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Actuated Signal Timings 

NOTATIONS AND BASIC RELATIONSHIPS 

b Bunching factor in the formula for estimating the proportion of 
unbunched vehicles in the traffic stream, cp 

Recommended values: 
b = 0.6 for single-lane case 
b = 0.5 for two-lane case 
b = 0.8 for more than two lanes 

C Average displayed cycle time (seconds) 

C = I: (I+ G), summation for all phases 

c 

Cp 

DS 

eh 

Average effective cycle time for a movement (differs from the 
displayed cycle time due to the effect of rest intervals) (seconds) 
c=r+g 

Practical cycle time: thei cycle time calculated to achieve specified 
target degrees of saturation (xp) and satisfy the minimum and
maximum green time c:onstramts (seconds) 

SCATS DS parameter (analogous to degree of saturation) 

DS = ( tog + tsm) I hdg 

Gap setting as a gap time value as used with passage detection 
(seconds) 

Gap setting as a headway value (seconds) 

8h = e8 + t0u for presencei detection, or 
eh = eg + tvu for passage detection 

m 

e, 
l

Vehicle increment setting for the variable initial green interval
(seconds): this represents the additional minimum green per vehicle
for each vehicle that actuates the detector at the start of the red period
(applies with non-zero dietector setback distance)

Minimum gap setting a8 a headway value for passage detection, or as
a space time value for piresence detection (seconds)

Maximum gap setting (typically emax = ep as a headway value for
passage detection, or emax = ep - t0 as a space time value for presence
detection) (seconds)

Passage time as a headway value (a safe time which enables the last
vehicle to travel the distance between the detector and the stop line
before the start of yellow signal) (seconds)

Time before reduction (seconds): a setting in volume-density type VA
control (the gap setting remains at its maximum value, emax• during
this initial period)
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Gmin 

Gpmin 

Gr 

G'r 

g5 

Minimum green settin{{ as a controller (displayed) value (seconds) 
Groin = Gmf + Giv (in the case of stop-line detection: Groin = Gmr) 

Effective green time for a pedestrian movement (walk plus clearance 
time gain less start loss) 
gp = tpw + tpg - lps 
Pedestrian minimum time (minimum walk time plus clearance time 
excluding overlap with terminating intergreen time) 
Gpmin = tpwm + tpcl 
Average rest time for a given phase considering all cycles with and 
without rest interval (seconds) 
Gr = G'r Po where Po = <vc exp (-A.c (T - �c)) is based on T = Is+ Gmin 
for the subject movement, and parameters %, Ac, �c are calculated 
considering all conflicting movements 

Average rest time for a given phase considering only the cycles with 
rest interval (seconds) 
G'r = 1/Ac where Ac is calculated considering all conflicting 
movements 

Saturated part of the green period (average queue clearance time) 
(seconds) (during this period, the vehicles depart from the queue at 
the satur ation flow rate, s, and with the saturation headway, h5 

= 1/s) 
g = fq y r /  (1 - y) (this formula assumes a single green period

gu Unsaturated portion of the green period (seconds) (during this 
uninterrupted flow period after the queue clearance, the vehicles 
depart as they arrive at the arrival flow rate, qu = qa, or with the 
headway, hu = 1/qu) 
gu = g-gs 

Gvmax Maximum variable initial green setting (seconds) 
(does not apply in the case of stop-line detection) 

h Headway (seconds/veh): the time between passage of the front ends of 
two successive vehicles 
h = 1 / q = Lh / v = t0 + ts == tg + tv 

Average arrival headway (seconds/veh) measured at a point 
upstream of the back of qiueue 
ha = 1 / qa 
Average headway of all vehicles departing during the green period 
including both saturated and unsaturated intervals (seconds/veh) 
hdg = 1 / qdg = g/nvg 
Average headway before gapping out after queue clearance (seconds) 
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qu 

Q 

R 

r 

rd 

s 

Sc 

Sm 

Departure flow rate (veh/s or veh/h) during the unsaturated part of 
the green period, which is equal to the average arrival flow rate 
during the green period: qu = q8g (for non-platooned arrivals: q8g = q8)

Capacity (veh/s or veh/h): maxi.mum arrival flow rate that can be 
serviced under prevailing flow conditions 

Q = sg/c 

Average displayed (controller) red time (seconds) 
R=C -G 

Average effective (movement) red time including reduction for late 
arrival (seconds) 
r = R + ls - le - rd = c - g 

