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A Method to Predict Steering Time in the Opposite
Direction through a Path with Non-constant Width
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Abstract: The performance of trajectory-based tasks is modeled by the steering law, which predicts the
required time from the index of difficulty (/D). This paper focuses on the fact that the time required to
pass through a straight path with linearly-varying width alters depending on the direction of the movement.
In this study, an expression for the relationship between the I D of narrowing and widening paths has been
developed. This expression can be used to predict the movement time needed to pass through in the oppo-
site direction from only a few data points, after measuring the time needed in the other direction. In the
experiment, the times for five I Ds were predicted with high precision from the measured time for one 1D,
thereby illustrating the effectiveness of the proposed method.
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Fig. 1 Steering through (a) a narrowing tunnel and (b) a

spreading tunnel.
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Fig. 2 ID of a linear tunnel with constant width.
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Fig. 3 ID of a linear narrowing tunnel.
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Fig. 7 Screen layout of the experiment.
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Fig. 10 Model fitness depending on k value.
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Fig. 11 MT versus corrected ID.

R 2 k=222 TOREHEOKX (a), —&H 1.71 O (b), —&
& 1.23 507 () THiIlLEL 7z ID

Table 2 Corrected ID.

ID Wk | (a) RRESE | (b) —&EMH | (c) —wHE
7.47 9.18 9.18 9.18
11.5 21.1 13.2 14.1
14.9 18.3 16.6 18.3
15.5 23.5 17.2 19.1
23.0 42.5 24.7 28.3
31.1 46.9 32.8 38.2

BTPHTELFFIZOVTESRE S L. TTIEH DT HAND

R % $_To ID THlE L, % 5 Hmi 1 O
ID 20 CllES A, Z2h bz k #Ko, o ID
OMBEEERIEZD k OfEEHCTTHT 5, L) kT
H5b.

ID A b vy (R CEHlI# %) 1D = 7.47 DE
BXg 2= 723Cillled 5L, 2L 8(a) £ 375ms
THb. R (13) TMT =375 &% 57280 [Dgap I3,

375 = —138 4+ 55.9 (7.47 + IDgap) < IDgap = 1.71

ThHhh. ZIhbkxRDLLE,
300 (51 — 31)
k-51-31
Lh. ZOM5 FE O ID 122V T IDgap(a.20) & W
TID %filET 5 &, |2() DL RMEFELNL. Z
DHIER ID * V72 MT L OBRIER 11 (a) D X9 IS
%0, R =979 OFWIRERBMIE LN LoT, kd
BHID P TERZIT->Th, REBEDINT X =5
B 5 BB % BAEE TN EETH 5 LR S 7.
JATHRZE [1], [4] 12 S UL, 7NV ORERE R? D58
CEERBIUCENEN [AT TN VI RATIEZDET IV
THMWTES |, [MoEruA$55 AT, BIERRN
& ID ORIZHE ZHAEYRSH 25 | LFRSNTWDE, K
R FEBICERTLE, REL kDR LS L &
R? = 991 DEWIERBDME S (6.2 8), TRk ID
MHRDIkEDOEE V2T —% b R2 =979 T7 4 v b
LTwzZ e, @lhmic L 285 K213 (12) O

IDgap THEELEEZEZOLND.

1.71 = & k=222 (14)
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6.4 —TEEDENH 3 EARE L ZMIERZE

RET 2 ID OWIE L%, 2OMOE 29 HHiEE
LTSS, TTEBHMICL > T—EMAET
ID OENS B EIRET AL, ID =T7471281F % IDgap
2171 CTHY, IhEMO IDIZHMELTE2(b) D&
) BMIERD ID 5515, MT L ORI 11 (b) ©
Ik ole. TN ID RSB DHIEE MT DA
KT2DEVH)MUERREERLCTETEL T, mOUIERK
PIFELN W LG 0o,

6.5 —TFEANDENH2 ERE L LHWERZE

—EEGIETENR DL LET S E, UL ID T
fEHEAT9.18/747 =123 L % 5. JLOID % 1.23 5 L7248
HEMIERDO ID & 45 LK 2(c) DEPRON, MT &
DRI 11 (c) D& H12% D, R? > .95 DE W IER
PRSI,

COWIERBEIC L > THLN/ID &, RESFETHIE
L72ID W 723a & TR ED D 5 D5,
ThHDOLBERMID »5RD72 k Of 2.22 % v THI L
721D (% 2(a)) &, MU CREID 25K 72453 1.23
FHWCTHEI L2 ID (3% 2(c) 2 HMERE MT % ¥
L, TNDYEBICHIE SNz MT & EOREEHL T 5
D EMGEET 5.

TIREH & B AR, ML {—EdE, REHE &
M2 LC, ID =747 DAL 5 HOMIEd ) t E
AT) LA EENPMERR SN (=294, p<.05). £oT
—EEG LIREHEE TIIREL L2 FHRMEIL S D 2
EHGrar o Fo. FINRER A A, FHI S A7z & A
Ty NL7ZZODE 12 THDH. RZA1IEVITE T
WEf) & FHRERT 2% <, MRERET IV CTHSH T & & HIk
T 5. WEFEOFVHLT2IE W R OfEE15 6172755,
[ s & G O Z oM HE | ZfEBZEtk s L7z t i
TECRAZENR N o7 (t=1.65, ns.). &O%E
BiL7- ID O#FTHIUEL, —EEEDOENDHDL L LI
ETHBEO L VTFHRES RO NDL 2 LD h o7z,
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Fig. 12 Observed time versus predicted time.

