAUD sigral ot the bitygeniseriorsi tfiguadn; or tich State

val ue det axdeterrginedEtivn tHeldkyipn Sensor id déterminddig bé abdormalnihamedianricisetasd thrasinld for disie
oxygen CoOrrdmsimatingistween rich dr tohn ¢f the ak/fyel eattio indhe feed-beek aontrol. This) everathenthg oygenmensoreans
change® t ldeterivratas by cohtaminetionaindxartpwie @Tabhapmal sigakithe feed-hacicdontolofthe airtfyel religtieprsferably
means (M derfkih®, M 13, M 16) for deternmining that the oxygen sensor is ab-
normal when at | east one of the mni mum and nmaxi num val ues detected by the
limt value detecting neans is within a predeterm ned range, characterized
by nedi an Galmgy| ati on means (M 18) for calculating a median (VTH) of the
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concent rat fo

oxygen sensing means (M 2, M 6, M 11, M 15) for generating an oxygen concentration signal indi-
cating the concentration of exhaust gas discharged from an internal combustion engine (M 1, M 5, M 10,
50 M 14);
airffuel ratio setting means (M 3, M 7, M 12, M 17) for setting the air/fuel ratio of air to fuel in an
air/fuel mixture supplied to the internal combustion engine based on a predetermined threshold value and
the value of the oxygen concentration signal;
limit value detecting means (M 8) for detecting the minimum and maximum of the oxygen concen-
55 tration signal when the air/fuel ratio setting means changes the air/fuel ratio between lean and rich,
abnormality detection means (M 4, M 9, M 13, M 16) for determining that the oxygen sensor is ab-
normal when at least one of the minimum and maximum values detected by the limit value detecting
means is within a predetermined range, characterized by
median calculation means (M 18) for calculating a median (VTH) of the minimum (Vmin) and max-
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