Red time reduction for lack of arrivals during the early part of 
displayed red period (seconds) 

rd= Gmint + 1/A.) q> exp (-A (It+ Gmint - L\)) where Gmint is the 
minimum green time for the conflicting phase that corresponds to 
the first part of the subject red period, It is the terminating intergreen 
time of the subject movement, and parameters q>, AL\ are for the 
subject movement 

Average saturation flow rate of the actual traffic mix without any 
downstream queue interference (veh/h or veh/s) 
s = 1 / hs = Sm / fc 

Saturation flow of the critical lane (veh/h or veh/s) 

Saturation flow rate of the critical lane for a stream consisting of 
passenger car units only, and without any downstream queue 
interference (pcu/h or pcu/s), corresponding to the SCATS maximum 
flow (MF) parameter 

Sm = 1/hm 

Sr Average saturation flow rate reduced as a result of downstream 
queue interference (veh/h or veh/s) 

st Total saturation flow for all lanes of a movement allowing for any 
lane underutilisation (veh/h or veh/s) 

s g

t 

St= r. Pi Si 

Cycle capacity (veh) (s in veh/s, g in seconds) 

Time (seconds) 

All-red time (seconds) 

Average extension time by gap change after queue clearance 
(seconds) 

teg = Ilg hg + et 

tew Average extension time by waste change before gap change a�er

queue clearance (seconds) 
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Average extension time: by gap change or waste change after queue 
clearance (seconds) 
teg/w = min (teg, tew)

xi 

Gap time (seconds/veh): the time between the passage of the back end 
of one vehicle and the front end of the next vehicle as measured at a 
given point along the road, e.g. at a passage detector, or at the leading 
edge of a presence detector loop (this is the time taken to travel the 
space (gap) length, Ls) 
tg = Ls / V = h - ty 

Average gap time (sec01nds/veh) corresponding to the maximum 
saturation flow rate 
t

gn = Lsn / Vn = hn - tvn = hn - Lv / Vn 

tgs 

t
gu 

Average gap time (seconds/veh) during the saturated part of the 
green period 
tgs = Lss I Vs = hs - tvs = hs - Lv / Vs 

Average gap time (seconds/veh) during the unsaturated part of 
the green period 
t

gu = Lsu I Vu = hu - tvu = hu - Lv / Vu 

Headway setting as a space time value (applicable with presence 
detection) (seconds) 
This can be determined as th = fs hs - tou 

ti Controller time increment (seconds): all controller timers operate on 
the basis of this time step size (ti= 0.1 s) 

t0 Detector occupancy time (seconds/veh): duration of the period when 
the detection zone is occupied by a vehicle (sum of the vehicle passage 
time and the time to travel the detection zone length) 

tom 

ton 

to = h - ts = tv + Lp / v = (Ly + Lp) / v 

This should not be confused with occupancy ratios defined as the 
proportion of road space covered by vehicles (Os), or as the proportion 
of time a road section is occupied by vehicles (!lt) 

Average occupancy time (seconds/veh) for all vehicles departing 
during the green period including both saturated and unsaturated 
green intervals 
tog = hag - tsg 

Average occupancy time (seconds/pcu) at maximum fiow (sm), i.e. for 
passenger car units departing with saturation headways (this is 
equivalent to the KP parameter in SCATS) 
tom = hm - tsm = (Lp + Lvm) / Vm 

Average occupancy time (seconds/pcu) corresponding to the 
maximum saturation flow rate 
ton = hn - tsn = (Lp + Lvm) / Vn 
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t5u 

t5w 

u 

Up 

V 

Vf 

Va 

Vm 

Vn 

Average space time (seconds/veh) for vehicles departing during the 
unsaturated green interval 
tsu = hu -tou 

Average space time (seconds/veh) corresponding to arrival headways 
between the headway :setting and gap setting (h0 < h < eh): used for the 
analysis of waste change after queue clearance 
tsw = hw-tou 

Vehicle passage time (seconds/veh): time it takes for the vehicle 
length (from front end to back end) to pass a given point (this can be 
considered to be the occupancy time, t0 ::: tv, when the detection zone 
length is negligible, Lp ::: 0). 
tv=Lv/v 

Average vehicle passage time (seconds/veh) corresponding to the 
maximum saturation flow rate 
tvn = Lv / Vn 