7. BRFEERE

[f—®DID THoTh, =V IVDH}A X [16] LD
AT = BT & o THMERMARL L Z LML T
L. DF )ERBREMENRL DL L EI2ITID BHE—ICHZ
W EDEBOMZEN D HH L Twa. RETIEERIC
Wl —OfEE - 71—V VA X Th o T bIRIEREE A2 LT
L nEE GEETN) BHLHZEEER L. FLT
FEDTEAT A 2 BRI KD, EAGMORMIZH S
ID ORERBZ OISR 2 &L 2 EBRCTHENID 7. AHF
JEDEMEL, —HOBBEIEEOT— 5 2T LT, X
(S B &2 D WERR (RS ARG - B CllE D
Wb s ID) OWEHBELSERBLEICTHTELILIIH
%, WHEOEEEER L HrCHlETE L0 TH UL, E
WHE T LI MT & ID OBFRAZRONIT L Wz, K
781 Accot H D E T IV [1] Ol % KK 2 & % b DTl
e,

KWFFEDORF L LT, BREEICTFHTEL20EHCET
EBRTRALZZID OHIFNTH 2 Z LbITonsb. &
DEID T, R ID OEBRERZHICTHT 5 L8
EPEKTTA2BENAH L. —EEHAETHIELZSLED
R?> 95 L EMETH - 72H5, ZTHLBFEMICE W ID T
DMK IR TH B, TATAIZETIZ L D &\ ID THR
F 5K AT 5 EREIT, BORERMEHR TR
) (1] T ID 2510.9 55 76.4 D&PAT R? = .978) %
HH72%, ID OHPFIZ» b ST TFUTE L L& i
L7223, ARIOFERD? S TR TELDIEID H37.47 95
31.1 OHPET R? = 971 OREPRFON-2LTH L. &
DILHIHO ID TO TR BRI S HOEL L7zowv.

F -4 ROEBRTIE L =3.14 P REETH - 72725, Th
BERICE > TIESNL 20, EREEELI—-FIZLo
THEPZEE L) 5. FRICERKID 285 k Off 2.22
bEBRBEICL > TEDLD, TNEREDERSEN)
I—WIZZFOF FEH L THHIERRITEDICTFITE %
WEEZ NG, 7ok ZIEIHE 5] TIE, Accot HAMA IC
fTolEBROT—% L, BEOLWDT— 5 I2ZF TN
RETNVEHEHAL TS, ZO/EHR, Accot b DEET —
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Y CIIEADMEA 0137 72072013t L, #EDT—4 T
12032 THAHEHEL TS, ToTIIVozERIR
2= FRMRERIE R S o THEAAREN ) 720,
FNDT 4T A4 TBIEMT OFRIZHWS kOfHE
K4 DEETTHUET 2ULEN D L.

FHT 2 ID O L VA TOEBEICTHTE
BERBAKREL LD, T Vo 2L ToRERE D
fToTnE, Jo& 2138 F 2R 0@ m R % 7l 5
57200 ID & MT ORI ZRD 2V E S, KTt
DI AEHCIUIRAK 2 FEHO 1D # W72 FEBETRO &
RO HND, FI 2D ID TILEA A HFIANO i
B2 L, ID & MT OB EZRD L. KIT/KSn
Ji D ID THFE A ~0##EkEf 2 WEd 5. 2991
X 6.3/ L FFEOTFIET, B b H~#EET L MT &
ID OFFRREZEHNTE 5. ¥, B\ ID TR E 5 H1H
T A OITERER A KT 5 720, LAY 5 JiH~iE
WLT =7 FillTE DL EHEEHOFEIRKE L
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Bl Wk HIEET 257 A7 ICHBHATEL LIE SN
T 5 [20]. Z OSCHRC I —E RO E RS & BRI
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LTINS REY AT ZZFTELTHA). L2LED
GIEFST A =23 L, ¥ A2 OFFHIEMEIC R S,
bLFIAE YT Y AT ICHOARROREET VASHHIT &
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TR 2 TRy 2 7 OF%EH & MEEIZ B 5 I
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LZBWTEEXF Y 7 7 905 B RV E ) ICHIEVIEL &
NN, FA=TEZITLMPBOBEHEM L2V E I
ABEEZEEL7- VT2 — v OB LELDITONE. &
o RIS ETRDZAL S 5 & ORIBRF R e <, 1%
LA OMGEY EORBEEZ D02 T4 35—
BHLEZLND.
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AROBETIRETH 5. $72, BRIRB X RFEIR DR R,
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LD S A2 [ ATSIRIR e O 2 G, SHICF
TATYIab— Y ORKIZHERED KD RERIFIET
APBEEL, IEFEOBMFMZ AL T azwn,

8. HhHi)IC

ARG CTIINEATRIZIC AL 5 AR 2 R0, Wil
FHIANS & - THERAERE R MT 52483 5 5 IH % #amay 1ok
O, EEHEO ID OELEN L2, A4 T A%
TR 2 eI mE S 5 BRI X > C, #ilE ID %
W7o MT & OBRRSHGE ST TR W IRERK Z 15722
s, B L ID ZP4SNOFEREREICBWT—ED
RUMEREOZ L 2R L7z, 72, RSB IO EE
W&, /N ID TORE 2 A~ OiE#kEH e 2 2
ET, Y@ IDIZBT LB HE A S REE (R? = .971)
TP TELZ L RRLT.
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