Average vehicle passage time (seconds/veh) for vehicles departing 
during the saturated part of the green period 
tvs = Lv / Vs 

Average vehicle passage time (seconds/veh) for vehicles departing 
during the unsaturated part of the green period 

tvu = Lv/ Vu 
Yellow time (duration of yellow interval) (seconds) 

Green time ratio 
U = g/ C

Green time ratio that satisfies the practical degree of saturation 
requirement 
Up= y I Xp 

Sum of the required green time ratios (Up = :I: up) for critical 
movements (seconds) 

Speed (mis or km/h) 
v=qLh=q/k 

Average free-flow speed (km/h or mis) for the actual traffic mix at 
zero-flow conditions 

Average approach speed (km/h or mis) for the actual traffic mix as 
measured at a point upstream of the back of queue under 
uninterrupted conditions: this is the average cruise speed of the 
arrival stream at arrival flow rate qa 

Average departure speed (km/h or mis) across the stop line during 
the saturated part of the green period for passenger car units

Average speed (km/h or mis) corresponding to the maximum 
saturation flow rate 
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effective cycle time from Equation (5) is c = 31.0 + 40.6 = 71.6 s = C, and the 
degree of saturation (for the critical lane) is x = (900 x 71.6) / (1800 x 40.6) = 0.882. 

For the pedestrian movement, the effective green time is gp = 20.0 - 1.0 - 11.0 = 
8.0 s. The displayed red time from Equation (6) is Rp = C - G

p
min = 71.6 - 20.0 = 

51.6 s. The red time reduction for lack of arrivals during the early part of the 
displayed red period is calculated from Equations (38) as rd= (10.0 + (1 / 0.025)) 
x exp (- 0.025 x (5 + 10)) = 34.4 s, and the effective red time from Equation (7) is 
r = 51.6 + 1.0 + 11.0 - 34.4 = 29.2 s. The effective cycle time from Equation (5) is 
c = 29.2 + 8.0 = 37.2 s. Note that c +rd= 37.2 + 34.4 = 71.6 s = C). 

(ii) If the vehicle phase is not actuated, the displayed green time for the vehicle
movement from Equation (39) is G = 10.0 + 27.5 = 37.5 s. Other statistics for the
vehicle movement are C = 37.5 + 5 + 20.0 + 5 = 67.5 s, g = 37.5 - 3.0 + 2.0 = 36.5 s
and r = 31.0 s, c = 67.5 s = C, x = (900 x 67.5) / (1800 x 36.5) = 0.925. As expected,
this method is seen to be less efficient for the vehicle movement while it is
slightly more efficient for the pedestrian movement (reduced red time).

Pedestrians at signalised intersections 

Pedestrian movements at signalised intersections can have a significant effect 
on signal operations through their minimum time requirements. Pedestrian 
walk and clearance times are used to calculate the pedestrian minimum time 
(G

p
min) as discussed in Section B. 7 of Appendix B. If pedestrian actuation 

(push button operation) is not allowed, then the minimum green times for the 
parallel vehicle movements should be long enough so that the analysis allows 
for pedestrian requirements for safe crossing. If pedestrian actuation is 
allowed, then pedestrian movements are included in the critical movement 
analysis using the associated required minimum time values. 

For low pedestrian flows, the number of signal cycles with no pedestrian 
arrivals can be significant. This would result in a shorter average cycle time 
than the case when pedestrian actuation occurs in all cycles because 
pedestrian minimum time requirements are usually longer than vehicle 
minimum green times. This effect could be allowed by calculating the 
probability of no pedestrian arrivals: 

Po = (40a) 

where p
0 

is the probability of no arrivals during the period C - tpw (cycle time 

less pedestrian walk time) obtained from Equation (10) in Section 3 with !::,, = 0, 
<p = 1 and A= q. 

If the green time calculated for the concurrent vehicle movement (Gv) is less 
then the pedestrian minimum time (e.g. Gv < G

p
min), then the phase green 

time (e.g. GA) would be estimated from 

GA = Po Gv + 0 - Po) Gp
min 

If Gv � Gp
min, then GA= Gv, 

(40b) 

This method requires iterative calculations smce p0, C and Gin the above 
equations are interdependent. 
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A4 

to 
Lv 
Lh 
Ls 

Lp 
V 

= 
= 
= 
= 
= 
= 

occupancy time (seconds), 
vehicle length (m /veh), 
spacing (headway distance), Lh = Lv + Ls, (m),
space (gap) length, Ls= Lh - Lv, (m), 
detection zone length (m), and 
vehicle speed (mis). 

Akc;elik

In the calculations relating to average traffic conditions, the vehicle length 
should represent the actual traffic composition. Where the traffic stream is 
represented as a mixture of light vehicles (LVs) and heavy vehicles (LVs), the 
average vehicle length can be calculated as: 

Lv = (1 - PHV ) Lvm + PHV LvHv (A.6) 

where 

PHV = proportion of heavy vehicles in the traffic stream, 
Lvm = average vehicle length for light vehicles (passenger car units, pcus)

(m/LV), 
LvHV = average vehicle length for heavy vehicles (m/HV), 

Typical stop-line presence loop length used in Australia is 4.5 m. The effective 
detection zone length for presence detection is not necessarily the same as the 
detector loop length. Morris, Dean and Hulscher (1984) suggest that due to the 
spill-over sensitivity at the ends of the loop, the effective length of a loop is 
usually greater than its physical length. Figure 3 of Morris, et al. (1984) shows 
that excess of effective over physical length is about 0.5 m for the commonly­
used symmetripole loops with high sensitivity (Leschinski 1994). Thus, for a 
loop length of 4.5 m, the effective detection zone length is L

p 
= 5.0 m. On the 

other hand, RTA (1991) suggests that for a loop length of 4.5 m, the effective 
detection zone length is L

p 
= 4.0 m. This matter needs to be resolved by testing 

typical loop configurations and lengths, and with due consideration to 
differences in vehicle types and speeds in relevant traffic situations. In the 
meantime, it is suggested that the effective detection zone length is assumed to 
be equal to the physical loop length. 

In the analysis of signal timings under VA control, the average saturation 
speed (i.e. the average speed while vehicles depart from a queue) and the 
average approach speed after queue clearance (at the average arrival flow rate) 
should be used for the saturated and unsaturated parts of the green period, 
respectively. 

The detector occupancy time should not be confused with the occupancy 
parameter used in the literature. The latter is defined as the proportion of road 
space covered by vehicles, or as the proportion of time a road section is occupied 
by vehicles (e.g. see AUSTROADS 1988, TRB 1994). Occupancy based on space is 
Os = Lv / Lh, This is related to the density parameter (k) discussed in 

Section A.2: Os = k Lv (see Equation A.8). Occupancy based on time is 
equivalent to occupancy based on space when a passage detector is used, i.e. 

Ot = tv / h = Lv / Lh = Q8 as seen from Equations A.1 and A.2. For presence 

detection, occupancy based on time is Ot = t0 / h = (Lv + L
p
) / Lh. 
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Appendix B). The single-lane saturation flow for a stream consisting of 
passenger car units (or light vehicles) only is denoted Sm, 

Due to rounding errors, the departure rate during the saturated part of the 
green period, qs, needs to be adjusted to ensure conservation of flows (qac c = 
qdg g = qs gs+ qu g ). This is discussed in Section A.3.

Spacing and Density 

The distance that corresponds to headway time, i.e. the distance between the 
front ends of two successive vehicles, is called spacing. This consists of the 
space (gap) length and the vehicle length, Lh = Lv + Ls, The density
(concentration) is the number of vehicles per unit distance, and is related to the 
average spacing thorough: 

k 
1000 

=� 
(AS) 

where Ls and Lv are in metres and k is in veh/km (or k = 1 / Lh in veh/m). 

The average spacing in a stationary queue, Lhj (average queue space per 
vehicle) equals the vehicle length, Lv, and the average space length in queue, 
Lsj: 

(A.Sa) 

The jam density, i.e. the number of vehicles per unit distance in a stationary 
queue, can be calculated from the average space length in queue (Lsj): 

k·J
1000 1000 

(A.Sb) 

where Lhj, Lv and Lsj are in metres and kj is in veh/km. For example, Lv = 4.0 
m and Lsj = 2.0 m means Lhj = 6.0 m, and kj = 1000/6 = 167 veh/km. 

As seen in Figures A.1 to A.3, the space (gap) length is given by: 

1 
Ls = Lh - Lv = k - Lv (A.9) 

As the vehicles speed up from a stationary queue, the space length between 
vehicles increases gradually, and therefore the spacing increases and the 
density decreases. The corresponding flow rate increases to a maximum 
saturation flow value and then decreases as the speed increases towards the 
free flow speed. The relationships between flow, speed, density and spacing are 
discussed in detail in the following pages. 
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Case (i): From Equation (B.6), nd = 30 I 6 = 5 veh/lane. From Equation (B. 7), the 
maximum initial green is Gvmax = (3 + 2 x 5) - 5 = 8 s. Since all lane flows are 
equal, Pc = 1 / nz = 1/3 and nd I Pc= 3nd = 15 veh. From Equation (B.8), the 
vehicle increment is ei = 8 / (15 - 1) = 0.6 s. From Equation (B.10), ei (qat r - 1) = 
0.6 (0.417 x 30 - 1) = 0.6 x 11.5 = 6.9 s < Gvmax = 8 s, therefore Giv = 6.9 s. From 
Equation (B.2), Gmin = 5 + 6.9 = 11.9 s. The minimum green is sufficient to 
clear all vehicles queued between the detection point and the stop line during 
the red period (in each lane: q r= (500/3600) x 30 = 4.2 veh < nd = 5 veh). 

Case (ii): Lane 2 is the critical lane and Pc = p
2 

= 750/1500 = 0.5, 
ei = 8 / [(5 /0.5) - 1] = 0.9 s, ei (qat r - 1) = 0.9 x 11.5 = 10.4 s > Gvmax = 8 s, therefore 
Giv = Gvmax = 8 s, and Gmin = 5 + 8 = 13 s. In the critical lane, qa2 r = (750/3600)
x 30 = 6.3 veh are queued during the red period and gmin is sufficient tc clear 
only nd = 5 veh stored between detection point and the stop line as indicated by 
Equation (B.5). 

Case (iii): Pc = p
2 
= 1.0, nd I Pc= nd = 5 veh and ei = 8 / (5 - 1) = 2.0 s. Since ei 

(Qat r - 1) = 2.0 x 11.5 = 23 s > Gvmax = 8 s, Giv = 8 s and Gm.in= 5 + 8 = 13 s. As in 
Case (ii), Gmin is sufficient to clear only Ild = 5 vehicles. 

B.4 Maximum Green Setting

Maximum green time is very important in determining the performance of 
traffic under vehicle-actuated signal control. Traditionally, the green time 
calculation methods for fixed-time signals are used for determining suitable 
maximum green settings. The practical signal timing method (Ak�elik 1981, 
1990) based on the use of a target (highest acceptable) degree of saturation (xp) 
can be used for this purpose (see Section 4. 7). This method can be adopted in a 
simple way as follows. To simplify the method, the calculations are carried out 
using the displayed rather than effective green and red times. 

Calculate the required maximum green time (sum of the minimum green and 
the maximum extension green times) for a movement from: 

Gmax = 

where 

YRmax 
Xp-Y 

(B.11) 

y = flow ratio for the movement or the critical lane, y = qat / st = qac / Sc, 
where qat is the total arrival (demand) flow rate during the signal 
cycle for the movement and St is the saturation flow rate for the 
movement (all lanes), qac is the average arrival (demand) flow rate 
during the signal cycle in the critical lane and Sc is the saturation 
flow rate for the critical lane, 

Rmax = maximum red time that is acceptable to drivers (e.g. 60 seconds), and 
Xp = practical (target) degree of saturation. 

 

If G = Gmax and R = Rmax were to result in practice, this would mean Cmax = 
Rmax + Gmax and x = (qc Cmax) / (sc Gmax) = Xp would be obtained. 
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:i,. Table C.3 - Typical Controller Settings for Through Vehicle Phases ;:i:.. 
(') 

� 
� 

Q 

(I) 

;::s 

� RTANSW VIC Roads QLDTransp Brisbane City MRWA DoTSA Adelaide City DTWTAS ACT DUS A. 

0 
A OQ. A. Gap setting 3-4 (10) 2.5 (4.0) 3-4 (8) 3 (5) 3 (4) 3 2.5-3.0 (4.0) 3.5 (6.0) 4 (5) 
� Q 

� Headway setting 0.8-1.2 (5.0) 0.3-1.2 (1.6) 1-2 (5) 1 (2) 1 (1.5) 1 0.8-1.0 (4.0) 1.0 (2.0) 1.0-1.5 (1.5) 
~ 

A � 
Waste setting 4-10 (50) 7.0 (15.0} 10-20 (25) 0.1 Gmax (20) 4 (10) 11 (20 - 50) 10-11 (30) 6 (12) 5 (10) ;l 

� .... 

0 � 
A Minimum (initial) 4-5 (20) 8-10 (12) 6-10 (20) 6 (12} 6-8 (10) 5 6-10 (15) 8 (14) 8 (8) 
a 

Cl) 

t°"" green
Vehicle increment 2.0 (5.0) 2-4 (4) 0.5 (1) 0.8-1.0 (2.0) 1 (1.5) 
(variable initial green)
Maximum initial green 0 (40) 12-14 (20) depends on 8 (16) 

det. setback 

Maximum extension 10-60 (80) 30-60 (80) 5-20 (100) 30 (70) 30 (50) 
green time 
Maximum green time 60 (120} 20-90 (90) 30-50 (90)

Presence time 2-3 (5) 3 3 (5) 0 0 (5) 

Late start 2-5 (20) 0 0-6 (12) 6 (8) 0 0 (0) 2 (3) 4 (8) 

Early cut-off green 0 (20} 0 0-6 (6) 2 (6) 5-8 0 3 (4)

Yellow 4 (6.4) 4.0-5.0 (5.0) 4-5 (5) 4 (2) 4 (5) 4-6 (6) 3-4 (4) 3 (5) 4 (5) 

All-red 1-2 (15) 0.5-3.0 (5.0) 1-5 (5) 2 (5) 1-2 (5) 2 (3) 2 (4) 1 (2) 2 (4) 

@ I Values are in seconds (maximum values in brackets). 
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Table C.4 - Typical Controller Settings for Right-Turn Vehicle Phases 

RTANSW VIC Roads 

Gap setting 2-3 2.5 (4.0) 

Headway setting 1.0-1.2 0.6-1.2 (1.2) 

Waste setting 3-4 7.0 (15.0) 

Minimum (initial) 4 6 (12) 
green 
Vehicle increment 
(variable initial green) 
Maximum initial green 0 

Maximum extension 5-25 (40)
green time 
Maximum green time 

Presence time 3.0-5.0 (5.0) 

Late start 0 

Early cut-off green 0 

Yellow 3-4 3.0 (3.5) 

All-red 0.5-3.0 (4.0) 

Values are in seconds 
(maximum values in brackets).
* Headway time for 11.0 m loop for shared lanes

,. . 

QLD Transp Brisbane City MRWA DoTSA 

2.5-4 (4) 3 (3) 3 

1 (5) 1 (2) 0.2* 1 

1-15 (15) 0.1 Gmax (20) 2-3 (4) 8 (11) 

6-8 (10) 6 (8) 5 

0.5 (1) 

depends on 
det. setback 

20-40 (60)

30 (60) 30 

0-3 (3) 3 (5) 3 (5) 3 

6 (8) 1-4 (4) 2 

2 (6) 0 

4-5 (5) 4 (2) 3-6

1-5 (5) 2 (5) 

0 
0) 

Adelaide City DTWTAS ACT DUS 

2 (2.5) 3 (4) 

1.0 (1.2) 

4 (6) 

6 (8) 

15 (20) 12 (20) 

2 (3) 2 (3) 

3 (3) 4 (4) 

0.5 (1.0) 2 (4) 
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Table C.5 - Typical Controller Settings for Pedestrian Movements 

RTANSW VIC Roads QLDTransp Brisbane City MRWA 

Walk 6 (40) 8-16 (16) 6-14 (17) 8 6 (10) 

Flashing Don't Walk 14-20 (50) 6-16 (20) 10-20 (35) Distance 16-20 (30)
1.2 mis

Clearance 1 8-14 (40) 6-16 (31) Distance 13-16 (26)
1.2 mis

Clearance 2 6 (10) Rarely used 4-5 (5) 4 (5) 3-4

Values are in seconds (maximum values in brackets). 

DoTSA Adelaide City 
-

5 6-8 (21) 

Distance 12-16 (24)
1.2 mis

FDW-C2 2-16 (24)

Yellow+ 0-3 (5) 
All-red 

DTWTAS ACT DUS 

8 (10) 6-12 (14)

6-8 (14)

8 (16) 4 (6)

10 (10) 
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